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CHAPTER 1

GENERAL

Section 1. PURPOSE, APPLICABILITY, AND POLICY
Parq’aph

Purpose and applicability 1-101
Policy 1-102
Organization and use 1-103

1-101. Purpose and Applicability

a. This regulation establishes uniform storage
and materials handling policies, procedures, and
responsibilities for use by DOD supply installations/

activities involved in the receipt, storage, issue and
care of military supplies and equipment, except for
preservation-packing and operation, defense prop-
erty disposal storage facilities, and maintenance of
bulk petroleum fuel handling facilities.

(1) Preservation-packing of military supplies
equipment is contained in joint services pub-

DSAM 4145.2/TM 38-230-1/NAVSUP PUB
502/AFP 71-15/MC0 4030.31B, Vol I, Preservation
and Packing, and DSAM 4145.2, Vol IIfrM 38-230-
2/NAVSUP PUB 503, Vol II/AFP 71-16/MC0
4030.21C, Packing. Guidance applicable to bulk pe-
troleum fuel handling facilities is set forth in MIL-
HDBK-201, Petroleum Operations.

(2) DPDS Manual 4160.5, Storage Operations
(Warehousing) at the Defense Property Disposal
Offices provides guidance on storage of excess and
surplus materials.

b. The provisions of this regulation apply to the
Department of the Army (DA), the Department of
the Navy (DN), the Department of the Air Force
(DAF), the Marine Corps (MC), and the Defense
Logistics Agency (DLA) (referred to collectively as
"DOD Components").

1-102. Policy

a. Implementation ofthis regulation also requires
compliance with DOD Directives 4165.60, Solid
Waste Management-Collection, Disposal, Resource
Recovery, and Recyling Program and 6050.1, En-
vironmental Considerations in DOD Actions. Ad-

ditionally, implementation outside the United States
requires consideration ofhost nation environmental
quality laws and regulations.

b. Storage and materials handling policies, pro-
cedures, and methods at DOD Component supply
installations/activities will be uniform to the maxi-
mum practicable extent. Policies, procedures, and
methods indicated herein by directive words such
as "will," "shall," or "must," are mandatory in both
the Continental United States (CONUS) and over-
seas. The use of such words as "may" or "should"
indicates that the procedures and methods de-
scribed are recommended but not necessarily man-
datory.

c. The following DOD regulations will be used in
conjunction with this regulation:

Number Title

DOD 4145.19-R Storage and Warehousing Facil-
ities and Services

DOD 4145.19-R-2 Storage and Materials Handling
Standard Methods

DOD 4145.19-R-3 Storage Modernization

d. When necessary, DOD Components may au-
thorize temporary deviations when compliance with
mandatory provisions is temporarily impracticable
or the deviation is required as an exigency measure.
Temporary deviations, including any extensions
thereto, will not exceed 90 days. DOD Components
may authorize interim deviations from the man-
datory provisions of the regulation. Advice of any
authorized deviation which may extend beyond 90
days will be forwarded to the Department of Army
(DA), ATTN: DALO-SMS, WASH DC 20310,
within 15 days of the date of authorization, for a
coordinated determination as to whether it should
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be (a) incorporated into the regulation, (b) contin-
ued as an authorized deviation, (c) withdrawn, or
(d) referred to the Assistant Secretary of Defense
(Manpower, Reserve Affairs and Logistics) (ADS
(MRA&L)) for approval.

1-103. Organization and Use
a. Organization. This publication is organized by

major subjects (chapters) and functions (sections).
A table of contents reflects the scope of subjects
included. The looseleaf format of the regulation fa-
cilitates changes and additions to the text.

b. Table of contents and index. The organization
of this publication is such as to make it possible to
locate desired information easily by referring to the
table ofcontents in front ofthe manual to determine
general locations, and to the table of contents at
the beginning of each section for specific locations.
Information that is too detailed for identification by
this method may be located by reference to the
topical index.

c. Paragraph numbering system. The chapter,
section and paragraph numbering system identifies
the appropriate chapter followed by the section,
and the applicable paragraph number within the
chapter. Subparagraphs are identified by lower

case a.!phabetics followed by numerics and lower
case alphabetics in parentheses:
EXAMPLE 2-3 01 b(1)(c)

Chapter

Section

Paragraph

Subparagraphs

d. Page numbering. Pages are numbered con-
secutively in a separate series for each chapter.
Each page number will be preceded by the appro-
priate chapter number, e.g., 3-15 (page 15 of Chap-
ter III).

e. Illustrations. The purpose of the illustrations
is to show by means of photographs, charts, or
filled-in forms, the principles and procedures ex-
plained in the text. The illustrations do not neces-

sarily show current names, dates, and figures, but
are included in order that the principles outlined in
the written instructions may be clarified.

f Publication ofchanges. The DA will coordinate
all changes or revisions to this regulation with the
DOD Components and ASD (MRA&L) prior to pub-
lication. Authorized changes to this regulation will
be issued as required upon approval of the ASD
(MRA&L).

Section 2.

Uniform terminology is basic to uniform operating
procedures. Following is a glossary of words and
terms making up the language of storage and ma-
terials handling for operating personnel.

Advanced decay--The stage of decay in which the
disintegration is readily recognized because the
wood has become punky, soft and spongy, stringy,
pitted, or crumbly.

Air dried or air seasoned--Dried by exposure to
the air, usually in a yard, without artificial heat.

Air shipment--Transportation by air either inside
or outside continental limits ofthe United States.

Aisle--Any passageway within a storage area.

Allocated space--A definite number of net square
feet of a specified type of storage space formally
apportioned for use.

GLOSSARY OF TERMS

Assembly--Area used for collecting and combining
material components.

Assignment of space--Designation of specific space
within the installation for storage purposes.

Attainable cubic feet--The product of net storage
space (sq ft) multiplied by the stacking height(s)
permitted by safety regulations/restrictions and
floor load limitations with available materials
handling equipment (MHE) and storage aids.

Backlog--An accumulation of incompleted work.

Bale--Articles or materials compressed in a shaped
unit and usually bound with cord or metal ties
under tension. May be wrapped in paper, thin
veneer wood, textile material, or combinations
thereof.

Bay--Designated area within a section of a ware-
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house or depot shop, usually outlined or bounded
by posts, pillars, columns, or painted lines.

Bill of lading--Acknowledgement of the receipt of
goods for movement by the carrier and the con-

tract for the movement.

Bin area--An area for the storage of supply items
which are binnable.

BindermAny material such as burlap, heavy pa-
perboard, or thin lumber placed between layers
of stock to stabilize stacks.

Bin storage space--Area in which bins have been
erected; includes the aisles and working space
between bins.

Blitz can--The standard US Government issue 5-
gallon container used especially to transport
water or gasoline.

Block--Self supporting regular stack of supplies,
two or more units wide, two or more deep, and
two or more high. A block may be rectangular or

pyramidal.

Block storing--Storage of similar containers or

material in a block.

Blue stainmA bluish or grayish discoloration ofthe
sapwood caused by the growth ofcertain moldlike
fungi on the surface and in the interior; made
possible by the same conditions that favor the
growth of other fungi.

Bolster--Block of hardwood supporting drafts of
lumber and used when transporting the drafts by
means of truck straddle carriers.

Box--A rigid container having dosed faces, usually
constructed of wood, metal, paperboard, fiber-

board, plywood, plastic, or a combination of such
materials. Strength and stability is dependent
upon the material of the faces and the fastening
of faces in assembling the box.

Box car--A fully enclosed freight car having doors
on both sides and/or sometimes on the ends. Used
for general freight services.

Box pallet--A pallet with framework back and
sides, so constructed that several may be stacked,
one upon another, without the weight being
berne by the supplies but only by the pallets.

Box shop--Area used for fabricating, manufactur-
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ing, assembly, or repair ofcontainers and storage
aids.

Bridge platPlate, usually of metal, used to span
the space between freight cars or trucks and the
loading platform.

Brown stain--A rich brown to deep chocolate-
brown discoloration of the sapwood in some pines
caused by a fungus that acts similarly to the blue-
stain fungus.

Bulk liquid storage space--Space inside tanks de-
signed for the storage of liquid bulk.

Bulk storage--Storage in warehouses of any large
quantity of supplies usually in original containers
or storage ofliquids or solids such as coal, lumber,
rubber bales, petroleum products, or ores in

tanks or piles.

Bursting strength--The pressure required to rup-
ture a container when it is tested in a specified
instrument under specified conditions.

Butt boards--Boards arranged at an angle on a

sorting platform to facilitate the formation oflum-
ber drafts with uniform faces.

Caged storage--Storage space segregated within
a building and specially screened or barricaded
to prevent pilferage or to isolate hazardous ma-
terials.

Care of supplies in storage--A program whereby
supplies and equipment in storage are preserved
in a serviceable condition through inspection and
action taken to correct any forms of deterioration
and to restore the supplies to ready-for-use con-
dition.

Carrier--A commercial transportation media pro-
viding railroad cars, motor trucks, ships, air-
planes, or other conveyances for transporting
supplies.

Check--A lengthwide separation of wood, the
greater part of which occurs across the rings of
annual growth.

Chemical brown stain--A discoloration of wood,
that sometimes occurs during the air or kiln
drying, apparently caused by the oxidation of
extractives.

Chill space--Refrigerated warehouse area in which
the temperature can be controlled between 36 F.
and 46 F. (2 C. and 8 C).
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Chute--Usually an inclined trough, sometimes a
tube, used to convey supplies from an upper to
a lower level.

Cleated-fiberboard box--A rigid container con-
structed byjoining six panel faces which are made
of plywood, reinforced with wood edges or inter-
mediate cleats.

Commodity--A specified grouping ofitems of sup-
ply.

Common carriers--See carrier.
Condensation--Moisture resulting from condens-

ing, such as the moisture gathered on a cold sur-
face in a warm room.

Consolidation station---Place to which less than
carload lots of freight are relayed so that they
can be grouped with other freight to make full
carloads for the same delivery point.

Container--A receptable such as a bag, barrel,
drum, box, crate or package used to hold and to
protect contents. (See also the definition of con-
tainer, intermodal, ISO.)

Container, intermodai, ISO--An article of trans-
port equipment which meets the standards ofthe
International Organization for Standardization
(ISO) designed to facilitate and optimize the car-
riage of goods by one or more modes of trans-
portation without intermediate handling of the
contents and equipped with features permitting
its ready handling and transfer from one mode
to another. Containers may be fully enclosed with
one or more doors, open top, tank, refrigerated,
open rack, gondola, flatrack, and other designs.
Included in this definition are modules or arrays
that are so configured they can be coupled toform
an integral unit regardless of intention to move
singly or in multiplex configuration.

Contamination--Any matter foreign to the fin-
ished element, compound or part, which has an
adverse effect on the material.

Controlled humidity (CH) warehouse space--
Space which has been especially prepared for and
equipped with equipment for control ofhumidity.

Cooper--To cover holes and cracks from the inside
(e.g., freight car, bags, containers) to prevent
leakage of bulk grain.

Corner marker--A conspicuous marker placed at

aisle intersections as a caution to personnel to
prevent bumping stacks, or other fixed objects.

Corrosion--Deterioration of material by chemical
action, usually as a result of galvanic acid, or
alkaline action, or oxidation of metals.

Corrosion preventive--Any agent such as off, plas-
tic, paint, wrap or other surface treatment of
metals whose primary function is to prevent, in-
hibit, or deter corrosion.

Corrosion preventive eompound--A compound
applied to metal surfaces to prevent, inhibit, or
deter rust or corrosion. The term is usually ap-
plied to compounds which can be removed by
water or solvent cleaners in order to distinguish
compound from paint films.

Covered space--Area within any roofed structure.

Crate--A rigid shipping container constructed of
structural members fastened together to hold and
protect the contents. It may be sheathed or un-
sheathed.

Critical item---Essential item which is in short sup-
ply or expected to be in short supply for an ex-
tended period. (Not to be confused with "critical
application item" which is defined as an item es-
sential to preservation of life in emergencies.)

Cro aisle---A passageway at right angles to main
aisles, used for the movement of supplies, equip-
ment, and personnel.

Cross stacking--The placing of one layer of con-
tainers at right angles to those just below to in-
crease the stability of the stack.

Cross tie--Cross layers of supplies as in cross
stacldng, except that only an occasional layer is
crossed, and not every other one.

Cubo--The product of length by width by depth.

Decay mDisintegration ofwood substance through
the action of wood-destroying fungi.

Deck boards--Top or bottom surface of a pallet.

DefectAny nonconformance with specified re-
quirements.

Degressinglvent cleaning by dipping, using
hot vapor.

Demurrage--An assessment against the shipper or
consignee for the detention of common carder
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equipment beyond the period offree time allowed
for loading or unloading.

Direction of storage--A method used to gain max-
imum storage space and various aisle arrange-
ments to provide flexibility for storage operations.

Desiccant--A material which will absorb moisture
by physical or chemical means.

Deterioration--Any impairment of item quality,
value, or usefulness. Includes damage caused by
erosion, oxidation, corrosion, or contamination.

Draft of lumber--Lumber arranged and stacked
in a bundle so as to facilitate shipment, storage,
and handling.

Draw-bar pull--The pulling power exerted at the
draw-bar (as by a locomotive or tractor).

Drum--Metal container for liquids, usually pre-
ceded by the quantity, e.g., 5-gallon drum, 55-
gallon drum.

Dry tank space--Area in tanks designed for the
storage of supplies other than bulk liquids or
gases.

Dry rot--A term loosely applied in many types of
decay but especially to that which, when in an
advanced stage, permits the wood to be easily
crushed to a dry powder. The term is actually a
misnomer for any decay, since all fungi require
considerable moisture for growth.

Dunnage--Any material (boards, planks, blocks,
pneumatic pillows) used to support or secure sup-
plies in storage or while in transit.

End item--A final combination of a product, com-
ponent part and/or material which is ready for its
intended use.

Fire aisle--A passageway established to aid in
fighting or preventing the spread of fire, or for
access to fire fighting equipment.

Fiberboard boxmA rectangular three dimensional
shipping container, made either of solid fiber-
board or corrugated fiberboard. Distinguished
from a carton which is not designed as an outer
shipping container.

Flammable warehouse---Area designed for the
storage of highly flammable material.

Floor load--Weight that can safely be supported

by a floor, expressed in pounds per square foot
of floor space.

Floor planmA scale drawing of the floor area of a
building showing columns, stair wells, elevator
shafts, offices, washrooms, doors, and other
structural features.

Fogging--Application ofchemical compound, in the
form of vapor, to interior surfaces or relatively
inaccessible surfaces.

Fragile--Delicate, weak and easily damaged.

Freeze space--Refrigerated warehouse area where
temperatures can be controlled below a level of
32 F. (0 C).

Freight--All material, products or commodities,
express and mail, shipped by rail, water, highway
or air.

Fungus--A germlike parasite which flourishes on
organic material in a humid atmosphere at mod-
erate and high temperatures.

Gondola--An open-top freight car with sides and
ends.

Grain thiefDevice consisting chiefly of a long
tube used for taking grain samples from various
depths in a load of grain.

Gross spree for storage operations-That amount
of gross storage space less unusable space, standby
space, and outgranted space.

Gross space used in support of storage opera-
tions--That area used for preservation and pack-
aging, assembly, packing and crating, container
manufacturing, receiving, shipping, inspection
and identification, administrative storage offices,
rest areas, tool rooms, battery charging stations,
and other similar support areas.

Gross storage space--Gross area, regardless of its
location or the purpose for which the space was
designed or designated, which is assigned or used
for any operation concerning storage or the sup-
port of storage functions.

Gross weight--The weight of the container plus its
contents.

Hzsious eommoditie--Material consisting of
explosives, flammables, corrosives, combusti-
bles, oxidizers, poisons, toxics, sources ofionizing

1-5



DOD 4145.19-R-1 15 September 1979

radiation or radiant energy, biologicals and ra-
diologicais, magnetics, and compressed gases,
which because of their nature, are dangerous to
store or handle and present real or potential haz-
ards to life and/or property.

Heartwood--The hard wood at the core of a tree
trunk.

Honeycombing--The storing or withdrawing of
supplies in a manner which results in vacant space
that is not usable for storage of other items.

Humidity--Moisture in the air.

Humping--The switch of railroad car(s) in classi-
ficatio yards where the car(s) are pushed over
a mound (hump) and the slope of the hump used
to supply the motivation power for switching the
car(s) onto the desired track(s). The "hump" track
may or may not be equipped with car retarders.

Igloo space---Area in an earth-covered structure
of concrete and/or steel designed for the storage
of ammunition and explosives.

Incipient decay--The early stage of decay in which
the disintegration has not proceeded far enough
to soften or otherwise perceptibly impair the
hardness of the wood.

Inspection--Examination and testing of supplies
and services (including, where appropriate, raw
materials, components and intermediate assem-
blies) to determine whether the supplies and
services conform to contract requirements.

Intermediate pack--A wrap, box, or bundle which
contains two or more unit packs ofidenticalitems.

Inventory--A physical count performed to deter
mine the on hand quantity of an item or group of
items.

Ionizing radiation--Any electromagnetic or par-
ticulate radiation capable of producing ions, di-
rectly or indirectly, in its passage through matter.
(See radioactive material.)

Kiln dried--Dried in a kiin with the use ofartificial
heat.

Labor pool--A centrally controlled group ofwork-
ers who are assigned to particular jobs or areas
when needed.

Large-lot storage--A quantity of supplies, four or

more stacks, stored to maximum height, usually
accepted as stock stored in carload or greater
quantities.

Layout--A floor plan showing assignment ofgross
space for storage operations and supporting func-
tious.

LCL (less-than-carload)--A quantity of freight less
than that required for the application of a carload
rate.

Leaker--A container which, through mechanical
maladjustment or damage, is not hermetically
sealed, permitting air to enter and product to
exude.

Levels of packagingmA term used to refer to the
degree of protection required during shipment,
handling, and storage of supplies.

Line itemA separate item of supply on a trans-
action document.

Loading platforn--A fiat surface to facilitate load-
ing or unloading, usually erected alongside a
warehouse at the approximate level of a raft car
or truck floor.

Location audit reconciliation--Match between
valid location records and the accountable rec-
ords, in order to identify and correct situations
where items are in physical storage but not on
record, on record but not in storage, of where
common elements of data (other than quantity)
do not match. Research ofmismatches, including
special inventories when required, result in cor-
rective action.

Location survey--A physical verification, other
than actual count, between actual assets and re-
corded location data to insure that all assets are
properly recorded as to location, identity, con-
dition, and unit of issue.

LTL (less-than-truckload)--A quantity of freight
lessthan that required for the application of
truckload rate.

Low combustibility--Materials which, in them-
selves, will not normally ignite, but which, in
combination with their packaging, will contribute
fuel to fire.

Magazine--Area in a warehouse-type structure
above or below ground designed for storage of
ammunition and explosives.
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Main aisle--A passageway wide enough to permit
the easy flow of equipment, supplies, and per-
sonnel; generally runs the length of the building.

Major discrepancy--When the total dollar value

of the overage or shortage for the stock number
exceeds $200.00. Major discrepancies are used to

compute and report error rates on a line item

basis as a percentage of items inventoried.

Marking--Numbers, nomenclature or symbols
stamped, painted, or otherwise affixed to items

or containers.

Materials handling--The movement of materials

(raw materials, scrap, semifinished, and finished)

to, through, and from productive processes; in

warehouses and storage; and in receiving and

shipping areas.

Materials handling equipment--Materials han-

dling equipment as discussed in this regulation
is defined as any stationary or mobile equipment,
powered, mechanical, or hand operated, that is

used for the physical handling, storage, and
movement of supplies.

Medium lot storage--A quantity of supplies, one

to three stacks, stored to a maximum height.

Metric systemA decimal system of weights and

measures based on the meter as a unit length and
the kilogram as a unit mass. Derived units include

the "liter’ for liquid volume, and "stere" for solid
volume, and "are" for area.

Mezzanine---Area provided by the construction of
an intermediate or fractional story between any
floor and ceiling of any building used for storage
operations.

Moderate combustibility--Materials and their

packaging, both of which will contribute fuel to
fire.

Moisture content of wood--Weight of the water
contained in the wood usually expressed in per-
centage of the weight .of the oven-dry wood.

Nailed wood box--A box constructed of wood/face-

boards assembled by fastening top, sides, and
bottom to the ends with nails or screws or sides
to ends with interlocking mortise and tenon cor-

ners.

Net storage space--Gross space for storage oper-

DOD 4145.19-R-1

ations minus gross space used for aisles, struc-
tural loss and support space.

Net weight--The weight of the contents, not in-

cluding the container.

Nomenclature--A noun and any necessary modi-

fying adjectives required to describe and identify

an item of supply.

Noncombustibility--Materials and their packag-
ing which will neither ignite nor support com-
bustion.

Nonperishable items--Items which do not require
refrigeration during transportation and storage.

Nonstorage space--Area within gross space which
is not used for storage because of structural loss

or designation for other than storage purposes.

Obligated--Portion of net usable storage area ear-

marked by depot authority for the storage ofsup-

plies due in.

Occupied net storage space (cu R)--The product
of net square feet occupied, multiplied by actual
storage heights, or representative storage heights
determined by statistical sampling when appli-
cable.

Occupied net storage space (sq R)--Floor area

which is actually occupied by material plus the
entire bin and rack areas less aisles.

Office space--Space utilized by storage personnel
in the performance of routine office-type duties.

Excludes office space located in warehouses or

other buildings not used in support of storage
operations.

Open space---Improved or unimproved area des-

ignated for use in storing material.

Open improved space--Area which hs been graded
and hard surfaced or prepared with topping of
some suitable material so as to permit effective
material handling operations.

Open unimproved space--Area which has not been
surfaced but is used for storage purposes.

Open unimproved wet space--Water area specif-
ically allotted to and usable for the storage of

floating equipment.

Original pack--The first pack applied to a specified
quantity of items.
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Osnaburg--A rough, coarse, durable cotton fabric
in plain weave used for bagging and industrial
purposes.

Other space--Any area assigned for storage op-
erations, within a structure designed for other
than storage purposes. Dry tank space is in-
cluded.

Oversea shipmentSupplies consigned to a des-
tination outside the continental limits of the
United States.

Packaging--The process and procedures used to
protect material from deterioration and/or dam-
age. Includes cleaning, drying, preserving, pack-
ing, marking, and unitization. (See preservation
and packaging.)

Packing--Assembly of items into a unit, inter-
mediate, or exterior pack with necessary block-
ing, bracing, cushioning, weatherproofing,
reinforcement and marking.

Packing and crating area--Area used for the ap-
plication of exterior shipping containers.

Pallet---A low portable platform of wood, metal,
or fiberboard to facilitate the act of moving, stor-
ing, and transporting of supplies as a unit.

Pallet support sets--Intended to form box-type
pallets when assembled onto fiat wood pallets, to
allow for stacking ofpallets containing irregularly
shaped commodities that are susceptible to crush-
ing.

Palletized unit load--Quantity of any item, pack-
aged or unpackaged, arranged on a pallet and
securely fastened thereto, so that the whole is
handled as a unit.

Palletizing--The placement and securing, when
necessary, of units or containers on pallets.

Perishable items--Items which require refrigera-
tion during transportation and storage.

Pile--A quantity of material that can be stacked
or stored in a specified area.

Planograph---A scale drawing of a storage area
showing the approved layout.

Pocket rot Advanced decay which appears in the
form of a hole, pocket, or area of soft rot usually
surrounded by apparently sound wood.
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Portable tank--A closed container having a liquid
capacity over 60 US gallons and not intended for
fixed installation. (29 CFR 1910.106)

Potential vacant space--That portion of occupied
net usable space which is temporarily not used
for storage because of space voids in front of
stacks of material (honeycombing) or space voids
at the height of stacks which can be made avail-
able by rewarehousing or utilization of maximum
heights in stacking.

Preservation--Application of protective measures
including cleaning, drying, preservative mate-
rials, barrier materials, cushioning, and con-
talners when necessary.

Preservation area--Area used for preserving, unit/
intermediate packing, and marking of materials.

Preservative--Any substance that, when suitably
applied to wood, makes it resistant to wood-de-
stroying fungi, borers of various kinds, and sim-
ilar destructive life for a reasonable length of
time.

Rack space--Floor area occupied by racks, box
pallets, or pallets with metal superstructures in-
stalled when such are used as permanent storage
aids, identified as a specific location, and as dis-
tinguished from bulk storage. (See also storage
space.)

Radioactive material--Any material or combina-
tion of materials which spontaneously emits ion-
izing radiation; includes natural elements such as
radium and accelerator-produced radionuclides.

Rail storage space---Trackage allotted for the pur-
pose of storing rolling stock.

Ramp--An inclined plane serving as a way between
different levels.

Receiving--The receipt of inbound supplies; in-
cludes planning, handling, and document proc-
essing incident thereto.

Receiving area--Area used for checking, inspect-
ing, and preparing incoming material (both new
procurements and returns), prior to its delivery
to storage areas.

Rejection--Nonacceptance of material.

Requisition--Authoritative demand or request for
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supplies or services on form(s) authorized for such
requests.

Rewarehousing--Relocation of supplies within the

same storage activity..

Security--Protection of supplies against theft, sab-

otage, or other malicious acts.

Seasoning--Removing moisture from green wood
in order to improve its serviceability.

Shed--A building without complete side and end
walls.

Shipping--Actions necessary to deliver material to

a carrier for movement to a consignee.

Shipping area--Area used to assemble material

pending its loading for shipment.

Shipping container--Any suitable exterior con-

tainer used for shipment of supplies.

Shipping document--Form used to authorize the

shipment of Government property.

Shooks--A bundle or set of tops, bottoms, sides

and ends of boxes ready to be put together; a

veneer ofwood out ofwhich boxes (as wire-bound
boxes) are made.

Small lot storage--A quantity of supplies, com-

prising less than one stack.

Spacers--Wooden strips inserted between drafts
of lumber to induce sufficient air currents be-

tween, through, and under the stacks to carry off
moisture saturated air.

Spot--The placing of a truck or freight car in a

desired location preparatory to loading or un-

loading.

Springer--A filled can with ends bulged as a result
of overfilling, insufficient exhausting, or evolu-
tion of hydrogen or carbon dioxide gas through
bacterial actions or action of acid contents on

metal can.

Stack A quantity of supplies stored vertically,
occupying approximately one pallet space on

floor, utilizing necessary storage aid to assure

stability.

Sticker--A wooden stick or strip placed between
boards or plywood sheets stacked in piles to has-
ten drying and reduce warping--also called
"crosser."
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Stock number--National stock number (NSN) as-

signed to an item.

Storage--The keeping or placing of property in a

warehouse, shed, or open area; or the state of

being stored.

Storing--The orderly arranging of supplies in stor-

age.

Strapping--Metal or nonmetallic materials used,
or their application, for the reinforcing or secur-

ing of crates, boxes, bales or bundles.

Structural loss--Space not usable for storage be-

cause of construcion, subterranean or physical
characteristics.

Supplies--All items necessary for the equipment,
maintenance, and operation of a military com-

mand.

Support set--A knockdown metal framework con-

sisting of upright side sections, top supporting
crossbars, and one or more bottom tie rods to be

affixed to a pallet. (See pallet support set.)

Tally-in--Itemized list of supplies received or proc-
ess of recording the number of containers or

quantity of material received.

Tally-out--Itemized list of supplies included in an

issue or shipment or process of recording the

number of containers or quantity of material is-

sued or shipped.

Tank storage---See dry tank.

Tarpaulin--Canvas or other materials usually

treated to resist moisture and chemicals, used as

a protective covering.

Temperature controlled space--Space in which

the temperature can be controlled within specific
limits.

Tier--A horizontal layer of a column, row or stack.

Total cubic feet--The product of net storage space

(sq ft) multiplied by the unobstructed stacking

height permitted by safety regulations/restric-
tions in a particular storage area.

Transitory shelter--A prefabricated, sectional,
metal structure, normally with complete sides

and ends but without utilities, classed as a stor-

age aid rather than a real property facility. When

1-9
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used for storage, is reported as "other nonware-
house space." (See also storage space.)

Transportation--Media for the movement of per-
sonnel and material.

Type of loads--Type of loads as relating to stack-
ability of material.
Type I--easy load. The load is single item or

single interior container which provides complete
and uniform support to all faces of the shipping
container. The contents are of moderate density
and relatively sturdy. Some examples are wood
or metal chests, tool kits, and canned and boxed
items packed in a fiberboard box which com-
pletely fills the shipping container.
Type II--average load. The load is composed

ofmore than one item or interior container which
gives some support to all faces of the shipping
container. The contents are of moderate density
and are relatively sturdy. Some examples are
goods in metal cans which are not packed in the
interior containers, bottles individually cush-
ioned, hardware in cartons, etc.
Type III--difficult load. The load give little

or no support to the shipping container. The con-
tents can be extremely heavy, very fragile, very
irregular in shape, bulk materials which are free
to shift and flow, or a combination of several of
these factors. Some examples are rivets, bolts
and nuts, delicate instruments, machined parts
and assemblies, etc.

Unheated space--Area not equipped with heating
facilities.

Unit of issue--Designation of the item unit; as
each, number, dozen, gallon, pair, pound, ream,
set, yard.

Unit packBThe first tie, wrap, or container applied
to a single item or quantity unit thereof, or to a
group of items of a single stock number, pre-
served or unpreserved, which constitutes a com-
plete or identifiable package.

Utilities--Facilities constructed for the service of
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the depot, such as boiler rooms, power plants,
etc.

V-board--Weather-resistant fiberboards ofvarious
grades and types.

Vacant net space--Usable space which is not oc-
cupied by material or storage bins or racks.

Vacuum packed---Package from which air has been
withdrawn, prior to hermetic sealing.

Vacuum packaging--A packaging method in which
a commodity is sealed under vacuum.

Vault--A specially constructed, nonportable, bur-
glarproof, fire-resistant structure for storage of
material ’equiring maximum protection against
pilferage or destruction.

W-boardWeather-resistant fiberboards of var-
ious grades and types.

WarehouseA building designed for storage pur-
poses and constructed with roof and complete
side and end walls.

Warehouse chart--(See planograph.)

Warehouse denial--Advice that a specific item re-
quired on a shipping directive is not available due
to stock exhaustion or other reasons.

WarehousingThe performance of physical func-
tions incident to receipt, storage, and issue of
supplies. (See definition of storage.)

Wet storage--Storage of ships or other floating
equipment, afloat.

Wet tank A tank designated for the storage of
liquids.

Whipping ofyarn--Material with which a rope end
is bound.

Wirebound box--A shipping container whose sides,
top, and bottom are of rotary cut lumber, sliced
lumber, resawn lumber, fiberboard or combina-
tions thereof, usually three eighths of an inch or
less in thickness, fastened to cleats and to each
other by means of binding wire and staples.

1-10
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CHAPTER 2

STORAGE SPACE MANAGEMENT

Section 1. TYPES OF FACILITIES
Paragraph

Introduction ..................................................................... 2-101
2-102Covered storage space ...........................................................
2-103Open storage space ..............................................................

2-101. Introduction

The contents of this section show the general ap-
pearance and functions of the most common types
of storage facilities used by DOD Components.

2-102. Covered Storage Space

Covered storage space is storage space within any

roofed structure. Within this category are a variety

of structure types. Those types in general use are

as follows:
General-Purpose Warehouse
Controlled Humidity Warehouse
Refrigerated Warehouse
Flammable Storage Warehouse
Dry Tank
Shed
Transitory Shelter
Above Ground Magazine
Earth Covered Magazine

a. General-purpose warehouse. A general-pur-
pose warehouse has a roof, side walls and end walls,
and may have ground level and/or truck or railcar

bed-level loading docks. Cantilever support cano-

pies over docks may also be provided. This type
warehouse may be heated or unheated. It is used

for various storage functions and for the storage of

a wide variety of items. The greatest portion of

covered storage space at DOD installations is nor-

really in this type structure. General-purpose ware-
houses are primarily single-story buildings, though
multistory buildings also qualify. Because of its pre-
dominance, the single-story structure is the only
one shown in this section. The single-story struc-

ture wth loading docks at truck and railcar bed

level has become the standard warehouse (fig. 2-

1).
(1) A truck dock of sufficient width, on one side

of the general-purpose warehouse, provides for

loading/unloading of truck-hauled supplies. The

matching dock and warehouse floor permit direct

access of materials handling equipment to and from

warehouse interior to and from interior of carrier

conveyance
(2) On the opposite side of the standard gen-

eral-purpose warehouse, a railcar dock runs the full

length of the structure. This permits easy access

to railcars from any warehouse door. Rail docks

should be located on either side of the two right

angle sides of new warehouses to allow for future

expansion of the buildings.

(3) Office space in general-purpose warehouses
may vary in size and location. In most instances,

such space is located within the warehouse. In oth-

ers, the space is attached to the outside ofthe ware-

house. In either case the office space is generally
located on the same side of the warehouse as the

truck docks.
(4) Normally, two main aisles run the length

of the general-purpose warehouse. These aisles al-

low materials-handling equipment or supplies to
move straight through the length of the building.

Typically, these main aisles are connected by cross

aisles.
(5) Functions found in a general-purpose ware-

house may include loose issue and/or bulk storage,

receiving, shipping, preservation, packing, carton

fabrication, unit and set assembly, security areas,

and administrative offices.
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Figure 2-1. An exavnple general-purpose warehouse.

Controlled humidity warehouse.

2-2
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Figure -3. Refrigerated storage warehouse.

b. Controlled humidity warehouse (CH).
(1) Almost any type of warehouse may be op-

erated under CH conditions if properly sealed and

equipped. However, the general-purpose ware-

house is the type most frequently built for or con-

verted to a CH environment. Figure 2-2 is an

example of a general-purpose warehouse converted
to a CH type warehouse.

(2) Humidity control equipment and operations
in CH warehouses are discussed in detail in section

7 of chapter III.
c. Refrigerated warehouse. Outwardly, such a

warehouse resembles a general-purpose warehouse
though usually smaller. It may have truck and rail-

car docks on opposite sides of the warehouse or

combination docks on one side (fig 2-3).
(1) The interior of refrigerated warehouses is

usually divided into two parts. One part is desig-
nated as chill space in which the temperature can

be controlled between 36 F. and 46 F. (2 C. and

8 C.). The other part is designated as freeze space.
In this area, the temperature can be controlled be-

low a level of 32 F. (0 C.).
(2) Because ofthe division ofrefrigerated ware-

houses into chill and freeze space, there are no main

aisles that run the length of the warehouse. Cross
aisles provide access to railcar and truck docks.

d. Flammable storage warehouse. The flammable
storage warehouse is built of noncombustible ma-

terials and has fire walls with a 4-hour fire-resist-

ance rating. The main source of protection comes
from an alarm reporting system and automatic del-
uge-type sprinklers connected to an adequate water
supply.

(1) Inner fire walls with no doors are preferred
in flammable storage warehouses because of the

greater fire protection afforded. However, fire

walls without doors necessitate greater care in

stock location, since subsequent stock movements
must be accomplished without benefit of free move-
ment within the building.

(2) Because it is a special-purpose warehouse,
varying sizes and construction features of flam-
mable storage warehouses are found at different
storage installations. The flammable storage ware-

house shown in figure 2-4 is constructed at ground
level.

(3) Some general-purpose warehouses or sec-

tions therein may be converted for storage of flam-
mable material. However, alterations must be in

strict accord with fire protection requirements.
(4) More specific details on flammable ware-

house operations are contained in section 4, chapter
V, of this regulation. Details on storage of com-

pressed gases and storage of acids are also found
in section 4, chapter V.

e. Dry tank.
(1) Dry tanks are constructed of metal (bolted)

except for a concrete floor. These tanks may have
controlled temperature and humidity. Tanks may
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Figure 2-4. Flammable warehouse.

be sealed units (fig. 2-5) or fitted with doors (fig.
2-6).

(2) Dry tanks are used for long-term storage.
Access roads parallel the rows of tanks. Because of
the size and shape of dry tanks, there are no op-
erating aisles for materials handling equipment al-
though materials handling equipment is used in the
storing process. Figure 2-7 shows a partially com-
pleted storage arrangement inside a dry tank.

f. Sheds.
(1) Sheds are buildings without complete sides

and end walls. Some utilities may be provided. Fig-
ure 2-8 is an example of one type of shed. Since
they are not readily dismantled for relocation, they
are usually considered permanent structures. Sheds
are used for the storage of material that requires
maximum ventilation or material that does not re-
quire complete protection from the weather.

(2) There are various means by which shed-

stored supplies requiring added protection from the
weather may be protected while other supplies re-
quiring only minimum protection are left semiex-
posed. As illustrated in the left side of figure 2-9,
tarpaulins may be used as side walls. Pallets may
be positioned to form a protective wall (fig. 2-10).
The use of pallets in this fashion, where feasible,
serves a dual purpose since valuable storage space
inside the shed will not be occupied by empty pal-
lets.

(3) Figure 2-11 shows a transitory shed. This
is a prefabricated structure which can be disman-
tled for movement and reassembly. These can also
be positioned on concete slabs.

g. Transitory shelters. These are prefabricated
metal structures normally with complete sides and
ends but no utilities therein. Such structures can
be dismantled for movement and reassembly. Fig-
ure 2-12 is an example transitory shelter.

Figure 2-5. Sealed dry. tanks (sections must be unbolted for access).
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Figure 2-6. Dry. tanks fitted with doors.
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Figure 2-7. Partially .tilled dry tank.
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Figure 2-8. A type of shed.
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Figure 2-9. Shed storage showing the utilization of tarpaulins as end walls.

Figure 2-10. Shed storage showig the tilizatio of pallets as protective sidewalls.
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Figure 2-11. A type of transitory, shed.

Figure 2-12. A type of transitory, shelter.

2-9



DOD 4145.19-R-1 15 September 1979

Figure 2-13. Typical above-ground magazine.

h. Above-ground magazine.
(1) An above-ground magazine is especially de-

signed for the storage of ammunition and explo-
sives. Because of the nature of the items stored,
above-ground magazines are built of fireproof ma-
terials and well ventilated to lessen the danger of
explosion. Note the ventilators on top of the build-
ing and the metal roof in figure 2-13. These build-
ings are widely separated to minimize the
destructiveness of an explosion. Although it may
be necessary at times to use a general-purpose
warehouse to store small arms ammunition, the
warehouse will not be classified as a magazine be-
cause it does not have the special design required
for proper storage of ammunition and explosives.

(2) One type of above-ground magazine has a
dock that runs the entire length of the building to
service both trucks and railcars. Inside the typical
magazine, there are no main aisles running the
length of the building. Generally, cross aisles, cor-
responding to outside door location, run from the

2-10

front to rear of building. However, in the instance
of large-lot storage as a single item of ammunition,
aisles in certain sections of the magazine may be
eliminated.

i. Earth-covered magazines. Earth-covered mag-
azines such as igloos are also used for the storage
of ammunition and explosives.

(1) The igloo is generally constructed of rein-
forced concrete with an arch-type roof covered with
earth. The arch roof is an added safety feature. In
the event of an explosion, the highest point of the
arch, being the weakest point, would collapse first,
thereby lessening the damage caused. Adequate
ventilation is provided by earth-covered magazines.
Although they are not heated, the inside temper-
ature ordinarily ranges between 40 F. to 45 F.
in winter to 60 F. and 70 F. in summer.

(2) Because ofthe isolated location and peculiar
construction features ofan earth-covered magazine,
the type of materials-handling equipment used is
often limited. A clearance must be provided be-
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Figtre 2-14. E.rt)losi.es stored i a typical igloo.

tween stacks and walls. The amount of clearance

will be in accordance with commodity characteris-
tics and regulations of the appropriate military

service. The typical earth-covered magazine has

door(s) on only one end. Truck doors at earth-cov-
ered magazines are rare. Normally, a centrally lo-

cated dock(s) is constructed in the ammunition area

to service railcars and trucks.
(3) In addition to quantity-distance factors,

storage heights in earth-covered magazines are lim-

ited by the arched roof (fig. 2-14).
(4) Figure 2-15 depicts some typical earthocov-

ered magazines.

2-103. Open Storage Space

Open storage space is an improved or unimproved

open area designated for storage purposes.
a. Open improved storage space. This includes

space that has been graded and surfaced with con-

crete, tar, or asphalt, crushed stone or gravel, or

other suitable topping. While covered space is pre-

ferred and even necessary for most supplies, certain

material not readily susceptible to damage by ad-

verse weather conditions can be stored in this type

space.

(1) An open improved storage area usually has

a hard surface of a more conventional surfacing

material (fig. 2-16). The area shown provides ad-

equate drainage, affords protection of supplies from
wet ground conditions and provides adequate run-

ning surface for operation of materials handling

equipment. A steel mat topping may be used but

is a least desirable method but necessary in some

instances due to immediate need or lack of other

suitable topping material.

(2) Storage layouts for improved open areas

vary because of terrain features and type of com-

modity stored. Aisles become in reality roadways
due to the size of the materials-handling equi_oment
required.

b. Open unimproved storage space. Open unim-

proved storage space is an unsurfaced open area

designated for storage purposes.
(1) The limitation on the use of material-ham

dling equipment is a significant disadvantage of this

type storage. Storage managers must be very se-

lective of the type stocks designated for this type
storage and use such space only when a higher

grade of open improved storage space is not avail-

able.
(2) A storage layout for an open unimproved

2-11
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Figure 2-16. Hard surfaced open improved area.

storage area is affected by the same criteria as that
for open improved storage areas. However, to take
advantage of existing drainage, supplies may have

to be positioned and aisles or roadways may have

to be located, without regard to conventional stor-

age practices. More details on storage layouts for
all types of storage are contained in section 3 of this

chapter and section 3 of chapter III.

Section 2. SPACE REQUIREMENT FACTORS
Paragraph

General .......................................................................... 2-201
2-202Scope .............................................................................

Considerations in space requirement computations 2-203

Development of data for use in space requirement computations 2-204
2-205Open storage areas ..............................................................
2-206Summary ........................................................................

2-201. General

Storage space is a basic resource of any storage
operation. Economy depends upon the optimum
utilization of this space, and the proper arrange-
ment of operations incident to the receipt, storage,
and issue of materials. Space economy can be ob-
tained only by thorough planning for the use of
space.

2-202. Scope

This procedure does not apply to wet storage areas,
rolling stock yards, petroleum, oil, and lubricants
(POL) tank farms, storage of complete aircraft, in-

dustrial tool storage in contractor plants, or to am-
munition storage space computations which are

developed under separate instructions of the mili-
tary services.

2-203. Considerations in Space Requirement
Computations

There are many factors which must be considered
in developing a procedure for computing storage
space requirements. These factors must be recog-
nized in a way that will enable ready adaptability
by all echelons concerned with computing space re-
quirements or occupancy factors. The following
identify these key factors:

a. Quantity of inventory. Although many ele-
ments contribute to the computation of storage
space requirements, quantity is the basic element
or conversion factor. From this, space requirements
can be computed through application of dollar value
and/or cubic footage of supplies.

b. Characteristics of storage facility. Since stor-
age space is three dimensional, facility character-
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utilize vertical space to
the fullest extent.., save floor
space for additional receipts.

Figure 2-17. Effective use of vertical space.

istics must be carefully analyzed. Limitations such
as stacking height, floor capacity, structural clear-
ances, and other obstacles must be recognized.

c. Equipment capabilities. Use of potential ware-
house storage height may be restricted by equip-
ment capabilities to achieve the vertical utilization.

d. Commodity characteristics. The maximum
stacking height potential is also influenced by the
characteristics of the material or its packaging.
These may not permit stacking to the height avail-
able. The type of commodity being stored must
therefore be considered in determining whether the
gross cube available can be filled. This consideration
supports the idea of categorizing supplies into
groups to promote a constant storing height poten-
tial.

e. Total warehouse storage space. The gross stor-
age space within a warehouse includes:

2-14

(1) Storage support space. See section 2, chap-
ter 1.

(2) Aisles. See section 2, chapter 1, and section
3 of this chapter.

(3) Structural loss. See section 2, chapter 1.
(4) Net storage space. See section 2, chapter 1.

f. Occupancy ofnet storage space. Considerations
such as ceiling heights, commodity characteristics,
and "elbow room" are factors which preclude the
possibility of complete occupancy of net storage
space. In any storage operation, it is desirable to
have "elbow room" available for operational flexi-
bility. This "elbow room" space must be limited to
the absolute minimum required for effective stor-
age. Sufficient "elbow room" should be available to
minimize the continuous necessity for relocation of
stocks to "fit" additional receipts into the storage
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NOST OF fl

Figure 2-18. Space is three-dimensional.

pattern. Fifteen percent of the net available space
is considered an adequate allowance for "elbow
room" for general supplies. Ammunition is ofcourse

governed by quantity-distance factors found in ap-

propriate publications.
g. Examples ofspace considerations. Figures 2-

17 through 2-21 are illustrations of some of the

considerations in properly computing storage space

requirements.

2-204. Development of Data for Use in Space
Requirement Computations

Computation of space requirements should use cu-

bic feet and/or square feet as conversion factor(s)

in relating material to space. In the planning for,
and selection of material for storage in specific
warehouses or warehouse sections, the selection

should be based upon the volume of inventory,

stackability, bin requirements, etc. In other words,

material with low stackability should not be located
in high ceiling warehouses when lower ceiling or

low floor level capacity warehouses are available.

This also applies to bin areas, storage support
areas, relatively small inventories of the same item,
etc. The following will apply in developing data to

support space computations:
a. Average stacking heights. The claracteristics

of storage warehouses influence the heights to
which material may be stacked. The compostion of
the inventory will normally vary from installation
to installation with resultant effects on average
stacking heights. For example, a substantial inven-

tory of an item that possesses very limited high
storage potential, as opposed to a very limited in-

ventory of the same item, would have a marked
bearing on storage height average for that item.

For this reason, each storage activity must compute
independent data which will reflect average poten-
tial storage height of inventory.

2-15



DOD 4145.19-R-1 15 September 1979

VACANT

Figre 2-19. Floor load

(1) In order to relate to space, the stacking
height must be established. Establishing stacking
heights should not be predicated on the basis of the
height to which supplies are currently stored, but
rather to the height that supplies are capable of
being stored in accordance with proper warehous-
ing practices. This height to which supplies are ca-
pable of being stored is known as the potential
storage height. Another influence which must be
recognized is the inventory. For example, the quan-
tity on hand could result in some supplies being
stacked to less than the potential height. This prac-
tice reduces the average potential storage height.
The term "adjusted potential storage height" ap-
plies to this recomputation.

(2) It will be necessary to survey inventories
in order to determine acceptable and attainable
storage heights. Computer facilities, where avail-
able, should be utilized to provide greater accuracy
and lessen expenditure of manpower. To attain sat-
isfactory benefits from such a survey, and to avoid
establishing stacking heights for each item, supply

2-16

inventory should be grouped into selected cate-
gories and the average heights determined for each
category. As examples, separate categories may
possibly be established for type 1, easy load, type
2, average load, and type 3, difficult load, as defined
in glossary of terms, and for unpacked items such
as vehicles.

(a) Supply groupings should be sufficiently
categorized to reflect relatively constant and ac-
curate average potential stacking heights as well
as adjusted potential stacking heights which take
into account the variables of supply inventory.

(b) Results of the survey will indicate an
overall potential height and adjusted potential
height for each category grouping. This should be
frequently assessed to assure data correctly reflect
the current storage situation.

b. Square foot computations. Stacking height
data will be reconciled to the amount of floor area
(square footage) that is currently utilized in storing
inventory. In the event that potential or adjusted
potential storage height is not fully occupied, pro-
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vision must be made to identify the current exces-
sive occupancy of square feet of floor area in order
to reflect the actual net square feet of storage space
required to store inventory. The height of stacking
should be extended by attrition to bring the actual
storqge in balance th the adjusted potential,
thereby equalizing the amount of net square feet
actually occupied. An example problem is worked
out as follows:

DOD 4145.19-R-1

A survey has indicated that supply category X is

capable of being stacked to an average potential
height of 14 feet and an average adjusted potential
height of 13 feet. The survey also disclosed that
material currently occupies 218,000 square feet of
floor space. The average stacking height to which

materials are actually stored averages only 12 feet.
How many square feet are required to store inven-
tory? See figures 2-22 and 2-23.

Figure ft-O. Facilities and equipment are limiting factors in attaining storage heights.

Coils of steel banding are shown in a stack column that is erected to only moderate

storage height. Although the characteristics of this item with regard to stability would

allow a substantially higher stacking level, the weight, considering floor load capacity,

has reached the maximum. Floor load capacity may, therefore, influence stacking heights.

@ Structural supports of a warehouse are a major limiting factor in attainable stacking

heights. Above illustration depicts a shed-monitor-type warehouse. Note that shed area

has substantially less stacking height potential than does the middle area, or monitor

section.
(R) Even though a warehouse possessed highly preferable features as relates to floor

load capacity and clear vertical space, these would be to little avail unless characteristics

of stacking equipment were capable of taking fur advantage of the potential. Illustration

depicts the lost space consequences of a lift truck with limited stacking reach.

2-17



FiFure -1. Commodity characteristics also influence storage height.

(]) Forklift trucks represent those items that are stored unpacked and are of such
contour to preclude stacking. Within the limits of appropriate facility assignment, items
of this type, in the interests of space utilization effectiveness, are normally located in
storage areas where the least storage height potential exists. Inventory such as this is
categorized as being of limited stacking height potential.

@ Items which are packed in containers of substantial strength or items which support
the surface of the containers will ordinarily lend to high stacking. Thei-efore, selection of
storage location should provide for maximum stacking height potential.

(R) There are many items which lend only to moderate stacking heights for several
reasons. As an example, the packs may be too weak to withstand the extreme stack
weights imposed as a result of relatively high storage or else the packs are somewhat
unstable. The bagged items shown in this illustration are representative of the above
reasons which limit stacking heights.

PART A
P POTENTIAL storage height
A ACTUAL storage height
AP ADJUSTED POTENTIAL storage height

A
Potil ertfCl]bcutiztcm

effectiveness (fig.

2-18
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effectiveness.
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1 86% Potential vertical space utilization

effectiveness.
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SE=

Figu -. Space occupancy effectiveness (-- effectiveness).

PART B
SQUARE FEET occupied by inventory
Space occupancy EFFECTIVENESS
Square feet REQUIRED to store inventory

(fig.
R

218,000 .86 187,480 Square feet required for op-

timum effectiveness
or

218,000 .92 200,560 Square feet required to store
present inventory.

Figure -3. Actual square feet rquied to stoe inventory (S E R).

c. Cubicfoot compuatiot. Since both horizontal
and vertical dimenaions have been provided in a

and b, above’, the multiplication of the total square

foot area of storage by the stacking height (feet)
will equal the total cubic feet ofstorage space avail-

able. Formula will read:
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H Vertical storage HEIGHT
S SQUARE FOOT area

TCF TOTAL CUBIC FEET
H S TCF

AH Attainable stacking
HEIGHT

S SQUARE FOOT area
ACF ATTAINABLE CUBIC FEET

AH S ACF

d. Dollar value of inventory (except ammuni-
tion). In any space computation formula, quantity
of inventory is the primary element. Knowledge of
the total dollar value of the supply inventory is also
a valuable asset for use in conversion of receipts
and issues to space occupied or vacated. For ex-
ample, computation of this data can be used in for-
mula development to indicate that $5,000 worth of

15 Septen 1979

supply receipts will require X amount of storage
space or $10,000,000 worth ofsupply inventory will
occupy Y amount of space. (Inflation/deflation fac-
tors must be considered when determining space
requirements by this method.) The value of this
approach, as a convenient medium of space com-
putation, should be apparent. These data may be
applied as indicated in succeeding formulas:

PART A--Determim’ng dollar value of inventory
per cubic foot
DV DOLLAR VALUE of supply

inventory on hand
CF CUBIC FEET required to store

inventory (c above)
VC Dollar VALUE of inventory per

CU’BIC foot (fig. 24)

Figure $-. Dollar value per cubic.foot (’CF VC).

Part B--Allowance for incoming receipts (esti-

Elenwnt 1: .......................................................
I INBOUND receipts cost value

VC DOLLAR VALUE of"on hand"
inventory per CUBIC FOOT

C. Cdto store
additional inventory:-25)"
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Element

H

,Figure -5. ,Cubicfeet required to store additional inve.., tomj (-- CF).

CF CUBIC FEET required to store

Vertical storage HEIGHT to which
additional in;centory,

S SQUARE FEET required to store
additional inventory may be stacked. additional inventory (fig. 2-26).

CF
Figure ,-6. Square feet required to store additional inventory (--ff S).

Part C--Allowance for outgoing shipments (esti-
mated) is a reversal of the procedure enu-
merated for incoming receipts and is com-
puted as follows:

Element 1:

O OUTBOUND shipment cost value.
VC DOLLAR VALUE of"on hand" inventory

pr cubic foot.
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CR CUBIC FEET of space RELEASED
through shipment of inventory.

O
CR

VC

Element 2:

H Vertical storage HEIGHT to which
inventory was stacked.

CR CUBIC FEET of space RELEASED
through shipment of inventory.

SR SQUARE FEET of space RELEASED
through shipment of inventory.

CR
SR

H

e. Bin areas. The computation of space require-
ments for establishment of bin areas will be pred-
icated on the following:

(1) The number of line items to be stored which
will reflect the number of bin openings required.

(2) The size of bin openings (outside dimen-
sions).

(3) The height to which bin columns will be
er0cted.. Space utilization in storage support. Not all
spaee in a storage area can be allocated to material
storage. However, the diversion of space from ac-
tuatorage to storage support functions should be
heldo the minimum consistent with good operating

rPra/ctices. Considerations in computation of space
uirements for storage support activities are as

follows:
(1) The requirements for space for storage sup-

prt functions are greatly influenced by the mission
responsibilities of the particular activity. As an ex-
ample, tonnage handled or net storage space op-
erated need not necessarily have an absolute bearing
on the amount of space allocated to preservation,
and packing. Detailed evaluation of the particular
operating circumstances would, therefore, be nec-
essary before accurate computation could be accom-
plished.

(2) It would be impractical to establish firm

ratios of space allotted for storage support purposes
on the basis of personnel employed or gross area
operated. However, storage management person-
nel should frequently appraise actual support re-
quirements to assure that valuable space is not
allocated to these functions in excess of minimum
requirements.

(3) Computation of space requirements for sup-
port functions should be developed, in great part,
through review of both past and current require-
ment experience. When projecting future needs,
consideration should be given to possible mission
changes which would alter requirements. Such ac-
knowledgment will enhance the accuracy of pro-
jected allocations as compared to actual proved
need (fig. 2-27).

g. Gross space requirements. Formula for com-
puting gross space requirements for storage is as
follows:

N NET SQUARE FEET of space allocated to
storage.

A Space allocated to AISLES.
SS Space consigned to STORAGE SUPPORT

functions.
S STRUCTURAL loss space.
G GROSS storage area N + A + SS + S G.

2-205. Open Storage Areas
The formula described in g above will also apply in
determining open storage space requirements, ex-
cept that consideration need not be given facility
restrictions as may affect stacking heights.

2-206. Summary

Space requirements are not computed on an "after
the fact" basis. To put it another way, inventories
are not stored and then computations developed to
indicate that X amount of storage space is required.
To the contrary, space requirements are projected
ahead of actual physical occupancy with a degree
of accuracy to assure avoiding overallocation.
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Figure 2-27. Factors of consideration in computing storage support space requirements.

Section 3. PLANNING THE STORAGE LAYOUT
Paragraph

Introduction 2-301

Factors influencing layout plan 2-302

Preparation of layout plan 2-303

Utilization of floor plan in stock layout 2-304

2-301. Introduction

a. A storage area floor plan layout is an excellent
management tool for space control. It enables plan-
ning for the effective use of space. The layout is the
framework in which the overall depot storage space
layout is developed. It serves as the basis for de-
veloping the storage area planographs. (See sec. 3,
chap. III, for instructions on planographs.) The lay-
out also is the basis for preparation of the storage
space status report. (See sec. 4, this chap.) Storage
plans for installations and activities storing am-
munition will be developed as prescribed by the
responsible military service.

b. Using the principles of space requirements
determinations outlined in section 2 of this chapter,
effective storage area layouts can be developed.

c. A complete and current floor plan shows the
actual manner in which the gross space within a

storage area is used. The plan shows the division
of space into storage, receiving, shipping areas,
main aisles, cross aisles, fire aisles and offices. Each
section or other subdivision of the floor plan will

show the square footage of gross space, nonstorage
space, and the net space available for storage.

2-302. Factors Influencing Layout Plan

a. Item similarity. Items with similar handling

requirements should be stored together when prac-
ticable. This facilitates storage and issue and con-

tributes to effective care of supplies. There is

normally no requirement that material will be seg-
regated and stored by an inventory manager.
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b. Item popularity. Activity or popularity is an
important factor in planning the storage tayout for
material. The fastest moving bulk stocks should be
planned for storage in areas that are quickly and
easily accessible to reduce travel of materials han-
dling equipment and stock selectio personnel.
Loose issue areas should be located adjacent to
packing and processing areas. Fast moving bin
stocks should be easily accessible to expedite stock
selection and replenishment actions. To the extent
feasible, items with the slowest turnover rate
should be planned for placement in areas progres-
sively farther from active stock or processing areas.
The principle of location by popularity is shown in
figure 2-28.

c. Item size and weight. The dimensions and
weight of individual items affect not only the
amount of storage space allotted, but also the lo-
cation in which items are to be stored. Forexample,
a 5-ton dynamo would be stored in a location that
would provide a balance between accessibility to
required handling equipment and the least amount
of intradepot transport. Normally, except for those
items requiring overhead cranes for handling, the
greater the item density the less overhead clear-
ance or ceiling height required.

d. Item quantity. Quantity of material on hand
affects the amount of space required on the layout.
It will frequently be desirable to increase the

15 September 1979

amount of space assigned tn an item in a single
location in order to eliminate the need for two lo-
cations. This may reduce effort and travel in re-
plenishment actions for binnable items and reduce
administrative effort required for maintenance of
the location record system.

e. Item characteristics. Most items of supply are
of such nature that special storage areas are not
required. However, there are some items which do
require special considerations.

(1) Hazardous. Some materials have charac-
teristics which require the materials to be specially
stored or hndl( to prevent a hazard to personnel
and facilities. Appropriate recognition ofthis factor
must be taken when planning storage layouts. (See
sec. 4, chap. V.)

(2) Sensitive. Material which requires a high
degree of protection and control due to statutory
requirements or regulations, such as narcotics and
drug abuse items; precious metals; items which are
of high value; highly technical or of a hazardous
nature; and small arms, ammunition, explosives and
demolition and material. (See sec. 8, chap. III.)

(3) Perishable and deteriorative. Some mate-
rials have a limited storage life and care must be
taken to assure that the oldest stock or that which
may have an earlier expiration date is issued first.
Many foods, drugs, etc., must be kept in refriger-
ated areas or in temperature controlled areas. For

I,ne iMt mDI aUcMt ,v,

Figt’e 2 2,. Stot’ge qf .ulocks by popda6ty.
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all items of a perishable or deteriorative nature, the
most suitable storage environment must be made
available. (See sec. 5, chap. V.)

f. Aisles. Preplanning of aisle postitioning on lay-
outs must be done prior to placement of materials.
Allowing the aisle layout to take shape as materials
are placed in stock may result in placing materials
in inaccessible locations and loss of space.

(1) Aisle layout is determined by the structure
of the warehouse; quantity, nature, and activity of
materials to be stored; and by the types and ca-
pacity of materials handling equipment available.

(2) Aisles should only be wide enough to pro-
vide maneuvering room for the materials handling
equipment available for the stock storage and se-
lection actions. For aisle widths required for forklift
truck operation, see (7) (a) below.

(3) Width of aisles in bin and shelving areas
should permit easy movement of stock selector
trucks through the storage area. Generally, this
requires an aisle of 30 to 36 inches in width.

(4) Aisles should be planned to provide straight
and clear passageways unobstructed by support
columns, elevators, heaters, or other such construc-
tion features. A particularly important factor is the
location of columns. Space loss due to columns will
be reduced if columns are used as aisle and bay
boundaries.

(5) Every block of material should be adjacent
to a working aisle and stored so that stock can be
removed without the necessity of moving another
item. The simplest means of providing accessibility
is to create a large number of aisles and short rows,
but this practice is inconsistent with the principle
of minimizing the number of aisles. The best rule
to follow is to be certain that materials are stored
on both sides ofand facing the working aisles. Pallet
racks, placed parallel to the long dimension of the
building, in side-to-back storage with a bulk stock,
permit the use of transportation aisles to provide
accessibility to small lot material (fig 2-29).

(6) Since a mix of material may contain a wide
variety of lot sizes, various bay depths must be
provided. For example, if a single column of pallet
loads is placed in a bay which has a capacity of five
such columns, space for four columns is lost (fig 2-
30). The availability of a variety of bay sizes is af-
fected by aisle layout and the direction of storage.
When the best conceived plan for direction of stor-
age fails to produce a sufficient number of small

Figure -9. Storage of small lot items in racks in

bulk storage areas.

bays for the class of material handled, the number
of working aisles must be increased.

(7) Working aisles are those from which ma-

terial is placed into and removed from storage.
Working aisles are of two types, transportation
aisles, running the length of the building, and cross

aisles, running across the building.
(a) The working aisle widths specified herein

are not to be construed as the absolute limitation
for all operations. They represent the dimensions
under which most operations may be conducted.
Aisle widths must be established to assure complete
consonance between operational efficiency and space
economy. The aisle widths specified below are
based upon a load of 40 inches.

2,000-pound trucks 9’6"

3,000-pound trucks 6’0"

(narrow aisle)
3,000-pound trucks 7’0"

(extensive reach)

4,000-pound trucks lif0"

6,000opound trucks 11’6"

Aisle widths for different load lengths will be de-
termined on the basis that a variation of 8 inches
in the load length will have a corresponding vari-

ation of 6 inches in the aisle width. For example,
a 48-inch load length will increase the aisle widths
indicated above by 6 inches. Determination of aisle
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Figure 2.-30. Space loss resultingfram storage of
medium lots in bulk large lot storage location.

width is affected by turning radius of equipment
(MHE) to be used.

(b) In most storage layouts, the volume of
activity requires two transportation aisles for ef-
ficient layout. Such aisles run the length of the
building and should be wide enough to permit two-
way traffic for the materials handling equipment
being utilized in that particular area.

(c) At least two cross aisles are needed in the
standard warehouse section. Such cross aisles should
be in accordance with the aisle requirements out-
lined in (7) (a) above as the bulk of storage opera-
tions will be carried on in cross aisles.

(8) Personnel aisles are those used as pedes-
trian routes only and may be required for access to
doors or to special interior areas; such aisles should
be held to a minimum. Where there is not enough
traffic on working aisles to prohibit use as personnel
aisles, working aisles should double as such.

(9) Service aisles are those which provide ac-
cess to stacks for inventory, inspection, or for pro-
tective processing. These type aisle requirements
are normally very limited. Efficient warehousing
operations require that each storage row contain
only one item with the same number of containers
per pallet. This facilitates inventory as well as issue
and normally makes special service aisles unneces-
sary. Such aisles may by necessary, however, for
special commodities (e.g., subsistence) which re-
quire frequent inspections.

g. Working areas. Working areas are nonstorage
space (other than aisles) in which operations inci-
dent to storage or materials handling are per-
formed. Working areas include receiving and shipping
bays, packing floor space, strapping lines, battery
charging stations, offices, and locker rooms. Such

spaces reduce storage area and, therefore, should
be held to the minimum compatible with efficient
operation.

(1) Working areas are normally located in those
portions of a warehouse which have the lowest ceil-
ings. Usually points which serve all personnel in a
building, such as offices and locker rooms, are lo-
cated in the center section of the building against
a side wall so as not to interrupt work in large
storage bays, and so that personnel entering from
outside will not walk through the storage areas.
Working areas are located so as to minimize the
total time required for travel of personnel and
equipment between storage locations and working
areas.

(2) Although set rules cannot be established for
allocation of space to working areas, it is essential
to keep such space to a minimum. Working areas
must be controlled to ensure that such areas do not
expand beyond the defined boundaries.

(a) Temporary storage of materials within a
working area, particularly in receiving and shipping
bays, should be held to a minimum. Clerical pro-
cedures and checking operations should be so or-
ganized that materials can be processed immediately
upon arrival in the working area and quickly re-
moved to storage.

(b) Utilization ofcube in working areas is just
as important as in storage space. The use of pallet
racks and shelving frequently will save space in
working areas.

(c) When practicable, working areas which
serve several buildings should be consolidated. For
example, the establishment of a central packing
floor space for several buildings will result in less
space consumption than the total required by pack-
ing floor space in each building. Also, this facilitates
the centralized use of special equipment and con-
centrates the supervision of specialized jobs.

2-303. Preparation of Layout Plan

When making storage layouts whether for covered
or open storage, a floor plan of each storage area
should be prepared. The plan must indicate all ob-
stacles such as support columns, st.airwells, eleva-
tor shafts, office locker rooms, and washrooms (fig.
2-31).

a. Basic bulk storage layout criteria. Most of the
principles involved in bulk storage are exemplified
in the layout for a complete building as illustrated
by figures 2-32 and 2-33. Various layouts for bulk
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Figure 31. Strragefloor prior to stock layout.

storage are shown. There is practically no variation
in bay depth as shown in figure 2-32; each bay is

about 40 feet in depth so that any lot of less-than-
carload quantity will have to be placed in a bay
which it will not completely fill, resulting in loss of
space. The main aisle runs lengthwise through the
building. When comparing figure 2-32 with figure
2-33, note that the aisle layout is unchanged, but
that in figure 2-33 all aisles are used as storage
spaces and a variety ofbay sizes are provided. Also,
in figure 2-33, side-to-back bays of various sizes are

located adjacent to each intersection, so that the
distance required for movement of a small lot from
the door or from another bay is at a minimum.

11
T T

t

Space layout for large loL
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(1) Easy access to material makes direction of
storage a significant factor in space utilization. Se-
lection of the proper direction of storage can be

Space layout for large log and small

2-28
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invaluable in providing a variety of bay sizes with-
out increasing the number of working aisles. At the
same time, such planning tends to spread the vol-
ume of traffic equally over all working aisles, re-
lieving congestion.

(2) Figure 2-34 shows a layout for large lot
storage developed in respect to direction of storage
in a bay 80 feet square. Columns and other obstruc-
tions are not shown in this arrangement.

(3) The simplest but most inflexible disposition
of storage space is storage of a single item aisle to
aisle shown by figure 2-34, part A. With four pallet
loads stacked in each space, there are faces for 17
different items, with each row containing 68 pallets,
which is the equivalent of about two carloads of
materials. This layout does not provide for storage
of small lot items.

(4) One method of increasing the number of
rows and ofreducing the depth ofeach row is shown
by figure 2-34, part B. The area has been bisected
by an imaginary line perpendicular to the direction
of storage, and in each row different items are
placed in opposite directions from this line. This
practice is known as "back-to-back" storage and is
standard for all storage using the forklift truck and
pallet system. This method allows faces for 34 items
instead of 17 and each row is only 40 feet deep, the

PART A

PART

Figure 2-34. Example direction of storage
arrangemetts.
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equivalent of one carload. This layout is an im-
provement over that shown in figure 2-34, part A,
but still makes no provision for less-than-carload
quantities.

(5) Another method of storage which provides
further flexibility is obtained by placing short rows
of pallets along the sides of a large bay as shown
by figure 2-34, part C. Stringers for these pallets
are perpendicular to the predominant direction of
storage; this is known as "side-to-back" storage. An
imaginary line is drawn, and small lots are placed
from this line out to the aisles. By using all aisles
as faces of stacks, space has been provided for small
lots without increasing the number of aisles and
without sacrificing accessibility.

(6) The off-center division shows how further
variety in row sizes can be provided (fig. 2-34, pat
D). The back-to-back line is set off-center, provid-
ing one very large bay and one of intermediate
depth. Such a layout is desirable only when there
is assurance that a substantial number of items will
be held in quantities of two carloads or more. The
depth of side-to-back bays varies from one to four

allets to provide a variety of short rows. Pallet
racks placed side-to-back in bays permit fuller space
utilization. Figure 2-34, parts A, B, C, and D, are
not intended to present a standard layout for any
class of materials, but only to point out what can
be done with a fixed space and various aisle ar-
rangements to provide maximum flexibility for
storage operations.

b. Basic bin, shelfi and rack layout criteria. The
amount of space assigned to a specific item within
a bin section is governed by the factors shown in
paragraph 2-302. However, the size or weight of
an item is not necessarily related to its popularity.
Fast moving binnable items, whether large or
small, must be assigned space adequate to minimize
replenishment frequency, time, and effort. There
are many factors favoring issues from bin locations
and the repetitive issue of small quantities of bin-
nable-type items from bulk storage can rarely be
justified. Proper use of bins will minimize the in-
ventory and security problems found where there
are broken cases ofbinnable-type items in bulk stor-
age locations. Fast moving items should be kept in
the. center levels to facilitate issue and the heavy
items should be placed in the lower levels. Light-
weight items should be placed on the upper levels.
Bin shelving arrangements are developed on the
plan sheet (fig. 2-35).

(1) The utilization of 75 percent of space within
bin and shelf openings, determined on the stock
level to be.arried, will be considered adequate.
Losses in cube beyond this figure indicate the need
for readjusting size of bin or shelf opening.

(2) Double decking ofbins and shelving, if prac-
ticable, will result in better utilization of storage
space. However, other factors involving economy
of operation should be considered and when in-
creased operating costs offset the savings, bins and
shelving should not be double decked. When mez-
zanine platforms are used, they should have open

SIDE VIEW

ITEM

UPRIGHTS

BAGKS

SlO(S

SHELVES

LABEL HOLDERS

BASE STRIPS

FRONT VIEW

BILL OF MATERIAL

SIZ QUANTITY QUANTITY
ONE UNIT UNITS

Figure 25. Bin shelving plan sheet.
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type metal floors which will not obstruct the effec-
tive use of sprinkler systems.

(3) A determination of storage aid require-
ments should be made prior to actual development
of stock layout planographs. Appropriate adjust-
ment ofthese requirements should be accomplished
at any time it is found that increased space utili-
zation can be achieved. Typical storage aids are
bins, shelving, shelf boxes, and various types of
racks. For illustrations of standard bin sizes and
proper bin alignment see figures 2-36, 2-37, 2-38,
and 2-39. Typical rack designs are illustrated in
figures 2-40 and 2-41.

(a) Shelf boxes can provide a flexible ar-
rangement for efficient use of shelf space. The shelf
boxes provide retainer walls on four sides of the
material being stored thereby eliminating stock
sloping which wastes usable cube space. Shelfboxes
can also be "double stacked" on a bin shelf to facil-
itate use ofcubic space. When relocation of the item
is required, it can be accomplished by moving the
shelf box with contents. The result is reduced han-
dling of loose stock. Basic types of shelf boxes are:

15 September 1979

1. Small, one compartment.. Small, two compartments.
3. Large, metal, one compartment.
$. Large, corrugated.

A complete study of shelf boxes has been made to
determine the sizes which provide the greatest flex-
ibility. The standard small one and two compart-
ment shelf boxes are 41/2 inches high, 51/2 inches
wide and 1 foot 5 inches deep as shown by figure
2-36; the standard large one compartment steel
shelf box is 103/s high, 111/4 inches wide and 171/2
inches deep as shown by figure 2-37; the standard
large corrugated sbelfbox is 8 inches high, 10 inches
wide, and 16 inches deep and shown by figure 2-
38. The shelf space sizes 1 through 6 indicate the
number of standard boxes required to house the
items; size 3X indicates 1 complete shelf without
boxes; size 6X indicates 2 complete shelves without
boxes (fig. 2-39). Smaller items are stored in small
one or two compartment shelf boxes which fit 12
to the shelf.

(b) All single pallet lots should be stored in
metal pallet racks whenever practicable. In build-
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Figure 2-36. She!f box, small, one and two compartments.
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17V2"
TOP VIEW

GTION THRU
HOLDER

7

StDE VtEW

Steel 18 ga.
Construction Steel 18 ga. spot welded, all laps forming box shall be 1".

Handle Steel No. 20 to be spot welded to front (11" x 7s") end o shelf box.

Label Holder Steel No. 20 o be spot welded on front end of box to accommodate card 4/ wide by

i3/4" ligh.

F. ure 2-37. Large metal shelf box.
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SlOE V’EW

IO"

FRONT VIEW

NOTES

SPEGIFIGATIONS: SHELF BOX, LARGE GORRUGATEO IS MADE UP FROM
A RGULAR SLOTTED FIBREBOARO BOX

APPLIGATION: THIS TYPE SHELF BOX IS USED FOR LIGHT WEIGHT
MATERIALS. WHERE POSSIBLE,BULK STOGKS SHOULO
BE PADKEO IN THIS BOX TO FAOILITATE SULK TO GIN
TRANSFERS. THE FLAPS SHOtJLO BE TURNEO IN WHEN
USEO AS A SHELF BOX TO MAINTAIN SALVAGE VALUE.

Figure -38. Large corrugated.fiberboard box.
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or
THE SHELF BOX ARRANGEMENTS SHOWN ABOVE ARE EX-
AMPLES OF ONLY SOME OF THE LAYOUTS THAT CAN BE
USED. THE NUMBER OF SMALL OR LARGE BOXES OR
WHOLE SHELVES TO BE USEO OEPENOS UPON THE PHYSI-
CAL CHARACTERISTICS AND VOLUME OFSIN STOCKS TO BE
STOREO.

THE MAIN PRINCIPLES TO BE FOLLOWEO ARE:

I. USE SHELF BOXES EXTENSIVELY FOR EASE OF IN-
VENTORY ANO STOCK RELOCATION.

2. SMALL LOTS IN THE CENTER SO THAT THE MAJORITY
OF ITEMS ARE IN CHEST HIGH POSITION FOR EASY
PICKING.

3. HEAVY, LARGE ITEMS TOWARO THE BOTTOM WITH
MOST INACTIVE ON LOWEST SHELVES.

4. LIGHT, LARGE ITEMS TOWARD THE TOP WITH MOST
INACTIVE ON HIGHEST SHELVES.

Figure 2-39. Typical bi shel:f box arrangemed.
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PLAN VIEW lO VIEW

RILL OF MTERAL FOR RtLLET RACK STF.L
(BASIC UNIT)(F(X 40" 4"

3 2 BRA XT 5%0
B

PAD ’Xl’XTSL

Figure 2-40. Metal pallet rack.tbr storage of small-lot items.



TYPICAL FRAME &
SHELF ASSEMBLY

UPRIGHT FRAME

Hotes:
1. Structural design and fabrica-

tion of racks shall be in accordance with
the Standard Practice Code of the Amer-
ican Institute of Steel Construction or

the American Iron and Steel Institute
according to the Li.qht Gauge Steel
Manual.

2. Racks are designed for
assembly either back to back or side
to Side.

3. Shelves tobe adjustable on

equal modules 1, 2, 3, or 4 inch accept
able.

4. Boltless feature and safety
shelf locks shall not interfere with
placement or withdrawal of pallets
stored in the racks.

*Maximum permissible considering
ceiling height, reach capability
of materials handling equipment,
and floor load capacity.

Figure -1. Metal pallet rack for storage of small lot items (boltless adjustable type).
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ings with stacking overhead of 10 feet or less, a
one-platform, two-level rack similar to the illustra-
tion in figure 2-40 should be used. In buildings with
stacking overhead in excess of 10 feet, the number
of levels will be determined by the available stack-
ing height, the reach capability of materials han-
dling equipment and floor load capacity. Normally,
4 feet should be allowed for each level opening. A
building with a 20-foot maximum stacking height,
could therefore accommodate five stacking levels
or a four-platform pallet rack.

1. Multiplatform pallet racks are illus-
trated in figure 2-41. The conversion to metal pallet
racks at installations not so equipped is a highly
desirable goal if maximum space utilization and
most effective use of resources are to be achieved.

2. Racks for military use have been stand-
ardized for use with either one (single opening) or
two (double opening) 40 by 48-inch pallet loads of
material per level. Single opening racks have plat-
forms approximately 54-inches wide and hold one
40 by 48-inch pallet per level. Cost per pallet open-
ing is higher in a single opening rack and this type
should only be used when space limitations preclude
use of the double opening size. Double opening
racks have platforms approximately 108 inches
wide and hold two 40 by 48-inch pallets per level.
Since the difference in cost between a 54 and a 108-
inch platform is relatively small, and an upright
column has been eliminated, the cost per pallet
stored is smaller in a double opening rack than in
a single opening rack.

3. Cantilever racks provide excellent stor-
age aids for long narrow items (see chap. IV, sec
2).

4. Use of racks for storage of tires is ex-
plained in chapter V, section 6 of this regulation.

c. Open storage layout criteria. The efficient uti-
lization of open storage space can be accomplished
by proper planning and space layout. There are
many types ofopen storage space and to utilize each
in the most effective manner requires judicious
planning and a thorough knowledge of materials
handling by storage personnel. Considerable thought
must be give.n to the types of equipment to be used
in each storage area to assure that adequate op-
erational or working areas are provided in the lay-
out of various types of space.

(1) Determinant of open storage layout. The
layout of open storage areas is determined, to a

great extent, by the location and layout of the ex-
isting track and road facilities that serve the area.

(2) Objectives of open storage layout. The ob-
jectives of open storage layouts are-

(a) Efficient utilization of each type of stor-
age space.

(b) Straight line flow of stock from unloading
point to storage.

(c) Maximum utilization of existing track and
road facilities.

(d) Ready access to each storage area or
stock item.

(3) Cube utilization in open storage may be in-
creased materially by the utilization of storage aids.
It is impossible to designate a maximum or mini-
mum acceptable storage height for all open stored
materials; however, cubic space should be utilized
as efficiently in open storage areas as is practicable
commensurate with good storage practices. The
same general principles used in stacking supplies
under cover apply to most items that can be stored
in the open. The efficient utilization of open storage
cubic space is just as important as the utilization
of covered storage space.

(4) Storage adjacent to double tracks should be
reserved for storage of extremely heavy stock. This
is the ideal layout for heavy lifts as it permits the
car to be spotted on the more distant track and the
crane to operate between the car and the storage
point. In this arrangement, the distance from the
crane to the material in the car or its intended stor-
age point is at a minimum. This permits maximum
utilization of crane lift capacity. Usually, double-
track storage areas are at a premium, therefore,
where possible the area on both sides of a double-
track should be used for storage ofheavy materials.
However, to facilitate the use of the storage area
behind this heavy material it is necessary to provide
20-foot aisles at 100-foot intervals leading from the
track to the inner storage areas.

(5) With a locomotive crane, stores can be
stacked on a line 8 feet from the nearest rail of the
track. This will permit the crane to make the swing
required to move material from the car to the stack
without danger of the counter balance or cab of the
crane colliding with the materials stored on either
side of the tracks.

(6) Where crawler, truck mounted, or ware-
house type cranes are used, it is necessary to main-
tain along one side of the track an operational aisle
25 feet in width, measured from the rail nearest to

2-36



15 September 1979

the storage area. This aisle provides the necessary
clearance between the car and stock for efficient

crane operations. Also, this aisle is necessary to

permit the loading or unloading ofcars by fork truck
and the transportation ofstock by crane, fork truck,
or tractor-trailer train from car side to the storage
areas not immediately adjacent to the track.

(7) Because of track and road layout or terrain,
each hard-surfaced open storage area presents var-

ied problems in space layout. For this reason, layout
plans must be flexible in order to utilize a higher

DOD 4145.19-R-1

percentage of the net usable storage space in each
area. Some example open storage layouts are shown
in figures 2-42 and 2-43.

2-304. Utilization of Floor Plan in Stock Layout

a. Basic use. Using the floor plans, enter the
location of aisles, shipping, receiving, bin, bulk,
medium lot, pallet rack, and storage operational
areas. After the location of the basic storage and
operational areas are determined, the direction of
flow and storage must be established and entered

OPERATING AREA
TRACK NO.I

TRACK NO.
TRACK NO.

ROAD

Figure -$. Example layout for open storage area.
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on the floor plan. Figures 2-44, 2-45, and 2-47 (lo-
cated in back of manual) are examples of layouts
after preparation of initial floor plans.

15 September 1979

b. Planning uses. The requirement for storage
space, by type, amount, and position must be cal-
culated utilizing estimated or known quantities,

Figure 2-43. Exaple layout for open storage area.
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sizes, characteristics, and the demand frequency
shown in current reports, historical data, and fore-
casts (sec. 2). Quantities of bin sections and the
various types of racks required will then be deter-
mined. The amount and location of the space as-
signed for these storage aids will be in consonance
with the principles discussed in preceding portions
of this section. A preliminary layout will be drawn
on the floor plan and submitted to a comprehensive
check as to the probable validity of the data used
and to review the calculations which were made
from the data. It is essential that any revision of
a layout be accomplished in the planning stage
rather than after storage aids have been erected
and material stored. The principles of efficient stor-
age layout, as illustrated by figure 2-44, require
the minimum number and width of aisles, the max-
imum degree of straight flow movement patterns,
the approximate positioning ofbin and rack storage
areas, storage support function areas, and the main-
tenance of flexibility in storage depth. The storage
operation illustrated by figure 2-44 is small in size,
but the principles shown apply to any storage op-
eration regardless of square feet occupied, the
range and depth of items stored, or the simplicity
or sophistication of the materials handling equip-
ment used. Figure 2-45 illustrates placement of
bins for a warehouse automated materials handling
system. In such a system, popular items are placed
in bins nearest the material flow lines (conveyors,

DOD 4145.19-R-1

etc.). Storage layouts must be planned to consoli-
date productive functions into a centralized location
to the greatest feasible extent. Such planning will
result in a layout which reduces travel time and
distances. This, in turn, decreases therequirements
for materials handling equipment, increases work
unit production per manhour, lessens personnel fa-
tigue and error rate, provides for closer supervision
and greater security, and permits flexibility in use
of the work force.

c. Flexibility. Changes in the types of the ma-
terials handled or the average quantities in stock
will require periodic changes of layout. The storage
officer must be aware of the need for changes and
when such changes occur, alter a layout if a change
will increase operational efficiency. Also, consoli-
dation of the material in several partially depleted
rows into one location, or removal of residual qum
tities to small lot or loose issue areas can convert
unusable spaceinto usable space and honeycombing
is reduced.

d. Effect of stock selection on layouts. Stock se-
lection from bulk storage areas can influence the
effectiveness of layouts. Material must be with-
drawn row by row starting from the aisle and work-
ing back to the wall or imaginary line, and never
across the whole front of the stacks. Withdrawals
across the front ofthe stacks merely widen the aisle
and do not create additional space for the storage
ofnew commodities. This incorrect method ofstock

STACKING DEPTHS FOR SULK IiiAl.I.I.OTS ARE TO
ON [NO ZON|S INDIC’T"O.

Figure -. Eample stock layout.
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Figure 2-45.

withdrawal is a common cause of "honeycombing"
in storage areas (fig. 2-46). Honeycombing also in-
cludes void spaces within the arrangement of ma-
terials on pallets, which results in space loss. Space

loss between stacks may be due to excessive over-
hang, resulting from poor palletization of the stock
item.
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MPROPER WITHDRAWAL.
OF STOGK

Honeyconbig due to improper withdrawal qf stock.

Section 4. SPACE CONTROL AND REPORTING
Paragraph

Space control techniques 2-401
Space reporting illustrated 2-402
DOD storage space reporting requirement 2-403

2-401. Space Control Techniques

a. Scope and purpose. Effective control of space
begins with the operating supervisor and extends
through the storage manager, the activity or in-
stallation commander, the major command head-
quarters, and to higher department or agency levels
of command. This section provides certain uniform
techniques to be used for proper space control. Stor-
age plans for installations and activities storing am-
munition will be developed as prescribed by the
.responsible military service.

b. Space allocation map. A map ofthe installation
reflecting the current status of the total area allo-
cated for storage operations and the location or
other related activities will be maintained by the
storage manager. This map will show the type of
space, specific functional use, e.g. receiving, ship-
ping, bulk storage, loose issue storage, office space,
etc. When applicable, broad material groupings
may be added to identify storage of repair parts,
end items, ammunition, etc. Identification of these
areas may be accomplished by the use of color cod-
ing. An overlay may be used to facilitate updating
the map.

c. Floor plan or planograph. The base for de-
signing local space control techniques for storage

areas is the floor plan or planograph. Floor plans
for general supply storage areas are discussed and
illustrated in section 3 of this chapter. Detailed
planographs depicting specific storage layouts are
generally developed from these floor plans. De-
tailed planographs for general supply storage areas
are discussed and illustrated in chapter III, section
3, of this regulation.

d. Storage space survey worksheet. Utilizing in-
formation obtained from planographs, storage space
survey worksheets should be developed for each
general supply warehouse section, shed, open stor-
age area, etc. Figure 2-48 is an example survey
worksheet which can be used. These worksheets
are scaled drawings of storage areas and provide
feeder data input for storage space status reports.
Ammunition storage space data will be maintained
on planographs in the manner prescribed by the
responsible service. The example survey worksheet
shown is not applicable to ammunition.

e. Storage space status report.
(1) A storage space status report will be pre-

pared periodically. For control purposes, storage
space status reports may be required monthly, or
quarterly or as often as deemed necessary by the
individual DOD Component. For reporting pur-
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Sample

Building or area Section Date

Gross square feat Occupied square feet
Aisles * Vecmnt square feat
Structural loss * Unobstructed stack height(s)
Support space Attainable stack height(s)

Net square feet Average stack height

Total Cubic Feet Atainabla cubic feet
(Unobstructed stack height(s) x net sq. ft.) (Attainable stack height(s) x net sq. ft.)

Occupied cubic feet 1.Common/cross-earvlced
material 3.

No-K:X)D mataa’lal
Reporting Component mrlol

NOTES

Informtlon Identified with asterisk
will normally be constant.
InformaUon shown on this Illustra-
tion should be modified to meet
local requirements,

Potential vecnt qece
TYPE *A"
TYPE "B

(Total
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Acti vi ty Date

SECTION CoSTOItAGE SPAC ANALT$1S |IT CO FT|

Figure 2-49. Sample space recapitulation record.
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poses, DOD Components must comply with the fre-
quency requirements of the Storage Space
Management Report (DD Form 805).

(2) Storage space status reports are basically
current records of space utilization and occupancy.
These reports are to be assembled by the storage
administrative activity responsible for space control
and reporting. The information contained therein
will be recapitulated for space reporting to higher
levels.

(3) Internal reports will also include specific
data pertaining to potential space improvements.
For general supplies, potential space improvement
data are identified during storage space surveys as
potential vacant type "A" (sq. ft.) and type "B" (eu.
ft.). This potential vacant "B" space information is
reported in formal space reports as recoupable cubic

15 September 1979

space through rewarehousing. For local manage-
ment purposes, potential vacant space, type "A"
(sq. ft.) warrants consideration when it reaches 5
percent of net square feet occupied in a specific
storage area. These affected areas will be reviewed
by storage managers to direct efforts to reclaim
such space by rewarehousing. Potential vacant
space is discussed and illustrated in more detail in
this section under "Space Reporting Illustrated."

f. Space recapitulation record. Figure 2-49 rep-
resents a sample space recapitulation record which
may be used to recap storage space data. Such a
record provides an effective means of consolidating
storage space data by building, area, type of space,
etc., and can be used in conjunction with storage
space status reports.
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2-402. Space Reporting Illustrated

The following illustrations provide pictorial guidance in understandable terms for use by personnel involved

in space reporting.

OESTORAGE

STORAGE AND NON-STORAGE

SHED

WAREHOUSE

ROAD

OPE
STORAGE WAREHOUSE

THIS IS A
MAJOR SUPPLY
INSTALLATION.

Not all of the area in a supply installation is storage area. Not all of its buidings are storage buildings. Some of its

open area is not storage area. But certain parts of the installation, either by nature or by use, constitute storage area.

Their dimensions--side by side and end to end--make up GROSS STORAGE AREA, expressed in square feet. Added

all together, this footage is GROSS SPACE FOR STORAGE OPERATIONS. This is the only area of the installation

you report as STORAGE SPACE.
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MEASURING WAREHOUSE SPACE

USE INSIDE DIMENSIONS

LENGTH X WIDTH =
COSS STORAGE AREA

OMIT PLATFORM

You measure all these structures by tak-
ing inside dimensions. The width in feet
is multiplied by the length in feet and the
result is the square-foot area, or TOTAL
GROSS STORAGE AREA. This is less
than the outside dimensions by the thick-
ness of the walls. You don’t pay any at-
tention to inside fire walls, passageways,
ramps, stair wells, or such matters. How-
ever--

IF YOU HAVE A
BUILDING LIKE THIS

in which there is a cutback in the walls
you measure the cutback and exclude it
from TOTAL GROSS STORAGE
AREA.

2-46

OR LIKE THI=S
in which there is a tower for offices, or any
portion not designed for storage (though
in a storage building) you exclude it from
TOTAL GROSS STORAGE AREA.
However, if this tower had been designed
for storage and later converted to storage
offices, you would include it in TOTAL
GROSS STORAGE AREA. Even if it
wasnot designed for storage but is used
for that purpose you report it during the
period of use.
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MEASURING "OPEN" AREAS

i111! !lllll!lll

WAREHOUSE

IIIIII III i11111 IIIIIII IIIIIIIII1-

THIS IS OPEN STORAGE

Open storage may be either improved or

unimproved (occupied or unoccupied), or

OTHER (occupied only). Improved is in-

cluded in making up your figure for TOTAL
GROSS STORAGE AREA. However, in the

case of unimproved open areas, only that space
actually occupied by stored material or used
in support of storage operations will be

reported.
Measure open area in much the same way as

you measure covered area. But take outside
dimensions. Take the length in feet and the

width in feet, and multiply the two together.

This will give you gross area expressed in square
feet. If, however, the area is irregular in

shape, you may have to make additions or de-

ductions to arrive at a correct figure. But
make no deductions for tracks or roadways run-

ning through the area.
Bear in mind that open storage does NOT

include sand lots, depot parking space, ma-

neuvering space between warehouse, etc.--even

though some have prepared surfaces. However,
if such space is actually occupied by material it

will be reported as storage space for the period
actually occupied.
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THIS IS HOW YOU FIGURE SPACE

WHAT IS GROSS .SPACE FOR STORAGE OPERATIONS?

STEP 1 GROSS STORAGE SPACE IS CALCULATED BY

MEASURING LENGTH X WIDTH (SQ FT} OF BUILD-

INGS, OR AREAS DESIGNATED AS STORAGE AREAS

{AS SHOWN IN PREVIOUS ILLUSTRATIONS}.

STEP 2 UTILIZING DATA {SQ FT} CALCULATED, YOU

MUST THEN SUBTRACT GROSS STORAGE SPACE

NOT USED FOR STORAGE OPERATIONS, SUCH AS:

UNUSABLE
SPACE

STANDBY
SPACE

OUT-
GRANTED
SPACE
TO

NON-DOD
AND DOD
USERS

GROSS
SPACE
FOR

STORAGE
OPERATIONS

EXPLANATION OF TERMS:

UNUSABLE SPACE-- IS SPACE SO DETERIORATED THAT IT FAILS TO

PROVIDE A SUFFICIENTLY PROTECTIVE ENVIRON-

MENT FOR STORAGE, OR SPACE THAT IS UNSAFE

FOR ANY STORAGE PURPOSE, UNDERGOING REPAIR,

OR SPACE UNWARRANTED FOR STORAGE BECAUSE

OF ITS LOCATION, SECURITY RISK, OR ITS OCCU-

PANCY WOULD BE IN VIOLATION OF LOCAL SAFETY

ORDINANCES.
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GROSS SPACE FOR STORAGE OPERATIONS--CONTINUED
STANDBY SPACE GROSS SPACE PLACED IN STANDBY

STATUS.

OUTGRANTED SPACE IS GROSS SPACE LEASED, LICENSED
OR PERMITTED TO PRIVATE OR NON-
DOD GOVERNMENT AGENCIES FOR
THEIR OPERATION AND/OR GROSS
SPACE LICENSED OR PERMITTED TO
OTHER DOD COMPONENTS FOR THEIR
OPERATION.
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WHAT IS NET STORAGE SPACE?

ANSWER:

SPAC
FOR

STORAGE
OPERATIONS

NET STORAGE SPACE IS GROSS SPACE FOR STORAGE OPERATIONS

MINUS GROSS SPACE USED FOR AISLES, STRUCTURAL LOSS

AND SUPPORT SPACE. (REMEMBER--WE ARE STILL USING

SQUARE FEET CALCULATIONS.)

AISLES
STRUCT-
URAL
LOSS

SUPPORT
SPACE

NET
STORAG
SPACE

EXPLANATION OF TERMS:

AISLES-- GROSS SPACE USED IN STORAGE TO PROVIDE

FIRE AISLES; PERSONNEL ACCESS AISLES; MAIN

AISLES; AND CROSS AISLES.

STRUCTURAL
LOSS-- IN COVERED STORAGE STRUCTURAL LOSS IS GROSS

SPACE THAT IS NOT USABLE FOR STORAGE BECAUSE

OF OBSTRUCTIONS CAUSED BY PHYSICAL CHARAC-

TERISTICS SUCH AS POSTS, PILLARS, RAMPS, DOOR

CLEARANCES, FIRE WALLS AND SPACE LOST BY

INSTALLED EQUIPMENT SUCH AS SWITCH PANELS,

DEHUMIDIFICATION EQUIPMENT, ETC. IN OPEN

?.-50
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NET STORAGE SPACE--CONTINUED
STRUCTURAL LOSS
(CONT’D) OR OUTSIDE STORAGE STRUCTURAL

LOSS INCLUDES SPACE TAKEN UP BY
RAILROAD TRACKS, FIRE BREAKS,
AND CLEARANCES FOR UTILITY
LINES, ETC. AISLES ARE NOT IN-
CLUDED.

SUPPORT SPACE GROSS SPACE USED IN SUPPORT OF
STORAGE OPERATIONS INCLUDES
STORAGE SPACE USED FOR:
RECEIVING
SHIPPING
PRESERVATION AND PACKAGING
INSPECTION AND IDENTIFICATION
PACKING
BOX SHOP
ASSEMBLY
OFFICES
OTHER SUCH AS PARKING

OR STORAGE
AREAS FOR MHE
(AISLES NOT IN-
CLUDED)

BATTERY CHARG-
ING STATIONS

EMPLOYEE REST
ROOMS

TOOL ROOMS
LOCKER ROOMS
TIME CLOCK
AREAS

SMOKING AREAS

But remember: IT MUST BE STORAGE SPACE THAT IS BEING USED

FOR ANY OF THE ABOVE.
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NOW! LET’S SUMMARIZE WHAT WE HAVE COVERED SO FAR

UNUSABLE
SPACE

STANDBY
SPACE

OUTGRANTED
SPACE

CROSS
SPACE
FOR

STORAGE
OPERATIONS

AISLE
SPACE

STRUCTURAL
LOSS
SPACE

SUPPORT
SPACE

NET
STORAGE
SPACE

NOTE

UP TO THIS POINT WE ARE STILL DISCUSSING SPACE BY SQUARE FEET

MEASUREMENTS. NOW WE ARE READY TO EXPLAIN HOW NET STORAGE
SPACE IS REPORTED IN TERMS OF SQUARE FEET AND CUBIC FEET.
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HOW DO WE REPORT NET STORAGE SPACE?

NET STORAGE SPACE IS REPORTED TO HIGHER HEADQUARTERS BY BOTH

SQUARE FEET AND CUBIC FEET MEASUREMENTS. FIRST WE MUST DETERMINE

OUR CAPACITY OF NET STORAGE SPACE, THEN WE CALCULATE OCCUPANCY

AND VACANT SPACE. LET’S LOOK AT CAPACITY FIRST:

CAPACITY OF NET STORAGE SPACE IS DETERMINED BY:

1. DETERMINING NET STORAGE SPACE (SQ FT)
(WHICH HAS ALREADY BEEN ACHIEVED IN PREVIOUS ILLUSTRATIONS)

AISLES
STRUCTURAL

LOSS
SUPPORT
SPACE

NET
STORAGE
SPACE

2. DETERMINING TOTAL NET CUBIC FEET AND ATTAINABLE CUBIC FEET:

NET
STORAGE
SPACE

NET
STORAGE
SPACE X

UNOBSTRUCTED
STORAGE
HEIGHT(S)

ATTAINABLE
STORAGE
HEIGHT(S)
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LET’S CLARIFY TOTAL CUBIC FEETAND ATTAINABLE CUBIC FEET
CAPACITIES:

IN COVERED STORAGE...
TOTAL CUBIC FEET---IS THE PRODUCT OF NET STORAGE SPACE
(SQ FT) MULTIPLIED BY THE UNOBSTRUCTED STACKING HEIGHT(S)
PERMITTED BY SAFETY REGULATIONS/RESTRICTIONS IN A PAR-
TICULAR STORAGE AREA, BAY OR SECTION OF A COVERED FA-
CILITY
ATTAINABLE CUBIC FEET--IS THE PRODUCT OF NET STORAGE
SPACE (SQ FT) MULTIPLIED BY THE STACKING HEIGHT(S) PER-
MITTED BY SAFETY REGULATIONS/RESTRICTIONS AND FLOOR
LOAD LIMITATIONS WITH AVAILABLE MHE STORAGE AIDS.
THEREFORE, ATTAINABLE CUBIC FEET REPRESENTS THE CU-
BIC SPACE USABLE OR AVAILABLE FOR STORAGE WITH EXIST-
ING RESOURCES.

BIN CUBIC
CAPACITY IS THE PRODUCT OF OUTSIDE DIMEN-

SIONS--LENGTH, WIDTH, AND HEIGHT
(L W H), UNUSED CUBIC SPACE
ABOVE THE BINS WILL NOT BE IN-
CLUDED AS ATTAINABLE SPACE.

RACK CUBIC
CAPACITY IS THE PRODUCT OF THE RACKS’ OUT-

SIDE DIMENSIONS (L W H). CUBIC
SPACE ABOVE THE RACKS WILL BE IN-
CLUDED TO THE EXTENT THAT USE
OF SUCH SPACE IS PERMITTED BY
SAFETY LIMITATIONS
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EXAMPLES OF DETERMINING CUBIC SPACE CAPACITY IN COVERED STORAGE:

OBSTRUCTIONS

So
SPRINKLER HEADS
OR LIGHTS

UNOBSTRUCTED
STACKING HEIGHTS
{TOTAL CU FT)

SAFETY

_
CLEARANCE

36" SAFETY CLEARANCE

ATTAINABLE
STACKING

bJ HEIGHTS
W/AVAILABLE

0 NOTE: ATTAINABLE CUBIC SPACE RESOURCES.
WILL BE VARIABLE AND DEPEND (ATTAINABLE
UPON BUILDING/SAFETY RESTRIC- CU FT)
TION$ AND STACKING CAPABILITY
OF MHE.

BULK STORAGE

OBSTRUCTIONS
JOISTS, TRUSSES,
SPRINKLER HEADS
OR LIGHTS

UNOBSTRUCTED
STACKING HEIGHTS
(TOTAL CU FTI

SAFETy

CLEARANCE18

ATTAINABLE HEIGHT
RACK STORAGE IS
HEIGHT USABLE
ABOVE STORAGE AID

36" SAFETY CLEARANCE

SUPPLIES SUPPLIES SUPPLIES;

RACK

UNUSED SPACE
’NOT INCLUDED

ATTAINABLE
HEIGHT--BIN
STORAGE IS
ACTUAL
HEIGHT OF
BIN UNIT,

BIN
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HERE’S HOW TO COMPUTE CUBIC SPACE CAPACITIES IN OPEN STORAGE--

IMPROVED OPEN STORAGF...

TOTAL CUBIC CAPACITY--WILL GENERALLY BE COMPUTED BY USING AN
AVERAGE STACKING HEIGHT OF 10 FEET MULTIPLIED BY NET STORAGE
SPACE (SQ FT) WHERE LOCAL CONDITIONS AND ACTUAL COMMODITY
CHARACTERISTICS DICTATE A SPECIFIC STACKING HEIGHT, THE LATTER
WILL APPLY.

ATTAINABLE CUBIC CAPACITY--WILL BE COMPUTED BY USING THE SAME
CRITERIA EXPLAINED ABOVE.

NET 1 I’AVERAGE 1IMPROVED I ISTACKINGIOPEN J TOTAL
STORAGE / X I HEIGHT /

/1 FT OR / AND

CAPACITIES

UNIMPROVED OPEN STORAGE...
IN UNIMPROVED OPEN STORAGE ONLY REPORT CUBIC SPACE ACTUALLY

OCCUPIED BY MULTIPLYING SQUARE FEET OCCUPIED BY A REPRESENTATIVE
(SAMPLE) STACKING HEIGHT.

UNIMPROVED
OCCUPIED
SQUARE
FEET X

AVERAGE
STACKING
HEIGHT

TOTAL
-==ATTAINABLE

OCCUPIED
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IGLOO AND MAGAZINE SPACE
THE BASIC INSTRUCTIONS CONTAINED HEREIN FOR COVERED

STORAGE APPLY ALSO FOR REPORTING AMMUNITION CUBIC

STORAGE SPACE CAPACITIES WITH REGARD TO:

TOTAL CUBIC FEET NET STORAGE UNOBSTRUCTED
STACKING HEIGHT(S).

AND
ATTAINABLE CUBIC
FEET NET STORAGE ATTAINABLE STACK-

ING HEIGHT(S).

THESE GUIDELINES MAY BE AUGMENTED BY SPECIAL DOD COM-

PONENT INSTRUCTIONS ESTABLISHING UNIFORM UNOB-

STRUCTED OR ATTAINABLE HEIGHTS IN SPECIFIC FACILITIES

(IGLOOS AND MAGAZINES). WHEN SUCH SPECIFIC HEIGHTS ARE
ESTABLISHED AND FURNISHED, REPORTING ACTIVITIES WILL

COMPUTE CUBIC SPACE CAPACITIES ACCORDINGLY.
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DETERMINING OCCUPIED AND VACANT NET STORAGE SPACE--

SPACE IS EITHER OCCUPIED OR VACANT. ALSO, OCCUPIED SPACE CAN

BE UTILIZED IMPROPERLY AND BE CLASSIFIED AS POTENTIAL VACANT

SPACE. FOR REPORTING PURPOSES, LET’S FIRST DISCUSS THE METHODS

OF REPORTING OCCUPIED SPACE; THEN WE WILL ILLUSTRATE EXAMPLES

OF OCCUPIED, VACANT AND POTENTIALLY VACANT SPACE:

OCCUPIED
SQUARE
FEET

(L x W)

THE AMOUNT OF SQUARE FEET OCCUPIED BY BINS,

RACKS, AND MATERIAL IN COVERED AND OPEN

BULK STORAGE AREAS. BIN AND RACK SPACE IS

CONSIDERED OCCUPIED WHETHER OR NOT MATERIAL

IS STORED THEREIN (L xW).

(LxWxH)

THE PRODUCT OF NET SQUARE FEET BY ACTUAL

STORAGE HEIGHTS OR HEIGHTS DETERMINED BY

STATISTICAL SAMPLING, WHEN APPLICABLE:

BIN AND RACK OCCUPANCY WILL BE COMPUTED

BY DETERMINING WHAT PORTION OF TOTAL

ATTAINABLE SPACE IS VACANT THROUGH STA-

TISTICAL SAMPLING OR RECORDS OF AVAILABLE

AND OCCUPIED OPENINGS. THEN: TOTAL

ATTAINABLE CUBIC FEET MINUS VACANT CUBIC

FEET EQUALS OCCUPIED BIN AND RACK SPACE.
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DETERMINING OCCUPIED AND VACANT NET STORAGE SPACE--
CONTINUED

BULK OCCUPANCY IN COVERED STORAGE WILL BE BASED UPON
PERIODIC SURVEYS OF BULK LOCATIONS TO DETERMINE REPRE-
SENTATIVE BULK STACKING HEIGHTS FOR EACH STORAGE FACIL-

ITY.

IMPROVED OPEN OCCUPANCY IS BASED UPON NET SQUARE FEET
OCCUPIED MULTIPLIED BY AN AVERAGE STACKING HEIGHT OF 10

FEET (OR OTHER SPECIFIC HEIGHT IF DETERMINED).

UNIMPROVED OPEN OCCUPANCY WILL BE BASED ONLY UPON OC-

CUPIED SQUARE FEET TIMES AN AVERAGE .STACKING HEIGHT.

OCCUPIED vs VACANT

Space is Three-Dimensiona|

AND THIS
SPACE IS
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Our next item is OCCUPIED NET STORAGE
SPACE. To get this figure you could of course
measure the space actually occupied. That’s doing
it the hard way because in most cases your occupied
space is greater than your vacant space. It’s simpler
and more accurate to compute the total vacant space

USABLE BUT NOT USED

15 September 1979

and subtract that figure from NET STORAGESPACE. ACTUAL VACANT is not much ofa prob-lem. You just measure the floor space that is not
occupied by supplies. You include space occupiedby empty pallets and dunnage, you do not includeshort spaces in front of stacks or broken spaces.

THESE ARE THE PRINCIPAL TYPES OF OCCUPIED SPACE THATARE REVIEWED AND REPORTED AS:
POTENTIAL VACANT SPACE

TYPE Q
SHORT SPACES AND BROKEN
SPACES ( "HONEYCOMBING" )

TYPE A POTENTIAL VACANT includes ALL spaces in front of stacks which cannot be used for thestorage of supplies other than identical sizes, lots, etc. It is a type of space loss which can frequently beovercome by setting aside shallow spaces along aisles for small lots.
This space is captured during the space surveys and reported as space recoupable through rewarehousing.

TYPE
LOW STACKING (failure to
stack to full permissable height)

The test for TYPE B is simple. Just ask yourself, Has stock been stacked to maximum permissible height,considering the floor load, height of roof rafters and ceiling joists, commodity characteristics, and strengthof package? If not, correct the condition mentally--in other words, do a job of mental rewarehousing--andenter the space thus uncovered (mentally reclaimed) as potential vacant.

AVOID CONFUfION

These are not POTENTIAL VACANT:
Space occupied by empty pallets or racks
=ACTUAL VACANT).

Low stacking caused by limitations of floor load,
height of roof rafters and ceiling Joists, com-
modity characteristics, and strength of peckage
=100% OCCUPIED).
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These are cases of

Potential Vacant, Type A
We begin with short spaces or broken spaces caused by poor warehousing. In the two examples

on this page supplies have been stacked in such a way as to create unusable areas--unusable, that is,

except for the identical item or lot number. Such space is POTENTIAL VACANT (TYPE A).

By stacking forward from
wall to aisle three cases deep
(instead of across the space),
30 percent of this space could
be reclaimed. Such reclaim-
able area is to be reported as
POTENTIAL VACANT,

POTENTIAL
VACANT

In this case supplies have
been removed across the
front instead of in rows from
aisle to wall. As a result
these supplies occupy parts
of three rows instead of fill-

ing one. Report 66 per-
cent of central area as
POTENTIAL VACANT.

POTENTIAL
VACANT
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POTENTIAL VACANT

Also Type A- Short Spaces in Front of Stacks
In some instances this type of
space loss--short spaces in front
of stacksean be avoided. In
some instances the condition may
be more or less unavoidable. In
either case the space that might
be reclaimed is reported as PO
TENTIAL VACANT--no matter
what the cause or application.

POTENTIAL
VACA

Here are items (small-arms ammuni-
tion) which must be stored by lot num-
her, thus causing short spaces in front
of stacks. POTENTIAL VACANT
results.

Generally speaking, warehousing
practice that leaves short spaces in the
midst of a stack is not good warehous-
ing But good or bad, avoidable or un-
aveidable, such spaces .are reported as
POTENTIAL VACANT. Fifty per-
cent of the center row in the photograph
is occupied accordingly the rest is PO-
TENTIAL VACANT (TYPE A).

POTENTIAL
VACANT

2-2
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POTENTIAL VACANT

DOD 4145.19-R-1

Next we have Type B-Low Stacking

;0%
POTENTIAL
VACANT

Simple inspection shows
that the lot in the foreground
could be stacked one pallet
higher or, preferably, three
cases high (instesl of two)
on each lallet. This means
that 90 to 33 percent of the

space occupied by this lot
should be reported as PO-
TENTIAL VACANT.

POTENTIAL
VACAN’

By loading the pallets in the fore-

ground in the same way as the pallets in

the rear, these eels could be stacked
eight high instead of six; therefore 25

percent of the near row is POTEN-
TIAL VACANT (TYPE ]). TYPE
A POTENTIAL VACANT is present
in the two unfilled rows.
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POTENTIAL VACANT

These reels could have been stacked
one pallet higher with a resultant sav-
ing of space amounting to 25 percent
(TYPE S).

Another subject for "Mental Rewarehousing"
As a practical matter it is desirable to supple-

ment "mental rewarehousing" with paper com-
putations. Suppose you have asituation like
that shown above. As noted in the caption,
another tier could be stacked above the three
already in place.
By simple inspection we can see that one-

fourth, or 25 percent, of the available height
is not utilized. This means that 25 percent of
the floor space occupied by this stack could be
saved by rewarehousing; hence if the stack oc-
cupies 1,200 square feet of floor space, then 25
percent or 300 square feet would be reported
as POTENTIAL VACANT.

STORAGE SPACE IS CRITICAL
Use.it wisely. Report it accurately,
especially take action to recover
POTENTIAL VACANT. This is
"found" space. Don’t overlook it.
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POTENTIAL AND ACTUAL
Mixed and Miscellaneous

DOD 4145.19-R-1

TYPE

VACANT
TYPE

Here are two types o POTEN-
TIAL VACANT. They’re easy to

diagnose. Central block exhibits
TYPE ], because ull height is not

utilized. The sme is true o reels in

background. Foreground obvious-
ly is TYPE A POTETTIAL VA-
CANT, though actual percentage
cannot be determined Tom the pho-
tograph. As in the photo repro-
duced at the bottom o the preceding
page, i back-to-back stacking were

employed here a ha] row o AC-
TUAL VACATT space would be

gained.

;TUAL

kL VACANT TYP[
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SPECIAL CASES
15 September 1979

Stacking Height Limited

I00

At first glance this might
pear to exhibit TYPE B PO-
TENTIAL VACANT, b u t
these are coils of rubber-insu-
lated wire which could not be
stacked higher without damage
to the commodity; hence by
definition this space is 100 per-
cent OCCUPIED.

These are batteries stacked to
the limit of permissible floor
load (second floor, multistory
warehouse); hence the space
occupied is 100 percent OCCU-
PIED. Frequently, more eco-
nomical stacking of such items
can be attained by placing them
on the ground floor where the
permissible floor load is greater.
But this fact does not change the
status, for reporting purposes,
of a stack already in existenc
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GUIDE FOR COMPUTING OCCUPIED AND VACANT SPACE

1. During storage space surveys, estimates and computations will be based upon

pallet sizes and square feet grids occupied by each, including overhang and space

between pallet tiers. The factors to use for various pallet sizes are as follows:

a. 32 40"= 12 sq ft.
b. 40 48" 16 sq ft.
c. 48 60" 26 sq ft.
d. 48 72" 31 sq ft.
e. Other size pallets will be computed by multiplying the length plus 6 inches

(2 inches on each side for overhang plus 1 inch on each side for space between

tiers) times the width plus 6 inches.

2. To determine whether a partially loaded pallet is to be counted as full or empty,

the standard will be a loaded pallet of a particular item and the following com-

putation will be made:
a. Pallet containing less than 50 percent of an item will be considered as

empty.
b. Pallet having more than 50 percent of an item will be counted as full.

3. Difference between "Actual Vacant Space" and "Potential Vacant Space":
a. Actual vacant space--Floor area of net storage space which is not occupied

by materials or storage bins. (Do not include potential vacant space as vacant

space.)
b. Potential vacant "A" space That portion of occupied net usable space

which is temporarily not used for storage because of space voids in front ofstacks

of material (honeycombing) or space voids at the height of stacks which can be

made available b.y rewarehousing or utilization of maximum heights in stacking.

4. In computing potential vacant space on the floor, the following figures will be

used:
a. Distance less than 6 inches will be disregarded. For example: 5" 0’;

1’4"= 1’.
b. Distances in excess of 6 inches will be figured as 12" or 1’, i.e., 9"

1’; 1’7" 2’.
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GUIDE FOR COMPUTING POTENTIAL "B" STORAGE SPACE

During storage space surveys, personnel performing this function must

compute potential type "B" (cubic space) voids when maximum stacking

heights are not achieved, and in those instances where such space can

be recouped by rewarehousing. This information is annotated on survey

worksheets and totaled. Later it will be added to the total cube determined

for type "A" space to achieve recoupable cubic feet through rewarehousing.

Here is a simple way to figure type "B" cubic space:

q0 x q8" PALLETI
or 16 SQ FT

qxqxq=6t4 CU FT

ATTA

TYPE

...RO_.NT VIEW

qxqx8=128 CU FT

NABLE STACK HEIGHT (16)

E (25 VACANT)

TYPE B (50
VACANT)

TYPE B (75
VACANT)

4xqx12=192 CU Ft
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GUIDE FOR COMPUTING POTENTIAL "B" STORAGE SPACE--(CON-
TINUED)
NOTE

Each stack of vacant type "B" space in this example is equal to 64 cubic feet. By
figuring the capacity of one void space (or pallet load), you can arrive at a total

figure by counting vacant spaces then multiplying vacant pallet loads by 64 cubic

feet. This method should also be used for depth of stacks.
Example:

64 cubic feet 1 stack

No. of void spaces
(pallet loads) 10

10 64 640 cubic feet (type B)

You simply annotate 640 cubic feet on worksheet for above item.

2-69



DOD 4145.19-R-1 15 September 1979
SAMPLE STORAGE SPACE SURVEY WORKSHEET

B B

BB

BBB

B B

I

BIB IB

III

lIIBIB

SHADED AREAS REPRESENT
VACANT SPACE

TYPE A FLOOR SPACE POTENTIAL
VACANT

ALL UNSHADED AREAS ARE CON-
SI.DERED OCCUPIED SPACE
(EVEN THOSE MARKED A OR B)

TYPE B (CUBIC SPACE)POTENTIAL
VACANT

A A

SUMMARY
VACANT SQUARE FEET THE SUM OF ALL SHADED GRIDS
OCCUPIED SQUARE FEET NET SQUARE FEET--VACANT SQUARE FEET

POTENTIAL VACANT SPACE

TYPE A:

TYPE B:

THE SUM OF ALL GRIDS ANNOTATED "A"

THE TOTAL CUBIC FEET, APPLIED TO WORKSHEET
BY SURVEY PERSONNEL

CONVERT POTENTIAL VACANT SPACE TO CUBIC FEE,,T IO,FFICI PERSONNE_L)

+

2-70

TYPE A:

TYPE B:

TYPE A (CU FT)
TYPE B (CU FT)
TOTAL

MULTIPLY ALL GRIDS "Am x AVERAGE STACK HEIGHT
TO CONVERT TO CUBIC FEET

TOTAL CUBIC SPACE DATA FROM WORKSHEET

CUBIC FEET RECOUPABLEHREWAREHOUSING
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Space is reported as:

VACANT

OCCUPIED

POTENTIAL

NOW

DOD 4145.19-R-1

Only if actually vacant. (Do not include po-
tential vacant space as vacant.)

Only if occupied by material. (This includes
floor space (type A) caused by short or broken
spaces in front of stacks.)

Only if occupied and recoupable by reware-
housing with existing resources (storage aids
and MHE). This applies to Type A and B po-
tential space.

Let’s see how the above information is actually
recorded, then computed on survey work-
sheets for reporting purposes.

How To Record, Then Compute Vacant, Occupied and Potential Vacant Space
During Storage Space Surveys

How is it done?
1. Have necessary worksheets ready for survey personnel.

2. Instruct survey personnel to record appropriate data.

NOTE
Computations (except for potential space type "B") should be accomplished later

by office personnel.

3. Information to be recorded will be applied to worksheets as follows:
a. Record actual vacant space by shading in those areas of the storage layout

that are vacant. You do not include short spaces in front ofstacks orhoneycombing
as vacant space.

b. Record type "A" vacant space by annotating the letter "A" in those grids
where short spaces exist in front of stacks or where honeycombing is evident.

c. Record type "B" vacant space by annotating the letter "B" in those grids
where stacking heights could be improved by rewarehousing. (When "B" is re-

corded during a survey, cubic feet to be gained must also be recorded somewhere
on the worksheet.)
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2-403. DOD Storage Space Reporting Require-
ment

DODI 4145.5 requires DOD Components to submit
a DD Form 805, Storage Space Management Re-
port. The guidance and illustrated methods shown
in this section should provide operating personnel

with an understanding of how storage space is
measured and computed. Application of this infor-
mation will aid in overall storage space management
and control and also will assist in preparation of
feeder data for separate reports required by the
DOD Components and for the DD Form 805 report.
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CHAPTER 3

STORAGE PROCEDURES

Section 1. RECEIVING
Paragraph

General 3-101

Planning and coordinating the operation 3-102
Spotting and control of carriers 3-103

Unloading operations 3-104

Checking incoming material 3-105

Receipt documents 3-106

Marking of material for storage 3-107
Moving supplies to storage 3-108

3-101. General
a. Prompt and accurate processing of receipts is

a prime requisite ofan effective supply system. The
details ofreceiving operations are influenced by the
types ofsupplies to be handled, distance to the stor-
age location, type of MHE available, and the phys-
ical characteristics of the storage installation.

b. Although the basic principles of receiving are
universally applicable wherever supplies are re-
ceived for storage and subsequent distribution, re-
ceipts of classified, pilferable, and sensitive items
(including small arms) require special handling and
controls over and above the basic receiving prin-
ciples. Section 8 of this chapter delineates the con-

trois necessary to process these type materials.

3-102. Planning and Coordinating the Operation

a. The planning of receiving operations requires
complete coordination among the storage activities
responsible for the different phases of the opera-
tion. This is particularly true for items with a se-

curity classification. The proper evaluation ofadvance
information prior to actual material receipt is of
utmost importance to ensure that appropriate pre-
liminary steps are taken to receive the supplies as
efficiently and economically as possible. Any cor-

respondence concerning due-in receipts should be
considered in planning. Prepositioned material re-

ceipt documents, purchase orders, contract sched-
ules, advance bills of lading or other shipping
documents are types of data used to determine ap-

proximate arrival dates and type and quantity of
supplies. Pertinent information on significant due-
in receipts must be given to personnel concerned
with warehousing, transportation, preservation,
packing, and inspection.

b. Planning and coordinating promote effective
storage space utilization, efficient assignment of la-
bor and equipment, and recognition of receipts re-
quiring special handling or processing. Normally it
is not recommended practice to reserve specific
storage space for expected due-ins. However,
through advance planning general determinations
can be made on where receipts will be stored.

3-103. Spotting and Control of Carriers

a. Although current directives require that the
consignee be notified prior to the shipment arrival,
rail cars and trucks may arrive with little or no
advance notice.

b. Upon notification of or arrival of a shipment
the carrier must be directed to the desired unload-
ing site. This action is called spotting. Proper spot-
ting results

(1) Straight line flow so that minimum travel
distances and handling actions will be necessary
from the carrier to the receiving area or storage
location.

(2) Continuous flow and proper balance be-
tween labor and equipment. Lost motion and wait-
ing time for labor and equipment must be held to
a minimum.

3=1



DOD 4145.19-R-1 15 September 1979

(3) Localizing the unloading operation hence
supervision is easier. Also, the use of shorter hauls
may reduce requirements for MHE.

c. Truckloads or carloads of a single item or other
large quantities of an item should be spotted for
unloading at the warehouse where the material will
be stored. This should also be done for heavy or
large cube items not suitable for handling in a cen-
tral receiving area. Some carrier tariff provisions
provide for multiple deliveries at the receiving in-
stallation. Such a provision should be used when
practical to position material near the final storage
location.

d. Carloads or truckloads of mixed material, con-
tainers with more than one line item, parcel post
itmes, returns from local shop facilities and using
organization can normally be spotted and processed
more efficiently through a central receiving activ-
ity.

e. Unloading operations to release the carrier
must be closely monitored as there are specific pe-
riods for carrier holding without a penalty charge.
These periods are called free time. If the carrier is
retained beyond the authorized free time, time in
excess is subject to demurrage or detention charges.

(1) Rail car demurrage charges are assessed
for the detention of freight cars on the basis of a
specified amount per car-day. Shippers or consign-
ees who detain cars for loading, unloading, or fur-
nishing orders to the carriers beyond the free time
allowed by carrier tariffs are required to pay the
lawfully published charge. Specific questions re-
lated to rail car demurrage should be referred to
the installation transportation officer to ensure that
current charges and rules are considered.

(2) Truck detention rules and penalty charges
vary with individual trucking concerns and loca-
tions. Specific questions must be referred to the
carrier freight traffic office.

3-104. Unloading Operations

a. Each unloading operation requires planning
and on-the-spot supervision. The unloading of sup-
plies should be compatible with procedures involved
in tally-in and inspection of the receipt. In general,
the mechanics of unloading supplies will vary ac-
cording to the type of carrier, type and weight of
supplies, type ofunloading facility, and MHE avail-
able.

b. The general unloading sequence described be-

low is applicable to supplies received by rail car or
motor truck.

(1) Before a sealed rail car or truck is opened,
the seal must be checked for condition and serial
number. If the seal is broken or missing, or if in the
case of exclusive use of van shipments and rail car
shipments the serial numbers do not agree, an an-
notation should be made on the documentation and
in the case of sensitive cargo, the transportation
office and security office notified prior to unloading.

(2) Raft car doors are opened by a device similar
to that illustrated in chapter IV, section 2. Federal
safety regulations specifically prohibit the use of
forklift trucks to open rail car doors even when the
doors are equipped with "pockets" to provide for
this type ofoperation. Truck doors are opened man-
ually by the truck driver. Doors must always be
opened so that personnel are protected against fall-
ing containers or items.

(3) A preliminary inspection should be made
when the carrier’s equipment is opened. If there is
obvious evidence of shortage or damage, the un-
loading operation should be suspended, if practical,
pending inspection by the carrier’s representative.

(4) The method of entry into the carrier for
unloading depends upon the type of carrier, type
ofmaterial received and the physical characteristics
of the receiving area. If unloading is to be accom-
plished at a dock level warehouse platform, a bridge
plate or some type of mechanical or hydraulic dock
leveler may be used to permit entry of unloading
equipment into the carrier. Extensive conveyors
may also be used at dock level warehouse platforms.
Ifthe warehouse platform is at ground level, a port-
able platform may be used to aid in unloading by
forklift truck. Also, a portable ramp may be used
to allow entry of a forklift truck into the carrier.

(5) Supplies which will move to the storage lo-
cation either directly from the carrier or from the
receiving area should be palletized, while in the
carrier or as the receipt is offloaded from the carrier
to the extent practicable.

a. In placing containers on pallets within the
carrier, the aim must be toward maximum pallet-
ization (or unitization) so that the unloading op-
eration can be accomplished as rapidly and efficiently
as possible. During this stage of the operation the
superviso/, should make certain that the appropri-
ate pallet pattern is used. (See pallet pattern se-
lection table (table 3-1) and pattern outline table
(table 3--2)).
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b. The pattern should be reversed on suc-
cessive layers so that containers will interlock and
be tied together. Protection of personnel, consid-
eration of container strength, the size of the door
opening, and capacity of equipment affect the size
of the pallet load.

c. Pallet’l containers should be positioned
so that the identification markings are visible at the
outer rows of the pallet load. Proper palletization
upon receipt permits warehousing with a minimum
of delay.

(6) A forklift truck must have a limited col-
lapsed mast height to enter a conveyance to remove
the supplies. Generally, a forklift truck with a ca-
pacity of2,000 or 4,000 pounds and a collapsed mast
height of83 inches or less can be used for unloading
raft cars, trucks or intermodal containers. How-
ever, the floor strength of carrier equipment must
be checked to assure that the floor can support the
equipment and load. Forklift trucks should not be
used in semi-vans unless the tractor is in place or
suitable jacks are in place to prevent the van from
upending. Because ofsize limitations, a 4,000-pound
forklift truck with a collapsed mast height of 91
inches is the largest that can normally be used for
direct rail car unloading, and a 4,000-pound forkiift
truck with a collapsed mast height of 83 inches is
the largest that can be used for direct motor truck
unloading.

(7) Intermodal containers on chassis, rail cars
or on the ground can be offloaded with the same
MHE used to unload material from trucks. In gen-
eral, containers are removed from rail cars before
contents are removed.

(8) Figures 3-1, 3-2, and 3-3 depict various
workable methods of unloading and movement of
supplies.

3-105. Checking Incoming Material

a. Tallying incoming material. Accurate check-
ing for number of containers and apparent damage
to material is a basic receiving action. Material
should be tallied concurrently with the unloading
operation (see para 3-104). The inbound receipt
document is generally used as the tally record.
When not available, a blank copy of the receipt
document normally used may be used to record and
tally. When a blank copy is used for record and tally
purposes, all available information pertaining to the
receipt will be inserted in the appropriate portions
of the form. The tally count may be made by lining

through the numbers around the border of the in-
bound document and circling the number of missing
packages; or it may ba accomplished by the stroke
tally method or by recording of container quantities
using the reverse side of the document as a work
sheet. The quantity of supplies actually unloaded
and accounted for must be reported as received. In
many instances, full truck and freight car shipments
of items packed in uniform quantities may be
checked by the pallet load as they are removed from
the conveyance. This method of checking is partic-
ularly advantageous for all unloading operations
where the unit load method has been used by the
shipping activity.

b. Inspecting supplies.
(1) Once unloading has begun, damaged con-

tainers should be set aside for examination by tech-
nically qualified personnel. In addition to these
inspections, a Packaging Improvement Report (DD
Form 6) should be made for supplies that have been
improperly preserved, packed or marked as defined
in AR 700-58/NAVSUPINST 4030.29/AFR 71-13/

MCO P4030.29A/DSAR 4145.8 Discrepancy in Ship-
ment Confirmation (DISCON) (SF-363) and/or Dis-
crepancy in Shipment Report (short title DISREP),
(SF-361) will be prepared to report over, short,
astray, damaged freight or other type transporta-
tion discrepancies as defined in AR 55-38/NAV-
SUPINST 4610.33B/AFR 75-18/MC0 P4610119C/
DSAR 4500.15 (RCS MTMC-54 (R1)). Photographs
are extremely valuable and should be used when
details of the discrepancy cannot be adequately ex-
plained or can be more fully supported by such doc-
umentation. Additional inspection will be performed
at the discretion of the Service/Agency concerned.

(2) The inspection-at-destination directives of
the military services dictate whether a complete or
a sample inspection is required.

(3) If point of acceptance is at source, exterior
containers except for classified items and small
arms need not be opened unless there is evidence
of tampering, damage during transit, or other in-
dications that warrant such action. Classified items
and small arms will require a 100 percent verifi-
cation of quantity received by opening containers
and physically viewing container contents (see sec.
8 of this chap.). Similarly, sealed inner containers
need not be opened unless there is justifiable rea-
son.

(4) Repackaging and marking of receipts may
be necessary if received in damaged containers or
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Table 3-1.

15 September 1979

Pallet lmttern selection table (40 48 inch pallet)

INCHES IN LENGTH

UE OF TABLE

Determine width and length of container to
nearest 1/2 inch.

Locate the length of container at the top,
and width at left side of index chart, the
container pattern number will be found at
the iutersection of two colm,ns.

Tie load by reversing pattern for each tier.

Height may be substituted for width when the
containers are of sufficient strength to with-
stand superimposed loads, and where such
placement will cause no adverse effect in the
shipment or storage of the materiel.
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Table 3-1.--Continued

YNCHES N LENGTH
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Table 3-1.mContinued

INCHES IN LENGTH
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Table 3-2. Pallet pattern outline table (40 48 inch pallet)

4

l 8 15 22 29

16

1IIII

23

17 24

18 25

I|

3O

31

32

5 IZ 19 26 33

6

7

20

I
1 1

13 34

35
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37

45

[]
[]

Table 3-2.--Continued

52 59

II III]

39

4O

6O

68

41 48

! i

49 56 7O
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71

74

i- II I 

"/5

78

8O

81

83

84

Table 3-2.--Continued

85

88

90

92

93

94

95

96

97

98

99

I00

101

102

103

104

105
3-9



DOD 4145.19-R-1 15 September 1979

Table 3-2.--Continued

106 I!0

I 11

108 I1Z

107 113

114

I
115

116

117

118

119

lZ0

121

122

123

124

in containers unsuitable for proper storage. Open-
ing and repacking may also be required if there is

any question concerning the contents of the con-

tainer. When containers of radioactive materials
are damaged in shipment, subsequent actions must
be directed by a qualified Radiological Protection
Officer.

3-106. Receipt Documents
a. Control. The control of receipt documents is

basic to effective receiving operations. It is essen-

tial that controls provide appropriate measures to
avoid confusion in document handling and also pro-

vide timely status information. Such controls can
be established through the use of document regis-
ters, a file of document suspense copies, or by use
of microfilming techniques. Manual or computer
methods may be used to develop and maintain the
control system. A daily review of file make-up will
be made to assess delays in the processing of re-

ceipts. The control system may be expanded to
serve as a proof of storage tool or as a base for
quality control samples on receipt actions. The spe-
cific type and extent of control will be determined
by the appropriate service or agency.

b. Processing. The flow of documents in the re-
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A, AFTER DOOIAY HAS BEEN BROKEN PALLET SHJLD BE PLACED IN A
STRAIGHT FORARD POSTIOo

::::::::::::::::::::::::::::::::i::ii

__
:::::::::::::::::::::::::::::::::

B. AFTER SUFFICIENT SPACE IN CENTER OF CAR HAS BEEN CLEARED,
PLACE PALLETS AT 45e ANGLE.

C. AFTER CENTER TIRD OF CAR CONTTS HAS BE UNLOADED, PLACE
SUBSEQUENT PALLETS AT 90e ANGLES.

Figure 3-1. Unloading and movemen$ to storage using forklif$ $ruck.
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Figure 3-. Unloading and movement to storage using tractor-trailer train.
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FKLT

n n n n

i. Checking, sorting, and palletizing is performed as con-
tents of car are ualoaded.

2. Contalaez should be placed ca conveyor so contents
and sises are readable by checkers and sorters.

3. Coaveyor line ay be set up on platform provided
here is sufficien working space.

Figure 3-3. Unloading and movement to storage-mixed car lots,
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ceipt processing cycle will vary depending on the
type ofreceipt and the location ofactivities involved
in the receipt actions. Copies of the document or
information extracted from the documents are used
for inquiries to the locator file and for updating the
various accounting records associated with material
receipts.

3-107. Marketing of Material for Storage

a. Material properly marked prior to movement
to storage will result in more accurate stock ac-
counting, more accurate issues, and easier inven-
tory actions.

b. All material or its container (excluding small
items of retail stock) must be marked clearly with
the stock number, nomenclature, quantity and unit
of issue. Material which deteriorates in storage
(subsistence, batteries, film, etc.) requires date
marking to aid in first in-first out issue. Any mark-
ings on containers not applicable to the present
material will be obliterated.

c. Small items of retail stock may be identified
by marking the bin or shelf where item is stored.
However, one item in each bin or shelf may be
marked as a sample to assure positive identification
of stock therein. The sample unit should not be is-

sued except when quantity of items has been de-
pleted to a point where issue is required.

3-108. Moving Supplies to Storage

a. Movement of supplies to storage is a contin-
uation of the unloading and receipt processing ac-
tions. The material movement should be made by
the most expeditious and economical means avail-
able. Matters for consideration include the selection
of equipment to he used, the type of supplies to be
moved, and the distance of the storage area from
the carrier or receiving area. Where conveyor or
in-floor tow systems are not available, a forklift
truck is generally used for short distance move-
ments (less than 400 feet each way); a tractor-trailer
train (possibly electronically guided) for larger dis-
tances (over 400 feet); or automotive equipment for
certain conditions such as difficult terrain or ex-
cessive weight of material. The latter equipment
may be radio controlled intra-installation transport
vehicles. See chapter III, section 3, of this regu-
lation for location control of material movement.

b. Repacking operations should be integrated
with overall movement actions to reduce handling.
In other words, the material should be routed
through the appropriate processing actions prior to
final storage.

Section 2. SHIPPING
Paragraph

General 3-201
Shipment planning 3-202
Freight planning 3-203
Documentation 3-204
Shipment preparation 3-205
Loading 3-206

3-201. General

a. This section provides guidelines in shipping
operations as they pertain to storage functions.
Primarily the guidelines deal with selection and
movement of material through the supply opera-
tions and subsequent delivery to the transportation
officer for outloading. Specific shipping instructions
are found in DOD 4500.32-R (Military Standard
Transportation and Movement Procedures (MIL-
STAMP)). In addition to the provisions of this sec-
tion, the procedures and controls, prescribed in
section 8 of this chapter, will be applied to ship-
ments of classified, pilferable and sensitive items,
including small arms.

b. The term "shipping" in its broad application
covers many functions and tasks. When "shipping"
is related to wholesale storage operation it encom-
passes the actions necessary to deliver material to
the carrier for movement to a consignee. Its effec-
tiveness depends upon accurate recording of re-
ceipts, proper storage, and correct marking of
material.

c. The application of the principles of efficient
shipping practices can alleviate unnecessary strain
on transport facilities and provide more efficient
and economical handling and movement of DOD
cargo.

d. The shipping operation involves different or-

3-14



15 September 1979 DOD 4145.19-R-1

ganizational elements. This section does not imply
that functions mentioned will be performed by a
particular element within the installation.

e. The provisions of this section do not apply to
shipments of ammunition and other dangerous ar-
ticles. Directions for the preparation and shipment
of such items are contained in directives issued by
the military services.

3-202. Shipment Planning

a. Planning for shipping operations actually be-
gins long before receipt of a document authorizing
issue. The receipt, location, and storage of supplies
should be planned in a manner to expedite and sim-
plify subsequent stock selection and preparation for
shipment.

b. Planning for a specific supply movement begins
upon receipt of information regarding items to be
shipped to a particular destination. Proper consid-
eration of the factors shown below will determine
when and where to spot carrier equipment, when
and where to use special equipment, and the most
efficient way to assemble the material for shipment.

(1) Quantity, weight, and cube of material to
be shipped.

(2) Requirements for security, packing, ship-
ment marking, intra-installation material move-
ment, personnel, and materials handling equipment.

(3) Mode(s) of transport to consignee.
(4) Date required for release to transportation.

3-203. Freight Planning

a. Freight planning is the process of determining
the number of transportation units (truckload, less
than truckload, or carload and less than carload,
and container) needed to move a given shipment.
This is accomplished by determining the weight and
(if possible) the cube of the line items shown on the
shipping documents and ascertaining the mode of
transportation. Transportation equipment of ade-
quate capacities should then be obtained. Supplies
and material should be assembled and shipped in
intermodal containers, carload or truckload lots
whenever practicable, in order to reduce the transit
costs and conserve transportation equipment.

b. All shipments, regardless of weight, should be
referred to the transportation officer at the origi-
nating installation. While route orders may be re-
quested and obtained on all shipments, generally
a 10,000-pound minimum (subject to specific ex-
emption by the individual services) is observed. A

route order will specify the mode of transportation
and routing. Ifa domestic shipment is involved, the
route order will be valid for a time frame as des-
ignated in the Military Traffic Management Reg-
ulation (AR 55-355, NAVSUPINST 4600.70; AFM
75-2, MCO P4600.14A, DSAR 4500.3); ifan oversea
shipment is involved, the order will specify a date
for arrival at port.

c. It is the responsibility of the storage office to
furnish the transportation office with all necessary
information for obtaining routings.

3-204. Documentation

a. Efficient handling of supplies being readied for
shipment requires the preparation of documenta-
tion in time to accompany shipment. The system
for control of outbound shipments varies with the
services and is therefore not covered in detail here.

b. An overriding factor, regardless of shipping
service, is the fact that all shipments must be prop-
erly documented to eliminate delay, damage, or
loss. Unless properly documented there can be de-
lays in loading, turn-around time ofequipment; time
to reach destination; or material loss due to mis-
directed shipments.

3-205. Shipment Preparation

a. Whenever a shipment is to be made, the sup-
plies should immediately be properly packed, doc-
umented, marked, inspected and assembled in a
convenient area so that no time will be lost in carrier
loading. Equipment should not be ordered from the
carrier before it is known that supplies will be ready
for loading.

b. Generally, supplies are moved to an assembly
area or shipped direct from the storage area. The
latter method permits expeditious loading with
elimination of the in-between step of consolidation
at a preassigned area.

c. Supplies requiring preservation, packing,
marking or other processing should be moved to
and from these functional areas via mechanized
transport facilities when possible. Mechanized
transport includes use ofpowered conveyors, intra-
installation transport facilities designed especially
for this task, and electronically controlled tractor
trailer trucks. The key is minimal or zero manual
handling, cross hauling and double handling. In-
tra-installation transport conveyances should be
radio controlled and operate on appropriate sched-
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ules to prevent backlog and bottlenecks at material
transfer points.

d. After the load has been prepared for shipment
(or before if possible), the transportation office
should be requested to order equipment from the
carrier. The request should include precise infor-
mation for spotting of equipment and any special
requirements such as the need for double door
freight cars, refrigerated trucks, etc.

e. When supplies must come from different ware-

houses or storage locations, the carrier equipment
may be spotted accordingly, rather than being held
at a single loading point. Effective spotting will
ensure loading within the prescribed free time lim-
its and maintain a balanced operation by effective
use of material handling equipment and personnel.

3-206. Loading

Section 9 of this chapter provides procedures and
techniques for loading carriers.

Section 3. STOCK LOCATION
Paragraph

General 3-301
Policy 3-302
Design of a stock location system 3-303
Location site identification 3-304
Maintaining the location system 3-305
Special requirements 3-306

3-301. General

Stock location systems must pinpoint an exact stor-
age location in a simple, easily understood manner.
This is necessary to minimize training require-
ments, to assist in timely and accurate storage or
selection ofstock, and to provide a base for optimum
utilization of storage space. This section prescribes
the basic requirements of a location system.

3-302. Policy

a. Each military service/agency will establish a
uniform stock location system to be used by sub-
ordinate supply and storage activities. These sys-
tems will provide a centralized stock locator file to
the maximum extent practicable. Stock location
systems will make optimum use ofmechanized proc-
essing equipment, communications systems, and
automatic data processing (ADP) equipment. Am-
munition stock locations systems including piano-
graphs, storage site data records, and identifications,
locator and inventory records and procedures will
be established as prescribed by the responsible
military services commands.

b. Planning for storage locations for classified,
sensitive, and/or pilferable items will include coor-
dination with the Security Officer/Provost Marshal
to ensure that the security guidance provided in
chapter III, section 8 is implemented.

3-303. Design of a Stock Location System
a. Planograph. A planograph is a drawing of the

actual layout of a storage structure or outside stor-
age area. The planograph portrays the manner in
which the gross space within the storage structure
or outside storage area is subdivided. These sub-
divisions can be for such functions or uses as storage
areas, shipping and receiving areas, main aisles,
working aisles, locker or restrooms, and offices.
The chief of the storage activity is responsible for
the preparation and use of planographs. Planograph
layouts are subject to approval of the individual
designated by the pertinent commodity and capac-
ity factors established in chapter II, section 2. Plan-
ographs for ammunition igloos will be developed as
prescribed by the responsible military service. The
warehouse planograph will be located in a promi-
nent or focal point of activity in each warehouse,
shed or other storage area of comparable size. It
should be mounted on a wood back and coveredwith
a clear, acetate overlay. Space vacancy information
may be incorporated on this overlay by use of a
grease pencil which will enable easy revision as re-
quired. Maintenance of planographs is at the dis-
cretion of each DOD component.

b. Perimeter lines. The lines drawn around the
outer side of any space subdivision on a planograph
are called perimeter lines. The term describes the
outer boundary of any storage area.

(1) The area shown on general purpose ware-
house planographs for bulk storage will be divided
into equal 52-inch segments in width and length
directions. These segments will be subsequently
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referred to as "grids." This concept is based on use
of the general purpose pallet, 40 inches long and 48
inches wide plus 4 inches for material overhang and
handling space. These grids are used to denote lo-
cations and the position of pallets along working
aisles. The depth of pallet storage can be shown on
the planograph by broken lines (figs. 3-4 and 3-5).
If the perimeter line along any side of the storage
area is not equally divisible by 52 inches, the mar-
ginal difference should be prorated to increase each
grid proprotionately.

(2) The details of lrawing perimeter and in-
tersecting lines on the planograph for large lot and
medium lot bulk storage are the same (figs. 3-4 and
3-5). Large and medium lot terms are explained in
chapter 1, section 2.

(3) Use of perimeter and intersecting lines in
establishing grid patterns for small lot bulk storage
is shown in section 2 of figure 3-6. The term "small
lot" is explained in chapter 1, section 2.

(4) For storage areas with bin, shelving, and
pallet rack storage aids, the dimensions of the stor-
age aids will govern the planograph grid layout. In
these areas the 52-inch grid pattern will be disre-
garded. Section 1 of figure 3-6 is an example bin
or shelving layout. Figure 3-7 is an example pallet
rack type storage layout.

(5) Perimeter and intersecting lines for shed,
transitory shelter, standard magazine, and open
storage areas are shown on the planograph in the
same manner as prescribed for general purpose
warehouses.

c. Identification of grids.
(1) Identification of individual grids will begin

at the bottom left side of the planograph and con-
tinue in sequence to the top. This procedure will be
repeated for each row of grids moving in sequence
from the left to the right side of the planograph
(figs. 3-4 and 3-5). Sequence of left to right identity
may begin anew for each section, bay, etc., if de-
sired. The sequence ofplanograph identity for these
length and width grids will be consistent for all
installation storage areas regardless of the number
of ares subdivisions. These grid identities then be-
come part of the location description pattern (d be-
low) used for locating material. Generally, a specific
grid will be situated in the same relative position
within similar storage structures or within open
storage areas. This minimizes the need for person-
nel to reorient themselves when moving from one

storage area to another. Once the grid identities

have been determined, it is unnecessary to show on
the planograph those grids not being used for ma-
terial storage except aisles in bulk storage areas
((2) below). The planograph should show the grid
identities required to locate stocks. Unused grids
will remain available for floor plan changes as nec-
essary.

(2) In order to provide flexibility for stock in-
creases which require layout changes, grid identi-
ties will be provided for aisle space surface areas
on bulk storage area planographs. Thus, grids re-

quired for locations in the new layout will be readily
available in proper sequence without disturbing the
marking of grids previously established (figs. 3-4
and 3-5).

d. Location description pattern. Each material
location in storage must have a description pattern
which will permit immediate recognition of the spe-
cific site. This description consists of numeric or

alpha numeric characters and is preferably sepa-
rated into groups for easier reading. The signifi-
cance ofindividual characters or group ofcharacters
in the location description will be established by
each military service or agency. The location de-
scription pattern established should assure that the
number of characters used are kept to a minimum

and yet clearly identify material locations.
(1) Installations with building, warehouse,

area, or block designations which have permanently
assigned engineer drawing numbers or letters may
assign other code designators to such facilities for
location description pattern purposes only. How-
ever, reports related to utilization, building sched-
ules, etc., will refer only to the permanently
assigned number or letters.

3-304. Location Site Identification

a. Marking. When planographs have been drawn
and the location description pattern has been es-
tablished, location identifications at the actual sites

are necessary.
(1) In open storage areas, appropriate location

identification at strategic points will be shown on
permanent, weatherproof placards or signs.

(2) In warehouses where floor surfaces permit,
location description markings should be displayed
on the floor. Marking can be applied with decals,
by stencil brush, or by spray paint equipment.
When applied to a clean floor and protected by a

coat of clear lacquer or other suitable compound,
sprayed or stenciled markings should last for sev-
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Figure 3-$. Example of stock location layout for large lot bulk s$orage.
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Figure 3-5. Example of stock location layout for medium lot bulk storage.
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Figure 8-6. Ezample stock location layout for retail bin or shelving and small lot bulk storage.
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BLDg. 2

FLOOR

Figure 3-7. Example of view of a pallet rack type stock location layout.
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eral years in normal warehouse operations. Mark-
ings should be placed within the aisle boundaries
in order to be visible at all times and at the edges
of the aisle to reduce wear from personnel and ve-
hicle traffic. Where the floor-marking method is not
practical due to type offloor surface, markings may
be displayed on posts facing operating aisles, or on
other suitable easily visible structural members, or
as otherwise directed by the responsible military
service/agency.

(3) For sheds and transitory shelters, location
markings will be displayed in the same manner as
warehouse markings.

(4) The quantity oflocation markings in storage
areas will be as directed by the responsible military
service/agency. As a minimum, each aisle intersec-
tion should be marked and every fifth grid should
be marked along working aisles.

(5) Due to variables in aisle and sotrage aid
dimensions in bin, shelf, and pallet rack storage
areas, the standard method of marking prescribed
for bulk storage areas cannot always be applied.
However, suitable location identification will be
displayed. Applicable markings will be posted on
storage aid ends facing working or traffic aisles.
Additional markings may be painted on the floor
(fig. 3-8).

(6) In addition to the site marking described in
preceding prargraphs, marking is also required for
vertical location identification in certain cases. For
example, this type marking is required on bin, shelf
and pallet rack openings to designate a particular
vertical location. Numeric or alpha characters may
be used (figs. 3-7 and 3-8). In the case of bulk
storage areas where vertical identification is not
required, a standard alpha or numeric character
should be used within the location description pat-
tern to maintain uniformity.

3-305. Maintaining the Location System
Maintaining the stock location system is a respon-
sibility of the storage management activity. Ware-
housing personnel will not normally keep records
of receipts and issues or maintain balance records,
however military services may authorize an excep-
tion for ammunition.

a. Stock locator file. A stock locator file is the
"heart" of a stock location system. It is an address
directory for all stored material.

(1) Existing records may be used to initially
develop the locator file. To assure optimum accu-
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racy, however, file establishment should include a
complete wall-to-wall survey of material on hand.
Appropriate location information is then entered
into the locator file. The file must contain a locator
record for each item stored. A record should reflect,
as a minimum, the stock number, condition code,
unit of issue, and location(s). Additional data may
be entered as deemed essential to operations, for
example, noun nomenclature, physical security/pil-
ferage codes, shelf life codes, expiration dates, or
lot numbers.

(2) Procedures must be established to insure
positive control of all additions, deletions, and
changes to the locator file. Effort must also be di-
rected to limiting the number of stock locator rec-
ords. This can be done, in part, by selecting storage
locations which can hold the total quantity on hand.
Intelligent selection of locations for stock issues and
receipts plus consolidation of multilocation material
into fewer or into a single location will also aid in
reduction of locations per item.

(3) Site of the locator file will depend on the
installation layout and the type of stock locator sys-
tem used, i.e., maintained by manual means, or by
use of EAM equipment, or by use of ADP equip-
ment. The file could be located in an appropriate
storage operation, in a central machine processing
office, or as part ofcentral computer records. There
will, however, be only one locator file maintained
except when a supplementary file is necessary for
control of security items.

(4) Activities without an EAM or ADP capa-
bility or activities which store only a small number
ofitems may use a locator file system which is main-
tained entirely on a manual basis. Location data
maintained on ADP equipment can be available al-
most instantaneously by use of certain ADP remote
inquiry equipment. The EAM and ADP methods
can mechanically or automatically provide, in vary-
ing degrees, related supply documentation such as
labels, stock selection forms, material movement
forms, and inventory count cards. Use of EAM and
ADP equipment will minimize actions and provide
speed and accuracy in processing location actions
and in the maintenance of the locator file.

b. Receipt of material. Upon receipt of material,
the locator file will be screened for the stock number
received. When a location already exists, the ma-
teriai will normally be routed to that location upon
completion of identification and classification ac-
tions. If the quantity received obviously would not
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Figure 3-8. Example bin location descriptive pattern, including use of vertical location identifier.
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MATERIAL TRANSFER RECORD
DATE MATERIAL RECEIV|D

LOCATION DATA

TO (iing)

QUANTITY

1. Enter stock number and nomenclature

2. Enter existing location(s) if one or mo

3. Warehouseman will annotate final Ioca
and return to Iocator activity.

DDI

0f item.

-e exist.

ion data

S. 663
OT 54*, BE USED XHAUSTEO.

IgS80F4S7?Z3

Figure 3-9. Material transfer record.

fit into the existing location, the material will be
routed to an appropriate warehouse area for final
location selection by the warehouseman.

(1) For receipts without an existing location,
if a file of empty locations by size and type is main-
tained this file will be used to prelocate applicable
items. If such a file is not maintained, the material
will be routed to the appropriate warehouse for
selection of a final location by the warehouseman.

(2) Placing material into an existing location,
establishing a new location, or deleting a location
requires feedback to the locator file control activity.
For this purpose, receipts moving to the storage
location will be accompanied by either a Material
Transfer Record (DD Form 858, fig. 3-9), or other
approved service/agency form, or a copy of the re-
ceiving document. The document accompanying the
material to storage must be annotated by the ware-
houseman with the final location data and returned
to or through the locator file control activity for
proper recording.

3-24

c. Issue ofmaterial. EAM machine or ADP com-
puter generated issue documents may have mate-
rial locations printed on stock selection documents.
Activities without this capability must screen the
locator file and manually annotate locations.
For general supply items, when the quantity se-
lected reduces the location balance to zero, the
warehouseman will prepare a location delete action
on the appropriate service/agency form and forward
it to the locator file control acitivity. Because of
item configuration or replenishment frequency, cer-
tain locations may be designated as permanent and
not require deletion when temporarily empty. Cri-
teria and procedures for control of this will be es-
tablished by each service/agency.

d. Location changes. Warehousing actions fre-
quently involve movement of stored material into
a new location or consolidation with similar material
in existing location(s). The location additions or
deletions caused by these actions will be immedi-
ately annotated by the warehouseman on the ap-
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propriate service/agency form and forwarded to the

locator file control activity.

e. Changes to data elements in locator file.
Changes to standard elements ofmanagement data

in the locator record, such as stock number, physical
security/pilferage code, shelf life code, etc., may be

accomplished automatically based on centralized
service/agency data broadcasts when ADP capabil-
ity exists. Activities without this ADP capability
will require manual actions to alter locator file rec-

ords. Service/agencies will establish procedures
and documents to assure that the required data

changes are addressed at the material location.

DOD 4145.19-R-1

3-306. Special Requirements

Stock location systems require a periodic validation
of locator record data to ensure accuracy. This val-
idation is accomplished in two phases. The first

phase, a location survey, is done by comparing cer-
tain data in actual warehouse location with that in

locator records. The second phase, a location audit
reconciliation, involves a reconciliation between the
validated storage activity locator records and the
accountable activity stock record. The DOD14140.35,
Physical Inventory Control for DOD Supply Sys-
tem Material, is the basic document which requires
these validations and establishes accuracy levels for
the surveys and audits.

Section 4. PEST MANAGEMENT
paragraph

3-401Purpose and scope ...............................................................
3-402General ..........................................................................
3-403

Objective .........................................................................
Policy ............................................................................
Responsibilities .................................................................. 3-405

Pest control operations ..........................................................
3--407Inspection ........................................................................
3-408Housekeeping ....................................................................

Insect control measures ......................................................... 3-409

Rodent control measures ........................................................ 3-410

Bird control measures ........................................................... 3-411

Reclamation or disposal of infested stocks 3-412

Storage of pesticides and sanitary requirements 3-413
3-414Training ..........................................................................
3-415Safety ............................................................................
3-416

First aid suggestions ............................................................
Effect of pesticides on aquatic life and wildlife 3-417

3-418References .......................................................................
3-401. Purpose and Scope

This section establishes the guidelines necessary to

successfully maintain an effective stored products
pest management program. Pest control is an ele-

ment in the overall care of supplies in storage,
which, in turn, is an integral part of the storage
function.

3-402. General
Many types of supplies are susceptible to infestation
and damage by insects, rodents, birds, and other

pests. Methods and equipment are not normally
available to the consuming organization to permit
reclaiming of infested stock or to provide adequate
control measures. Therefore, both supply economy
and troop health and welfare require that supplies

be uncontaminated and undamaged by pests upon
receipt by the consignee. The success and conti-
nuity of a pest management program is enhanced
by the maintenance ofaccurate records and reports.
Results of work accomplished should be reviewed
periodically to measure the effectiveness of pre-
ventive control actions.

3-403. Objective

The prime objective of pest management activities
is to prevent or minimize loss of supplies caused by
such pests. This objective can best be achieved
through the segregation and arrangement of infes-
tible subsistence, proper warehouse sanitation, reg-
ularly scheduled inspections by trained personnel,
and utilization of appropriate equipment, insecti-
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cides, rodenticides and other control measures.
Pest management is a continuous activity which
begins with the production of stock, through the
initial receipt of the stock and continues through to
the ultimate consumer. In order for a stored prod-
uct pest management program to be effective, the
program must utilize various techniques, including
both chemical and nonchemical controls, and ac-
tively involve storage, transportation, inspection,
pest control, and concerned command elements.

3-404. Policy
DD Form 1532 (Pest Control Summary Report)
(DODI 4150.7) will be prepared by installations to
provide necessary data to ensure effective pro-
grams for selection and safe application of pesti-
cides.

3-405. Responsibilities
a. Assistance from other agencies. Specialists of

the United States Department of Health, Educa-
tion, and Welfare (Public Health Service), the
United States Department ofAgriculture, the United
States Department of Interior, and the United
States Department of Treasury (Bureau of Cus-
toms) provide consultation service and assistance
on problems of medical and agricultural importance
(e.g., disease and pest control, quarantine control,
customs inspection) as requested. Required tech-
nical assistance can be obtained from the area or
command entomologist or applied biologists. Re-
quests for services of these specialists will be made
by the installation commander to the appropriate
operating agency commander.

b. Quarantine control. Full cooperation will be
given by all echelons ofcommand to officials of other
Governmental agencies to ensure compliance by
supply activities with the quarantine regulations,
requirements,and controls of such agencies as they
pertain to supply operations. The responsible en-
tomologist will provide technical guidance on the
elimination of pests from military cargo and other
aspects of quarantine control.

c. Materials and equipment. Only standard issue
pesticides and equipment will normally be used in
pest control operations. Pesticides and/or equip-
ment proposed to be substituted for those listed in
the Federal Supply Catalog will be approved in ac-
cordance with instructions of the Military Depart-
merit concerned. Equipment for the application of
pesticides includes:

(1) Appropriate safety equipment.
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(2) Aerosol generators.
(3) Fumigation equipment and facilities.
(4) Ultra-low volume dispensers.
(b) Power spray equipment.
(6) Fumigation chambers (in special cases).

d. Stored supplies.
(1) The installation engineer or public works

officer will operate and maintain approved equip-
ment for elimination of pests infesting stored sup-
plies in general purpose warehouse storage,
controlled humidity storage, shed storage, and open
storage. Fumigation, whether it be preventive or
corrective in nature, is one of the basic tools of an
effective pest management program. It includes the
following:

(a) The installation engineer or public works
official will be responsible to assure safety precau-
tions are in effect prior and subsequent to fumi-
gation or other chemical pest control.

(b) As a minimum, individuals in charge will
have the responsibility to notify station safety, se-
curity and fire supervisors and the resident medical
authority of the fumigation operations, building
number, proposed length of fumigation time, and
name of fumigant being used.

(2) Approval of the installation commander will
be obtained for fumigation of entire buildings to
control pests and insect infestation in stored sup-
plies.

(3) The storage officer will provide for move-
ment ofitems to and from fumigation chambers and
will prepare the items for fumigation. Items in-
fested by insects or damaged by other pests may
require shipment to commercial contractors for fu-
migation and cleaning. Repacking contracts may be
utilized if adequate facilities are not available at the
installation or if the work can be done more eco-
nomically bythis means. Such contracts will be re-
viewed by the appropriate area (including Naval
applied biologist) command entomologist.

(4) Only trained and certified pest control per-
sonnel will apply residual or space treatment pes-
ticides, fumigation, operate fumigation chambers
and aerate treated items.

3-406. Pest Control Operations

Pest control operations will provide the necessary
measures to insure the safe and efficient control
and quarantine of insects, rodents, and other pests.
Pest control operations will be conducted as a sched-
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uled part of the installation’s regular repairs and

maintenance program and will include--

a. Inspections by trained and certified pest con-

trol operators to determine the need for and effec-
tiveness of pest control measures.

b. Establishment of construction needs and main-

nance criteria for prevention of pests.
c. Land drainage, clearing and control of vege-

tation in outside storage and pest breeding areas.

d. Application ofpesticides on materials, in build-

ings, on grounds, and as soil treatment.
e. Use of wood preservatives.
f. Fumigation and disinfecting of stored supplies.

g. Control of pests, grasses, or other weeds in

storage areas.
h. Safe storage of pesticides and maintenance of

pest control equipment.

3-407. Inspection

a. Spot inspection. Virtually all items of subsist-

ence, except canned or bottled foods, are suscep-

tible to infestation or damage by insects, rodents,
and other pests. Woolens, mixed woolens, furs,
feathers, felt, natural fibers, and untreated hard
woods are subject to attack by insects. A spot in-

spection of any commodity to determine degree of

infestation should rarely exceed 10 percent of the

lot. Normally a 5 percent inspection will indicate

the condition of the lot being inspected. In either

event, inspection should be discontinued when in-

festation is first detected and the lot will be fumi-

gated or otherwise appropriately treated.
Subsequently, a further examination will be accom-

plished to determine whether or not the stock is

suitable for issue.
(1) The importance of detecting insect infes-

tation in the early stages cannot be overempha-

sized, particularly when climatic and other

environmental conditions are conducive to incuba-

tion and migration. Certain insects are attracted to

light and infestations may be detected by scanning

windows and other sources of fight. Insect activity

can be anticipated when the product temperature
is 50 F and above, or the air temperature is 60 F
and above, and the relative humidity is in excess

of 35 percent. Generally, insect activity will in-

crease as the temperature and relative humidity

rise. Therefore, the frequency of inspections will be

increased during prolonged hot, humid weather.
(2) Some of the most common types of destruc-

tive insects are shown in figures 3-10 through 3-
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13. Figure 3-14 illustrates bread made with flour

previously infested for various periods. Rodents

and birds present a continuous, year-round prob-
lem.

(3) In the fall of the year, rodents in the fields
are attracted to warm warehouses, especially ware-

houses where subsistence items are stored. Birds
contaminate stored supplies when they enter ware-
houses to feed on spilled foods or to obtain shelter.
Termites, which penetrate warehouses through ex-

pansion joints in the floor, destroy wood, paper and
other supplies containing cellulose. Losses due to
these pests can be held to a minimum by timely
inspections andprompt remedial action.

b. Inspection at time of receipt. A visual inspec-
tion must be made of infestible supplies at time of
receipt prior to unloading operations unless ex-

empted by the headquarters having stock account-
ability for the supplies.

(1) Ifthe supplies from the vendor are infested,
the shipment should be rejected. However, if the
inspection shows only a fight car or container sur-
face infestation, the stock will be placed in an iso-

lation area which has been treated with an insectidde
and will be fumigated before being placed in the
storage area. The stock may be fumigated in the
car or van prior to unloading.

(2) When infestation is noted upon receipt, the
headquarters having stock accountability should be
contacted for specific instructions prior to accept-
ance or fumigation.

(3) Samples of infested supply items will be
collected at time of inspection for technical evalu-
ation and analysis by entomologists or taxonomi-
cally qualified entomology technidans. Such analyses
are required for identification of insects, degree of
contamination, and other purposes related to dis-

position of the lot Concerned. Samples will also be
taken of supply items suspected of being infested

and these samples incubated for final determination
of insect infestation.

c. Inspection of returned material. Material re-

turning to storage sites from using activities (es-
pecially inter-country movement) presents the

possibility for introduction of pests and diseases of
medical and agricultural importance. Disease vec-

tors and agricultural pests may be introduced into

the country receiving material in or on cargo, cargo
containers, foodstuffs, or soft adhering to bags,
boxes, vehicles, or other military equipment. A car-
rier manifest certifying that retrograde cargo is
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Figure 3-11.
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FURNITURE BEETI: LEAD CABLE BORER

WESTERN PfdDERPOST BEETLE

CALIFORNIA DEATH-WATCH BEETle]

Figure 3-12.
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Figure 3-14. Slices of bread made .frott flour previously ifested by flour beetles ]br periods qf one, two and three
months as follows: A--Tribolit co.fustm, ebony strair, 50 adults per replicate; B--Tribolium castaneum, 50
adults per replicate; and C--Tribolim castaetm, 100 addts per replicate.

free from contamination as well as free from haz-
ardous and dangerous articles is not licensed to
treat these returns lightly. The recommended pro-
cedure, in the case of subsistence, is to fumigate
prior to placement in the warehouse when such re-
turning material must be accepted.

(1) Hazardous and dangerous articles have
been detected in cargo classified as general cargo.
These articles (e.g., ammunition shells, bombs, poi-
sonous gases) must not be introduced inadvertently
into the United States or other nations.

(2) Normally every precaution is taken at point
of foreign origin to assure that hazardous articles
are not included in shipments of general cargo and
that the shipment is free of contamination. How-
ever, an intensive, continuous, and aggressive pub-
lic health and agricultural quarantine program must
be carried on in all United States Armed Forces

operations throughout the world involving retro-
grade cargo.

(3) To provide safeguards, inspections uncov-
ering the presence of dangerous and/or hazardous
material will be reported expeditiously. This in-
cludes the inspection of these materials in retro-
grade cargo as the presence of quarantinable rodent
and/or insect infestations including prohibited pack-
aging materials such as native grasses, mattresses,
etc.

(4) The report, as a minimum, should identify
the shipper, type of cargo affected, probable cause
of the situ,tion (if known), immediate corrective
action taken, and any additional information con-
sidered applicable. The report should be submitted
to the Armed Services Explosive Safety Board
(ASESB) or the Armed Forces Pest Control Board
(AFPCB) as appropriate (DODI 4500.35).
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(5) Returned material found, or s.uspected, to

be contaminated by hazardous material’ or pest in-

festation will be placed in an isolated area and will

be treated as prescribed herein before being sent

through the processing area.
d. Inspection while in storage. Storage facilities

and exteriors ofinfestible material will be inspected
at regular intervals by trained and qualified pest
control personnel. The infestible contents of such

products will be inspected by veterinary, food, or

qualified subsistence quality assurance inspectors.
The storage activity’s insect and rodent control per-
sonnel and the inspection specialists should perform
a joint monthly inspection of vulnerable stocks and

storage areas. A report should 5e prepared on each

inspection to show the results thereof and recom-

mended action. Inspection personnel will be pro-
vided with required equipment such as flashlight,

magnifying glass, hand sifter and grain thief. Visual

and spot inspections should be accomplished at the

storage stack. A central inspection area should be

available for the performance ofmore thorough and
extensive examinations.

e. Inspection of outbound shipments. Supplies
will be isually inspected at time of outbound ship-
ment. The car or truck will also be inspected prior
to loading for evidence of insects and rodents.
Cracks and ruptures in car and truck interiors pro-
vide a good harborage for insects. Due to the con-

dition of the car interior, climatic conditions, and

type of pack, it may be necessary to provide for

intransit fumigation of the carrier.

f. Inspection procedure for subsistence. Ad-

vanced infestation in bagged, domestic pack sub-

sistence can usually be readily detected by a visual

inspection. To detect infestation in an earlier stage,
or to any degree within a multiwall bag, it is nec-

essary to open the bag and sift sample lots of the

contents. A hand sieve with catch pan is required
for this operation. Recommended for this purpose
is sieve, sifting, 8- or 12-inch diameter, No. 10

mesh, or locally made sieves which utilize an 8XX
bolting cloth as the screening material for flours.

A No. 8 mesh sieve or locally made sieves which

utilize normal window screens may be used for bulk

items such as macaroni or beans. Mechanical sifting

equipment will be made available when workload
warrants. More specific details for inspecting in-

sect-infested subsistence are provided in MIL-STD-
904, Guidelines for Insect Infestation of Subsist-

ence.
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(1) The seams and ears of the bags will be care-

fully examined for evidence of insect infestation.
The top layer of stacked subsistence is the most

vulnerable area affected by bird droppings, and will

be inspected frequently when it is known that birds
are entering warehouses.

(2) Containers of spices, pepper, dried milk and
other finely divided subsistence stocks will be se-

lected at random, emptied and sifted.
(3) Spaghetti, macaroni, and cereal products

will be visually inspected and then sieved for insect

and rodent infestation.
(4) All paperboard and other nonmetal con-

tainers will be checked for areas damaged by ro-

dents and the contents inspected for evidence of
insects. Under some circumstances it may be de-

sirable to incubate a sample of the commodity to
determine the presence of immature stages of in-

sects.
(5) All other infestible subsistence will be in-

spected by visual and/or open container examination
as prescribed by the material manager.

g. Inspection procedurefor textiles, textile prod-
ucts. Treated woolen clothing, blankets and similar

items in compressed bales are seldom affected by
insects. Insecticide vapors are trapped within the
bale for long periods of time due to the type of

packaging. Wooden boxes and fiberboard con-

tainers do not afford similar protection. Sample lots
of items should be selected at random, removed
from the containers and examined for evidence of

motha, larvae, silverfish, and other destructive
pests. Folds and seams particularly should be care-

fully inspected. Naphthalene flakes or other insec-

ticides will be replenished at time of inspection.
Wearing apparel fabricated from textiles that have

been treated with an insecticidal repellent within

the last two years is not normally susceptible to

insect infestation. These stocks can be identified by
labels on the exterior of package captioned "moth-

icide."

h. Inspection Procedure for Wood Products.

Powder/post beetle infestation can be readily de-

tected by the presence ofwood dust and small holes

in the stock. Shipments received from tropical areas

are particularly prone to this type of infestation.
All types of hardwood items without protective
treatments are subject to attack by this insect, e.g.,

furniture, craft items, tool handles, wooden equip-
ment parts and pallets. When inspecting canvas
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folding cots, the side rail concealed by the canvas
slip-on should be carefully examined.

(1) Termites are the most destructive insect
pests at military activities. They may damage a
building so severely that condemnation and replace-
ment are required. They eat wood and other cel-
lulose products such as paper, cardboard and
fiberboard, and will destroy structural timbers, pal-
lets, crates, boxes, tool handles, furniture, books,
and other wood products and even cotton products.
In attacking packaging or crating in storage areas,
they will seriously damage stored items such as
nylon parachutes and woolen clothing. All struc-
tures built wholly or partially of wood should be
inspected at least annually for active termite infes-

.tation regardless of preventive measures employed
m construction. Attention must also be given to
those conditions conducive to further termite at-
tack.

(2) The installation engineer or public works
officer will assist the storage officer in the inspec-
tion of lumber and other forest products for infes-
tation by insects and wood-destroying fungi. Infested
timbers will be treated with approved pesticides;
depot stocks of wood products will be treated to
prevent further infestation and damage when in-
festation conditions exist.

i. Inspection procedures and control measures
for household goods. Items of household goods sus-
ceptible to attack by insects should be carefully in-
spected immediately prior to packaging. The
appropriate insecticide or repellent should be ap-
plied during packaging and packing operations. The
exterior of the boxes and packages should be in-
spected upon receipt at warehouse and at regular
intervals while in storage for indications of insect
and rodent infestation. If infestation is detected,
the box or package should be fumigated using the
atmospheric pressure method only. Boxed or crated
household goods must not be vacuum fumigated.
The entomologist or a certified pest control oper-
ator especially trained in fumigation techniques
should prescribe the fumigant and the method of
fumigation. Storage areas for household goods
should be sprayed at regular intervals with residual
sprays.

(1) As required, the installation engineer or
public works officer will apply appropriate control
measures for eliminating infestations in household
goods and furniture that are in use.

(2) Household goods will be inspected imme-
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diately prior to packing and crating for storage and
shipment. When infestation is found, appropriate
control measures will be applied.

3-408. Housekeeping
Proper housekeeping practices are essential for the
protection of supplies in storage. Floors, con-
tainers, materials handling equipment, storage
areas, pallets, and other storage aids must be clean
and free ofany substances that will attract, provide
food for, or harbor insects, birds, and rodents.
Tears and ruptures in sacked and boxed subsistence
must be closed with a patch or repackaged. Dead
rodents, birds, and other pests should be removed
from the storage area. Rodent proof garbage and
trash receptacles in sufficient numbers will be pro-
vided and their use enforced. Removal of all gar-
bage and trash should be accomplished at least
weekly.

3-409. Insect Control Measures
Control programs for insects and related pests at
military installations will provide for the application
of preventive as well as direct measures. An eco-
nomical and effective control program requires,
among other things, the selective use of spraying,
dusting, fumigation, insect proofing, the use of
wood preservatives, drainage, poison baits, the
elimination of breeding areas, and the practice of
good sanitation. Inasmuch as there are several
hundred species of pests of stored products which
may require one or more control methods, the spe-
cific information regarding choice oftreatment, safe
application, formulation, and operational guidelines
will be found in the tri-Department technical pub-
lication, Insect and Rodent Control (TM 5-632/AFM
9-16/NAVFAC MO-310) and Rodent Control (TB
MED 144/NAV-MED P-5052-26/AFM 161-3). Ad-
ditional technical assistance required should be re-
quested from the appropriate command or area
entomologist.

a. Personnelfor application ofinsecticides. The
application of insecticides and similar chemicals will
be made by personnel trained and certified in their
safe and effective use as required by DOD stand-
ards for insect and rodent control operations. The
entire control program will be supervised by trained
and DOD certified personnel qualified to determine
requirements and program effectiveness. Environ-
mental pest control measures in the peripheral ci-
vilian community will be supported and encouraged.
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b. Low temperatures. Subsistence items suscep-

tible to insect infestation are not normally adversely

affected by prolonged periods of low temperatures,
0F through 32F. Insect activity at such temper-

atures is arrested or substantially retarded. Tex-

tile, wood items and infestible subsistence should

be stored in unheated warehouse sections when

space and storage conditions permit. Temperatures
lower than 0F maintained for a minimum of two

weeks will normally be required to kill insect eggs.

c. Fumigation and treatment. Fumigation will

normally produce satisfactory insect kill when the

ambient temperature and temperature of the stock

is 60F and higher. This operation will not ad-

versely affect items of subsistence or other types

of stock, when directions on the fumigant label are

followed. When infested processed infestible sub-

sistence must be fumigated, the fumigant of choice

is aluminum phosphide. Under unusual circumstan-

ces, other fumigants might be required. However,

fumigants other than aluminum phosphide will not

be utilized unless they are recommended by the

area command or district (applied biologist) ento-

mologist. Also, there is no residue generated to

provide continued protection following fumigation.

Therefore, fumigation stocks should be stored in an

area that has been sprayed previously with a re-

sidual insecticide. With the exception of subsistence

items fumigation by vacuum chamber is an effec-

tire and efficient method. A high degree of pene-

tration into the interior of the item is achieved by

most fumigants making unnecessary the opening of

bales, boxes, multiwall bags, and similar type of

packs.
(1) Stocks can be fumigated satisfactorily under

tarpaulins, in sealed atmospheric chambers, box-

cars, and vans.
(2) As a precautionary measure, processed sub-

sistence items susceptible to insect infestation may

be fumigated with hydrogen phosphide upon receipt

when ambient air temperatures exceed 50F. How-

ever, any such preventive type of fumigation should

only be conducted with the concurrence of a com-

mand or district (applied biologist) entomologist.

(3) Stocks in storage found to be infested must

be fumigated as early as practicable to prevent fur-

ther contamination.

Note: Boxed and crated household goods will not be

vacuum fumigated. Other methods of fumigation are au-

thorized. Also, processed subsistence items will not be

fumigated with methyl bromide. Repeated fumigation
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with methyl bromide will result in a buildup of inorganic

bromide residues which can exceed FDA established tol-

erances.

d. Dosages and exposure times. Vacuum chamber

fumigation dosages and exposure times will adhere

to the label instructions of the fumigant utilized.

For fumigants recommended use in vacuum cham-

bers, consult the appropriate area, command, or

district (applied biologist) entomologist.

e. In-place atmosphericfumigation. (The Armed

Forces Pest Control Board Technical Information

Memorandum No. 11, Hydrogen Phosphide Fumi-

gation with Aluminum Phosphide). Processed sub-

sistence items that become infested can be effectively

fumigated in place when covered with lightweight

polyethylene, film. The fumigant of choice for this

method is phosphine gas which is generated from

aluminum phosphide. Aluminum phosphide in the

presence of atmospheric moisture produces phos-

phine or hydrogen phosphide gas. The effects of

this gas upon ammunition items are not wellknown,

but are under study. Until these studies have been

completed and this section revised, this method of

fumigation is not permitted for ammunition, explo-

sives and related metal parts. The penet:.ation char-

acteristics of this gas are of a particular advantage

since it can be used effectively with all types of pack

(hermetically sealed glass or metal excluded).

(1) In-place fumigation can be conducted with-

out moving the commodity. Sufficient space (nor-

mally 24-36 inches) must be provided between

stacks of different infestible subsistence and the

stacks and all walls to obtain the minimum poly-

ethylene tarp overhang of 18 inches on the floor and

to facilitate inspection of material. Such fumigation

must be conducted by certified pest control person-

nel in strict accordance with the Armed Forces Pest

Control Board’s Technical Information Memoran-

dum No. 11.
(2) Hydrogen phosphide (phosphine) gas is ex-

plosive under vacuum conditions; therefore, the use

of aluminum phosphide is restricted to atmospheric

fumigation in a closed space or under a polyethylene
paulin. Phosphine fumigation should be conducted

only by specially trained and certified pest control

personnel.
f. Vaultfumigation. Vaults for the fumigation of

supplies may be constructed of wood, concrete,

brick, or of wood frame with sheet metal lining.

Clothing, furniture, and wood products can be ef-

fectively fumigated with methyl bromide to elimi-
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hate insects. Phosphine can be used with food
products. These vaults must be sealed to prevent
the escape ofthe fumigant during exposure. Equip-
ment should be provided for applying the methyl
bromide or aluminum phosphide after the vault is
loaded and sealed, and an exhaust fan installed to
aid in the aeration of the treated supplies and the
vault. For specific dosage information refer to the
methyl bromide label. The rectangular steel cham-
bers normally used for vacuum fumigation may be
utilized as a vault for the fumigation of crated
household goods (furniture), or other commodities
that might be damaged by high vacuum. When
utilizing these chambers for atmospheric vault fu-
migation, an initial vacuum of 5 inches should be
placed on the chamber in order that the dosage of
methyl bromide will readily flow from cylinder
through volatilizer into the chamber.

(1) Aluminum phosphide will not be used in
vacuum fumigation.

(2) Installations having vacuum fumigation
chambers will, upon request, fmnigate commodities
of other DOD or Governmental agencies. Agencies
requesting vacuum fumigation of commodities will
transport their property to and from the treatment
chambers.

g. Carrier equipment fumigation. Rail cars and
vans or trucks indicating infestation at time of re-
ceipt should be fumigated prior to unloading in or-
der to reduce the mechanical transfer of insect
populations into military storage facilities.

(1) If the loaded carrier equipment is in good
state of repair, effective fumigation can be accom-
plished by introducing aluminum phosphide in ac-
cordance with MIL-STD-1486.

(2) Under no condition will any residue of a
formulation containing aluminum phosphide be al-
lowed to come in contact with processed foods.

h. In-transitfumigation. When directed by higher
headquarters or when previous arrangements for
clearance of the fumigant have been made with the
installation due to receive a rail car shipment of
infestible subsistence, in-transit fumigation must
be accomplished. This fumigation can only be ap-
plied by DOD certified pest control personnel and
must be in accordance with MIL-STD-1486.

i. Receipt offumigated carrier equipment. Rail
cars/vehicles received displaying fumigation warn-
ing signs will be serviced by trained and certified
pest control personnel. Cars received in less than
72 hours from introduction of the fumigant should
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not be entered without chemical canister mask ap-
proved for use with the fumigant involved, or self
contained breathing apparatus. Dust respirators
will not be used for this purpose. Cars received with
more than 72-hour fumigation can safely be cleared
by certified pest control personnel.

(1) If an in-transit fumigation shipment is re-
ceived and the pest control personnel determine
that such shipment has been inadequately fumi-
gated or envelopes are missing, contact the area or
command entomologist for technical advice and the
Directorate ofSubsistence, Defense Personnel Sup-
port Center, for advice on disposition of the ship-
ment prior to off-loading of products.

(2) Fumigated subsistence will not be con-
sumed until at least 48 hours after unloading from
freight cars.

j. Space fumigation. The fumigation of ware-
houses, and other large spaces, requires technical
assistance. Commercially owned vessels will be fu-
migated under the regulations and supervision of
the US Public Health Service. The services of the
cognizant command or area entomologist are also
available for Government-owned vessels.

(1) Adequate preparation should be given to
the space to be treated. Windows, doors, skylights,
and other openings should be wedged and sealed
and all broken window panes replaced. When the
space to be fumigated is properly sealed, the fu-
migant should be applied in compliance with the
label instructions for the fumigant utilized.

(2) Methyl bromide, when recommended for
space fumigation, is utilized at a dosage of 1 pound
per 1,000 cubic feet of space with exposure of 12 to
24 hours.

(3) Methyl bromide will not be used for proc-
essed subsistence fumigation. When using methyl
bromide, make certain no food items (other than
cans or hermetically sealed glass) are within the
space to be fumigated. Aluminum phosphide can be
utilized for space treatment of subsistence ware-
houses, but should only be conducted under the su-
pervision of an entomologist.

(4) Adequate provision must Be made for aer-
ation at end of exposure to prevent workers from
being exposed for extended periods to concentra-
tions of any fumigant.

k. Residual insecticide sprays. Residual insec-
ticide sprays should be used to provide long lasting
protection to noninfested stocks or to prevent the
spread from previously infested materials. Residual
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insecticides should be applied on walls, floors of

bays, and pallets. Only residual insecticides rec-

ommended by the Armed Forces Pest Control
Board specifically for subsistence storage areas will

be utilized in subsistence storage facilities. The in-

secticide of choice for such residual application, as

well as dosages, application rates, and frequency

of application, must be determined by the area or

command entomologist.
l. Space insecticide reamens. In areas of such

operations as subsistence repackaging or ration

breakdown points, it normally is necessary to use

insecticides having very light residual effect and

minimum odor or staining properties. These are

used as "space treatments" and achieve a quick
knockdown effect and temporary control. Consult
the area or command entomologist for pesticides
and methods ofapplication authorized in such areas.

Insecticide, pyrethrum, liquid form, 0.4 percent
pyrethrin, 1.6 percent synergist (NSN 6840-00-

400-2140) is available for application as a space in-

secticide treatment.
(1) The application ofapproved pesticides, such

as 5 percent dichlorvos, in warehouses used for the

storage ofprocessed/packaged subsistence on a reg-

ular preventive basis is the most effective method
ofpreventing the spread ofinsect infestation within

storage facilities.
(2) A dispenser, insecticide, stored products

automatically controlled emission (SPACE) II (NSN
3740-01-019-4557) is used to disperse the pesticide

in large warehouses. One dispenser is required for

each million cubic feet of warehouse space (fig. 3-

15).
(a) The machine is placed in a warehouse at

the end of a work day and set up by a qualified pest

control operator.
(b) The machine automatically turns on and

dispenses its insecticidal dose during the peak ac-

tivity period of the stored products pests at night.

The dispenser will automatically shut off after op-

eration.
(c) Buildings being treated will be closed and

all nonessential ventilation shut offduring the treat-

ment period. All entrances will be locked and pro-

tection signs posted at all entrances. Unprotected
workers will not be allowed to enter buildings under

treatment.
(d) Pest control personnel will open the build-

ing and turn on ventilation systems 30 minutes be-

fore other workers are allowed to enter the building.
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(e) Warehouses containing insect susceptible
supplies will receive a pesticidal space treatment
once each week or as recommended by the area or

command entomologist, when the commodity tem-

perature is above 50F or the air temperature is

60F or above.
m. Dip or soak insecticide treatment. Wood prod-

ucts such as tool handles, pallets, ladders, gun
stocks, and similar items should be protected from
wood destroying insects by use of dip or soak in-

secticidal treatments. These treatments can be
made by the use of tank or vat type receptacles
which permit complete immersion of the desired
quantity of wooden items for a period of 3 minutes

or longer. Insecticides give effective long lasting

protection against more insects affecting wood in

storage. Where it is desired to provide protection
against both insects and fungi, pentachlorophenol,
preferably with a water repellent added, has proven
effective. Only certified pest control operators uti-

lizing pesticides as recommended by the area or

command entomologist will perform application of
these pesticides.

3-410. Rodent Control Measures

a. General. The Armed Forces are concerned
with rodents primarily because these animals act
as reservoirs of some of the most serious diseases
affecting man. The economic aspects of a rodent
infestation are also considerable. The monetary
losses encountered through consumption and con-
tamination of foodstuffs and through damage to

buildings and property amount to millions of dollars
annually. Rodent control work should be regarded
as a continuous program with a sustained effort to
eliminate the causes of infestation rather than one

of recurrent intensive campaigns. Satisfactory ro-

dent control is dependent on the elimination of food
and shelter. The control program will include re-
moval of food and water supply, elimination ofshel-
ter, rodent proofing structures and eradication by
trapping, poisoning and burrow fumigation.

b. Evidence of infestation. Observation of rat
signs is essential in ascertaining whether rats cur-
rently infest buildings, in determining the degree
of infestation, and in planning an effective control
program. These signs are droppings, runways, rub

marks, tracks, burrows, nests, damage, rat odor,
rat hairs, live rats, dead rats, and damage to stored
products. Talc as a tracking patch, can be used to

identify active infestations.
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Figure 3-15. Space lI--lnsecticidal dispenser usedfar space treatment in large warehouses.
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c. Elimination offood and shelter. The primary
factors influencing the degree of infestation are the

amounts of food and harborage available. Few rats

are found in buildings where food is not handled.
The cleanliness of an establishment is a most im-

portant factor affecting the number of rats which

may be present. When waste food is piled on the

floor, in open cans, or other unprotected sites, little

additional evidence is needed to show that the site

will support rats. Rat infestation can usually be

traced to unsanitary conditions, consisting chiefly

of infrequent refuse collection and inadequate dis-

posal practices. General sanitation as a rodent con-

trol measure includes primarily a planned and

continuous program of collection and disposal of

debris, rubbish, and garbage, and the proper stack-

ing of food supplies. Such practices reduce available

food and harborage for rats.
d. Erection of barriers. Ratproofing of existing

buildings for prevention and control ofrats is some-

times necessary. Sheet metal of 26-gauge or heav-

ier, /4-inch mesh hardware cloth, and concretes are

suitable materials for use in ratproofing. Openings

of sizes that will permit entrance of rats and mice

to the interior of warehouses should be closed.
Other openings, such as cracks around doorways,

gratings, and windows less than 4 feet above the

ground through which rats may enter directly or

by enlarging the opening should be covered with

/4-inch mesh hardware cloth or other suitable rat-

proofing material. Openings around boxed-in piping

and wire conduits should be closed. Conduits for

wiring should be closed and limited, if possible, to

sizes that will prevent passage of rats and mice.

Fire stops in double walls and floors of wood con-

struction should exclude potential rat runways

along beams, and spaces between walls should be

blocked. Doors should be self-closing and fit tightly.

Wood sills and doors at ground level may be

sheathed in sheet metal to withstand gnawing.
e. Application ofpoison baits. The most econom-

ical means of effecting wholesale destruction of rats

and mice is the use of poisons (rodenticides). Be-

cause most of these poisons are toxic to man and

domestic animals, the use of baits at military in-

stallations should be properly directed and super-

vised. Rats vary widely in food preferences. These

preferences may be ascertained by observing the

type of food scattered about the harborage as well

as by test baiting. It has been observed that an

average adult rat may require approximately three-
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fourths to one ounce of dry food and from one-half
to one ounce of water in a 24-hour period. Because
the requirement for water is an urgent one, water
is an effective bait in itself. If other sources are

denied to the rats, the attractiveness of all food and
water bait is greatly enhanced. Bait boxes or feed-

ing stations may be used, when necessary, to pro-
tect poison baits from weather and to safeguard
installation personnel, children, and domestic ani-

mals.
f. Fumigation. Calcium cyanide fumigation will

destroy rats in their burrows outside of buildings.

This material (NSN 6840-00-264-6684) is a grayish-
white granular powder which produces hydrocyanic
acid gas (hydrogen cyanide (HCN)) almost instantly

upon exposure to the moisture or air. It kills very

quickly and both the dust and the liberated gas will

kill man and the other animals including insects.

Although safe when properly done, calcium cyanide
fumigation is a hazardous process and must be done

only by trained personnel. Fumigation should never

be attempted in burrows extendingunder occupied
buildings or closer than 15 feet from a building.

Personnel will be required to wear chemical car-

tridge respirators approved for use with this type
fumigant.

g. Use oftraps. Trapping is recommended for use

in those places where it is not advisable to use poi-

son bait or gas. In trapping rats, the proper place-
ment of the traps is far more important than is the

selection ofbait. Rats follow natural,runways when-

ever possible. There instinct for stealth and pro-

tection causes them to travel behind anything that

is placed near a wall. The best baited trap will rarely

entice a rat into the open. When a trap can be set

behind objects which are stacked close to the wall

or behind a board that is leaned against a wall, it

will be much more likely to lure a rat into investi-

gating it.
(1) Rats quickly become "trap wise," necessi-

tating frequent changes in setting and bait. Traps
require servicing daily and sometimes twice daily.

Traps should be cleaned whenever necessary to en-

sure efficient operation. It is not necessary to avoid

handling traps nor is it necessary to wash or ster-

ilize them since human odors or odors from previ-
ously caught rats do not deter rats from approaching
them.

(2) Baits may be any foods attractive to rats.

The baited traps should be placed near, but not in

rat runs because rats prefer to investigate food and
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may be wary of obstructions in their runways.
Traps near a wall or other vertical surface should
be placed about 1 foot from and at right angles to
the wall with the hair-trigger toward the wall.
Thus, a rat running along the wall from either di-
rection, in leaving the run, will go straight for the
bait on the trigger. It is desirable to vary the bait
every few days and switch to an entirely different
type.

h. House mice. Control of house mice may be
accomplished in much the same manner as that de-
scribed for rat control; namely, trapping and poi-
soning. The snap traps used for mice control are
much smaller than those used for trapping rats and
usually result in better catches when baited with
peanut butter, bacon, or oatmeal. Traps must be
spaced closer together for mice than for rats since
the normal range of mice is only 10-30 feet from
their nest.

i. Field rodents. The methods for control of field
rodents vary according to the type of animals and
the conditions under which they live. Technical as-
sistance in the control of field rodents may be ob-
tained from the cognizant area, command or district
(applied biologist) entomologist, Federal, State,
and County agencies in the United States and cor-
responding agencies in foreign countries.

3-411. Bird Control Measures
The following procedures are recommended in con-
trolling pigeons, English sparrows, European star-
lings, and other bird pests in and about storage
depots. Each instance where pest birds are a prob-
lem is unique. The area or command entomologist
should be consulted on any bird problem, but must
be consulted prior to the use ofany reduction meas-
ures.

a. Preventive measures. Keep the ground around
the storage area free from spilled grain and other
food. Remove spoiled, grain and other waste food
from the premises and use covered receptacles to
hold waste food material that is carried for a period
of time.

(1) Stored supplies in warehouses can be pro-
tected from bird droppings by placing weighted
brown paper on top layer of stacks or by covering
with a 2-rail polyethylene film.

(2) The use of mesh wire to prevent access to
building or roosts should be a major consideration
in bird control. Screen all windows, ventilation,
etc., with wire mesh no larger than three-fourths
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of an inch. Small doors that remain open should be
fitted tightly with screens equipped with suitable
springs. Large doors which must remain open pose
a special problem. Due to the relatively few alter-
natives, the area or command entomologist should
be contacted for specific recommendations.

(3) Roosting can be permanently prevented by
installing aluminum or galvinized iron sheeting at
a 45 or greater slope on the exterior ledges of
buildings. Temporary measures to discourage
roosting include the use of glue on ledges and cop-
ings, electrical devices to produce shock and sharp-
pointed wires in the form of spike fences. These
methods or devices may require frequent servicing
for best results.

b. Reduction measures. Bird populations may be
reduced by destroying nests and eggs during the
spring and summer and by trapping and poisoning.
Population reduction efforts should be coordinated
with the birds’ reproductive cycle(s) and seasonal
movements.

3-412. Reclamation or Disposal of Infested Stocks
After infested stock has been fumigated or other-
wise disinfested, it should be carefully examined for
fitness for human consumption or serviceability by
the supporting veterinary or appropriate medical
authority. Contaminated items of subsistence should
be rendered unfit for human consumption, salvaged
for animal food or, if more appropriate, destroyed
by burning. (Denaturing can be achieved by the
application of a colored fish oil or coal oil.) Cloth or
subsistence items not heavily contaminated and
which do not have an off-color or odor should be
considered for rebolting or rescreening and re-
turned to stock. If the insect infestation has been
light and detected at the onset, rebolting of cloth
before returning stock to storage may not be nec-
essary. In each instance, technical advice prior to
disposition of the affected stock should be obtained
from specialists referred to above, the military
service vested with staff supervision, the veteri-
nary food inspection service, the medical officer, or
the local representative of the US Food and Drug
Administration. If rebolting or rescreening equip-
ment is not available at the storage activity, com-
mercial facilities should be utilized.

3-413. Storage of Pesticides and Sanitary Re-
quirements

a. General. Pesticides used at military installa-
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tions can be stored and handled safely by trained

and certified personnel following label instructions

and procedures recommended by the area or com-

mand entomologist. These materials are toxic to

humans and animals and certain items are partic-
ularly dangerous if used or handled carelessly or

improperly. Accordingly, it is essential that appro-
priate measures be taken to prevent accidental and
deliberate access to these materials by unauthor-

ized personnel. Proper storage is also essential to

protect and prol.ong the life of the equipment.

b. Toxic materials. Areas in which toxic materials

are stored and mixed should be enclosed and se-

cured to prevent access by unauthorized personnel.
Storage space should be located so there is no dan-

ger offood contamination or fire hazard. Ventilation
is required.

c. Facilities. In addition to providing for the safe

storage of toxic materials, pest control shop space
should have facilities for the protection of personnel
and the safe mixing of materials. Showers and
washing facilities will be readily available near the

mixing area for the use of personnel. Minimal pest
control facility criteria are set by each Service; con-

tact the area or command entomologist for guid-
ance. Food will not be consumed in storage and

handling areas. Separate lockers for work and

street clothes will be provided.

d. Transportation. Vehicles utilized for the trans-

portation of pesticide supplies will be provided with
locked compartments to eliminate the possibility of

unauthorized persons gaining access to toxic ma-

terials.

e. Disposal. The area or command entomologist

will ensure that excess or deteriorated fumigants

or pesticides remaining from fumigation or other

pest control operations are properly disposed of in

such a manner to avoid creation of hazardous con-

ditions and potential environmental contamination.
Criteria for selection of safe disposal methods in-

clude type of pesticide, formulation, amounts, con-

tainers, and geographical location. For facilities

equipped with special high temperature (1800F)
incinerators or approved burial sites, disposal may
be accomplished by the installation pest control
technician if trained in disposal operations.

(1) In all other cases, the area or command
entomologist must be consulted prior to any dis-

posal action. Usable pesticides (fumigants, herbi-

cides, insecticides, rodenticides, etc.) in unopened
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containers will be returned to the Federal Supply
System.

(2) Damaged stocks determined to be reparable
should be reported as prescribed by the responsible
military service.

3-414. Training

a. Training and certification of operators.
(1) All personnel engaged in pest control op-

erations will be trained and certified in accordance
with policies and procedures established by DOD
standards.

(2) Regular training courses will be provided
to insure availability of trained and qualified in-

spectors and pest control operational personnel.
(3) Training of operational personnel will in-

clude:
(a) Safe storage, mixing, transportation, ap-

plication, and disposal of pesticides, to include the

proper first aid techniques for the pesticides to be

used.
(b) Changes in techniques due to develop-

ment of new and improved materials and equip-
ment.

(c) Keeping records of all pest dontrol oper-

ations.
(d) Identification of lotential pest infestation

problems and related information.
(4) A DOD certificate will be issued to oper-

ating personnel who successfully complete the re-

quired training.
b. Periodic trainingand recertification. The field

of pest control is ever changing with development
of new material and equipment, and with new re-

search results ready to be translated into opera-

tional usage. These developments make it necessary

for pest control personnel to receive periodic re-

training. Training and recertification must be ac-

complished every 3 years.

3-415. Safety

a. Pest control operations. Pest control opera-
tions will be performed by or under the direct su-

pervision of trained and certified personnel. A
minimum of two pest control personnel must be

present during fumigation operations.

(1) Protective devices such as masks, respira-
tors, gloves, safety shoes, goggles and protective
clothing will be provided for all persons engaged in

pest control operations.
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Note. Rubber gloves should never be worn with liq-
uid fumigants, such as methyl bromide, due to the po-
tential for skin burns resulting from spills. For some solid
fumigants, such as aluminum phosphide, rubber gloves
are required. Specific data on the wearing of the correct
garments with fumigant can be obtained from the pes-
ticide label or the appropriate area or command ento-
mologist.

(2) Facilities will be provided for the minor
repair of pest control equipment.

(3) Adequate provision for security of pesti-
cides during transportation will be provided as nec-
essary, e.g., special use vehicles, locked chests.

(4) When a structure ordinarily utilized by hu-
mans is undergoing fumigation, large warning signs
will be placed on all entrances to prohibit entry.
Furthermore, one or more guards may be posted
during the fumigation and aeration periods if deemed
necessary by the area or command entomologist.
Guards should be obtained from normal installation
military or civilian police sources.

(5) The installation Medical Officer, Safety Of-
ricer, and fire department will be advised of the
fumigant to be used and where and when fumigation
will take place prior to beginning the operation.

(6) Respirators and gas masks will be used by
all personnel who handle pesticides. When engaged
in mixing or applying concentrated chemicals where
dust, mists, or vapors are present, a combined dust
and organic vapor type respirator will be worn. All
respirators, gas masks, cartridges, and canisters
utilized must be OSHA/MESA approved for the
specific pesticide being handled.

(7) Individuals who handle pesticides must
wear an approved respiratory device appropriate
for protection against those pesticides. Paint res-
pirators do not provide protection from pesticide
vapors.

(8) During fumigation and in some phases of
aeration, an OSHA approved full faced mask and
canister or self-contained air pack will be used.

b. Protective clothing. Protective clothing and
gloves (made of tough fabric with synthetic coating
resistant to oils, greases, petroleum solvents, acids,
corrosive chemicals and abrasive) will be used. Rub-
ber latex gloves are also satisfactory.

(1) As indicated above, handlers of methyl bro-
mide should not wear gloves. If they are used, trap-
ping of the liquid or vapor under the gloves may
result in chemical burns.

(2) Other protective clothing, such as coveralls
or fatigues, must be worn by operators who handle
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concentrates or who are continuously exposed to
insecticide formulations,

(3) Extra sets of coveralls or fatigues should
be available to operators in the event clothing
should be contaminated by spillage or other causes.

(4) If insecticides or a fumigant such as methyl
bromide is spilled on the skin, it should be washed
off immediately with soap and water. If clothing or
shoes become contaminated they should be re-
moved at once and a shower or bath taken. Methyl
bromide will cause severe "burns" if allowed to con-
tact the skin and remain there momentarily. This
can occur in gloves, under watch bands, rings, etc.
Gloves and other close fitting items should not be
worn while handling methyl bromide.

3-416. First Aid Suggestions

a. General. The first consideration when an ac-
cident occurs, such as gross contamination of the
body with concentrates or the inhalation of poison
gases, is the removal of the victim from the toxic
atmosphere or from other types of continued ex-
posure. No matter what the nature of the poison,
it is important to reduce the exposure. Anyone who
has collapsed in an atmosphere of toxic gas should
be removed to fresh air immediately. In the case
of other exposures, decontamination should be car-
ried out as soon as the condition of the patient per-
mits.

(1) In the event of internal poisoning--
(a) If the victim has stopped breathing, clear

airway and apply artificial respiration.
(b) Comply with the antidote and first aid

treatments recommended on the label of the poi-
sonous substance.

(c) If victim is unconscious, do not attempt
to administer antidotes internally.

(d) If victim is cold, wrap in blankets but do
not apply hot objects.

(e) Transfer victim to hospital.
(2) In the event of serious skin contamination-

(a) Remove all contaminated clothing and
flood contaminated areas of skin with copious
amounts of water.

(b) Follow this with a thorough washing with
soap and water.

(c) Report to a physician for examination.
(3) In the event of poisoning by toxic gases-

(a) Remove victim to fresh air quickly. Per-
sonnel doing this moving will be equipped with ap-
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propriate respiratory protection devices. If victim’s
breathing has stopped or is weak and intermittent,
artificial respiration should be given promptly .and
persistently.

(b) Ifvictim has been exposed to HCN, break
an amyl nitrate pearl in a cloth and hold lightly
under victim’s nose for 15 seconds. Repeat five

times at 15 second intervals.
(c) Remove contaminated clothing but keep

patient warm.
(d) Send for a physician.
(e) If, during or after methyl bromide fumi-

gation, the individual should experience symptoms
such as nausea and vomiting, dizziness, double or

blurred vision, ringing in the ears, extreme fatigue,
headache, loss of appetite, abdominal pain, im-

paired, blurred, or hesitant speech, or mental con-

fusion, he or she should report immediately to a

physician.

b. Symptoms ofphosphine poisoning. The early
reactions to phosphine poisoning are acute, obvious,
and readily reversible.

(1) Slight poisoning. Sensation of tightness in

chest and diaphragm, vomiting and diarrhea.

(2) Medium to severe poisoning. Dizziness,

numbness and cold sensation in limbs, anxiety,

sound of ringing in the ear, difficult or painful
breathing, dry cough.

(3) Serious poisoning. Bluish coloration of the

skin, muscular spasms, cardia insufficiency, and

coma.
(4) First aid measures for phosphine poison-

ing. Only persons equipped with appropriate res-

piratory protective devices should remove the

victim immediately into the open; medical assist-

ance should be called immediately. Treat as for

shock--place victim in a recumbent (flat) position,
with face turned to side and clear airway, if uncon-

scious, and keep quiet and warm; apply oxygen

breathing equipment, if available, or use positive

pressure ventilation (mouth-to-mouth resuscita-

tion), if necessary. Do not give any antidote--in

particular, do not give any substance comprised of

fats and oils (e.g., castor oil, butter, milk).
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3-417. Effect of Pesticides on Aquatic Life and
Wildlife

a. Improperly handled pesticides may be carried

by wind and water into adjacent or distant areas

where they may contaminate wildlife. Unless basic

precautions are observed, unnecessary injury is

caused by drift of pesticides to wooded areas oc-

cupied by wildlife, to land area not intended

for treatment and drift to fishbearing waters. Use
of the more granular form or a coarse spray makes
possible better control and less drift during appli-
cation. Runoffor washoffby rain from treated areas
to fishbearing waters must also be guarded against.

b. Pesticides differ as to their toxicities to mam-
mals, birds and fish and their persistence in the
environment. The addition of any persistent chlor-
inated hydrocarbon pesticide is likely to result in

damage to aquatic life. Therefore, as concentrations
of these chemicals increase in the aquatic environ-

ment, progressive damage will result. These com-

pounds may persist unchanged for many years and
consequently present a continuing threat to animal
communities. The use of other kinds of chemical
pesticides in or around surface waters may produce
a variety of acute or chronic effects on fish or in-

vertebrates. Because these other chemicals are

usually not as persistent as the chlorinated hydro-
carbons, some of them can be used around water,
but only in amounts below those that produce
chronic damage to desirable non-target species.

3-418. References

The information contained in this section is pri-
marily for the guidance of operations supervisory
personnel, specialists in care and preservation of
supplies, and insect and rodent control personnel.
Included is specific technical and practical infor-
mation necessary to develop and maintain an ade-
quate pest control program. Additional technical
information is available in TM 5-632/AFM 9-16/

NAVIAC M0-310; TB MED 144/NAV MED P-
5052-26/AFM 161-3; the Armed Forces Pest Control
Board Technical Information Memorandum No. 11,
Hydrogen Phosphide Fumigation with Aluminur
Phosphide, MIL-STD-904, and MIL-STD-1486.
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3-501. General
a. To assist in achieving optimum economy in the

management and use ofDOD supplies, it is essential
that accurate records of quantity, condition and
ownership of the individual items be maintained.
Periodic verification of these records is accom-
plished through physical inventory. In its most
basic form, physical inventory is an actual count of
an item at its storage site. In the broad sense, in-
ventory of military property involves a number of
actions other than a physical count ofthe material
on hand. Some of these actions are the verification
of stock record balances; the investigation, disclo-
sure and analysis of cause of inventory discrepan-
cies; and the adjustment of stock records and
financial records. This section is concerned primar-
ily with the actions related to the physical count of

b. Certain items have characteristics which re-
quire that they be identified, accounted for, se-
cured, segregated or handled in a special manner
to ensure their safety or integrity. Because ofthese
special considerations, inventory of such items is
called a controlled item inventory. Controlled items

(1) Classified items. Material which requires
protection in the interests of national security.

(2) Sensitive items. Material which requires a
high degree of protection and control due to stat-
utory requirements or regulations such as narcotics;
precious metals; items which are of high value,
highly technical or ofa hazardous nature; and small
arms, ammunition, explosives, and demolition ma-
terial.

(8) Piferble items. Material having a ready
resale value, civilian utility, or application as to
personal possession and are, therefore, especially
subject to pilferage.. Department of Defense Instruction 4140.35,
Physical Inventory Control for DOD Supply System
Material, is the basic document DOD Components
use to implement DOD inventory policies.

d. The DODI 4140.35 sets forth a minimum ac-
ceptable accuracy level for sample inventories be-
low which a 100 percent inventory must be taken.
The DOD Components may establish a more strin-
gent accuracy level if deemed necessary. Only ma-

jor discrepancies (see glossary of terms) are used
to compute accuracy.

e. DOD Component activities submit a quarterly
Report of Inventory Control Effectiveness (RCS
DD-I&L (Q) 935) to the next higher headquarters.
This report is used to assess inventory perform-
ance.

3-502. Principles of Inventory Control
Physical inventory procedures must provide posi-
tive control of "infloat" material and documenta-
tion. This control will include material release
orders, receipts, adjustments, and catalog data
changes. Mutually agreeable cutoff dates must be
established between storage and accountable activ-
ities for inventory actions. Pre-inventory and post-
inventory actions must be identifiable to ensure
proper consideration in balance reconciliations. Ef-
fective inventory control must also include the fol-
lowing:

a. Establishment of an inventory control orga-
nization to encompass all related inventory func-
tions.

b. Establishment oftraining programs to develop
optimum capability for the conduct of inventory.

c. Establishment and maintenance of accurate
stock location records. See section 3 of this chapter.

d. Accomplishment of all directed physical inven-
tories.

e. Adequate control over any movement of ma-
terial undergoing inventory.

f. Accomplishment of required research prior to
processing adjustment actions.

g. Isolation of causes of potential and actual dis-
crepancies. Initiation ofcorrective action to prevent
recurrence.

3-503. Inventory Planning

Each physical inventory must be planned, taking
into consideration the following:

a. Number of items involved.
b. Number of locations involved.
c. Manpower requirements.
d. Anticipated productivity.
e. Scheduling to obtain maximum efficiency and

accuracy.
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f. Preparation of material in storage to facilitate
inventory counting.

3-504. Inventory Training

With the factors in paragraph 3-503 established,
actual steps to accomplish the inventory should be
outlined. Each individual participating in the in-

ventory should be given a specific assignment. Prior

to starting inventory actions, necessary training for

all personnel involved, both military and civilian,
should be completed. Required training should be
conducted through coordination of all organizational
elements concerned. Suggested points for emphasis
in the conduct of this training are--

a. Purpose of inventory.
b. Familiarization with the inventory organiza-

tion and each participant’s part therein.
c. Importance of attaining the highest degree of

accuracy.
d. A thorough orientation in-

(l) Recognition and recording of correct stock
number, nomenclature, and unit of measure.

(2) Item identification.

3-506. Summary
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(3) Condition classification, such as serviceable,
unserviceable, or other appropriate category.

(4) Counting techniques.
(5) Recognition of improper or unsafe material

storage practices.

3-505. Preparation of Material for Inventory

Every effort should be made to arrange and main-
tain stored material in the best possible manner
through application of proper storage practices.
Prior to taking an inventory, stocks should be--

a. Properly identified and clearly marked.
b. Identified as a "Do Not Inventory" item, when

these items are not to be included in the inventory
count.

c. Stored in the minimum number of separate
locations commensurate with proper storage prac-
tices.

d. Stored uniformly with respect to quantity per
container and containers per pallet.

e. Clearly highlighted to show where conditions
other than those in d above exist.

The following series of illustrations emphasize some key elements in properly

accomplishing inventory actions.
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a. Adequate training is a prerequisite of efficient inventory control operations.
(1) DOD educational centers offer many specialized courses of instruction in

inventory control, statistical sampling, and quality control. Such courses of in-
stnlction will provide personnel with a high degree of skill.

(2) In addition to formalized off-post training, each individual assigned to
inventory activities should be given adequate on-the-job training to include the
following:

Preparation of documentation.
Identification of items.
Difficulties involved in counting at each type location.
Safety requirements.
Security considerations.

(3) These training suggestions, if effectively organized, should result in each
individual being fully qualified for this particular assignment.
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b. Each error that creeps into the record keeping system has a potential adverse
effect on inventory actions. The ideal attack on this problem would be to eliminate
the introduction of errors. But with thousands of transaction entries made each
day, it is impossible to prevent error introduction in total. So we do the next
best thing--we try to minimize error introduction and contain error growth.
Quality control actions are designed to do this as are the location survey and
location audit procedures.

c. Classified, principal, sensitive, and controlled items of supply will be con-

sidered separate lots. A complete inventory of these lots will be accomplished
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once each year or more frequently if desired by the installation commander or
accountable property officer. There are sound reasons for this.

(1) Classified items require special protection because of their security des-
ignation and, therefore, should be given special treatment to insure that each of
these items is accounted for and our national interest is protected.

(2) Principal items are of strategic importance, high monetary value, unusual
complexity of issue, and oiten involve procurement difficulties; therefore, these
items should also be given special attention.

(3) Sensitive items have a ready sale in illicit markets and are especially
likely to be pilfered. A periodic inventory of each of these items is essential for
their protection and to discourage pilferage attempts.

(4) Controlled items of supply are closely supervised because of their basic
cost, operational essentiality, complexity, or stock position and should also be
given special attention.

d. An important point to keep in mind when performing inventories and rec-
onciliations is that inventories are normally conducted on an open "business as
usual" concept.

(1) We can have both documentation and material "in-float." Both these
situations must be considered when counts and recorded balances do not agree.
The next two illustrations depict this point.
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(2) We can see how, through normal receipt and issue transactions, counts

may vary from balances and require recounting. Actions such as these are con-

sidered as float documents and should be reviewed carefully prior to submitting

final inventory results.
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e. A survey conducted prior to an inventory, to determine and correct defi-
ciencies, is an important phase of inventory preparation. During this period,
every effort should be made to insure that conditions detrimental to the count
are detected and eliminated. We know that normal warehouse activities tend to
disrupt the orderly placement of stocks, identification placards, and containers
on pallets, in pallet racks, or in bins. If left uncorrected, these and other ware-
housing irregularities could seriously deter satisfactory completion of the inven-
tory. A preliminary survey which includes all facets of storage and warehousing
methods that may interfere with inventory is a recommended pre-inventory
action. Let us not compromise the quality of the inventory because we did not
make adequate preparations. The next seven illustrations show some of the
storage situations that may be observed in a pre-inventory survey.
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(1) During a preliminary survey you may discover conditions such as pictured
above. Here is a pallet rack containing material stored in such a manner that
many handling actions would be necessary to determine quantities. When ma-
terial is originally palletized, every effort should be made to place containers in
such a manner that nonmenclature and quantities can be easily seen.
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(2) This is another example of material not ready for inventory. No markings
on some of the containers and loose pieces in a rack location mean opening,
counting, and repackaging most of the stock; thereby, increasing the chance for
error. This is a condition which should be eliminated during the preliminary
survey.

(3) Here material is cartonized and placed to facilitate convenient recording
of quantities without removal of stocks from the rack. Original containers such
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as these, or sealed and properly marked packages, need not be opened for in-
ventory counting.

(4) These are loose bin stocks which are not properly prepared for invgntory.
Placement in unit packs would accelerate the process of counting and help elim-
inate counter errors.

(5) Identification and quantities here are exposed in such a manner that
counting will be a simple matter.
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(6) Here is a situation which can cause counting errors. Note that this is a
multi-item stack. A careless counter could inventory the whole stack as one item.
Next, note the open box (not labeled as an open box) in the stack. Also, there
are no markings visible on this box or on the one along side of it. Storing more
than one stock number in a bulk storage stack should be avoided.
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(7) This example of warehousing reveals a condition which, if not recognized,
could cause an inventory error. All three rows in the photo are the same item,
but the row on the right has a different size box. An inventory counter, if not
alert for such a condition, might believe these boxes are another item and omit
the quantity from the total stock in location.
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f. Now that we have approached the starting point, let’s take a final look at
our pre-inventory checklist to assure that we take off in the right direction. When
all points check affirmative, we can proceed with physical count and get the

inventory off the ground.
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g. When startingyourphysical count, all actions should be aimed at onetarget--
ACCURACY. To hit this bull’s-eye means a successful inventory with a minimum
of effort and costs.
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PI I SICAL COUNT BINS

h. In striving for accuracy, nothing can be left to chance. When conducting the
physical count, be sure you know what you are counting--don’t guess. You cannot
count what you cannot see, so examine bulk and bin locations carefully. Make a
note of discrepancies found and notify the appropriate office so that corrective
action can be taken.
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i. During the first count phase, the quantities indicated on containers and pallet
and/or stack cards may be accepted provided an examination of the containers
reveals no obvious errors. All irregularities (warehousing deficiencies) will be

reported to the appropriate activity for correction.
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j. As this picture illustrates, it doesn’t pay to take too much for granted.
Although original containers, or packages that have been packed and sealed
locally, need not be opened for inventory, counters should be continuously alert
for questionable containers. If there is a reason to believe that the quantity is
inaccurate, or the identification doubtful, the container should be opened, veri-
fied, and count recorded accordingly.
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k. Incorrect counting is the prime example of how erroneous adjustments and
secondary counts are generated. After you have recorded your count, give it a
second look to assure that what you are going to report is correct.
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1. An important part of every inventory is’the research and investigation
conducted on discrepant items prior to and after the stock records are adjusted.

(1) Research and investigation is the responsibility ofthe inventory and stock
accounting activities. Inadequate research actions will result in unwarranted
adjustments and increases the number ofcomplete inventories. A review ofitems
prior to updating stock records, could eliminate an inventory adjustment.

(2) Research documents prepared during inventory phase to determine if
material was in float, or if change had occurred which affected the quantity
identified or condition of the item. After adjustments have been processed to the
stock records, a complete and thorough investigation will be made on items
designated by the accountable property officer. Research lists prepared from the
adjustment routine must be screened and transaction activity histories prepared
on each major discrepancy. Review histories for receipt, issue, and adjustment
documents prepared during inventory, which may have been in float at the time
count was conducted. Determine whether there are posting errors oradjustments
of offsetting quantities since the last inventory that would explain the discrepancy
and preclude report of survey actions.
m. When an approving authority is examining inventory adjustment reports

prior to approval, he/she may decide through personal judgement and experience
that an item shortage may be due to loss through pilferage, theft, or other
unauthorized means. When this happens, and the storage cannot be explained
by offsetting adjustments, erroneous posting, or improper shipments, he/she will
direct preparation of a report of survey. The Report of Survey (DD Form 200),
will be prepared by the responsible officer and processed in accordance with
applicable Service Agency regulations.

3-62



September 1979 DOD 4145.19-R-1

Section 6. CARE OF SUPPLIES IN STORAGE Paragph

General .......................................................................... 3-601

Policy ............................................................................ 3-602

Objectives 3-603

Responsibilities 3-604

Basic COSIS program actions 3-605

Guidelines for systematic inspection of material in storage 3-606

Special considerations in care of stored material 3-607

Preservation and packing methods for material protection 3-608

3-601. General
The care of supplies to assure a ready for issue

condition is an important task. The DOD Compo-
nents prepare and publish detailed instructions to
provide for the care of items for which they have

storage responsibility. Such publications will agree
with the policies of this regulation. The use of qual-
ity control techniques and storage serviceability
standards will enable a Care of Supplies in Storage
(COSIS) program to be accomplished at minimum
cost with optimum efficiency. Quality control and
deterioration data will be generated to be used for
improving standards of serviceability, specifica-
tions, and procurement quality standards.

3-602. Plicy
a. A program for COSIS must include--a quality

control system for inspection and or test; a system
for reporting and recording of quality control data;

provisions for the entry of true condition code of

material into item balance records; performance of

exercising actions on applicable material; and a sys-

tem to assure corrective actions are accomplished

on material deficiencies uncovered by inspections.
DOD Components will determine the degree of ac-

tivity required in each phase of the program and
establish procedures. Major factors affecting the
degree of activity are the type of item, type ofstor-
age provided, and anticipated length of storage.

b. For material not covered by storage service-

ability standards or other adequate inspection pro-
cedures, frequency of material inspection (excluding
shelf-life items) will be based on the type storage
provided for the material (table 3-1). Frequency of

inspection for shelf-life items will be based on ex-

piration dates.
c. Adequate protection from the elements and

environmental conditions will be provided by means
of proper storage facilities, preservation, packing,
or a combination of any or all of these measures.

d. The results of quality data generated from

analysis of inspection of items during shipping, set
assembly, special inspections directed by the item

manager, customer complaints, and other quality
feedback information will be used to supplement
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the regular cyclic inspection results to evaluate the
adequacy of the COSIS program.

Table 3-1. Inspection frequencies for material
not covered by storage serviceability standards.

Frequency
Type of storage (months)
Controlled humidity (or equivalent 60
rating when such rating has been
approved by higher authority)

Controlled temperature warehouse 30
Noncontrolled temperature warehouse 24
Shed/transitory shelter 12
Open 6

3-603. Objectives

The objectives of a COSIS program are to--
a. Maintain material readiness posture in CONUS

and oversea commands at an optimum level.
b. Assure that the true condition of material is

known and recorded through cyclic inspections and
tests.

c. Provide a basis for realistic workload forecasts
to determine and substantiate budget and man-
power requirements.

d. Assure that only material representing current
or anticipated supply system requirements is sched-
uled for preservation/represervation and packing to
preclude expenditure of resources on excess or ob-
solete material.

e. Permit adjustments in storage inspection fre-
quencies and quality control efforts to provide
greater efficiency and economy through analysis of
data concerning variation in deterioration rates.

3-604. Responsibilities

a. The care of supplies is an integral part of the
storage and quality control responsibilities. To dis-
charge these responsibilities properly and with a
minimum of cost, a carefully developed program is
necessary at all echelons.

b. Where the stocks of one DOD Component are
stored in a facility of another DOD Component, the
Component operating the facility is responsible for
accomplishing the care of supplies in the manner
established by the owning Service or Agency or in
accordance with existing cross-service agreements.

3-605. Basic COSIS Program Actions

a. Performance of scheduled inspection actions
on material in storage.

b. Performance of required exercising actions.
c. Proper identification of items.
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d. Determination of adequacy of storage envi-
ronment, preservation, packing, and marking.

e. Accurate determination of item condition and
posting of this condition to record.

f. Arresting all forms of deterioration that will
adversely affect the end use of required items.

g. Restoration of required items to a serviceable
condition for issue.

h. Detection of fungi, mildew, spoilage, insect
infestation, and/or rodent, or other pest damage to
stocks; prescribe or administer treatment; and en-
sure that adequate preventive and corrective meas-
ures are taken. (See sec. 4, this chap.)

i. Inspection of shelf-life items and assignment
of condition codes thereto in accordance with DODI
4140.27, Identification, Control, and Utilization of
Shelf-Life Items.

Note: The term shelf life does not apply to Class V
items.

j. Assuring that all applicable elements are in-
formed of any unsatisfactory conditions found to
exist in stocks; the reasons therefore; corrective
actions required and taken; any pertinent data
which can be used to improve the item and its care;
and the packaging and/or storage environment con-
sidered to be best suited for its continued storage.

k. Recommending to the applicable DOD Com-
ponent, basic changes in serviceability standards or

adaptations to local conditions, such as storage en-
vironment or availability of specialized testing ca-

pacity not normally found in storage installations.
For example, quality analysis may indicate the need
for adjusting the frequency of inspection, or chang-
ing the preservation procedures, or for revision of
Acceptable Quality Levels (AQL) or defect
classifications.

3-606. Guidelines for Systematic Inspection of
Material in Storage

a. Cyclic inspection. Inspection of material in
storage is an extremely important step in the eval-
uation of material quality. Its purpose and objec-
tives are directly related to a COSIS program. In
many instances, long periods of time elapse from
the time of receipt of material by the storage ac-
tivity until ultimate issue/shipment to the user.
During this interim period stored material must be
systematically inspected to detect condition, deg-
radation, deterioration, corrosion, damage and
other deficiencies caused by improper storage
methods, extended periods of storage, or by the
inherent deterioration characteristics of the mate-
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l. Minor deficiencies must be detected before
ey become of major significance, thus providing
r corrective actions before the material becomes
serviceable or unusable. In this regard, a pro-
am of cyclic inspection identifies those stocks
hich require corrective preservation and packing
assure that material is maintained in a service-

,le condition and identifies those assets which re-
dre condition reclassification to a lesser degree
serviceability.
b. Effective and efficient execution of the Cyclic
spection system requirements will assure that-

(l) Stored material is inspected at intervals in-
,ted by the assigned shelf-life code, inspection
uency code, or type of storage afforded the
terial.

(2) Quantitative data generated by the cyclic
pection system are thoroughly analyzed, sum-
wized, and furnished periodically to management
assist in the elimination of causes for deficiencies.

DOD 4145.19-R-1

3-607. Special Considerations in Care of Stored
Material

a. Material in open storage. Ideally, all material
should be stored in covered storage space. How-
ever, since covered space is usually at a premium,
there are occasions when material must be placed
in open storage areas. These items must be pre-
served properly to withstand the exposure to ele-
ments. Additional protection can be gained by use
of plastics, tarpaulins or portable shelters over
material. Figures 3-17 and 3-18 are a few exam-
ples.

(1) Care must be exercised in the covering of
materials placed in open storage. The relatively
quick temperature changes, to which such materials
are subjected, cause moisture to condense on the
material, and, unless this moisture is evaporated
and carried away by adequate ventilation, will
cause the stores to mold or decay. In the case of
most metal products moisture condensation will

Figure 3-16. Individually protected pallet loads.
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Figure 3-17. Tarpaulin type shed arrangement.

cause excessive rust, resulting in a high rate of
deterioration for the stored item.

(2) When covering materials with tarpaulins or
other such materials a clearance of 12 to 18 inches
should be maintained between the bottom of the
covering and the ground, where possible. In the
covering ofmachinery or other materials which are
not boxed, the tarpaulin should extend to, but never
below, the top ofthe dunnage on which the material
is being stored. To further induce air circulation in
and around the stored material an opening should
be provided in the upper area of the stack covering;
it should be arranged, however, so that rain or snow
cannot enter the stack.

(3) All material stored outdoors should be el-
evated above the ground by use of dunnage or spe-
cially built platforms or foundations (see chap. V,
sec. 3, para. 5-305b(6) for exception for wheeled
and tracked vehicles). The type of storage area will
determine to a great extent the type of dunnage
required to provide adequate ventilation beneath
the stack. On well-drained paved or black top areas,

the dunnage used should provide a minimum clear-
ance of4 inches between the stores and the ground.
On well-drained gravel or similarly surfaced areas
the dunnage should be increased to provide a min-
imum clearance of 8 inches. Where it is necessary
to utilize ungraded or poorly drained areas for stor-
age, the dunnage used should provide a minimum
clearance of 10 inches above the highest possible
water level. Such clearances do not pertain to the
storage of lumber in open areas. (For detailed in-
formation on lumber storage, see chap. V, sec. 1).

(a) It is impossible to specify the dunnage
bearing surface required for all storage conditions.
On good concrete surfaces 4 by 4-inch dunnage
spaced on 2-foot centers would be sufficient to sup-
port a stack of comparatively heavy equipment.
However, if this same stack of equipment were to
be stored on an ungraded or comparatively soft
storage area, the bearing surface of the dunnage on
the ground would have to be increased in proportion
to the decrease in the supporting quality of the
storage area. Therefore, the storekeeper must con-
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sider both the weight of the proposed stack and the
supporting quality ofthe surface ofthe storage area
in determining the type and quantity of dunnage
required for each stack.

(b) Under certain conditions, concrete blocks
may be substituted for, or used in conjunction with,
wood dunnage. Warranting circumstances could in-
cludemoist or humid areas where damp rot or
termite infestation may occur; dry or torrid areas
where dry rot or wood beetle infestation may occur;
planned long term storage programs; or the lack of
salvage dunnage, necessitating the use of new ma-
terials, in which case the cost factor would be con-
sidered.

(4) Materials stored in the open require closer
attention than those stored in warehouses or sheds.
Such material must be inspected for indications of
preservation failure, such as paint blisters due to
rust beneath the paint, flaking or peeling of paint,
or deterioration of other applied preservative.
Usually, this is indicated by small areas of rust or
corrosion on the preserved item. Additionally, after
hard rains, heavy snows, windstorms, and abrupt
changes in the weather, stocks must be inspected
for torn or displaced coverings, accumulations of
water or snow, or other conditions that may ad-
versely affect the material, and for damage to cor-
rosion preventives which have been applied. More
frequent inspection is required when the atmos-
phere contains industrial waste, dust, salt, or acids;
when the relative humidity is high; or when the
material is subjected to wide variance in temper-
ature.

b. Shelf-life i$ems. Items which possess deterio-
rative or unstable characteristics to the degree that
a storage time period must be assigned to assure
that they will perform satisfactorily when issued.
There are two types of these shelf-life items. Type
I shelf-life items have a definite (nonextendable)
storage time period terminated by an expiration
date which was established by empirical and tech-
nical test data. Type II shelf-life items have an as-
signed storage time period which may be extended
after the completion of prescribed inspection and/or
restorative action.

(1) Storage personnel are responsible for exe-
cuting the control program as directed by the in-
ventory manager. Effective shelf-life control at the
warehouse level requires vigilance on the part of
all personnel, careful supervision, and understand-
ing of the intent of the controlling procedures.

Shelf-life items will be identified on storage records
by the assigned shelf-life codes. Warehousing prac-
tices should permit ready access to oldest stocks
and controls will be established to ascertain that
the releasing authority’s directives, as to which
stock to issue, are followed. Stocks and records will
also reflect appropriate condition codes. Normally,
shelf-life items will be issued on a First-In, First-
Out (FIFO) basis although exceptions to this policy
may be necessary when circumstances require.

(2) Stocks other than shelf-life items should also
be rotated by use of FIFO principle wherever prac-
ticable.

c. Exercising. Storage serviceability standards
may require exercising of certain equipment (e.g.,
weapon recoil mechanisms, certain vehicles, certain
aircraft components). These exercising actions must
be done when required.

d. Special material condition marking. Material
condition tags/labels (MIL-STD-129) will be used to
identify material when material may possibly be-
come mixed during maintenance, storage, or ship-
ment within (or between) installations, or when
physical evidence of inspection is necessary for ma-
terial control to prevent duplicate inspections.
These forms/labels are not for indiscriminate use on
material that presents no problem in storage or
transfer. The five material condition tags and five
material condition labels to be used in identifying
material are itemized and their use explained on
table 3-2. To preclude inadvertent shipment of un-
serviceable or condemned material, such material
should be stored separately from serviceable ma-
terial.

(1) The tags/labels conspicuously marked
"SERVICEABLE ," "UNSERVICEABLE (REP-
ARABLE)," "UNSERVICEABLE (CON-
DEMNED)," "SUSPENDED," or "TEST/
MODIFICATION," as applicable, will contain ad-
equate information regarding the identity and con-
dition of the item.

(2) Any additional information or data required
to assist in depot material control may be added to
the tags/labels provided that such data are com-
patible with the prescribed usage of each tag/label.

(3) It is extremely important that material con-
dition tags/labels be protected from being removed,
defaced, mutilated, or altered, to avoid duplication
of work in redetermining the condition and identi-
fication of the material.
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(4) These tags and labels may be obtained
through normal supply channels.

Table 3-2. Listing of materiel condition tags,
labels, and instructions

Materiel condition
rage and labels

DD Form 1574
(Serviceable Tag--
Materiel)

DD Form 1574-1
(Serviceable
Label--Materiel)

DD Form 1577-2
(Unserviceable
(Reparable) Tag--
Materiel)

DD Form 1577-3
(Unserviceable
(Reparable)
Label--Materiel)

DD Form 1577
(Unserviceable
(Condemned)
Tag--Materiel)

DD Form 1577-1
(Unserviceable
(Condemned)
Label--Materiel)

DD Form 1575
(Suspended Tag--
Materiel)

Use
To identify serviceable

materiel in
condition codes A,
B, and C.

To identify
unserviceable
materiel that is
potentially
restorable to a
usable condition.
This includes
materiel in
condition codes E,
F and G.

To identify
unserviceable
materiel that is
condemned as
unsuitable for
restoration to a
usable condition
(condition codes H
and P.)

To identify materiel
that is suspended
(stocks awaiting
classification,

Materiel condition
tags and labels

DD Form 1575-1
(Suspended
Label--Materiel)

DD Form 1576 (Test/
Modification Tag--
Materiel)

DD Form 1576-1 (Test/
Modification
Label--Materiel)
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Use
returned materiel
awaiting
classification, or
stock held pending
negotiation or
litigation (condition
codes J, K, and
L)).

To identify serviceable
materiel that
requires test,
alteration,
modification,
conversion, or
disassembly prior
to issue (condition
code D).

(5) Responsibility for preparation and appli-
cation of material condition tags/labels will be re-
stricted to quality assurance/quality control/inspection
personnel.

3-608. Preservation and Packing Methods for
Material Protection

Inspection ofmaterial under a COSIS program may
generate a need for a preservation/packing action.

a. Basic regulation. The Joint Regulation AR
700-15/NAVSUPINST4030.28A/AFR 71-6/MC0
4030.33A/DSAR 4145.7 (PackagingofMaterial) pro-
vides uniform criteria for use by all DOD Compo-
nents in the selection and prescription ofpackaging.

b. Detailed criteria. Specific instructions govern-
ing basic techniques and details of cleaning, select-
ing and applying of preservatives, packaging, and
packing to protect material against deterioration
and damage are prescribed in appropriate Govern-
ment specifications, standards, and in Service/Agency
directives.
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Section 7. OPERATIONS IN CONTROLLED HUMIDITY SPACE
Paragraph

General 3-701
Policy 3-702

Responsibilities 3-703

Criteria for facility selection 3-704
Selection of supplies 3-705

Material protection factors 3-706

Utilization factors 3-707

Equipment and operations factors 3-708

3-701. General the greatest degree of protection and benefit. Pro-

a. In high humidity environment, conventional cedures governing the control and usage of exterior

storage facilities do not afford adequate protection doors in controlled humidity buildings will be de-

(to certain types of supplies) against damage and veloped locally to ensure that the operation of de-

deterioration that can result from excessive humid- humidification machines is kept to a minimum.

ity. This is particularly applicable where supplies
are to remain in storage for extended periods. Items 3-703. Responsibilities

selected for CH protection will normally be those a. The following responsibilities will be assigned
items afforded a minimum degree of military pro- to a proper organizational element:
tection, commercially packed or bare. To ensure (1) Operate, calibrate and maintain humidity
that the capability of material to perform its in- reduction equipment and all meters, recording de-
tended function will not be impaired or that supplies vices, and other similar equipment related thereto.
will not become unfit for consumption as a result (2) Accumulate, summarize, and distribute de-
of exposure to excessive humidity, methods have veloped "control" data to the extent required to
been developed to provide control of humidity effect efficient operation of equipment and main-
within storage warehouses, tenance of humidity levels.

b. The control of humidity within storage struc- (3) Correct, or bring to the attention of the
tures is a method of protection--not a method of proper persons, any conditions exposed which in-
rejuvenation. Controlled humidity storage will not dicate undesirable trends in inside moisture levels,
remove rust that is already present, nor will it oth- unreasonable continuous operation of dehumidify-
erwise restore material that has deteriorated prior ing equipment, excessive "open door time," or any
to storage. Material placed in this type storage in other factor which suggests excessive moisture in-
a condition other than clean may continue to de- gress.
teriorate, particularly when contamination is of a (4) Assure that full objectives of the controlled
corrosive nature, humidity storage program are realized, i.e., max-

c. The recommended relative humidity (RH) lev- imum practical utilization of this asset by reduction
els for broad categories of material are as follows: and retention of inside relative humidity at pre-

Material Percent RH

Metals 40-50
Plastics Below 70

Paper 40-55
Wood 40-55

Textiles 40-50
Rubber 30-100
Leather Below 70

Optics Below 60

3-702. Policy

Controlled humidity space will be considered pre-
mium space and will be occupied at all times to the

maximum practicable extent on a priority basis with

those items to which controlled humidity affords

scribed level through prudent control of"open door"
time as well as other applicable moisture influencing
considerations set forth herein. Insure the exist-
ence and maintain surveillance over safe operating
conditions with regard to the potentiality of carbon
monoxide gas.

b. A centrally located exterior relative humidity
recording instrument will be used as a means to
advise controlled humidity space users when out-
side relative conditions are at such level as to allow
access doors to remain open if desirable, and also
to close doors when outside conditions rise above
50 percent relative humidity.

c. Conditions in controlled humidity buildings
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which require repair will be reported as soon as
detected.

3-704. Criteria for Facility Selection

a. Controlled humidity storage space should be
provided for areas where the outdoor relative hu-
midity is above 50 percent for more than 50 percent
of the total time.

b. Equipment for the control of humidity in stor-
age space will be operated to provide an environ-
ment not to exceed 50 percent relative humidity.

c. The modern, permanent warehouses (WW II
and later) are preferred for the storage of current
distribution stocks. These warehouses should be
converted to controlled humidity space (by section
or complete warehouse) as required and permitted
by available funds.

d. The older type permanent warehouses with
inconvenient loading docks or ramps, or other fea-
tures which prevent maximum efficiency in storage
operations will, when economically practicable, be
converted to controlled humidity space for the long-
term storage of selected items, including mobili-
zation reserve stocks and industrial equipment re-
serves, which normally are not stored with regular
distribution stocks for rotation.

e. Sections of warehouses used exclusively for
shipping, receiving, and box shop operations nor-
mally will not be converted to controlled humidity
space.

f. Considering cost of installation and continuing
cost of operation, controlled humidity space can be
installed most economically in permanent and
standard portable frame warehouses, such as-

(l) Permanent type warehouses constructed
with built-up roof, concrete roof decking with steel
framing or laminated wood roof framing, block or
brick side walls and dock level floors.

(2) Permanent type warehouses, gabled roof
with steel framing; block or tile walls, windows,
and louvers.

(3) Permanent type warehouses constructed
with monitor in center third of roof, block or brick
side walls, and dock level floor.

(4) Standard portable frame warehouses of a
type properly constructed for controlled humidity
installation.

g. The mobilization type warehouses, built-up
roof with timber framing, monitor on roof; with
continuous window openings, wood or asbestos sid-
ing, hould not be considered for conversion to con-

trolled humidity space, except as a low priority,
due to the expense of such conversion.

3-705. Selection of Supplies

a. Supplies to be stored in controlled humidity
areas will be selected in accordance with the criteria
and provisions prescribed by the military service
or agency.

b. In the storage of ammunition, safety factors
inherent to this commodity will be followed.

c. Humidity affects materials as follows:
(1) Ferrous metals corrode in varying degrees

above 50 percent relative humidity.
(2) Aluminum alloy and nonferrous metals de-

teriorate to a limited extent at 90 percent relative
humidity.

(3) Minerals such as mica, asbestos, and fibrous
glass show no deterioration by moisture.

(4) Fibers of manila and sisal rope may become
very brittle at humidities under 30 percent relative
humidity; however, upon exposure to normal hu-
midities, they absorb normal water content and re-
sume normal physical properties.

(5) Items such as voltmeters, resistors, tele-
scopes, pressure gauges, and items comprised of
both electrical parts and ferrous metals such as
electric motors, controllers, telephone hand sets,
amplifiers, circuit breakers, and mechanical fire
control computers show deterioration by moisture
on various components and in various degrees
above 50 percent relative humidity.

(6) If the relative humidity falls below 30 per-
cent, there is a tendency for rubber cable coverings
and other insulating materials or electronic equip-
ment to dry out and crack.

d. Equipmev.t items, mobile and immobile which,
because of their physical characteristics, are not
adaptable to stacking, should, when committed to
controlled humidity storage, be first considered for
storage in low roof areas, if such are available. Due
consideration will be given to serially numbered
items so far as stored methods may affect facility
of in and out movement.

e. Unserviceable, economically reparable mate-
rial awaiting repair, classification (return material),
or repackaging, will be temporarily afforded con-
trolled humidity storage in accordance with the
priority established for the serviceable item on a
space available basis.

f. Items for normal distribution and for mobili-
zation reserve which are usually stored together for
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rotation of stock will continue to be so stored when

committed to controlled humidity storage.

g. Depots having dry storage tanks must recog-
,ize one basic difference between controlled hu-

midity warehouse space and controlled humidity

tanks. Supplies stored in dry tanks must of neces-

sity be confined to inactive, reserve type stocks,

since ready and frequent access to the interior of

these tanks is not normally economical or practical.

3-706. Material Protection Factors

a. Items to be placed in controlled humidity stor-

age may be afforded the minimum practicable pres-
ervation and packing, in accordance with

requirements of the military service or agency.
b. Items currently in storage or received from

procurement will not be repackaged to attain a

lower level of protection for controlled humidity

storage, unless such is accomplished as a byproduct
of normal care and preservation and maintenance

operations.
c. Preservation and packing levels can be safely

reduced to the minimum for material consigned to

controlled humidity storage. However, the degree
of additional hazard imposed on supplies from the

time they are shipped from the safe confines of con-

trolled humidity storage until they are consumed
must be taken into account. Supplies in general
must continue, as always, to be protected at a time

of shipment to a degree commensurate with the

maximum anticipated hazard to which they will be

subjected in movement from storage to consumer.
d. In certain cases, supplies and equipment des-

tined for storage in controlled humidity facilities

are purchased at a reduced level of preservation
and packing. Supplies received from vendors, so

packed, will be placed in controlled humidity stor-

age as soon as possible after receipt. In the event

controlled humidity space cannot be made available

after receipt, the level of protection will, if re-

quired, be raised consistent with the type of storage
and the anticipated length of storage.

e. Items received from sources such as procure-
ments, returns, and transfers, identified for con-

trolled humidity storage, will be placed in available

controlled humidity space according to priority.
However, as a matter of judgement on the part of

storage .or inspection personnel, an item of higher

priority, with levels of preservation and packing

able to withstand normal storage, may be passed

DOD 4145.19-R-1

over in favor of items of lower priority with lesser

levels of preservation or packing.

f. Any action which reduces the level of packaging
of material, on the assumption that it will be stored

in controlled humidity space, will require adequate

controls to assure storage in controlled humidity

space.
g. Movement of supplies and/or pallets which are

wet or damp into controlled humidity areas should

be avoided.
h. Inter-warehouse transfers should be con-

ducted under preferred climactic conditions.

i. Schedules for cyclic inspection will normally be

extended for items under controlled humidity stor-

age.

3-707. Utilization Factors

a. Only through maximum use of controlled hu-

midity space will the full extent of inherent eco-

nomic and physical benefits be realized. Maximum

use, however, does not mean simply filling the

warehouse, but maximum occupation by supplies

that require the protection.
b. Storage operations in controlled humidity

warehouses will utilize the same basic principles of

good warehousing that are practiced in onven-
tional warehouses. Specific attention will be given

to modernization plans which are geared to the im-

provement of practices. Storage arrangement should

provide for maximum utilization of available cube,

direct accessibility of supplies and equipment for

proper stock rotation, accurate and legible identi-

fication, mobility of each item, and application of

safe storage practices.

3-708. Equipment and Operations Factors

a. Controlled humidity equipment should be lo-

cated within the warehouse so as not to obstruct

traffic aisles (fig. 3-118).
b. It is essential that the entrance of humid air

into controlled humidity warehouses be kept to the

minimum in order to maintain the relative humidity

at desired level. Door control is most important,

since the greatest source of moisture penetration
is through open doors. An alarm system may be

provided to signal open doors.
c. Movement of supplies into and out of controlled

humidity space will be planned, to the greatest ex-

tent practicable, so that only one exterior cargo

door in a section is open at a time. When two doors

are open at the same time, particularly on opposite
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sides of the warehouse, drafts are generated which
greatly increase the infiltration of outside air.

d. To offset any operational disadvantage occur-
ring as a result of the "closed door" policy, a con-
venient means can be provided that will cause cargo
doors to immediately open and subsequently close
when entrance or exit is made. It is time-consuming
for operators to dismount from their vehicles, open
the doors, remount the vehicles, and drive through
the doors and then dismount once again to close the
doors behind them.

e. Use of power-actuated auxiliary doors is one
recommended means for counteracting this problem
in active controlled humidity areas. Large curtain
type rubber or metal doors actuated by contact with
materials handling equipment (tractors, forklift
trucks) can be installed in appropriate openings
when desirable. These auxiliary doors are not in-
tended to replace current security doors; therefore,
they will be so positioned as not to interfere with
the opening and closing ofthe permanent doors (fig.
3-119).

(1) In the normal warehouse operation, inside
doors connecting the separate warehouse sections
are left open during operational periods. For con-
trolled humidity warehouses, during any extensive
movement of materials into or out of a single con-
trolled humidity section to an outside area, these
inner connecting doors to adjacent sections should
be closed to minimize spread of moisture.

(2) Normally, personnel traffic, using regular
personnel type doors, will have little effect on con-
trolled humidity operations. Personnel should be
cautioned to use these doors in lieu of fire doors
and that the doors do not remain open.

(3) It is advocated practice to seal as many
access doors as practicable in conversion to con-
trolled humidity space. The sealing of cargo doors
should be so designed that doors can be opened for
use as peak work situations of major significance
and duration warrant. It is also advisable to design
sealing techniques in a manner that will allow doors
to remain in "hung" position. Closure should not
involve bricking up of doorways or removal of
doors.

f. In certain geographic areas, there may be pe-
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riods when the relative humidity of outside air will
fall below 50 percent. Under such conditions, cargo
doors may be opened without securing the inside
area from outside moisture penetration. This allow-
ance of "free" air circulation must be predicated on
day-to-day atmospheric conditions and not "time of
year" considerations.

g. The use of battery-powered equipment in con-
trolled humidity warehouses is preferred, and is
particularly recommended in very active areas.

(1) Availability can be an important factor in
equipment selection for handling supplies in con-
trolled humidity storage. The handling ofhazardous
commodities and operations within hazardous areas
will be given priority for use of battery-powered
materials handling equipment.

(2) Where battery-powered equipment cannot
be or is impracticable to obtain or use in controlled
humidity storage, gasoline engine-powered equip-
ment can be used with certain precautions. In use
of such equipment, certain factors must be consid-
ered.

(a) Reduced ventilation multiplies the hazard
of using gasoline engine-powered equipment, be-
cause of the increased concentration of exhaust con-
taminants.

(b) When utilizing gasoline engine-driven
equipment in controlled humidity warehouses, any
concentration of carbon monoxide gas which ex-
ceeds 50 parts of carbon monoxide per 1,000,000
parts of air must be prevented.

(c) An engine with a "rich" mixture produces
far more carbon monoxide than one with a "lean"
mixture, and the rate of evolution of carbon mon-
oxide is much greater when the engine is cold.

(d) Gasoline engines in controlled humidity
storage should be turned off when not in service,
and should never be allowed to idle in standby serv-
ice.

h. The installation safety officer, upon request,
will perform or obtain qualified personnel to per-
form tests and make determination as to the extent
of hazard caused by equipment engine exhaust and
when deliberate ventilation must be introduced to
prevent undesirable concentrations.
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Figure 3-118. A dessicant type dehumidifier. These machines are installed at prescribed intervals within the ware-

house to draw in the moist air, extract the moisture and blow the dry. air back into the area. To eliminate obstructing

operating areas these machines can be located on elevated platforms.
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Figure 3-119. Auxiliary door actuated by contact with materials handling equipment.

3-74



15 September 1979 DOD 4145.19-R-1

Section 8. SECURITY OF MATERIALS IN STORAGE
Paragraph

Purpose 3-801

Definitions 3-802

General 3-803

Responsibilities 3-804

Storage security 3-805

Storage of small arms 3-806

Receiving (classified material; pilferable/sensitive items; small arms) 3-807

Inspection 3-808

Inventory 3-809

Shipping and marking 3-810

DOD Small Arms Serialization Program (SASP) 3-811

3-801. Purpose clude the protection of supplies and equipment both
in storage areas and while they are in transit.

This section establishes the minimum security re-

quirements for the storage and handling of classi-

fied, pilferable, and sensitive material. It also
addresses the requirements for serial number con-
trol and reporting of small arms under the DOD
SASP.

3-802. Definitions

a. Classified material. Material which requires
protection in the interest of national security.

b. Pilferable material. Material having a ready
resale value or civilian application as to personal
possession, and is therefore especially subject to
theft (e.g., watches, certain tools, and clothing).

c. Sensitive items. Material which requires a high
degree of protection and control due to statutory
requirements or regulations, such as narcotics and
drug abuse items; precious metals; items which are

of high value, highly technical or of a hazardous
nature; and small arms, ammunition, explosives and
demolition material.

d. Small arms. Handguns; shoulder-fired weap-
ons; light automatic weapons up to and including,
.50 caliber machine guns; recoilless rifles up to and
including 106MM; mortars up to and including
81MM; rocket launchers manportable; grenade
launchers, rifle and shoulder fired; and individually
operated weapons which are portable and/or can be
fired without special mounts or firing devices and
which have potential use in civil disturbances and
are vulnerable to theft.

3-803. General
a. Protection ofpropery.

(1) The protection of property, including the

prevention of internal pilferage or major thefts of

government supplies and equipment, is one of the
functions in warehousing. This function must in-

(2) Military installations throughout the world
would lose millions ofdollars worth ofproperty each
year if subjected to uncontrolled pilferage or theft.
However, the risks incurred cannot be measured
in terms of dollars alone. Loss of critical supplies
for tactical units could result in unnecessary loss of

life and danger to national defense.
(3) In some areas, losses have assumed such

proportions as to jeopardize the mission of the in-

stallation. All installations can anticipate loss. Ac-
tual losses will depend on such variable factors as

type and amount of materials, equipment, and sup-

plies which are produced, processed, and stored at

the facility; number ofpersons employed; social and
economic conditions in surrounding communities;
command attitudes; and physical security measures
employed. Becau.se these factors will differ greatly
in various types of installations and in different geo-
graphical locations, each must be considered sep-
arately.

b. Measures for control. Specific measures for

prevention ofpilferage will be based on careful anal-
ysis of the conditions at each installation. The most

practical and effective method for controlling pil-
ferage is the establishment of adequate physical
security and psychological deterrents. This may be

accomplished in a number of ways.
(1) An aggressive security education program

is an effective means of convincing employees that
they have much more to lose than they do to gain
by engaging in acts of theft. It is important for all
employees to realize that pilferage is morally wrong
no matter how insignificant is the value of the item

taken.
(2) It is particularly important for supervisory

personnel to set a proper example and maintain

desirable moral climate for all employees.
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(3) All employees must be impressed with the
fact that they have a legal responsibility to report
any loss to proper authorities.

(4) Adequate inventory and control measures
should be instituted to account for all material, sup-
plies, and equipment. The awareness of poor ac-
counting controls provides one of the greatest
sources of temptation to a potential pilferer.

(5) An effective material control system will be
established which includes inspection of delivery
and vendor vehicles.

(6) All suspected losses will be investigated
quickly and efficiently.

(7) An effective key and lock control system
will be established and monitoret regularly for se-
curity purposes.

(8) Bulk quantities of highly pilferable stock
will be stored in enclosed security areas and dis-
tributed from there to using sections in limited
amounts.

(9) Accurate methods of taking physical inven-
tories and of accounting for stock procurement,
usage, and salvage will be established.

3-804. Responsibilities

a. Commanders will administer the necessary
physical security measures for protection of clas-
sifted, pilferable, and sensitive material, together
with small arms control and operation of SASP in
accordance with applicable military service/agency
regulations.

b. Commanders will insure that all persons in-
volved in the receipt, storage, issue,orepair and in-
spection of classified material are versed in the
instructions contained herein and in regulations
governing the security of classified material.

c. The installation TOPSECRET Control Officer,
or his alternate, will insure the security control of
TOP SECRET material during receipt, storage and
issue.

3-805. Storage Security

a. Storage ofclassified items. These items should
be kept separate from other material. The most
satisfactory method is to store such items in a sep-
arate building with a higher degree of physical pro-
tection than other buildings. Where a separate
building is not available or where its use is not
warranted by the quantity of classified storage, a
room, cage, or crib may be constructed within a
warehouse building. All areas which contain clas-
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sifted material will be secured by means ofapproved
locking systems. This will include any temporary
storage space used for intransit classified material.
In addition to classified items being stored sepa-
rately from other material, classified material will
be segregated in storage from sensitive but un-
classified items. This further segregation will pre-
vent exposure to compromise of classified material
incident to a break-in aimed at stealing unclassified
but sensitive items. Standards for the physical pro-
tection of classified items are specifically estab-
lished in DOD Directive 5200.1 as implemented by
each Military Service and the DLA.

b. Storage ofpilferable and sensitive items.
(1) In addition to normal installation security

procedures, commanders will assure that storage
procedures and techniques afford adequate protec-
tion for pilferable/sensitive items. Structural stand-
ards and control procedures should be as set forth
in implementing military service/agency regula-
tions. Depending on local conditions and experi-
ence, these protective measures should include
vault types or caged and/or fenced and locked se-
curity areas, assignment of responsibility for con-
trol ofpilferable/sensitive items to specific individuals,
restricting access to pilferable/sensitive item stor-
age areas, and procedures to control movement of
these items within the storage installation.

(2) Pilferable/sensitive items will not ordinarily
be stored in the same area with classified material.
However, when instances require pilferable/sensi-
tive and classified items be stored together, the
entire storage area will be classified, and controls
applied, equivalent to the highest security classi-
fication of any item therein.

(3) Pilferable items ordinarily will not be stored
in warehouses where security protection is lacking.
Circumstances, however, may result in pilferable
items requiring general purpose storage environ-
ment, i.e., items in large banded containers for
which secure storage space is temporarily not avail-
able. When this situation presents itself, general
purpose storage environment is permitted, how-
ever, when such containers are opened for partial
issues, the residual quantities will be transferred
to a specified secured area.

(4) Sensitive items classified as "controlled sub-
stances" in the Drug Act of 1970 must be stored in
an approved vault or safe with a three-tumbler com-
bination unless a US Department of Justice, Drug
Enforcement Administration (DEA) Regional Of-
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fice has approved another type of secure facility.

Retrograde controlled substances must be ap-

proved for disposal by the DEA Regional Office

before such disposal actions can be taken. Disposal

actions must be observed and attested to by re-

sponsible personnel.

3--806. Storage of Small Arms

a. Small arms will be stored apart from other

pilferable and sensitive items for the purpose of

maintaining strict physical security and limiting

access to specifically authorized personnel.
b. When available facilities do not permit geo-

graphic separation of small arms into separate
buildings, then, storage is permitted in buildings

where other pilferable or sensitive items are stored.
When this occurs, small arms will be separated from
these items by a locked security cage, fencing, or

other acceptable means.
c. Storage layouts for small arms should be de-

signed to facilitate receipts, issues, inventory counts,
and serial number verifications.

d. To meet these requirements, small arms stor-

age areas must be planned to accommodate large,

medium, and small lots of material with minimum
rewarehousing.

e. Retrograde small arms awaiting decontami-

nation, inspection, classification or processing ac-

tion prior to storage or disposition will be controlled,
secured, and given surveillance to the same degree
as provided issuable small arms.

f. Small arms will be stored in vault type or highly
secured storage areas in accordance with DOD and

military service/agency directives addressed to this

subject.

3-807. Receiving (classified material; pilferab|e/

sensitive items; small arms)

a. Classified material.
(1) All duties involving handling or access to

unpacked or unpackaged classified material, and the

applicable classified documents or correspondence
pertaining thereto, will be accomplished only by

properly cleared individuals. All receipts will be

subjected to a 100 percent verification of quantity.
(2) In cases where classified shipments are re-

ceived with violations of security requirements, the

installation Security Officer will be notified imme-

diately. The shipment in question should not be left

unattended until properly documented and securely
stored.
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b. Pilferable/sensitive items (to include controlled
substances).

(1) Receipts of pilferable or sensitive items will

be provided controls to assure proper handling, re-

cording, and storing. Receipt inspection procedures
for pilferable/sensitive items will include determi-

nation of any evidence of tampering and the ma-

terial placed under control as expeditiously as

possible. If pilferage or loss (shortage) in shipments

is suspected, immediate coordination between the

transportation and security office will be effected.
(2) Whenever possible, the unloading will be

accomplished at the storage location site or as

deemed necessary an authorized person from the

receiving area will accompany the material to the

storage area and obtain warehouseman’s signature

upon release.
(3) Where pilferable or sensitive material moves

to a storage area over a mechanical handling sys-

tem, such as a power and free conveyor or a towline

conveyor system, special locked (padlocked) con-

tainers will be used. This also applies to material

moving from the storage to shipping area.

c. Small arms. In addition to b above the follow-

ing will be applied:
(1) All small arms receipts will be subj’cted to

a 100 percent verification of .weapons and serial

numbers plus a quality check of the operations.

(2) Unloading of small arms will be accom-

plished on a priority basis and material placed under
control as expeditiously as possible to reduce the

opportunities for loss or pilferage. When unloading

procedures cannot be completed during operational
hours, a separate, secured area, vault or cage,

meeting the structural and security standards of

the military service/agency regulations will be uti-

lized as a temporary holding area.
(3) Whenever possible, the unloading will be

accomplished at the storage location site, thereby

eliminating additional movement.
(4) Stringent inspection procedures will prevail

throughout operations to determine any evidence

of tampering.
(5) Timely and close coordination between

transportation and security offices will be accom-

plished in cases ofsuspected pilferage or loss (short-.

age) in shipments of small arms.

3-808. Inspection

a. All inspection, identification, repair, testing,

packing, marking, checking, and associated physi-
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cal operations required in connection with classi-
fied, sensitive and pilferable material (including
small arms) should be performed within the re-
stricted storage area whenever possible. When
quantity or complexity ofprocessing precludes this,
temporary restricted area should be established as
required.

b. Discrepancies discovered during the receipt,
issue, storage, inspection, and shipping operations
will be processed in accordance with DOD and mil-
itary service/agency directives addressed to this
subject.

3-809. Inventory
Inventory of classified, pilferable, and sensitive
items will be in accordance with DODI 4140.35 and
military service/agency directives addressed to this
subject.

3-810. Shipping and Marking
a. Shipments will be provided controls necessary

to assure proper handling.
b. Preferably, classified, sensitive and Dilferable

items selected for shipment should be lacked by
the consignor in the building where the material is
stored.

c. Whenever the above cannot be accomplished,
stringent visual and/or escort controls will be en-
forced during preshipment processing and material
movement.
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d. Shipments will be preserved, packed, and
marked to minimize intransit exposure of material
to scrutiny, container rupture, undetected entry,
loss, damage, illegal acts, and security compromise.

e. Markings will not reveal the nature of the ma-
terial except to the extent required for compliance
with transportation regulations, or when the ship-
per service has determined that ready identification
of items being shipped is necessary (ref MIL STD-
129).
f. Loading will be accomplished as soon as the

cargo is brought to the carrier. Load preassembly
outside of security areas should not be practiced.

3-811. DOD-Smali Arms Serialization Program
(SASP)

a. Criteria. All DOD Components, activities, and
installations will be part of a worldwide small arm
serial number control system.

b. Concept and procedures.
(1) The concept for the serial number control

ofsmall arms is based on the use ofthe DOD Central
Registry that provides investigative agencies, within
72 hours, the identification of the last accountable
activity having a specific serial numbered small
arm. Investigative agencies will process all inquir-
ies to the DOD Central Registry.

(2) The procedures for serial number control
and reporting are found in DOD 4140.2_M.

Introduction
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Load movements ................................................................
Types of loading .................................................................
Freight loss and damage
Instructions for securing materials transported by DOD-owned motor vehicles
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paragraph

3-916
3-917
3-918
3-919

Subsection 3. PNEUMATIC DUNNAGE
Use and maintenance of pneumatic dunnage

3-901. Introduction

a. Improper loading is one of the major causes

of loss and damage during transportation and the

resulting delay in use of material at destination.
The purpose of this section is to provide guidance
in proper loading and therby help prevent discrep-
ancies during transportation.

b. After determination has been made to move

materials and supplies, the freight traffic office

should be advised so that the proper mode of trans-

portation may be selected. This advice should in-

clude, among other things, information as to whether

the shipment--

(1) Is palletized or unpalletized.
(2) Consists of high center of gravity items,

requiring special tie down or bracing methods.
(3) Consists of items having heavy concen-

trated weights.
(4) Consists of fragile or critical items.

(5) Consists of items subject to contamination,
such as flour, sugar or other items.

(6) Consists of explosiv.es or other hazardous

3-920

commodities and whether they have been properly
marked and labeled.

(7) Will be handled at origin or destination or
both by materials handling equipment. In addition
to the above information, selection of the proper
mode of transportation requires consideration of
conditions at origin and destination, probability of
transshipment, degree of security needed in move-

ment, military requirements, the cost of transpor-
tation, the type of service provided, etc.

c. Stowage offreight aboard vessels is not usually
encountered by warehousing personnel and will not
be discussed in this section; likewise, less carload
and less truckload shipments will not be included
since they are generally loaded and unloaded by the
carriers, except shipments of explosives and am-
munition.

d. This section does not establish organizational
alinements or functions. Although certain ware-
housing and traffic functions are described, it is not
intended to imply that those functions will be per-
formed by particular organizational elements within
the services or shipping activities.

Subsection 1.

3-902. General

a. Types of commodities handled. The shipment
of military supplies is possibly the most complex
traffic function in the world. This is due, in part,
to the wide variety of commodities involved and
their diverse physical characteristics. The com-

modities shipped range from small items easily han-
dled by one person to those which are so bulky as

to require the use ofmultiple or idler cars, or exceed
the size or weight limitations of standard transpor-
tation equipment and facilities, and require the use

of special routings or heavy duty equipment. Others
may be hazardous (explosives, acids, poisonous
gases, etc.) and require caution in preparation for
transportation; perishable, and require protective
service from heat or cold; delicate, and require spe-
cial handling; or in critical supply. Another factor

CAR LOADING

leading to this complex situation is the multiplicity
of types of shipping containers used.

b. Selection of type of rail car.

(1) Of initial importance in car loading is the

selection of the proper car. This must be done with

a view to its fitness for the particular commodity
to be loaded, since properly loaded shipments are

often damaged by unfit equipment. On the other
had, freight which in itself is not highly susceptible
to damage may cause damage to equipment better

suited for other classes of freight. Selection of rail

cars for shipments of explosives and ammunition
will be in accordance with the requirements of DOT
regulations.

(2) Rail freight cars are generally classified as

box, gondola, refrigerator, hopper, tank, and flat.

In this general range will be found many cars con-
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structed to transport specific commodities. Many
freight cars are specially equipped with blocking
and bracing appliances which form an integral part
of the cdr. While it is the duty of the carrier to
inspect cars thoroughly before they are placed for
loading by shippers, it is to the shipper’s interest
to ensure that cars selected are in all respects suit-
able for the kind of freight to be shipped.

c. Shipper’s loading responsibilities.
(1) Freight should be loaded to withstand the

normal hazards of transportation. Shippers are re-
quired to load freight carried at carload rates, un-
less otherwise provided by tariff, and are also
required to load heavy or bulky freight which is
carried at less than carload rates, but which cannot
be handled by regular station employees or at sta-
tions where carrier’s facilities are not sufficient for
handling. In addition, shippers must observe car-
rier’s rules for safe loading offreight and protection
of equipment, and movable parts (machinery) must
be secured. When articles are loaded on open cars,
small detachable parts must be removed and placed
in packages or secured within the article. Ship-
ments of explosives and ammunition will be loaded
in accordance with service regulations and publi-
cations.

(2) In addition to selecting the proper type of
car, the following precautions should be taken
against the use of defective or unclean cars:

(a) Examine the interior of the car for any
defects ofroof, sides, or floor that might cause snag-
ging, tearing, scarring or rupture of container, or
permit the entry of rain, dirt or other matter likely
to injure the freight.

(b) Remove protruding nails and other ob-
structions not part of the car.

(c) Reject cars that cannot be suitably con-
ditioned without mechanical or other extensive re-
pairs.

3-903. Loading Rules for Rail Carriers

a. Conformance with loading rules. Personnel
engaged in or responsible for loading, blocking, and
bracing freight should have available for use and be
familiar with the rules for the proper loading and
securing of shipments, as outlined in the publica-
tions referred to in b below and in applicable service/
agency publications. By complying with the appli-
cable rules, procedures and methods, the shipper
has accomplished the first step in assuring safe and
economical carloading.

(1) Mandatory requirements. Rule 27 of the
Uniform and Consolidated Freight Classifications
requires shippers to observe carriers’ rules regu-
lating the safe loading of freight and the protection
of equipment. Mandatory rules are contained in the
Association of American Railroad’s Circular Num-
ber 42-E, "General Rules Covering Loading of Car-
load Shipments of Commodities in Closed Cars,"
and all Associations of American Railroads pam-
phlets covering the loading and securing of ship-
ments on oen top cars.

(2) Minimum standards. The various methods
and specificiations contained in all Association of
American Railroads car loading pamphlets will be
observed as minimum requirements for the proper
loading, blocking and bracking of shipments for
movement by rail freight on or in open top and
closed cars.

(3) Loading methods not spec/fied. When freight
is to be loaded on or in open top or closed cars, and
no loading and securing methods are provided
therefor, it will be blocked and braced according to
the best method or procedure that can be devised
from Assocation ofAmerican Railroads (AAR)pam-
phlets or other sources covering similar material
(see also para 3-919).

b. Source of rules.
(1) AAR. Pamphlets and bulletins containing

rules governing the loading of railroad cars are is-
sued by AAR. These are usually filed in the office
of the installation transportation officer.

(a) Following is a list of closed car pamphlets
published by AAR:

Pamphlet
No. Title
1 Automobiles-Motor Vehicles Shipped in Auto

Loader Cars.
2 Automobiles-Motor Vehicles Shipped L.C.L.

or Carload in other than Auto Loader Cars.
3 Bags-Commodities in Flour and Other Grain

Products, Sugar and Kindred Commodities,
Rice, Salt, Coffee, Beans, Peanuts, etc.

4 Barrels, Drums or Kegs.
5 Batteries---Storage.
6 Brick and Hollow Building Tile.
7 BEck-Hot Top.
8 Plywood.
9 Cable on Reels and Wire Commodities.
10 Car-Doors-Battening as Protection Against

Damage by Weather, Cinders, etc.
12 Cylinders---Empty, With or Without Caps.
13 Fiberboard Containers (Solid or Corrugated)

Commodities.
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Pamphlet
No.
14
15
16
17

18

19
20
21
22

26

27

28
29
30
31
32
33
34

35
36
38

39
40
41
42
42C

Title

Freight--Loading, Bracing and Blocking of.
Furniture--Carload.
Furniture--Less Carload.
Grain and Grain Products in Fibre-board Con-
tainers and Sacks.

Cylindrical Steel Containers (Small) and Mixed
Loads in Larger Steel Drums and Boxes.

Livestock--Loading and Handling.
Lumber (Dressed) and Mill Work.
Machinery.
Marble in Slabs---A-Frame Method.
Paper and Simiilar Commodities on Skids.

Gypsum Plasterboard, Wallboard, Sheathing,

Lath and Plaster.
Projectiles, Bombs and Cartridge Cases
(empty).

Radiators--Cast Iron.
Refigerators--Mechanical.
Roofing Materiais--Prepared.
Soda Ash.
Stone--Pulp Grinder.
Stoves and Ranges.
Tank Cars--Transporting Non-dangerous
Commodities.

Untreated Cross Ties.
Bulk Grain.
Unsaturated Roofing Felt and Pulpboard Pa-

per.
Newsprint.
Vitrified Clay Sewer Pipe.
Dictionary of Standard Terms.
Rolled and Plate Glass (Not Bent).
General Rules Governing Loading of Carload
Shipments of Commodities in Closed Cars.

(b) The Loading Rules Committee, Mechan-

ical Division, AAR, has issued a loose leaf binder

containing 7 sections of"Rules Governing the Load-

ing of Commodities on Open Top Cars." The sec-

tions are listed by number and title as follows:

Section
No.
1
2

Title
General Rules.
Loading of Steel Products Including Iron and

Steel Pipe.
3 Loading of Road Grading, Road Making and

Farm Equipment Machinery.

4 Loading.of Miscellaneous Commodities Includ-

ing Machinery.

5 Loading of Forest Products
6 Loading of Department of Defense Material

7 General Rules Governing the Loading of Com-

modities on Open-Top Trailer to be handled

in TOFC.

Section No. 6 will be the primary guide for loading

and securing all Department of Defense material

shipped on open top rail equipments. Sections Nos.
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1 through 7 prescribe loading methods for practi-
cally every type of commodity which is loaded on

open type rail cars. Sections Nos. 1 through 5 and
7 will be used only if the commodity to be shipped
is not covered in Section No. 6.

(2) Bureau ofexplosives. The instructions con-
cerning the loading of ammunition, explosives, and
other hazardous materials in closed cars and onopen
top cars which have been issued by the Bureau of
Explosives are listed below. These may be obtained
from the Association of American Railroads, Bu-
reau of Explosives, 1920 L St. NW, WASH DC
20036.

Pamphlet
No. Title

6 Drawings and Photographs, Loading and
Bracing Carload and L.C.L. Shipments,
Explosives and Other Dangerous Articles.

6a Illustrating Loading and Bracing Methods,
Carload and L.C.L. Shipments, Loading
Projectiles, Loaded Bombs, etc.

6b Approved Method Loading Carload Shipments
Gasoline in "Blitz Cans."

6c Illustrating special bulkhead braces for open
top and closed vans and flat bed trailers and
methods for loading and bracing less than
trailer shipments of explosives and other
dangerous articles via Trailer-on-Flat Car
(TOFC).

3-904. Action of Pressures on Cargo

a. Types ofpressure. The types of pressure action
on loads shipped by rail are as follows:

(1) Lateral, or crosswise, pressure occurs when
rounding curves.

(2) Vertical pressure occurs because of the ac-

tion of the trucks hitting low joints and crossings.

(3) Lengthwise pressure occurs in coupling,
starting, stopping, switching, and in slack action.

b. The closed car. Considering the pressures that
materials are subjected to in over the road travel
by rail and considering the boxcar as a big shipping
container on wheels, the bracing and blocking me-

diums in the car should be essentially the same as

the interior packaging of individual shipping con-

tainers.
c. Vertical pressure.

(1) Absorption of vertical pressure. The ver-

tical pressures or vibrations, over and above the

overhead weight ofthe load, are the most numerous
but are small in magnitude and are accumulative.
Generally, the damaging action from vertical pres
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sure is absorbed by the interior cushioning or brac-
ing within the individual package or containers.

(2) Commodities affected by vertical pressures.
Certain commodities are sensitive to vertical pres-
sures and must receive additional bracing or cush-
ioning as well as a selected method of loading. For
example: If rolls of lineolum are loaded flat the ver-
tical pressures of vibrations will tend to flatten the
rolls; bundles of light metal tubing or pipe will
undergo a settling from vibrations and may become
flattened or dented. However, if the linoleum is
stood on end and separation gates are used to divide
the load, and if the pipe or tubing is stowed with
a filler between layers to absorb the pressures,
there is little chance of damage to the shipment in
transit unless the car should be subjected to ab-
normal shocks or impacts.

d. Lateral pressures.
(1) Type of action. Lateral pressures are to-

ward the side walls induced by a car rounding a
curve which tends to move the containers out of
alinement with adjacent containers. Also, lateral
pressures tend to crush the containers on the off
side of the car when rounding a curve. Although
these pressures are of small magnitude, if the con-
tainers are out ofalinement, subsequent lengthwise
forces can cause damage because of uneven distri-
bution of pressure.

(2) Distribution of weights. To insure against
uneven distribution of weight in the car, the load
should be braced to prevent cross car movement of
the load. Uneven distribution of weight within the
car may cause the side bearings to become fouled
and the car derailed, as the trucks bind and do not
roll around curved track. Ofgreat importance is the
side bracing of high center of gravity items; appli-
cable bracing must be applied to prevent tipping
(fig. 3-120). For additional illustrations of bracing
for high center of gravity or top heavy items see
AAR Pamphlets 14 and 21.

(3) Doorway protection. Provide proper door-
way protection to assure that load does not cause
doors of car to bulge or break open when rounding
curves, and to facilitate opening of doors, and as-
sure protection to personnel opening doors (see figs.
3-121, 3-122 and 3-123).

(4) Prevention oflateral movement. To provide
adequate protection against lateral movement at all
times the load must be tight crosswise. Proper
blocking and bracing must be applied to prevent the
load from shifting or moving out of alinement.
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Figure 3-120. Side bracing of high center of
gravity items.

e. Lengthwise pressures. Most damage in rigid
braced loads is prevented by loading containers
tightly to prevent development of slack within the
load. Once slack begins to develop within the load,
repeated impacts may cause a void large enough to
allow the containers on the top layer to fall between
the load and the ends of the car. To protect against
damage in rigid braced loads, containers will be
loaded tightly with the strongest parts arranged to
provide support lengthwise of the car. All loads
(excluding floating loads) should be loaded or braced
to minimize any possibility of movement.

3-905. Floating Loads. (Not permitted for ship-
ments of explosives, ammunition and other hazard-
ous materials, nor permitted in any box car equipped
with under-car or end-of-car shock mitigating cush-
ion devices.)

a. Types offloating loads. There are two types
of floating loads; the full floating load and the con-
trolled floating load commonly called the "Snubbing
Method." Many items present special loading and
bracing problems because of the weight, size,
shape, or fragility; such items of this type brought
about the development of the floating load. For fur-
ther information concerning loading to withstand
the various types of pressure see AAR Pamphlets
14 and 21.
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OR 4"X 4"

Figure 3-121. Doorway protection for rough

freight only.

Figure 3-122.

I"X4"OR I"X 6"

I;II li

Flush doorway protection for cars with

wooden doorposts.

b. Controlled floating load.
(1) Description. When using the controlled

floating load, blocking is not applied against the

front or rear of the unit or the units to be shipped.
Generally, as the units are to be shipped by this

method are items that are skidded, that is, engines,

machine tools, generators, or large motors, snub-

bing or braking devices are applied against the side

of the skids. Under lengthwise impact, the shift of

the skidded item is controlled, and the item is held

in contact with the floor of the car. Thus, the

greater part of the shock forces are dissipated

through the friction and riding of the skid struc-

tures. The item is actually isolated from lengthwise

shock forces. There are two commonly used snub-

bing devices--antiskid plates and lag screws. The

antiskid plate and method of application are shown

NA 00.OORSrs

ANCH
FLATES

AUXILIARY DOOR
SHE:L:r OF FIBRE-

"rIBOARD NAILEO

I4"X.C

FOR HVY FREIGHTi I-V4"XD35 TI..
Figure 3-123. Use of steel straps for double door

auto boxcar.

in A and B, figure 3-124. The lag screw and method

of application is shown in C, figure 3-124.

(2) Application of snubbing devices. In apply-
ing the lag screw snubber, the lag screw is turned

in, in a predrilled hole in the snubbing block, until

the screw tip is flush with the inside face of the

block. The snubbing block and the backup cleat are

securely nailed and spiked to the floor. Measure the

amount the lag screw head projects beyond the out-

side face of the snubbing block and with a wrench

turn the lag screw into the side of the skid until

1/_-inch penetration is obtained. The bite of the

screw tip into the side of the skid will serve as a

retarder to control both lengthwise and upward
movement. The antiskid method is basically the

same except that a plate is inserted in lieu of a lag

screw. The method of arrangement for placing

either the antiskid plate or the lag screw snubbing

device is shown by figure 3-125. The maximum dis-

tance for locating the end snubbing devices from

ends of the skid should be approximately 24 inches
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to 30 inches (fig. 3-125). The snubbing devices on
each side of the skid should be equal in number and
located directly opposite. The number of snubbing
devices to be employed on each side of skid will

15 September 1979

NOTE: DISTANGE "D" NOT MOq THAN
8NU8BING DEVlGES.

Figure 3-125. Location of snubbing devices.

vary with the weights of the item and the desired
amount ofrestriction of movement. Generally, the
number varies from two to five devices on each side
of the skid. After end devices are located, the ad-
ditional devices are spaced in between.

(3) Application and use. The snubbing devices
should be used on machinery, especially legged
type, boats and those commodities that should be
protected from sudden or severe shock.

(4) Several items cleated together. The use of
the snubbed load is recommended wherever prac-
ticable.

c. Floating load. The floating load absorbs a great
amount of shock pressure as containers slide over
the floor of the car, thus riding with the "punch."
The materials may or may not be palletized. How-
ever, the pallet loads or containers are secured in
a unit by binding with steel straps. Units may be
placed in each end of the car, or as a single unit
extending through the doorway area. Space for
floating may be at each end wall and doorway; all
in the doorway; or with a single unit at the end
walls. There are variations of this load which are
termed "Restricted" floating loads. (For additional
details see AAR Pamphlets Nos. 14, 21, and Section
2 of Loading Rules for Open Top Cars.)

3-906. Mixed Loads
a. Nature of problems. The variety of different

shapes, sizes, and weights of articles and con-
tainers, so frequently required to be loaded to-
gether in one car, furnishes a greater problem than
solid loads of one type container or commodity. It
is paramount that the number ofmixed cars be held
to a minimum. Planning the shipments to obtain the
maximum of solid loads will not only result in less
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damage, but will prove to be more economical in

bracing material and loading time required. (See

AAR Pamphlets 4, 13, 18, and 24 for additional
information.)

b. Segregation of load.
(1) Scneaulingfor segregation. The same type

containers or articles in a mixed load should be
loaded together in the car; the loading and bracing

practices should be followed as for solid loads of

these individual items. More efficient working pro-

cedures are obtained when it is possible to schedule
flow of supplies to the loading platform in order to

be segregated.
(2) Methods ofsegregation. The following meth-

ods of segregation are suggested by-
(a) Layer.
(b) Units lengthwise of the car.

(c) Units crosswise of the car.
(3) Segregation by layer. When segregating or

separating articles by layers, the heavy articles

should be in the lower layers; the lighter and fragile
items in the upper layers.’ For example: Drums,
barrels, heavy crates, or boxes in the floor layers;
bagged commodities, wirebound boxes, and fiber-

board boxes should be loaded on top of the heavy
containers. If the lighter containers or items cannot
be loaded directly on top of heavier containers, sep-
arators or fillers will be placed between the layers.
These separators may be of wood or fiberboard de-
pending on the amount of protection or support re-

quired. When loading commodities in bags or

fiberboard containers or lightly constructed wood
boxes on top of barrels or drums, wood filler boards
will be used for separating medium; when separat-
ing bags loaded on fibreboard containers, a heavy
paper will suffice. Generally, separators are not

required between layers of the same type wood

boxes, wirebound boxes, or fibreboard containers;
however, small dimension containers will not be
loaded directly on or against unsupported panels or

cleated panel containers or open crates without ad-

equate separating material.
(4) Segregation by units. When separating con-

tainers by units lengthwise of the car, the recom-

mended loading pattern for the different containers
as covered in the AAR Pamphlets for solid loads of
the containers should be followed, that is, fibre-

board boxes in bonded block patterns, cylindrical
type containers by nesting or offsetting, and bagged
commodities by brick wall or binding methods.

c. Separation gates. Generally, separation gates
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are required when containers of different type and
size are loaded side by side. Separation gates may
be of the floating type (not secured to the car side
walls) when used between units of containers hav-

ing practically the same strength and rigidity.
When separation gates are used between a unit of
heavy strong containers on one side and a unit of

lighter and weaker containers on the other side, the
separation gate should be fastened in place to pre-
vent the heavier containers crushing the lighter
containers when subjected to load pressures. When
the load pressure exerted in either direction may
cause damage, the separation gate should be an-

chored in both directions by the reverse steel strap
method. See AAR Pamphlet No. 14 for detailed
information concerning the construction of sepa-
ration gates. In addition, AAR Bulletin No. 527 of
the General Information Series contains informa-

tion on the construction of a re-usable car brace for
securing part car loads. This brace is adaptable for
use when switching cars on the station during the
loading ofmixed shipments. Certain types of special
box cars have built-in fixtures and equipment for
quick application of multiple-deck flooring, adjust-
able gates, bulkheads, etc. These cars are partic-
ularly adaptable to the securement of delicate or

fragile freight.

d. Blocking. Machinery and rough items such as

castings, steel frames, pipes, and bars should be
blocked both lengthwise and crosswise of the car

as recommended for these commodities in the ap-
plicable AAR Pamphlets.

e. Separators. Separators will be used when one

side of the car contains items or containers thatmay

be crushed because of lateral pressures caused by
side shift of heavier articles. The separators will be

reinforced by blocking to car floors and side walls.

Where the containers loaded adjacent to each other

need protection only from tearing, snagging, or

chafing it will not be necessary to secure the sep-

arators in a fixed position. The separators will be

placed lengthwise of the car between the two dif-

ferent type containers, that is, when open crates

are loaded adjacent to fibreboard containers. The

fillers or separators serve the single purpose of pre-
venting physical contact between two types of con-

tainers.

f. Compliance with general rules. The weight
distribution requirements of the General Rules in

AAR Circular No. 42-E will be complied with when
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loading mixed loads in cars, using the separation
or segregation methods or procedures.

3-907. Bagged Commodities in Closed Cars
a. Types ofdamage. The types of damages which

can occur to bagged products are-
(l) Contamination.
(2) Snagging of bags on car walls, floors, and

in doorway areas.
(3) Chafing.
(4) Moisture damage.

b. Contamination and snagging. Contamination
and snagging can be prevented by application ofthe
principles mentioned in paragraph 3-902.

c. Prevent chafing. Chafing against car wall can
be controlled by loading the bagged commodities
away from the car wall in a "pyramided layer" build
up (fig. 3-126). Tight loading and proper floor pro-
tection will prevent chafing in the lower layers.
Jamming or wedging of bags in the doorway area
can be prevented by installation of proper doorway
protection, or by setting back the load at least a
half a bag length from each door post, continuing
through the doorway area interlocking the bags in
a pyramided layer pattern or by the retaining paper
method (B and C, fig. 3-126).

d. Control ofmoisture damage. Moisture damage
to bags can be controlled by proper protection from
the elements while loading the car. Bags should not
be stacked on damp platforms or damp car floors.

3-908. Palletized Loads in Closed Cars
a. Economy ofpalletized cargo.

(1) Introduction. Palletization is a system
whereby a large number ofsmall items are grouped
and unitized on a pallet for handling by mechanical
means, such as a forklift truck. The efficiency
gained by reducing the number of handlings is
shown in the example of loading a freight car with
1,800 small boxes. For example: By grouping the
boxes on 36 pallets, each containing 50 boxes, the
ratio of transfers has been reduced from 1,800 in-
dividual box handlings to 36 mechanized pallet
moves. Also, each time a package is handled there
is the possibility ofdamage, therefore, reduced han-
dling results in less damage to cargo.

(2) Stable pallet loads. If the items are assem-
bled carelessly on a pallet, the pallet will not protect
the material during handling or transit operations.
If a pallet unit becomes disarranged, it is not much
better than individual loading, and requires a large
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amount of manual handling to reassemble in an or-
derly arrangement. Therefore, it is important that
the palletization of items be arranged carefully and
the individual items be secured properly into a
strong compact unit, capable of being handled and
shipped safely.

Note. See section 10, this chapter, for more detail
on unit loads.

b. Boxcar information.
(1) General. For guidance in planning pallet

units and loading, basic data on boxcars is neces-
sary. While the dimensions listed in subparagraph
(2) below are the most common for standard box-
cars, dimensions of some older or special cars may
vary.

(2) Insidefloor dimensions of boxcars. Typical
inside floor dimensions of boxcars are as follows:

(a) 9 feet 2 inches wide by 40 feet 6 inches
long.

long.

long.

(b) 8 feet 6 inches wide by 40 feet 6 inches

(c) 9 feet 2 inche wide by 50 feet 6 inches

(d) 8 feet 6 inches wide by 50 feet 6 inches
long.

(3) Car door widths.
(a) Single door boxcars. The doors in single

door boxcars are six feet wide. Some of the newer
cars have doors with a 7-foot and an 8-foot width.

(b) Double door boxcars. The doors in double
door boxcars vary from approximately 10 feet 6
inches to 16 feet 6 inches. The average standard
clear width opening is 15 feet 0 inches.

(4) Refrigerator car information.
(a) Insidefloor dimensions. The inside floor

dimensions of a standard size refrigerator car are
8-foot 2a/4-inch width 33-foot 2a/4-inch length.
Some cars will vary from this standard.

(b) Car door widths. Car doors are 4 feet 0
inches wide although newer cars are being built
with 6-foot 0-inch wide doors.

(5) Boxcarfloors. When moving in and out of
cars with a loaded forklift truck, this heavy con-
centrated load in motion causes a considerable
strain on the car floors. In order to avoid accident
or injury, the car floors must be protected. Circular
42E, Rule 5(D), Operating-Transportation Divi-
sion, AAR, General Rules Covering Loading of
Carload Shipments of Commodities in Closed Cars,
requires, when lift trucks are used for loading and
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unloading, suitable steel plates must be placed in

car to prevent damage to floor (fig. 3-127).
c. Loading on pallet.

(1) Prevent pressure on load. When the pallet

DOD 4145.19-R-1

units are loaded into a car, each unit must have a

firm bearing contact against the adjacent unit. Pal-

let unit A, shown in figure 3-128, provides bearing
contact along the edges of the pallet only and not

END WALL

amid layer buildup
|. Arransement ef paper tie in deonay era.

CAR DRAPED WITH STRONG
REINFORCED DUPLEX PAPER
BEFORE STARTING LOAD.

FINAL DESTINATION

,2"X 4"
END UNIT COMPLETED /

C. Paper unit tie for stop-off loads.

Figure 3-126. Prevention of chafing.

BAG ON
END
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against the load. Generally, this is not recom-
mended for small container assembled units as it
is difficult to prevent the unit moving on the pallet.

(2) Broad load bearing surface. In the arrange-
ments, as shown by pallet units B and C in figure
3-128, a broad faced bearing contact is obtained
between the vertical faces ofthe units, when placed
in a carload. However, since this places the con-
tainers in the direct line of the load pressures oc-
curring during transit, it is necessary that the
containers and the assembled pallet unit must be
sufficiently strong and carefully secured together
on the pallet.

d. Loading factors.
(1) Tight loading. Pallets should be placed

tightly in both ends of the car. Generally, for prac-
tical purposes it is necessary to have some side
clearance space of approximately 1 to 2 inches be-
tween pallets in order to maneuver the pallets into
place by the forklift truck. As shown in section A-
A, figure 3-129, the total crosswise slack space be-
tween pallets and side walls ofcar is relatively small
(approx. 6 in) and, ordinarily, would not require
any additional crosswise bracing.
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(2) Side shifting. In order to prevent side shift-
ing of load and with a possible derailment of car in
transit, Circular 42E, Operating-Transportation
Division AAR, Rule 4(C) requires "... where the
vacant space across the car, between piles and be-
tween load and car side, exceeds a total of 18inches,
the load must be secured so as to prevent moving
or tipping towards side of car." If, in loadingnarrow
pallets, there is 18 inches or more of space concen-
trated along the center line of the car, the pallets
must be braced to prevent side shifting of load by
some form of sufficient crosswise bracing.

(3) Doorway space. The loading at the doorway
is finished off with proper bracing to secure and
hold the load in place during transit. The doorway
section of the load is a critical area in which to work
as space is needed to maneuver the forklift trucks
or other mechanical equipment which might be used
(parts (A) and (B), fig. 3-130). For example: The
space C, indicated on part (A), figure 3-130, at the
doorway is braced securely by means of a wooden
center gate D or steel strap anchored gate E in-
dicated on part (B), figure 3-130. By this method,
the bracing can be removed at destination and with
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EXTEND BEYOND WITH OUTSIDE BEYOND OUTSIDE EDGES

THE UNIT LOAD. EDGES OF PALLET. OF PALLET SHOULD
GENERALLY NOT EXCEED
2" ON EAGH SIDE.

Figure 8-18.

this work space in the doorway section, the car can

be unloaded without difficulty.
(4) Filling the doorway. As shown in the ex-

ample in (3) above, it is desired to completely fill

the lengthwise space of the car with pallet units;

however, some practical difficulties arise. When the

last two pallets, shown by the shaded portion of

figure 3-131, are moved into place, invariably,

there is some slack space (possibly 4 to 12 inches)

at one or both sides of these doorway pallets (fig.

3-130). When this occurs, it is necessary to squeeze
into this slack space some form of bracing dunnage

that will secure the load tightly in place to prevent
shifting and damage in transit. Also, it should be

considered that in this type of a through solid load,
the pallet units in the doorway will be squeezed
tight during transit and, consequently, will be dif-

ficult to pull out of the load at the destination. This

difficulty can cause damage to the merchandise on

these first few doorway pallets when trying to

"break into" such a load. Therefore, many shippers

and receivers prefer to brace the loads as explained
in (3) above leaving a space in the doorway section

of the car to facilitate handling operations (part (B),
fig. 3-130).

3-909. Cylindrical Containers in Closed Cars

a. Special problems of loading.
(1) DescripLion. Cylindrical containers include

Palletized loads.

steel barrels, drums, slack, and tight coopered
wooden barrels, kegs, pails, and fibreboard drums.

See AAR Pamphlet No. 4 for more detailed infor-

mation on loading of cylindrical containers.
(2) Shape affects stabiliLy. Cylindrical con-

tainers have a circular contour and when loaded in

a car, do not have complete face or surface contact
or support between adjacent containers, which cre-

ates an unstable condition. Many containers in use

are constructed of lightweight materials that will

flex, bend, or crush under concentrated pressure.
Therefore, it is necessary to have at least a two-

point contact between adjacent containers.

SIrGTION A-A SEGTION B-B

Crosswise slack.
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A C

PART (A

D

\0--0/ \0_0/
PART (B)

IN THIS EXAMPLE TWO PALLET
UNITS ARE PLACED INTO DOOR-
WAY S ECTION, AND MANEUVERED
OVER TIGHT AGAINST B END OF
LOAD. THE LEFT OVER SPACE C
IS TOO SMALL TO WORK IN ANY
ADDITIONAL PALLETS.

B

E

\0--0/ \0_0/

Figure 3-130. Doorway area.

(3) Contrasted stability of square and cylin-
drical shapes. The alignment in bearing surfaces
between containers having square or rectangular
shapes is shown in part a, figure 13. With the units
placed as illustrated, the construction resembles a
multistoried house. This arrangement provides
complete stability for such containers. If cylindrical
containers were placed in straight lines, as shown
in part b, figure 3--132, there would be no stability
between the containers. This would be similar to
trying to stack billiard balls one on top of another
as shown in part c, figure 3-132.

(4) Offset loaing. ]’he method of loading con-
tainers shown in pard d, figure 3-132, is the pre-
ferred method due to the stability obtained by
offsetting the containers. This method provides a
two-point contact between containers and any force
or pressure brought to bear against a container is
distributed to the adjacent containers. Other ad-
vantages are that this method retards rotation of
containers and will accommodate crosswise loading
where drums will not fill the voided space.

(5) Diagram. It is necessary at times to load
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a desired number of containers in a car as shown
in part e, figure 3-132. However, there is a dis-
advantage to this method since the containers tend
to be forced into the voided space at either sid of
the car. In the pattern shown in part d, figure 3-
132, this open space is divided into three smaller
spaces.

(6) Importance of tight loading. Emphasis will
be placed on tight loading. The proper positioning
of cylindrical containers placed tightly against oth-
ers is a basic requirement. Tensioning of steel
straps or the application of wooden braces will not
produce a tight load if the containers are not loaded
tightly during the process of loading.

b. Loading wooden barrels.
(1) Bilge protection. Bilge protection is neces-

sary in the loading of wooden barrels and should be
placed so that it will contact the barrel at the strong-
est point which is 6 inches from the top and bottom
chimes. The bung stave is the weakest stave in the
construction of the barrel. The barrel should be
positioned so that the bung stave does not contact
adjacent barrels or the end or side walls of the car.
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Figure 3-131. Placing of last two pallets.

(2) Double decked load. When it is necessary
to double deck the load, dunnage of not less than
1-inch thickness must be placed lengthwise on top
of the bottom or floor layer.

c. Cener bracing. When planning a load of cylin-
drical containers decide upon a pattern which will

leave the least amount ofopen space in the doorway
area; thus, the load in each end of the car will have
the same number of containers against the bracing,
preferably the lesser number.

d. Drums with rolling hoops. When loading
drums with rolling hoops in a rigid, braced load, the

DOD 4145.19-R-1

load must be arranged so as to prevent the hoops
from riding up on each other and thus creating slack
lengthwise on the load. This method is also effective
for preventing the latches from coming open, when
loading drums with detachable tops.

e. Pails and 5-gallon containers. Because of the
flexibility of light gage pails and the method of fas-
tening the tops (particularly of 5-gallon containers
of paint), it is mandatory that the load be section-
alized into at least four units. Divisional gates will
be fastened securely to the side walls ofthe car (fig.
3-133). The blocking and bracing will be placed
against the strongest part of the container when
blocking and bracing pails, 5-gallon containers, and
fibre drums.

3-910. Machinery and Machine Tools

a. Importance ofproper loading.
(1) Dollar damage. Because of the high dollar

value of this equipment any damage can involve a

large loss.

UNIFORM SUPPORT BETWEEN
RETANGULAR CONTAINERS

SOME STABILITY PROVIDED BV
OFFSETTING CYLINDRICAL CONTAINERS

UNSTABLE SUPPORT BETWEEN
CYLINDRICAL CONTAINERS

)FFSETTING CYLINDRICAL CONTAINERS
ALL EXCESS SPACE AT ONE SIDE

do

Figure 3-13. Loading diagrams cylindrical containers.

3-91



DOD 4145.19-R-1 15 September 1979

STRONGEST PART OF PAIL

WHEN LOAD IS DOUBLE DECKED, BRACING
SHOULD BE WIDE ENOUGH TO CONTACT TOP
OF PAIL IN LOWER LAYER AND BOTTOM OF
PAIL IN UPPER LAYER,

Figure 3-133. Bracing forfleible or light gauge cylindrical containers.

(2) Delay to production. When machinery des-
tined to a manufacturing point is received damaged,
there is a resultant delay in production until re-
placement parts can be produced.

(3) Difficulty of replacement. If possible, re-
pairs can be effected or, if this is not feasible, it
may be necessary to manufacture a unit or part as
the damaged item may be the only one of its type.

b. Inspection before preparation for shipment.
Prior to shipment (particularly ifthe machinery has
been in inactive storage) a careful inspection will
be made of the item or items to be shipped. The
items should be examined to determine if there are
any damaged or missing parts that would make the
machine inoperative or hazardous for shipment. Of
special importance is the securing of interior brac-
ing of movable parts such as tail stocks, counter-
balancing weights, and swing turrets.

c. Blocking and bracing requirements. Depart-
ment of Defense machinery and allied or like items
moving on open top equipment will be blocked and
braced in accordance with the mandatory minimum

requirements of AAR Section No. 6, of the Rules
Governing the Loading of Commodities on Open
Top Cars. When loaded in closed cars, General
Rules in Circular No. 42-E will be followed. Rec-
ommended loading methods for blocking and brac-
ing of machinery and allied or like items in closed
cars are covered by AAR Pamphlet No. 21.

3-911. Loading of Hazardous Commodities
a. Adherence to regulations.

(1) Other than Military Services. Under an Act
of Congress, the Interstate Commerce Commission
formulates regulations for the safe transportation
ofexplosives and other hazardous articles which are
binding upon all carriers engaged in interstate or
foreign commerce and upon all shippers forwarding
such shipments. All shipments of hazardous com-
modities will be prepared and forwarded in strict
compliance with all pertinent shipping regulations.
These regulations are based upon knowledge of the
characteristics and past experiences with chemi-
cals, compressed gas, and other hazardous corn-
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modities. The mandatory rules for all open top cars

is Section 1 of the rules governing the loading of
commodities on open top cars and closed car rules
as outlined in AAR Pamphlet No. 42-E are appli-
cable in the loading of hazardous commodities as

well as the rules of the Interstate Commerce Com-
mission and the Bureau nf Explosives.

(2) Military Services. The responsibility for
development of safe handling techniques for explo-
sives and live ammunition is the responsibility of
the individual service. Publications of these serv-

ices govern safe handling practices.
b. Hazardous commodities offered to carrier.

Explosives and other hazardous commodities may
be offered to carriers for transportation only when
such commodities are in proper condition for trans-
portation, are as defined, and are packed and
marked, labeled, described, certified, and loaded
and braced according to pertinent regulations.
Methods of manufacture, packing and storage, in-
sofar as they affect safety in transportation, must
be open to inspection by a duly authorized repre-
sentative of the initial carrier or of the Bureau of
Explosives. Shipments that do not comply with the
regulations must not be offered for transportation.

c. Inspection. Inspection ofEquipment for Trans-
portation of Class A Explosives--A car must not
be loaded with Class A explosives unless it has been

inspected by an employee of the carrier and certi-
fied by him to be in proper condition for such load-
ing. After a certified car has been furnished by the
carrier and before loading has commenced, the ship-
per must inspect the interior of the car and, after
loading, certify to its proper condition. When ship-
ments are loaded by the shipper, an employee of
the carrier must inspect the finished load and certify
to its compliance with governing regulations.

d. Loading Methods.
(1) General. All hazardous commodities must

be loaded in the car in such a way that such com-

modities will maintain the position as placed, under
normal transportation conditions. Small lots of haz-
ardous items must be blocked and braced securely;
such lots will not be loaded in such a manner as to
depend upon other freight for bracing. Also, all
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other items in the car must be braced in a manner

to prevent heavy items from coming into contact
with the hazardous commodities. For example:
Forgings coming into contact with acid carboys or

batteries.
(2) Blocking and bracing methods. All the

blocking and bracing procedures or methods as out-
lined in the various carloading pamphlets, with
slight alterations, can be adapted to fit the require-
ments for safe loading of hazardous commodities.
The floating center gate with slight alterations will
provide bracing for carload shipments ofboxed car-

boys, barrels, cylinders of compressed gas, drums,
and box’es. The controlled floating load for handling
of filled or empty compressed gas cylinders has
proven most satisfactory. (See Bureau of Explo-
sives Pamphlet No. 6 and AAR Pamphlet No. 12.)

(3) Cylinders of compressed gas. Small ship-
ments of cylinders containing compressed gas will
be loaded on their sides except when boxed or

crated. Cylinders may be loaded upright, if securely
braced to the car. Acetylene cylinders will be loaded
upright at all times because of the construction of
the interior of the acetylene cylinder. Chlorine gas
cylinders should also be loaded in an upright posi-
tion at all times.

(4) Munition commodities shipped in ISO con-

tainers will be secured with AAR (American As-
sociation of Railroads) and CG (Coast Guard)
approved restraint systems.

3-912. TOFC/COFC Loads

a. Trailer-on-flatcar (TOFC) shipments usually
require a ramp to allow the chassis to be driven

onto the flatcar. Two types of equipment are used

for TOFC loads: (1) Improved strength semitrailers

(piggyback trailers), or (2) ISO containers mounted

on a chassis.
b. Containers (including ISO containers) not

mounted on a chassis are often shipped on flatcars

(COFC). Specialized equipment is available to lift

these containers and position onto a flatcar. Several
examples of handling equipment for such containers

are shown in figures 3-134, 3-135, and 3-136.
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Figure 3-134. Frontloader forklft truck equipped with toplift attachment.

3-94

Figtre 3-135. Sideloader truck ewipped with toplift attachtted.
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Figure 3-136. Mobile crane equipped with toplift attachment.

Subsection 2.

3-913. Preparation for Loading

a. Needfor good equipment. Generally, a carrier
has several types of vehicles, one of which may be
suitable or more adaptable to the commodity to be
shipped. It is the joint responsibility of the shipper
and the carrier to make every effort to assure safety
in transit, as well as safe arrival at destination.

b. Explosives and other hazardous articles. De-
partment of Transportation regulations for the
preparation of explosives and other hazardous ar-

ticles for transportation by highway common car-

riers, construction of containers, packing, marking,
etc., are contained in American Trucking Associa-

tion, Inc., Publishing Interstate Commerce Com-
mission Regulations for the Transportation of

Explosives and other hazardous articles by Motor,
Rail and Water, Current Issue. This publication is

normally filed in the office of the installation trans-
portation officer.

TRUCK/TRAILER LOADING

3-914. Loading

a. Importance ofproper loading. The delivery of
truck and trailer shipments in good condition de-
pends to a large extent on the manner in which the
vehicle was loaded and on the care which was taken
in preparing the vehicle for loading. Personnel re-

sponsible for loading, blocking and bracing freight
should have available for use and be familiar with
the rules for the proper loading and servicing of
shipments. Shipments of explosives and ammuni-
tion will be loaded in accordance with approved
procedural publications/drawings issued by the Mil-
itary Services.

b. Tight loading. The most important single fac-
tor contributing to the prevention of damage in
truck and trailer loading is that of tight loading,
which cannot be overemphasized. Rarely does the
material to be shipped fit a closed truck, van, or
trailer without side slack or end slack, particularly
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when the front end is rounded or curved. In most
instances slack may be taken up with bulkheads or
dunnage.

c. Difficulty oftie down. The construction of pres-
ent day closed trucks, vans, and trailers does not
facilitate tight loading, blocking, or bracing. Most
commercial closed trucks, vans, and trailer bodies
are made ofaluminum, plywood, or other thin metal
shells designed to protect the materials from weather
in transit. Ordinarily, provision is not made for the
essential requirements of blocking, bracing, or tie
down. The safe bracing of high center of gravity
items in closed trucks, vans, and trailers presents
a problem calling for good judgment, ingenuity, and
sound workmanship to assure safe arrival of these
items at destinations.

d. Variation in vehicles. Physical dimensions,
capacities, weight limitations, and load distribution
oftrucks and trailers vary greatly. These variations
preclude the covering of all types of loads. Accord-
ingly, the methods or procedures described must
be considered typical and will be adapted to indi-
vidual loads of various commodities as required.

e. Containers loaded with ammunition on quali-
fied flat bed trailers will be tied down on the flat
bed in accordance with approved regulations.

3-915. Balanced Load. Equal distribution of load
is just as important in truckloading as in carloading.
The importance of weight distribution is shown in
figures 3-137 and 3-138.

3-916. Load Movements
a. Causes of load movement.

(1) Forward movement. The forward move-
ment of loads, if not braced properly, will be caused
by-

(a) Braking of vehicle on steep descents.
(b) Sudden stops to avoid hitting pedestrians

or vehicles.
(2) Rearward movement. The rearward move-

ment of loads, if not braced properly, will be caused
by-

(a) Ascension of steep hills.
(b) Load rebounds after the sudden appli-

cation of brakes.
(c) Sudden increase of speed in order to avoid

an accident.
(3) Lateral movement. The lateral movement

of loads, if not braced properly, will be caused by-
(a) Rounding corners on sharp curves.

(b) Traveling on high crowned or banked
roads.

(c) Swerving to avoid accidents.
b. Prevention of load movement.

(1) General. All of the movements of loads may
occur when vehicles are traveling on rough or un-
paved road or when traveling over snow and ice.
However, practically all load movement can be pre-
vented or eliminated by proper blocking and brac-
ing. All loads will be balanced in the vehicle
lengthwise and crosswise before the vehicle is re-
leased. Precautions will be taken to prevent vertical
movement because of sudden stops or travel over
rough terrain; as vertical movement can cause the
breakdown of good blocking and bracing practices.
If the load is not tight or is out of alinement, the
unbalanced loading will cause unequal pressures.
The use of bulkheads, separation gates, dividers
(lengthwise and crosswise), layer separations, run-
ners, blocks, cleats, and strapping properly fabri-
cated and applied, will eliminate or prevent all load
movement.

(2) Forward movement. Forward movement
can be prevented by shoring firmly against the front
or nose bulkhead. The front bulkhead serves to
square the load and to distribute load pressures
over the frontal area of the vehicle rather than just
at points of contact. When vehicle, furnished by the
motor carriers, has a rounded or streamlined front
end or an end other than square and the material
to be loaded is a critical item, a delicate or fragile
item, or an item that requires special protection
and straight alinement to assure safe arrival at des-
tinations, front bulkheads of a type and size com-
patible with the weight and type of commodity to
be shipped may be used. A typical nose or front
bulkhead is shown by figure 3-139. Front bulkhead
detail and installation is shown by figures 3-140 and
3-141. The use of front bulkheads is not necessary
in square nose trailers or vans unless the nose of
the trailer or van has been bulged by forward load
movement in previous shipments. If such a condi-
tion exists and the material to be shipped falls in
the category previously outlined, the front bulk-
head should be used.

(3) Rearward movements. Rearward move-
ments can be prevented by use of a rear bulkhead
or gate. The rear bulkhead or gate must be braced,
either with diagonal supports back to the door posts
of the vehicle or by secured risers against the door
posts and the bulkhead or gate. Backup blocks must
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45% 14% 43%

Trailers are also designed for uniform
Load distribution, shon by the above

aketchea. The fundamental difference
betveen Loading trailers and trucks is:

in the case of trucka, the averase design

providea for about 90 of the payload

the rear tires and 10 the front tires.

n the of trailers, the payload should
be distributed equally between the rear tires

an the filth heel which transfers its load

to the truck-tractor.

WRONG
With part load with vary heavy load

hvin8 Little bulk, it is common practice to

put it at the front end o the trailer to get
tractlon truck-tractor tires. This

overloads the truck tires and shortens their

ileage life, o say nothing o bending the

RIGHT
truck axle housing. Application of

trailer brakes may Xock wheels, tire

flat spots, skidding, both.

The load should be distributed the full

lenath of the trailer floor platform.

WRONG

These examples obviously wrong, In
the of the first trailer, the heavy
load at the is overloading the rear
trailer tires. There is pracclcally
load the fifth wheel, and the truck-
tractor tires would certainly slip

en away rubber. Braking distribu-
tion ould also be very

Tail gate loadln8, of course, should
be practiced, tn Che interest

of speed, it puts strain

the equipment, and frequently results in
serious accidents.

WRONG

$#e obove for the correct method of/oodin.

Figure 3-187. Approximate distribution of total weightvehicle plus payload.
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WRONG RIGHT

WRONG
should not

brs

RIGHT
This Zoadg hu eual load tires

ght1 ot cssm ort

This obove exomple oppIies lo frucks ond ffoi/efs olik#.

WRONG RIGHT
Again, tho proper1 for a cm-

cntratod load ltko this is Just ahead
o tho mar axle, lth t lngst sldo

WRONG
This type of loading results

of the wrong vehicle for the ob.
loadXng n ramtlt. rough roads
actual ptotAng of tho truck m its rear
wheel &d taking the front wheels
off the road.

RIGHT
k tractor-trailer combinatlm Is

proper ehlcle for /n seryioo llko this,
By using the proper vehtcle
truck and tirs and even serious 8idente
nay be avoided,
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Figure 3-138. Examples of right and wrong truck loading.
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4X4
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Figure 3-139.

be driven into place and nailed to the risers and
gate to eliminate slack (A and B, fig. 3-142 and figs.
3-143 and 3-144).

(4) Lateral movement. Lateral movement can
be eliminated by the use ofspace fillers, longitudinal
separators, steel strapping, and by the use of rigid
blocking and bracing devices.

3-917. Types of Loading

a. Wheeled containers. Closed trucks and trailers
should be considered as large containers on wheels;
as such, the interior bracing or blocking of the ve-
hicle should conform as near as possible to the pack-
ing of individual containers. Through the use of
filler material, bracing, blocking, separation gates,
and layer separators it is possible to adapt the wide
variety of items to the dimensions of the vehicle.
Interior blocking and bracing provides cushioning
and interior packaging to the material in this
wheeled container and also protects the vehicle.
Cargo containers of ISO/ANSI standards loaded

Front bulkhead.

with general commodities will also use conventional
blocking and bracing methods.

b. Adaptability of vehicles. The truck and trailer
is adaptable to the many and various types of loads
required to move the varied types of commodities
such as, heavy or light items, fragile, bulky, com-
pact, dense and rough, and high center of gravity
items. In order to accommodate this variety of
items the shipper must plan the load; properly pre-
pare the truck; and block and brace accordingly.
One method of preparing a truck for shipment of
cylindrical items is shown by figure 3-14..

c. Unit loads. There are many types of loads suit-
able for truck loading, that is, the bonded block load
for materials shipped in fibreboard containers; brick
wall method; key sack method; paper retaining
method; and lengthwise crosswise methods for load-
ing bagged materials. However, the key sack
method of loading is restricted to cloth bags and is
not recommended for multiwall paper sacks. Paper
retaining method of loading can be used for full
truck load or stop off load (see A, fig. 3-146).
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4X4

Figure 3-150. Front bulkhead--positioned in trailer, detail of bulkhead.

d. Step down load. In the step down type load,
the bulk of the weight is on the axles and is stepped
down to the center of the vehicle. The stepping
down of the load is achieved by use of a riser; the
height of the riser must be half the height of the
unit or container being braced. The item or con-
tainer may be utilized as a riser; however, in most
instances, the riser should be fabricated from lum-
ber or other suitable material (see B, fig. 3-146).

e. Palletized loads.
(1) Advantages. The advantages of a palletized

load is that a quantity of small packs or units can
be consolidated into a few large packs; thereby re-
ducing the number of handlings. For example: 300
containers of a given item can be consolidated into

10 pallet loads, thus, reducing the number of han-
dlings by plus 96 percent. Consequently, the num-
ber of handlings involved in loading and unloading
may be reduced from 300 to 10. Accordingly, pal-
letization of materials for shipment would be ben-
eficial to both the shipper and the carrier. Explosives
and ammunition will be palletized in accordance
with approved procedural publications/drawings is-
sued by the military services.

(2) Forming pallet loads. Palletized loads may
form a full uniform load, a tiered load, a staggered
load, or a strapped load. The load should be bal-
anced, weight should be evenly distributed, and
blocking and bracing should be kept to a minimum.
A staggered load of palletized items is illustrated
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Figure 3-151. Front bulkheadpoeitioned in trailer, detail of bulkhead.

by figure 3-147. The pallets are staggered to obtain
a compact balanced load.

(3) Pallet size for maximum utilization. Pal-
lets must be suitable for handling by all media of
transportation for maximum utilization. The gen-
eral service pallet 40 by 48 inches meets these re-
quirements.

fi Strapped pallet loads. Generally, pallet loads
are strapped fore and aft and are secured on all
sides. Blocking and bracing is kept to a minimum
as the weight of the load combined with floor block-
ing of the bottom tier prevents the load from shift-
ing in transit.

g. Flat-bed truck and trailer loading. The basic
principles of weight distribution, tight loading, and
prevention of load movement all apply to the load-
ing of open top vehicles. Materials loaded on an
open top vehicle will be secured to the vehicle to
prevent any possibility of the load shifting or falling

off the vehicle, shifting and contacting other traffic,
fouling underpasses, culverts, bridge abutments,
and creating a hazard to pedestrians. When the
trucks and trailers, either open or closet!
itary equipment, it will be the responsib:
driver to assure that the vehicle is properly ivaded
and the load secured before the vehicle moves.

3-918. Freight Loss and Damage

a. Adherence to methods and techniques to pre-
vent loss and damage. Adherence to prescribed
loading and securing methods and techniques will
help reduce loss and damage to shipments in transit
to a minimum.

b. Visible loss or damage. Visible loss or damage
existing at time of receipt of a shipment should be
observed and properly recorded by the receiving
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3-102

!. Upright, 2" 6" (3). 4. Diagonal, 2"x 4" (1).
2. Focing members, I"’x 6" requ’red

by height of Iood 6. Back-up cleat, 2’x 4" (2).
3. End brece, 2" 4"

A. Poslt’oned ;n trailer.

DOOR

B. Rear blkhead

Figure 3-142. Rear gate.
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I. Rear gate f.ce member, l"x 6" (4).
2. Rear gate verticals, t" 4" (2).
3. Rear gate verticals, 2" 4" (2).
4. Crass brace 2"x 4", nailed to kickers (2).
5. Top layer fillers, I" dunnage needed.
6. Bottom layer fillers, 1" dunnage needed.
7. Cross bruce, 2"x 4", nailed to floor

kickers (1).

8. Kicker, 2" 4" nailed to floor (2).
9. Upright, 2"x 4" nailed to door

10. Upright support, 2"x 4", nailed toStpo (2).

2" 4" vertical (4).
11. Kicker, 2"x ,", nailed to upright and

upright support (2).

Figure 3-13. Rear gate positioned in truck.
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I. Rear gate vertical, 2"x 6" {3).
2. Rear gate face member, I" 6" (6).
3. Backup cleat, 2"x4" (I).. Backup cleat, 2"x6" (1).

Upright, 2"x 4" needed.

6. Spacer, 2" dunnage needed
7. Upright, 2"x 4" nailed to door post.
8. Filler strips, I" dunnage needed.
9. Filler strip, 1" dunnage needed.
I0. Upright, 2"x 4" needed.

Figure 3-1. Rear gate and dunnage.
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1. Sidewall reinforcement, 2" 12" edge. 6. Fore and aft strapping, 11/4" 0.035", precut
2. Backup strip, I"x 6" edge. and positioned undersleepers.
3. Slacers, 2"x 4", naihd to sleepers. 7. Center riders, 4" 6".
4. Sleepers, 1" 6", nailed to flo. 8. Center braces, 4" 4".
$. Intermediate riders, 4"x 4". 9. I:nd piece, ,"x 1".

Figure 3-15. Preparatory shorin9 for cylindrical items.
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A. Paper retoining method

RISER 2" LUMBER
IHALF HEIGHT OF
UNIT CONTAINER)
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|, 5topped down

Figure 3-146. Loading.
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4

1. Front bulkhead, figure 2.
2. Sleeper, 2 2" 4", halted together.
3. Athwartships strapping 3/4" 0.035 (2)

per unit for unitizing tiered pallet loads.
4. Fore and aft strapping, 3/4" 0.035"--(2)

per unit for unitizing tiered pallet loads.

$. Seals, 3/4"-1 required per strop, al seals
must be double crimped.

6. Pallets, Standard Navy, 0" 48"
7. Rear gate, similar to figure 3.

Figure 3-157. Staggered palletized loading.

personnel in accordance with the procedures of the
appropriate military department.

c. Concealed loss or damage. A complete report
of circumstances, including the time damage to or

loss of shipment was observed, should promptly be
made to the appropriate local military freight traffic
personnel responsible for initiating basic freight
claims action, whenn

(1) Damage to or shortage in a shipment was

not observed at time ofreceipt from the commercial
carrier (concealed loss or damage).

(2) Damage or shortage is discovered while

being stored, processed, or reshipped from storage.
(3) It can be shown that the loss or damage did

not occur after the material left the custody of the

carrier.
(4) It is indicated that the loss or damage oc-

curred during the transportation.

3-919. Instructions for Securing Materials
Transported by DOD-Owned Motor Ve-
hicles

a. General. Every truck, semitrailer, full trailer,
and pole trailer used for transporting cargo over
public streets and highways will be equipped with
bulkheads, tie downs, side boards, and blocking as
hereinafter specified. Combinations consisting of a
truck trailer and a pole trailer shall have the option
of providing a bulkhead mounted either on the front
of the pole trailer, or behind the drives com-
partment of the tractor. When the bulkhead re-
quired is mounted on the tractor, the lading on the
pole trailer will be securely fastened with tie downs
meeting the requirements listed herein.

b. Bulkhead requirements.
(1) Height and width. Bulkheads will be of such

height as to block the forward motion of any piece
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of lading on the vehicle, or alternately, as high as
the driver’s compartment of the vehicle or combi-
nation. Bulkheads will be of such width as to block
the forward motion of any piece of lading on the
vehicle or alternately, as wide as the widest portion
of the vehicle.

(2) Strength. The ultimate strength of the bulk-
head will be such that it is capable of withstanding
a horizontal forward force equal to one-half the
static weight of the cargo carried when such force
is distributed over that portion of the bulkhead ex-
tending from the floor of the vehicle upward to a
height sufficient to stop the forward movement of
any piece of lading carried on the vehicle or to the
height of the driver’s compartment of the vehicle
or combination whichever is the lesser height.

(3) Penetration resistance. Bulkheads will be
so designed, constructed, and maintained as to re-
sist penetration by any piece of lading carried on
the vehicle when such vehicle is subjected to the
maximum deceleration of its service brakes. Bulk-
heads will not have openings large enough to pass
the smallest piece of lading carried on the vehicle.

c. Blocking and bracing requirements.
(1) Cargoes subject toforward shifting. On ve-

hicles carrying cargoes which cannot be placed
firmly against the forward bulkhead, suitable block-
ing and bracing or tie downs will be provided in
addition to the bulkhead specified in b above to
prevent the forward shifting of such cargoes when
the vehicle is subjected to the maximum decelera-
tion of its service brakes.

(2) Cargo subject to side shifting in transit.
Vehicles carrying cargoes of such nature as to be
subject to side shifting in transit, even when
equipped with sideboards or stakes as required in
e below, will have in addition such cargo securely
blocked or braced to the sides of the vehicle.

d. Tie down requirements. Every cargo-carrying
vehicle will be equipped with either sideboards or
tie down devices designed to prevent the falling,
shifting forward, or backward motion of any lading
being carried. Tie down devices will be as follows:

(1) Ifthe vehicle is without sideboards or sides,
it shall be equipped with a minimum oftwo tie down
devices on load lengths of 21 feet or less. For loads
over 21 feet a minimum of three tie down devices
will be used and an additional tie down device for
each 10 feet of load length over 30 feet. Additional
tie down devices will be provided if necessary to
secure each piece of lading being transported,

either by direct contact with the tie down device
or by use ofdunnage contacting sufficient individual
pieces of the lading and the dunnage then secured
by the tie downs.

(2) Each tie down device will be equipped with
a load binder, Federal specification GGG-G-325,
Binder, load. The binder chain will be attached to
the tie down bar or to such other tie down devices
provided by the truck manufacturer. When vehicles
are not equipped with tie down devices, the binder
chain will be of sufficient length to pass over the
cargo and underneath the vehicle body or flat bed,
stake sides, or pole trailers. Chain will be 3/s inch
steel BBB Coil Chain in accordance with Federal
specification RR-C-271, Chains and Attachments,
Welded, Weldless and Roller Chain. Binding chains
will be adjusted as tight as possible.

e. Stakes and sideboards. Vehicles carrying cargo
not secured in compliance with (1) above will be
equipped with sides, sideboards, or stakes; a rear
end gate; and header board. Stakes, sideboards,
end gate,, and header board will be of no lesser
height than the load carried, and without an opening
large enough to pass the smallest article on the
vehicle as loaded.

f. Long material. When cargo, such as long
lengths of pipe, piling, telephone poles, or similar
material, is carried on pole trailers and it is of such
length that the cargo must be used for connecting
the front and rear bolsters, uprights, the height of
the cargo will be inserted in pockets on the right
and left side of each bolster. Such uprights will be
tied together above the load. Also, the cargo will
be bound together by a binding chain at the center
of the load length. A red flag will be tied to the end
of oversized material for safety purposes.

g. Vehicles exemptfrom tie down requirements.
Vehicles transporting articles which because ofsize,
shape, or weight require special vehicles for their
carriage or special methods for their fastening, are
exempt from tie down requirements stated herein.
Loads on such vehicles, however, will be securely
and adequately fastened to prevent any forward,
backward, or sideward motion of the load when the
vehicle is subjected to the maximum deceleration
of its service brakes.

h. Acceptable loads. Department of Defense
drivers will not be permitted to move a load if the
load is not secured in compliance with these instruc-
tions when such loads are offered for transporta-
tion over public streets and highways.
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Subsection 3. PNEUMATIC DUNNAGE

3-920. Use and Maintenance of Pneumatic Dun-
nage

a. Use. Pneumatic dunnage is an airtight bag
with a valve or valves for inflating and, in the case
of reusable types, for deflating. It is designed to
occupy void spaces in loaded rail, highway ormarine
conveyances, including intermodal containers, to
secure shipments in transit. Pneumatic dunnage is
no for use in aircraft. It may no be used to secure
explosives or other hazardous articles without prior
approval of the Bureau of Explosives. Also, it can-
no be used to secure loads of military explosives
and ammunition.

b. Types and sizes. Pneumatic dunnage is avail-
able in two types--reusable (fig. 3-148) and dis-
posable (fig 3-149). The nomenclature is "Dunnage,
Pneumatic, Cargo Shoring--Type I Disposable and
Type II Reusable." Both are covered by Federal
specification PPP-D-1427. Units are available
through normal supply channels from the Defense
General Supply Center, Richmond, VA. Sizes of
pneumatic dunnage adopted by the Department of
Defense as most suitable for general use are as
follows:

Inflated size Deflated size Weight (approx)

Type I 36 x 48" 36" x 58" 12 lbs
(Disposable) 48" x 48" 48" x 58" 18 Ibs

48" x 71" 48" x 82" 22 lbs
48" x 96" 48" x 106" 26 lbs

Type II 48" x 48" 57V2" x 57/2 18-22 lbs
(Reusable) 48" x 72" 57V2" x 81/2" 26-29 lbs

(1) Reusable pneumatic dunnage can be utilized
for an indefinite number of shipments. It is fabri-
cated from high tensile strength,’finely woven, ny-
lon fabric treated with a rubber or rubber like
compound and vulcanized as a single unit. (Units
equipped with a removable bladder are also cur-
rently in the system. This design has been outdated
by the specification listed above, however, these
units should be used until no longer serviceable.)
The unit has a high-flow valve assembly which con-
sists of a threaded valve body molded into the dun-
nage unit. On some models the inflation valve has
a metal washer and special nut to anchor the valve
body to the dunnage unit. On these models a valve
stem screws into the valve body and is secured by
a chain attached to the metal washer. Other man-
ufacturers use an "0" ring type inflation valve
which incorporates a valve cap and a valve insert
which houses a check disc.

Reusable pneumatic dunnage units bear a serial
number. This affords opportunity for control pur-
poses. Units can normally be returned to the ship-
per without significant expense or problem. When

used for dunnaging rail shipments, most tariffs pro-
vide for the free rail return of the units by the
reverse of the inbound routing. Where free return
is not provided, tariffs will indicate the charges in-
volved. Where return cannot be reasonably achieved,
disposable pneumatic dunnage units may offer a
cost advantage.

(2) Disposable pneumatic dunnage, which is
designed for one time use, consists of an inner bag
made of high-density airtight polyethylene encased
in layers of 100-pound test extensible kraft paper.
The outer layer of kraft paper is coated with a
weather-resistant polyethylene coating. The ends
of the bag are sealed by a procedure in which the
polyethylene inner bag and all layers of paper are
wrapped around a 7/1e-inch wooden dowel. The inner

bag and paper are held in position on the dowel by
a I/s-inch-thick tubular metal sleeve. An inflating
valve is heat sealed into the inner bag. This valve
is not designed for rapid deflation of the unit. At
destination, disposable pneumatic dunnage is de-
flated by cutting or otherwise puncturing the bag.

c. Dunnage. There are two principal considera-
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Figure 3-148. Reusable pneumatic dunnage unit complete.

tions in dunnaging ofmaterial in transportation con-

veyances, i.e., performance and cost. Regardless
of costg, the selected methods must do the job; how-
ever, there is usually more than one method that
will achieve the performance goal; hence, cost
comes into clear focus. Over many years of expe-
rience, the application of fixed dunnage is well
understood. This technique is explained elsewhere
in this section. So that a method may be properly
explored in determining the most preferable dun-
nage to install under a given situation, the following
recount advantages and considerations in use of
pneumatic dunnage:

(1) Allows more rapid installation and removal
than conventional dunnage. Under many applica-
tions, this method is more economical in total than
other dunnaging methods (d below).

(2) Provides a highly resilient load restraining
method.

(3) Provides relatively low pressure bracing
(2 to 5 PSI) for loads. (Inflation pressure for pneu-
matic dunnage units in truck trailers/containers

must not exceed 3/4 PSI max.)
(4) Is capable of tightening loads in which com-

pactness was not sufficiently achieved during load-
ing; however, efficiency of loading procedures should
not be reduced because of this corrective action of
pneumatic dunnage. (There is no substitute for
proper loading, regardless of type of dunnage ma-

terial used.)
(5) Is capable of repositioning cargo loads

shifted by sudden impact and also will expand to
take up slack developed through normal load jos-
tling in transit. When a load does shift on sudden
impact, the dunnage unit cushions the load, whereas
fixed bracing does not. This cushioning action is
advantageous for even slight impacts.

(6) Is capable of retaining adequate cushioning
air pressure during long-distance shipments up to
30 days.

(7) Is not seriously affected by changes in tem-
peratures and altitude encountered during surface
transport (pneumatic dunnage is not for use in air-
craft).

d. Comparative dunnaging costs.
(1) Use ofpneumatic dunnage can result in sub-

stantial savings in certain applications when used
in lieu of conventional type dunnage. To effectively
assess the possibilities of savings by use of this
method as compared to fixed dunnage in aparticular
situation, it is necessary to consider the following:

(a) Manhours required for the dunnage op-
erations as well as hourly rates for workers (skilled
car blockers are not required for pneumatic dun-
nage).

(b) Cost of conventional dunnage material as
opposed to the cost of reusable pneumatic dunnage.
In the case of reusable pneumatic dunnage, usage
cost is obtained by dividing the original cost of the
unit by the number of trips expected from the unit
(could range up to 100 or more trips).

(c) Miscellaneous costs to include any cost of
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Figure 3-159. Disposable pneumatic dunnage unit complete.

return of reusable pneumatic dunnage, as well as
administrative costs to control accountability.
Maintenance ofthe reusable units is considered neg-
ligible.

(d) Salvage value of conventional dunnage.
(e) Dunnage removal costs.

The choice between use of disposable or
reusable pneumatic dunnage. Where the return of
dunnage units can be reasonably assured, the reus-
able types are generally the more economical to
use. The choice to be made is not solely ajudgment
as to whether pneumatic dunnage is more econom-
ical to use than the more conventional methods, but
also a further determination must establish which
type and size of pneumatic dunnage offers the
greater cost advantage.

(g) Loading pattern. A pattern whichresults
in the very minimum void space so as to obviate the
use of any dunnage is the most economical proce-
dure. When applied to specific dunnaging problems
employing various methods for staying a load, the
savings to be realized through application of pneu-
matic dunnage are in direct relation to the type and
extent of conventional dunnage which would oth-
erwise be utilized.

e. Accessories. In addition to a source of com-
pressed air, an inflation kit (fig. 3-150) is required
for the use of pneumatic dunnage (reusable or dis-
posable). This kit consists of an air pressure gauge
0-15 pounds with 1 pound graduations and an in-
flato gun (air chuck) with a /4 inch inside pipe
thread. The gauge and gun are each fitted with a
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INFLATOR GUN

Figure 3-150. Pneumatic dunnage inflation kit.

special rubber tip that seats into the valve. On oc-
casions where inflation pressures must be more
finely controlled (such as use in truck trailers or
when dunnage is securing fragile or critical items),
an inflation gauge with 1/4-pound graduations should
be used.

f. Placement.
(1) Consideration ofthe characteristics ofpneu-

matic dunnage is required prior to use. Pneumatic
dunnage units secure load contents by exerting
pressure against the cargo surfaces facing the void;
therefore, it is necessary that the profile and phys-
ical make-up ofthe surfaces be capable of accepting
the pressures involved. Packaged or unpackaged
items of a very irregular contour or with sharp or

pointed edges may pose a problem in use or may
cause damage to the pneumatic units. Rough sur-
faces can also cause abrasion and wear. Cargo must
afford a rather solid, even surface for pneumatic
dunnage contact. The use of buffer boards (ply-
wood, fiberboard or lumber) to spread pressures
over a greater area may be desirable in some cases
to insure optimum results in use of pneumatic dun-
nage. Since cargo is loaded from the ends of a rail
car to the center, void space results at the door area

in the center of the car. Unless an extremely fragile
load is involved, there is no need to shore cargo
with dunnage units at ends of a car as adequate
dunnage units in center of the load will compress
cargo against the ends of the car. Use of dunnage
units on top of a load is not necessary since the
weight of cargo and lateral pressure of dunnage
units will restrict vertical movement. Pressure ex-
erted by the dunnage units will also generally re-
strain lateral movement of cargo. Additional units
may be used for positive insurance against any ex-
cessive lateral movement of fragile or critical ma-
terial.

.) Pneumatic units are designed to fill a 12-
inch void when inflated to 2 to 5 PSI air pressure.
(Pneumatic dunnage used in truck trailers/con-

tainers should not exceed 3/4 PSI as sides or ends
of trailer may be deformed by greater pressures.)
Where cargo loading would result in a void signif-
icantly larger than 12 inches, the load should be
planned, if practicable, to provide separate smaller
voids. In the interest of load security, maximum
cushioning, and wear upon the units, the dispersion
of dunnage units to several points in the load is

usually more desirable than placing two or more
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uags directly against each other to fill a large void.

A point to emphasize is that the initial inflation of

pneumatic dunnage within a void normally results
in a 2- to 6-inch expansion of the void depending on

the cargo load characteristics, hence what was a 12-
inch void may finally measure 14 to 18 inches.

(3) For load configuration adaptable to pneu-
matic dunnage use, each conveyance with a void
space ofapproximately 12 inches after cargo loading
(across width of conveyance) can accommodate po-
sitioning of at least one unit of pneumatic dunnage
or a row of the units to restrain the cargo. Figures
3-151 through 3-157 illustrate various sample pat-
terns that may be used to adapt pneumatic dunnage
to the various load voids and configurations. Note
that dunnage arrangement must be designed to se-

cure the entire lading. Buffer boards (may be of
various types depending on lading features) should
be inserted when rough surfaces of load may punc-
ture or abrade the pneumatic dunnage units, or
when pressure ofthe inflated units may damage the
cargo, or where the load faces offer a pattern that
would be difficult to stay without buffers. These
figures depict either disposable or reusable units.

g. Operational procedures.
(1) Installation.

(a) Measure void space between cargo sur-
faces where dunnage units are to be inserted. De-
termine number of units required based on horizontal
and lateral void spaces, number of rows of cargo,
number of tiers of cargo, and characteristics of
cargo. Determine size of units required based on
dimensions of surfaces facing the void. Determine
the number of buffer boards required, if any.

Note. Loading practices which insure tight cargo
positioning will minimize void spaces between containers
and reduce cargo movements upon dunnage inflation.

(b) Position dunnage units to ensure maxi-
mum effective contact with the part ofthe load they
are to brace. Top tier units of a 2-tier installation
which must be inflated several feet above the car
floor may be suspended in position for inflation by
hangers attached to dunnage handles (fig. 3-158).
This can be accomplished by spanning the void
space with a bar across the top of the two load
sections and then suspending the bags with wire
hangers hooked through the dunnage handles. Bags
are then inflated just enough to secure the units in
position. At this point, the suspending hangers and
crossbar should be removed to prevent binding the

hangers against the bags. Care should be taken to
assure that valves are positioned for ease of infla-
tion/deflatio and pressure readings.

(c) Inflate each unl so prover air pressure
using air compressor/air supply and inflation kit.
When more than one unit of pneumatic dunnage is
placed in a conveyance, the inflation process should
be alternated from one unit to another until all units
reach desired pressures. This will assure that each
unit will assume regularity in contour and size with
subsequent firm positioning. Inflation requires only
a few minutes per unit depending upon output vol-
ume ofair compressor/air supply. A high volume air
supply is most suitable. Each unit is designed to
normally cushion within a 2 to 5 PSI range as re-
stricted by load characteristics. Pressure may be
increased to a maximum of 8 PSI, depending on
load characteristics, when initially compacting cargo.
(Reminder: 3/4 PSI maximum in truck trailers/con-

tainers.) This over inflation must then be "bled off’
to the proper shipping pressure. When inflation is
completed, tighten each valve stem by hand (do not
use a wrench or pliers to tighten valve). Properly
inflated and positioned units will maintain correct
contour in void space, but an unrestrained, insuf-
ficiently restrained, or overly inflated unit Will tend
to assume a round shape and will transfer excessive
pressure to a limited area of the’cargo facing. When
inflating disposable pneumatic dunnage, inflate the
unit slowly until the bag has filled out; rapid infla-
tion has a tendency to crystallize the polyethylene
liner opposite the inflator valve.

(d) Measure the resultant void. If excessive
void is present, deflate units. (This deflation proc-
ess is more suitable for reusable units as disposable
units do not provide rapid deflation using valve fix-
ture.) Reposition cargo, if practicable, or insert ad-
ditional dunnage units in the void. when dunnage
units are correctly installed, they must be deflated
to the normal shipping PSI, usually 2 to 5 pounds
(3/4 PSI maximum inflation in truck trailers/con-

tainers) depending on cargo characteristics. As
mentioned above, deflation process is slow with
disposable units so excessive pressures should not
be built up.

(e) Figures 3-159 through 3-165 illustrate
various application patterns in use of disposable or
reusable pneumatic dunnage units. Observe that
figures 3-162, 3-163, and 3-164 depicting marine
carrier application show multiple dunnage units
positioned side-by-side for void filling. In this area
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3-151. Single void pneumatic dunnage bracing pattern.
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Figure 3-152. Larger dunnage units bracing higher loads.
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Figure 3-153. Multiple void bracing with pneumatic dunnage units.
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Figure 3-154. Pneumatic dunnage units in varied void arrangement.
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Figure 3-155. Pneumatic dunnage units staying load of various package sizes.

VIE

Figure 3-156. Pneumatic dunnage stays load laterally and longitudinally.
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BUFFER BOARD

Figure 3-157. Buffer board insertions.

Figure 3-158. Technique for hanging dunnage units preparatory to inflation.
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Figure 3-159. Load stayed wit] ultiple rows of duage ’ttits, size 48 by 48 iches.
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Figre 3-16t. For lo(td protectiott, btffer boards cotttplemettt 48- bg 96-inctt dtttage nits.
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Figure 3-16. Load void in vessel hold occupied by 8- by $8-inch unit.
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Figure 3-163. Two units placed side-by-side occupy load void in vessel hold.

Figure 3-164. Duage its itt process qf i,flatiot it vessel lower hold.
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Figure 3-165. Variable sized voids occupied by
dunnage units in stowage.

of use (marine), this procedure has proven accept-
able, notwithstanding the comments in f(2) above.

(2) Removal.
(a) Cut or otherwise puncture the disposable

pneumatic dunnage units at any desirable location
on the bag and remove from conveyance.

(b) Deflate the reusable pneumatic dunnage
units by releasing the valve. Make sure that defla-
tion ofunit(s) will not permit any unsupported cargo
to fall or shift to an unsafe position. Upon removing
unit from conveyance, roll up toward the valve end
to force the exit of any remaining air. This should
be done immediately upon removal and the valve
components retightened to prevent valve damage
or entry of foreign material. Units removed at des-
tination should be marked for inspection and repair,
as appropriate. Dunnage units should be placed in
a protected storage area if not to be immediately
returned to shipper. See b(1) above on return of
units. Keep buffer boards for further use, if prac-
ticable, upon removal from carriers.

h. Care and handling of pneumatic dunnage
units.

(1) Reusable pneumatic dunnage units should
be stored in areas that are relatively cool and not
exposed to excessive sunlight. A convenient means
of storing the units is to lay them out on pallets
equipped with superstructures so as to avoid ex-

cessive superimposed weight. Normally, not more
than 25 units should be contained within such a

storage aid. The units, with male valves securely
fixed in closed position, are to be laid flat. Folding
of the units for storage will tend to cause deterio-
ration ofthe unit at the fold area should they remain
in such position for extended periods, especially
with weight imposed on them. Disposable pneu-
matic dunnage units do not require any more pro-
tection in storage than given to other paper products.
They can be stored in the receiving container. Dis-
posable units have a recommended shelf life of 12
months.

(2) A reusable pneumatic dunnage unit must
be inspected and repaired, as necessary, when
puncture, abrasion, valve failure, or other defects
are evident.

(a) Inspectors should consider valve com-

ponents and surfaces of casing, mark areas requir-
ing patching; if punctures cannot be detected by
visual inspection, inflate unit to 6 pounds pressure,
brush soap suds over the valve area and other areas
of the bag to test for suspected leaks. Bubbles in-

dicate leaks and these leaks should be clearly
marked for repair. A sure way to determine the
pressure retention capabilities of the units is to in-

flate them to 4 to 6 pounds PSI; then set aside for
24 to 48 hours. A final check would then be made
before use to assure that they are holding adequate
pressure.

(b) Repair of reusable pneumatic dunnage
units can be accomplished as follows:

(1) Install new valve parts, if inspection
indicates a leaking valve.

() Patch punctures or tears. The damage
area must not exceed 6 inches in length nor be
within 3 inches of valve or bag seam. Repairs will
be accomplished with repair kit (available fromdun-
nage unit manufacturers). The instructions included
with the kits should be carefully followed. Reusable
dunnage units with major damage such as valve
deformation, seam damage, or any damage within
3 inches of the seam or valve should be returned to
the manufacturer for repair if the projected re-

maining life of the unit justifies such action.
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Note: For bladder type units remaining in system,
the repair considerations above will also apply to the
bladder.

15 September 1979

(3) Since disposable pneumatic dunnage is
for one-time use, there is no inspection for repair
nor any processing for return to shipper.

Section 10. UNIT LOADS
Paragraph

Policy .............................................................. 3-1001
Principles of unit loads .......................................................... 3-1002Types of unit loads 3-1003Advantages of unit loads ........................................................ 3-1004
Unitizing methods ............................................................... 3-1005
Unitizing loads by shrink wrapping 3-1006

3-1001. Policy

Maximum use will be made of unitized loads where
such use will result in an overall economy to the
Department of Defense. To conserve time, man-
power, equipment and reduce the possibility of pil-
ferage, unit loads will be used in receiving, storage,
and shipping operationswherever practicable. Items
which can be palletized will be formed into unit
loads as soon as received and handled as units
throughout the entire storage and materials han-
dling operation. Individual procedure publications/
drawings will be issued by the Military Services to
cover palletization of explosives and ammunition
commodities. It is mandatory that these publica-
tions/drawings be used when palletizing explosives
and ammunition.

3-1002. Principles of Unit Loads
a. The combining of numerous items into a unit

load of appropriate size which can be handled with
available equipment and within existing facilities
is most economical. The larger the number of items
handled as a unit, the smaller the handling cost per
item. The savings by this method can offset the
initial cost operation, and maintenance of the me-
chanical equipment required to lift and transport
the heavier loads.

b. To minimize double handling of material, non-
palletized items which are received in quantities
suited to palletization will be palletized at the ear-
liest practicable point during the receipt process
(fig. 3-166).

c. Practical limits to the application of unit loads
include the physical characteristics of the items,
size of pallet, storage area, elevators (size and ca-
pacity!, size of doors, capacities of available mate-
rials handling equipment, and aisle widths.

d. Generally, large rigid items (such as lumber,

pipe, and bar stock) need not be palletized but can
be bound into unit loads for mechanical handling.
As much tonnage as possible will be hauled in a
single trip.

e. The unit load principle can also be applied to
the design of the container for individual units or
items. For example, a 50-pound unit can be handled
in less time and at less cost per pound than two 25-
pound units. However, the weight of any unit or
container that must be eventually manhandled will
be limited by the strength of the average man. For
this reason the gross weight of these containers or
units should be limited to no more than 70 pounds
where possible.

Figure 3-166. Cartons palletized close to stock.for
unit handling.
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Figure 3-167. Nonbonded unit loads.

Figure 3-168. Boded unit load.

3-1003. Types of Unit Loads

a. Unit load. A unit load is normally composed
of two or more pieces or containers handled as a

single unit. Generally, the unit load will be sup-
ported on a pallet or on a base so designed that the
load can be picked up from any direction by mech-
anized handling equipment. When a special base is

not provided, the material will be arranged and tied
in such a manner that handling as a unit load will

be possible.
b. Palletized and containerized unit loads. Def-

initions, methods, materials, and techniques con-

cerning palletized and containerized unit loads on

standard general purpose pallets, skids, runners,
or pallet-type base will be in accordance with MIL
STD-147 (palletized and containerized unit loads
for 40" 48" pallets).

c. Bonded unit load. Frequently, because of the
type of material or items to be transported, or be-
cause of shocks and movement which .may occur
while in transit, it will be necessary to bond the
items comprising the unit load. The items will be

formed into a bonded unit load (with or without a

pallet) by means of adhesive, strapping, edge pro-
tectors, or other storage aids designed for this pur-
pose (fig 3-168). The bonded load will be designed
to remain as a unit, from the place of assembly to

the ultimate place of use, throughout all phases of

storage, handling and shipment.
d. Nonbonded unit load. Nonbonded unit loads

will be a type or shape that cai be deposited, with-

out bonding, on a load base and transported as a

unit during normal handling and storage operations
(fig. 3-167).

3-1004. Advantages of Unit Loads

a. Economy. Unit loads provide an economical
means of handling, storing, and transporting by
eliminating manual handling of individual items and
minimizing the incidence of pilferage.

b. Speed in handling. With unit loads, more ton-
nage can be moved in less than is possible with

other handling methods.
c. Utilization of cubic space. Material in unit

loads can be mechanically stacked to greater heights,
thus utilizing a greater percent of available cubic

storage space. Covered space is expensive; there-
fore, increased utilization will decrease the overall
cost of storage. During periods of increased re-

ceipts, the demand for storage space frequently
exceeds the supply. Utilization of cubic space is

even more important at this time.
d. Decreased damage to material. Incidence of

damage to material handled under the unit load
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.’oncept will be much less than for material handled
as individual containers through all steps of storage
and transportation.

e...Safety. Handling of material in unit loads is
safer for personnel. Many of the accidents most
common to storage operations occur where individ-
ual container handling is involved.

3-1005. Unitizing Methods
a. Nonpalletized unit loads. Usually, nonpallet-

ized unit loads (including lumber, steel and bar
stock) whether assembled for storage or shipment
willbe much larger in length than the normal pal-
letized unit load. However, the dimensions of non-
palletized unit loads should not exceed 48 inches in
either width or height (figs. 3-169 and 3-170).

b. Use ofstorage aids. Storage aids such as dun-
nage, collars, spacers, separators, strapping, and
others should be utilized when necessary to secure,
bolster, or protect unit loads in storage as well as
loads prepared for shipment. For details in the use

Figure 3-169. Nonpalletized unit load of boiler tubes.

Figure 3-170. Nonpalletized unit load of lumber.

3-126



15 September 1979

of these aids for storage purposes refer to chapter
V of this regulation. For their use in shipping func-

tions refer to MIL STD-147.
c. Cube dimension and weight requirements of

unit loads.
(1) The detailed requirements concerning unit

load cube dimensions and weight are contained in

MIL STD-147.
(2) Palletized unit loads made up for storage

and not for shipment may exceed the height and

weight limitations specified for unit loads designed
specifically for shipment. Deviations will be limited

to the following:
(a) Capacity of the materials handling equip-

ment.
(b) Stacking height of the unit.
(c) Unusual shape or size of items.

(d) Storage capacity of the building or stor-

age area.

3-1006. Unitizing Loads by Shrink Wrapping

a. Definition. Shrink wrapping. A process of en-

closing a load (usually pallet size) in a preformed
polymer bag or polymer roll stock and with the

application of heat, a reduction of the enclosure size
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occurs thereby creating a firm, form fit about the
load.

b. Types of shrink equipment. The major types
currently available are-

(l) Shrink chamber. This is a heat chamber or

oven (heat source can be gas or electricity) having
a single door for entrance and exit, and a conveyor
or movable platform to transport the load. The op-

erating temperature is automatically controlled and
the time the load is subjected to the heat is either

automatically or manually controlled. Length of
load time in chamber depends on film thickness and
film type. Approximate capacity is 30 pallets/hour.

(2) Shrink tunnel. This equipment has oper-
ating characteristics similar to the shrink chamber
with major differences being in feed mechanisms
and feed rate. With the exit door being a separate
opening and opposite from the entrance, a contin-

uous feed of pallet loads is possible handling a ca-

pacity of 35 to 60 pallets per hour depending on

type of equipment. Heat loss through the entrance
and exit openings can be contained either by ac-

tuated doors or air curtains. The tunnel is the
method necessary ifa high rate ofoutput is required
(fig, 3-171).

Figure 3-171. Shrink tunnel.
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Figure 3-172. Hand-held, portable heat cannon.

(3) Rotary tower. This type uses electrically
heated hot air to shrink the film as the load rotates
a full. 360 in front of the heat source. As only part
of the film is subjected to the heat at one time, a
slower output results.

(4) Ring type. This type uses a gas or electric
heat source contained within a square or rectan-
gular framework which is regulated to lower grad-
ually around the load. This method heats all four
sides as the heat source passes over the load. The
operation is automatic with cycle time again varying
with the gauge and type film used.

(5) Hand.held portable heat cannon (fig.$-
17). This is designed for sample load preparation
and limited quantity production. It is the smallest
and least costly piece of equipment available.

c. Types of shrink film available.
(1) A variety of shrink films is available and

the user must assess his particular requirements to
determine the density and type of film to be used.
There are two general categories of film, sheets
(figs. 3-173 and 3-174) and preformed bags (figs.
3-175 and 3-176).

(2) The preformed bags are more widely used,
each type being available in a wide range of thick-
ness, construction, and sizes. Some of the shrink
films available are listed below:

(a) Polyethylene.
(b) Polyvinylchloride.
(c) Polystyrene.
(d) Folypropylene.
(e) Polyester.
09 Polyvinylidene chloride.
(g) Rubber hydrochloride.

d. Shrinkfilm characteristics.
(1) Polyethylene film because of its perform-
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Figure 3-1 73. Flat sheeting.

Figure 3-1 74. Centerfold sheeting.

ance characteristics and low cost is the most widely
used. The ability to stabilize heavy loads becomes
apparent when it is realized that the applied shrink-
film surface area is approximately 10 percent
greater than the surface area of the palletized load.
Shrink tension is thus applied after this 10 percent
has been shrunk to fit the contour and allows the
film to become a structural part of the package.

(2) In film production, controlled stretching
builds stress characteristics into the film. Heating
the film releases the built in stresses causing it to
shrink. The film shrinkage can be controlled in two

directions, either in the circumferential direction
or height of the load.

(3) Thickness of polyethylene shrink film used
varies depending on the restraint requirements.

Most industrial applications use film 2.5 to 8 mils

thick. The ability of film to stabilize a heavy load
is easy to visualize when one realizes that a re-

straining force of 2,000 psi sometimes occurs over

the entire area of the load surface. This factor to-

gether with the inherent elasticity of film makes it

an outstanding containing medium.
(4) Shrink-film bags can be either centerfold or

gusseted types (figs. 3-175 and 3-176).The center-
fold bags are rolled, sealed, and perforated from

centerfold film and have their primary shrink
around the circumference of the load. This type of

shrink direction gives a more consistent shrink and
tends to keep film from pulling away from the bot-

tom ofthe pallet. This factor is extremely important
since the purpose of the application is lost if the film
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Figure 3-175. Centerfold bags.

Figure 3-176.

does not tightly grasp the pallet. The gusseted bags
are rolled, sealed and perforated from gusseted tub-
ing. The primary shrink here is in the vertical di-
rection rather than the circumferential. This type
of shrink direction tends to cause the film to pull
away from the bottom of the pallet. This can be
controlled by guiding the heated tunnel air primar-
ily to the bottom of the pallet.

e. Determiningfilm bag size and thickness. Bgs
are specified by width, depth, length and gauge.

(1) Bag size determination is based on the fol-
lowing:

(a) Width’approximately 4 inches more
than load width.
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Gusseted bags.

(b) Depth--approximately 4 inches more
than load length.

(c) Length--one half of depth of load plus
height of load (including pallet) plus 4 inches.

(2) Thickness (gauge) of the film material
needed is determined by the weight of the pallet
load and type of film to be used (para 5.1.2.3., MIL
STD-147).

f. Advantages of shrink urap. The advantages
of shrink wrap palletizing make it desirable for
many load bonding applications.

(1) Shrink films conform to odd shapes and sizes
thereby offering greater versatility in package size
reduction than conventional strapping.
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(2) Strapping impressions and product abrasion

are eliminated.
(3) The overwrap of shrink film shields the load

rom outside moisture conditions and also prevents
dust collection on the material. The load will fre-

quently lend itself to temporary outside storage

thereby easing warehouse problems.
(4) Shrink-film overwrap deters pilferage by

makingentry obvious when it has occurred. Opaque
film is also available which prevents ready identi-

fication of specific contents of the pallet.
(5) Shrink film is more safely removed from the

pallet load than conventional metal strapping.
(6) Shrink wrapping is more economical than

the standard combination of corrugated triple-wall
containers and steel strapping.

g. Disadvantages.

Note. Many of the disadvantages listed below also

apply to conventional metal strapping methods.

(1) Shrink wrap does not add stacking strength.
Stacking strength of noncartoned loads depends
upon the strength of the commodity.

(2) Shrink wrap provides no protection from

impact forces on sides or top of load.
(3) Interlocking pallet patterns are particularly

important in order to take advantage of the fric-

tional forces of the package surfaces to provide load

integrity.
(4) For best results, outside dimensions of the

load should be close to or slightly less than the size

of the pallet to allow the film to cling to the pallet.
(Film will perform adequately in most cases even

with a material overhang.)
(5) Plastic film is elastic in varying degrees.

Thickness and density of film must be carefully se-

lected to provide sufficient tension to maintain load

integrity.
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(6) When pallet loads are stacked, nail heads,
splinters, or rough surface of upper pallet can

abrade or tear film. (Such abrasions or tears, how-

ever, will not spread further by themselves.)

(7) Most films are adversely affected by sun-

light. (Ultraviolet inhibitor film can be used where
this protection is desired.)

(8) Satisfactory application offilm requires pre-

cise control of temperature and time during the

shrinking process.
(9) Shrink ovens occupy more space than con-

ventional strapping equipment.

(10) Some minor heat loss occurs in most con-

vection type shrink ovens. This must be considered

if such units are to be used in refrigerated areas.

(11) Shrink equipment for high speed operation
is more expensive than conventional equipment.
(This can be offset by labor savings and increased

production.

(12) Film envelope provides poor ventilation.
However, since film use is not a method of pack-
aging protection but a device to bond loads for

movement from shipper to customer, this is not a

serious problem.
(13) Some types of film may pose disposal prob-

lems. However, polyethelene is the most commonly
used and can be easily recycled. If recycling is not
feasible incineration or disposal in sanitary landfills
is preferred.

h. Safety. Shrink wrapping operations will be in-

spected at least every three months by installation

fire prevention, safety or health personnel. Matters
such as ventilation, use of protective equipment and
clothing, and potential fire conditions should be in-

cluded in this inspection.
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CHAPTER 4

MATERIALS HANDLING EQUIPMENT (MHE) AND PRINCIPLES

Section 1.

General ..........................................................................
Containers .......................................................................
Loading and unloading ..........................................................
Conveyors .......................................................................
Industrial trucking ..............................................................
Effective utilization of manpower ...............................................

4-101. General
a. Definition. Materials handling is the move-

ment of materials to, through, and from productive
processes; in receiving, storage, packing, and ship-

ping areas. While materials handling practices
vary, the basic principles remain constant. Since

these basic principles are sometimes overlooked,

certain underlying guidelines must be recognized.
b. Least handling is the best handling. The great-

est economy in moving materials is secured by not

handling the material at all. Since this situation

rarely exists, an attempt must be made to keep

.handling to a minimum.
c. Standardization of methods and equipment

aids the materials handling activity. Standardiza-
tion of equipment results in the reduction of costs
of operation, in that maintenance, repair, storage,

and issue procedures can be simplified.
d. Materials handling equipment must be se-

lected for a multiple number of applications.
Equipment selected should be chosen with the con-

sideration that flexibility is the key note (i.e., that
it can be used for multiple operations). Therefore,
emphasis must be given to the flexibility with which

equipment can be converted to handle other jobs.

e. Specialized equipment should be kept to a min-

imum. Materials-handling operations requiring
special equipment are costly. Normally, first cost,
cost of operation, and maintenance costs are greater
for special equipment than for standard equipment.

f. Volume dictates the method of handling ma-

terials. The number of pieces to be moved deter-

mines the method of handling. Regardless of the

BASIC PRINCIPLES
Paragraph
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size, shape or value of an item to be moved, the

first question to be answered before the selection

of method for moving: how many pieces are to be

moved?
g. Advanced planning on materials handling

methods and equipment should be carried on si-

multaneously wth other planning activities and
undertakings with full recognition of present and

futurefactors. The most essential phase of any pro-
gram is planning. To be effective, planning activi-
ties in our organizations must be coordinated. As
an example, some of the factors requiring advanced
planning are-

(l) Protection required against weather or

breakage.
(2) Legal and physical restrictions in reference

to transportation.
(3) The possibility of using unitized loads.
(4) The standardization of equipment and

methods.
(5) Combining materials handling methods.
(6) Safety hazards involved.

h. Lengths and number of moves of materials
should be kept to a minimum. Movement paths of
material should be studied for the possibility of re-

ducing "backtracking" and length of moves, result-
ing in better utilization of equipment and personnel.

i. Equipment capacities should never be
ceeded. The rated capacities of equipment should
never be exceeded. Overloading causes excessive
wear of equipment and creates additional accident
potential.

j. All materials handling operations should be

analyzed for improvement possibilities by elimi-
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nation, combination or simplification. Combina-
tion of operations may result in the simplification
and reduction of the number of times that material
has to be handled.

k. Selection of materials handling equipment is
based on the economies of operation. These econ-
omies are measured in cost ofmoving the materials.
Greater "pay loads" for each handling operation will
result in less handling cost per piece.

I. Physical state of materials is a factor in de-
termining MHE. The three physical states of ma-
teriai---solid, liquid or gas--determine the method
of containment (pack). Gases are contained in cyl-
inders; liquids such as acids are contained in car-
boys; and solids such as sheet and bar stock metals
may require wood skids. This, in turn, influences
selection of materials handling equipment.
m, Straight line flow. The shortest distance be-

tween two given points is a straight line. The time
required to travel a given distance is reduced by
following a straight line.

n. All materials handling operations shouldfol-
low a defined method. What causes variation in the
length of time required for handling a given prod-
uct? The method used in picking up, carrying to,
setting down, and returning from is always the
source of variation. The standardization of the
method will provide a basis for determining ham
dling requirements. It should be recognized that
the establishing of this method, normally, will not
require the detailed refinement as that used in such
studies as micromotion analysis.

o. Short, irregular moves lend themselves to
manual materials handling. Some materials ham
dling operations do not occur with any degree of
repetitiveness. The use of equipment for such an
operation may be much more costly than man-
power. When moves are short, irregular, and load
capacity of men not exceeded, it may be more eco-
nomical to use manpower.

p. Wherever practicable, materials should be
prepositionedfor the handling operations. Consid-
eration should be given following handling
tions. Such prepositioning moves as placing--

(1) Containers in a position to facilitate picking
up.

(2) Containers on a conveyor in such a manner
as to reduce accidents and lessen equipment dam-
age.

(3) Materials so as not to obstruct other ma-
terials movements, will result in reduced materials
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and equipment damage and a reduction in number
of accidents.

q. Wherever practicable, materials should be
moved in horizontal plane orwith the aid ofgravity.
When loading and unloading, personnel have to
reach either down or up, excessive effort is used
which might have been greatly reduced if the work-
place layout had been planned. The ideal lifting po-
sition is at the waist. The nearer to the waist that
a container or part can be picked up and disposed,
the greater will be the efficiency.

4-102. Containers.

a. Definition. A container is defined as a means
which provides the necessary inclosure, using com-
patible material arranged so as to properly retain
the product and restrain its movement to the de-
gree necessary for protection in handling, storage
and transportation. The proper selection and design
consideration given to each container reduces loss
or damage to parts and assures protection to the
container, especially the re-usable types.

b. Containers must provide necessary inclosure
to retain the productproperly and restrain its move-
ment to the degree necessary for protection, han-
dling and storing. The principle states the
requirements ofany container. The degree to which
the requirements are met depends on the economics
involved. The container required for ladders would
not have to retain or restrain the product to the
same degree as one for aircraft engines.

c. Minimum materials with maximum strength
should be used in container construction. When the
possibility of tiering exists, containers should be so
constructed as to support the maximum number of
filled containers which may be placed on its top.
While strength is required, a minimum of material
capable of insuring that strength should be used.

d. Containers should be designed for shipping
and storage, as well as for use at point of use. It
is often possible to design a container so that it acts
as a hopper or supply bin for work in process. When
this situation exists, storage area, cost of handling
and container costs may be reduced.

e. Unit load is basic, container incidental. Re-
gardless of the type of container used, the impor-
tant factor is the method of loading that container.
Greater economy is obtained through the use of the
unit load as more material can be moved at a single
time. The more pieces or pounds moved, as a unit
load in a single handling operation, the lower the
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cost per piece or per pound and the shorter the time

required to move any given volume.

f. Collapsible containers require less storage

space when empty, and can be returned at lower

transportation costs. Because of the high transpor-
tation costs, it is important that a thorough study

be. made before selecting returnable containers.

Some ofthe factors to be considered in the selection

of returnable containers are-
(l) First cost, including initial shipping from

container manufacturer.
(2) Cost of transportation to and from its des-

tination.
(3) Total investment required.
(4) Records involved.
(5) Potential loss resulting from damage to

product.
(5) Maintenance cost.
(7) Accumulating, segregating and storage

space involved at both user and supplier stations.

(8) Conservation of material resources.
(9) Number of re-uses likely to be made.

g. Containers must be standardized wherever

possible. Standardization of containers facilitates
materials handling, in that carriers, loading and

unloading devices, conveyors, measuring methods

and methods of handling can be standardized. When
containers are standardized the amount of equip-
ment necessary for handling can be reduced.

h. Unit loads should be increased to economic

maximum. Greater economy is obtained as the unit

load is increased, provided container or equipment
capacity is not exceeded. The more pieces carried

in one load, the greater the efficiency.

4-103. Loading and Unloading

a. General. Those familiar with materials han-

dling activities recognize the fact that the major

portion of personnel in that area are engaged in

loading and unloading activities. It is, therefore,
important that this materials handling function be

given a great deal of consideration. Loading and

unloading activities cover the necessary operations
to handle or transfer the many kinds of materials

to or from various carriers.
b. Where economical loading and unloading per-

sonnel should be replaced with mechanical devices.

Where volume, size and/or weight merit, mechan-
ical handling devices can be used economically. Such

devices as conveyors, industrial trucks, cranes,
etc., aid the loading and unloading activity. Safety
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hazards can be reduced and protection increased
when mechanical devices axe used in place of per-
sonnel. The opportunity for loss and damage of

packages is greatly reduced when manual handling
is kept to a minimum.

c. Proper loading and unloading will prevent
damage. In most instances, loose material is sub-

jected to more damage than properly packed ma-

terial. Adequate planning should precede any loading

operation, recognizing such factors as center of

gravity of carrier, adequate dunnage, heavy ma-

terial on bottom, rated capacity of carrier, possi-
bility of container and product damage while in

transit.
d. Points ofmatyriai pickup and delivery should

be kept to a minimum. A larger number of pickup
and delivery points will increase the loading and
unloading requirements, thus affecting manpower
and costs. The possibility of combining several
pickup points into one central point should be con-

sidered.
e. Where economical, material should be segre-

gated by source or destination. In segregating ma-
terial by source or destination, unnecessary shuffling

and reshuffling of material is eliminated. Segre-
gation of material for this purpose is advantageous
in all cases where volume is great enough to war-

rant.
f. High priority items should be placed in an

accessible location. Proper loading of high priority
material will expedite delivery at destination, so it

can readily be unloaded.
g. Area, materials, tools, and equipment should

be provided at proper locations. In the loading and

unloading ofbox cars, areas for dunnage, strapping,
strapping tools, lumber, tools, and other miscella-

neous equipment and supplies should be provided
at easily accessible points.

h. Adequate lighting and ventilation will facili-
tate loading and unloading. Proper ventilation and

lighting facilities will aid in the reduction of errors

and accidents in loading and unloading area. Port-
able lights and fans should be considered on docks

and carriers where needed.
i. Dock heights should, as nearly as possible, be

compatible wih bed height of carriers. This is pri-
marily achieved with bridge plates or permanently
installed adjustable ramps.

j. Expedited materials should be loaded and (-

loaded at a specific dock or location. Such items as

parcel post, air freight, express have the tendency
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to congest dock areas unless ample facilities are
provided. Normally, the "detention time" for the
agency, acting as carrier of expedited material, is
short; but the loading and unloading-delays which
they may create are costly.

4-104. Conveyors
a. Definition. A conveyor, excluding mobile

units, is defined as a device to move materials along
a defined path. The storage and shipment of units
in large quantities and materials handling depend
upon each other. Since conveyors are one of the
major devices for the handling ofmaterials, the task
of getting the highest efficiency and economy out
of the use of conveyors involves selecting the right
conveyor or system ofconveyors for the job. Today,
the conveyor is recognized as one of the more im-
portant tools in the materials handling field. It is
a cost-saving, energy-saving, and profit-making
modern mechanism.

b. Before selecting a conveyor as a purely trans-
porting medium, the economics involved should be
studied. The cost of placing the item on, or remov-
ing it from the conveyor may exceed the value
gained through the use of the conveyor.

c. Gravity conveyors should be used where prac-
ticable. When the analysis of the product indicates
that for loading and unloading highway and railway
equipment some type of conveyance is required to
facilitate the operation, roller feed gravity convey-
ors should be considered. Gravity conveyors are
used to advantage when loading or unloading small
containers as they reduce handling and the need for
industrial trucks, thus reducing detention time.
Maintenance cost for gravity feed conveyors is con-
siderably lower than for other means ofconveyance.

d. Conveyor speed controls rate of material de-
livery. The rate at which materials arrive at the
work station can be controlled by the conveyor
speed to maximize work station output.

e. Whenever practicable, conveyors should be
standardized. Conveyors should be purchased uti-
lizing standardized specifications to reduce the cost
of repair, the stockage of repair parts, and the cost
of maintenance training. Cost and repair data
should be maintained and used in the improvement
of specifications.

fi Wherever practical, conveyor loading and un-
loading should be accomplished by mechanical
means. A basic principle of any materials handling
operation is: ,’Do not handle the item except for
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performance of essential operations." Material should
be moved mechanically whenever possible with em-
phasis on movement through the entire operation
with minimized manual actions. Mechanical loading
and unloading of material should be emphasized
(i.e., items can be moved from belt conveyors to
power and free conveyors by automatic pickup sta-
tion). The use of mechanical handling aids will max-
imize the productive time of available manpower.

g. Synchronization ofconveyors eliminates waits
at transfer points and destination. Another advan-
tage of the variable speed conveyor is that it can
be set so as to tie in with other lines of operations.

h. Conveyor installations must provide adequate
clearances for industrial trucks. This applies not
only to the vertical plane, but also to the horizontal
plane. In conveyor installations, ample clearance
should be provided for industrial trucks and loads
to be carried.

4-105. Industrial Trucking

a. Definition. Industrial trucks are defined as
mobile equipment and accessories designed for in-
tradepot or on base facilities materials handling.
This covers a wide variety of mechanical equip-
ment, each designed to perform some materials
handling job efficiently. No one unit will perform
all operations.

b. An economic balance exists between the amount
ofequipment used and the volume ofmaterials han-
dled. Too often the amount of equipment available
is not sufficient. This results in the use of more
costly means of moving materials or not being able
to keep up with required schedule. The condition
sometimes exists where too many units are avail-
able; consequently, there are idle units. Through
proper performance records and planning the most
economical number of operating units can be de-
termined.

c. The distance to be traveled is the principal
factor in determining the proper equipment. "How
far" will determine the equipment to be used. A
tractor train is more economical to use for longhauls
than the fork truck. In some instances manual
movement is more economical when the distance is
just a few feet.

d. Industrial trucking operational costs should
be analyzed. It is important that an operational cost
record be kept ofevery unit ofequipment to provide
information which, among other things, may be
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used to improve preventive maintenance and the
selection of new equipment.

4-106. Effective Utilization of Manpower

a. General. Manpower is perhaps the most basic
facility for handling materials. Throughout the ma-

terials handling and processing cycle manual han-
dling may occur. In view of this condition each
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situation should be examined for possible improve-
ment.

b. Efficiency inMHE operations. Where a known
manual handling operation exists, it should be ac-

complished in an efficient manner to preclude re-

petitive handling at another stage in the material
processing cycle. An example would be proper pal-
letizing of material at the receiving dock to elimi-
nate repalletizing at the warehouse where the
material will be stored.

Section 2. ILLUSTRATED NOMENCLATURE
Paragraph

Introduction 4-201

Forklift trucks 4-202

Warehouse tractors 4-203

Truck, fixed platform, gasoline, or electric 4-204

Truck, straddle, carry 4-205

Crane truck, warehouse 4-206

Pallet-type handlift trucks 4-207

Tiering truck, electric (narrow-aisle type) 4-208

Warehouse trailers 4-209

Hand trucks 4-210

Dolly trucks 4-211

Conveyors 4-212

Pallets 4-213

Storage accessories and aids 4-214

4-201. Introduction

The illustrations in this section show some of the
basic MHE and storage accessories used by DOD
Components. The MHE equipment illustrated falls
into two basic categories: powered and nonpowered
as defined and set forth in Military Standard 137C,
Materials Handling Equipment. The inclusion of
MHE and storage accessories in this section does
not preclude the continued use or adoption of de-
vices with similar purposes.

4-202. Forklift Trucks

a. General.
(1) A forklift truck is a vehicle designed to pick

up, carry, and stack unit loads ofsupplies and equip-
ment. Standard forklift trucks are available with

lifting capacities of from 2,000 to 20,000 pounds and
lifting heights of from 100 to 210 inches. The trucks
are equipped with telescopic masts that permit
loads to be lifted beyond the height of the collapsed
mast, and most trucks have free lift, which is the

height .to which the forks can be raised before the
inner slides move upward from the mast and in-

crease the overall height. Gasoline-powered forklift
trucks may be equipped with solid-rubber or semi-
solid tires for use in warehouses or pneumatic tires
for use in outdoor storage areas; electric-powered
forklift trucks are equipped with solid-rubber or

semisolid (or cushion) tires for indoor operation
only. Forklift trucks are not designed to be used as

tow vehicles and should not be used for that pur-
pose.

(2) Whenever a truck is equipped with vertical
only, or vertical and horizontal controls elevatable
with the lifting carriage or forks for lifting person-
nel, the following additional precautions shall be
taken for the protection of personnel being ele-
vated

(a) Use of a safety platform firmly secured
to the lifting carriage and/or forks.

(b) Means shall be provided whereby per-
sonnel on the platform can shut off power to the
truck.

(c) Such protection from falling objects as

indicated necessary by the operating conditions
shall be provided.

b. Standard iems. The following types of forklift
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trucks have been adopted as standard for the mil-
itary services.

(1) Truck, forklift, solid or semisolid rubber
tires, 2,000-pound lO0-inch lift.

(a) Type ofpower. Gasoline.
(b) Load center. 24 inches.
(c) Standard operating aisle. 9’6" with 40"

load length.
(d) Application. This is a special-purpose

light duty forklift truck designed for use in areas
where low overhead clearance requires the use of
a truck with a low collapsed mast height. Also suit-
able for truck and rail car loading (fig. 4-1).

(2) Truck, forklift, solid or semisolid rubber
tires, 2,000-pound, lO0-inch lift.

(a) Type ofpower. Electric.
(b) Load center. 24 inches.
(c) Standard operating aisle. 9’6" with 40"

load length.
(d) Application. This truck is normally used

for essentially the same purposes as the gasoline-
powered model. It is widely used for handling ex-
plosives and flammables, when properly shielded,
and for operations that involve movement to and
from cold-storage areas (fig. 4-2).

(3) Truck, forklift, solid or semisolid rubber
tires, 2,000-pound 127-inch lift.

(a) Type ofpower. Gasoline or electric.
(b) Load center. 24 inches.

Figure 4-1. Truck .fbrklift, solid or semisolid rbber
tires, 2,000-pod, lO0-bch lift.

Figure 4-2. Truck, forklift, solid or semisolid rubber
tires, 2,000-pound, lO0-inch lift.

(c) Standard operating aisle. 9’6" with 40"
load length.

(d) Application. Basic light-duty truck for
indoor warehousing operations. Mast and lifting
height permit entry into rail cars. Maneuverability
allows fast and easy operation in cross and main
aisles. Lifting height and capacity are sufficient for
effective stacking of small, uniform, light loads.
Electric-powered models are more suitable than gas
for poorly ventilated areas and, when properly
shielded, for handling of flammable items and ex-
plosives (fig. 4-3).

(4) Truck, forklift, pneumatic tires, 2,000-
pound, 127-inch lift.

(a) Type ofpower. Gasoline.
(b) Load center. 24 inches.
(c) Standard operating aisle. 9’6" with 40"

load length.
(d) Application. This truck is used in essen-

tially the same manner as models with solid-rubber
tires, and may also be used for limited outdoor stor-
age operations in areas with hard standings and on
relatively smooth surfaces offering little tractive
resistance (fig. 4-4).

(5) Truck, .fbrklfl, solid or semisolid rubber
tires, 4,000-pound, lO0-inch lft.

(a) Type of power. Gasoline.

4-6



15 September 1979 DOD 4145.19-R-1

Figure 4-3. Truck, forklift, solid or semisolid rubber

tires, 2,000-pound, 127-inch lift.

(b) Load center. 24 inches.
(c) Standard operating aisle. 10 feet with

40" load length.
(d) Application. Standard low-mast, medium

duty forklift truck used in operations where low
collapsed mast height is necessary because of lim-
ited overhead clearance (fig. 4-5).

(6) Truck, forklift, solid or semisolid rubber
tires, 4,000-pound, lO0-inch lift.

(a) Type ofpower. Electric.
(b) Load center. 24 inches.
(c) Standard operating aisles. 10 feet with

40" load !en_gth.
(d) Application. Standard low-mast, me-

dium-duty electric forklift truck used in essentially
the same manner as the gasoline-powered model.
It is more suitable than gas for operation in poorly
ventilated areas and, when properly shielded, can
be used for the handling of flammable items and
explosives. It may also be used for operations in
cold-storage areas (fig. 4-6).

(7) Truck, forklift, solid or semisolid rubber
tires, 4,000-pound, 144-inch lift.

(a) Type ofpower. Gasoline or electric.
(b) Load center. 24 inches.

Figure 4-4. Truck, forklift, pneumatic tires,
2,000-pound, 127-inch lift.

Figure 4-5. Truck, forklift, solid or semisolid rubber
tires, 4,000-pound, lO0-inch lift.
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Figure $-7. Truck, forklift, solid or semisolid rubber
tires, $,O00-pound, l$$-inch lift.

It has maneuverability to operate in relatively con-
fined outdoor storage areas; and can operate sat-
isfactorily on many types of road surfaces and
graded areas, including cinders or gravel (fig. 4-8).

(9) Truck, forklift, pneumatic tires, 6,000.
pound, l7-inch lift.

(a) Type ofpower. Gasoline.
(b) Load center. 24 inches.
(c) Application. Basic heavy-duty truck for

outdoor storage operations. It has a longer wheel-

Figure $-6. Truck, forklift, solid or semisolid rubber
tires, $,000-pound, lO0-inch lift.

(c) Standard operating aisle. 10 feet with
40" load length.

(d) Application. This model is most widely
used in the military storage system. Because of its
versatility, it can be used for most general medium-
duty inside warehousing. It is capable of entering
rail cars for loading and unloading.

(8) Truck, forklift, pneumatic tires, 4,000-
pound, 144-inch lift.

(a) Type of power. Gasoline.
(b) Load center. 24 inches.
(c) Application. General-purpose medium-

duty forklift truck for outdoor storage operations.
Figure $-8. Truck, .forklift, pneumatic tires, $,000-

pound, lh$-inch lift.
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Figure 4-9. Truck, .forklift, pneumatic tires, 6,000-

pound, 127-inch lift.

base and greater stability than the 4,000-pound
model and can operate over rougher surfaces. Se-
lection of truck depends more upon size and weight
of load than upon lifting height. Low lifting height
and lack of maneuverability restrict adoption of
truck as a general-purpose, heavy-duty model (fig.
4-9).

(10) Truck, forklift, solid or semisolid rubber
tires, 6,000-pound, lO0-inch lift.

(a) Type ofpower. Gasoline.
(b) Load center. 24 inches.
(c) Standard operating aisle. 11’6" with

40" load length.
(d) Application. A special-purpose, heavy-

duty truck for indoor storage operations, principally
shipping and receiving. The truck may also be used
to handle and stack loads in low ceiling areas such
as vaults at ports of embarkation. Although mast
height permits entry into vans and rail cars, the
weight of the truck and lack of manueverability
must be taken into consideration before the truck
is used for direct loading or unloading. The truck
may be used, however, to transfer heavy or bulky
loads from rail cars to a tractor-trailer train (fig.
4-10).

(11) Truck, forklift, solid or semisolid rubber
tires, 6,000-pound 127-inch lift.

(a) Type ofpower. Gasoline or electric.
(b) Load center. 24 inches.
(c) Standard operating aisle. 11’6" with

40" load length.

Figure 4-10. Truck, forklift, solid or semisolid rubber

tires, 6,000-pound, lO0-inch lift.

(d) Application. Basic heavy-duty truck for
indoor storage operations. It is used when addi-
tional lifting capacity is required to handle heavy
loads. Electric-powered models, when properly
shielded, are used to handle explosive or flammable
items and in areas where gasoline-powered trucks
are impracticable due to possible damage to sup-
plies or harm to personnel (fig. 4-11).

(12) Truck, forklift, solid or semisolid rubber
tires, 6,000-pound, 168-inch lift.

Figure 4-11. Truck,.forklft, solid or semisolid rbber

tires, 6,000-pottd, 127-ittch li.ft.
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(a) Type ofpower. Gasoline or electric.
(b) Load center. 24 inches.
(c) Standard operating aisle. 11’6" with

40" load length.
(d) Application. A heavy-duty forklift truck

for warehousing operations. It is used principally
for stacking supplies above lift limit of light- and
medium-duty models. Greater lifting capacity al-
lows truck to handle bulky, oversize loads as well
as heavier, compact loads. Limited maneuverability
restricts use to wider operating aisles. High col-
lapsed mast height restricts use to buildings with
high ceilings and doors. Truck may be used for lira-
ited number of loading or unloading operations
when trailers or flatbed trucks are involved (fig. 4-
12).

(13) Truck, forklift, pneumatic tires, 6,000-
pound, 168-inch lift.

(a) Type ofpower. Gasoline.
(b) Load center. 24 inches.
(c) Application. A heavy-duty forklift truck

for outdoor storage operations. It is used principally
for loading and unloading flatcars and trailers at
yards, docks, and other outdoor shipping or receiv-
ing areas. The truck can be operated satisfactorily
on all types of road surfaces. Use of chains makes
it possible for truck to operate in snow (fig 4-13).

(14) Truck, forklift, pneumatic tires, 15,000-
pound, 210-inch lift.

115"

Figure 4-13. Truck, forklift, pneumatic tires, 6,000-
pound, 16-inch lift.

(a) Type ofpower. Gasoline.
(b) Load center. 24 inches.
(c) Application. Maximum-capacity truck for

outdoor storage operations. It is used principally
for loading and unloading oversize heavy loads and
for stacking and relocating large heavy materials
in outdoor storage areas. It is very often needed

113"

Figure 4-12. Truck, forklift, solid or semisolid rubber
tires, 6,000-pound, 168-inch lift.

Figure 4-14. Truck, forklift, pneumatic tires, 15,000-
pound, 210-inch lift.
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Figure 4-15. Truck, forklift, pneumatic tires, lO,O00-
pound, 144-inch lift, sideloading.

to handle less-than-maximum-capacity loads that,
because of size or shape, require a load center
greater than 24 inches. This type truck may, for
example, lift 15,000 pounds at 24 inches and 11,000
pounds at 40 inches. The use of fork extensions or
other attachments, such as a bar and hoist for un-
loading, will further reduce lifting capacity (fig. 4-
14).

(15) Truck, forklift, pneumatic tires, lO,O00-
pound, 114-inch lift, sideloading.

(a) Type ofpower. Gasoline.
(b) Application. Standard sideloading truck

used for receiving, transporting, and loading op-
erations. It is used principally to load, directly into
aircraft, supplies and equipment prepared for de-
livery by parachute. The truck can be used to handle
pipe, lumber, or similar material up to lengths of
65 feet. It has a turning radius of approximately 25
feet and can travel on varying types of smooth sur-
face roads up to a speed of 30 miles per hour (fig.
4-15).

(16) Truck,forklift, pneumatic tires, rough ter-
rain.

(a) Type ofpower. Gasoline or diesel.
(b) Load center. 24 inches.
(c) Application. A standard rough terrain

forklift truck, available in three load capacities--
4,000, 6,000, and 10,000 pounds, is equipped with
high-flotation pneumatic tires for operation on un-
prepared or unstabilized surfaces, over beaches, in
deep sand, or in snow, ice, or mud. It is used pri-
marily for loading and unloading flatbed trailers,
landing craft, or other similar types of small cargo

Figure 4-16. Truck, forklift, pneumatic tires, rough terrain.
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vessels. It may also be used for stacking large,
heavy loads of equipment (fig. 4-16).

4-203. Warehouse Tractors
a. General. A warehouse trailer is an electric- or

gasoline-powered vehicle designed to pull a train
of warehouse trailers. Gasoline-powered models,
equipped with pneumatic tires, have a rated draw-
bar pull of from 4,000 to 7,500 pounds. Electric-
powered models, with solid-rubber tires, have a
rated drawbar pull of 2,000 or 4,000 pounds. Draw-
bar pull, which is the motive force that the tractor
can exert in pushing or pulling loads, is merely a
means of indicating tractor capability, and the ac-
tual capacity of the tractor is normally far in excess
ofthe drawbar pull rating. A tractor with a drawbar
pull of 4,000 pounds may, for example, have an ac-
tual towing capacity of 90 tons; and a tractor with
a drawbar pull of 7,500 pounds, 200 tons. Its value
to storage and warehousing, however, lies in the
fact that the tractor-trailer train, when used in con-
junction with forklift trucks, provides for the com-
pletely mechanized loading, transporting, stacking,
and warehousing of supplies.

b. Standard items. The following types and sizes
of warehouse tractors have been adopted as stand-
ard for the military services. These tractors are,
in most cases, the low-profile industrial type. The
7,500-pound drawbar pull tractor may, however, be
the agricultural type with high-flotation pneumatic
tires for operation in rough or unpaved storage
areas.

(1) Tractor, warehouse, electric, solid-rubber
tires, 2,000-pound drawbar pull.

Application. Basic light-duty, electric-powered
tractor for operation in warehouses and other closed
storage areas. It may be used to advantage at ar-
senals for the movement ofexplosive and flammable
items, when properly shielded, and at cold-storage
installations where movement through areas of dif-
ferent temperatures will not have an effect on trac-
tor performance. It may be used at shiploading
points for movement of supplies directly aboard
cargo vessels (fig 4-17).

(2) Tractor, warehouse, electric, solid-rubber
tires, 4,000-pound drawbar pull.

Application. Standard heavy-duty tractor for in-
door warehousing operations. It is used in essen-
tially the same manner and for essentially the same
purposes as the light-duty, electric-powered model.

Figure 4-17. Tractor, warehouse, electric, solid-rubber
tires, 2,000-pound drawbar pull.

Drawbar-pull rating or towing capacity should not
be considered as deciding factors for selecting or
excluding this tractor. The efficiency of a tractor-
trailer train is not measured in maximum weight
of supplies per trip; rather, it is meaured by the
total number of tons that can be hauled each day.
The selection of the tractor and the determination
ofefficiency or economy ofoperation must be based,
therefore, upon the physical conditions to be over-
come, the number of stops involved, and the length
of haul to be made (fig. 4-18).

Figure 4-18. Tractor, warehouse, electric, solid-rubber
tires, 4,000-pound drawbar pull.
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Figu -9. Tzacor, warehouse, gasoline, lrneunmtic
tires, ,O-pou dwbar ll.

(3) Tcr, wareuse, gasoline, pneutic
tires,,Tdwbar pull.

Alication. Standd medium-duty tractor for
outdoor storage operations. It may be used plt
ys, for hauHng trlers, or towing aplanes from
hanto elds. It may also be used for general-
pose towing or pulling at freight sheds, piers,
whoes, or other. It sdent weight,
horsepower, and traction to operate on vuly all
tes of ming ses (fig 19).

(4) Tctor, wareuse, gasoli, pneutic
ires, 7,500-pou dwbar pull.

Alation. Standard heavy-duty, gasoline-pow-
ered tractor for outdoor storage operations. is
capity tractor is available in two styles. The flint
is the low-profile, industal teth conventional
pneumatic tes on both dve and steeng wheels.
The second type is the high-flotation model with
ovemi pneumatic tes on the dve wheels. This
tractor may be used in storage areas th rough or
muddy teain. It has a eater underclearance
than the low-profile type, but lacks its speed and
meuverability. It is possible, however, to use

th tes for tong heavy equipment or large

Figure $-1. Example of tractor, warehouse, gasoline,
pneumatic tires, 7,500-pound drawbar pull.

special-purpose vehicles such as refrigerator trail-
ers. This may be accomplished by the use of a fifth-
wheel attachment or truck carriers (figs. 4-20 and
4-21).

4-204. Truck, Fixed Platform, Gasoline, or Elec-
tric

Application. The platform truck is a nonelevating
electric- or gasoline-powered vehicle used exclu-
sively as a load carrier. It may be used to supple-
ment a forklift truck in the same manner as the
tractor-trailer train depending upon the size and
weight of the load and the distance the load is to
be moved. In addition to transporting supplies, the
truck may be used as a portable servicing unit when
equipped with spare parts and tools or with gasoline
and oil dispensing facilities. The standard gasoline-
powered model, equipped with pneumatic tires, has
a load capacity of 4,000 pounds. The electric-pow-
ered, usually equipped with solid-rubber tires, has
a load capacity of 2,000 pounds (fig 4-22).

4-205. Truck, Straddle, Carry

Application. The straddle truck is a gasoline-pow-
ered, four-wheel vehicle designed to straddle, pickup,

Figure $-0. Example of tractor, warehouse, gasoline,
pneumatic tires, 7,500-pound drawbar pull. Figure Truck, fixed platform, gasoline.
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Figure $-23. Truck, straddle, carry.

and transport loads of long and heavy supplies such
as pipe, lumber, and steel. It may also be used for
handling pulpwood; bridge members; and con-
talners of bulk materials such as coal, rocks, and
similar commodities. The standard straddle truck
for the Military Departments has a capacity of
30,000 pounds (fig. 4-23).

4-206. Crane Truck, Warehouse

a. General. A warehouse crane truck is a power-
driven, self-propelled unit consisting of a boom
mounted on a mobile wheel chassis. The boom can
be operated independently so that sluing and top-
ping can be accomplished without movement of the
chassis. Power is supplied by a gasoline engine or
by electric motors. Gasoline-powered crane trucks

15 September 1979

are equipped with pneumatic tires for outdoor op-
eration, and range in capacity from 6,000 to 20,000
pounds. Electric-powered crane trucks are equipped
with solid-rubber tires for indoor operation, and
have a capacity of 6,000 or 10,000 pounds (fig. 4-
24).

b. Application. The warehouse crane truck is
used to lift, swing, and lower loads that are too
heavy or bulky or otherwise unsuitable for handling
by other types of materials handling equipment. It
may be used for loading and unloading flatcars,
flatbed trailers, or gondolas. The warehouse crane
truck is sometimes used to transport loads horizon-
tally for short distances when sufficient overhead
clearance is available (fig. 4-25).

4-207. Pallet-Type Handlift Truck

a. General. The pallet-type handlift truck is avail-
able in two distinct designs--the hand-operated,
hand-propelled model and the electric-powered,
hand-operated model. The truck is equipped with
two load carrying forks that can be raised about 4
inches to carry palletized loads. It is used to move
pallet loads that do not have to be tiered and where
short hauls are required. It may be used for the
movement of pallet loads in boxcars or into trucks,
as well as for in process movements during shipping
and receiving operations. It works well in conjunc-
tion with forklift trucks and can be operated where
forklift cannot because of space limitations.

Figure 4-.$. Crane truck, warehouse, gasoline. Figure 4-25. Crane tmeck, warehouse, electric.
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Figure $-26. Truck, lift, hand, electric, pallet type.

b. Standard items. The following types of handlift
trucks have been adopted as standard for the mil-
itary services (fig. 4-26).

(1) Truck, lift, hand, electric, pallet type.

Application. This model is used whenever the dis-
tance the load is to be moved, the size of the load,
the presence of grades or inclines along the route,
or other considerations require the use of powered
equipment.

(2) Truck, lift, hand, pallet type.

Application. This model is used whenever the op-
erating conditions do not require a hand truck with
the special characteristics of the powered model.
It may be used to advantage in the loading of box
cars, trucks, and aircraft (fig. 4-27).

4-208. Tiering Truck, Electric (Narrow-Aisle
Type)

Application. The tiering truck is an electric-pow-
ered forklift truck of the straddle arm design. The
forks on this truck are located between two outrig-
gers, or straddle arms, that extend forward in a
plane at floor level parallel to that of the forks to
straddle the pallet load. Because the straddle arms
have contact with the floor, they support the ele-
vated load and no counterweight is required. The
overall weight of the tiering truck is generally less
than that of a conventional counterbalanced forklift
truck of the same rated capacity. The tiering truck
is more maneuverable than the standard forklift
truck and can generally operate in 6-foot aisles. The
standard tiering truck for the military services is
the electric-powered type that has a load capacity
of 3,000 pounds and a lifting height of 100 or 130
inches (fig. 4-27).

Figure 4-27. Truck, lift, hand, pallet type. Figure 4-28. T.ck, tierig, electric, 3,000 pottd.
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Figure $-9. Trailer, platform, warehouse, ,000- or 6,000-pound, towed by driverless tractor system.

4-209. Warehouse Trailers

App[ication. A warehouse trailer is a load-carrying
platform mounted on casters or wheels. Standard
trailers are available in a wide variety of sizes and
capacities, and may be equipped with solid-rubber
or pneumatic tires. The caster-steering type has
fixed rear wheels that carry about two-thirds of the
load, and caster wheels at the front through which
steering is accomplished. The caster steering-type
trailer is produced in 4,000- and 6,000-pound ca-
pacities, similar to that illustrated by figure 4-29.
The fifth wheel steering type has rear wheels
mounted on a rigid axle and front wheels mounted
on a center-pivoted steering axle with drawbar at-
tachment. This type trailer is available in capacities
of 6,000 or 20,000 pounds (figs. 4-30 and 4-31). The
selection ofthe size required for a specific operation
may be based upon load capacity, load size, tractor

capacity, and the nature of the surface over which
the load is to be towed. The fifth wheel steering-
type trailer is more suitable for heavy loads or for
operation over rough surfaces. The caster steering-
type trailer is better suited to indoor operations.

Figure $-30. Trailer, platform, warehouse, 6,000-
pound, pneumatic tires.
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Figure 4-31. Trailer, platform, warehouse, 20,O00-
pound, solid-rubber tires.

4-210. Hand Trucks
a. General. Hand trucks are useful in all types

of storage installations, particularly where me-
chanical equipment cannot be employed because of
space limitations. They are often preferable to and
more economical than a piece of mechanical equip-
ment for the movement of a single item.

b. Standard items. The following types of hand
trucks have been adopted as standard for the mil-
itary services.

(1) Truck, hand, platform, four wheel.
Application. The four-wheel hand truck may be
used to advantage in breaking out retail issues for
bins, carrying light loads, or for any operation in-
volving short hauls with frequent stops. It may also
be used in multistory warehouses and for small-lot
stock picking. The truck may be equipped with
solid-rubber tires or steel wheels. The solid-rubber
tire type is of the hardwood deck, caster steer de-
sign, and has a capacity of 2,500 pounds. The steel-
wheel type is of a steel deck, fifth-wheel design,
and has a capacity of 6,000 pounds (figs. 4-32 and
4-33).

(2) Truck, warehouse, double-handle type, two-
wheel, solid-rubber tires.

Figure 4-33. Truck, hand, steel wheels.

Application. The two-wheel hand truck consists of
two handles, a platform on which the load rests,
and a pair of wheels attached to the bottom of the
framework. A blade extends at an angle from the
bottom of the platform to retain the load, and two
metal legs are located on the top corners of the
platform to help bear the load when the truck is
rested flat on the ground. The platform may consist
of flat cross bars, which are used to handle boxes
or crates, or curved cross bars, which are used for
barrels or drums. The truck may be constructed of

Figu2e 4-32. Truck, hand, platform, four wheel.
Fure4-34. Truck, warehouse’-:double-handle type,

2-wheel, solid-rubber tires.
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Figure 4--35. Truck, warehouse, utility.

wood or metal. The hardwood combination straight-
and-barrel type is not illustrated. A magnesium,
general-utility type hand truck is also available
(figs. 4-34 and 4-35).

(3) Truck, stockpicker, multiple shelf, solid-
rubber tires.

15 September 1979

Application. A stockpicker truck is a hand truck
used for picking stock from retail shelves to fill
orders. The warehouse employee pushes the truck
into the aisles between the shelves and utilizes the
truck shelves to carry the small retail issues in card-
board containers, paper envelopes, or tote boxes.
Some models are equipped with a ladder to permit
the stock picker to reach materials on high shelves
safely (fig 4-36).

4-211. Dolly Trucks
Application. The dolly truck is a frame mounted on
wheels or rollers and is used for shifting heavy loads
for short distances. Three standard types of dollies
are available. The first is the general-purpose dolly
with swivel wheels (fig. 4-37).

a. This dolly with a capacity of 4,000 pounds is
used primarily to move palletized loads in and out
of boxcar, highway trucks and trailers. Also used
within boxcars to move loads to doorway area for
pick up by forklift trucks when car is not alongside
loading platform (fig. 4-38).

b. The advantages of the dolly are maneuvera-
bility, ease of operation, and suitability for use on
truck and reefer floors. The 24 wheels in the central
portion are placed slightly lower than ne wheels
at the ends. The wheels at the ends are held in
position by springs, which allow them to move on
their axles as the load is guided to its destination.

Figure 4-37. Dolly, general-purpose.

4-18
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Figure 4-39. Dolly (reefer car).

The difference in height of center and end wheels
permits a certain amount of rocking motion which
aids in movement and guidance of the pallet load.
That is, the tilting effect allows the dolly to turn,
and the center wheels (on offset axles) prevent lodg-
ing of wheels in slatted floors (fig. 4-39).

4-212. Conveyors
a. General. A conveyor is a device for moving

supplies in a fixed line of travel. Two basic types
of conveyors have been adopted as standard for the
military departments. The first is the gravity-type
roller or wheel conveyor. The second is the porta-
ble, power-driven belt conveyor. The gravity roller
conveyor is available in standard 10-foot sections,
as well as in curved sections of 45 and 90. The
gravity wheel conveyor is available in standard 10-
foot sections and in curved sections of 45 The
portable, power-driven belt conveyor is powered
by a gasoline engine or an electric motor. The elec-
tric-powered model is available in sections of 20,
35,. and 50 feet. The gasoline-powered model is
available in sections of 60 feet. A telescopic power-
drive model is also available.

b. Standard items. The types of conveyors listed
and illustrated in this section should be regarded
as standard for the military services. Not every
type in use has been listed; however, this listing
should not preclude procurement of other items
when required in the interest of efficient and eco-
nomical materials handling.

(1) Conveyor, gravity, wheel.

Application. The wheel conveyor can be used to
best advantage for the handling of medium or light
packaged materials, particularly in loading and un-
loading barges, trucks, or railroad cars. It is de-

Figure 4-40. Conveyor, gravity, wheel.

signed to handle many different types of merchandise
packaged in wooden or cardboard boxes with flat
or semiflat surfaces. To obtain the best opera-
tion, the conveyor should have an average drop of
11/2 to 3 inches per 10-foot section (fi. 4-40).

(2) Conveyor, gravity, roller.

Application. The roller conveyor can be installed
with a slight incline to take advantage of gravity,
or it can be installed level and the load pushed along
manually. Several sections can be put together and
developed into a continuous system for the move-
ment of material. The conveyor can be used on piers
or docks, in warehouses, in packing rooms, or wher-
ever a steady flow of supplies is desired. It can be
used to advantage for movement of packaged ma-
terials over gaps or drops that cannot be negotiated
mechanically. A drop of one-half of an inch per foot
is usually required to keep an object in motion on
the rollers (fig. 4-41).

(3) Conveyor, belt, power-driven, portable.

Application. The power-driven belt conveyor con-
sists of an endless belt mounted on a frame and
driven by a pulley connected to a drive motor. The
belt travels over a series of rollers or a sliding bed.

Figure 4-41. Conveyor, gravity, roller.
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Figure -4, Conveyor, belt, power driven, portable.

It is used to transport materials over a fixed path
of travel where inclines and declines are involved.
It can be used to advantage where it is necessary
to maintain the conveyor at a convenient working
height above the floor for long distances. It can also
operate on a horizontal path. The maximum angle
of incline is usually limited to 25 The belt con-
veyor can be used to load and unload cars, barges,
or other carriers. It can also be used to handle pack-
aged goods. It has proved useful for piling bags and
packages, as well as for taking down packages from
piles where the pallet method is not used because
of lack of pallets or forklift trucks. The telescopic
conveyor, which consists of floating, load-carrying
members that can be adjusted to protrude varying
distances from either or both ends of the frame, can
be used for moving boxed or bagged material in and
out of railcars or trucks (fig. 4-42).

(4) Conveyor, gravity, accordion.

Application. The accordion-type conveyor can be
used as temporary bridging for aisles, as a tem-
porary shipping platform, or for the loading of cars,
trucks, or aircraft. It can be used to divert the flow
of supplies to packing stations around areas where
other types of conveyors cannot be installed. It
can be easily and quickly attached to permanent or
semipermanent conveyor installations to form a
complete and continuous handling system (fig. 4-
43).

(5) Gate, gravity conveyor, hinged.

Application. The hinged gate is a conveyor section
that can be raised or swung to one side to provide
a passageway from one side of a conveyor system
to the other (fig. 4-44).

Figure -3. Conveyor, gravity accordion.

Figure -. Gate, gravity conveyor, hinged.

4-213. Pallets

a. General. A pallet is a low portable platform
constructed of wood, metal, or fiberboard, built to
specified dimensions, on which supplies are loaded,
transported, or stored in units. Flat pallets are
either single faced or double faced. Single-faced
pallets have one platform with stringers under-
neath on which the weight of the load rests. Double-
faced pallets have two platforms separated by
stringers. Pallets may afford two-way or four-way
entry. The two-way entry pallet is so constructed
that the forks of a forklift truck may be inverted
from either the front or rear of the pallet. The four-
way pallet is so constructed that the forks of a fork-
lift truck may be inserted from any ofthe four sides.
Flat pallets are constructed of either softwood or
hardwood. Expendable pallets are four-way entry
and are composed of either fiberboard, polystyrene
or a combination of these. A box pallet is con-
structed with a framework and crossmembers ex-
tending up from the pallet platform, the front side
normally being left open for loading or unloading.

b. Application. Figures 4-45, and 4-46, and 4-47
are hardwood pallets which permit transporting,
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Figure $-$5. Pallet $0 by $8 inches, flush-end, three-stringer, two-way entry, hardwood.

Figure $-$6. Pallet, $0 by $8 inches, wing-end, four-stringer, faur-way (partial) entry, hardwood.
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Figure 4-47. Pallet, 40 by 48 inches, wing-end, nine-post, four-way entry, hardwood.

Figure 4-48. Pallet, 40 by 48 inches, four-way (partial) wing, softwood.

storing, or issuing of quantities of material with a

minimum of manual handling. Material is placed
manually on the pallet at time of receipt, and re-
mains on the pallet for mechanical handling
throughout the complete cycle of storage and issue
operations. The efficiency of operation is greatly
increased, since the pallet system of storage pro-
vides for the transportation of packaged items in
unit loads and increases the volume and tonnage of
materials which may be handled per manhour. Soft-
wood pallets, type I, two-way, flush, and type II,
two-way, wing are intended for use in storage op-
erations. Type IV, four-way (partial) wing (fig. 4-

48) is intended for use in storage, except where
palletized material is contained by means of pallet
support sets, and for shipment worldwide regard-
less of the mode of transportation. The expendable
buckboard pallet (fig. 4-49) used for air, CONUS,
and Direct Support System (DSS) shipments inter-
locking load. The buckboard pallet stand (fig. 4-50)
facilitates the movement of the pallet to the shrink
tunnel. The box pallet (fig. 4-51) is used for storage
of odd-sized items or weak containers, which will
not support a superimposed load. The pallet support
set (fig. 4-52) is recommended for use in lieu of the
box pallet.
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Figure 4-49. Pallet, buckboard, $0 by $8 inches, four.way entry, composed ofpolystyrene and fiberboard.

BUCKBOARD PALLET STAND

BUCKBOARDPALL:.,,.,,T STANO
(BOTTOM VIEW-WITHOUT

Figure 4-50. Buckboard pallet stand.
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Figure 4-51. Paltet, box (may be constructed using

fltsh or wing end type pallet)

4-214. Storage Accessories and Aids.

a. General. Special devices, accessories, and at-
tachments have been designed to handle materials
in situations where conventional items of MHE are
not adequate for efficient operation. No attempt
has been made o include all accessories and aids
used by the military services. The fact that an item
is included is not to be regarded as authority for
use at all installations. Similarly, the fact that an
item currently in use has not been included should
not be regarded as authority for discontinuance.
Application and utilization are subject to the judg-
ment and approval of responsible authorities.

b. Pallet resources.
(1) Application. Figure 4-52 shows a support

set which is used to form a box pallet when assem-
bled onto flat wood pallets, to allow for stacking of
pallets containing irregular shaped commodities
that are susceptible to crushing. Support sets are
used on standard two-way entry flush type or four-
way entry wing type pallets. Figure 4-53 shows the
use of support sets for tire storage. Support sets

Figure 4-52. Support set, stacking, material handling pallet.
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Figure 4-53. Support sets used for tire storage.

will not be used with pallets constructed of soft-
wood.

(2) Pallet rack.

Application. Figure 4-54 shows the pallet rack
which provides a support for pallets that is inde-
pendent of lower loads. It is used where the ma-
terial to be stored is not strong enough to support
a superimposed load; is irregular in shape; is too
small for bulk storage and too large for bin storage;
or where it is desirable to remove pallets from a
lower tier without disturbing upper tiers.

(3) Pallet sling.

Application. Figure 4-55 shows a pallet sling which
is used to handle a pallet for overhead lifting by a
crane.

(4) Safety pallet (OSHA 1910.178).

Application. The safety pallet (fig. 4-56) is used
both for maintenance work and for placing materials
into or removing materials from storage. The safety
pallet is handled the same as an ordinary pallet
except it is secured to the forklift truck. Primarily,
the safety pallet is used to elevate personnel and
tools, and to permit warehouse personnel to safely
store material in high racks when items cannot be

Figure 4-54. Pallet rack.
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Figure $-56. Safety pallet.

large enough to accommodate the average pallet
and provide ample space from which a person can
move materials safely into or out of storage. Fork
extensions should be used with type "A" safety pal-
let (fig. 4-58) and, notice to this effect should be
displayed prominently on the side of the pallet. The
load carrying capacity of a fork truck rated at 24-

Figure $-55. Pallet sling.

stored by forklift truck approaching at right angles
due to narrow aisles. The entire pallet is painted
yellow and is equipped with the following safety
features (fig. 4-57).

(a) A high coaming to prevent tools or small
items from falling off (1).

(b) An expanded metal backguard to protect
personnel from moving parts of fork truck (2).

(c) Mitered corners (3).
(d) A handrail on background (4).
(e) Safety chains to enclose pallet area (5).
(f) Chains for securing pallet to fork truck

(6).
(g) Checker plate flooring to prevent slippage

on pallet (7).

There are two types of safety pallets, type "A" and
type "B." The type A safety pallet (fig. 4-56) is Figure $-57. Features of the safety pallet.
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Figure 4-58. Extension forks used with the type "A"
safety pallet.

inch load center is reduced by approximately 20

percent when handling loads of 60 inches long. This

lower capacity must be considered when using the

type "A" safety pallet. The type "B" safety pallet
is similar to type "A," but smaller and more ma-

neuverable in narrow aisles, a feature which is of

value in maintenance work and in the movement of
small lots of materials into and out of restricted

storage areas. The specifications for construction
of the type "A" and type "B" safety pallet are out-

lined in figure 4-59.
(h) In addition, such protection from falling

objects as indicated necessary by the operating con-

ditions shall be provided to protect personnel being
elevated.

c. Dunnage.
(1) Application. Dunnage is used to permit

mechanical handling of and to protect stock from

possible damage from water flows or dampness nor-

mally generated from the floor or ground area. In
either covered or open storage, stock should be

stored on pallets or dunnage. Skids on boxes or

crates should be considered as attached dunnage
for storage purposes. Usually, dunnage consumes
less storage cube than a pallet. Dunnage may be

cut from salvaged dimension lumber at little cost

and, therefore, should be used in lieu of and in the
same manner as a pallet. Dunnage should be used
at floor or ground level and, between units in the
stack when one dimension of a stable container ex-
ceeds the width of a fork truck. Large boxed or
crated units, crated or boxed engines, and other
such commodities may be stored efficiently on dun-
nage (figs. 4-60 and 4-61). A supply of dunnage,
cut into appropriate lengths, should be avail-
able in all storage, areas in which portions of the
material is to be stored on dunnage.

(2) Vertical dunnage. Vertical dunnage is lum-
ber cut slightly shorter than the overall height of
the load. When placed equidistant around the edge
of the load or between containers in a vertical po-
sition, vertical dunnage stabilizes the load and pre-
vents crushing of the containers by absorbing that
part of the load which is in excess of the strength
of the container. Also, pieces may be joined at right
angles, placed at the four corners of the load, and
held in position by strapping. The proper length of
vertical dunnage is determined by the height of the
pallet load. The friction ofthe loads upon each pallet
bottom and the proper lengths of vertical dunnage
that will support the load provide the required sta-
bility for the stack.

(3) Horizontal dunnage. Some form ofhorizon-
tal dunnage must be used to build stable unit loads
of noninterlocking items which will withstand han-
dling, as a unit load, by mechanical equipment. Pal-
lets often have been used for this purpose, by
placing one or two courses of a hard-to-stack item
on a pallet and placing the small unit loads into
storage. In such storage, a stack 18 feet high may
contain as many as 7 to 8 pallets. This is inefficient
use of pallets and greatly reduces the quantity of
stock which may be stored in a given storage cube.
By the use of horizontal dunnage, stable noninter-
locking items can be made into full unit loads, with-
out any measurable increase in the size of the unit
10ad due to dunnage. Double faced corrugated fi-
berboard, thin plywood, plain fiberboard, heavy
wrapping paper, or similar materials may be used
as horizontal dunnage. The type of horizontal dun-
nage to be used will depend upon the weight, shape,
cutting qualities of the item to be palletized.

(4) Horizontal binder block dunnage. Another
type of horizontal dunnage used for lateral binding
of palletized loads is block or binder dunnage. This
dunnage consists of short lengths of dunnage lum-
ber, cut to any desired length, with short pieces of
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Figure $-59. Safety pallet specifications.
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Figure 4-60. Dunnage used in the stacking of asphalt
melters.

Figure 4-61. Dunnage used in the storage of trailers.

Figure 4-62. Binder block dunnage used in the storage

of pip

blocking secured to each end. This dunnage is par-
ticularly adapted to the storage of such items as soil
pipe, lengths of large pipe, or similar items which
require blocking to prevent rolling (fig. 4-62). Use
of this type binder facilitates the removal of one or
more layers of pipe from the pallet or stack at any
time by use of the fork truck. Also, it results in safe
unit loads and permits high stacking of this type of
item.

d. Collars and notched spacers.
(1) Carboy collars. To stack glass carboys of

acids and similarly packaged items, the superim-
posed weight ofthe upper pallets must be supported
in such a manner that the weight will be carried by
the protective crating around the carboy; this can
be accomplished by the use of the wood collar (fig.
4-63). By the use of this collar, carboys can be
stacked to permit maximum utilization of storage
cube. Since all carboys are not identical in size or
packaging, the dimensions of the collar will have to
be determined by local requirements. However,
care should be taken to assure that the outer edges
of the collar rest directly above the sides of the
carboy crate. The center member of the collar
should be midway between the carboys and se-
curely fastened, as this member supports the center
stringer of the upper pallet. In ordering collars, the
storekeeper should remember that a collar is not
required on the top pallet.

(2) Collars for compressed gas cylinders. The
valves on acetylene and similar type cylinders must
be protected from the superimposed weight of the
upper pallets; this is accomplished by the use of
wooden collars (fig. 4-64). However, since this col-
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ISOMETRIG OF WOOD GOLLAR

NO GOLLAR ON TOP TIER

GOLLAR

NOTE__.__S

TYPE GARBOYS.
2. GOLLAR RESTS ON WOODEN DOXES, PER-

MITTING PALLETIZED GARBOYS TO BE
STAGKED THREE HIGH.

S. OIMENSIONS OF OOLLAR TO BE DETERMINED
BY LOGAL REQUIREMENTS.

Figure $-63. Collars used

hr depends upon the cylinder, the neck of which
has a slight slope, for support it is necessary that
this unit be reinforced.
All cylinders palletized in an upright position must
be bound with steel strapping to stabilize the load
and, to prevent accidental tipping of a cylinder
during transporting or stacking operations.

(3) Notched spacers. Notched spacers are used
for the horizontal palletizing of compressed gas cyl-
inders. Also, this spacer may be used to palletize
short sections of large diameter pipe or similar
items. The bottom segments of this type dunnage
may be notched on the edge that rests on the pallet.
Even though a flat surface transmits the entire
weight of the load to the face of the pallet (fig. 4-
65), notching the segments will not reduce the
strength of hardwood dunnage below acceptable
safety factor requirements. Notched spacers are
recommended for smaller diameter cylinders. This
method of palletization permits issue of single units

WOOD COLLAR FOR PALLETIZED
STORAGE OF GLASS CARBOYS

in the storage ofglass carboys.

without disturbing the balance of the unit. When
cylindrical items are palletized horizontally and
must be transported long distances or over rough
terrain, such units should be bound to the pallet
with wire or steel strapping.

e. Fork extensions.

Application. Fork extensions are used to extend
the forks of a forklift truck. The extensions, con-
sisting of welded steel arms, can be slipped into
place over the regular forks. Since the use of ex-
tensions moves the center of gravity of the load, it
restricts the weight that can be lifted. This factor
must be taken into account when the extensions are
used to handle excessively large or bulky loads (fig.
4-66).

f. Portable platform.

Application. A portable platform is used to load
and unload supplies at open sheds, open storage or
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Figure $-65. Wood collars for vertical palletized storage of acetylene cylinders.

wherever cars are being worked from ground level.
It can be moved by a forklift track and has slings
for handling by a crane. One type platform is
equipped with legs only. Another type is equipped
with retractable legs, wheels, and pneumatic tires

(fig. 4-67).

Figure $-65. Notched spacers.

g. Retriever trailers.

Application. Retriever trailers are used to haul
forklift trucks to and from maintenance shops at
widely dispersed activities. There are two basic

types of retriever trailers--the single-truck type

Figure $-66. Fork extensions.
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Figure -7. Portable platform.

Figure &-68. Retriever trailer, single-truck type.

Figure J-69. Retriever trailer, three-truck type.

4-32

Figure -70. Drum-handling sling.

and the three-truck type. The single-truck type re-
triever can be towed by a 4,000-pound or 7,500-
pound gasoline tractor. The three-truck type re-
triever with a gross load capacity of 33,000 pounds
must be towed by a 4,000- or 7,500-pound tractor,
depending upon the grade and road surface (figs.
4-68 and 4--69).

h. Drum-handling slings.

Application. The drum-handling sling is a device
for picking up drums or barrels. It was designed
for shipboard loading, but can be used with a crane
truck for any drum or barrel-handling operation.
The sling may be of the chain type, which is a series
of chain loops and sliding hooks; or it may be of the
frame type, which is a steel bar from which a series
of sling hooks are suspended (fig 4-70).

i. Drum-handling attachments.

Application. The drum-handling attachment is a
device capable of handling filled 55-gallon drums by
means of a forklift truck. Three types of attach-
ments are available. The first consists of a series
of specially shaped and spaced forks that cradle the
drums to be handled. This type of attachment han-
dles three filled drums at one time. The second type
of attachment, which is mounted on the regular
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Figure $-71. Drum-handling attachment.

truck forks, consists of side rails from which spe-
ciaily designed hooks are suspended at front and
rear. The attachment is lowered over the drums
until the hooks drop into position over the drum
rims. This type of attachment handles two filled

Figure $-7. Drum-handling attachment single-drum
type, vertical carry.

DOD 4145.19-R-1

Figure $-75. Drum-handling attachment single-drum

type, horizon’al carry.

drums at one time. The third type of attachment,
which is vertically operated, handles one filled drum
at one time (figs. 4-71, 4-72, and 4-73).

j. Bridge plate rack.

Application. The bridge plate rack is used to store
bridge plates. Several types made ofwood or metal
are in use (fig. 4-74).

k. Bridge plate.

Application. The bridge plate is a metal plate used
to span the gap and compensate for difference in

height between truck and truck dock and rail car
and rail dock. The bridge plate permits movement
of MHE in and out of trucks and rail cars. These

plates are usually equipped with chains or recessed
lifting hooks for pickup positioning by a forklift
truck (figs. 4-75 and 4-76).
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Figure -75. Bridge plate rack.

Figure -75. Bridge plate.

Figure $-76. Bridge plate.

I. Mechanically operated ramp.

Application. The mechanically operated adjustable
ramp is used at the truck dock. The ramp is verti-
cally adjustable to the height of truck floors so
that movement of MHE in and out of trucks is
permitted. These ramps are either permanently in-
stalled in the dock or located in front of the dock
(figs. 4-77 and 4-78).

m. Flip ramp dockboard.

Application. Used for truck loading and unloading.
Manually operated dockboard mounted to the front
of the dock (figs. 4-79 and 4-80).

4-34

n. Mobile vehicle loading ramp.

Application. Portable ramp used for loading and
unloading with forklift trucks from ground level. A
detachable tow bar is provided for towing (fig. 4-
81).

o. Bottom-dumping hopper.

Application. The bottom- or self-dumping hopper
is a forklift truck attachment that is used to load
and unload bulk materials, small parts, or scrap
(fi. 4-82).
p. Rm.

Application. The ram is a solid, pole-like device
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Figure 4-77. Mechanical ramp recessed in the loading dock.
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Figure $-78. Mechanical ramp mounted in front of dock.

Figure $-79. Dockboard in stored position.
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Figure ]*-80. Dockboard in operating position.

Figure ],-81. Mobile vehicle loading ramp.
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Figure b--Be,. Bottom-dumping hopper.

attached to a forldit truck and used to handle coils
of wire or cable, rolls of paper, or other cylindrical
or open-center items (fig. 4-83).

q. Lifting arm bar.

Application. The lifting arm bar is a crane attach-
ment used for handling wire coils (fig. 4--84).

r. Cran boom attachment.

Application. Converts forklift truck to mobile jib
crane capable of .handling bulky, irregular shaped

Fure 53. Ram.

48

Figure $--85. Lifting arm bar.

objects, and is a valuable aid in maintenance work.
The crane boom is raised or lowered with the stand-
ard lift mechanism (figs. 4-85 and 4-86).

s. Clamp.

Application. The use of hydraulically operated
clamp arms enables the fork truck to handle many
objects that cannot be palletized satisfactorily. The
clamp arms grip the load by squeezing it between
the clamp faces. There are numerous variations of
clamp arms made to handle different types of bags,
barrels, cartons, bales, and other commodities. The
clamping pressure required depends on the load and
usually is regulated by the operator (fig. 4-87).

Application. The pusher or unloader can be used
to place into position such items as boxes, crates,
bales, bags, unit loads, and miscellaneous material.
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Figure $--85. Crane boom attachment.

Figure $-86.

The hydraulically operated pushing mechanism

pushes loads from the forks of the truck (fig. 4-88).

u. Load invert.

Application. The load inverter is especially valua-
ble in activities where certain commodities like

evaporated milk must be turned, when stored for

long periods of time, at periodic intervals. The in-

verter has two sets of forks, upper and lower, plus
a vertical stop to prevent the load from spilling
while it is being inverted. An empty pallet is placed
on the upper forks, the lower forks are inserted into

the loaded pallet, and the load is revolved 180 so

that the empty pallet becomes the loaded pallet and
the loaded pallet is emptied. Some inverters have

adjustable forks to clamp the load during the in-

verting process (fig. 4-89).

Crane boom attached o farklift truck.

w. Portable canopy.

Application. The portable canopy affords protec-
tion for supplies and personnel during loading and

v. Revolving carriage.

Application. The revolving carriage is generally
made to rotate in a circle of 360. It is normally
used in handling granular or liquid materials that
are to be dumped from one container into another.
The carriage is designed to accommodate forks and
other attachments (fig. 4-90). Figure $-87. Clamp.
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unloading operations in bad weather. The canopy
can be stored in a warehouse aisle without inter-
fering with operation of vehicles (fig. 4-91).

x. Car door opener.

Application. The car door opener is used to open
the doors of rail cars. This allows one man to open
the car door, and consists of a block, pawl, ratchet,
and chain (fig. 4-92).

Figure 4-88. Pusher.

15 September 1979

y. Pallet pusher.

Application. The pallet pusher is used in loading
vans where loading docks are not available or when
two-way or four-way (partial) entry pallets are
being loaded and positioned with the 40-inch di-
mension perpendicular to the length ofthe van. The
attachment will not damage the mast of the work
truck and provides a safe loading method when used
under proper conditions. However, if the lack of
dock level loading capability is the prevalent con-
dition, a mobile ramp should be provided and used
in lieu of the pallet pusher (fig. 4-93).
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Figure 4-s9. L,ad inverter.

Figure 4-90.

Figure 4-91.

Revolving carriage.

Portable canopy.
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Figure $-9. Car door opener, manual type.

z. Cantilever racks. Cantilever racks are made
of steel and are generally used for storage of metal
sheet, rod or bar stock. These racks are also useful
fgr. storage of plywood and other bulky items not
susceptible to palletization. The height of a canti-
lever rack is normally limited only by the reach
capability of MHE or the height of the warehouse.
Rack specifications an be tailored with capabilities
to meet individual storage requirements. SuvDort-
ing raCK columns are normally spaced from 4 feet

to 6 feet apart. Arms vary from 2 feet to 4 feet in
length and can be adjusted vertically on the columns
to accommodate various types ofmaterial. Columns
can have arms on only one side (single face) or on

both sides (double face) (fig. 4-94).

Figure $-93. Pallet pusher.
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Figre 4-94. Catilever rack (sigle face).
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4-301. General Selection Factors

a. The potential savings in terms of time, funds,
and personnel resulting from the selection of the
right type of MHE for an operation cannot be over
emphasized. The selection of costly MHE should
not be made without considering all operational fac-
tors including the cost and suitability of alternate

types of equipment available.
b. When selecting equipment, the size, shape,

weight, and container strength of the commodities
to be handled should be considered. Examples of
the application of MHE are as follows:

(1) Palletized supplies are handled by forklift
trucks, sometimes in conjunction with tractor-trailer
or dragline conveyors and warehouse trucks.

(2) Small, uniform sized commodities or con-

tainers are readily adaptable to palletization and
handling as a unit by forklift trucks.

(3) Containers such as large bales, crates, or

boxes may be efficiently handled and stacked by
forklift truck and use of short dunnage or special
fork attachment.

(4) Large items, such as appliances or equip-
ment packed in boxes or crates, with cleats or run-

ners nailed to the underside of the container, are

generally adaptable to handling by forklift trucks.
(5) Cylindrical supplies with a hole through the

center, such as coils of wire, can be handled by a

forklift truck with a ram attachment.
(6) Heavy, bulky, and large irregularly shaped

supplies are normally handled by cranes, crane at-
tachments rigged on forklift trucks, heavy duty
forklift trucks, or side loading forklift trucks.

(7) Small, fiat-surfaced packages may be trans-
ferred in continuous flow over gravity or powered
conveyor systems. Chutes and slides quickly deliver
smooth-surfaced nonfragile packages, sacks, and
bales to lower levels.

(8) Lumber, rails, etc., are handled speedily in

large unit loads by heavy duty pneumatic-tired

forklift trucks, truck straddle carry, or side loading
forkliit trucks.

Note. Detailed information on applications for port-
able MHE is found in section 2 of this chapter.

4--302. Building Construction

a. The construction ofthe building used for ware-
housing purposes should be reviewed to determine
the type of handling equipment which can be used.
The construction may limit the amount, weight, and
type of materials which may be stored. These lim-

itations are imposed by the size and strength of the
structure, and by certain safety and security meas-
ures. See chapter II, sections 2 and 3, and chapter
VI for more information on limitations.

b. Equipment suitable for one-level operations
may not be suitable for multilevel operations. MUl-
tistory operations generally are less economical
than single story operations; therefore, most ware-

houses built in recent years have been single-story
structures. Two example multistory operation re-

strictions are explained below.
(1) Elevators. Generally, elevators in operation

were not designed for the use of mechanized han-
dling equipment. In many instances the dimensions
and the capacity of the elevator available will be

inadequate to take the weight of the unit loads com-
monly used plus the weight of the equipment. For
example, an electric fork truck capable of trans-
porting a load of3,000 pounds weighs nearly 4 tons;
when loading an elevator with this equipment, this
entire weight will be concentrated on the front edge
of the elevator. Unless designed for this type of
stress, even heavy capacity elevators will be strained.

(2) Ramps. The width and grade of ramps will

be factors limiting the type and size of MHE which
can be operated in the structures. Even a slight
grade will require increased power to transport
loads. Frequently, equipment capable of pulling or
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carrying heavy loads up inclines will be too large
for ordinary use in other storage operations.

4-303. Types of MHE Power
Gasoline, diesel, LPG, or electric power is used to
propel forklift trucks and warehouse tractors. The
following factors help to determine the selection of
the proper power drive.

a. Ventilation ofoperating area. Closely confined
or poorly ventilated spaces such as upper floors of
multistory buildings require the use of electric
trucks to avoid the hazard of accumulated carbon
monoxide.

b. Flammable material. Electric-powered fork
trucks, spark-inclosed type, will be utilized for the
handling of flammable material such as paint, oil,
gasoline, and flammable gas.

c. Fume absorbing materials. Certain commod-
ities, particularly fresh fruits and vegetables, will
absorb and become tainted by the fumes from gas-
oline or diesel engines. Electric power is required
to handle these commodities.

4-304. Forklift Truckload Ratings

a. The fork truck pivots on the center ofthe drive
axle; therefore, the weight of the load ahead of the
front wheels must be counterbalanced by the weight
of the truck. In accordance with the principles of
leverage, the ability of the fork truck to lift a load
depends upon the length of the load (the distance
of its center of gravity from the center of the front
axle of the truck) and the weight of the load. The
capacity of the fork truck is stated in inch-pounds,
which is the rated pounds capacity of the truck
multiplied by the distance from the center of the
front axle to the center of the rated load selected
by the manufacturer. In generai, trucks are rated
by pounds and the distance from the heel of the
forks to the center of gravity of the rated load (for
instance, 4,000 lbs at 24-in load center). To deter-
mine inch-pounds capacity, add to load center the
distance from the center of the front axle to the
heel of the forks, which can be obtained from the
manufacturer’s specifications or by measurement,
and multiply the sum by the rated load weight.

b. For example, assume a rating of 4,000 pounds
at 24 inches, with a measurement of 15 inches from
the heel of the forks to the center of the front axle;
result: 4,000 x (24 + 15) 156,000 inch-pounds.
To determine the maximum weight which may be
placed on a pallet of given size, assuming uniform
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weight distribution on the pallet, add half the di-
mension of the pallet parallel to the forks to the
distance from the center of the front axle to the
heel of the forks and divide the sum into the inch-
pound capacity of the truck. To complete the ex-
ample, the maximum weight on a 40- by 48-inch
pallet is 156,000 divided by (15 + 20), which equals
4,457. However, the load weight may not be in ex-
cess of the weight of the rated load stated by the
manufacturer. If the dimensions of the pallet used,
parallel to the forks, is less than twice the rated
load center, the rated pounds capacity is the ca-
pacity of the truck; therefore, the maximum load
would still be 4,000 pounds. Bending of the mast
channels as the load is raised, plus forward tilt ac-
tion, will reduce the capacity of elevated loads by
as much as 25 percent. Overloading of fork trucks
is strictly prohibited. Among the effects of contin-
ued overload are damage to lift mechanism, exces-
sive tire wear, and strain on the truck frame.

4-305. Warehouse Tractor Load Ratings
a. Warehouse tractor capacity is stated in pounds

drawbar pull, which is the motive force xerted at
the coupling. The drawbar pull and pushing power
of the tractor is figured on the basis of the engine
torque, drive ratio, weight, and the traction of the
tires. Although this pull is not the maximum load
weight the tractor will draw, since under ideal con-
ditions a tractor can pull a load equal to 20 times
its drawbar pull, the maximum normal load weight
should not exceed 10 times the drawbar pull which
will allow for all technical and safety factors.

(1) Tractive effort and resistance. Tractive ef-
fort is the motive force (measured in lbs) exerted
at the drive wheels of a tractoi-o overcome the
resistance to motion. Tractor resistance is the re-
sult of rolling friction between the wheels and the
surface, expressed in pounds per ton of gross
weight of tractor. The type of surface over which
the tractor is to travel has an important bearing on
tractive resistance. The following table of road re-
sistance shows the comparative road resistance of
some of the more common types of road surfaces:

Table qf road resistances

Asphalt (hard) 28
Brick (glazed) 47
Brick (poor) 57
Brick (smooth) 40
Clay 200



15 September 1979

Resistance in

Tve of road surface pounds per ton

Concrete tpourec) 5b

Concrete road 36

Granite blocks 56

Gravel road 75

Ice and snow 40

Macadam 47

Macadam (poor) 75

Sand (loose, 3 in deep) 330

Sand road 275

Snow (hard) 50

;now (soft) 66

l’arvia 47

Wood blocks 44

Wood planking 43

Wood planking (sticky surface) 57

(2) Grade resistance. Grade resistance is the

resistance for.movement on a grade, to be added
to or subtracted from that required for level move-

ment. Grade resistance amounts to 20 pounds per
ton of gross weight of the tractor-trailer train and

the combined load for each 1 percent of grade en-

countered. On upgrades the percent is added to the

resistance; on down-grades the percent is sub-

tracted. Percent of grade is determined by the feet

of vertical rise per 100 horizontal feet.

b. Estimating required drawbar pull. The esti-

mated drawbar pull in pounds and application of

tractors used by the military are as follows:

Dvuwbar Full Application

2,600 pounds Inside warehouse

4,000 pounds Inside and out-
side

7,500 pounds Outside work,
heavy

At times it may be necessary to make a rapid,
reasonable accurate estimate of the drawbar pull
required of the motive power unit of a tractor for

the handling of loads on a level surface and also on

grades. The following example will illustrate a fairly

accurate method for this estimate:

Step 1: What is the drawbar pull required for a

tractor-trailer for the following composition and

conditions:
Weight of tractor 6,690 pounds

Weight of driver 170 pounds

Weight of 5 trailers at 500 tare each 2,500 pounds

Weight of net pay load 16,000 pounds

TOTAL GROSS LOAD 25,360 pounds

Equals 12.68 tons

Step 2: If the surface is level poured concrete, the

value from the table to calculate drawbar pull is 53
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pounds resistance per ton moved. The calculation
then would be as follows:

12.68 53 672 pounds, Total load x Road resistance drawbar pull

tons pounds per ton required

.tep 3: If the train is required to travel up a 5

percent grade, then the road resistance of53 pounds
per ton would be increased by 20 pounds for each
percent of grade. The calculation for this drawbar
would be:

12.68 (53 +(*20 *5)
Total l Level l Grade Percent
load |roaci +] resistance x grade
tons resistance pounds

| pounds | per ton
per ton per percent grade

*These factors show the total grade resistance
or rollback force in pounds per ton for a 5 percent
grade.

OR
12.68 x 153 1,940 pounds
Total load total resistance drawbar pull }Tons x pounds per ton required

For this application, a tractor with a 2,600-pound
drawbar pull would be satisfactory.

-06. Special Equipment Considerations

a. Truck tiering electric (straddle type). This
truck eliminates the counterweight and the attend-
ant increase in length by using outriggers which
extend forward in a plane at floor level parallel to
the plane of the forks. The truck can operate in 6-
foot aisles, the forklift truck requires 10-foot aisles.
However, the outriggers must straddle the bottom
tier when the truck is positioning a pallet which

necessitates the use of single wing pallets. Since it

is not practicable to use single wing pallets for the
bottom tier only and double wing pallets for the
upper tiers, this truck is used in pallet rack areas
where single wing pallets only can be used. The
truck tiering is lighter in weight than the convert-

tional forklift truck which permits its use on light
construction and in elevators of limited capacity.
The military services use a 3,000-pound capacity
truck which is available in both riding and walkie

type. A variation of these trucks provides for the
forks to extend by mechanical means, thus elimi-
nating the requirement to straddle the pallet.

b. Warehouse c/ane.
(1) Usually, the lifting and carrying capacity
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o" the warehouse crane is stated as the maximum
weights which may be lifted at various boom angles.
(If the boom is telescopic, maximum capacity is ob-
tained with the boom at the shortest length.) As
the boom is lowered toward the horizontal position,
or as its length is extended, capacity decreases.

(2). A load chart showing the capacity of the
crane ,nder all circumstances, should be visible on
the crane. These charts furnished by the manufac-
turer will indicate clearly the safe load in pounds
for maximum and minimum position of the boom
and for at least two intermediate stations.

(3) If the crane has a sluing boom and if the
load is to be moved only within the circumference
of the slue, it is not necessary to move the crane.
The boom is slued to the proper position and the
load is ready for placing.

(4) If the crane has a rigid boom or if the load
is to be carried farther than the sluing boom can
reach, it is necessary to move the crane. The crane
should not be moved until both the load and the
boom are in proper position for traveling, in order
to reduce the swing of the load.

c. Fixed conveyor equipment. In choosing a con-
veyor system, the initial cost; the length of time it
will take to pay for itself; the cost of maintenance
and operation; volume of items processed and the
type of material handled by the activity contem-
plating the use of conveyor equipment must be con-
sidered. Through the use of conveyors, savings are
achieved through the elimination of trailer train
operation, elimination of double handling and in
various other ways. An increase in production can
be realized due to maintaining work rhythm; that
is, workloads do not build up at any point but move
to the next station in an even flow, reducing peaks
and valleys to the minimum.

(1) Power belt conveyor. The powered belt con-
veyor consists ofan endless belt mounted on a frame
and driven by a head pulley connected to a drive
motor. The belt travels over a series of rollers or
a sliding bed. A takeup to adjust belt tension is
provided. A belt conveyor can operate on inclines,
declines, or horizontal paths. The maximum angle
of incIine on most materials is limited to approxi-
mately 25. Small, semibulky, bulky, or individual
items with flat, smooth surfaces that do not lend
themselves to palletizing, or tote boxes and part
baskets are transported on this type conveyor. In-
asmuch as it is powered, this type conveyor may
be used in conjunction with the dead roller conveyor
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to transport material from floor level to working
level, or moving material to the next processing
point by the use of timing devices, deflectors and
controls, over a distance where gravity would not
suffice. It can be used in single or double combi-
nations to form a portable conveyor system. In ad-
dition, a telescopic system may be used when a
definite location for loading or unloading facilities
cannot be set up due to shapes and sizes of vehicles
transporting cargo. That is, the conveyor could be
extended or retracted. For example, different
types of aircraft at air freight terminals, or various
types of commercial trucks at receiving and ship-
ping docks. The performance of a belt conveyor
depends on the width of the belt, the type of ma-
terial used for the belt, the supports and horse-
power of the drive.

(2) Overhead towing conveyor. This conveyor
consists of an overhead rail and chain mounted on
rollers that run on the channelled rail. Loops are
spaced as desired along the towing chain for the
purpose of attaching material carriers. When the
carriers are ready for movement, the carrier is po-
sitioned onto a loop of the moving chain and the
carrier moves to its predetermined destination.
This conveyor is used to deliver material in point
to point processing and to and from production lines;
for examples, from receiving to various stockrooms
for storage and from storage to packing and ship-
ping points. This type of conveyor conserves floor
space as it does not require as much space as trac-
tor-trailer operations. The selection of this system
for any operation should be primarily based on vol-
ume of items or tons handled, or combination of the
two, which must be great enough to justify its in-
stallation.

(3) Subfloor conveyor. The subfloor-type con-
veyor consists of a moving link chain with chain
track imbedded in the floor. Retractable pins or
pods are mounted vertically on front of platform
trucks. When the truck is ready to be transported,
it is placed over the chain and the pin is dropped.
The truck is towed forward as the pin falls in the
slot of the chain. The subfloor conveyor permits
free travel of other MHE as there are no overhead
obstructions to prevent use of high mast for trucks
required for high stacking purposes. This conveyor
is used for the same purpose as the overhead towing
conveyor; that is, to deliver material in point to
point processing and to and from production lines.
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4-307. Mechanical Alterations

MHE is engineered and guaranteed by the manu-

facturers to perform specified functions. Mechanical
alterations to power plants, hydraulic systems, op-
erating levers, and controls, lifting and structura:
members and counterweights may seriously affect
operation of equipment or endanger personnel. Al-
terations to MHE will not be effected prior to ap-
proval ofthe appropriate military service. Requests
or recommendations to effect alterations will be
addressed through normal channels and will in-

clude-

a. Complete details of the proposed alterations,
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including such photographs, blueprints, and engi-
neering data as maybe necessary.

b. Reasons for the alteration.
c. Anticipated improvements.

4-308. Safety Considerations for MHE

Chapter VI of this regulation provides overall

safety guidance for storage operations. The follow-

ing OSHA references are provided for specific
equipment.

a. 1910.178--Powered Industrial Trucks.
b. 1910.179--Overhead and Gantry Cranes.
c. 1910.180--Crawler, Locomotive, and Truck

Cranes.

Section 4. MHE REQUIREMENT FACTORS
Paragraph

General ................................................................... 4-401

Factors affecting equipment requirements .......................................402
Planning the operation .......................................................... 4-403

Computing MHE requirements 4-404

Computing pallet requirements 4-405

Considerations in requirements for fixed equipment 4-406

Fleet management ............................................................... 4-407

4-401. General

A balanced operation provide for the optimum
number of people and MHE to accomplish a speci-
fied workload. Too many laborers and not enough
equipment will cause bottlenecks. On the other

hand, too much equipment and not enough laborers

will also cause bottlenecks. In both cases, either

people or equipment will be idle part of the time.

In a balanced operation, a smooth flow of work is

accomplished and neither people nor equipment are

idle. This section provides basic guidance in deter-

mining MHE requirements.

4-402. Factors Affecting Equipment Require-
ments

a. If all supplies moving into storage were pal-
letized loads, squared off for stacking, there would

be little need for anything other than a forklift truck

and driver. However, this is not always the case.

Trucks and railcars are sometimes hand loaded and

consequently must be manually unloaded. Figure

4-95 represents some other conditions affecting

equipment requirements.
b. Terrain features, location arrangement and

design characteristics of buildings, extent of open
storage area, and road and rail facilities are all ele-

ments under the general heading of physical layout
which influence equipment requirements.

c. Equipment requirements are also influenced

by mission responsibilities which determine the
types of commodities handled and influence the

types of handling equipment.
d. The number of forklift trucks, conveyors, etc.,

are influenced by the workload. An increased work-
load may require increased usage and greater pay-
load or an increase in the equipment fleet. A
decreased workload will have the reverse effect.

4-403. Planning the Operation

Effective planning should include factors, of quan-
tity, types and characteristics of equipment re-

quired, scheduling of use, economical travel ranges,
and timing of the operations. See figures 4-96, 4-

97, 4-98, 4-99, 4-100, and 4-101.

Figures 4-96 and 4-97 represent two examples of

developing balanced operations. Figure 4-96 de-

picts a medium distance "in-between" haul wherein

two tractors and four trailer trains keep pace with

two lift trucks. Figure 4-97 depicts a shorter haul

wherein only one tractor with three supporting
trailer trains services two lift trucks. Determina-

tion of requirements will have been made by corn-
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VARIOUS CONDITIONS AFFECTING
EQUIPMENT REQUIREMENTS
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SHORT MASTED FORKLIFT TRUCKSERVICING LOW DOOR HIGHWAY
VAN

REEFER CAR OPERATION

4-48

TERRAIN AND CLIMATIC
CONDITIONS ELECTRIC TRUCKS ARE NECESSARY

FOR CERTAIN OPERATIONS

CRANE OPERATION UNLOADING STRADDLE TRUCK CARRYING AGONDOLA CAR LOAD OF UNUSUAL SHAPE
Fi.qre ,$-95 Types qf eqdpme that e:’ectivel!l seme sp/l!l
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OPEItATIONS BALANCE

Figure 4-96. Tractor-trailer rewarehousig operation.

puting timing studies of each of the three separate
parts of the operations. In a heavy volume move-
ment, the assignment of additional lift trucks to
each end of the operations would encourage the
possibility of trailers remaining attached to tractors
to effect more convenient placement of trailers for
lift truck services. Ratio of trailers to tractors
would then be equal, one train to one tractor. Ratio
of trains to lift trucks would depend on the time

consumed in the trains traveling between the two

points as compared to the rate of loading or dis-

charge by the lift trucks. In any case, the equipment

Figure 4-97. Tractor-trailer sItippbg opertiot.

ratio adopted will be aimed to develop maximum

production of separate pieces.
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IMPROVING TECHNIQUES

Figure $-98. Graduated sequence qf experienced operations improvement.

Regardless of the apparent acceptability of a ma-
terials handling method, the possibility of further
improvement should always be considered. As a
technique is improved the opportunities for reduc-
ing labor and equipment requirements are propor-
tionately enhanced. Operations should be continually
appraised for possible improvement. Acknowledg-
ing experience to be a factor of considerable mag-
nitude to a storage operator, adoption ofan attitude

such as "let’s do it this way because we always have"
can only penalize the ability to improve. An open-
minded attitude regarding operational change is
therefore, a must. Apparent benefits in progression
of figure 4-98 are obvious. As each stage is imple-
mented the complications of operations balancing
have been simplified and the production potential
and operational costs have been considerably af-
fected.
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Relationship of distance traveled to time
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consumed at
known travel speeds

Ft Travel time expended (seconds}
traveled

per
Miles per hour second 50 1001 1501 200’ 250

2 2.9 17.3 34.5 51.7 69.0 86.2

3 q.4 11.q 22.7 34.1 45.6 57.0

4 5.9 8.5 16.9 25.4 33.9 42.4

5 7.3 6.8 13.7 20.5 27.4 34.2

6 8.8 5.7 11.4 17.0 22.7 28.2

7 10.3 4.9 9.7 14.6 19.4 24.4

8 11.8 4.2 8.5 12.7 17.0 21.2

9 13.2 3.8 7.6 11.4 15.1 18.9

10 14.6 3.4 6.8 10.3 13.7 17.0

11 16.1 3.1 6.2 9.3 12.4 15.5

12 17.6 2.8 5.7 8.5 11.4 14.2

13 19.1 2.6 5.2 7.9 10.5 13.1

14 20.6 2.4 4.8 7.3 9.7 12.1

15 22.0 2.3 4.5 6.8 9.1 11.4

Note. Speeds at which equipment may operate should not exceed those

allowed----under other chapters of this regulation.

Figure -99. Relative distance traveled.fov specific ti,me elements a.s associated with miles per hour rates.
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OPERATIONS TIHING

Figure -100. Example timing of a bulk shipping or receiving operation.

In timing of equipment in depicted operation (1)
represents that time expended in approaching stack
from aisle, picking up or depositing load and backing
out to aisle; (2) indicates the time required to travel
from stack area to dock; (3) identifies that time
consumed in entering car and either depositing or

picking up load and backing onto the dock and (4)
indicates the time expended in travel from dock
back to stack area. The labor timing is divided into
two parts: (1) removing or placing supplies on pal-
lets and (2) either carryiong pallets to or from car,
depending on type of operation.



15 September 1979

DOES YOUR EQUIPMENT BALANCE
DOD 4145.19-R-1

Figure -101. Open storage operation depictig receipt qf odd-shaped items in gondola cars.

In a balanced operation all men and equipment units

are synchronized to an acceptable producing pace.
This figure depicts three separate equipment op-
erations. Each must move in balance with produc-
tive capabilities of other units in this hypothetical
operation. To attain this, two cranes are necessary
to keep pace with one straddle truck and one lift

truck. Separate timings of each segment have es-

tablished pattern of equipment requirements. Con-
siderations in timing are: (1) time exlenditure for

crane to discharge a unit load quantity from gondola
car; (2) time expended by straddle truck in moving

unit load from off loading point to stacking point
and (3) required time for forklift truck to stack sup-
plies as deposited by straddle truck. Related time

elements for each ofthese operations will form basis
for equipment assignment. Illustration is intended
to depict one method of handling a particular com-
modity. It is recognized that other equipment and/

or methods may also apply.

4-404. Computing MHE Requirements

a. Several factors must be considered in deter-
mining the number of pieces of equipment to do a
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particular job. The first is the volume, e.g., pallet
loads, trailer trains, carloads, etc. The second is the
number of units of the volume carried each trip,
e.g., pieces, pounds, pallets, etc. The third is the
average time used to accomplish a round trip for
the equipment. The fourth factor is the time allotted
to do the job. Figure 8 shows a formula which can
be used to make a MHE requirements computation.

b. Example use ofthe formula in figure 8 is shown
in the following situations:

(1) Storage operations require 48 pallet loads
of supplies to be relocated a distance of 250 feet.
One round trip takes 5 minutes, and 2 hours is the
time allotted. Two pallets are carried each trip.

48x5
R

2
120 (min) 1 fork truck

(2) In the same operation, a requirement exists
to move 192 pallets the same distance in the same
time frame.

192 x 5
R 120 4 fork trucks2

(3) A requirement exists to relocate 4,064 pallet
loads a distance of 1,500 feet. Time allotted is 3

15 September 1979

days. Since the distance is greater than 400 feet
(max travel distance of fork truck) tractor trains
are required. One tractor and four trailers carry
eight pallets in a 20-minute round trip cycle. It
takes 5 minutes for one forklift truck to load a train
and 8 minutes to unload and stack.
Step 1. Compute pieces of equipment required.

R 4,064 pallets
8 pallets/train

0.33 hrs (20 min) + 24 hrs
7 tractors

Step Z.
7 trailer trains
1 trailer train

Step 3.

7 trailer trains

1 trailer train

x 5min + 20min

2 forklift trucks for loading

x8+20

3 forklift trucks for unloading/stack-
ing

The entire operation will take seven tractors, 28
trailers (4 trailers per tractor) and five forklift
trucks with 12 operators to complete the job in 3
days.
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DETERMINING MOBILE MATERIALS
HANDLING EQUIPMENT REQUIREMENTS

FORMULA- V x T-AT - R
C

EXILANATION:

V Volume or size of the operation to be perforrr.ed.

C Units of volume carried per trip (pieces, pounds, etc.) by equipment.

T Average expended time to accomplish a complete equipment trip cycle.

AT Allotted time to do the job.

R Equipment requirement.

vOLUE

Figure -10. Formula to be applied in computing MHE equipment requirements.
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4-405. Computing Pallet Requirements

a. The investment in pallets can be substantial
and should be based upon definite requirements.
The standard pallet is 40 48 inches. Allowing for
overhang (roughly 25 percent), the square feet oc-
cupied by each pallet is approximately 16 (4 ft
4 ft). If height permits stacking four pallets high,
four pallets are required for each 16 square feet of
net usable floor space.

b. Not all space is usuable. Roof supports, aisles,
mechanical equipment required for the building and
other structural losses reduce the gross space to
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net usable space which should be the basis for com-
puting pallets.

c. Percent of occupancy is another consideration.
Assuming a goal of 85 percent occupancy of net
space is a target, the following is an example use
of the formula shown in figure 4-103.

Compute the pallet requirements for 100,000 gross
square feet of storage space, 70 percent net usable
and 85 percent occupancy with stacking four pallet
high.

R
(100,000 x .70 x .85)

x 4 14,875 pallets16
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DETERMINING PALLET REQUIREMENTS

FORMULA SxHfR
D

EXPLANATION:
S Net covered storage area, in square feet used for bulk storage.

H Average stacking height in such storage areas expressed in pallet courses (pallet

loads).

D Square feet of floor area occupied by a pallet as determined by pallet size with 25%
added to compensate for load overhang and clearance.

R Quantity of pallets required.
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4-406. Considerations in Requirements for Fixed
Equipment

a. Under certain operating conditions, fixed
equipment constitutes the most economical means
of material movement and should be utilized to the
maximum extent practicable. In order to be able
to compute requirements for fixed-type equipment,
one must be thoroughly familiar with existing types
and models and the conditions under which they
provide the most efficient materials handling.

b. There is no set formuia for computing require-
ments for fixed-type equipment. It is the respon-
sibility of the storage managers to determine when
and where the installation of fixed equipment will
offer greater advantage than mobile types, and the
particular type and characteristics which will best
perform the desired handling at the desired speed.

c. While there are no common mathematical fac-
tors applicable to computing fixed equipment re-
quirements, there are certain other factors which
help determine the practicability offixed equipment
installation:

(1) A repetitive and somewhat continuous flow
of material to, from, or through a common point or
fixed path, i.e., processing, packaging and packing
lines, baling operations, segregation lines, etc.

(2) Restricted operating space or other condi-

15 September 1979

tions which do not permit the maneuvering of mo-
bile equipment.

(3) The operation being performed requires
separate handling of individual units or packages.

(4) Multifloor storage areas.
d. An area where fixed equipment is serving well

is shown in figure 4-104. The absence of such equip-
ment would require support from mobile equipment
which would serve less satisfactorily. Fixed equip-
ment offers constant service at unvarying capacity.
In use of mobile euuipment the operation is de-
pendent on the equipment arriving at a balanced
time cycle. When either the mobile equipment cycle
is interrupted or the operation flow fluctuates, pro-
duction complications can result.

4-40.7. Fleet Management

a. Definition. Fleet Management as distin-
guished from operational use of MHE encompasses
overall determination of quantitative requirements
at installation level, analysis of fleet utilization to
determine effectiveness of the materials handling
program, remedial action as required, proper main-
tenance for all MHE, and efficient distribution of
MHE to job sites from a central control point.

b. Post analysis. A post-analysis of both require-
ments and utilization by using activities and at in-

DON’T OVERLOOK ADVANTAGES OF FIXED
EQUIPMENT

Figure -10. Fixed active roller conveyor line serves to good advantage in package transfer.
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stallation fleet management levels will verify the
adequacy or inadequacy of total fleet, pinpoint ac-

tivities that constitute problem areas in materials
handling utilization, and indicate the type of re-

medial action required. In each case proper analysis
will result in an improved materials handling pro-
gram, a close alinement of quantitative ceiling with
workload volume, and a fleet complement contain-
ing the proper ratio of equipment by type and ca-
pacity necessary to accomplish supply movement.

c. Maintenance. Scheduled preventive mainte-
nance, fleet population sufficient for replacement
of equipment undergoing maintenance, and an ef-
fective program of first echelon maintenance by
operators will result in a compact working fleet
without the necessity of maintaining extra equip-
ment which is in reality "excess" equipment. Main-
tenance should be performed in such manner and
with such dispatch as to preclude the growth of a
theory that "I need one piece ofequipment but must
order two due to the possibility of breakdown."
Figure 4-105 emphasizes where the value of equip-
ment is gained.

d. Distribution.
(1) In many operational areas the period of re-

quirement for MHE service constitutes only a small
part of the day. Under such circumstances, rather
than the assignment of an equipment item for the
full day, it is better practice to have the equipment

EQUIPMEHT
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reported as being available for use to a central con-
trol office in order that further profitable dispatch
can be accomplished. The office exercising control
of equipment should maintain a means to visibly
illustrate the location of equipment currently in use
as well as unassigned equipment available for im-
mediate dispatch. ucn an aid for the control of
equipment by location and using activity is illus-
trated in figure 4-106.

(2) Efficient control will generally result in
strategic placement or dispersal of equipment.
Equipment should be moved as required to satisfy
operational demand as determined by workload
conditions. Normal dispatch of equipment to user
is for the accomplishment of a specific job; there-
fore, when the operation is completed, the equip-
ment should become available for other use.
However, this does not preclude the assignment of
equipment, as required, to operations which need
equipment periodically throughout the entire day.
In each instance administrative control of equip-
ment should remain vested in a central office re-
sponsible for MHE.

e. Reports and reports procedure.
(1) With due consideration to the fact that

MHE is a service to the operations being performed
and the full potential from each piece of equipment
cannot be expected, a generally acceptable method

WHERE IS IT?

Figure 4-105.
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for analyzing equipment utilization and fleet quan-
tity is the conversion of overall fleet activity to
hours of operation expressed as a percentage of the
utilization potential during an 8-hour work period.
Each service has published instructions which rep-
resent minimum utilization expectations from the
basic type of mobile powered MHE.

(2) The procedure outlined below provides a
suggested means for the compilation and reporting
of data pertaining, to the utilization of powered
MHE.

(3) The agency charged with the administration
of the installation concerned is responsible for the
allocation of powered MHE in accordance with the
needs of each installation, for providing technical
supervision and guidance in equipment utilization,
and initiating remedial action where appropriate.

There should also be a central office of control, des-
ignated above installation level, who can-

(a) Monitor the program for the reporting of
MHE utilization.

[o) Consolidate and analyze the data obtained
from the reports.

(c) Prepare a consolidated summary report
of MHE utilization as required.

(4) Each supply installation, in the discharge
of assigned mission, is responsible for obtaining
maximum efficiency in the operation of MHE. To
accomplish this, compiled operating dt. must be
detailed enough to furnish installations with utili-
zation records by using units and still allow for re-
capitulation on a broader scale to furnish data to
higher echelons. By so doing the information com-
)iled can be used at any management level and the

Figure 4-106. Typical MHE control board. Removable cards identify, by number each piece of equipment and the
characteristics ofthe piece. Using units may represent any operational breakdown most suitable to exercise effective
fleet control.
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WHAT A MHF UTILIZATION REPORTING
SYSTEM MEANS

Figure :107.

CONTRIBUTES

EFFECTIVE PROGRAM PLANNING

ACCURATE PROCUREMENT

PROVID$

PROGRAM EFFECTIVENESS

FLEET COMPOSITION

ADEQUATE QUANTITY

EFFICIENT CONTROL 8 DISTRIBUTION

PLANNEO REPLACEMENT

$1MPI..IFI$

DETERMINATION OF QUANTITY

PROPER SELECTION

EXPERIENCE REVIEW

Value of an effective reporting systen for MHE equipment.

analysis and the application of the information so
gained will result in an effective materials handling
program and establishment of materials handling
fleet quantities at a level required for normal op-
erations. Figure 4-107 illustrates areas of benefit.

Data should be compiled within each installation in
the office responsible for the assignment of equip-
ment from vehicle and equipment operational rec-
ords, and maintenance shop records.
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Section 5. ON THE JOB TRAINING COURSE FOR OPERATORS OF MHE

Vision, hearing, and reaction testa
4-601

Physical examination ............................................................
Instructions on types of equipment 4-604
Fundamental operational instructions for fork truck 4-05
Advancod training in fork truck operation 4-506
Fundamental operational instructions for industrial tractors 4-507Course in operation of industrial tractor-trailer trains 4-508
Operational instructions for truck, straddle carry (or gantry trucks) 4-509
Operating ruies
Examinations for fork trucks ___]]]]]]]]]]]] 4-50

4-11
Examinations for other equipment 4-512
Grading examinations ........................................................... 4-513Temporary permits .............................................................. 4-514
Additional on-the-job training 4-515Permanent operator’s permit 4-516
Renewal 4-517
Preparation of additional training courses 4-18

4-501. Purpose examinee can see well enough to operate MHE
The purpose of this section is to provide guidance safely. The minimum standard is visual acuity cot-

to train personnel in the proper operation of MHE. reetable to 20/30 in each eye. An individual whose
The guidance provides a system oftraining, testing, visual acuity is 20/40, or poorer, will be referred to
and licensing of personnel, the installation medical examiner for decision on

whether or not the individual’s vision is sufficient
4-502. Vision, Hearing, and Reaction Tests for operation of MHE. Persons with sight in only

a. These tests (properly administered) will en- one eye can operate industrial tractors in open
sure that operators of MHE possess at least mini- areas, but not in warehouses. Sight in both eyes is
mum requirements for safe operation, required for handling ammunition and explosives.

b. Equipment for these tests is available in the e. A depth perception test, which is optional, de-
Federal supply system as driver testing and train- termines how well the examinee can judge dis-
ing device, portable (NSN 6930-0626-3639). If tances. The results of this test, if given, are used
the testing equipment cannot be obtained through in counseling and training of the operator, although
supply channels, equivalent materials may be con- there is no minimum standard.
strueted locally, provided they axe made to accu- f. A field of vision test is given to determine
rately measure the physical characteristics as whether the examinee can see to each side while
prescribed (fig. 4-108). looking straight ahead. A lateral range of 75 on

c. The following instruetions apply to measuring each side of the focus line is the minimum standard
physical abilities and supplement the specific in- acceptable. Ifthe standard is not met, the examinee
struetions accompanying the test equipment, will be referred to the installation medical examiner

(1) Before giving any test, the administrator for determination as to whether the individual’s let-
ofthe test must know the purpose ofthe test equip- eral vision is sufficient for safe operation of MHE.
ment to be used and the prescribed procedure. He/ In the event an instrument is not available to test
she should conduct a number oftrial tests to become field of vision, a pencil can be used in this manner:
f._aTfiliar with the test equipment, have the person being tested look at an object

(2) Prior toeach test, he/she should explain the straight ahead while the examiner, standing beside
purpose and what the examinee is expected to do. the person being tested and holding a pencil at eye
Upon completion oftesting, any physical limitations level over the right or left shoulder, moves the pen-
of the examinee should be explained and the corn- eil forward until the person can see it out of the
pensating measures the examinee may take should corner of his eye. The angle at which the examinee
be emphasized, first sights the pencil is noted. (Straight ahead is

d. A visual acuity test determines whether the 0.) Repeat for each eye.
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g. A color perception test determines whether
the examinee is colorblind. The examinee will not
necessarily be disqualified as an operator of MHE
because of colorblindness. However, if there is any
indication of colorblindness, the examinee will be
given information on traffic lights, observation of
other traffic, etc., which will enable the individual
to operate MHE safely. For those activities lacking
a colored light signal device, this test may be con-
ducted by either the colored yarn test or color cards.

DOD 4145.19-R-1

h. A reaction time test (eye to foot) measures
how quickly an examinee’s foot can be moved in
response to driving conditions. Reaction time up to
and including .60 second is acceptable.

i. A hearing test determines whether the ex-
aminee can hear well enough to operate MHE
safely. The examinee should be able to hear con-
versation, spoken clearly and in a moderate tone,
from a distance of 20 feet.
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COLOR PERCEPTION

O0

Figure 4-108. Driver testing and trainin9 device.
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4-503. Physical Examination

a. The physical condition of all trainees must be
such that, in the opinion of the installation medical
examiner, they are capable of performing their du-
ties.

b. Amputees in good physical condition are ac-
ceptable as operators, when in the opinion of the
installation medical examiner, they can perform in
accordance with the physical requirements as es-
tablished by the installation. The examination re-
port will include a justification statement as to why
the missing limb will not present a safety hazard.

4-504. Instructions on Types of Equipment

a. Preparation. A classroom should be provided.
Illustrations for applicable types and makes of
equipment should be obtained. The illustrations can
be of a size to be displayed to the entire class or
may be smaller in size and be distributed to each
trainee. These illustrations should show not only
exterior views, but also cutaway views showing in-
terior mechanism to be described by the instructor.
Other visual aids, stich as models, motion picture
films, sound film strips, safety posters are ex-
tremely helpful.

b. D/scuss/on top/cs. Classroom instruction should
cover the following;

(1) Discussion of the fork truck and its rela-
tionship to the palletization of material, including
the placement of material in storage, and the prin-
ciples, handling methods, and procedures involved.

(2) Discussion of the fork truck and its uses as
compared to those of other types of MHE, such as
industrial tractors, tractor-trailer trains, cranes,
industrial trailers, gravity conveyors, power-driv-
en belt conveyors, hand trucks, pallet trucks, rail-
read cars and other commercial vehicles.

(3) Discussion of the operating performance,
operating parts, and the maintenance program of
fork trucks, both gasoline and electric. All differ-
ences between the types ofmachines occasioned by
a different power source should be emphasized.

(a) Mechanical construction, weight, weight
distribution and ability to carry a load, turning ra-
dius and principle, pivot or turning point, fork
types, mast construction and operating principles.
Figure 4-109 illustrates and explains the terms ap-
plicable to the forklift truck mast assembly.

(b) Operating parts, such as gauges for oil
and gasoline, ammeter, ignition, brake, clutch,
starter, speed control, directional travel control,
steering, boom lift, and tilt controls;

(c) Maintenance program, which includes
regular and periodic servicing (or battery charg-
ing), washing, lubrication, cleaning, tire condition,
hydraulic system (if any) and painting.

(4) An explanation of the results of misusing
fork trucks. This could include an exhibition ofworn
and broken parts to illustrate the additional cost
incurred as a result of improper operation of the
equipment. The instructor should point out the ad-
ditional dangers involved in operating equipment
which has been damaged by misuse.
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LIFT
CYLINDER

MAST OR UPRIGHT
ASSEMBLY

LOAD BACK-
REST EXTENSION TILT CYLINDER

CARRIAGE

FORKS

A. THE COLLAPSED HEIGHT IS THE DIST-
ANCE FROM THE FLOOR TO THE TOP OF
THE MAST WHEN THE FORKS ARE IN
THEIR LOWEST POSITION.

MAXIMUM FORK

HEIGHT

/

B. THE MAXIMUM FORK HEIGHT IS THE
DISTANCE FROM THE FLOOR TO THE TOP
OF THE FORKS WHEN THE MAST IS FULLY
RAISED.

OVERALL
EXTENDED

HEI1HT FREE LIFT

_.__.
C. THE OVERALL EXTENDED HEIGHT IS D. FREE LIFT IS THE DISTANCE THE
THE DISTANCE FROM THE FLOOR TO THE FORKS MAY BE RAISED BEFORE THE
TOP OF THE LOAD BACKREST EXTENSION COLLAPSED MAST HEIGHT IS INCREASED.
WHEN THE MAST IS FULLY RAISED.

Figure 1,-109. The mast or upright is the elevating assembly of a forklift truck.
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(5) Review of savings effected by the use of
mechanical equipment The review should empha-
size the saving of time in delivering needed sup-
plies, earlier release of railroad equipment, saving
ofspace by increased stacking height and more com-
pact storing of material.

(6) Discussion of safe loading practices, as out-
lined below;

(a) Safe/oad. Overloading of fork trucks is
strictly prohibited. The truck wili safely lift and
carry no more than its rated capadty. Among the
dangers of overloading are the possibility of injury
to the operator, damage to the cargo, damage to
the pump and lift mechanism and excessive wear
on the tires, engine, or electric motor.

(b) Determination of safe /oadin@. A fork
truck will tip forward if the load on the forks ex-
ceeds the lift capacity of the truck. The manufac-
tttrer has established the truckload rating (expressed
in pounds of load on the fork) and the allowable
distance in inches from the heel of the forks to the
center ofgravity ofthe load. This distance is known
as the load center.

(c) Some manufacturers specify a number of
pounds capacity with a particular length of. load.
Others specify a number of pounds capacity at a
given number of inches from the heel of the fork.
Some give an inch-pound rating based on the dis-
Lance of the load center from the heel of the fork,
while others base their inch-pound rating on the
distance from the center of the load to the center
of the front axle.

(d) When a load is uniformly distributed
throughout the length; that is, parallel to the prongs
of the fork, the center of gravity will be located at
half such length. When a load is not uniformly dis-
tributed throughout the length, care must be taken
to determine the distance from the heel of the forks
to the accurate center of gravity.

(7) Explanation of the details of warehousing
procedures. The instructor’s lectures should include
a discussion of warehouse aisle widths, selecting
and storing stock, methods of palletizing and stack-
ing, fire aisles, alarm boxes, and sprinkler systems.

(8) Explanation of the appropriate OSHA re-
quirements applicable to safe operations.

4-505. Fundamental Operational Instructions for
Fork Truck

a. Preparation. One fork truck should be pro-
vided for every two students. All fork trucks will

be equipped with overhead guards. The area se-
lected for training should be level, with paved sur-
face, and should be free of other traffic.

b. Review ofprevious instructions. Instructions
should include a review of previous classroom dis-
cussions on the various controls, preventive main-
tenance, warehousing procedures, stacking methods,
and safety rulespertaining to the operation of fork
trucks.

c. Operational condition of vehicle.
(I) Before taking his/her place on the truck, the

trainee will be instructed to check the followin
Gasoline.
Water.
Oil.
Tires.
Fire extinguisher (when truck is so equipped).
Security of forks.

(2) After mounting the truck, the trainee will
check the followin
Horn.
Parkinbrake and foot brake.
Position ofgear shift lever (should be in neutral).
d. Instructor’s demonstration. The instructor

should demonstrate to the entire class how to op-
erate the machine forward and backward. The
trainees at this point should be cautioned against
traveling with the foot resting on the clutch pedal
(’ding the clutch") as this results in the loss of
tension in the clutch springs, allowing the clutch to
slip and causing excessive wear. The instructor
should take particular care to explain that forks
should always be raised just high enough for safe
clearance, yet low enough to permit a clear view
ahead when traveling either with or without a load.
If the load’s size obstructs the operator’s forward
view, he/she should drive the fork truck in reverse.

e. Trainse’s practice.

(1) Basic operaion. The trainee should now
drive the machine in a straight line forward and
backward. The next operating practice should be
circles or figure eights, performed at reduced
speed. The instructor should closely observe the
trainee as he/she performs these maneuvers.

(2) Obstacle course. After the trainees have
performed the basic maneuvers, the instructor
should have them set up an obstacle course con-
structed of empty pallets. The pallets should be
placed on edge in a straight line and so spaced as
to allow a fork truck to pass freely between them

4-67
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Fiffur -110. Obstacle course for operato, training.

(fig. 4-110). In traveling over this course, the fork
truck weaves in and out between the pallets. Each
trainee should traverse this course until he/she has
become proficient in moving between the pallets in
free, easy curves. As each trainee performs, the
instructor should emphasize the danger of sudden
stops and starts or turns with the fork truck. Sud-
den starts and stops may cause the pallet loads to
upset, thus endangering the safety of personnel and
probably resulting in damage to the material. All
turns should be made as gradually as possible.
Long, slow turns allow the operator to gauge dis-
tances and accurately place loads without loss of
time. Spotting loads in the warehouse is a maneuver
which requires extreme accuracy. Adequate time
should be allowed for the trainee to practice these
maneuvers before proceeding with further instruc-
tions.

(3) Operation in aisles. The next step in the
training course should be the operation of the truck
in aisles. First, empty pallets are arranged to form
aisles of a width normally used at the installation
for the size ofequipment used for, training purposes
with corners and intersecting aisles as shown in
figure 4-111. The trainee should operate the fork
truck up and down the aisles, both forward and
backward. If two fork trucks are available, two
trainees should perform this operation at the same
time, thus learning to pass in aisles (fig. 4-112).
Each trainee should then practice all that has been
learned to this point. After an adequate practice
period, the instructor should make a careful eval-
uation of the performance to date to determine
which trainees are to be eliminated, retained, or
given advanced training.

4-506. Advanced Training in Fork Truck Oper-
ation

a. Load handling demonstration. The next pe-
riod of instruction (before the trainee operates the

Figure $-111. Practice aisles set up with
empty pallets.

Figure $-11. Experienced operators
passing in an aisle.

machine with pallets) covers the following load han-
dling operations in the sequence given:

(1) Approaching a palle (fig. -113). Aim the
forks of the truck to enter between the top and
bottom boards of the pallet, at an equal distance
from the center stringers.

(2) Inserting forks. The forks of the truck
should be inserted into the pallet as far as they will
go. It is important that the operator have the load
as close to the heel of the fork as possible.

(3) Lifting and moving the pallet. The trainee
should be instructed how to apply the lift control
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Figure 4-113. Approaching a pallet. Forks must
enter at an equal distance from the center stringers.

to lift the pallet from the floor, apply the tilt control
to tilt the mast back and then apply the travel con-
trols to move the machine forward or backward.

(4) Lowering the pallet. The trainee should be
shown how to lower the pallet to the floor and then
tilt the mast to a vertical position so that the forks
can be removed easily.

(5) Using the mast tilt. Demonstrate how the
tilt is used to--

(a) Lean the load against the back rest for
stability during movement.

(b) Position loaded pallets during stacking.
b. Load handling maneuvers for trainees.

(1) Lesson one
(a) The trainee lifts a pallet load with the

fork truck and, after making a turn around the
training area, spots the load on a right angle drawv
on the floor (fig. 4-114). One swing is all the ma-
neuvering that is permitted to place the load. The
instructor should demonstrate each operation be-
fore turning the fork truck over to the trainee. Upon
completion of a maneuver by the trainee, the in-
structor should point out those actions that were
performed correctly and make appropriate com-
ments on those that were not. In the problem of
spotting a pallet load at a right angle in one ma-
neuver, the instructor will point out that extra
backing and shifting causes the greatest loss oftime
in fork truck operation. If operators are trained to
spot a load on the first approach, this time loser

will be eliminated. The one-swing maneuver is ac-
complished by having the eye follow the path of the
drive wheel on the inside of the turn. As the center
of pivot of the machine lies on the line formed by
the drive axle, it is obvious that the drive wheels
are the key to the actual spotting of the load. After
several attempts, each trainee should be able to
spot a load on the right angle with no more than 2
inches of ln"

(b) The next step s to spot a pallet load ad-
jacent to another. This also must be performed in
one swing of the machine. The fork truck ap-
proaches the stack (pallet load on the floor) by cross-
ing in front of the stack rather than by approaching
from the opposite side toward the stack (fig. 4-115).
If the stack is approached from the opposite side,
the pallet load will move away from the stack when
the fork truck is turned to set the load down, leaving
as much as 6 inches lost space. By crossing in front
of the stack--the correct way--the load will travel
toward the stack with no loss of space. It should be
observed that in this position the fork truck is turn-
ing to straighten out the load. When the fork truck
turns, the back of the truck moves to the right and
the load to the left and the load can be spotted
directly in line with the stack, with no loss of space.
Test refers to truck B coming from left (fig. 4-115).

Figure 4-114. In one maneuver the trainee spots a pal-
let load on a right angle drawn on thefloor. This must
be done with no more than 2 inches of lost space.

4-9
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8 A TRUCK APPROACHES IN
DIRECTION OF ARROW.

B A

Figure -115. After crossing in front of the stack, the

(2) Lesson two.
(a) This lesson is designed to acquaint the

trainee with the fundamentals of tiering. The
trainee is shown how to tier first one pallet load
upon another and than place a double pallet load on
top of the first two with an error of no more than
2 inches in any direction (fig. 4-116). Raising a load
into position for stacking while the fork truck is in
motion is forbidden. Such a practice is dangerous
because it obscures the operator’s view while trav-
eling in a forward motion. The performance of two

TRUCK STARTS TO TURN
SO THAT CORNER OF
PALLET WILL CLEAR
CORNER OF STACK AT
ANGLE.

TRUCK COMPLETES
TURN TO 90 AND
CONTINUES IN WITH
PALLET.

TRUCK POSITIONS
PALLET ON PROPER TIER
AND WITHDRAWS.

operator spots a pallet load adjacent to anotlwr.

simultaneous operations (steering and lifting) en-
dangers safety and limits operating efficiency. Op-
erators should bring the machine to a stop up close
to the stack before raising the load to tiering po-
sition (fig. 4-117).

(b) The next step pertains to the tiering of
a double pallet load adjacent to the stacks. This
should also be accomplished with one swing of the
truck and with an error of not more than 2 inches
on any side. In carrying double pallet loads, the
truck is operated in reverse so that the operator

4-70
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Figure 4-116. A double pallet load must be tiered with
an overhang ofno more than 2 inches in any direction.

will have a, unobstructed view. A fork truck has
the same speed in reverse motion as it does in for-
ward motion. At this point the trainee can be in-
structed in the proper method of operating loaded
fork trucks up and down ramps. A loaded truck,
movingin a forward direction, can negotiate a slight
downward grade (not to exceed 5 safely when the
mast is tilted back. However, a loaded fork truck
will be driven up in forward motion and down in
reverse motion on all ramps.

(3) Lesson three)

This lesson is a continuation ofthe trainee’s practice
in tiering pallet loads. In the previous lessons, there
was no limit to the radius of turn permitted the
beginner. To get the feel of the truck and to accus-
tom his/her eye to its travel, he/she was allowed
unlimited space for maneuvering. Now, however,
warehouse aisles should be simulated by the place-
ment of pallet loads in two straight lines. The two
stacks should be placed to form an aisle 14 feet
wide. The trainee should now be instructed to do
the same tiering done in the previous lessons in this
limited aisle space. As the trainee progresses, the
aisle width can be reduced to the width normally
used at the installation.

(4) Lessonfour.
This lesson is deisgned to teach placement and han-
dling of loads in limited spaces. The trainee should

nowbe ready to place a pallet load between two
other pallet loads with only V2-inch clearance on
either side of the load (fig. 4-117). This is to be
accomplished without stopping the fork truck. For
the first few attempts, additional clearance may be
provided. In the next operation, the trainee makes
a similar maneuver, except that he/she turns off a
14-foot warehouse aisle and into another aisle which
is not more than 4 inches wider than the pallet load.
Since the space is only an inch or two wider than
the pallet load, the truck’s line of approach must be
at a right angle to the line of stack. Making this
turn from a 14-foot aisle requires considerable prac-
tice, and the trainee should completely master this
maneuver before going on to the next lesson.

(5) Lesson five.
This lesson is a continuation of lesson four. The
trainee is required to back through the space be-
tween two pallet loads with only 1-inch clearance
on either side of the load. It is a difficult maneuver
and must be performed often in warehousing op-
erations. The trainee must learn that, as the fork
truck is traveling backward, he/she must give equal

Figure 4-117. The trainee must be able to take a pallet
load between two other pallet loads with only l/ inch
clearance on either side.
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attention to both the rear of the machine and to the
pallet load, which are in opposite directions from
the operator. In backing into the space, the oper-
ator should look to the rear to make certain that
the fork truck will be properly centered. He/she
then looks forward to assure proper pallet clear-
ance. In this exercise of driving between pallet
loads, the operator of a fork truck that has the seat
on the left side should never be concerned with the
right side of his/her load once it is certain there is
sufficient clearance. Conversely, on trucks which
the operator drives from the right side of the ma-
chine, he/she will give attention to the right side of
the pallet load. On seated center control trucks, he/
she can give attention to either side.

(6) Lesson six.

This lesson is designed for final examination of the
trainee. Standard warehouse conditions are simu-
lated as nearly as possible in the training area and
the trainee will tier and untier a set of pallet loads
according to the rules learned in the previous les-
sons. Tiering eight pallet loads on a run of about
100 feet should be done in approximately 12 minutes
before the trainee is qualified for an operator’s per-
mit (fig. 4-120).

(7) Lesson seven.

(a) A course in railroad carloading will be
given to those trainees selected for these lessons.
A preliminary to the course should be a short talk
on the subject. The trainees than should be taken
to a loading or unloading operation so they may
observe the procedure (fig. 4-119). The function and
use of bridge plates should be pointed out and the
method of securing and moving them should be ex-
plained.

(b) For practice in operation, a boxcar door-
way, bridge plate, and boxcar wall should be
marked out in the practice area by means of pallets
(fig. 4-120). The trainee should demonstrate the
ability to drive in and out of a boxcar in the practice
area before proceeding to an actual boxcar. After
proving capable, the trainee should be taken to a
location where he/she can drive in and out of an
empty boxcar with no load on the forks except an
empty pallet.

(c) Following this practice, the trainee should
be taught to place 40 by 48-inch pallets for unit load
shipment in a standard boxcar floor layout marked
on the practice area floor. Actual pallet loads of
unbreakable goods should be used if possible and
a half car should be worked two tiers high in the
practice area. After the trainee has demonstrated
the ability to unload a boxcar on the practice floor,
he/she should unload merchandise from an actual
car in a fairly quiet location under the supervision
of a competent operator.

(d) Instruction in actual car loading should
include the following:

1. Bridge plate placement. Make certain
the bridge plate between the boxcar and the loading
platform cannot slip or slide. It should’be securely
fastened to prevent accidents. Inspect car floors to
be sure the floor is strong enough to carry the com-
bined weight of the truck and its load.

2. Necessity for caution. When entering
or leaving the boxcar, the fork truck operator
should drive over the bridge plate slowly and care-
fully-especially when loading. Fast operation at
this point can cause accidents and damage. A fork
truck with two or more speeds should always be
operated in low speed when entering or leaving the

Figure 4-118. Typical floor pattern. Proper stacking procedure is shown at left. The numbers indicate the
sequence in which columns are stacked. Sequence for the removal ofpallet loads is shown at right.
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Figure 4-119. Loading a freight car.

boxcar with a load. By keeping the truck in low
speed, the operator will be less likely to slip the
clutch, thus preventing undue wear on clutch lining
and facings. Boxcars are not always level with the
loading platform. Sometimes they are higher, some-
times lower. This irregularity effects the method
of loading and unloading with the fork truck. The
following are considered good practices:

a. If the boxcar is level or higher than
the platform, the operator should drive FOR-
WARD INTO THE BOXCAR WITH THE LOAD
AND DRIVE OUT BACKWARDS.

b. If the freight car is lower than the
unloading platform, the operator should BACK IN
WITH THE LOAD AND DRIVE OUT FOR-
WARD.

3. Handling loose containers. When un-
loading loose containers, the operator should place
the pallet as near to the boxcar door as possible,
with fork entries placed in the proper position for

easy pickup by the fork truck. Commodities are
removed from the doorway first and palletized out-
side of the boxcar. After a sufficient number of
containers have been removed, the remainder can
be palletized on the boxcar floor. Again, care should
be exercised to see that the fork entries are in the
proper position. When containers in the center sec-
tion ofthe boxcar have been removed, the unloading
should continue towards the ends of the car. Pallets
can be loaded at each end of the boxcar simulta-
neously. In such an operation, the fork truck op-
erator should take the pallets first from one end
and then the other, alternately.. Handling palletized loads. If the loads
in the boxcar have been shipped palletized, the fork
truck operator can work directly into the car and
bring out one load at a time. In this type of oper-
ation, it is sometimes possible to have two trucks
unloading the same boxcar without interfering with
each other.
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Figure 4-120. Practice area far carloading operations.

5. Handling large items. The following is
a suggested procedure for the loading oflarge cases
that have been stored on short dunnage.

a. Drive the loaded truck into the box-
Car.

b. Place the case in the desired position.
c. Set the case down on a two-by-four

to permit the forks to withdrawn.
d. Withdraw the forks of the truck to

within about 2 inches of the edge of the case.
e. Lift slightly to withdraw the two-by-

four.
f. Set the load on the floor of the boxcar

and back the truck away.

This procedure is reversed for the unloading of
large cases from boxcars.

4-507. Fundamental Operational Instructions for
Industrial Tractors

a. Preparation. In beginning the course on the
operation of industrial tractors and tractor-trailer
trains, the instructor should show the same film as
shown for fork trucks, and should make the follow-
ing preparations.

(1) Provide one piece of equipment for every
two students. The same training area, maze and
obstacle course, as used for training fork truck op-
erators can be utilized (fig. 4-110).

(2) Provide, if possible, one or more tractors
representing each model used at the activity for the

appropriate periods of instruction. If two or more
types are equipped with identical controls, only one
example of these types will be necessary. As me-
chanical operation of the tractor is all that is to be
explained during the preliminary period, it is not
necessary to have the trailers available.

(3) Point out to the trainees that operating a
tractor is similar to driving an automobile. Func-
tions ofcontrols and preventive maintenance checks
should be explained in the same manner as for fork
trucks.

(4) Before mounting the truck, the trainee will
be instructed to check the following:

Gasoline.
Water.
Oil.
Tires.
Fire extinghisher (when truck is so equipped).
Coupling.

(5) After mounting the truck, the trainee will
check the following:

Horn.
Parking brake and foot brake.
Position of gear shift lever (should be in neu-

tral).

(6) Explain in detail the differences between
the operation of electric-driven tractors and gaso-
line-driven tractors.

b. Elemsntaj divi.
(1) Instructor’s demonstration. Elementary
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driving instructions should be given on a four-wheel
tractor. Sitting besidethe instructor on an auxiliary
seatprovided for the purpose, the trainee watches
asthe instructor performs and explains each phase
of the operation. The initial drive should include
several starts and stops. After several maneuvers,
the .instructor. will ask the trainee to tell how to
operate the controls.

(2)Training operation. After the instructor is
confident .the trainee can handle the tractor safely,
he/she permits him/her to operate it. The instructor
should closely observe the trainee make solo ma-
neuvers around the training area. When the trainee
has stopped, the instructor should point out any
errors that were made in operation.

c. Obstacle course driving.
(1) Instructor’s demonstration. After each

trainee has satisfactorily completed the solo ride,
the instructor drives over the obstacle course to
demonstrate the proper method ofmaneuvering the
tractor over this course.

(2) Trainee operation. The trainee then takes
control of the tractor and drives over the obstacle
course, stopping to set up any pallets be/she knocks
over. The instructor watches closely as the trainee
drives and discusses the good and bad points ofeach
trainee’s operation. The trainee should drive over
the obstacle course as many timesas the instructor
thinks necessary.

4-508. Course in Operation of Industrial
Tractor.Trailer Trains

a. Preparation. Since .the principal use of the
tractor is to haul trailers, the instructor’s next step
is to demonstrate the operation of a tractor-trailer
train..A sufficient number of trailers for this dem-
onstration shouldbe added to the equipment being
used in the training area.

b. Elementary driving.
(1) Instructor’s demonstration. The instructor

should couple together a tractor-trailer train of the
maximum length permitted by local activity rules.
He/she first drives it straight forward and then in
long sweeping curves to demonstrate how each
trailer turns in a smaller radius than the one pre-
ceding it. He/she further demonstrates by operating
a train of appropriate length over the obstacle
course. Also, the instructor should operate a train
in .aisles established by pallets set on edge in the
training, area to show how, in making a sharp turn,

Figure -11. Right way to turn corners with a

tractar-trailev train.

it is necessary to veer to the right before turning
to the left and vice versa (fig. 4-121).

(2) Trainee operation. After the instructor’s
demonstration, each trainee should haul first one
empty trailer, then two, and so on--adding one at
a time until the maximum number permitted is
reached. Each trainee shoald practice maneuvering
a train ofthe maximum length permitted repeating
the maneuver practiced with the tractor itself. That
is, the trainee should first practice starting, stop-
ping and turning in a clear space first with one
trailer, and then with several. Then, he/she should
operate the train through the maze and the obstacle
Course.

C.. Driving loaded trains. Before starting, the
trainees should inspect each trailer to see that it is
properly loaded. A smooth, slow start is essential
when the tractor is pulling a loaded trailer train.
The trainee should be instructed to:

(1) Drive on the right side of aisle to permit
other tractors or trucks to. pass.

(2) Slow down when approaching a corner and,
in turning swing wide to allow for the clearance of
the last trailer.

(3) Stop and shift into the lowest gear before
going up or down a ramp; do not shift into higher
gear until the entire train has cleared the ramp.

(4) Learn to properly position and park the
trailer:train perfectly on the first try since the train
cannot be backed into position.

(5) Always park the train at the side ofan aisle,
leaving as much aisle space as possible for other
traffic.

(6) Execute a smooth, slow stop so that the
trailer loads are not jarred.

d. Uncoupling tractor-trailer trains. After the
tractor-trailer train reaches its destination, the
tractor should not stand idle while the trailers are
being unloaded. Instead, the operator should un-
couple the tractor from the trailers, pick up the
previously unloaded trailer train and return again
to pick up a loaded train.
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4-509. Operational Instructions for Truck,
Straddle Carry (or Gantry Trucks)

a. Preliminary instructions. At the beginning of
the course, the instructor should display and discuss
appropriate illustrations of the straddle truck. Be-
fore starting the equipment, the instructor should
point out to the trainee the necessity and method
of checking gasoline, water, oil, tires, battery,
parkingbrake and foot brake, drive chains, position
of hoist shoes, lights, horn, position of gear shift
lever .(should be in neutral), and position of hoist
lever (should be in neutral).

b. Instructor’s demonstration. The instructor
should now demonstrate to the trainee how to drive
forward and backward.

c. Turning. The truck straddle carry is equipped
with four-wheel steering. Although steering the
truck when it is carrying a long and awkward load
can be very difficultl the instructor should, in the
preliminary instruction, merely make certain that
the trainee knows the operation of the steering
mechanism.

d, Using the heist. Because power to operate the
hoist comes from the truck engine, the engine must
be running while the shoes are raised or lowered.
The hoist is controlled by switch buttons or by a
lever, which is moved to the "raise" or "lower" po-
sition. An automatic cutout is provided to release
the power and apply the brakes when the load is
bound in the truck Or when the shoes reach the
extreme upper and lower positions. A booster level
is provided to furnish additional power for the hoist
when needed. If the truck is equipped with swing-
ing shoes, the swinging action may be controlled by
a separate lever or it may be automatic with the
raising and lowering of the shoes.

e: Training area and equipment. A large outdoor
area should be be used as a training area for truck
straddle carry operations. Because the truck is de-
signed principally as a lumber carrier, a lumber
storage yard would be ideal as a training area. The
Qniy other equipment needed will be several unit
loads of lumber, placed on bolsters in such a way
that they may be handled by the truck (fig. 4-122).
In the handling of the load, the shoes of the truck
engage the ends of these bolsters. One short and
one long load should be available for use in training.
The trainee practices first with the short load and
later with the long one in order to gain experience
in maneuvering the truck under difficult conditions.

Figure -112. Material handled by truck straddle
carry is usually stacked on bolsters.

fi Elementary operation. Under the instructor’s
supervision, the trainee should start the truck prop-
.erly and drive it slowly around the training area.
Following the instructoffs direction, the trainee
Should start and stop the truck, drive forward and
backward, turn left and right, and maneuver it into

various positions.
g. Training with hoist. After the trainee per-

forms the elementary operations satisfactorily, he/

she should practice use of the hoist. The trainee
Should then practice this operation until thoroughly
familiar with the use of all controls. He/she should
be cautioned to abide by all safety rules governing
the operation of truck straddle carry.

h. Picking upthe load. Before the truck can
pick up a load, the load must be properly stacked
on bolsters. This stack must not be too high or too
wide for the truck to handle and its weight must
not exceed the maximum capacity of the truck. Be-
fore the truck is driven over a load, the hoist shoes
must be swung outward. The truck must be driven
carefully over the load and stopped so that the hoist
shoes are midway along the sides of the load. Then
with the gear shift lever in neutral, the hoist shoes
are swung into contact with the bolsters on which
the load is stacked and the hoist is engaged. (If the
swing of the shoes is automatic with the hoist, or

if the truck has rigid shoes, the engagement of the
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hoist will raise the load.) If necessary, the booster
lever is used to.assist in raising the load.

i. Moving the load. When the load is securely in
positon, the truck may be moved either forward
or backward as desired. When the load is to be
carried a considerable distance, the truck should be
driven forward. The truck must be driven only over
solid.ground. Hitting an obstruction may spill the
load or. seriously damage the truck. A track car-
rying a load which extends ahead or behind the
truck may be difficult for the trainee to maneuver.
For this reason, the trainee should first practice
moving relatively short loads. Also, the new op-
erator must be cautioned not to stop the truck ab-
ruptly. A sudden stop can cause the load to slide out
from the carriage and result in serious accidents.
j.Placing the load. The trainee should next prac-

tice placing the load in various positions designated
by the instructor. The truck must be at full stop
before the load is spotted. Loads must never be
dropped to the ground, but must be lowered grad-
ually under power. If the truck is equipped with
swinging shoes which do not swing out automati-
cally as the hoist is lowered, the shoes must be
swung outward before driving away from the load.
The trainee must avoid placing the load in such a
position that he/she cannot drive the truck away
from it. As an illustration, a careless operator may
maneuver the truck into a limited space, lower the
load, and then find that he/she cannot back the truck
far enough to turn it and drive away.

k. Special handling jobs. The training should be
completed with practice in handling the truck for
special jobs and under unusual circumstances that
might be encountered. If extremely long pieces of
lumber are occasionally carried by the truck, or if
it must at times operate in unusually restricted
areas, trainees should practice operation under
these difficulties and should understand the prob-
lems and dangers involved.

4-10. Operating Rules

During training sessions, operating rules applicable
to individual types ofequipment should be stressed.
The operating rules listed in this paragraph are

examples of typical rules.
a. All equipment. The following operating rules

are applicable to all materials handling equipment:
(1) No truck or tractor can be safer than the

person who is operating it. For this reason, only
authorized, properly trained and licensed persons

will be permitted to operate industrial trucks and
tractors.

(2) As soon as the operator goes on duty, he/
she should check the condition of the equipment.

.Operators, will be required to inspect the brakes,
steering apparatus, horn, oil, gas, and water. De-
fects noted should be reported immediately to the
supervisor. The operator will have authority to re-
fuse to move an improperly loaded truck or tractor
or one which is not in safe mechanical condition.

(3) Insofar as practicable, each operator should
be assigned to a specific truck or tractor and should
be held responsible for it. No equipment will be
operated by anyone other than the person to whom
it is assigned.

(4) Operators will not permit their equipment
to be operated by unauthorizd, unlicensed person-
nel.

(5) No engine will be left running while the
operator is off the truck or tractor or when parked
within a building. The engine should be stopped and
the hand brake set.

(6) Equipment will be taken out of the building
to obtain gasoline. Under no circumstances is it
permissible to refuel gasoline-driven vehicles inside
of warehouses. During the refueling operation,
smoking is prohibited in the area.

(7) Gasoline tanks will not be filled while the
engine is running.

(8) Before restarting an engine, all spilled gas-
oline will be cleaned up.

(9) Fire extinguisher must be on hand when
filling gasoline tanks. All operators should know
how to use a fire extinguisher.

(10) Inspect all loads to be moved; do not ov-

erload; do not move a questionable load; avoid car-
tying loose material; refuse to move unsafe loads.

(11) Each operator must know the load capacity
of his/her machine.

(12) Be sure the load is well balanced before
moving.

(13) Speeding, stunt driving and "horseplay"
will not be permitted.

(14) Kethree truck or tractor lengths behind
other vehicles.

(15) Speed in warehouses will not exceed 5
miles per hour.

(16) Keep feet inside of running line of truck
or tractor.

(17) Drive to the right whenever possible.
(18) Slow down at cross aisles and intersec-
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tions, sound horn or gong before proceeding. When
vision is obstructed by doors, corners, and eleva-
tors, sound horn or gong.

(19) Come to a stop and sound horn at exits.
(20) Sound horn when approaching pedes-

trians, but do not use horn unnecessarily. Use horn
only as a signal.

(21) Do not start, stop, or turn trucks suddenly.
(22) Approach elevators at a right angle; stop

5 or more feet from the elevator gate and wait for
a signal from the elevator operator before entering.
Keep hands and feet away from controls when on
the elevator.

(23) Face in the direction you are traveling;
never back up without first facing in that direction.

(24) Slow down on wet or slippery floors.
(25) Avoid bumping into objects, especially in

backing.
(26) Do not park on railroad tracks or in no-

parking areas.
(27) Do not use the reverse control for brake;

do not run battery beyond its rated capacity.
(28) Do not spin the wheels or race the engine.
(29) Do not ride or slip the clutch.
(30) Keep the machine clean.
(31) Do not drive with wet or greasy hands.
(32) Pushing one piece of machinery with an-

other in order to get it started is strictly prohibited,
except under the direction and in the presence of
the.. supervisor.

(33) Do not attempt to enter a building through
a partially opened door. The door will be fully
opened before proceeding.

(34) Rail cars will not be pushed or pulled with
MHE except rail car mounted cranes or otherequip-
ment designated for this purpose.

(35) Push poles will not be used to move or
place materials or objects of any kind. Approved
devices adopted by the activity for use in materials
handling by industrial tractors are exempt from this
rule.

b. Fork trucks. The following operating rules are
applicable to fork trucks:

(1) Operators will not fix or adjust any me-
chanical parts. This rule may be modified at in-
stallations where no repairman is employed and
where a specific operator is known to have com-
petence to make minor adjustments. If a fork truck
is not running properly, the supervisor should be
called immediately.

(2) Check the security ofoverhead safety guard
and back rest.

(3) Never use the fork truck to carry loads for
which it is not intended; use the right truck for the
job.

(4) No passengers will be allowed on fork
trucks.

(5) It is not permissible for anyone to "ride"
the load being handled by a fork truck. This includes
’ding" a load being raised or lowered. If a person
must be lifted to reach stock or material, he/she will
stand on a safety pallet (equipped with guard rails)
placed on the forks; the supervisor must give the
order and assume responsibility.

(6) Rest forks on the gound or floor when ma-
chine is not in use.

(7) When going down a grade or ramp with a
load, back down; go forward up a grade or ramp.

(8) When traveling empty or loaded, be sure
that the forks are raised just high enough to avoid
any obstructions on the floor, yet low enough to
permit a clear view ahead. Mast should be tilted
backward.

(9) No counterweighting of the fork truck to
increase lifting capacity will be permitted.

(10) Forks should always be the same distance
from the center of the supporting cross bar.

(11) Check the load before moving or lifting to
make sure that no material will fall.

(12) Balance the load and tilt the mast back-
ward to prevent tipping.

(13) Never permit anyone to stand under sus-
pended loads.

(14) Watch out for others; make sure that all
is clear before setting down a load.

c. Industrial tractors. The following operating
rules are applicable to industrial tractors:

(1) Weaving the train is dangerous and will not
be permitted.

(2) Operators must not attempt to haul exces-
sire loads that cause wheel slippage and loss of
traction.

(3) When negotiating a turn into a road or aisle,
allow sufficient time to get into position to make
the turn and allow for proper clearance of the last
trailer.

(4) Operators and supervisors should limit the
height of the load on the first trailer behind the
tractor. The height will not obstruct the rear view
of the operator nor create a hazard to the operator
in the event material accidentally shifts or falls.
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(5) When a permanent passenger seat is pro-
dded, one passenger may be carried. No person
will be allowed to occupy a temporary seat or ride
on any part of the machine.

(6) No person will be permitted to ride on the
trailer train to hold the load in place.

d. Trucks straddle carry. The following operating
rules are applicable to trucks, straddle carry.

(1) Carry the hoist shoes up to avoid striking
any obstruction when the truck is not loaded.

(2) Drive only on solid ground.
(3) Drive cautiously at all times because of lim-

ited visibility directly in front of and to the right
of the truck.

(4) Avoid sudden stops, especially when truck
is loaded.

4-511. Examinations for Fork Trucks

a. The following tests should be included in the
operational examination for fork truck trainees:

Test 1. A circle with a 16-foot, 3-inch radius is
made by placing pallets spaced 4 feet, 6 inches apart
(fig. 4-123). The trainee travels the circle twice
with forks lowered and empty, weaving between
pallets, first going forward, then backward. One
point should be deducted for each pallet displaced.
For a perfect operation the trainee is credited 10
points.

Test . In this part of the examination, the
trainee picks up pallet loads one at a time from the
supply area and places them in a row along a line
drawn on the floor. On completion of this operation
he/she returns the loads to the supply area. A pos-
sible score of 16 points is based on the trainee’s
ability to maneuver the fork truck properly and
place pallet loads in a neat manner.

Test 3. The trainee is required to maneuver
through a congested area similar to that shown in
figure 4-124. He/she operates forward and back-
ward through this maze of pallets. One point is de-
ducted for each pallet displaced. Total possible
score is 14 points.

Test. An aisle 52 inches wide and 40 feet long,
constucted of empty pallets set on end, is set up in
the training area (fig. 4-125). The trainee is in-
structed to travel the entire length of the aisle with
a loaded pallet, then set the load down, back the
truck up about 30 feet, move forward, pick up the
load, and back out the entire length of the aisle.

Figure -13. In this operational test the trainee weaves

in and out between pallets placed in a circle having a

16-foot, 3-inch radius.

Figure -1$. Prospective operators maneuver
through a maze ofpallets.

Two points are deducted for each pallet displaced.
Total possible score is 10 points.

Test 5. This test consists of placing two pallets
with cylinders in a simulated boxcar made ofempty
pallets. The pallets to be used will have a plywood
top, on the center of which is painted a circle 10
inches in diameter (fig. 4-126). The trainee is in-
structed to place both pallets side by side in the car
without disturbing the simulated box car or over-
turning the cylinders. If pallet walls aremisplaced
or cylinders toppled, the operator must first right
them and then proceed with the test. Two points
are deducted for each pallet displaced or cylinder
toppled. Total possible score is 10 points.
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Figu 4-155. An aisle constructed of empty pallets
set up in the training area.

Figure 4-126. Another test consists of placing two
pallets with cylinders in a simulated box car.

Test 6. In this operation the trainee will store
loaded pallets in two tiers, three pallet loads high.
Trainee is required to drive in at either end of the
storage area and pace pallets on right angle lines.
No instructions other than the reminder to tier ac-
cording to previous training should be given. Two
points should be deducted for each pallet placed
more than 2 inches out of line. Total possible score
is 20 points.

Test 7. This test, to be devised by the instruc-
tor, should be designed to summarize the operator’s
ability, care, safe operation, and efficiency in ma-
neuvering the fork truck about the training area.
The time element should be considered an impor-
tant factor in the test. If the trainee consumes an
excessive amount of time in maneuvering properly,
he/she should be graded accordingly. Total possible
score is 20 points.
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b. Written tests adaptable to particular types of
operation may be developed as deemed appropriate
by the service agency concerned.

The following score sheet can be set up for grading
the trainee on the operational examination:
TEST 1--10%

Pallets displaced:
Forward @0.5
Reverse

TEST 2--16%
Pallets out of line 2.0
Improper approach to place pallet 0.5
Improper direction to remove pallet 0.5
Excess backing, etc 2.0_

TEST 314%
Pallets displaced @1.0
Encounters difficulty 4.0

TEST 4--10%
Pallets displaced:
Forward @2.0_
Reverse @2.0_

TEST 5--10%
Pallets displaced @2.0_
Cylinder toppled @2.0

TEST 6--20%
Improper approach @0.5_
Improper leaving @0.5
Quality of storage 10.00
Cost lost @2.0
Forward=high load @2.0

TEST 7--20%
Poor starting technique 1.0
Poor driving position 1.0_
Rides clutch 2.0
Stalls engine 1.0_
Clashes gears 2.0_
Races motor 1.0
Too (slow-fast) operations 4.0_

Careless operation 4.0
Inefficient operation 4.0

Total deductions
Grade

4-512. Examinations for Other Equipment

An operational examination similar to the one given
for fork trucks can be used. The operational test
diagram and the fork truck test score sheet also can
be used with slight modifications. This test score
sheet should be prepared in a manner to provide
for a perfect score of 100.

4-513. Grading Examinations
A grade of 70 should be established as a passing
score for the examination. When the trainee has
obtained a passing score, he/she should be issued
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a temporary operator’s permit (para 4-514). Those
items on which the trainee failed should be included
as part of the student’s additional on-the-job-train-
ing (para 4-515). At this point training films should
be shown for the second time selecting the films
appropriate for the permits granted.

4-514. Temporary Permits

Upon satisfactory completion of the training course
a Temporary Operator’s Permit should be issued to
cover a 30-day probationary period. The temporary
permit will contain a 30-day expiration date follow-
ing the date of issuance. The form of temporary
permit will be the US Government Motor Vehicle
Operator’s Identification Card (US Civil Service
Commission Standard Form 46) clearly stamped or
otherwise marked with the word "Temporary" to
distinguish it from a permanent permit. Operators
holding temporary permits may be issued a large
badge of a distinguishing color so that supervisors
and qualified operators can recognize the trainee
as a new operator and assist him/her with sugges-
tions and advice.

4-515. Additional On-the-Job Training

a. General. During the 30-day probationary pe-
riod, the new operator should continue training. He/
she can be assigned to an occasional class period
with an instructor, or the instructor can carry out
the training during routine inspection on all new
operators at their work. This on-the-job training
has two objectives: to increase the operator’s pro-
ficiency and to quality him/her for use on additional
MHE.

b. Increasing proficiency. To increase the new

operator’s proficiency, the instructor requires the
trainee to perform various difficult maneuvers with
the truck or tractor-trailer train and shows him/her
the safe and simple manner of operating under all
circumstances. The instructor should stress con-

stantly the importance of safety and preventive
maintenance. On-the-job training with the fork
truck also should consist of practice with various
attachments to the fork truck, designed for specific
jobs. Only skilled operators should be trained in the
use of attachments.

c. Qualifying operators for additional equip-
ment. If the operator’s training has been exclu-
sively in the fork truck during the 30-day
probationary period, he/she should receive training
in the operation of the tractor-trailer train so that

in an emergency he/she will be available as a tractor
operator. Tractor operators who show a high de-
gree of skill and efficiency should be considered for
training as operators of fork trucks. Even though
no additional operators of fork trucks may be
needed at the moment, the activity should maintain
a pool of trained or partially trained Operators who
can carry on in an emergency. In the event the
activity is in need of operators for trucks, straddle
carry, cranes, or similar equipment, the new op-
erators of MHE can be tested on this equipment
during their 30-day probationary period. Thosewho
show a high degree of aptitude for assignment to
these more difficult types ofequipment can be given
additional training until they are qualified opera-
tors. Training films should be shown as appropriate.

4-516. Permanent Operator’s Permit

Ifat the end ofthe 30 days, the operator has proved
satisfactory, a US Civil Service Commission Stand-
ard Form 46 properly completed and signed by the
issuing official will be issued to the operator. The
permit will show any restriction such as glasses
required, hearing aid required, or other. The per-
mit will also indicate qualification in explosive han-
dling in accordance with the requirements and
safety regulations of each military service. The op-
erator will be instructed to carry the permit when
operating equipment. Each operator may be issued,
in addition to the permit, a badge of distinguishing
color indicating that he/she is an authorized oper-
ator of industrial trucks and tractors.

4-517. Renewal

Every operator holding a US Civil Service Com-
mission Standard Form 46 will be required to have
it renewed within 30 days prior to the expiration
date specified on the permit. Upon application for
such renewal, the operator will be required to sat-
isfactorily complete a physical examination. Oper-
ators holding nonstandard permits with a specified
expiration date will be issued a standard permit
within 30 days prior to the expiration date. Oper-
ators holding nonstandard permits that do not bear
an expiration date will have their permits replaced
with standard forms with the least practicable de-
lay.

4-518. Preparation ofAdditional Training Courses

The training data and test factors in this regulation

4-81



DOD 4145.19-R-1 15 September 1979

cover the training of operators for the major types
of material handling equipment utilized within the
military supply system. It is realized, however, that
a training program is required for each of the var-
ious types of MHE in use. Therefore, it is sug-
gested that as requirements occur for the training

of operators for MHE not specifically covered in
this regulation, that the activity utilize the data
contained in this regulation and data compiled by
the activity to prepare a training program and test
procedure applicable to the equipment for which
training is required.
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CHAPTER 5

STORAGE OF SPECIAL COMMODITIES

Section 1. LUMBER
Paragraph

General 5-101

Handling methods 5-102
Formation of lumber drafts 5-103
Binding of lumber drafts 5-104
Marking of lumber drafts 5-105

Open storage 5-106

Stack spacing and roofing protection 5-107
Covered storage 5-108
Storage of special items 5-109
Measuring moisture content 5-110

Kiln drying 5-111

5-101. General

The information and instructions in this section are
designed to aid personnel performing lumber stor-
age and handling operations.

Note. Further technical data with respect to lumber
storage can be found in MIL-HDBK-7, Lumber and
Allied Products. That portion of section 6 of the hand-
book, dealing with Handling and Storage of Lumber is

superseded by this regulation.

a. Storage and materials handling. The advances
made in the mechanized handling of lumber have
changed storage and handling methods. The devel-
opment of handling equipment, such as forklift
trucks and straddle carry trucks, that can be used
to stack, unstack, and transport lumber, has brought
about revolutionary changes; the most notable
being the handling of lumber in packages. Regard-
less of whether lumber is handled by mechanized
equipment or by manual labor, the objectives of
storage and handling are unchanged.

b. Objective of storage and materials handling.
The objective of lumber storage is to maintain the
lumber at or bring it to a moisture content suitable
for its end use with a minimum of deterioration.
The objective of lumber handling is to load, trans-
port, unload, stack, and unstack lumber economi-
cally and, without damage. Both of these objectives
are obtained easily if good handling and storage

practices are followed. Adequate protection of lum-
ber in storage will help prevent attack by fungi or

insects and changes in moisture content, which en-

courage checking, warping, twisting, and stain in

lumber and make it unsuitable for the intended use.

c. Condition of lumber placed in storage. The
condition of lumber placed in storage, with respect
to moisture content and possible fungus infestation,
has an important bearing on the subsequent qual-
ities of the lumber over long periods. Fungi (wood
rot) and subterranean termites infecting wood are
retarded in their growth when the moisture content
of the wood is lower than 20 percent, however, dry
wood termites, powder post beetles, and other
wood borers can develop successfully in well dried
wood. Lumber may be treated with a preservative
in accordance with section 5 of MIL-HDBK-7 to
prevent infestation for longer storage periods. If
infestation occurs during drying, the fungus will
continue to live in a dormant state for months or

years after the wood dries and resume activity if
moisture content again becomes high enough. A key
to preventing deterioration during long storage is
to eliminate infestation during drying and keep the
wood dry in storage. All lumber must be checked
thoroughly at time of receipt for moisture content
and fungus infestation before storage. The prepa-
ration for storage and the type of storage will be
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,RIVET RVET

BELT

TO a’LLO FREE LEG MOVEMENT

NOTE:

() HEAVY FACIIG LEATHER
(APPROX.) I/4" THICK
DIMENSIONS 2’ 3" X .12’ X I/4"

() SOFT LEATHER BACKING
2’3" X 1’41/2" X I/8" OR LESS

Figure 5-1. Diagram qt" leather aprot for use in the hadlitg qf Itmber.

based upon the results of these checks. It is im-
portant, especially when lumber is received in
drafts, to choose drafts from different parts of each
shipment and disassemble the drafts for examina-
tion; unless this procedure is followed the condition
ofthe lumber inside the draft cannot be ascertained.
Lumber presents unique problems in storage. Spe-
cial piling methods are necessary to provide proper
ventilation to prevent deterioration of the lumber.
The method of stacking each shipment of lumber
must be determined by competent personnel.

d. Protective equipment.
(1) Lumber apron. The lumber apron for use

in lumber handling should be constructed in ac-
cordance with the specifications outlined in figure
5-1. The apron should consist of a soft leather back-
ing faced with heavy leather three-sixteenths of an
inch or more in thickness. The two pieces of leather
should be riveted together and supported by a belt
1V2 inches in width or wider, to insure adequate
distribution of the weight of the apron and lumber
being handled to prevent cutting or chafing. This
apron is to protect lumber handlers from injury
from slivers or splinters.

(2) Protective gloves. Gloves that provide ad-
equate protection from slivers or splinters must be
worn by lumber handlers.

5-102. Handling Methods

a. Receiving. Lumber is normally received as
strapped units on gondolas, flatcars or trucks. The
use of automatic and hand applied strapping and

Figure 5-2. Diagram of bolsterfor use with 57-inch
straddle carry truck.
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improved handling equipment has nearly eliminated
handling boards one at a time. When lumber is un-
itized and loaded as specified in MIL-L-14362,
Unitizing arid Loading of Lumber, the lumber may
be moved by crane, forklift, straddle carry truck,
or sideloader, eliminating manual handling. (chap.
IV, sec 2 depicts MHE.) Lumber received in this
manner should be placed on bolsters for transport.
When drafts do not meet requirements for storage
because of moisture content, improper stickering
or other causes, the units should be reunitized (in
accordance with para 5-103) to correct the defi-
ciencies prior to being placed in storage.

b. Bolsters.
(1) Bolsters should be constructed in accord-

ance with specifications shown in figure 5-2, except
that the width of the straddle carry truck if used,
will determine bolster length. In selecting timber

for bolsters, care should be exercised to select solid
straight grained wood, as bolsters will be subject
to excessive strain in the lifting and transporting
of materials. Hardwoods are preferable for con-

struction of bolsters; however, when hardwood is

not available straight grained Douglas fir or larch
may be used.

(2) As the lumber is placed in storage, the
empty bolsters are removed and stacked for return
to loading/unloading sites. These stacks are pre-
pared by placing two or more bolsters in position
for pick up and solid piling other bolsters across

them. Each successive layer of bolsters is cross

piled to bind the stack securely for stability while
being transported.

5-103. Formation of Lumber Drafts

a. General. The handling and transporting oflum-
ber in drafts and stacking lumber in drafts have
become accepted practice throughout the lumber-
producing and wood-using industries. These prac-
tices have brought about changes in yard layout and
in stacking methods. Although the principles of
good air-seasoning have not changed, a certain
amount of adjustment is needed to conform to the
more modern handling and stacking methods.

(1) When lumber is stacked for air drying in
the form of drafts, the type of stickering will be
determined by the seasoning required. Drafts for
yard drying vary between 31/2 and 4 feet, with 4
feet the most common width, and 3 to 4 feet the
average height. The width of the draft will be de-
termined by the width of the lumber and the fork

DOD 4145.19-R-1

capacity of the lift equipment. The forks normally
available will handle drafts approximately 4 feet in
width. Stacks of unitized lumber generally are con-
siderably narrower than handstacked piles. This
tends to increase the drying rate of lumber stacked
in drafts over lumber stacked by hand.

(2) Uniform size of boards in a draft is desired
so that each draft of the same material will contain
exactly the same number of board feet (fig. 5-3).
This will eliminate many of the problems encoun-
tered in the issue and inventory oflumber products.
This applies to every size of lumber handled. When
it is absolutely necessary to make up a draft of
random lengths, the lumber should be sorted by
length and unitized with the longest lumber placed
on the bottom of the draft, and the balance of the
lengths grouped by length in the draft in length
sequence.

b. Assembling a lumbdr draft.
(1) Construction of butt boards. The butt

boards should be constructed according to specifi-
cations in figure 5-4. The 4- by 4-inch piece used
for the flat base should be oak. The base should be
nailed together with 16d spirally grooved, screw-
type nails. Metal corners or angle irons will help
reinforce the base and are essential if Douglas fir
or other soft wood is substituted for oak. The angle
on the butt boards is designed to give a forward
pitch to each draft of 1% inches to each 12 inches
in height. Since the slope of the stack foundations
from front to rear is 1 inch for each 12 inches of
length, this provides five-eighths of an inch pitch
per foot in height in the completed stack. Should
the slope of the lumber beds vary from 1 inch of
slope in 12 inches of length, an adjustment to cor-
rect the pitch can be made easily by starting with
a line perpendicular to the ground, then giving a
forward pitch of five-eighths of an inch to each 12
inches of height plus the slope of the lumber bed.
For example, suppose the slope of the foundation
on which the lumber will be placed is 11/2 inches in
each 12 inches of length. The slope forward on the
butt board will then be 1V2 inches plus five-eighths
of an inch in each 12 inches of height of the butt
board. This equals 2Vs inches forward slope or pitch
of the butt board in each 12 inches of height. For
each 10 feet of height from the bottom of the first
draft, the stack will project forward 6V4 inches at
the top beyond the end of the bottom board.

(2) Anchoring qf butt boards. Once the position
of each butt board is established, it should be an-
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DRAFT DATA

STRAPPINGS A

ITEM () ROUND, STEEL,GALV. I0 GA.

(ITEM( FIRST CHOICE)

STIGKERIIG B

ITEM() LATH SIZE i/2"X I/2X48"

ITEM() STOGK SIZE 2"0 3"X 3/’X 4e"

NOTE
LUMBER WHICH A MOISTURE

CONTENT OF 19% OR LESS IS TO BE
STICKERED AT EH S OF HEIGHT

NOTE 2

LUMBER WHICH HAS A MOISTURE
CONTENT OF 24% OR ABOVE I$ TO BE
STICKERED BETWEEN FJCH LAYER.
STOCK ErlCKERS ONLY (ITEM ()
AOOEPTABI.. FOR LUMBER IN THIS
CATEGORY

NOTE 3
LUMSER WHICH HAS A MOISTURE

OONTENT BETWEEN 19% 24% IS TO
BE STICKEI:ED BETWEEN EACH TWO
LYERS OF MTERI.. I’THICX OR LESS

FJMH LYFr. 15I’THICK 1 ABOVE

NOTE:
15/8 RTCH FOR
EACH FOOT OF
HEIGHT

STANDAROS FOR LUMBER

’l
MINIMUM MAXIMUM

DRAFT WIDTH 40" 48"
DRAFT HEIGHT 36" 48"

Figtre 5-.. Diagrtt, o#liH.q dt’ft reqiremels.for ottdoor stora.cle.
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6"X/4" DIA.
WASHER tLDED TO PIPE ROD WELDED

TO WASHER

DETAIL OF’ PIPE ROLLER

BACKVIEW

FRONTVIEW

Figure 5-. Diagram of butt boards used o contxol pitch on draft face.

chored funnly. This can be done by driving iron rods
into the ground at points where pressure will be
exerted or by nailing pieces of 2-inch stock to the
butt board, extending these pieces to the platform,
and nailing the pieces securely to the platform. To
assist in stabilizing the butt board, a 2 by 4 is some-

times placed across the base flush against and, par-
allel to the face of the butt board. In this way the
front end of the draft should just clear the forward
straddle carry truck bolster so that a portion of the
weight of the front end of the draft rests on the 2

by 4. It is essential that each butt board remain in

exactly the same position once a draft of lumber is

started to obtain the correct pitch and uniform face
on each rick of lumber.

(3) Placing and alignment qf stickers. The
proper alignment of stickers in each draft of lumber

is necessary to prevent warping and bowing. Proper
alignment is also necessary to assure vertical col-
umns of stickers from top to bottom of the storage
stack when the stack consists of several drafts (fig.
5-5). When placing stickers, the first stickers
should be against the butt board. This will give an
inverted stair step appearance to the face of the
completed draft and will cause water to drip from
the front of the pile instead of seeping in. The
sticker will retard end drying and tend to prevent
end checking of the lumber. The second sticker
should be placed 12 inches from the front of the pile
and the balance of the stickers positioned at 5-foot
4-inch intervals directly over pile foundations, as

shown in figure 5-5. The only variation in the
sticker spacing will be in the stacking of hardwoods
or other lumber prone to warp. Sticker spacing for
these lumbers will be on 2-foot 8-inch centers.
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BILL OF MATERIAL

A

Figure 5-5. Diagram of properly stickered andformed drafts of lumber stored on wooden block foundation.

(4) Sticker guide. The sticker guide (fig. 5-6)
is essential in the formation of drafts of lumber. Its
basic function is to guide the placing of stickers so
that the stickers will provide vertical columns of
support for the lumber over each foundation sup-
port timber. Sticker guides must be constructed to
function in conjunction with the butt board to give
the column of stickers the same degree of pitch as
is maintained on the face of the pile. Otherwise, the
proper stacking of drafts of lumber is impossible as
sticker alignment between drafts could not be main-
tained. Sticker guides should be constructed to pro-
vide the longitudinal sticker spacing shown in figure
5-5, except that, at activities where the standard
storage plan has not been implemented, foundation
spacing will determine sticker spacing. However,
under no circumstances will sticker spacing exceed
6 feet.

(5) Sticker construction and care. Stickers may
be made from any species but preferably from
heartwood. Sapwood is undesirable, as it may bar-
ber stain organisms. All stickers must be sound,

dry, free from stain and decay, of uniform thick-
ness, and must be of sufficient width to support the
weight of the pile without crushing the stickers or
causing compression marks in the face of the lum-
ber. Stickers, when not in use, should be protected
from the weather to be kept dry and ready for fu-
ture use.

(6) Stickerig requirements.
(a) General. Lumber when received may be

partially green, partially air dried, or thoroughly
seasoned. To establish stickering requirements, the
moisture content of the lumber must be deter-
mined.

(b Stickering of lumber when moisture con-
tent exceeds percent. Partially green lumber, or
lumber with a moisture content of 24 percent or
more, requires a greater amount of air circulation
within the draft to remove this excess moisture as
rapidly as possible to avoid possible stain and rot.
Lumber with a moisture content of 24 percent and
above will be stickered between each layer with
stickers 2 or 3 inches wide by three fourths of an
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Figure 5-6. Sticker gtide and butt board ready.for use.

inch thick and of sufficient length to fully support
each course of boards. Hardwoods IV4 inches and
over in thickness with a moisture content of 24 per-
cent and above which are to be stacked in open
storage for air drying will be stickered with 1-inch
or thicker stickers. Hardwood is a slow-drying
wood and should be well ventilated to speed drying
and prevent stain and rot in these premium type
woods.

(c) Stickering of lumber having 20 to 23 per-
cent moisture content. Lumber with a moisture con-
tent between 20 and 23 percent does not require as
much drying as green lumber and consequently re-
quires less air circulation within the draft. This lure-
bet will be stickered with lath (11/2 by V2 by 48
inches) between each two layers of material 11/2

inches thick or less and between each layer 1%

inches thick and above. However, hardwoods hay-

ing a moisture content between 20 and 23 percent,
which are being placed in open storage for continued
air seasoning, will be stickered with 1 or 11/2 by

3/4-inch stickers of sufficient length to adequately
support each board and prevent warp.

(d) Stickering of seasoned lumber. Drafts of
seasoned lumber having a moisture content of 19

percent or less may be placed directly into storage
and stickered at sufficient intervals to stabilize the
draft.

(7) Air drying of lumber. The air drying of
lumber is dependent upon the temperature, the rel-
ative humidity of the outdoor air, and the extent
air is caused to enter and circulate within the stack
so that it reaches each individual board.

(a) Airflow. Air, at any condition below 100
percent relative humidity or moisture saturation,
possesses the ability to take up moisture from green
lumber. Air that enters a stack becomes cooled as
it takes up moisture from the lumber and, as its
temperature decreases and relative humidity in-
creases, it loses its ability to dry the lumber. As a

consequence, if drying is to continue, the air within
the stack must be replenished by ejecting the sat-
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urated air and admitting fresh drier air. This is
accomplished by natural horizontal and vertical air
movements. Horizontal movement within the stack
is brought about by differences in pressure between
the two sides of the stack caused by prevailing
winds, while vertical movement is brought about
by the increase in density ofthe air within the stack
as the air is cooled. Since it has been established
that the horizontal movement of air within a lumber
stack is the prindpal means of accomplishing drying,
it is highly important that channels for this move-
ment be provided. Vertical movement in itself ac-
complishes little drying except in the case of
squares or when stock is stacked on edge, but ver-
tical movement through interior spaces induces hor-
izontal air movement across the faces of the boards
from which most of the evaporation of moisture
occurs. Horizontal movement ofair within the stack
takes place through the spaces formed by the stick-
ers. Spaces for the downward movement of air are
obtained to a minor degree in the draft from the
natural openings between the board edges; how-
ever, the major provision for the downward move-
ment ofair is the between-stack-spacing. The wider
these spaces, with respect to the total width of the
stack, and the smoother the vertical sides of the
spaces, the greater will be the passage of air
through them. Edge-to-edge stacked boards, in
drafts 3/2 to 4 feet wide, with good stack spacing
in the rows are comparable to boards in a wide
hand-stacked pile with chimneys at several foot in-
tervals. In this manner, the spacing between the
stacks acts as a chimney to carry the damp or sat-
urated air down, thus stimulating horizontal move-
ment of air within the draft.

(b) Effect of stack height on air drying. The
effect of stack height on drying rate is similar to
that of stack width. Increasing the stack height
tends to retard drying, particularly in the lower
parts of the stack. The air traveling downward in
a stack becomes cooled and approaches saturation
at a point higher up in a tall stack than in a short
one, unless the air is replenished by horizontal
movement as it moves downward. Tall stacks also
tend to restrict general wind movement at the
ground level of the yard. Lumber stacked in the
form of drafts may range from about 4 to 20 feet
in height. Movement of air through the 6-inch be-
tween-draft spacings will increase to some extent
air circulation at the lower levels of the stacks.

5-104. Binding of Lumber Drafts
a. Binding requirements. Each draft of lumber,

which is assembled for storage or shipment, should
be bound with an appropriate binding. Binding of
the draft is necessary to prevent movement of lum-
ber during handling operations. Shifting ofthe lum-
ber could alter the pitch on the draft face or cause
the dislocation of stickers and the subsequent dis-
tortion of the lumber in the draft. Bindings must
be placed directly over the stickers in order to se-
cure a tight binding and to prevent distortion of the
lumber. Also, binders placed other than over the
sticker ends will tend to force the lumber in the
draft together, thus closing any edge spacing be-
tween board edges which will restrict the vertical
flow of air through the draft and retard drying.
Bindings should be over the second and last sticker
in each draft, as shown in figure 5-3. Lumber, which
is to be transferred immediately from unloading
point to point of use, will not require binding or
stickering except as desirable to stabilize the draft
for transportation purposes.

b. Binding materials. Binding should be either
10-gauge round steel galvanized wire of 3/4 by
0.023-inch. type I or IV flat steel strapping in
accordance with QQ-S-781. Corner protectors are
not required in the binding of lumber, as the bite
of the binding will tend to hold the binding in place
over the stickers.

5-105. Marking of Lumber Drafts
Each draft of lumber should be properly marked
prior to final storage. Marking should include stock
number, board feet, and the date and year received.
For example, lumber received on 11 July 1977
would be dated 192/77 (192d day of 1977). Marking
lumber will facilitate issue and inventory and will
make it possible to issue the oldest lumber first.
Lumber received from other activities is issued ac-
cording to the original receipt date noted on the
marker tag which should be placed on the front or
pitched end of each draft. Thus, lumber received
from another activity would be issued prior to lum-
ber in stock if the marker tag indicated it was the
older lumber. Adoption of this standard method of
marking and dating lumber will aid in preventing
the retention of old lumber in storage. Tags for the
marking of lumber must be weather-resistant and
capable of withstanding long periods of Outdoor
storage without becoming unreadable. Typed or
handwritten paper tags, sprayed with a clear liquid
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plastic coating, may be used. Suitable dip-type plas-
tic coatings are also available. Tags made of em-
bossed aluminum or other weather-resistant
materials may also be used.

5-106. Open Storage

a. Yard location and surface. Preferably, the
storage yard is located in an area where the lumber
is received, shipped, or used. The best location is

on high ground that is level, well drained, remote
from water bodies, or wind obstructing objects,
such as tall trees or buildings. A low site is likely

to be sheltered from the full sweep ofthe winds and
can cause dampness which may retard drying and

promote stain and decay. The ground surface should
be kept free from debris and vegetation. Debris

harbors stain and decay organisms and obstructs
the movement of air over the ground surface and
beneath the lumber piles. Vegetation can be con-

trolled by applying crude oil, salt, or weed killers.

Covering the ground with cinders, gravel, shells,
or crushed stone will retard the growth of vege-
tation. Yard surfaces should be firm and smooth for

the operation oflumber handling equipment. Rough
terrain causes additional wear and tear on the ma-

chines and may cause injury to operatingpersonnel.
Also, such conditions may cause displacement of
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stickers and boards in the draft being transported
and may impede the accurate placement ofthe draft
during stacking operations.

b. Yard layout. A yard for storage of lumber is

laid out in blocks separated by aisles (fig. 5-7). A
well-designed yard facilitates the movement oflum-
ber and the taking of inventories. The yard layout
is affected by the size and shape of the available

area and by the equipment used for transporting
and stacking. Aisles in yards where the lumber is

machine-stacked are usually 24 to 30 feet wide, the

optimum being 24 feet. The aisles provide routes

for transporting lumber, permit the movement of
air through the yard, and serve as a protection
against the spread of fire. The rows of lumber in

machine-stacked yards run at right angles to the

aisles with the boards parallel to the aisle. Storage
blocks should not exceed 10 stacks in depth, pref-
erably stored in combinations of 5-5, 7-3, or 6-4

stacks in back to back storage. The direction of the

main aisles, those from which the stacks are built

or taken down, generally is established by the na-

ture of the yard site. Whether main aisles run par-
allel with or at right angles to the direction of the

prevailing winds probably will not affect ventilation

and air movement through the yard due to cross

aisles which run at right angles to the main aisles.

Figure 5-7. Yard layout.

5-9
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To permit rapid drying of aisles after a rainstorm
or the melting of snow, it is advantageous to run
the main aisles north and south. To increase atr
circulation within the stacks an aisle 2 to 3 feet in
width should be maintained between the rows of
stacked lumber (fig. 5-8). This between-rows aisle
will be of valuable assistance in issue and inventory
functions. The stack and aisle layout plan (fig. 5-9)
for shed and open storage has been prepared to
assist storage personnel in planning yard layout.
The storage area is laid out to utilize the truck and
railroad areas as main or longitudinal aisles with
24-foot cross aisles intersecting the storage area at
approximately 50-foot intervals. This is sufficient
storage depth to permit stacking five stacks deep
in back to backstorage. See chapter III, section 3,
for stock numbering techniques.

c. Foundations, general. Flat piling is satisfac-
tory for inside storage but it is recommended that
all out-of-doors stacks be given a reasonable amount
of slope. Slope facilitates runoff when water leaks
through or blows in at the sides of the stacks. This
aids in keeping the lumber dry, thus preventing
development of conditions favorable to the growth
ofstain, decay, and attack by insects. When lumber
is stacked in drafts by forklift truck, changes in
stack foundations over those used for hand stacking
are necessary. Also, efficient utilization of the fork
truck in stacking operations requires that the drafts
be stacked parallel to the aisles rather than at right
angles. The top of the foundation must afford at
least 1 inch of slope for each lineal foot of length.
At most activities, the sloping of stacks of unitized
lumber is common practice. The foundations of all
stacks, except the last stack of a row, must be
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spaced or arranged to permit the entrance of the
fork truck. For this reason, long stringers cannot
be used successfully as foundations for draft stacked
lumber, especially for the center foundation.

d. Portable lumberfoundations. The application
of the portable lumber foundation for lumber stor-
age is illustrated in figure 5-10. The stability of
these foundations is obvious and they afford suffi-
cient ventilation beneath the stack for drying pur-
poses. The foundation is composed of creosote
treated timber to prevent deterioration. The port-
able lumber foundation is spaced on 5-foot 4-inch
centers (fig. 5-11). This spacing of the foundation,
constructed as shown, produces the desired slope
and is sufficient for the storage of most species of
lumber. However, hardwoods and some othertypes
of lumber require additional foundation support to
prevent bow and warp during the drying process.
This portable foundation can be increased easily
from a 4- to a 7-point foundation to accommodate
hardwood drafts stickered in accordance with par-
agraph 5-103. This increased support is achieved
by placing a.n additional foundation unit midway
between units A, B, C, and D shown in figure 5-5.
The unit between is erected the same as the lower
of the units which it separates and the required
increase in height is obtained by placing a 3-inch
thick spacer between the joist and the bolster.

e. Component parts of the portable foundation.
The portable foundation consists of three compo-
nent parts--6- by 6- by 18-inch blocking (71/2 by 8
in) by 8- by 48-inch joists, and 2- by 8- by 24-inch
mud sills (fig. 5-12). Utilization of these mud sills
produces a bearing surface of approximately 11
square feet for each unit stack, which is sufficient

Figure 5-8.

5-10

Two-foot aisles maintained between rows of stacked lumber to facilitate flow of air through the
lumber yard.
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FigureS-9. Diagram ofyardandshed layout.

to support maximum unit load stacks on yard sur-

faces that will withstand the normal operations of
heavily loaded fork trucks. These foundations are

removed easily and unitized as lumber storage de-

creases thus permitting easy readjustment or lay-
out ofthe lumber storage area. To facilitate storage
operations, foundation components should be unit-

ized in the quantity required to store an average

car load of lumber and placed at strategic locations

throughout the lumber storage area. Foundations
not required for immediate use, except those stra-
tegically located about the yard, should be stored
in one central location by component type.

5-107. Stack Spacing and Roofing Protection

a. Horizontal spacing.
(1) General. Although stack spacing will vary

with different situations, stacks of stickered or solid
piled drafts oflumber should not be placed too close

together. Circulation around the stack is necessary
if drying is to take place in lumber which is above
an air-dry condition and to prevent dry lumber from
picking up moisture from stagnant, humid air pock-
ets.

(2) Spacing between stacks ofunitized lumber.
Lateral spacing between stacks should be 6 to 12
inches. Vertical passages or flues are somewhat
more difficult to build into drafts of lumber than in
the relatively wider hand-stacked piles. The need,
however, for building flues into drafts 4 feet or less
in width has not been demonstrated. The sum of
the width of flues in hand-stacked piles equals about
20 percent of the width of the stack. Flues within
the drafts should not be required if 6 to 12 inches
are allowed between the sides of the stacks of
unitized lumber in the yard. With this arrangement,
movement of air in the spaces adjacent to the stacks
will induce horizontal movement of air through the
draft and accomplish drying. When drafts are
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Figure 5-10. Application of the portable
lumberfoundation.

stacked in this manner, the spacing between the
stacks takes the place of flues built into hand-
stacked piles; this space, therefore, should equal
approximately 20 percent of the unit stack width.

(3) Spacing of storage rows. Generally, at ma-
chine-stacked lumber yards there are no rear aisles,
and spaces between the ends of the stacks are pro-
vided by spacing the rows. Spaces between rows
of unitized lumber stacks vary from 2 to 3 feet in
air-drying yards. Here also, it is not feasible to
recommend an optimum spacing, but a spacing of
2 to 3 feet should be sufficient at stack ends to
induce sufficient air currents between, through, and
under the stacks to carry off moisture saturated
air.

b. Vertical spacing.
(1) Space required for use of forklift trucks.

Spacers (dunnage) used in connection with the
stacking of lumber in drafts may be considered to
be a part of the stack foundation. When a draft of
lumber is picked up or set down, space for the in-
sertion or removal of the forks must be provided.
Usually, this space is about 6 inches wide in slope
stacked lumber, but may be narrower when the new

model of forklift truck is used. These newer trucks
have an arrangement for tilting the forks through
an angle of 5 for picking drafts from sloped stacks
of lumber; however, tilting mechanism is not re-
quired if 6-inch spacing is maintained between
drafts.

(2) Placing of spacers. When building a stack
of prepared drafts of lumber, the spacers are placed
(directly over the stickers) on top of each draft or
on top of the upper one when handling two at a
time, before stacking. Of course, this need not be
done with the lower draft of the stack where the
top is reached readily from the ground. When the
stack is completed, the channels caused by the
placement of these spacers provide additional area
for air passage through the stack. Thus, these pas-
sages conceivably may counteract the disadvan-
tages of the relatively high stacks usually found in
mechanized lumber yards.

c.Roofing protection for stacks. Lumber which
cannot be stored under cover should be protected
from the weather by adequate roofing. Roofing
should be placed on the top draft and lashed down
prior to placing the draft on the stack. A good roof
always has been considered an essential feature of
good air-drying practice. A roof shields the stack
from direct sunshine and precipitation, particularly
the upper lumber courses, and to a lesser extent,
the lower part of the stack. Without a roof, the
upper courses of lumber become warped and checked,
and rain is permitted to penetrate the stack from
the top or to drive in from the ends and sides. A
leaky roof will afford protection against direct sun-
shine but will permit water to wet the upper lumber
courses and to penetrate the stack. To afford max-
imum protection, a roof should project 12 to 18
inches at the ends of the stack and approximately
6 inches over the sides.

(1) Staggered board protection method. A good
low-cost roof, adequate for lower grades of lumber,
dimension stock, or lumber which will not remain
in storage for a long period of time, can be built
into each draft as it is formed. To form this roof,
one piece of lumber is left out of the top layer and
the remaining lumber is staggered or placed so that
each board covers an opening between the tiers of
lumber (fig. 5-13). Thus, moisture is prevented
from entering the draft and the two layers of each
unit load becomes the roof. Since drafts are built
with a 15/s-inch pitch per foot of height and stored
on foundations which provide 1 inch of slope per
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Figure 5-11. Portable lumberfoundation spaced on 5-foot S-inch centers.

., .----’--4

Figure 5-12.

BILL OF MATERIAL

BOLSTER 6"X 6"X 18"

MSILL XS"X24"

l ?xxx"

TE:

Diagram of lumberfoundation components.
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lineal foot, this roof will afford good protection for
normal store requirements. This roof does not
afford quite as much protection from the weathe
as roofs with extended ends and sides, however,
this is compensated for in several ways; for ex-
ample, lumber is always roofed and cannot be ac-
cidentally left uncovered; permanent roofs are not
maintained or stored when not in use; man-hours
are not expended in subsequent roofing operations;
and, as unit loads are bound, additional lashings are
not required to keep roofs in place.

(2) Paper or roll roofing protection method.
Building paper or roll roofing may be combined with
boards to form a roof. The paper or roofing provides
watertightness, while the boards support the paper
or roofing in a flat sheet and permit the roof to be
anchored to the stack. The boards in this type of
roof should be laid in a single layer and, roughly,
edge to edge. The boards forming the front and rear
portions need not be overlapped but can be butted
over a central crosspiece. Since this type of roof is
tight, the pitch can be flatter than one composed
of a double layer of overlapping boards. The use of
a combination of building paper or roll roofing and
boards probably is more applicable to stacks ofunit-
ized lumber than to handstacked piles. The paper
or roll roofing can be laid in strips, running either
crosswise or lengthwise of the stack. When laid
crosswise, the strips should be lapped like shingles
and held down by three or more tie pieces running
lengthwise of the stack. When the strips are laid
lengthwise, a tie board should be placed over each
lap. This type of roof consists of a double layer of
boards with paper or roofing between. The boards
of each layer are laid with several inches between
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the edges. With a roof of this type, there would not
be a need for the boards to overlap. There is a wide
variety of papers and roofing on the market, and
the choice of a suitable material should be based on
the life of the material with reference to the length
of time the stack is to stand in the yard. It is prob-
able that the most economical way would be to dis-
card the paper or roofing when the stack is taken
down.

(3) Other protection methods. Boards, roofing,
plywood, panels, corrugated aluminum, metal
sheeting, and other roofing materials also may be
combined to form roof panels. The panels may be
used singly or doubly in the length of the stack. In
all cases the roof should be raised several inches
above the top course oflumber to permit movement
of air between the roof and the top of the stack.
Special roofing should be used only when lumber
such as oak and other high grade lumber is to be
stored for long periods of time for air drying or
when, because of unusual conditions, thoroughly
seasoned lumber must be placed in open storage.

5-108. Covered Storage
a. Sheds---open. An open shed may be likened to

a storage yard with a roof. In covered storage, how-
ever, lumber may be stored on level foundations,
12 inches in height, as these stacks will not be ex-
posed to rain or snow and will not require slope to
accelerate moisture runoff. The open shed is ad-
vantageous for the storage of surfaced lumber or
the better grades of lumber which are to be held
in storage for a long period of time. Lumber having
a moisture content in excess of 20 percent, which
eventually will require covered storage, may be
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content for the lumber can be mintained by in-
creasing the shed temperature i0 to 20 F. above
the outdoor temperature. The heating system should
be arranged so that the temperature throughout
the shed is uniform.

5-109. Storage of Special Items
a. Storage of shooks. Shooks should be stored

under cover, preferably near the main packaging
areas. Many activities find it beneficial to procure
shooks instead of box lumber for the majority of
standard box requirements. Shooks can be procured
in open-end contracts and delivered in the quan-
tities required for normal operations. Thus, storage
space is required for only a 30- to 60-day supply of
each type shook. This reduces lumber storage yard
requirements and, proportionately, the need for
stack foundations, stickers, bolsters, pile spacers,
butt boards, box manufacturing machinery, and the
intradepot hauling of lumber.

b. Storage of lignum vitae. Lignum vitae is a
greenish brown, hard, and heavy wood. Usually,
it is stocked as blocks or logs. There is only one
correct method of storage for lignum vitae, which
is to store submerged in fresh water. There are
various satisfactory methods of underwater stor-
age. One method is to drive the (J- or I-bolt into the
end of the logs or blocks, attach the bolt to a cable
and place in any pond or other body of fresh water.
In the absence of natural water storage facilities,
ponds or tanks must be prepared for the submerged
storage of this wood. When lignum vitae is stored
in tanks or ponds, it is not necessary that the water
be changed as stagnant water will protect this wood
as well as water that is constantly being changed.
Lignum vitae quickly becomes unsuitable for use
if stored exposed to the air, therefore, another
method will not be substituted for the submerged
storage of this material.
( Storage .plywood. Plywood will normally be
inca dry condition when received and should be
stored in a closed shed, particularly when the ply-
wood has interior gluelines. For prolonged storage,
a heated storage building is recommended. Plywood
is commonly solid piled. Under humid conditions,
there is some tendency for edges to swell because
of exposed end grain, and this swelling causes dish-
ing, especially in the upper panels of high piles.
Dishing can be minimized by placing stickers in the
pile at intervals. Enough stickers should be used
so that plywood will not bend between them. Dry

sticker piled and placed in open shed storage for air
drying, as open shed storage has approximately the
same drying qualities as an open lumber yard. Lum-
ber is placed into and removed from open sheds
from the open sides thus, the areas adjacent to the
shed are utilized as working aisles. Stocks may be
stacked from the center of the shed out, in back to
back storage or, completely through the shed, de-
pending on quantity and similarity of stocks stored.
Surfacing requirements for open sheds are similar
or equal to those required for open lumber storage
areas.

b. Sheds--closed.
(1) Usesfor closed sheds. Closed sheds are used

primarily for the storage of well-seasoned or kiln-
dried lumber, plywood, molding, frame stock, and
other show-type lumber intended for special use
where end use moisture content requirements will
be 12 percent and less. The objective during storage
is to prevent the lumber from absorbing atmos-
pheric moisture. For this reason, it is advantageous
to stack lumber and other items solidly with only
sufficient stickers to stabilize the stack or to des-
ignate quantities, grades; or items of stock.

(2) Floor su.acing. Closed sheds should be
provided with floors, preferably concrete, asphalt,
wood block, or planking. Loose surfacing is not too
satisfactory and, earthen floors, particularly if the
shed is located on a low damp site, may increase
the moisture within the shed. For this reason,
closed sheds should be located on dry well-drained
sites. Ventilation of the shed should be provided by
adequate and adjustable openings in the walls.
Stack foundations in closed sheds should be high
enough to permit air to circulate beneath the stacks.
Stagnant air underneath the stacks probably would
accumulate excessive dampness and thus, increase
the moisture content of the lumber in the lower part
of the stack. If the floor is earth or surfaced with
some loose-surfacing materials, the stack founda-
tions should be about 12 inches in height. When the
shed floor is surfaced with concrete or other hard
surfacing, a clearance of 4 inches beneath the stack
is sufficient.

(3) Heating qf closed sheds. The efficiency of
a closed shed in maintaining a low moisture content
in lumber and other items for high-grade end uses
is increased greatly if heat is available when
weather conditions require it. When a source of
heat is available, a low relative humidity within the
shed and consequently, a low equilibrium moisture
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1-inch strips ar suitable for stickering plywood.

d. Storage of timbers. Moisture content itself is
not of major concern for timbers. The objectives in
timber storage:are to prevent serious deterioration
and at the same time accomplish slight drying. Tim-
bers held in open air storage are subject to check-
ing, splitting and warping. They are also subject to
decay. Checking, splitting and warping are asso-
ciated with shrinkage, stresses generated by the
drying of the outer portions. Decay can result
where infection takes place in those portions of tim-
bers that are exposed to moisture and air. In large
timbers, end checks may occur that are likely to
develop into splits that may extend a considerable
distance along the length of the timber. Surface
checks are generally of minor importance except
where they develop into the relatively large cracks
that are likely to occur in boxed-heart timbers. Tim-
hers may decay in storage because of fungi that
were in the living tree, or infection may start during
the storage period. Decay may start on the surfaces
of timber in solid piles because surface drying is
retarded; or in surface checks or splits into which
rain or snow water penetrates.

(1) Outdoor storage of timber. Timbers stored
in piles outdoors are usually exposed to sunshine
and wetting because it is impractical to provide
roofs. Timbers stored outdoors should be end-
coated for protection from end-checking. Ifthe coat-
ing is applied before end-checkin has started, it
will greatly retard the drying of the end-grain that
causes checking and splitting. The various types of
antisplitting irons that are used commonly on rail-
road ties may be used on timbers to prevent the
opening up of splits that may develop from end
checks. Timbers stored outdoors should be piled so
that the air has access to all faces. The timbers in
each layer, of course, should be placed several
inches apart, and the courses should be separated
by 2 by 4’s. The stickers should be spaced 6 to 10
feet apart. Pile foundations should slope, and the
pile of timbers should be built with a forward pitch
much like hand-stacked piles of boards or dimension
lumber.

(2) Open shed storage qf tibers. Timbers
stored in an open shed are subjected to practically
the same atmospheric conditions as timbers stored
outdoors, but they are protected from sunshine and
wetting by the roof of the shed. Piles are level,
rather than sloped and pitched.
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e. Storage of poles and piling.
(1) Storage methods are identical for poles and

piling. Items treated with preservatives should be
close piled. Checks may expose untreated wood to
infection by decay, fungi and attack by insects. Par-
tially treated material, such as butt-treated poles,
needs the same type of storage as untreated ma-
terial. The foundations of piles for untreated poles
should be ofthe pier-and-beam type and should sup-
port the first layer of poles at least 18 inches above
the ground. The foundations, if wood, should be
constructed of the heartwood of decay-resistant
species, such as cypress, cedar and redwood, or of
pressure-treated timbers of any species. Concrete
piers also are satisfactory.

(2) In figure 5-14, the poles are piled parallel
to one another, and for the most part, in contact
with one another. Cross pieces 4 to 6 inches in di-
ameter are placed as stickers to separate the pile
by groups of six layers each. This method of piling
is the so-called crib type, and is used in localities
where the decay hazard is not high.

(3) In a method of piling, known as the cross-
hatch type, the poles in adjacent layers are placed
at right angles as shown in figure 5-15, in which
the number of poles in each layer is about the same.

(4) In another method, alternate layers of poles
are separated by two tiers of poles as stickers.
Under some conditions, it may be advisable to have
several additional tiers of poles as stickers. The
more open piling, as compared with the close piling
in figures 5-14 and 5-15, permits a more rapid
drying rate with less chance that stain and decay
will develop.
On the other hand, if it is desired primarily to re-
duce checking rather than stain and decay, the crib
or crosshatch may be preferable.
5-110. Measuring Moisture Content

a. General. Ordinarily, the amount of moisture
in wood is expressed as a percentage of the weight
ofthe wood when oven dry. The three distinct meth-
ods of determining moisture content are the oven-
drying method, the distillation method, and the
electrical moisture meter method. The latter of the
three methods is the most rapid, and does not re-
quire cutting the material. The only accurate and
rapid test is by the use of a lumber moisture meter
(fig. 5-16), used in accordance withMIL-STD-
1363, Measurement of Wood Moisture Content.
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Figure 5-1. Crib ,ethod o.f pili.g poles.

b. Use of the electrical-resistance method. When
the rapid indication of the moisture content of wood
is desired for inspection purposes, the electrical-
resistance method is the most suitable. This method
is based upon the well-known fact that the electrical
resistance of wood changes with moisture content.
Several types of portable electric moisture meters
are now on the market. The features common to
the meters are two pairs of sharp metallic terminals
that can be embedded quickly in the wood, batteries
for supplying an electric current through the wood

intervening between the two terminals, and a
means for reading the resistance in the electric cir-
cuit directly in terms of the moisture content of the
wood holding the terminals. Different species of
wood vary in their electrical resistance for a given
moisture content, and this fact must be taken into
consideration in making moisture determinations.
Usually, manufacturers supply proper correction
factors. The range of the present meters is about
7 to 24 percent moisture content. Moisture meters
are now available with needles that are insulated
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Figure 5-15. Crosshatch method ofpiling poles with same number of’poles in each layer.

with a nonconductive coating except for the ex-
treme tip. The insulated needles are preferred since
they can measure the moisture content at various
depths within a piece of lumber. The electrical-re-
sistance method has an advantage over the oven-
drying and distillation methods, principally, be-
cause of its speed and convenience as only a few
seconds are required to determine the amount of
moisture in any piece of wood. It is, therefore,
adaptable for sorting lumber on the basis of its
moisture content. The moisture content is deter-
mined by inserting the prongs of the meter in the
back of the piece somewhere near the center. This
avoids marring the face of the board when the me-
tallic terminal points are inserted. The electrical
methods are the only practical means thus far de-
veloped by which the moisture content of finished
woodwork in place can be determined without se-
rious injury to the wood.

c. Methods of determining moisture content in

timbers. Since wood acts as a resistance element
in the electrical circuit of a moisture meter, the
current flowing between electrode needles will fol-
low the path of least resistance which is the path
with the greatest amount of moisture. Thus, a me-
ter with uninsulated electrodes will show the mois-
ture content of the wettest wood contacted by the
electrode needles. Therefore, electrical meters
should not be used on lumber that has been recently
wet by rainfall since the meter may indicate too
high of a moisture content. Meters equipped with
insulated needles are preferred. The insulated
needles respond only to the moisture content of the
wood in contact with the uninsulated tips, hence,
it is possible to take readings at different depths
to obtain a more complete indication ofthe moisture
distribution. If moisture meters with uninsulated
needles are not available, the moisture content at
a depth of one-fifth of the thickness of a board will
be nearly equal to the average for the entire cross
section.
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Figure 5-16. Moisture meter beig tsed to determSe the toistre (’otet qf ltttber d(ring unloading
operation,s.

5-111. Kiln Drying

a. Semidry lumber. Semidry lumber showing

some visible evidence of decay either should be kiln

dried to prevent further ravages of decay and then
stored in the same way as uninfested dry lumber
or, preferably, it should be used up as soon as pos-
sible after receipt at the installation. The choice on

bundling this type of lumber will depend on the

extent of visible decay.

b. Wet lumber. Lumber that is wet and showing

visible evidence of decay should be immediately kiln

dried to prevent further deterioration. If a kiln is

not available the lumber should be used as quickly
as possible. If the lumber can be kiln dried, then

its subsequent handling will be similar to the han-

dling of semidry infested lumber.
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5-201. Purpose and Scope
The purpose of this section is to establish standard
policies and principles governing the.receipt, stor-
age and issue, and care and preservation of am-
munition and explosives at Department of Defense
establishments.

5-202. General

a. These policies and principles are general in
nature. Contingencies not covered will require the
exercise of discretion and judgement in complying
with the requirements of this section. Detailed op-
erational procedures are not included but will be
found in the publications of the Military Services.
The Department of Defense Explosives Safety
Board also publishes information concerning am-
munition and explosives. Military ammunition and
explosives are products of war and as such are man-
ufactured primarily to kill and destroy. Such prod-
ucts have inherent hazards that affect all handling
operations from time ofmanufacture until expended
in service. With a knowledge of the hazards in-
volved, the first and foremost principle that should
be considered in any discussion of ammunition stor-
age is that ammunition and explosives must be han-
dled, stored and shipped in a manner that will afford
optimum protection against deterioration, acciden-
tal ignition and detonation.

b. A comprehensive safety training program
should be established and administered at all mili-
tary establishments where ammunition and explo-
sives are stored. Safety organizations should be
established for the purpose of supervising a single
coordinated Safety Program including Safety Com-
mittee activities, accident prevention inspection
and correction of day-to-day unsafe conditions and
practices; employee training programs, publicity,
accident cause investigation and first aid training.
Diligent and vigorous efforts should be made to
prevent and eliminate hazards and unsafe practices.
The planning of the handling of ammunition for any
reason must be performed carefully and by com-
petent experienced personnel to insure that all haz-
ards have been recognized and that adequate
safeguards are provided.

5-203. Facilities

a. Magazine. Any building or structure, except
an operating building, used for the storage of ex-
plosives, ammunition, or loaded ammunition com-
ponents (chap. II, sec 1).

b. Igloo magazine or arch-type magazine. An
arch-type earth-covered magazine which may be
constructed of concrete, or metal.

c. Earth covered magazines--barricaded. Earth
covered magazines which are so located that the
earth-covered sides or backs are toward each other,
or the front of one magazine with a door barricade
is toward an earth-covered side, back, or barricaded
front of another magazine.

d. Earth covered wgazines--unbarricaded. Earth
covered magazines which are so located that the
front of one magazine without a door barricade is
toward an earth-covered side or back of another
magazine.

e. Standard igloo magazine. An earth-covered,
reinforced concrete, arch-type magazine, with or
without a separate door barricade, constructed ac-
cording to approved standard service drawings.

f. Special type magazines. Include but are not
limited to.

(1) Magazines with steel (instead of concrete)
arches and steel, wood or concrete end walls.

(2) Earth-covered, reinforced concrete maga-
zines (such as Corbetta, dome or box type).

g. Aboveground magazines. Any type of ap-
proved magazine which is not earth covered. They
may be either barricaded or unbarricaded.

h. Open storage. This type of storage is undesir-
able and should be only an emergency expedient
when authorized by the controlling authority.

5-204. Storage Plan

A storage plan will be prepared and maintained on
a current basis by each establishment storing am-
munition. The storage plan should include as a min-
imum:

a. The quantity and kinds of buildings in which
ammunition and explosives are stored.

b. The quantity distance restrictions on each stor-
age building and storage site, loading dock, holding
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yards and areas, installation rail classification yards,
and ammunition work shops and operating sites.

5-205. Warehousing

a. General. Preparation for receipt ofammunition
and explosives should commence as soon as it is

known that ammunition will be received. Storage
compatability charts or tables, explosive weight
content of the item and other characteristics of the
item being received should be checked prior to de-
termining the storage location for the item. Within
the restrictions mentioned above, a storage build-
ing should be selected to effect maximum utilization
of space. When dunnage is required, a type of dun-
nage should be selected that will assure stack sta-
bility, proper ventilation, and ease in handling and
subsequent rehandling of the item.

b. Quantity-distance tables. Quantity-distance
tables established by the appropriate Military Serv-
ice will govern quantities of ammunition or explo-
sives that may be stored in a single location based
on the distance the storage site is located from other
storage sites, public highways and railroads, inhab-
itated buildings, air fields, runways and boundary
lines, utilities and utility lines.

c. Storage compatability charts or tables. The
factors which determine grouping are; effects of
.explosion of the item, rate of deterioration, sensi-
tivity to initiation, type of packing, effects of fire
involving the item and quantity of explosive per
unit. Storage comparability groupings should not
be confused with hazard classifications established
for quantity-distance requirements. The appropri-
ate Military Service will issue detailed storage com-
patability groupings.

d. Aisles.
(1) Inspection aisles should not be maintained

except when specific instructions to the contrary
are issued by the controlling authority.

(2) Operating aisles widths in magazines should
be adjusted to conform to widths required for spe-
cific types of available forklift equipment or other
operational needs.

(3) Aisles should be provided for use ofhandling
equipment, inventory, surveillance, or as necessary
to distribute the load within the floor capacity, yen-

tilation, etc., as prescribed by the appropriate Mil-
itary Service. Aisles should not be maintained
solely for inventory purposes, however, if storage
density will not be adversely affected, storage is to

be arranged to facilitate material inventory when-
ever possible.

e. Space layout and utilization.
(1) The military services are responsible for

publishing instructions in the form of drawings,
sketches, narratives or combinations ofthese media
on the approved methods of storage of all types of
ammunition.

(2) Having given due consideration to safety
and preferred magazine usage, the controlling au-
thorities should establish controls which will assure
storage in such a manner that most effective usage
of existing storage space will result.

f. Preferred storage for certain ammunition and
explosive items. This list is not complete. More de-
tails may be obtained from publications of the ap-
propriate military service.

(1) General. Ammunition will be stored in ac-
cordance with published storage compatability charts
or tables.

(2) Storage of small arms ammunition. Small
arms ammunition may be stored in above ground
magazines, providing service security require-
ments are satisfied. Where there is more than one
type available, the type which offers the most pro-
tection against fire and pilferage should be selected.

(3) Storage of bombs with HE components.
Bombs should be stored in approved earth-covered
magazines where possible.

(4) Storage of separate-loading shell or projec-
tile. Separate loading shell or projectile should be
stored in earth-covered magazines where possible.

(5) Storage of pyrotechnic items. Pyrotechnic
items will be given preferential storage in maga-
zines which are well ventilated, dry and in good
repair.

g. Storage aids.
(1) General. Ammunition should be stored and

shipped palletized to effect a reduction in handling
time. For proper grounding of ammunition and ex-
plosives while in storage, reference should be made
to applicable publications of the appropriate mill-
tary service. The following methods of palletization
are permitted when authorized by the appropriate
military service in the handling, storage and ship-
ping of ammunition:

(a) Unstrapped pallets. Conventional dou-
ble-faced pallets.

(b) Short dunnage. Short dunnage of varying
lengths used as horizontal dunnage in lieu of pallets
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and where authorized by the appropriate military
service drawings.

(c) Palletized unit loads. Applies to an as-
semblage of a particular commodity, packaged or
unpackaged, strapped or tied together in a bundle.
When a unit load is strapped or fastened to a pallet,
it becomes a "palletized unit load." This method is
commonly employed for the storage and shipment
of separate loading shell or projectile and should be
used to the maximum extent possible for storage
and shipment of other items.

(2) Box pallets.
(a) Small quantities of ammunition may be

retained in box pallet storage to meet current issue
demands.

(b) Box pallets may be used for storage of
irregular shaped, hard to stack and crushable items
such as container packed items, fiber containers,
bagged goods, loose small items, etc.

(3) Dunnage.
(a) Dunnage should be placed beneath the

first layer of ammunition or explosives to keep the
ammunition or explosives from coming in contact
with the floor or ground. The type dunnage is spec-
flied on agency storage drawings, sketches and/or
narratives.

(b) Steel racks which are grounded may be
used for storage of separate loading shells, bombs
and other cylindrical objects of ammunition.

h. Storage of pilferable ammunition. Appropri-
ate security procedures as set forth in military de-
partment/agency regulations will be applied for all
small arms ammunition, demolitions, and explo-
sives such as blasting caps, igniters, detonators,
fuses and related items. The use of special locks and
keys is required as directed by the controlling au-
thority. Key and lock control procedures as set forth
in appropriate military department/agency regula-
tions will be applied.

i. Storage of ammunition bearing security clas-
sification of Confidential or higher. The responsi-
bility for taking the proper security measures
involving the receipt, storage and issue of classified
material will rest with the commander of the in-
stallation involved. Structural standards, key and
lock control and applicable security procedures
should conform to standards set forth in DOD
5200.1-R and appropriate military department/
agency regulations.

j. Storing and stacking of dunnage. The storage
of dunnage in a permanent open storage site should
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conform with the provisions ofsection 1 ofthis chap-
ter so far as conditions permit. The location of dun-
nage yards will be governed by regulations published
by the appropriate military service.

k. Fusible links on magazines. Fusible links will
be listed on the current approved list published by
Underwriters Laboratories, Inc., or other recog-
nized testing laboratories. The melting point will
be between 155 and 165 F. with a minimum rated
breaking strength of 20 pounds for the door ven-
tilator link and 8 pounds for the rear-stack venti-
lator link. Fusible links will not be painted.

1. Rewarehousing. Rewarehousing of ammuni-
tion will be kept to the minimum consistent with
safety and operational needs.
m. Termite control.

(1) One method ofcontrolling subterranean ter-
mites in ammunition magazines is to provide a layer
of poison soil under the slabs or around footings
during construction. This principle may also be ap-
plied to structures already in place.

(2) Earth-covered magazines will be treated
only when vacant. If necessary, one section at a
time may be treated.

n. Protection against moisture damage. Every
effort should be made to protect wood boxes from
excessive moisture, as moisture increases the pos-
sibility of, attack by various types of fungi, partic-
ularly mildew. Wood boxes of ammunition exhibiting
fungi should be stacked on a pallet in a manner that
will provide for air circulation around the boxes.
Use of dunnage between layers is a method of al-
lowing for air circulation.

5-206. Receiving Rail Cars and Motor Vehicles
Rail cars and motor vehicles containing ammunition
and explosives received at military establishments
will be inspected for sabotage, mechanical defects
and condition of the loading at an established in-
spection point. All shipments received in damaged
or otherwise unsatisfactory condition because of
deficiencies such as improper preservation, pack-
ing, or marking will be reported on DD Form 6
(Packaging Improvement Report) in accordance
with AR 700-58/NAVSUPINST 4030.29/AFR 71-
3/MCO P4030.29A/DLAR 4145.8, or SF 361 in ac-
cordance with AR 55-38/NAVSUPINST 4610.33A/
AFR 75-18/MC0 4610.19B/DLAR 4500.15.

5-207. Care of Ammunition in Storage
a. It is the responsibility of the commander of an
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installation to maintain stocks of ammunition in an
issuable condition. When it becomes known that
there is a need to perform a preservation operation,
the commander should schedule the operation in
accordance with the department policies and in such
a manner that required preservation is accom-
plished with a minimum of delay.

b. Proper type storage for ammunition to afford
adequate protection should be selected in accord-
ance with policies and regulations ofthe appropriate
military service.

c. Incoming ammunition should be inspected to
determine condition and whether adequate pre-
servative protection has been applied. Those pack-
ages of ammunition which have been opened and
are being returned to the installation as excess
should be cautiously checked to determine further
serviceability and preservation requirements.

d. Inspections of ammunition in storage should
be made to determine if the preservatives and pro-
tective measures are adequate. A definite inspec-
tion schedule should be established and pursued.

e. Proper preservation and cleaning methods and
procedures will be established and published by
each military service.

5-208. Shipping

a. General. Ammunition shall be packaged in the
containers prescribed by the drawings and speci-
fications for the specific stock number involved. In
addition, the individual departments publish stand-
ard carloading and truckloading drawings, sketches
and narratives in compliance with Department of
Transportation (DOT) and US Coast Guam regu-
lations. Other requirements are specified by AR
55-355/NAVSUPPUB 444(REV.)/AFM 75-2/MC0
P4600.14A/DSAR 4500.3 (Transportation and Travel
Military Traffic Management Regulation)).

b. Preparation for delivery.
(1) Shipping activities will comply with DOT

and departmental regulations, whichever are more
restrictive.

(2) All ammunition shall be loaded in accord-
ance with the applicable outloading drawings and
standards. Where such a drawing or standard does
not exist, guidance contained in Bureau of Explo-
sives Pamphlet Nos. 6, 6A and 6C shall be followed.
These pamphlets can be obtained from Bureau of
Explosives, Association of American Railroads,
1920 L Street N.W., WASH, DC 20036.

(3) All shipments will be documented and
marked in accordance with DOD Regulation 4500.32-
R, Military Standard Transportation and Move-
ment Procedures, and MIL-STD-129, Marking for
Shipment and Storage.

(4) Certification for shipment by military air
will be made on DD Form 1387-2, Special Handling
Data/Certification, as set forth inAFM 71-4frM 38-
250/NAVAIR 15-03-500/MC0 P4030.19. For ship-
ment by commercial aircraft, Restricted Articles
Tariff No. 6 is applicable.

(5) Authorized deviations from DOT regula-
tions are issued in the form of special permits.
These permits remain in effect for the period spec-
ified. Requests for new permits and renewal of ex-

isting permits are made through the cognizant
Inventory Control Point (ICP).

(6) Ammunition lot integrity should be main-
tained in storage and shipment from the time of
manufacture and assembly through the supply ac-
tion to troops. Lots should not be mixed in storage
and shipment.

(7) Placards should be placed on the outside of
both rail car doors, indicating on which side of the
rail car the documents are to be found.

(8) Components of DOD will give technical aid
and assistance to rail and motor carriers in the
event of an incident involving explosives and am-
munition. All such incidents will be reported to the
agency administering the installation rendering the
aid in conformance with regulations of the appro-
priate military department.

(9) Lumber and nails used for blocking and
bracing of shipments will be of the size, variety
grade and specifications approved by DOT, Bureau
of Explosives and the individual department draw-
ings, sketches or narratives.

(10) Adequate safeguards will be taken to in-
sure that ammunition being shipped agrees with
the item and condition specified on the shipping
directives.

(11) Preparation for intransit security should
conform to standards as set forth in appropriate
military department/agency regulations for ship-
ment of classified and/or sensitive material.

5-209. Locator System

Locator records will be established at all military
establishments where ammunition and explosives
are stored. There should be two records established
which can be crossreferenced----one should be a rec-
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ord of each lot of ammunition and the locations in
which it is stored (the ammunition lot record cards
may be used as this part of the locator system), the
second record should be a planograph for each stor-
age building or a loose leaf book by magazine num-
ber on which is indicated its contents.

5-210. Inventory

Detailed inventory procedures are prescribed by
the individual DOD Components.

5-211. Safety

a. General. An integral part of all ammunition
handling operations is consideration for the safety
of personnel, property, ammunition, and explo-
sives. It is the policy of the Department of Defense
that its agencies establish adequate controls con-
sistent with a safe and efficient operation. The con-
trolling authority is responsible for insuring that
safe practices are being observed in all operations
in which ammunition and explosives are handled.
That line of responsibility remains unbroken until
it reaches that person who handles the item.

b. Safety rules. Each military service is respon-
sible for the publication of safety rules, regulations
and procedures to be followed in the handling of
ammunition.

c. Posting instructions. General instructions gov-
erning the storage and care of explosives should be
posted in each magazine and building where am-
munition and explosives are stored. These general
instructions will include as a minimum the follow-
ing:

(1) Always handle explosives and ammunition
carefully.

(2) Remove dirt, grit, and foreign materials
from containers and ammunition before placing in
storage.

(3) Do not store explosives and ammunition in
damaged containers.

(4) Keep all containers in magazine effectively
closed.

(5) Store each lot separately. Make the piles
stable. Provide for a free circulation of air to all
parts ofthe pile. Where dunnage is required to keep
containers and ammunition off the floor, metal dun-
nage is preferred.

(6) Do not open, repair, pack, or repack con-
tainers in or within 100 feet of magazine, except as
specifically authorized.

(7) Do not keep empty containers, tools, or
other materials in magazine containing ammunition
or explosives except as specifically authorized by
controlling authority.

(8) Cleanliness and order must be maintained.
(9) Use only electric lights approved for use in

magazines.
(10) Do not smoke, or bring matches or other

flame or spark producing devices into magazine.
(11) Do not allow unauthorized persons in or

near magazine.
(12) Keep magazine sparktight, with ventila-

tors well screened, and no openings around doors
or foundations.

(13) Keep doors locked when magazine is un-
attended. Close doors when vehicle is approaching
platform unless vehicle is equipped with spark
arrestor on exhaust.

(14) Keep the 50-foot cleared space around
above ground magazines free from combustible
materials and keep adequate cleared space around
igloo magazine ventilators.

(15) Two or more doors, when available, must
be open when personnel are working in a magazine
containing explosives or ammunition.

d. Standard handling methods. Standard han-
dling methods, consistent with the safety rules and
regulations of each military service, should be es-
tablished for handling all serviceable ammunition
packed in accordance with agency approved draw-
ingsand specifications. For all items not packed in
accordance with agency drawings and specifications
or an item considered to be extremely hazardous,
a standard operating procedure should be devel-
oped and then approved by the commander of the
installation prior to starting the operation. As a
minimum, standard operating procedures should be
prepared for all preservation, renovation, and mod-
ification operations.

e. Educational program. An educational pro-
gram should be instituted in each installation to
develop and maintain employees’ interest in the
safety program and to train employees in safe prac-
tices and safe procedures. Some of the mediums
available for employee education are posters, bul-
letin boards, score boards, special exhibits, safety
contests, articles in establishment publications,
safety rules, hand-out cards, pamphlets, warning
signs for specific hazards, suggestion system, essay
contests, sound slide films or motion pictures for
groups. Appropriate "off the job" accident pres-
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entation features should be included in the pro-
gram, and the safety organization should stimulate
the interest of and cooperate with outside agencies
concerned with this phase of the acddent preven-
tion program.

f. Indoctrination of personnel. Before any new
employee is placed on the job, he/she should be
made cognizant of specific safety rules and regu-
lations of the installation and the military service

Section 3. VEHICLES (TRACKED

and in consonance with the duties to be performed,
insofar as is practicable. The instructions concern-
ing the performance of new duties should be
planned in. advance so that the instructor can pre-
sent them in an orderly fashion. Instructions to each
worker should be clear and definite. A continuous
program of follow-up, reinstruction and enforce-
ment of regulations and procedures with each em-
ployee should be maintained.

AND WHEELED) AND ARTILLERY
Paragraph

Scope 5-301
Storage areas 5-302
Storage patterns 5-303
Fire protection 5-304
Methods for storage, receipt, and issue 5-305

5-301. Scope

This section prescribes policy for the storage of
wheeled and tracked vehicles and artillery at De-
partment of Defense installations. Detailed opera-
tional procedures will be prescribed, as deemed
necessary, by the individual military service/agency.

5-302. Storage Areas
a. General.

(1) Storage areas for vehicles and artillery may
be located either under cover (as in a warehouse)
or in the open. The type of storage area in which
any specific type of vehicle or artillery piece should
be stored will be determined by such factors as the
degree and length of environmental exposure the
item will satisfactorily withstand, the size and
weight of the item, the ease with which the item
may be handled, the availability and type of vacant
storage space, and the requirements imposed by
the owning military service/agency.

(2) Vehicles and artillery, being relatively
heavy and bulky, are difficult to handle. Therefore,
storage areas selected for such items should be in
proximity to rail sidings and truck loading facilities;
this reduces the handling time and travel distance
incident to the receipt, storage, and shipment of
these items.

(3) Sufficient space should be provided either
within or adjacent to the storage area to serve as
a preparation area for shipments of multiple item
quantities which may require such actions as the
marshalling of items for marking, addition of on-
vehicle equipment items, inclusion of log books, and
preshipment inspection.

(4) Once items have been placed in storage,
control should be maintained through use of a lo-
cator system employing a grid layout as defined in
chapter III, section 3.

b. Covered storage areas.
(1) There are three general types of covered

storage space which may be used for the storage
of vehicles and artillery: controlled humidity (CH)
warehouses; general purpose warehouses; and other
covered space such as sheds and transitory shelters.
Though large items such as vehicles and artillery
are expensive in terms of the space they occupy,
there remain significant advantages in using cov-
ered space for the storage of such items. Some of
the advantages to be gained, to varying degrees
dependent upon the type of covered storage space
used, are as follows:

(a) Ability to store material in assembled
condition, requiring only minimal effort to ready it
for issue.

(b) Reduced requirement for item preser-
vation.

(c) Extended storage with reduced require-
ment for inspection and subsequent represervation.

(2) When planning for the storage of vehicles
and artillery in covered storage areas, factors to be
considered include the floor load rating of the ap-
plicable storage area and the size, quantity, and
location of the doors in the structure(s) involved.

(3) CH storage space provides a high degree
of protection to prevent item deterioration. To the
extent this space is available and considering its
necessary use for other critical material, this type
of storage is also suggested for artillery, wheeled
trucks and truck-tractors, and tracked combat, as-
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sault, and tactical vehicles. It is recommended that
items equipped with fire control (critical optics)
components and other costly to preserve compo-
nents be furnished CH storage. When determining
what type of storage space to use for a specific
application, it must be remembered that CH space
is one of the most costly types of storage space to
construct and maintain.

(4) General purpose storage space, though ob-
viously less advantageous than CH, still offers sub-
stantial protection from the elements.

(5) Transitory shelters may be used for the
storage of vehicles and artillery.

(6) Of all the types of covered storage space,
sheds offer the least amount of protection from the
elements since one side is normally open. When
constructing sheds, care should be taken to assure
that a closed side of the shed faces the direction of
the prevailing wind to minimize the effects of rain
and snow.

c. Open storage areas. Use of open storage areas
results in the exposure of material to the elements;
hence, the material may deteriorate from exposure
to sun, rain, snow, dust, and sand. Exposure to
dust or sand especially if windblown) may result
in difficulties such as clogged fuel lines and filters,
stripping ofpaint or other protective materials from
exposed surfaces, pitted glass, and malfunction of
mechanical parts. For these reasons, plus the ad-
vantages noted earlier for covered storage areas,
the use of open storage areas is not recommended
for wheeled and tracked vehicles. However, since

this material must oftentimes be stored in the open
for a variety ofreasons, the following actions should
be taken to assure achievement of the best possible
results:

(1) Increase the degree of protection over what
is required for items placed in covered storage
areas.

(2) Increase the frequency of inspection over
what is required for items placed in covered storage
areas. Also, consider increasing the thoroughness
of the inspection.

(3) For some parts of certain vehicles (e.g.,
cargo trailer beds, dump truck bodies, etc.), take
precautionary action to reduce the accumulation of
snow or rainwater. Such accumulation may result
in the corrosion of both painted and unprotected
surfaces on these parts of this type of vehicle. The
probability of this occurring may be reduced by
elevating one end of the vehicle or applicable

vehicular component. Cargo trailers with tailgate
assemblies which allow moisture to run off should
be elevated at one end (fig. 5-17). Dump truck bod-
ies should be maintained in a slightly elevated po-
sition by inserting a 4- by 4-inch block between the
dump body and the vehicle’s frame. The tailgate
may also require blocking to open slightly. Exposed
unpainted and machined surfaces of the hydraulic
ram should be preserved, then wrapped in accord-
ance with the requirements of the applicable mili-
tary service/agency.

(4) Wheeled and tracked vehicles in open (or
covered) storage need not be blocked off the
ground. However, vehicles which must be stored
in open areas, should be placed on the most favor-
able terrain available to prevent this equipment
from resting in mud or water. Where changing ter-
rain or draining patterns cause this condition to
exist, the equipment should be moved to a more
desirable area, or some type of fill (gravel, stone,
etc.) spread, or landing mat positioned to provide
a more proper ground condition.

5-303. Storage Patterns

a. General. Whenever material is placed within
a storage area, the manner in which items are lo-
cated in relation to one another forms a pattern.
This is referred to as a "storage pattern." The back-
to-back and the block storage patterns are two ef-
ficient patterns for use in the storage of vehicles
and artillery.

(I) The back-to-back storage pattern consists
of two rows of material placed in proximity to one
another as shown in figure 5-18 and 5-43. Note that
an aisle separates each double rowso that any item
is accessible without the need to move any other
item.

(2) The block storage pattern is made up of
more than two rows of material placed in proximity
to one another as shown in figure 3. With the block
pattern, depending upon the depth of the block,
access to a specific item may require that other
items must be moved.

b. Selection of the proper pattern. Many factors
must be considered when determining the best stor-
age pattern to use in a specific situation. Factors
which must always be considered include, but are

not limited to, the following:
(1) Efficient space utilization. A block storage

pattern will make more efficient use of space than
will a back-to-back pattern since the block pattern
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requires a minimal quantity of aisles. Although
block patterns do result in more efficient use of
space, consideration of other factors discussed be-
low may dictate the use of a back-to-back pattern.
However, a specific single type of pattern need not
be used throughout an entire storage area; it is
permissable to use a combination of both.

(2) Type o]" storage area. Normally, there is
nothing which will physically inhibit the use of
either type storage pattern in an open storage area.
However, since open space is at less premium, the
back-to-back pattern is usually used so as to mini-
mize materials handling. In a covered storage area,
the need for specific aisle placement and. the location
of flrewalls and building supports may not allow the
use of a block pattern.

(3) Item mix. When a large quantity of a single
item is to be stored, the use of a block pattern is
usually the logical choice, if facility design will per-
mit. Where small quantities of different items are
involved, a back-to-back pattern generally proves
to be more efficient.

(4) Item issue requirements. If the issue ofeach
piece (vehicle or artillery piece) is controlled by
serial number or a similar control factor, the use
of a block storage pattern is not the logical choice
unless the precise sequence in which pieces will be
issued can be accurately predetermined. The re-
quirement for a single piece in the center of a block
pattern could necessitate the movement of many
pieces so that the desired piece may be obtained.

(5) Care of supplies in storage. The care of
supplies in storage program (chap. III, sec 6) for
vehicles and artillery specifies that, under certain
conditions, vehicle drive trains or artillery recoil
mechanisms be exercised periodically. In some in-
stances, this can be accomplished through use of a
mechanical device and, when such a device is used,
sufficient space must be made available between
items to allow the device to approach the item to
be serviced. This may also be true when inspection
defines the need to represerve material.

c. Planograph. Planographs should be used when
planning and controlling space utilization in the
storage of vehicles and artillery (see chap. III, sec
3).

5-304. Fire Protection

Fire protection policy is not prescribed in this sec-
tion and will be that stipulated by the individual
services and chapter VI of this regulation.

5-305. Methods for Storage, Receipt, and Issue
a. Storage.

(1) Stacking. Since vehicles and artillery are
relatively bulky items, they occupy considerable
floor space within covered storage facilities. Eco-
nomical and efficient use of such facilities may be
appreciably enhanced if these items are stacked to
utilize available cubic space. Stacking methods vary
with the weight, dimensions, and type of item to
be stacked.

(a) Except for a few items which may be
stacked without need for racks or a substantial
quantity of supporting dunnage, vehicles should
only be stacked in covered storage areas possessing
a level, surfaced floor. The use of bare earth, which
is normally uneven and highly compressible, can
result in an unbalanced stack. When stacking ve-
hicles or trailers for storage or when storing ve-
hicles or trailers loaded with other material it may
be necessary to place blocks between the axle and
frame to relieve pressure on the springs.

(b) Some items, such as certain types of trail-
ers, may be stacked inverting one item and placing
it over another as shown in figure 5-20. Normally,
under these conditions a relatively stable stack is
produced which will allow storage on slightly un-
even surfaces such as dirt floors or open storage
areas. When this method of stacking is used in open
storage areas, the undercarriage of the uppermost
item is exposed to the elements and the degree of
preservation should be increased accordingly.

(c) Vehicles and artillery should not be
stacked in open storage areas, except as noted in
(b) above. The costs for materials handling, racks,
and dunnage far outweigh any potential benefit
since open storage space is the least costly of all
storage space.

(d) When stacking Vehicles and artillery in
covered storage areas, the floor load rating of the
area must be known. The combined weight of all
items in the stack, plus the nominal additional
weight of stacking aids (racks, stands, or dunnage),
must not exceed this rating; otherwise, damaged
floors, structural damage, and damage to the stored
material may result.

(e) A variety of MHE types may be used to
stack vehicles and artillery. The type required must
be determined prior to making the decision to stack.
Some of the heavier MHE with sizeable lifting ca-
pacities may be too large to move through ware-
house doors, or may result in a need for oversize
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aisles. This would reduce the savings to be derived
through stacking. The various types ofMHE which
may be used for stacking are covered elsewhere in
this section.

(f) To facilitate the actual stacking ofvehicles
and artillery, racks, stands, or dunnage may be
used. The cost of these aids rises in direct relation
to their weight capacity. Racks and metal stands
may be obtained from commercial sources while
wood stands and precut dunnage may be fabricated
locally. Items which experience a relatively rapid
rate of turnover should not be considered as prime
candidates for stacking since the increased handling
costs for such items will tend to negate the short
term space saving.

(g) Racks may initially be the most costly of
the three types of stacking aids, but their cost may
also be more rapidly offset by their minimal inci-
dence of repair and the limited requirement to han-
dle and rehandle them during stacking operations.
Most racks are designed to accommodate one gen-
eral type or size vehicle. They are constructed in
one of three basic configurations: roll-through, can-
tilever, and suspension. Roll-through racks are well
suited to the stacking of lightweight vehicles (fig.
5-21); these are basically commercial pallet racks
modified by adding channels upon which equipment
may roll forward when inserted in the input end of
the rack. Since roll-through racks may make up long
rows and are both loaded and unloaded from the
ends, they may be placed close together in a block
pattern with minimal aisle requirenents. This con-
figuration will enhance the ease with which the first
in/first out principle may be practiced. The second
type of rack is of cantilever design (fig. 5-22). This
type of rack consists of a pair of stanchions fitted
with cantilever type "arms" which support the
stored item from underneath. The cantilever type
of rack may be used to stack items considerably
heavier than those which may be stacked on roll-
through racks. The suspension type rack (fig. 5-23)
consists of a pair of stanchions fitted with brackets
from which lightweight or mediumweight vehicles
may be suspended by their bumpers, lifting eyes
or pintles.

(h) Stands may be constructed from wood or
metal. Many are built in a "sawhorse" configuration
and, depending upon both their design and the ma-
terials from which they are constructed, they can
support items of nearly any weight (figs. 5-24 and
5-25). Unlike racks which support each item inde-

pendently (no requirement for the lowermost item
to support the superimposed weight of any items
stored above it), stands support the weight of all
items above them. The stacking procedure involves
placement of the stands directly upon the lower-
most item in the stack, then placing the next item
on top of those stands. Whenever stacking vehicles
or artillery pieces on stands, the stands used must
be sufficiently strong and so placed so as to avoid
instability of the stack and damage to the suspen-
sion of each stacked item.

(i) In some instances, dunnage may be used
for the same purpose of racks and stands. When
properly used, dunnage permits the stacking of ex-
tremely heavy items (fig. 5-26). Dunnage material
must be carefully chosen to assure that it possesses
sufficient strength to support the weight to be su-
perimposed upon it. Improperly chosen dunnage
may be too soft, resulting in compression and the
inability to remove the stacked items, or it may be
brittle and break, resulting in an unstable stack.
Properly chosen dunnage can be an easily fabri-
cated, safe, and economical stacking aid.

(2) Fork extensions and adapters. By adding
fork extensions to the common forklift truck (chap.
IV, sec 2), it becomes possible for the truck to han-
dle larger and bulkier items which it might other-
wise not be capable of handling. Considering the
extended load centers involved, care must be taken
to assure that the forklift truck is not overloaded.
Fork adapters may also be used for handling some
vehicles and artillery pieces. Fork adapters are sim-
ilar to fork extensions except that they are designed
to accommodate specific types of styles of under-
carriage configuration. Figures 5-27 and 5-28 show
two different types of forklift adapters while figure
5-29 shows an adapter in use. As with extensions,
when using adapters and extended load centers are
involved, caution must be exercised to assure that
the forklift truck is not overloaded.

(3) Towing in storage. Towing offers a distinct
advantage over handling by MHE since, in many
instances, towing may be accomplished by means
of nonspecialized equipment already on hand. How-
ever, towing is a preferred method of.movement
only when item preservation will not be adversely
affected by moving the item on its own wheels or
tracks. Care must be exercised in the selection of
a towing vehicle with adequate capacity (drawbar
pull). A towing vehicle may be capable of moving
an item on level ground while being incapable of
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moving the same item up even a slight grade. Such
conditions will cause damage to the towing vehicle.
The same logic applies when towing items over
rough, uneven terrain. Considerably more effort
must be exerted when towing an item over rough
terrain than when towing the same item on a
smooth, level surface since the towed item’s drag
(inertia) is more on rough terrain. (See chap. IV,
sec 3.)

(4) Towing equipment.
(a) Pr/me movers. There are two basic types

of prime movers, either of which, when properly
outfitted, may be used to tow or push even the
heaviest vehicles and artillery. One is a pneumatic
tired, diesel powered industrial tractor with four-
wheel drive which can operate on rough terrain as
well as on improved surfaces (fig. 5-30). The other
common type ofprime mover is the tracked tractor
(fig. 5-31) which can also operate on rough terrain
as well as on improved surfaces. However, tracked
tractors can damage improved surfaces unless their
tracks are filled with rubber track blocks (fig. 5-
32).

(b) Towing medium and lightweight mate-
r/al. Medium and lightweight vehicles and artillery
may easily be towed over improved surfaces with
a variety of equipment such as warehouse tractors
(chap. IV, sec 2), V4-ton trucks, 5-ton trucks, etc.
Care must be taken to assure that the drawbar pull
of the equipment used is not exceeded ((3) above).
As the weight of the item to be towed increases
and the quality of the terrain over which the item
must be towed diminishes, consideration should be
given to the use of a prime mover.

(c) Towing aids. Cables and chains ofvarious
lengths and strengths maybe equipped with fittings
which will allow them to be used in towing vehicles
and artillery. However, since both chains and cables
are flexible, an extra man may be required to steer
or apply the brakes of the towed item. This need
may be circumvented by use of a tow bar (fig. 5-
33). Tow bars which are strong enough to allow
both towing and pushing permit positive control of
the towed item by the operator of the towing ve-
hicle.

(5) Item disassembly. Unless specifically ap-
proved and designated by the owning agency, the
disassembly ofvehicles and artillery for the express
purpose of gaining storage space is prohibited, ex-
cept as noted in b(3) below. If disassembly to some
extent is deemed necessary, full justification will

be furnished to the owning agency as a prerequisite
to gaining approval for such action. As a minimum,
the justification for desired disassembly action will
include all pertinent costs, the time required for
item reassembly, and the method(s) of maintaining
item integrity.

(6) Exercising. The drive trains of some vehi-
cles and the recoil mechanisms of some artillery
pieces must be exercised on a periodic basis (stip-
ulated by the owning agency) to prevent deterio-
ration in storage. In the case of vehicles, exercising
may be accomplished by either running the vehicle
or by the application of an exercising device con-
sisting of a set of batteries mounted on a trailer.
The batteries are attached to the vehicle’s starter
motor which can then move the drive train without
need of starting the vehicle’s engine. Running the
vehicle destroys preservation; the use of an exer-
cising machine does not. Consequently, exercising
machines are recommended for this action. Artil-
lery recoil mechanisms should also be exercised
with an exercising machine (fig. 5-34) since manual
exercising is for the most part ineffective.

(7) Inflation of tires. When vehicles and artil-
lery are placed in storage, all tires (mounted and
unmounted alike) will be inflated and kept at their
normal operating pressure. Tire preservation should
be as specified in paragraph 5-617.

b. Receipt and issue.
(1) In some cases, special equipment such as

heavy duty cranes may be required to facilitate the
loading/unloading process. However, all receiving
activities may not be equipped with such special
handling devices. Consequently, the shipping activ-
ity (point of shipment origin) must determine and
allow for any undue handling difficulties that may
be created at the destination. Such difficulties may
sometimes be avoided by merely changing the
placement of items on the conveyance or by chang-
ing the type of conveyance to be used.

(2) Vehicles and artillery may be shipped on
any commonly used conveyance (e.g., railcar, trac-
tor-trailer, etc.) in accordance with loading draw-
ings, AAR rules or other applicable carrier
requirements. One additional method of shipping
vehicles is via the driveaway method where the
vehicles are actually driven to their destination.
Driving a vehicle to its destination will prevent the
application of preservation by the shipper or will
destroy any preservation previously applied to its
engine and drive train. This can mean that a port
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of embarkation or other consignee may be required
to represerve the item before it is transshipped or
stored. For shipments of some types of powered
vehicles, these disadvantages may be overcome to
some extent by using the piggyback method of ship-
ment depicted in figure 5-35.

(3) Many vehicles anti artillery pieces possess
parts that are prone to damage or pilferage (e.g.,
exterior mirrors, easily removed controls, soft-top
cabs, on-vehicle equipment items, etc.). Such parts
must be protected during both shipment and stor-
age. Small parts may be removed and placed in a

protected area such as a vehicle map compartment.
Larger parts may be removed, preserved, packed,
then securely affixed to the end item by any ap-
propriate means (e.g., strapped with steel band-
ing). Removed bolts, nuts, washers, etc., must be
placed in one of their mating parts and secured to
prevent their loss. Figure 5-36 shows boxed parts
affixed to the exterior of an item awaiting issue.
Note that the box has been marked so that it may
be readily identified by the ultimate user.

(4) The freight planning operation will take into
consideration such factors as proper segregation or
consolidation of the items being shipped to assure
assessment of the lowest possible freight charges
and the effective utilization of available cube on the
conveyance. The load pattern in or on the convey-
ance should be established by taking into account
the possibility of partial unloading of material at
stopoff points enroute; improper item placement in
or on the conveyance may result in a need for much
unnecessary handling at such stopoff points. The
Official Railway Equipment Register contains in-

formation regarding the dimensions and cubic ca-

pacity of the railcars owned and operated by
individual railroads; this document will prove useful
when determining the best load configuration to use
when shipping on American railcars. Additionally,
some military technical publications provide infor-
mation as to the quantity of items which may be
loaded in or on a specific type of conveyance. Such
information, though useful for guidance, will not
abridge the requirement for the most practical load
configuration within the rated capacity of the con-
veyance.

(5) When making oversea shipments of vehicles
and artillery, the transportation charges are in
large part determined by the amount of cubic space
occupied by the items being shipped. Therefore,
item cube will be reduced to the maximum practi-

cable extent for all oversea shipments. A word of
caution: Item cube must not be lowered to the point
where it becomes overly difficult for the receiving
activity to ready the item for storage or use. The
reduction of item cube may be accomplished by,
among other things: Lowering gun tubes or artil-
lery pieces to a horizontal position; removing soft-
top cabs from vehicles and both lowering and boxing
the windshield to protect it from damage (fig. 5-
37); and, in general, removing or lowering all cube
consuming parts on the item being shipped. An-
other method ofreducing cube is to invert one light-
weight item, place it over another, and strap the
two together with steel banding (fig. 5-20). All
parts removed or exposed by such action will be
preserved and packed to the extent necessary to
protect them from the hazards inherent to shipping
and from exposul to the elements.

(6) Cranes are not generally well suited to han-
dling operations within confined spaces in a ware-
house. Cranes are particularly useful in handling
vehicles and artillery in loading and unloading op-
erations. While a large variety of crane types is
available, this does not imply that a large variety
is required at any installation. Normally, one ortwo
types in quantities commensurate with workload
will suffice, especially if these are made more ver-
satile with a carefully chosen selection of slings and
spreader bars (fig. 5-38). The use of slings and
spreader bars will also protect the surfaces of the
lifted item from marring or crushing. Some of the
general types of cranes are discussed briefly below:
All of the types discussed are available in a wide
range of lifting capacities.

(a) Truck mounted crane. This type of crane
(fig. 5-39) consists ofa selfpowered crane unit which
is equipped with a boom and mounted on a powered
truck or truck chassis suitable for highway travel.
The truck mounted crane is highly mobile, best
suited to operation on a relatively smooth and level
surface, and has a lifting capacity which is generally
somewhat less than that ofthe other types ofcranes
discussed below.

(b) Wheel mounted crane. This type of crane
(fig. 5-40) is self-powered and equipped with a

boom. The chassis on which it is mounted may or
may not be selfpropelled; if it is not selfpropelled,
then the entire crane must be towed from one work
site to another. A wheel mounted crane that is

selfpropelled is nearly as mobile as the truck
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mounted crane, yet its lifting capacity is normally
greater.

(c) Crawler mounted crane. This type of
crane (fig. 5-41), equipped with boom, is mounted
on a selfpropelled, track laying (crawler) chassis.
Its firing capacity approximates that of the wheel
mounted crane, and it is well suited to operation in
unimproved open storage areas. The crawler
mounted crane is less mobile than either the truck
or wheel mounted type.

(d) Gantry crane. The gantry crane is not
equipped with a boom but consists of a hoisting
apparatus suspended above the ground by agantry-
type framework. It is a powerful crane of great
lifting capacity (some with more than 100,000
pounds capacity). The gantry crane may be immo-
bile, but more commonly it is mounted on rails (fig.
5-42). It is very well suited to loading and unloading
operations involving volume handling of very heavy,
bulky items.

Figure 5-17. End of trailer elevated to promote drainage.
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li

Figure 5-18. The back-to-back storage pattern.
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L-

Figure 5-19. The block storage pattern.
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Figure 5-0. Inverted railers ready for sorage.
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Figure 5-21. Roll-through racks for stacking vehicles in storage.
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Figure 5-22. Cantilever racks for stacking vehicles in storage.
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Figure 5-23. Suspension-type racks for stacking vehicles in storage.

Figure 5-24. Wood stands for stacking vehicles in storage.
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Figure 5-25. Metal stands for stacking vehicles in. storage.

Figure 5-26. Wood dunnage for stacking vehicles in storage.
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Figure 5-7. Forklift adapter used for stacking M37B1 cargo trucks.

0

Figuro 5-8, Forklf adapor usod for stacking M181 trucks,
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Figure 5-29. Forklift adapter used to stack an M151A1 truck.
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Figure 5-30. Eample of a wheeled prime mover.
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Figure 5-31. Example of a tracked prime mover.
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Figure 5-3. Rubber track blocks used to protect improved surfaces.
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Figure 5-33. A tow barfor use when pushing a vehicle.
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Figure 5-35. An exerciserfor use on recoil mechanisms.
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Figure 5-35. Truck tractors piggybacked for driveaway shipment.

Figure 5-36. Parts, boxed and attached to end ite,n for shipment.
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Figure 5-37. Windshield, boxed for protection during shipment.

Figure 5-38. Slings and spreader bars for use with cranes.
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Figtre 59. Truck-mounted crane.

Figure 5-40. Wheel-mounted crane.
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Figure 5-41. Crawler-mounted crane.

Rail-mounted gantry crane.Figure 5-42.
-49
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Figure 5-43. Modified back-to-back (herringbone) storage pattern. (Note: This pattern allows items to be driven
or maneuvered directly into their locations with minimal handling.)

Section 4. HAZARDOUS COMMODITIES

General Paragraph.......................................................................... 5-401
Radioactive material ........................................................ 5-402
Materials with explosive characteristics 5-403
Flammable and cumbustible liquids 5-404
Compressed gases ............................................................... 5-405
Adds ............................................................................. 5-406
Table of hazardous materials .................................................... 5-407

5-401. General
a. It is neither possible nor practical to provide

a complete detailed item-by-item listing of hazard-
ous materials and their storage compatibility char-
acteristics. This section provides overall guidance
for storage and handling of various types of haz-
ardous commodities. (Chap. VI delineates safety
requirements.) Methods of storing and handling of
hazardous commodities are to be oriented towards
facilities acceptable to provide the necessary fire
and accident prevention/protection programs. Fa-
cilities utilized to store hazardous commodities will
meet the criteria established by this section. Items

not covered herein or by current service/agency
directives should be researched for hazard charac-
teristics in the following references:

(1) Dangerous Properties of Industrial Mate
rials, by N. Irving Sax (Reinhold Publishing Cor-
poration, 450 W. 33rd St., New York, NY.

(2) NFPA Fire Protection Guide on Hazardous
Materials (Pamphlets 325A, 325M, 49, 491F and
704M), National Fire Protection Association, 470
Atlantic Avenue, Boston, MA 02210.

(3) Handbook of Industrial Loss Prevention by
Factory Mutual (McGraw-Hill Handbook, 330 West
42nd Street, New York, NY 10036).
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(4) OSHA Safety and Health Standards (29
CFR 1910).

b. Local procedures should be developed and co-
ordinated with the installation Safety Officer or
other appropriate personnel of the respective serv-
ice for dealing with these items as they are brought
into the inventory and made available for storage.

c. When there is a doubt as to the hazard, iden-
tity, and storage location of any item in stock, or
any item to be stored, the installation fire depart-
ment, Safety Officer, Industrial Hygienist, or other
appropriate personnel of the respective service
should be consulted for guidance.

d. If leakage or spillage of one of these items
occurs and it has not been covered by local proce-
dure, evacuate the immediate area and seek advice
ofthe Safety Officer or other appropriate personnel
of the respective service prior to clean up or dis-
posal operation.

5-402. Radioactive Material

The handling of radioactive material involves se-
rious health hazards. Receipt, storage, packaging,
handling, shipment and disposal are covered in the
joint services regulation, DLAM 4145.8/AR 700-64/
NAVSUPINST 4000.34/AFM 67-8/MC0 P 4400.105,
Radioactive Commodities in DOD Supply System.
MIL STD-129, Marking for Shipment and Storage;
MIL STD-1458, Radioactive Materials, Marking
and Labeling of Items, Packages and Shipping Con-
tainers for Identification in Use, Storage and Trans-
portation; and AFR 71-4/TM 38-250/NAVSUP PUB
505(Rev)/MCO P4030.19D/DLAM 4145.3, Prepa-
ration of Hazardous Materials for Military Air Ship-
ment; code of Federal regulations (CFR) 49, and
OSHA 1910.96 should be consulted when shipping
radioactive materials. Matters not covered by cur-
rent service/agency directives or above reference
should be referred to the local Radiological Protec-
tion Officer or Safety Officer for specific instruc-
tions.

403. Materials With Explosive Characteristics

a. Many items have unsuspected inherent prop-
erties that are potentially dangerous and, although
not listed as explosive or flammable when stored
alone, may become hazardous when stored in prox-
imity to other items. For example, oils combined
with liquid oxygen can cause an explosion.

b. Care must be exercized when handling these
potentially dangerous items to assure storage is not

in proximity to other items. If there is a doubt, the
installation Safety Officer or fire department should
be consulted for specific instructions.

c. For information in these matters not contained
in current service/agency directives or in this reg-
ulation refer to the National Fire Protection Guide
on Hazardous Materials (NFPA 325A, 325M, 49,
491M and 704M) published by the National Fire
Protection Association, 470 Atlantic Avenue, Bos-
ton, MA 02110.

5-404. Flammable and Combustible Liquids

a. General. Storage of flammable and combusti-
ble liquids must consider stacking heights and dis-
tances between stacks. To provide these data, this
paragraph defines classes of flammable and com-

bustible liquids together with tables depicting the
storage requirements.

b. Flammable and combustible liquids (9 CFR
1910.106).

(1) Combustible liquids. Any liquid having a
flashpoint at or above 100 F. (37.8 C.). Combus-
tible liquids are divided into two classes as follows:
(29 CFR 1910.106(a)(18))

(a) Class H liquids. Liquids with flashpoints
at or above 100 F. (37.8 C.) and below 140 F.
(60 C.) except any mixture having components
with flashpoints of 200 F. (93.3 C.) or higher, the
volume of which make up 99 percent or more of the
mixture.

(b) Class III liquids. Those liquids with
fiashpoints at or above 140 F. (60 C.). Class III
liquids are subdivided into two subclasses:

I Class IIIA liquids. Those liquids with
flashpoints at or above 140 F. (60 C.) and below
200 F. (93.3 C.) except any mixture having com-
ponents with flashpoints of 200 F. (93.3 C.) or
higher, the total volume of which make up 99 per-
cent or more of the total volume of the mixture.

Class IIIB liquids. Those liquids with
flashpoints at or above 200 F. (93.3 C.).

(2) Flammable liquids. Any liquid having a
flashpoint below 100 F. (37.8 C.), except any
mixture having components with flashpoints of
100 F. (37.8 C.) or higher, the total of which
make up 99 percent or more of the total volume.
Flammable liquids are categorized as class I liquids.
Class I liquids are divided into three classes as fol-
lows:
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(a) Class IA liquids. Those liquids having
flashpoints below 73 F. (22.8 C.) and having a
boiling point below 100 F. (37.8 C.).

(b) Class IB liquids. Those liquids having
flashpoints below 73 F. (22.8 C.) and having a
boiling point at or above 100 F. (37.8 C.).

(c) Class IC liquids. Those liquids having
flashpoints at or above 73 F. (22.8 C.) and below
100 F. (37.8 C.).

c. Tables (indoor storage) (29 CFR 1910.106 Ta-
ble H-14).

d. Warehouses or storage buildings for flam-
mable and combustible liquids (29 CFR
1o6(d)(5)(w)).

(1) If the storage building is located 50 feet or
less from a building or line of adjoining property
that may be built upon, the exposing wall will be
a blank wall having a fire-resistance rating of at
least 2 hours.

(2) The total quantity of liquids within a build-

15 September 1979

ing will not be restricted but the arrangement of
storage will comply with table 5-1 or 5-2.

(3) Containers in piles will be separated by pal-
lets or dunnage where necessary to provide stabil-
ity and to prevent excessive stress on container
walls.

(4) Portable tanks stored over one tier high will
be designed to nest securely, without dunnage, and
adequate MHE will be available to handle tanks
safely at the upper tier level.

(5) No pile will be closer than 3 feet to the
nearest beam, chord, girder, or other obstruction,
and will be 3 feet below sprinkler deflectors or dis-
charge orifices of water spray, or other overhead
fire protection systems.

(6) Aisles of at least 3 feet wide will be provided
where necessary for reasons of access to doors,
windows or standpipe connections.

e. Tables (outdoor storage) (9 CFR 1910.106
Table H-16).

Table 5-1. Indoor container storage.

Class *Protected storage Unprotected storage
liquid Stwge level maximum per pile maximum per pile

Gallons Height Gallons Height

IA Ground and upper floors 2,750 3 it 600 3 it
(50) (1) (12) (1)

Basement Not permitted Not permitted

IB Ground and upper floors 5,500 6 ft 1,375 3 it
(100) (2) (25) (1)

Basement Not permitted Not permitted

IC Ground and upper floors 16,500 6 it 4,125 3 it
(300) (2) (25)

Basement Not permitted Not permitted

II Ground and upper floors 16,500 9 it 4,125 9 ft
(300) (3) (75) (3)

Basement 5,500 9 it Not permitted(100) (3)

III Ground and upper floors 55,000 15 it 13,750 12 it
(1,000) (5) (250) (4)

Basement 8,250 9 ft Not permitted)(450) (3)

Note 1. When 2 or more classes of materials are stored in a single pile, the maximum
gallonage permitted in that pile will be the smallest of the 2 or more separate maximum
gallonages.

Note ,. Aisles will be provided so that no container is more than 12 feet from an aisle.
Main aisles will be at least 8 feet wide and side aisles at least 4 feet wide. (Numbers in
parentheses indicate corresponding number of 55-gallon drums.)

Note 3. Each pile shall be separated from each other by at least 4 feet.
*A sprinkler or equivalent fire protection system installed in accordance with NFPA

standard 30.
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Table 5-2. Indoor portable tank storage.
(29 CFR 1910.106 Table H-15).

Protected storage Unprotected storage
Class maximum per ile mazimum per pile
liquid Storage level Gallons Height Gallons Height

IA Ground and upper floors Not permitted Not permitted
Basement Not permitted Not permitted

IB Ground and upper floors 20,000 7 it 2,000 7 it

Basement Not permitted Not permitted

IC Ground and upper floors 40,000 14 ft 5,500 7 it

Basement Not permitted Not permitted

II Ground and upper floors 40,000 14 ft 5,500 7 it

Basement 20,000 7 ft Not permitted

III Ground and upper floors 60,000 14 ft 22,000 7 it

Basement 20.000 7 ft Not permitted

Note 1. When 2 or more classes of materials are stored in a single pile, the maximum

gallonage permitted in that pile will be the smallest of the 2 or more separate maximum

gailonages.
Note . Aisles will be provided so that no portable tank is more than 12 feet from an

aisle. Main aisles will be at least 8 feet wide and side aisles at least 4 feet wide.

Note 3. Each pile will be separated from each other by at least 4 feet.

Table 5-3. Outdoor container storage.

1 $ $ $ 5

Distance to
property line
that can be Distance to

Macimum per Distance be- built upon street, alley,
pile tween piles (see notes 3 public way

Class (see note 1) (see note ) and ) (see note )

Gal Ft Ft Ft

IA 1,100 5 20 10

IB 2,200 5 20 10

IC 4,400 5 20 10

II 8,800 5 10 5

III 22,00O 5 10 5

Note 1. When 2 or more classes of materials are stored in a single pile, the maximum

gailonage in that pile will be the smallest of the 2 or more separate gallonages.
Note . Within 200 feet of each container, there will be a 12-foot wide access way to

permit approach of fire control apparatus.
Note 3. The distances listed apply to properties that have protection for exposures

as defined. If there are exposures, and such protection for exposures does not exist, the

distances in column 4 will be doubled.
Note . When total quantity stored does not exceed 50 percent of maximum per pile,

the distances in columns 4 and 5 may be reduced 50 percent, but not less than 3 feet.
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Table 5-4. Outdoor portable tank storage.
(29 CFR 1910.106 Table H-17)

1 3 5

Distance to
property line Distance to

Mazimum per Distance be- that can be street, alley,
Class pile tween piles built upon public way

Gal Ft Ft Ft
IA 2,200 5 20 10

IB 4,400 5 20 10

IC 8,80O 5 2O 10

II 17,600 5 10 5

III 44,000 5 10 5
Note 1. When 2 or more classes of materials are stored in a single pile, the maximum

gallonage in that pile will be the smallest of the 2 or more separate gallonages.
Note . Within 200 feet of each portable tank, there will be a 12-foot wide access way

to permit approach of fire control apparatus.
Note 3. The distances listed apply to properties that have protection for exposures

defined. If there are exposures, and such protection for exposures does not exist, the
distances in columns 4 will be doubled.

Note . When total quantity stored does not exceed 50 percent of maximum per pile,
the distances in columns 4 and 5 may be reduced 50 percent, but not less than 3 feet.

fi Spill containment. The outdoor storage area
will be graded in a manner to divert possible spills
away from buildings or other exposures or will be
surrounded by a curb at least 6 inches high. When
curbs are used, provisions will be made for draining
of accumulations of ground or rain water or spills
offlammable or combustible liquids. Drains will ter-
minate at a safe location and will be accessible to
operation under fire conditions.

g. Fire control. Suitable fire control devices, such
as small hose or portable fire extinguishers, will be
available at locations where flammable or combus-
tible liquids are stored.

(1) At least one portable fire extinguisher hav-
ing a rating of not less than 12-B units will be lo-
cated outside of, but not more than 10 feet from,
the door opening into any room used for storage.

(2) At least one portable fire extinguisher hav-
ing a rating of not less than 12-B units must be
located not less than 10 feet, nor more than 25 feet,
from any Class I or Class II liquid storage area
.located outside ofa storage room but inside a build-
ing (29 CFR 1910.106(d)(7)(i)).

h. Warehouse design for storage offlammable/
combustible material.

(1) The building will be a single purpose struc-
ture, of noncombustible or fire-resistant construc-

tion, one story in height without basement or crawl
space, detached, and separated from other build-
ings by at least 50 feet, or as specified by the re-
spective service. The building will be divided into
individual compartments or stock rooms not to ex-
ceed 20,000 square feet in areas by means of stand-
ard fire walls (fig. 5-45). In addition, a method of
exhaust ventilation should be installed as recom-
mended by the respective service. Ventilation will
be located in the building in accordance with ven-
tilation engineering standards.

(2) Electrical installations will be in accordance
with Class I, Division 2, as defined in Article 500
of the National Electric Code.

(3) Automatic sprinkler protection will provide
a discharge floor density of 0.5 gallons per minute/
square feet of floor space.

(4) Low level ventilation will be installed to
provide.25 cubic feet per minute/square feet offloor
area. This ventilation is designed to preclude the
accumulation of toxic or explosive mixtures.

(5) Building will be provided with suitable floor
drains or wall scuppers to expedite the removal of
water discharged from sprinklers and hose streams.
If floor drains are used, they will be connected to
an appropriate dry well or holding tank and not to
a sanitary sewer system or storm sewer.
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(1) Identification of cylinders will bear color
code of noun in accordance with MIL STD-101.
Filled cylinders will be tagged/labelled with two
stock numbers--one for the gas and one for the
cylinder. The empty cylinder tag will be over-
stamped "MT" to designate "empty."

(2) Gases should be referred to by proper name,
rather than just "gas."

(3) Safety devices in valves of cylinders (fig. 5-
46) will not be tampered with.

(4) Normally, cylinders will not be handled,
shipped or stored without valve protection caps.
However, small cylinders of less than 40-pound ca-

pacity, "ram-bottom" type cylinders, and cylinders
with less than 625 cubic inches of volumetric ca-
pacity, such as, carbon dioxide and medical gases,
do not require valve protection covers.

(5) The valve outlet connectors of both full and
empty cylinders must have an authorized dust cap.

(6) Oxygen cylinders must be free from grease
or oil.

(7) Numbers of markings that are stamped on

cylinders will not be altered or defaced nor will
additional markings be applied to cylinders without
proper approval.

(8) For storage and handling purposes, all cyl-
inders will be considered full and corresponding
care must be exercised.

(9) Empty cylinders will be stored separately
but in the same manner as full cylinders. Therefore,
empty cylinders will not be stored with full cylin-
ders on the same pallet or in the same stack. Cyl-
inders will not be lifted by the valve protection cap.

(10) Cylinders will not be lifted by cranes or
mechanical lifts unless fastened in proper con-

talners, racks, and cradles. Rope and chain slings
and electromagnets will not be used to lift cylinders.

(11) Cylinders will not be used as rollers, sup-
ports, or for any purpose other than for containing
compressed gases.

(12) Compressed gas will not be used to dust
off clothing.

(13) Flames will not be used to test for leaks
in compressed gas cylinders.

(14) Valves on empty cylinders will be kepl.
closed.

(15) Cylinder valves will be closed before mov-

ing cylinder.
(16) Suitable materials handling equipment will

be used for lifting and transporting cylinders.
(17) Suitable hand trucks should be provided

FUSIBLE
SAFETY PLUGS

SAFETY CAP

Fure56.

OF GAS

OUTLET-GONNEGTION CAP

View 1. Oxygen cylinder valve.

HAND WHEEL

ASBESTOS

OUTLET
CONNECTION

CYLINDER
CONNECTION

SCREE

Figure 5-66. View 2. Cutaway view of acetylene
cylinder valve.

for conveying cylinders; cylinders moved on hand
truck must be held securely in position.

(18) When suitable hand trucks are not avail-
able, cylinders will be moved by tilting and rolling
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on the bottom edge. Do not drag or slide the cyl-
inders.

(19) Cylinders to be transported in trucks, rail
cars, or ships will be braced securely to avoid over-
turning or moving.

(20) Cylinders will not be dropped or permitted
to strike against each other violently.

(21) Any cylinder of compressed gas which is
not definitely identifiable as to contents will not be
issued until the content is identified.

(22) "NO SMOKING" signs will be posted, and
smoking prohibited in or around compressed gas
storage sheds.

d. Storage criteria for gas cylinders.
(1) Storage facility design. The following cri-

teria will apply to all cylinder storage of compressed
gases. Future construction of structures forstorage
of these gas cylinders must meet these criteria and
should be examined by safety personnel to verify
conformity with safety standards prior to accept-
ance by supply.

(a) Roofed, open-sided shed storage on a con-
crete slab, above grade, is the preferred type of
storage facility if climatic conditions are favorable
and security precautions are adequate.

(b) All storage facilities for compressed gases
will be separated from other buildings by at least
50 feet.

(c) Flammable gases and gases which sup-
port combustion must be stored in separate sheds
with a distance of at least 50 feet between sheds.

(d) Preferably, sheds should be constructed
of light, noncombustible materials.

(e) If one or more sides are installed, pro-
visions must be made to insure a complete change
of air at least six times each hour.

(f) All electrical installation will be in ac-
cordance with Class I, Division 2 locations as de-
fined in Article 500 of the National Electrical Code.
The use of skylights is recommended to decrease
the need for electrical connections.

(g) Sheds will not be heated. The use of sta-
tionary or rotating roof vents may be necessary to
lower the temperature near the ceiling to ambient
conditions during warm weather.

(2) Enclosed storage facilities will meet the fol-
lowing criteria:

(a) A single story building, above grade,
must be utilized.

(b) Separate storage rooms or compartments
must be constructed for flammable gases and for

gases which support combustion. Additional com-
partments for specific types of gases may also be
constructed.

(c) The walls, partitions, floors, and ceilings
will be of noncombustible, nonporous material. All
walls and partitions will be continuous from floor
to ceiling, and will be securely anchored and sealed
with mineral wool, rubberized grouting, or other
nonporous sealant. At least one wall ofeach storage
room or compartment, for combustible gases, must
be on an exterior wall.

(d) It is recommended all doors to storage
rooms or compartments be directly through exte-
rior walls. All doors to storage areas will have a
fire resistance rating of at least 1Vs hours. All doors
to storage areas from interior parts of the building
(when necessary) will be protected by a swinging
type, self-closing fire door for Class B openings.

(e) Windows will be wired glass with ap-
proved metal frames and fixed sash. Installation
will be in accordRnce with Standards for the In-
stallation of Fire Doors and Windows, NFPA 80.

(f) Every inside storage room or compart-
ment will be provided with either a gravity or a
mechanical exhaust ventilation system or a com-
bination ofeach type. Such systems will be designed
to provide for a complete change of air within each
room or compartment at least six times per hour.
Where gravity ventilation is provided, the fresh air
intake as well as the exhaust outlet from the room
or compartment will be on the exterior roof or ex-
terior wall of the building in which the room is lo-
cated. Provisions will be made for exhaust outlets
to accommodate gases heavier than air and lighter
than air. Exhaust outlets for heavier than air gases
will be within 6 inches of the floor. If a mechanical
exhaust system is used, it will be controlled by a
switch (manual or automatic) located outside the
door of the storage room.

(g) All electrical installations will be in ac-
cordance with Class I, Division 2, locations as de-
fined in Article 500 of the National Electrical Code
(NFPA 70).

(3) A fire suppression system for shed and en-
closed storage should be installed if the cost of the
facility and stored material indicates a need. If tem-
peratures reach the freezing point of water, a dry-
pipe sprinkler system should be used. If tempera-
tures do not reach freezing, an automatic wet-pipe
sprinkler system should be installed in accordance
with NFPA Standard 13. Either system should de-
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liver an application density of 0.50 gallons per min-
ute per square foot for a minimum area of 2,000
square feet. The sprinkler heads installed should
meet Factory Mutual Laboratory requirements for
large water-drop equipment. A water flow dis-
charge from the sprinkler system must transmit an
alarm to central fire department receiving equip-
ment. Scuppers or floor drains should be provided
to remove discharged water in enclosed storage fa-
cilities.

e. Protective equipment. Where irritant gases
such as ammonia and sulfur dioxide are present in
nuisance or light concentrations, gas tight goggles
and respiratory protective devices, or full face mask
respiratory protective devices should be worn.
When entering areas known to be highly contami-
nated or when rescuing personnel from gassed
areas, rescuers will be properly equipped with self-
contained breathing apparatus or other appropriate
respiratory equipment. Mechanical filter respira-
tors offer no protection against high percentages
ofgas concentrations and should not be used. When
entering areas containing hazardous concentrations
of atmospheric contaminants, necessary protective
equipment will be worn as prescribed by the in-
stallation Safety Officer. Personnel shall be trained
in the use and care of respiratory protective equip-
ment and in inspection for operational capability.
This training will be the responsibility of the in-
stallation fire department or appropriate personnel
of the respective service. A good reference is the
American National Standards Institute (ANSI)
Z88.2-1969, Practices for Respiratory Protection.
Additional guidance on the storage and handling of
compressed gases and gas cylinders is provided in
DLAR 4145.25/AR-700-68/NAVSUPINST
4440.128B/MCO 10330.2B/AFR 67-12, Storage and
Handling of Compressed Gases and Gas Cylinders.

5-406. Acids

a. The following fire protection and safety criteria

will apply to bulk storage of acids (fig. 5-47).
(1) Building should be one story in height of

noncombustible or fire-resistant construction and
should be equipped with automatic sprinkler pro-
tection. If the building has sprinklers, it will be
equipped with either floor drains or wail scuppers.

(2) Buildings will be heated to prevent freezing
of certain acids. Ventilation will be provided by
means of permanent louvered openings at floor and
ceiling levels or other accepted gravity ventilation
methods.

(3) Electrical installation may be for general
purpose requirements.

(4) Protective clothing, eye wash, deluge shower,
and self-contained breathing apparatus will be read-
fly available for operating personnel. Personnel
shall be trained in the use and care of respiratory
protective equipment and in inspection for opera-
tional capability. This training will be the respon-
sibility of the installation fire department or
appropriate personnel of the respective service.

b. Typical acids that can be stored in the acid
facility include:

Hydrochloric (Muriatic) Acid.
Nitric Acid.
Sulphuric Acid.
Phosphoric Acid.

c. Different acids will be stored separately in des-
ignated areas. In lieu of aisle space, noncombustible
barriers up to a minimum of 3 feet high and sealed
at the floor level may be used to obtain maximum
storage space.

d. "NO SMOKING" signs will be posted and
smoking prohibited in or near acid storage build-
ings.

e. Acids are among a group of materials that are
injurious to personnel because of their corrosive
qualities. Care must be taken to prevent any spil-
lage or container breakage which could permit con-
tact to skin, eyes, or inhalation into lungs of
personnel working with such material.

5-407. Table of Hazardous Materials (Table 5-5)

a. The table lists many of the items contained in
current DOD Stock Lists and stored at DOD in-
stallations. The hazard identity column provides
planning guidance to fire departments for safe tac-
tical procedures in emergency situations by provid-
ing on-the-spot information to safeguard the lives
of fire fighting personnel.

b. Under conditions of leakage or spillage, items
with a health or reactivity rating of 2, 3, or 4 are
dangerous to personnel not wearing proper protec-
tive equipment.

c. Items marked with double asterisks in the table
indicate radioactive materials. Consult with the
Radiological Protection Officer or the Safety Officer
for specific instructions.

d. Items not covered in the table should be re-
searched for hazard characteristics in the applicable
service or agency publications.

5-59
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BUILDING CONSTRUCTION PREFERABLY NONCOMBUSTIBLE

Permanent
Louvred
Openings

S System Purpose
(Optional Electric

Installation

"6"
Floor Vents

Entire space
can be used
in lieu of
3" aisle
separation
between dif-
ferent acids

Non -Combustible
Deluge

Suggested height 3 feet Shower
eals to
prevent spread Floor drain trapped eye wash
of leaking in lieu of scuppers
acid if BId.g.is sprinklered

CT..’- . !;.’2., o:’:’,L :-’.’..;

Requirement for water pollution control
devices must be individually evaluated by
civil engineering and local bio environ-
mental engineer/military health section
and/or other appropriate personnel of
the respective services.

Ventilation will be located in
accordance with ventilatior’
engineering standards

Wall Scuppers
if building is

..,a:.., sprinklered

Note: Strong oxiziding acids such as perchloric
and nitric acids should be seperated from
organic acids such as acetic acid.

Figure 5-7. Acid storage warehouse.



Noun

Acetaldehyde

Acetic Acid

Acetic Acid Anhydride
(See Acetic
Anhydride).

Acetic Acid (Glacial)
(See Acetic Acid).

Acetic Anhydride

Acetone
Acetone Cyanohydrin

Acetonitrile

Aeetyl Chloride

Acetyl Oxide
(See Acetic
Anhydride)

ACETYL PEROXIDE
(25%)

Acetylene

Acetylene (in Acetone)
Acetylene Dichloride

Acetylene Tetrabromide

Acrolein

Acrolein Dimer

Table 5-5.

Hazard Identity

Hazardous Materials Storage and Handling Criteria

(See notes at end of table for explanation of codes.)

Flare- Spe-
Reac- cific

ealth
tivity Haz-

bility
ard

Storage and Handling

Stor-

Comp
Group

Separation Requirement

Type of Storage Facilities Portable
Fire

Flamm Acid Comp Gen Extin-

Stge Stge G& Pur- guisher

Bldg Bldg Stge pose Type
Bldg Whae

in e.nd of

building to aid fire

fighting.
Separate from chromic

acid, nitric acid and
sodium peroxide.

4’ aisle space

Minimum of 4’ aisle

space

Protect against
physical damage.

Protect against
physical damage.

Protect against
physical damage.

Protect against
physical damage.

4’ aisle space

4’ aisle space from
class flammables.

4’ aisle space

None

Special storage and
handling.

Separate from oxygen
and other flammable
gases. Store upright.

Protect against
physical damage.

Protect against
physical damage.

Store in end of
building to aid fire

fighting.
Store in end of
building to aid fire

fighting.

4’ aisle space

Solid wail
compartment or
separate building.

None

3’ aisle space

4’ aisle space

4’ aisle space from
class II flammable.

Class
Liquid

IA

II

II

III

IB

IB

II

IA

IB

IB

II



Table 5-5.

Acrylic Acid

Acrylic Aldehyde
(See Acrolein)

Acrylenitrile

Aerosols (Paint)

Alcohol (Denaturo

Aldehyde
(See Acetaldehyde)

AIlyl Alcohol

See Organic Coating
Materials.

Allyl Aldehyde
(See Aerolein)

Allyl Chlorocarbonate
(See Allyl
Chloroformate)

Allyl Chloroformate

Allylamine

Alum (See Aluminum
Potassium Sulphate)

Aluminum (Dust or
Powder).

Aluminum Acetate
Aluminum Ammonium
Sulphate.

Aluminum Chloride
Aluminum Potassium
Sulphate.

Aluminum Sulphate

Hazardous Materials Storage and Handling Criteriaontinued
(See notes at end of table for explanation of codes.)

Hzard Identity

Flam- Spe-

Health Reac- cific

bility
tivity Has-

3 2 2 O

4 3 2 0

See label

4 0

3 1 (

3 C

3 C

E

0 0 3
0 0 3

0 2 E
0 0 )

0 0 )

Storage and Handling

Protect against
physical damage.

Store in end of
building to aid fire
fighting.

Store in end of
building.

Store in end of
building to aid fire
fighting.

Store in end of
building.

Store in end of
building.

Store in end of
building.

Separate from
combustible items.

No special handling
No special handling

No special handling
No special handling

No special handling

age
Comp
Group

Separation Requirement

4’ aisle space

4’ aisle space from
class II flammables.

3’ aisle space

4’ aisle space

4’ aisle space from
class II flammables.

4’ aisle space from
class II flammables.

4’ aisle space from
class II flammables.

3’ aisle space

None
None

None
None

None

Type of Storage Facilities Portable
Fire

Flamm Acid Comp Gen
Extin-

Stge Stge Gas Pur- gisher
Bldg Bldg Stge pose Type

Bldg Whae

Chum
Liquid

II

IB

IB

IB

IC

IB



Amino Cydohexane
(See

Aminopropane
(See Prepylamine)

Aminotuluene
(See Toluidine)

(Ortho, Pal-a)
Ammonia (Anhydroua)

Ammonium
Ammonium Citrate
Ammonim Didu’om

Ammonium Perehlorate

Amyl Acetate

Amyl Alcohol

Amyl Hydremdfide
(See Am.vi
ereaptan)

3

Amyl Mereaptan 2

1 0

0 0
0 0
0 0
0 0
2 1

1. 1

1 3

1 4

3 0

2 0

3 0

2 0

0

0
0
0
0
D

O

D

D

0

0

Separate from gases
such as chlorine,
.bromide, etc.

No special handling
No special handling
No special handling
No special handling
Separate from
combustible items.

Separate from
combustibleitems.

Separate from Organic

immediately remove

and dispose of any
spilled nitrate.

"Bulk quantifies should
be stored in
accordance with TO
428-13."

Sepsxate from
combustible-items.

Store with class
fianmmbles.

Stere with class II
-nmables.

Store with class II
flammables.

Store with class II
flammables.

C

D
D
D
D
D

D

D

D

A

A

A

A

Separate building or

solid compartment.

None
None
None
None
3’ aisle space

3’ aisle SlmCe

3’ aisle space

3’ aisle space

4’ aisle space with
class II flammables.

Separate from class
flammable by 4’
apace.

Separate from class X
flammable by 4’
space.

4’ aisle spee X

X

X 1-3
X 1-3
X 1-3
X 1-3
X 1-3

X 1-3

X 1

X 1"

1,3,4

3,4,5

3,4,5

IC

IC

IB

IIIA



Table 5-5. Hazardous Materials Storage and Handling Criteria--Continued

(See notes at end of table for explanation of codes.)

Hazard Identity
Stor-

Type of Storage Faeilitie Portable

Noun Flare-
Reac- "-- Storage and Handling age Separation Requirement Flamm Acid Comp Gen Extin-

Chtm

Health tfic _omp Stge Stwe Gu Pur- Liquid

billty
tlvlty t" troup

eldg Bkg Stge po
gxliher

Bldg -We
Type

Anti-Freeze (75%
Ethylene Glycol).

Antimonie Sulfide
(See Antimon3
Pentasulflde)

Antimony Pentasulfide

Antimony Red
(See Antimony
Pentasulfide)

Argon Gas
Aqua Fortis

(See Nitric Acid)
Azotie Acid

(See Nitric Acid)
Barium Binoxide
(See Barium
Peroxide)

Barium Chlorate

Barium Dioxide
(See Barium
Peroxide)

Barium Nitrate

Barium Peroxide

Barium Superoxide
(See Barium
Peroxide)

Benzene

None 4’ aisle space IIIB

Separate from other 3’ aisle space
items.

None None

Separate from other
items.

Do not store on wood
pallets. Immediately
remove and dispose
of any spilled
nitrate.

Separate from
combustible organic
materials. Remove
spilled peroxide
immediately.

Store in end of
building to aid fire
fighting.

3’ aisle space

3’ aisle space

3’ aisle space

Separate from class II
flammable liquids by
4’ space.

IB



Benzol
(See Benzene)

Benzoic Acid

BENZOYL
PEROXIDE.

Beryllium (Dust or
Powder).

Biethylene
(See Butadiene)

Bleaching Powder
(See Calcium
Hypoehlorite)

Boroethane
(See Diborane)

Bromine (Small Lots
Only).

Bromochloromethane

Bronze (Dust or
Powder).

Burnt Lime (See
Calcium Oxide).

Butadiene Gas

Butanal
(See Butyraldehyde).

Butane Lighter Fuel
(2 3-oz containers).

Butanoie Acid
(See Butyric Acid).

Butanol
(See Butyl Alcohol).

Butyl Alcohol

Butyl Acetate

Butyl "Cellosolve"

Butyl Ether
(See Dibutyl Ether).

BETYL
HYDROPEROXIDE.

BUTYL
PERACETATE.

4

1

2

1

0

D

E

0 M

0 0

1 E

2 O

0 O

0 0

0 O

0 O

4 D

4 D

Separate from
oxidizing materials.

Special facility
handling.

Separate from
oxidizing materials.

Separate from acids--
Keep from freezing.
(Freezing point is
20 F.)

Protect from physical
damage.

Protect from physical
damage.

Do not store with
oxygen cylinders.

Store in end of
building.

Store with class II
flamnbles.

Store in end of
building.

Store with class II
flammables.

Special storage and
handling.

Special storage and
handling.

D

E

D

D

D

C

A

A

A

A

E

E

3’ aisle space

3’ aisle space

Maintain 5’ space from
acids.

None

Keep separate from
aluminum dust.

Separate building or

solid compartment.

3’ aisle space from
class II flammables.

Separate from class
flammable liquid by
4’ aisle space.

Separate from class II

4’ aisle space from
class I flamnbles.

4’ aisle space

X

X

X

X

X

N/A

5

3

1,3,4

IC

IB

Ilia

II



BUTYL
PERBENZOATE.

BUTYL
PEROXYPIVALATE

Butyraldehyde (Normal
and Iso).

Butyric Acid

Butyric Aldehyde (See
Butyraldehyde).

CALCIUM

Calcium Carbide

Calcium Cyanide

Calcium Hydroxide
(Slacked Lime).

Calcium Hypochlorite
(Bleaching Powder).

Calcium Oxide (Quick
Lime).

Calcium Sulfate
Calibrating Fluid (F.P.
100 F.).

Calyx
(See Calcium Oxide)

Cartmmic Nitrile
(See Cyanamide)

Carbolic Acid
(See Phenol)

Carbon Dioxide (Gas)
Carbon Dioxide (Solid)

Table 5-5.

Hazsrd IdentT

Flam-
Reac-

Health
bURy

tivity

1 3 4

2 3 4

2 3 1

2 2 0

3 0 0

1 4 2

1 4 2

4 0 0

1 0 0

2 4 2

1 0 1

1 0 0
See label

1 0 0
1 0 0

Hazardous Materials Storage and Handling Criteria--Continued
(See notes at end of table for explanation of codes.)

Storage nd Handling

Special storage and
handling.

Special storage and
handling.

age
Comp
Group

Separatm .Requirement

Store in end of 4’ aisle space
building.

Store in end of 4’ aisle space
building.

NO special treatment

Special storage and
handling.

Store in unsprinklered
non-combustible shed
for storage over 10
drums.

No special treatment

No special treatment

Protect against
physical damage.
Keep dry, stere in
unsprinklered space.

Stere in dry place

No special treatment
Store with class II
flammables.

Extinguishing agent
No special treatment

Type of Storage Failitie Portable
Fire

FLmm Acid Comp Gen Egt-

Bidg Bidg Stge peee Type
Bldg

None

End of warehouse with
3’ space from other

Separate from
oxidizing materials.

None

Separate from
combustible
materials by 3’
aisles.

None

None
Separate from class
by 4’ aisle.

None
None

Chum
Liquid

IB

IIIA

II

II



Carbon Disulfide 2 3

Carbon Removing See label
Compound.

Carbon Tetrarhioride 0 0

Catalyst See label

Caustic Potash (See
Potassium
Hydroxide).

Caustic Soda (See
Sodium Hydroxide).

Celluloid (See Cellulose
Nitrate).

Cellulose Acetate 2 2 3
(Dopes)

Cellulose Nitrate 2 3 3
(Dopes)

Cement, Rubber See label

Charcoal

Charcoal (Activated)

Chloride of Lime (See
Calcium
Hypochlorate).

Chlorinated Lime (See
Calcium
Hypochlorate).

Chlorine

Chlorobenzene (See
Monochlorobenzene).

Chlorobenzole (See
Monochlorobenzene).

0 2 0

0 2 0

3 0 1

O

0

D

Stored in end of
building to aid fire
fighting.

No special handling

Protect from physical
damage.

Store with class II
flammables.

Protect against excess
of heat or light.

Store in end of
building to aid fire
fighting.

Store in end of
building to aid in fire
fighting.

Store away from
oxidizing materials
(subject to
spontaneous
heating).

Store away from
oxidizing materials
(subject to
spontaneous
heating).

Keep in separate
building or separated
from acetylene,
ammonia hydrogen
gases.

A

D

A

A

A

A

A

D

Separate from class
flammables by 4’
aisle space.

None

None

Separate from class I
flammables.

Separate from class
flammables by 3’
aisle space.

Separate from class
flammables by 3’
aisle space.
aisle space from
class II flammables.

3’ aisle space

Solid wall
compartments or

separate building.

X

X

X

x I

4

1,3

X 3-4

X 1

II



Chloroethane (See
Ethyl Chloride).

Chloroethene (See Vinyl
Chloride).

Chloroethylene (See
Vinyl Chloride).

Chloroform
Chlorosulfonic Acid

Chromic Acid (See
Chromium Trioxide).

Chromic Anhydride
(See Chromium
Trioxide).

Chromium Trioxide

Cinnamene (See
Styrene).

Cleaning Compound
Solvent (F.P.
190 F.).

Cleaner and lubricant
(See Methyl
Chloroform).

Cobaltus Nitrate

Collodion (See Cellulose
Nitrate).

Copper Carbonate
Copper Sulfide
Copper Sulphate.
Copper Nitrate

Table 5-5. Hazardous Materials Storage and Handling Criteria--Continued"

(See notes at end of table for explanation of codes.)

Hazard Identity

Flam- Spe-
Reac- cificHealth

bility
tivity Haz-

ard

0 0
0 2

0

See label

1 0 1

0 0
1 0 0

1 0

Storage and Handling

No special treatment
Drums must be stored
with plugs up.
Drums must be
vented once a week.

Do not store on wood
floors or pallets.

Separate from class
flammables.

Do not store on wood
floors or pallets.

No special handling
No special handling

Do not store on wood
floors or pallets.

Stor-
age
Comp
Group

Separation Requirement

None
3’ aisle space

3’ aisle space

4’ aisle space from
class flammables.

Separate from
combustible
materials by 3’ aisle
space.

None
None

Separate from
combustible
materials by 3’ aisle
space.

Type of Storage Facilities Portable

Fire
Flamm Acid Comp Gen Extin-
Stge Stge Gas Pur- guisher
Bldg Bldg Stge poae Type

Bldg Whse

Class
Liquid

IIIB



Corrosion Preventive
(F.P. 350 F.).

Corrosion Remover
Cresol, Ortho

Meta
Cresylic Acid (See Cre-

sol).
Cresylic Alcohol (See

Cresol).
CUMENE HYDRO-
PEROXIDE.

Cupric Carbonate (See
Copper Carbonate).

Cupric Fluoroborate
Cupric Nitrate (See
Copper Nitrate).

Cupric Sulphate.
Cyanamide
Cyanogen (Gas)

Cydohexane
Cyclohexanone
Cydohexylamine

Dek (See Diethyl Alu-
minum Chloride).

Deaboron Tetradeca-
hydride (See Decabor-
ane).

See label O

See label

1
2

2 0 C

0 C

2 4 D

0 0 0

1 3 0
4 2 E

3 0 O
2 0 0
3 0 O

2 1 0

No special handling

No special handling
No special handling

Special facility require-
ment. Non-combusti-
ble, detached,
ventilated, unheated
building. Water del-
uge system required
for large quantity
storage.

No special handling

No special handling
Do not store with oxy-
gen cylinders.

No special handling

Separate from oxidiz-
ing agents.

Decontaminating Agent 2See lael
2

O No special handling
Deodorants (Dichloro- / 0 O No special handling
benzene Ingredients).

Deoxidant No special handling
Dceiccmts (Activated)_ No special handling
Developer Inspection See label Store with class II
Penetrants (Fluore flammables.
cent and Non-Flu-
oreent).

Dietyl Peroxide (See
Acetyl Peroxide).

A/D

E

D

D
C

A

D

D
D

D
D
A

4’ aisle space

None
May be stored with
cl&s flammables.

Do not store with
other material.

None

4’ aisle space
Separate building or

solid wall compart-
ment.

May be stored with
cl&s II flammables.

3’ aisle space

X

X

None
None

None
None
Separate from class --’-flammables by 3’

aisle space.

X

X

X

X

X

X
X

3,4,5

1-3

1-3
1

I, 2a, 3,
4

IIIB

II

IIA

IIIB

IC



Dibutylperoxide (Ter-
rify).

Dkhlorobenzene(Ortho)

Table 5-5. Hazardous Materials Storage and Handling Criteria--Continued

(See notes at end of table for explanation of codes.)

Separate from oxygen
cylinders. (Gas will
ignite spontaneously
on contact )vith air.).

Separate building or IA
solid compartment.

in end of build-
ing to aid fire fight-
ing.

in end of build-
ing to aid fire fight-
ing.

Store with class II
flammables.

May be stored with
class II flammable
liquids.

No special handling

4’ space from cis II IC
flammable liquids.

4’ space from class II IB
flammable liquids.

4’ aisle space from
class I.

Separate from class
flammables, 4’ aisle
space.

Inert gamay be
stored with any
other type gas.

IliA

II

Protect containers
against shock and
damage.

May be stored with
class II flammables.



Diethylenetriamine

Diethylene Glycol (F.P.
275" F.).

Diethyl zinc

Dilsopropylamine

DIISOPROPYL
PEROXYDICAR-
BONATE.

Dimethylamine (See
Methyl Amines).

Dimethyl Benzene (See
Xylene).

Dimethylene Oxide (See
Ethylene Oxide).

Dimethyl Sulfide

DINITROBENZENE
(ORTHO).

DINITROTOLUENE

Dioxane Para

Diphacinpariffin (See
Rodenticide).

Dopes (See Cellulose
Nitrates and Cellulose
Acetates).

Drying Agent (Aerosol)
Dust Mop Treatment
Compound.

Dye Solutions (1 Qt.
Bottles).

Dye, Xylene. Azo,
Xylene.

Enamels (See Organic
Coating Materials).

Ether (Ethyl---Diethyl)

3 0 O

2 0 O

3 3 E

3 0 O

4 4 D

4 0 O

4 0 0

1 4 0

1 3 O

3 0 O

1 0 O

0 3 0 0

2 4 1 0

Protect against
physical damage.

No special handling if
in general purpose
warehouse.

Protect against
physical damage.

Protect against
physical damage.

Special handling and
facility. Max. 53 F.

Store in end of
building to aid fire
fighting.

Special handling and
facility.

Special treatment and
facility. Explosive
hazard when
involved in fire.

Store in end of
building to aid in fire
fighting.

No special treatment
No special treatment

Store in end of
building to aid in fire
fighting.

Store in end of
building to aid in fire
fighting.

Store in end of
building to aid in fire
fighting.

A

A,D

A

A

E

A

E

E

A

D
D

A

A

A

May be stored with
class II flammables.

4’ aisle space if stored
in flammable
building.

3’ aisle space

4’ aisle space

Separate from class
flammables by 3’
aisle space.

4’ aisle space

Separate from class II
flammables by 4’
aisle space.

None
None

Separate from class
flammables by 3’
aisle space.

Separate from class II
flammables by 3’
aisle space.

Separate from class II
flammables by 4’
aisle space.

X

X

X

X

X

X

X

X

X
X

IIIB

IIIB

IB

IIIB

IB

IA



Table 5-5.

Hazard Identity

Hazardous Materials Storage and Handling Criteria---Continued
(See notes at end of table for explanation of codes.)

Noun Flare- Spe- Storage and Handling
age

Separation Requirement
Health

Reac- cific Comp
tivity Haz- Group

bility

Etherin (See Ethylene).
Ethyl Acetate

Ethylacetie Acid (See
Butyric Acid).

Ethyl Acrylate

Ethyl Alcohol

Ethylamine
Ethyl Benzene

Ethyl Benzol (See Ethyl
Benzene).

Ethyl Chloride

Ethyl Nitrate (Nitric
Ether).

Ethyl Ether (See
Ether).

Ethyl Nitrite (Nitrous
Ether).

Ethyl Oxide (See
Ether).

Ethylene

Ethylene Aldehyde (See
Acrolein).

Ethylene Chloride (See
Ethylene Dichloride).

Ethylene Dichloride

3

4

4

4

3 4

4 4

4 2

3 0

Store with class class II
flammables, flammables by 4’

aisle space.

Store with class
flammables.

Store with class
flammables.

Store with class
flammables.

Store with class
flammables.

Store with class
flammables at end of
building.

Separate from oxygen,
chlorine gases.

Store with class
flammables.

Ethylene Glycol
Monobutyl (See
"Butyl Cellosolve").

Separate from cla II
flammables by 4’
aisle space.

Separate from class
flammables by 4’
aisle space.

Separate from II
flammables by 4’
aisle space.

Separate from cls II
flammables by 4’
aisle space.

4’ aisle space from
class II.

Separate building or
solid compartment.

Separate from class
flammables.

Type of Storage Facilitie Portable

Flemm Acid Comp Gen Extin-
Stge Stge Cm Pur- guisher
Bldg Bldg Stge peoe Type

Bldg Whse

cle
Liquid

IB

IB

IB

IB

IA

IA

IB



Ethylene Oxide (Gas)

Feric Chloride
Ferric Nitrate
Ferrous Sulphate
Fluorine

Formaldehyde Solution

Formalin (See
Formaldehyde).

Formic Acid

Formic Aldehyde (See
Formaldehyde).

Freon (See Dichloro-
difluromethane)

Glycerol (See Glycerin).
Glycerin
Greases
Gum Preventive

(Gusoline).
Guncotton (See

Cellulose).
Helium
Helium and Methane
Helium and Nitrogen
Herbicides
Hexametaphosphate
Hexamethylene (See
Cyclohexane).

Hexone (See Methyl
lsobutyl Ketone).

Hydraulic Fluid
Hydrazine (Anhydrous)

Hydrochloric Acid

Hydrocyanic Acid (See
Hydrogen Cyanide).

0
0
0

3 O

0
0
0
3

0 O

0 O

0 C

0 0
0 O
0 0

0 O
0 O
0 0

H
D
0
J

0 0 0 O

See lml
3 3 2 C

3 0 0 C

Store in separate shed
or in gas building
separate from
oxygen.

No special handling
No special handling
No special handling
Separate storage or
separate from
oxygen.

Separate from
combustible and
oxidizing materials.

Separate from other
acids.

No special treatment
No special treatment
Store in end of

building.

No special handling
Noncombustible gas
No special treatment
No special treatment

No special handling
Store in end of
building to aid in fwe
fighting.

Protect against
physical damage.

D
C

B

D
D
A

C
C
C
D
D

A

B

Solid compartment
away from oxygen.

Separate building or
solid compartment.

4’ aisle space

4’ aisle space

4’ aisle space
None
3’ aisle from class
flammables,

None
None
None
None
None

None
Separate from class II
flammables by 4’
aisle space.

3’ aisle space

X

X

X
X
X

X
X
X

x

X
X

X

1-4-5
1-4
1-4
Water
spray

1-3

N/A
N/A
N/A

1-3
1-3-4

1--3-4
1-3-4

1-3-4

IliA

IIIA

IIIB

II



Hydrofluoric Acid

Hydrogen (Gas)

Hydrogen Chloride (See
Hydrochloric Acid).

Hydrogen Cyanide

Hydrogen Dioxide (See
Hydrogen Peroxide).

Hydrogen Fluoride (See
Hydrofluoric Acid).

Hydrogen Peroxide

over 52%
Hydrogen Sulfate (See
Sulphuric Acid).

Hydrogen Sulfide

Hydroxybenzene (See
Phenol).

Hydroxylamine

Inhibitors (See
Trisodium
Phosphate).

Insecticide (Chlordane)
IPsecticide (DDT)
Insecticide (DDT-
Aerosol).

Insecticide (Diazinon)
Insecticide (Dialdrin)
Insecticide (Lindane)
Insecticide (Malathion)
Insecticide (Pyrethrin)

Table 5-5. Hazardous Materials Storage and Handling CriteriContinued

(See notes at end of table for explanation of codes.)

Hazard Identity Type of Storage Facilities
Stor-

Spe- Storage and Handling
age

Separation Requirement Flamm Acid Comp
Flam-

Reac- cific Comp Gas
Health Stge Stge

bility
tivity Haz- Group

Bldg Bldg Stge
ard Bldg

tectt
physical damage.

Storage in separate
building or gas
storage shed.

Store in end of
building to aid fire
fighting.

Do not store on wood
pallets or dunnage.

Separate building or in
compressed gas
shed, separate from
oxygen.

Separate from class
flammables.

No special handling

No special handling
No special handling
No special handling

No special handling
No special handling
No special handling
No special handling
No special handling

3’ aisle space

Solid partition from
oxygen cylinders.

4’ aisle space from
class II flammables.

10’ space from other
acids.

Solid partition from
oxygen cylinders.

4’ aisle from class
flammables.

None

None
None
None

None
None
None
None
None

4

4 2

0 1

0 3

3 4 2

3 3

0 2 0

3 2 0
3 0 0
3 1

3 0 0
3 0 0
3 0 0
2 0 0
2 1

Portable
Fire

Extin-

guisher
Type

Class
Liquid

IA

IIIB



Immet Repellent 2 0 0 No special handling
Impectm Penetrant See label Store with class II
Emulsifiers & flammables.

lmmlating Varnish See label Store in end of

Isopropyl Formate

Ismupyl Methanoate
(See tmpropyl
Fmte).
lk Add (Crystats)

Izemnyl Acetate (See
Amyl Acetate).

Imbutyl Methyl Ketone

Isopropyl Alcohol

Kenmene (I0" F.P.)

0

D

D

0

0

0

building to aid in fn-e
fighting.

Store in end of
building to aid in fire
fighting.

Separate from other
acids.

No special handling

Store in end of
building.

Store in end of
building.

Store with class II
flammables.

Lacquers See label Store in end of
building.

Lffiatlmnum Nitrate
LAUROYL
PEROXIDE.

Ld Thiocyanate (See
Led Sulfocyanate).

(Unsk.ed) (See
Calcium Oxide).

LITHIUM

Lithium Aluminum
Hydride.

LITHIUM HYDRIDE

Lye (See Potassium
Hydroxide).

MAGNESIUM
taduding Anoys).
gneum Chloride

0

1

3

1

D
D

0

0

E

E

E

E

0

No special handling
Special facility
required for quantity
storage.

Store in end of
building.

Separate from other
items.

Special handling and
storage required.

No special handling

Special handling and
facility required.

Special handling and
storage.

No special handling

D
A

A

A

B

D

A

A

A

A

D
E

D

D

E

D

E

E

D

None
3’ aisle space from

class flammables.

Separate from class II
flammables by 4’
aisle space.

3’ aisle space from
class flamnmbles.

3’ aisle space

None

4’ aisle space from
class flammables.

4’ aisle space from
class II flammables.

4’ aisle space from
class flammables.

Separate from class II
flammables.

3’ aisle space

Separate from class II
flammables.

3’ aisle space

X

X

X

X

X

X

X

X

X

X

5

5

5

IC

IC

IB

II

IC



Magnesium Nitrate

Magnesium Perchlorate

Ms ieic Anhydride
(Crystals).

Mandelic Acid
(Crystals).

Mannitol (Crystals)

Mercury
Mesityl Oxide

Methacrylic Acid

Methanel (See
Formaldehyde).

Methanol (See Methyl
AlcohoD.

Methane Gas

Methyl Acrylate

Methyl Alcohol

Methylamines (Mono,
di).

(Tri).
Methyl Benzene (See
Toluene).

Methyl Bromide
Methyl Chloride
Chloromethane.

Table 5-5.

Hazard Identity

Flare- Spe-
Reac- eificHealth
tivity Haz-bility

Hazardous Materials Storage and Handling Criteria

(See notes at end of table for explanation of codes.)

Storage and" Hmidling

Protect from physical
damage.

Protect from physical
damage.

Store with class
flammables.

No special handling

Protect from physical
damage.

No special handling
Store in end of

building to aid in fire
fightng.

Protect against
physical damage.

Type of Storage Faeilitie Portable
Stor- Fire
age

Separation Requirement Flamm Acid Comp Gen Extin-
Comp Stge Stge G Pur- guieher
Group

Bidg Bldg Stge pete Type
Bidg Wlme

Separate from
combustible items by
3’ aisle space.

Separate from
combustible items by
3’ aisle space.

3’ aisle space

None

Separate from
combustible items by
3’ aisle space.

Separate from class II
flammables by 4’
aisle.

3’ aisle space

Separate from oxygen
cylinders.

Store in end of
building.

Store in end of
building.

Store in end of
building.

Non Flammable Gas
Flammable Gas

Solid compartment or

separate building.
Separate from class II
flammables by 4’
aisle.

Separate from class II
flammables by 4’
aisle.

Separate from class II
flammables by 4’
aisle.

None
Separate from Oxygen

IC

IliA

IB

IB

IA



Methylene Chloride
Methyl Chloroform
Methyl Cyanide (See

Aeetonitrile).
Methyl Ethyl Ether

Methyl Ethyl Ketone

METHYL ETHYL
KETONE
PEROXIDE.

Methyl Formate

Methyl Isobutyl Ketone

Methyl Methacrylate

Methyl Phenol (See
Cresol).

Methylene Oxide (See
Formaldehyde).

Mineral Spirits (See
Naphtha Aromatic).

Molybdenum Disulfide
(See Molybdenum
Sulfide).

Molybdenum Sulfide
Monochlorobenzene
(Chlorobenzene).

Monochlorodifluoro-
methane.

Monoethanolamine
(Ethanolamine).

Muriatic Acid (See
Hydrochloric Acid).

Naphtha See label

Naphtha Aliphatic 2 3 0

2 0
2 0

2 4

2 3

2 2

2 4

2 3

2 3 2

1 0 0
2 3

2 0 0

2 4 0

0 0
0 0

0

0 0

4 D

O

O

0

0
O

O

0

0

0

Non Flammable Gas.
No special handling

Store in end of
building to aid in fire
fighting.

Store in end of
building.

Special handling and
storage.

Store in end of
building to aid fire
fighting.

Store in end of
building to aid fire
fighting.

Store in end of
building to aid fire
firefighting.

No special handling
Store in end of
building to aid fire
fighting.

Separate from oxygen
cylinders.

Store in end of
building to aid fire
fighting.

Store in end of
building to aid fire
fighting.

Store in end of
building to aid in fire
fighting.

C
D

A

A

E

A

A

A

D
A

C

A

A

None
None

Separate from class II
flammables by 4’
aisle.

Separate from class II
flammables by 4’
aisle space.

Separpte from class II
flammables by 4’
aisle space.

Separate from class II
flammables by 4’
aisle space.

Separate from class II
flammables by 4’
aisle space.

None
Separate from class II
flammables by 4’
aisles.

Separate building or
solid compartment.

Separate from class II
flammables by 4’
aisle.

Separate from class II
flammables.

Separate from class II
flammables.

X

X

X

X

X

X

X

X

N/A

IA

IB

IA

IC

IB

IC

IIIB



Naphth Aromatic

Naphthalene

Neatsfoot Oil
Nickle Acetate
Niekel Chloride
Nickel Nitrate

Nickel Sulfate
Nitric Acid

Nitrk Ether (See Ethyl
Nitrate).

Nitroiline

Nitrolrite (ee Barium
Nitrate).

Nitric Oxide (See
Nitrogen Tetroxide).

Nitrous Ether (See
Ethyl Nitrite).

Nitrobenzene

Nitrobenzol (See
Nitrobenzene).

Nitrocellulose (See
Cellulose Nitrate).

Nitrochlorobenzene

Nitreethane

Nitrogen (Gas)
Nitrogen Peroxide (Gas)
(See Nitrogen
Tetroxide).

Table 5-5.

HuardIdenty

Hazardous Materials Storage and Handling CriteriaContinued

(See notes at end of table for explanation of codes.)

Flam- Spe-
Reac- cifiHealth

bility
tivity Haz-

ard

1 1

2

1 1

3 3

0 0

Storage and Handling

Separate from class II
flamnmbles.

Separate from class
flammables.

No special handling
No special handling
No special handling
Separate from other

items.
No special handling
Store with bungs up.
Do not stere on
wood pallets
dunnage.

Separate from other
items.

Store with class II
flammables.

Store with class II
flammables.

Store with class
flammables.

Nonflammable gas

Stor-
age
Comp
Group

Separation Requirement

3’ aisle space

4’ aisle space

4’ aisle space
None
None
3’ aisle space

None
3’ aisle space

4’ aisle space

4’ aisle space from
class flammables.

4’ aisle space fom
class I flammables.

4’ aisle space from
class II and other
class flammables.

None

Type of Storage Facilities Portalde

Flamm Ac/d Comp Gen Extin-

Bldg Bldg Stge peee Type
Bldg Wlme

IIIA

IIIB

IIIB

lllA

IIIB

IC



Nitrogen Tetroxide

Nitromethane

Nitropropanes

Nitrous Ether (See
Ethyl Nitrite).

Nitrous Oxide

Nitric Ether (See Ethyl
Nitrate).

Organic Coating
Materials (Oil Base
Paints, Enamels &
Aerosols).

Oil of Vitriol (See
Sulphuric Acid).

Oils (Lubricating)

Oxalic Acid

Oxygen Gas

Paints (Oil Base) (See
Organic Coating
Materials).

Paints (Water Base)
Paraldehyde

Parathion

Penetrating Fluid (See
Inspection
Penetrant).

Peracetic Acid

Perehloric Acid

Petroleum Ether
(See Ether, also
Benzine).

Phenol (Carbolic Acid)

Phenlphthaleinphosphorus (Red)-------_

3 0 1 D

1 3 4 0

2 3 0

2 4 4 O

2 0 O

See label

0 1 0 0

0 0 0

0 0 O

See

4

3

3

4

3

0

K

C

Stere away from
oxygen cylinders.

Stere in end of
building

Store in end of
building

Do not store with
flammable gases.

Store in ends of bays
or in areas offering
quick access to fire
department hose
streams.

Store away from other
items.

No special handling

Do not stere with
flammable gases.

No special handling
Store with class
flammables.

Separate from other
items.

Separate from other
items.

Separate from other
items. Protect
against freezing--
4 F. Do not store
on wood pallets.

Separate from other
items.

No special handling
Separate from other

items.

C

A

A

C

D

D

B

C

D
A

B

B

B

B

Separate shed or solid
compartment.

4’ aisle from class II X
flammables.

4’ aisle from class II X
flammables.

Separate building or
solid compartment.

3’ aisle space

3’ aisle space

3’ aisle space from
other acids.

Separate building or
solid compartments.

None
Separate from class II X
flammables.

3’ aisle space

4’ aisle space

3’ aisle space

4’ aisle space

None
3’ aisle space

X

X

X

X

X

X 2,3,4

X 3-4

X 3-4
X 1

IC

II

IC

II

IIIA



Phosphorus (White-
Yellow).

Phosphorus Penta-
Sulfide.

Phosphorus
Sesquisulfide.

PHOSPHORUS
TRICHLORIDE.

PICRIC ACID
Pine Oil

POTASSIUM

Potassium Bifluoride
Potassium Bromate
Potassium Carbonate
Potassium Chlorate

Potassium Chromate
Potassium Cyanide

Potassium Dichromate

Potassium Fluoride
Potassium Hydroxide

(Lye).
Potassium Iodide
Potassium Nitrate

Potassium Perchlorate

Potassium
Permanganate

Potassium Peroxide

Potassium Persulfate

Potassium Sodium
Tartarate.

Table 5-5.

Hazard Identity

Hazardous Materials Storage and Handling CriteriaContinued

(See notes at end of table for explanation of codes.)

Flare- Spe-
Reac- cificHealth

bility
tivity Haz-

ard

Storage and Handling

E

0

H

D
0

E

O
D
O
D

D
O

D

O
B

O
D

D

D

D

D

O

Separate from other
items.

Separate from other
items.

Separate from class
flammables.

Special facility

Type of Storage Falities
Stor-
age Comp Gen
Comp Separation Requirement Flamm Acid

Stge Stge Gas Put-
Group

Bldg Bldg Stge pose
Bldg Whse

1 2

1

0

4
2

1 2

0 0
0 0
0 0
0 2

0 0
0 0

2 0 0

0 0
3 0

1 U 0
1 0 2

1 0 2

0 0

3 0 2

U 1

1 {] 0

3’ aisle space

3’ aisle space

3’ aisle space

Special facility 4’ aisle space
Store with class II 4’ apace from class
flammables, flammables.

Special facility and
handling.

No special handling None
No special handling None
No special handling None
Separate from other 3’ aisle space

items.
No special handling None
Separate from other 3’ aisle space

items.
Separate from other 3’ aisle space

items.
No special handling None
Separate from other 3’ aisle space
items.

!No special handling None
Separate from other 3’ aisle space

items.
Separate from other 3’ aisle space

items.
Separate from other 3’ aisle space

items.
Separate from other 3’ aisle space

items.
Separate from other 3’ aisle space

items.
No special handling None

Portable
Fi

Extin-
guisher

Ctua
Liquid

IIIB
IIIA



Potassium Sulfide

Propionaldehyde
(Propanal).

Propionic Acid

Propane Gas

Propane Torch Fuel (14
oz. containers) (See
Soldering Torch Kit).

Prophlamine

Propyl Nitrate

Propylene (Gas)

Prophlene Oxide

Pyridine

Pyrogallol
Pyroxylin (See Cellulose

Nitrate).
Que Bracho
Quick Lime (See
Calcium Oxide).

Quick Silver (See
Mercury).

Rodenticide
(Diphacinparaffm).

Rosin See label
Saltpeter (See
Potassium or Sodium
Nitrate).

Shellac (Liquid) 0 4 0
Silicone Compound

2 1 0 0

2 4 O

2 2 0 0

1 4 0 O

3 3 0 0

2 3 3 O

4 1 0

2 4 2 O

2 3 0 0

0 0 O

0 0 O

See label 0

Separate from other
items.

Store in end of
building.

Separate from class
flammables.

Stored separated from
oxygen.

Store in end of
building.

Store in end of
building.

Separate from oxygen
cylinders.

Store in end of
building.

Store in end of
building.

No special handling

No special handling

No special handling

No special handling

See label No special handling
No special handling
Separate from other
items.

No special handling

Special handling and
facility.

Store in end of
building to assist in
fire fighting.

Silver Cyanide 1
Silver Nitrate 1

Skin Protective 0
Compound.

SODIUM 3

Soldering Torch Kit
(Portable Propane
Torch, 14-oz. fuel
cylinders).

Sodium Acetate 0

O
D

E

0

0 No special handling

D

A

A

C

A

A

C

A

A

D

D

D

A
D
D
D

D

E

A

D

3’ aisle space

4’ aisle space from
group If flammables.

4’ aisle space from
class flammables.

Separate building or
solid compartment.

3’ aisle space from
class flammables.

4’ aisle space

Separate building or
solid compartment.

4’ aisle space

4’ aisle space

None

None

None

None

None
None
N)ne
3’ aisle space

None

Separate from class II X

fillmnbt by 3’
aisle space.

None

X 1

X 1-3-4

X -,3,4
X
X 3-4
X 3-4

X -4

IB

II

IB

IA

IB



Table 5-5. Hazardous Materials Storage and Handling CriteriaContinued

(See notes at end of table for explanation of codes.)

Hfmud Identity

Spe- Storage and HandlingNmm Flmm- Reac-
Hedth

bilRy
tivity

Sodium Hydrosulfite

Smlium Hydroxide
(Lye).

Sodium Hyperdflorite

Sedium Hypophcephite

Sodium Nitrate

SODIUM POTASSIUM
ALLOYS.

Sodinm Sfliea
Sodom Sulfide

Stoddard Solvent (Dry

Stnmtium Nitrate

None
None
None
No special handling
None
Separate from other
items.

Separate from other
items.

Separate from other
items.

Separate from other
items.

Separate from other
items.

Separate from other
items.

Separate from other
items.

Separate from other
items.

Separate from other
items.

Separate from other
items.

No special handling
Special facility and
handling.

bo special handling
Separate from other
items.

No special handling
No special handling
Store in end of

building.
Store with class II
flammables.

Do not store on wood
pallets.

None
None
None
None
None
3’ aisle space

3’ aisle space

3’ aisle space

3’ aisle space

3’ aisle space

3’ aisle space

3’ aisle space

3’ aisle space

3’ aisle space

3’ aisle space

None

None
3’ aisle space

None
None
3’ aisle space from
cla II flammables.

4’ space from class
flammables.

3’ aisle space

II



Strontium Peroxide 1

Styrene (monomer) 2

Sulfuric Ether (See
Ether).

Sulphur

Sulphur Dioxide

Sulphuric Acid

Talc
Tannic Acid

Tar Camphor (See
Naphthalene).

Tetraethyl Lead (TEL 3
Com_._gnd_).

Tetraethyl Lead (TML 3
Compound).

Tetra Hydrofuran 2

Tartaric Acid 0
*Thorium Nitrate 1

Toluene 2

Toluene--Diisocyanate 2

TolueneMethyl 2
Isobutyl Ketone.

Toluidines (Ortho, Para) 3

Toluol (See Toluene).
Triamylamine 2

Tributylamine 2

Trichloroethane 2
Trichloroethylene
Trichlorofluoromethane
Trichlorotrifluoroethane
Triethano.lamine
Triethylamine
Triethelborane (See
Diborane).

Tricresyl Phosphate

2

3

3

See la
0

1

0

0

el
1

D

2 0

0 O

0 0

K

0
0 0

3 0

3 O

1 O

0 O
D

0 O

2 E

0 0

0

0 0

0 O

0 0
0 O
0 O
0 0

O
0 O

0 0

Do not store on wood
pallets.

Store in end of
building.

Separate from other
items.

No combustible gas

Separate from other
acids.

No special handling
Separate from other

items.

Store with class II
flammables.

Store in end of
building.

Store in end of
building.

Separate from other
items.

Store in end of
building.

Separate from .class
flammables.

Store in end of
building.

Separate from chss
flammables.

Separate from class
flammables.

Separate from class
flammables.

No special handling
No special handling
No special handling
No special handling
No special handling
No special handling

No special handling

D

A

D

C

B

D
B

A

A

A

D

A

A

A

A

A

A

D
D
D
D
D
D

D

3’ aisle space

4’ aisle space from
class flammables.

3’ aisle space

Store with oxygen
cyHnders.

3’ aisle space

None
3’ aisle space

3’ aisle space from
class bles.

3’ aisle space

4’ aisle space from
class II flammables.

3’ aisle space

4’aisle spe

4’ aisle space

3’ aisle space

4’ aisle space

4’ aisle space

4’ aisle space

None
None
None
None
None
4’ als space

None

X

X

X

X

X

X

X

X

X

1-4

1

N/A

4

1

2,3,4

3-4

3-4

3-4

1,3,4

IC

IB

IB

IIIB

IliA

IliA

IliA

IB



TRINITROBENZENE

TRINITROTOLUENE
(TNT).

Trisodium Phosphate
Turpentine

Unslaked Lime (See
Calcium Oxide).

Unsymmetrical
Dimethylhydrazine.

*Uranium Nitrate

*Uranyl Acetate
Varnish
Vinegar Acid (See
Acetic Acid).

Vinyl Acetate

Table 5-5. Hazardous Materials Storage and Handling Criteria--Continued

(See notes at end of table for explanation of codes.)

Harrd Identity

Flare- Spe-
Reac- cific

Hedth
tivity Hz-

bility

2 4 4 0

2 4 4 0

2 0 0 O
3 0 O

3 4 0

0 D

,1 0 0
See la el 0

2 4 2

Vinyl Benzene (See
Styrene).

Vinyl Chloride (Gas)

Vinyl Ether 2 3 2

(Divinyl Ether)
(Dichloethylene)

Vinylidene Chloride 2 4 2

Xylenes (Ortho, Para 2 3 0

Meta). 2 4 0

Xylol (See Xylene).
Water Glass (see
Sodium Silicate).

Zinc (Powder)

Zinc Chlorate 2 0 2

Zinc Oxide 1 0 0

Zinc Sulfide 0 0

Storag and Handling

Type of Storage Facilities Portable
Stor- Fire
age

Separation Requiment Flamm Acid Comp Gen Extin-
Comp Stge Stge Gas Pur- gaisher
Group Bldg BId Stge Type

Bldg Whse

Special facility and E
handling.

Special facility and E
handling.

No special handling D None X 3-4

Separate from class A 4’ aisle space X 3-4

flammables.

Store in end of A 4’ aisle space from X 3-4

building, class II flammables.
Separate from other D 3’ aisle space X 1

items.
No special handling D None X 3-4

X 3-4No special handling D None

0 Store in end of A 4’ aisle space from X 3-4

building, class II flammables.

Ches

Lu

IC

IB

IB

0 Separate from oxygen C Separate building or X 3-4

cylinders, solid compartment.
O Store in end of A Separate from class II X ,3-4 IB

building, flammables by 4’

aisle space.
O Store in end of A 4’ aisle space X 3-4 IA

building.
0 Store in end of A 4’ aisle space from X 2-3-4 IC

0 building, class II flammables.

0 Separate from other D 3’ aisle space X 5

items.
D Do not store on wood D 3’ aisle space X 1-5

pallets.
0 No special handling D None X 3-4

0 No special handling D None X 3-4



Zirconium (Powder)

Zinc Diethyl (See
Diethylzinc).

Zinc Ethyide (See
Diethylzinc),

Zinc Ethyl (See
Diethylzinc).

0 Separate from other
items.

D 3’ aisle space X 5

Notes.
1. Thefollowing codes describe the health hazards. (A dash (--) means identity to be developed)

Code Explanation
Afew wh6fs of the vapor could cause death, or tke vapor or liquid could befatal on penetrating thefirefightsr’s normalfull protective
clothing which is designedfor resistance to heat. The normalfull protective clothing available to the averagefire department will not

provide adequate protection against skin contact with these materials.

3 Materials extremely hazardous to health, but areas may be entered with extreme care. Full protective clothing, includingselfcontained
breathing apparatus, rubber gloves, boots and bands around legs, arms and waist should be provided. No skin surface should be

exposed.

Materials hazardous to health, but areas may be enteredfreely with selfcontained breathing apparatus.

1 Materials only slightly hazardous to health. It may be desirable to wear selfcontained breathing apparatus.

0 Materials which on exposure underfire conditions would offer no health hazard beyond that of ordinary combustible material.

2. Thefollowing codes describe the flantmability hazards.
Code Explanation

4 Very flammable gases, very volatile flammable liquids, and materials that in the form of dusts or mists readily form explosive mixtures

when dispersed in air. Shut off flow of gas or liquid and keep cooling water streams on exposed tanks or containers. Use water spray

carefully in the vicinity of dusts so as not to create dust clouds.

3 Liquids which can be ignited under almost all normal temperature conditions. Water may be effective on these liquids because oftheir

low flash points. Solids which form coarse dusts, solids in shredded or fibrous form that create flash fires, solids that burn rapidly,

usually becaue they contain their own oxygen, and any material that ignites spontaneously at normal temperatures in air.

2 Liquids which must be moderately heated before ignition will occur and solids that readily give off flammable vapors. Water spray may

be used to extinguish the fire because the material can be cooled to below its flash point.

1 Materials that must be preheated before ignition can occur. Water may cause frothing of liquids with this flammability ratingnumber

if it gets below the surface of the liquid and turns to steam.

However, water spray gently applied to the surface will cause a frothing which will extinguish the fire. Most combustible solids have

a flammability rating of 1.

0 Materials that will not burn.

3. Thefollowing codes describe the reactivity hazards. (A dash (--) means identity to be developed)

Code Explanation

4 Materials which are readily capable of detonation or of explosive decomposition or explosive reaction at normal temperatures and

pressures. Includes materials which are sensitive to mechanical or localized thermal shock. If a chemical with this hazard rating is in

an advanced or massive fire, the area should be evacuated.



Code
3

Explanation

Materials which are capable of detonation or of explosive decomposition or of explosive reaction, but which require a strong initiating
source or which must be heated under confinement before initiation. This includes materials which are sensitive to thermal or mechanical
shock at elevated temperatures and pressures or which react explosively with water without requiring heat or confinement. Fire
fighting should be done from a protected location.

Materials which are normally unstable and readily undergo violent chemical change but do not detonate. This includes materials which
can undergo violent chemical change at elevated temperatures and pressures, and materials which may react violently with wateror
which may form potentially explosive mixtures with water. In advanced or massive fires, fire fighting should be done from a protected
location.

Materials which are normally stable but which may become unstable at elevated temperatures and pressure or which may reactwith
water with some release of energy, but not violently. Caution must be used in approaching the fire and applying water.

Materials which are normally stable even under fire exposure conditions and which are not reactive with water. Normal fire fighting
procedures may be used.

4. Thefollowing codes describe the specific hazards.
Code
A

B

C

D

E

F

G

H

J

K

L

M

N

O

Corrosive Acid (ACID)

Corrosive Alkali (ALK)

Explanation

Corrosive material other than acid and alkali (COR)

Oxidizing Material (OXY)

Use No Water in Fire Fighting (W*)

Corrosive Acid; Use No Water in Fire Fighting (ACID W*)

Corrosive Alkali; use no water in fire fighting (ALK W*)

Corrosive material other than acid and alkali; use no water in.fire fighting (COR W*)

Oxidizing material other than acid and alkali; use no water in fire fighting (OXY W*)

Oxidizing Acid (ACID OXY)

Oxidizing Alkali (ALK OXY)

Corrosive Oxidizing Material (COR OXY)

Corrosive Oxidizing Material; Use no water in fire fighting (COR OXY W*)

No specific hazard.

"This symbol will include a dash on the identification label.

5. Thefollowing codes describe the storage compatibility group.
Code Explanation
A Items in this group will be stored in the flammable storage building with separation as indicated in the Table of Hazardous Materials.

B Items in this group will be stored in acid storage buildih’g, with separation as indicated in the Table of Hazardous Materials.

C Items in this group will be stored in the compressed gas cylinder storage facility, with separation as indicated in the Table ofHazardous
Materials.



D Items in this group may be stored in general purpose warehouse, with separation as indicated in the Table og Hazardmm

E Items in this group require special facilities and handling. Consult the installation Fire and Safety Ofers and other appropriate
personnel of the respective service for specific storage and fire protection requirements.

S Items in this group shall be kept in a locked storage space accessible to authorized personnel only.

W Items in this group shall be stored in a non-sprinkler protected space.

6. TJ’olki cs e’ril mot iabk etim2uihir oxen in tfom ofI.ble etii,.
Code Ectinguishing Agent

1 Water

2 Foam

2a Alcohol Foam

3 Carbon Dioxide

4 Dry Chemical

5 Dry Chemical for Metal Fires

7. Thefollowing codes describe the class liquids.
Code
IA

IB

IC

II

III

Ilia

IIIB

Ep/anat/n
Liquids having flashpoints below 73 F (22.8 C) and having a boiling point below 10W F (37.8 C).

Liquids having flashpoints below 73* F (22.8 C) and having a boiling point at or above loW F (’.8" C).

Liquids having imhpoints at or above 73 F. (22.8 C) and below loW F (37.8 C).

Liquids with flashpoints at or above 100 F (37.8 C) and below 140 F (60 C) except any mixture having emupmmm with flmdslmin
of 200 F (93.3 C) or higher, the volume of which make up 99 percent or more of the mixture.

Liquids with fiashpoints at or above 140 F (60 C).

Liquids with fiashpoints at or above 140 F (60 C) and below 200 F (93.3 C) except any mixture having .,mmpnmmtsh flmflqnta
of20W F (93.3 C) or higher, the total volume of which make up 99 percent or more of the total volume aftlm mixture.

Liquids with fiashpoints at or above 200 F (93.3 C).
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Section 5. SUBSISTENCE
Paragraph

Perishable subsistence, chill and frozen storage 5-501
Semiperishable subsistence in dry storage 5-502

5-501. Perishable Subsistence, Chill and Frozen
Storage

a. Prevention of deterioration.
(1) General. All chilled and frozen subsistence

is highly perishable and subject to rapid deterio-
ration when improperly stored. Storage at temper-
atures which are too high or too low, under
unfavorable conditions of humidity, and in the ab-
sence of proper air circulation in unsanitary store-
rooms will result in rapid spoilage and eventual loss
of the product. Most spoilage of chilled and frozen
subsistence is caused by micro-organisms, partic-
ularly certain species of bacteria and fungi; the con-
tamination spreads rapidly from the decayed items
to the surrounding sound subsistence. Therefore,
frequent inspection while in storage, followed by
sorting and removal of the decayed items or por-
tions thereof, is of basic importance in maintaining
the products in top condition and in keeping losses
and surveys to a minimum. All shipments should
be segregated and marked in such a manner as will
assure that the oldest lots are issued first, except
when it may become necessary to issue a lot quickly
to avoid loss by spoilage or when another lot ofthe
same commodity is in a better condition for contin-
ued storage. Old lots of chilled or frozen subsistence
should not be allowed to accumuhte in storage
rooms but should be issued promptly or surveyed
ifunfit for use. Frozen products will not be accepted
in a partially thawed condition, nor will such prod-
ucts be refrozen after having been defrosted.

(2) Air circulation.
(a) General. Along with proper temperature

and humidity, air circulation in a storage room is
an important factor in the proper storage of chilled
and frozen stored subsistence. This is facilitated by
stacking the products on pallets in such a manner,
that will provide a 4-inch wall clearance, 2-foot ceil-
ing clearance and sufficient working aisleway.

(b Fruits and vegetables. Containers should
be raised off the floor by the use of pallets and
individual lots should be stacked so as to permit
free circulation of air. The use of a fan or duct sys-
tem may be desirable in some cases to maintain
proper circulation in all parts of the room. The in-
troduction of outside air into cold storage rooms

housing fmits and vegetables is not necessary.
However, when fresh fruits and vegetables are
stored in tight compartment at temperatures of
40 F or higher, the concentration of carbon dioxide
produced by respiration may reach such a danger
point that a match or candle will be extinguished.
While this condition is not considered harmful to
most products, personnel should not work in such
rooms until a supply of fresh air has been intro-
duced.

(c) Quick-frozenfruits and vegetables. Quick-
frozen fruits and vegetables are highly perishable
unless properly stored. Correct handling and proper
storage of such foods are imperative in utilizing
frozen foods to the best advantage. Upon delivery,
quick-frozen fruits and vegetables should be trans-
ferred promptly to a low temperature storage
space. Temperature of the load should be checked
upon arrival by taking temperature readings of car-
tons selected from top layers inside of shipping
cases. If the temperature of the product is higher
than freezer room temperature, shipping cases
should be scattered loosely about the room on hand-
trucks or upon pallets on the floor with adequate
space between individual cases to permit rapid low-
ering of the product temperature to freezer room
temperature. The use of a portable fan to create an
air current over the products will hasten temper-
ature equalization. When the temperature of the
product has been lowered sufficiently, cases should
be stacked compactly. If the product temperature
upon delivery is the same as or below temperature
of freezer room, the cases should be stacked com-
pactly immediately.

(d) Meat, meat products and poultry. A
prime factor in keeping the temperature in all parts
of meat storage spaces at the recommended levels
is proper circulation of the refrigerated air. Meat
items will not be stored on the bare floor; pallets
should be placed on the floor to allow free circulation
ofair under all items stored in the space. Generally,
when the recommended temperature in all parts of
the refrigerated space isuniform and is maintained
within the stacks in the freezer space, the circula-
tion of air may be considered to be adequate.

(e) Dairy products and eggs. To keep the air
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in a cold storage room fresh, the room must be kept
clean and the air must circulate slowly. Ordinarily,
adequate air circulation can be provided by the use
of pallets on the floor, and by proper stacking of
the various lots. Egg cases should not be stacked
more than five high to avoid pressure damage.

(3) Transport and Storage Compatibility of
Fresh Fruits and Vegetables.

(a) General. Although it may be necessary
to transport and store various fresh fruits and veg-
etables together, there are some products which
should be separated whenever possible. Apples,
pears, bananas, peaches, plums, cantaloupes, ripe
honey dew melons, avocados, tomatoes and other
ethylene producing fruits or vegetables should not
be stored with lettuce (causes russeting),-carrots
(become bitter), cucumbers, green peppers, acorn

or Hubbard squash (loss ofgreen color). Odors from
apples and citrus fruits are readily absorbed by
meat, eggs and dairy products. Pears and apples
acquire an unpleasant earthy taste and odor when
stored with potatoes. Other combinations which
should be avoided in storage rooms are apples or

pears with celery, cabbage or onions, celery with
onions or carrots, green peppers with pineapples
and citrus fruit with any of the strongly scented
vegetables. Green peppers can taint pineapples if
the two are stored or shipped together. Onions,
nuts, citrus fruit and potatoes should each be stored
separately whenever possible.

(b Perishable Subsistence Compatibility
Groups. For transport and storage fresh fruits and
vegetables have been divided into the following
compatibility groups:

Group

Temperature: 32 to 34 F (1 to 1 C).
Relative humidity: 90 to 95 percent.
Atmosphere: Normally used on berries and cherries
only--10 to 20 percent CO2.

Ice: Never in contact with commodity.

Note. Most members of this group not compatible
with Group 6a or 6b because ethylene production by
Group 1 can be high, and thus harmful to members of
Group 6a or 6b.

Apples (except those vaxieties listed in Group 3.)
Apricots
Berries (except cranberries)
Cherries
Figs (not with apples, danger of odor transfer to

figs; also see Group 6a)

Grapes (not fumigated with sulfur dioxide (S02) in
vehicle and no chemicals that release S02 should
be included in packages.

Peaches
Pears
Persimmons
Plums and prunes
Pomegranates
Quinces

Group 2

Temperature: 55 to 65 F (13 to 18 C).
Relative humidity: 85 to 95 percent.
Ice: Never in contact with commodity.
Avocados
Bananas
Eggplant (also see Group 5)
Grapefruit
Guava
Limes
Mangos
Muskmelons, other than cantaloupes
Casaba
Crenshaw
Honey Dew
Persian
Olive, fresh
Papayas
Pineapples (not with avocados, danger of avocados’

odor absorption)
Tomatoes, green
Tomatoes, pink (also see Group 4)
Watermelons (also see Groups 4 and 5)

Group 3

Temperature: 36 to 41 F (2 to 5 C).
Relative humidity: 90 to 95 percent; cantaloupes
about 95 percent.

Ice: In contact only with cantalbupes.
Apples (Grimes Golden and Jonathan (both, certain

areas), Yellow Newton (California) and Mc-
Intosh.)

Cantaloupes
Cranberries
Lemons (use 50 to 55 F for more than a month)
Lychees (also see Group 4)
Oranges (Florida or Texas)
Tangerines

5-89
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Group 4

Temperature: 40 to 45 F (4 to 7 C); beans 38
to 42 F (3 to 6 C).

Relative humidity: About 95 percent.
Ice: Never in contact with commodity.
Beans, snap
Lychees (also see Group 3)
Okra
Oranges (California or Arizona)
Peppers, green (not with beans)
Peppers, red (if with green peppers, temperature

adjusted toward top of range)
Squash, summer
Tomatoes, pink (also see Group 2)
Watermelons (also see Groups 2 and 5)

Group 5

Temperature: 50 to 55F (10 to 13 C); giner
not below 55 F.

Relative humidity: 85 to 90 percent.
Ice." Never in contact with commodity.
Cucumbers
Eggplant (also see Group 2)
Ginger (not with eggplant, also see Group 7)
Potatoes (late crop)
Pumpkin and Squashes, winter
Watermelon (temperature adjusted for other mem-

bers of group; also see Groups 2 and 4).

Group 6a

This group, except for figs, grapes and mushrooms,
is compatible with Group 6b.

Temperature: 32 to 34 F (0 to 1 C).
Relative humidity: 95 to 100 percent.
Ice: Never in contact with asparagus, figs, grapes,
and mushrooms.

Artichokes
Asparagus
Beets, red
Carrots
Endive and escarole
Figs (also see Group 1)
Grapes (not fumigated with sulfur dioxide (S02) in

vehicle and no chemicals that release S02 should
be included in packages.

Greens
Leek (not with figs or grapes)
Lettuce
Mushrooms
Parsley
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Parsnips
Peas
Rhubarb
Salsify
Spinach
Sweet Corn
Watercress

Group 6b

This group is compatible with Group 6a, except for
figs, grapes, and mushrooms.

Temperature: 32 to 34 F (0 to 1 C).
Relative humidity: 95 to 100 percent.
Ice: Contact acceptable for all.
Broccoli
Brussels sprouts
Cabbage
Cauliflower
Celeriac
Celery
Horseradish
Kohlrabi
Onions, green (not with rhubarb, figs, or grapes;
probably not with mushrooms or sweet corn).

Radishes
Rutabagas
Turnips

Group 7

Temperature: 55 to 65 F (13 to 18 C).
Relative humidity: 85 to 90 percent.
Ice: Never in contact with commodity.
Ginger (also see Group 5)
Potatoes, early crop (temperatures adjusted for

others)
Sweetpotatoes

Group 8

Temperature: 32 to 34 F (0 to 1 C).
Relative humidity: 65 to 70 percent.
Ice." Never in contact with commodity.
Garlic
Onions, dry
Citrus frults--Biphenyl fungicide may impart off
odors to other commodities.

The above information was extracted from Lipton,
W. J. and J. M. Harvey, Compatibility of Fruits
and Vegetables During Transport in Mixed Loads,
US Department of Agriculture, Agricultural Re-
search Service, ARS 51-48 (September, 1972).
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(c) Chill injuries to certain products. Al-
though the shelf lives ofmany fruits and vegetables
are significantly extended by storage at 32 F,
there are some fruits and vegetableswhich are sub-
ject to chill injury when stored at low but nonfreez-
ing temperatures.

Commodity
Apples
Grimes Golden

(certain areas)
Jonathan (cer-

tain areas)
Yellow Newton

(certain areas)
McIntosh

Asparagus

Avocados

Bananas, green or

Beans (snap)

Cranberries

Cucumbers

Eggplants

Grapefruit

Lemons

Limes

Mangos

Melons
Cantaloupes

Honey Dew

Casaba

Crenshaw and
Persian

Approxi-
mate
lowest

safe
tempera- Character of injury when

ture stored between 3 F and
F* safe temperature

36-38 Internal browning, brown
core, soggy breakdown,
soft scald.

36 Chill damage

40-55 Grayish-brown discolora-
tion of flesh.

53-56 Dull color when ripened.

45 Pitting and russeting.

36 Rubbery texture, red
flesh.

45 Pitting, water-soaked
spots, decay.

45 Surface scald, Alternaria
rot.

50 Scald, pitting, watery
breakdown.

52 Pitting, membranous
staining, red blotch.

45-48 Pitting

50-55 Grayish scaldlike discolor-
ation of skin, uneven
ripening.

36 Pitting, surface decay

45-50 Pitting, surface decay,
failure to ripen.

45-50 Pitting, surface decay,
failure to ripen.

45-50 Pitting, surface decay,
failure to ripen.
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Commodity
Watermelons

Okra

Olives, fresh

Oranges, Califor-
nia and Arizona

Papayas 45

Peppers, sweet 45

Pineapples 45-50

Potatoes 38

Pumpkins and 50
hardshell
squashes

Sweetpotatoes 55

Tomatoes
Ripe

Mature-green

Approxi-
mate
lowest

safe
tempera- Character of injury when

ture stored between 3 F and
F safe temperature
40 Pitting, objectionable fla-

vor.

45 Discoloration, water-
soaked areas, pitting,
decay.

45 Internal browning

38 Pitting, brown stain

Pitting, failure to ripen,
off flavor, decay.

Sheet pitting, Alternaria
rot on pods and calyxes.

Dull-green when ripened

Mahogany browning
(Chippewa and Segao),
sweetening.

Decay, especially Alter-
naria rot.

Decay, pitting, internal
discoloration.

45-50 Watersoaking and soften-
ing, decay.

55 Poor color when ripe; A1-
ternaria rot.

(4) Recommended average storage period for
frozen perishable subsistence.

(a) Temperature. Storage temperature for
all frozen subsistence items shall not exceed 0 F.
During shipment the temperature shall not be
higher than 10 F. For ice cream the recommended
temperature is 10 F and in no case should the
temperature exceed 0 F.

(b) Condition. The recommended average
storage periods listed for frozen items are based on
the assumption that products delivered to the Gov-
ernment were processed and procured in accord-
ance with current specifications and were in good
condition at time of delivery. Condition should be
the deciding factor when determining, if an item is
suitable for shipment to an oversea area. Exception
to this rule is listed in f below. In no case should

5-91
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a product received in a thawed state be refrozen for
storage. Thawing will reduce the average storage
life of most frozen subsistence items below the de-
sired economical storage period.

(c) Packaging. The nature and condition of
the packages are important factors which influence
storage life expectancy. Example: packaging ma-
terials permeable to water vapor or which are de-
fective will permit dehydration by sublimation
(freezer burn) or other defects and materially de-
tract from the quality and appearance of the stored
product. A program should be established to reseal
or repackage all damaged frozen cargo before it is
stored or transshipped.

(d) Detection of deterioration. Deterioration
due to time in storage and/or variations in temper-
atures can be detected by organoleptic inspection
for such defects as dehydration (freezer burn), un-
due softness or mealy texture, discoloration, off
odor, evidence ofweeping and evidence of rancidity
and/or mold.

(e) Initial quality orgrade. The initial quality
of a product at time of receipt by the Government
is an important factor which influences storage life
expectancy. Initial quality of the product is deter-
mined by method of processing and handling, as
well as the grade of the ingredients.
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(]) Limitations. Frozen subsistence items
with a recommended average storage life of 3
months or less should not be stored for shipment
to overseas areas. Such items will have exceeded
the recommended storage life prior to issue in over-
seas area. Prior to shipping frozen subsistence
items with a recommended average life of less than
6 months, a careful inspection by veterinary per-
sonnel should be made with a view toward assuring
that there is sufficient storage life remaining to en-
able routine issue within the overseas command.

(g) Approximate storage life. Storage life is
the total elapsed time from date of pack to date of
issue for immediate consumption. The approximat
storage life given in tables below is the best esti-
mate ofexpected life, based upon experience gained
through subsistence procured and stored in accord-
ance with the applicable specifications and regula-
tions. Specific lots of subsistence may be expected
to show signs ofquality loss within 20% ofthetime
listed. Therefore, procedures shall be established
to provide surveillance from time of receipt until
the subsistence is issued and consumed. The fre-
quency of inspection should be established through
actual experience with various products, and as
prescribed in pertinent military publications.

Table 5-6. Storage life of frozen subsistence at 0 F or below.

Approx. Storage Life
(Months)

Apples
Apple juice, concentrated
Asparagus
Bacon:,s

prefried
slab, type I
slab, type II
sliced, type I
sliced, type I, vacuum packed
sliced, type II
sliced, type II, vacuum packed
Canadian

Beans
green

18
30
12

9
5V

12
1V
3
2V
5V
6

12
14
12

See footnotes at end of table.
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Table 5-6--Continued
Approz. Storage Life

(Moths)

Beef:2

boneless, fabricated 12
carcass, wholesale cuts 12
corned 6
cutlets, boneless (restructured) 9
diced and diced (restructured 9
dried, sliced 12
ground 9
ground patties 6
liver, whole or portion cut 4
tongue, fresh 4
tongue, cured or smoked, type 1 6
tongue, cured or smoked, type 2 4

Blackberries 18
Blueberries 18
Bologna:2,8

Lebanon 8
50% beef 3-4
60% beef 3-4
75% beef 6

Boysenberries, dewberries, loganberries, youngberries 18
Bread dough8 6
Bread yeast raised (and rolls fresh)2 6
Broccoli 14
Brussels sprouts 12
Burritos 6
Butter prints and patties 18
Cakes, coffee, layer, loaf, cheese 12
Carrots 24
Cauliflower 14
Cervelat:2.s

soft (thuringer) 3-4
Cherries, RTP and dark, sweet, pitted 24
Cheese, pizza blend, shredded 12
Chicken:

gizzards 6
parts, cut up, ready to cook 8
whole, ready to cook 10

Chitterlings:

precooked 6
Clams, shucked 8
Corn 24
Corn on the cob 9
Crabs 8

See footnotes at end of table.
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Table 5-6--Continued

Approz. $gs
(Months)

Cranberry juice cocktail ......................................... 24
Crawfish taft ..................................................... 8
Dates ............................................................ 12
Duek ............................................................ 10
Eg roll .......................................................... 6
Eggs:

whole (including table grade) 12
whitess ...................................................... 12
yokes, sugared or salt addeds 12

Enchiladas ....................................................... 6
Fish:

fish fillets, steakss

fatty (mackerel, salmon) 3
moderately fatty (halibut, perch, rockfish) 6
lean (cod, haddock, flounder) 11-12

fish sticks and portions 1-2 less
than above

Frankfurters--50 percent pork,8
type I, carton ,
type I, flexible package 1
type II, carton
type If, flexible package 6
type Ill, flexible package 12
type Ill, can with thaw indicator 15

Grape juice, concentrated 24
Grapefruit juice, concentrated 24
Grapefruit-orange juice, concentrated 24
Grapefruit sections 12
Greens, leafy .................................................... 14
Hams:

boneless, cooked 6
Ice cream, sherbets or ices 9
Ice cream, novelties 3
Lamb:z

boneless, fabricated 12
carcass, wholesale cuts 12
cutlets, boneless (restructured) 9
slices, chops 9
telescoped ................................................... 12

Lard ............................................................. 12
Lemon juice, concentrated 18
Lemonade, concentrated 18
Lime juice, concentrated 18
Lime juice, single strength 18
Lobster tails ..................................................... 8
Lobster, whole2 .................................................. 8

See footnotes at end of table.
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Table 5-6--Continued

Luncheon loaf3

Manicotti
Margarine, prints and patties2

Meal, precooked, (TV dinners, pot pies, etc.)1’s

Milk fat anhydrous2

Milk, pasteurized, homogenized
Milk, aseptically processed and packaged2

Milk, whole, concentrated’4

Onion rings, french fried and raw
Orange juice, concentrated
Oysters’ .........................................................
Pastrami .........................................................
Peaches ..........................................................
Peas:

black eye
dehydrofrozen

Peas and carrots
Pepperoni
Peppers ..........................................................
Pies, fruit, baked and unbaked:2

cream filled
fruit filled ...................................................

Pineapple ........................................................
Pineapple juice, concentrated

Pizza shells2 ......................................................
Pork:

barbecued
cutlets, boneless (restructured)
diced and diced (restructured)
hocks, feet
hocks, smoked
loin, boneless, fabricated
slices, chops
wholesale cuts

Potatoes:
white, french fries, precooked rounds
white, hash brown

Rabbit:
ready-to-cook
ready-to-cook, cut up

Raspberries _*-

Rhubarb .........................................................
Ravioli ...........................................................

Approz. Stge
(Moths)

6
12
6

L

12
1
1
1

18
14
24
8
6
18

12
14
14
14
6
14

6
12
12
24
6
6

6
8
8
6
3
8
8
8

12
12

8
8
18
24
6

See footnotes at end of table.
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Table 5-6--Continued

Approx. Stage Life
(Months)

Salami:2,3

cooked 3-4

Sausage.,3
beef 6
liver 3-4
New England style 4
pork, bulk style 3
pork links:
type I, carton %
type II, carton 2
type III, carton 3
type III, can 9

pork, precooked, Polish, Italian 3-4
pork and beef, precooked 6

Scal]P82 8
Scrapple 6
Shrimp:a

raw, peeled/unpeeled 8
raw, breaded, molded 8

Soups 12
Spinach 14
Spinach, chopped 10
Squash, summer and fall, cooked 24
Strawberries 15
Succotash 12
Sweet goods, yeast raised2 2
Tamales 6
Topping, dessert 24
Tortillas, corn or wheat 18
Turkey:2

boneless, cooked 7
boneless, raw 7
whole, ready-to-cook 9

Veal:2

cutlets, boneless, breaded (restructured) 9
diced, cutlets, breaded 9
boneless, fabricated 12
carcass, wholesale cuts 12
semi-boneless 12

Vegetables, mixed ., 12
Waffles2 6

Any evidence that meal has been thawed is reason for discarding.
Many of the products listed herein are also storable under chill conditions

(above 32 F). See a(4)
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s These products suffer deteriorative changes as a result of freezing. If frozen

storage is necessary, storage times indicated will tend to minimize rancidity

development.
4 Storage life above 0 F is 4 months.
Cream style soups which have broken down during freezing will be satisfac-

tory when heated.
e These meals may be used for their intended purpose up to 9 months after

date of pack provided surveillance inspections performed at least every 30 days

subsequent to the 6 months period result in the product being accepted for

consumption.
7 The quality of frozen shrimp will deteriorate within 30 days if held between

14 and 18 F.

(5) Chill storage ofperishable subsistencefrez-
ing point, storage temperature, relative humidity
and storage life. The following table (table 5-7) is

for the guidance of personnel in computing the stor-
age life of subsistence held in chilled storage. Many
of the considerations mentioned in paragraph a(1)
above are applicable to chilled storage. The storage
periods given are applicable only to products proc-
essed and procured in accordance with specifica-
tions.

(a) Temperature. Chill storage is generally
within a temperature range of 32-35 F. For some
items, better quality is maintained at temperatures
higher or lower than these and are shown as ac-

cepted storage temperature. Some items are dam-
aged by slow freezing; for these, the average
freezing points are given.

(b) Humidity. Preferred relative humidities
shown in the table are those which best inhibit the

gain or loss of moisture in the item. Storage at
higher relative humidities may allow water to con-
dense on or be absorbed in the item, while at lower
relative humidities, the item may dry and shrink.

(c) Approximate storage life. Storage life is

the total elapsed time from date of pack to date of
issue for immediate consumption. The approximate
storage life given in table 5-7 is the best estimate
of expected life based upon experience for subsist-
ence procured and stored in accordance with appli-
cable specifications and regulations. Specific lots of
subsistence may be expected to show signs ofmajor
quality loss within -+ 20% of the time listed. There-
fore, procedures shall be established to provide su-

surveillance from time ofreceipt until the subsistence
is issued and consumed. The frequency of inspection
should be established through actual experience
with various products, and as prescribed in perti-
nent military publications.

Table 5-7. Chill storage of perishable subsistence.

Item

Artichokes, globe
Artichokes, Jerusalem
Apples
Red delicious, Washington

Apricots
Asparagus, fresh8’1

to prevent chill damage during

Average
Freezing
Point

30
28
29
3O
30
31

extended storage
Avocados:

cold tolerant Mexican & Gua-
temalan var. usually rough
skinned 31

cold intolerant West Indian var.

usually smooth skinned 31

(summer months)

Accepted
Storage

Temperature

32
32
32
32
32
32

36

Preferred
Relative

Humidity %

95
90-100

9O
9O
9O
95

95

40-45

55

85-90

85-9O

Approximate
Storage Life

(Days)

14
150

See Note 2
See Note 2

7-21
10

14-21

14-28

14

See footnotes at end of table
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Table 5-7. Chill storage of perishable subsistence--Continued

Accepted Preferred Approximate
Storage Relative Storage Life

Temperature Humidity % (Days)

Average
Freezing

Item Point

Bacon9
slab, type I
slab, type II
sliced, type I
sliced, type I, vacuum packed
sliced, type II
sliced, type II, vacuum packed

Banana;
green 31
ripe

32-35

32-35
32-35
32-35
32-35

56-58

85-90
85-90
85-9O
85-9O
85-9O
85-9O

9O-95
85

Beans:
green or waxed
lima, unshelled, shelled

Beef:
carcass and wholesale cuts
corned
dried, sliced

31
31

45-50
32

32-35
32-35
32-35

95
95

85-90
85-90

ground
tongue, fresh
tongue, smoked

Beets, bunch 31
Beets, topped 30
Berries, black, rasp, logan, boy-

sen, young, dew 31
Berries, straw 31
Blueberries 30
Bologna:
Lebanon
50 percent beef

32-35
32-35
32-35

32
32

85-90
85-9O
85-9O

95
95-100

32
32
32

32-35
32-35

95
9O-95
9O-95

85-9O
85-90

BroccolP
Brussel sprouts
Butter, prints and patties

Cabbage:
red 31.7
summer types 31
winter types 31
Chinese, table ready shredded 31

Cantaloupe:
hard ripe 30
fullslip 30

Carrots:tLo
table ready, sliced 30
mature, topped 30
immature, topped 31
bunch 30

Casaba melon 30
Catsup:

boat, envelopes
cup, foil pouch

Cauliflower 31
Celeriac 30

31
31

32
32

32-35

32
32
32

32-35

36
32-35

32-35
32
32
32

45-50

5O
5O
32
32

95
95

Less than
55

95-100
95-100
95-100

9O-95
9O-95

98-100
98-100
95-98

90

80-90

95
95-100

42
70
14
21
21
35

7-10

7-10
7

10-14
9-11
28-42

4
35-42
35-42
10-14

120-180

2-3
5-7
14

10-14
21-35

30

21-42
21-42
90-120
7-10

15
5-14

10-14
150-270
28-42
10-14
28-42

180
365

14-28
90-120

See footnotes at end of table

5-98



15 September 1979 DOD 4145.19-R-1

Table 5-7. Chill storage

Item Point

Celery:
northern grown 31

California or Floridasl 31

Cervelat:9

dryIo

soft (thuringer)
Cherries, sweete’ls 29

Chicory 30

Chives, potted 30

Cheese:
blue veined, natural
cheddar, natural 25

cottage 30

cream (hot pack process)
mozzerelia, natural
process American, piemento or
Swiss loaf 25
sliced

parmesan, natural
pizza blend
provolone, natural
Romano, natural
Swiss, natural 25

Chocolate drink 29

Clams, shucked
Cookie dough
Corn on the cob, top-iced 31

Cranberry:
fresh 30

sauce, cup7

Cream:
half and half, including filled 31

sour, cultured 31

table, including filled 31

whipping 31

whipping, ultra-pasteurized
(Up) 31

Crenshaw melon 30

Cucumbers 31

Currants 30

Dasheens, (taro root) 30

Dates, pitted, cured:
cane sugar types 1

invert sugar types 5
Eggnog 28

Eggnog (UPs) 28
Eggs, shelled

fresh 27
oll processed 27

Egg plante’e 31

of perishable subsistence--Continued

Acepted Prefgrred Approxinmte
Storage Relative Sterg Life

Temperature Humidity % (Days)

32
32

32-35
32-35
30-31
32-34
35-45

32-35
30-34
32-35
32-35

35

32-35
32-35
32-35

35
35

32-35
32-35
32-35
32-35

32
32

36-4O
5O

32-35
32-35
32-35
32-35

35-45
45-50
5O-55
31-32
45-47

32
32

32-85
32-35

29-31
29-31
45-50

95
95

75-80
85-90
9O-95
85--95
90-98

70-75
65-70

70-75
70-75

65-7O
65-70
70-75
70-75
70-75
70-75
70-75

95

9O-95

90-95
90-95
90-95
98-100

70-75
75

8O-85
70-80
90-95

3O-6O
35-42

45
14

14-21
10-30

14

180
540
14

120
30

540
360
360
180
360
36O
360

7
4
90

4-8

60-120
180

7
14
10
10

84
14

10-14
10-14

60-120

180
180
14
84

150-180
150-180

7-10

See footnotes at end of table
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Table 5-7

Item

Chill storage of perishable subsistenceContinued
Average Accepted
Freezing Storage
Point Temperature

30 31-32
30 32
27 32

32--35
32--35
32--35
32--35

50
40

32--40
32
55

31-32
50

58--60
35--45

32
3O

32

32

32--35
32-35
32--35

31 45--90
30 45-50
30 32
29 30-32
29 32

5O
50
32

33-35
32-35

45
32

32-34
32-34

32-34
33-50

55

Elderberry
Fennel
Figs, fresh
Frankfurters, 50 percent beef, 50
percent pork:"
type I, carton
type I, flexible package
type II, carton
type II, flexible package

French dressing, cup, boat or en-
velope 31

Fruitcake, fresh
Fruits, dried 22-26
Garlic, dry 30
Ginger, rhizomes
Gooseberries 30
Grapefruit6"7 30
Grapefruit, Florida September to
February harvest6, All Calif
& Arizona 30

Grapefruit, sections
Grapes:
American, types 30
European, types 28

Greens:
endives, escarole 31.9
collards, kale, rape, beet, mus-
tard turnip, chicory 31

Ham:
cured, canned
boneless, cooked
smoked

Honeyball, melon
Honeydew, melon
Horseradish, prepared
Horseradish, root
Huckleberries
Jams, jellies, preserves:

boat, envelope
cup, foil pouch

Kohlrabi 30
Kumquats 29
Lamb, carcass, wholesale cuts
Lard, service style
Leeks 31
Lettuce, iceberg, individually
wrapped in polystyrene film 32

Lettuce, leaf, romaine 32
Lettuce, table ready, whole or
chopped 32

Lobster, live in water
Lemons5 30

Preferred
Relative

Humidity %

90-95
90-98
85-90

85-90
85-90
85-90
85-90

80-90
5O-60
5O-60
65-70

65
90-95
85-90

85-90

85
90-95

95

95

6O-65
85-90
85-90
90-95
90-95

95-100
8O-85

80-90

95
85-9O

85
90-95

95

95-100
95-100

85-90

Approximate
Storage Life

(Days)

60-120
60-120

7-10

I0
21
35
35

80-90
300

180-390
180-210

180
14-28
28-42

28
54O

14-21

10-14

270
28
28

21-28
21-28

90
3OO-36O

7-10

180
365

14-28.
60-120

7-10
120-0
3O-90

14-21
5-8

5-7
7

30--90

See footnotes at end of table
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Table 5-7 Chill storage of perishable subsistenceContinued

Average Accepted Preferred / Approximate

Freezing Storage Relative 1 Storage Life

Item Point Temperature Humidity % (Days)

Lemon juice, reconstituted, ind.

serving, pkg. 30 50 120

Limes 29 48-50 85-90 42-56

Luncheon loaf 32-35 85-90 14

Mangoes ". 30 55 85-90 14-21

Margarine, prints and patties 32-35 40-70 60-90

Meal, combat, individual 32 50 7 years

buttermilk 31 32-35 14

chocolate flavored 29 32-35 7

chocolate flavored (UP) 29 35-45 84

concentrated 29 32-35 6

fluid, pasteurized, all types 30 32-35 7

fluid, homogenized (UP) 31 35-45 84

ice, mix, fresh, liquid 31 32--35 10

shake, mix, fresh, liquid 31 32-35 10

Mushreords 30 32-34 90 3--4

Mustard:
boat, envelope17 30 50 80-90 90

cup, foil pouch17 30 50 270

Nectarines 30 31-32 90 14-28

Okra 29 45-50 90-95 7-10

Olives 29 45-50 85-90 28-42

Onions:
Bermuda, dry 31 32 65-70 30-60

globe, dry 30 32 65-70 180-240

green, top-iced 30.4 32 95 21-28

Spanish 31 32 65-70 90-180

peeled or green, table ready 31 32-35 65-70 5-7

Oranges:
California Arizona 30 40-44 85-90 28-42

Florida, Texas 30 32 85-90 56-84

Temple, Tangelos 30 38-40 90-95 14-28

sections 35-45 540

Orange juice 30 32 21

Oyster, shucked in ice 32-35 4

Papaya 30 55-60 85-90 7-21

Parsley 30 32 95 30-60

Parsnips 30 32 98-100 60-180

Peaches8 30 31-32 90 14-28

Peanut butter:
boat, envelope 50 80-90 180

cup, foil pounch 50 80-90 365

PearsS.7.s 29 29-31 90-95 See note 8

Peas, unshelled 31 32 95 7-14

Peppers, sweet 31 45-50 90-95 14-21

Peppers, dry, chili 32-50 60-70 180

Pepperoni, drf 32-35 75-80 28

Persian melons 31 45-50 90-95 14

Persimmons 28 30 90 90-120

Pies:
fruit, fresh 35 80-85 3

fried, fresh 35 80-90 5

See footnotes at end of table
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Table 5-7. Chill storage of perishable subsistence--Continued

Item

Pineapple:
mature, green

Plums
Pomegranates

Average
Freezing
Point

30
30
30
27

Pork, wholesale cuts
Poultry, all forms 27
Potatoes, sweet (cured at

850 F)s’6 30
Potatoes, white:

early crop, uncured 31
early crop, cured before storage 31
late crop 31
peeled., table ready 31

Potatoes, white, irradiated, LPPD 30
Prunes, Italian 30
Pumpkins 31
Quinces 28
Radishes:

spring, topped, poly bag 31
spring, table ready 31
winter, topped 31

Rhubarb 31
Rolls, brown and serve
Rutabagas, topped 30
Salad dressing, cup, boat, enve-
lope 31

Salmon steaks
Salami:S,

cooked
Salsify 30
Sausage:9

liver
New England style
pork links:
type I
type II and III

pork bulk
Scallops
Shallots 31.7
Shortening compound, can, car-

ton, cube
Shrimp, unpeeled, in ice
Syrup, imitation maple, cup, boat
or envelope

Spinachs

Squash, fall and winter, Hubbard

butternut
summer
to prevent chill damage during
extended storage

Swiss chard

31.5
30
30.5
30
31

See footnotes at end of table

Accepted
Storage

Temperature

50--55
45
32
32

32-35
30

55--60

5O
40
40
35

40-45
32

5O-55
31-32

32
32
32
32
32
32

5O
32-35

32-35
32-35

32

32-35
32-35

32-35
32-35
32-35
32-35

32

32-35
32-35

50
32

5O-55
5O
5O

32-40

45-5O

Preferred
Relative

Humidity %

85-90
85-90
9O-95

90
85-9O

95-100

85-9O

9O
9O
9O
95

85-90
9O-95
70-75

9O

95
95

95-100
95

8O-85
98-100

80-9O

75-80

85-9O
85-9O

85-9O
85-9O

95

less than 55

80-9O
95

70-75
70-75

5O

95

Approximate
Store Life

(Days)

21-28
14

21-28
14-28

5
5

120-210

6O
120-150
150-240

5--9
360

14-21
60-90
6O-90

21-28
10-12

60-120
14-28

21
120-180

6O
14

60-120

14
10

14
21
14
4

21-28

1800
14

365
10-14

180
35-56
60-90
4-5

10-14
10-14
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Table 5-7. Chill storage of perishable subsistence--Continued

Average Accepted Preferred Approximate

Freezing Storage Relative Storage Life

Item Point Temperature Humidity % (Days)

30 32 85-90 14--28Tangerines
Tomatoes:

mature, green8’6

pink
firm, ripe
full color development

31
31
31
31

Trees, Christmas, cut
Turnips 30

55-70
5O-55
45-5O
32-35

22-32
32

85-9O
85-9O
85-90
85-98

95

Veal and calfsides, wholesale cuts
Watercress
Watermelon
Yeast, bakers:

active, dry
compressed cake

Yogurt, plain or fruit flavored

31
31

32-35
32-35
40-50

3O-39

85
90-95
85-9O

60-70
80-9O

7-21
3-5
4-7

21 after de-
velopment
of full color

6O
120-150

6
7

14-21

180-360
30-90

30

Table 5-7. Footnotes

Soybean oil margarine is considered by some authorities to be less stable
than cottonseed oil margarine.

2 The length of time apples can be held successfully in cold storage at 32 F,
unless otherwise specified, will vary with the variety, with the district where

grown, as well as with their condition when harvested. Controlled atmosphere
can extend storage life an additional 2 to 4 months.

Variety

Baldwin

Cortland

Delicious

Golden Delicious

Gravenstein

Grimes Golden
(some areas
34-36 F)

Jonathan (some areas
35--36 F)

McIntosh (some areas
38 F)

storage period (months)

Normal Maximum

4 to5 7

3to4 5

4 to 5 8*

4 to 6 8*

0 to 2 3

2 to 3 4

2to3 4

2to4 5

Variety

Northern Spy

Rhode Island

Greening

Rome Beauty

Stayman Winesap

Wealthy

Winesap

Yellow Newton
(Calif. 38-48 F)

York Imperial

Storage period (months)

Normal Maximum

4 to 5 8

3to4 6

4to5 7

4to5 6

0to2 3

5-7 8

5to6 8

4to5 6

*Stored in polyethylene bag liners (unsealed)
2 Commodities not recommended for export, but which are suitable for im-

mediate use by shore activities and by ships in port or shortly after sailing.
4 Not recommended for export since the European type of grape from Cal-

ifornia with better keeping quality is available during the same period.

5-103
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Table 5-7. Footnotes--Continued
Foothill grown lemons stored better than coastal grown lemons, especially

late picked; at Receiving Markets only "Strong" lots of lemons should be stored
and frequently inspected.

s Damage will result if item is stored at lower temperature than indicated.
7 For best ripening, pears should be held at about 65 F. for 2 to 3 days prior

to serving.
s Pear,Length of safe storage for certain varieties of pairs.

Length of Storage
Storage of Pear varieties at 30 to 31" F. Period (months)

Stored inunediately after harvest at 30 to 31 F.
Anjou .................................................................... 4 to 6*
Bartlett, Cornice, Hardy and Kieffer 2 to 3
Bosc and Seckel 3 to 4*
Packam 5 to 6

Winter Nelis 6 to 7

* The storage life of Anjou, artlett, Bosc and Cornice pears may be extended for
an additional 1-2 months by packaging in polyethelene liners.

9 Carcasses and cuts: Quarters, carcasses, and cuts of beef, lamb and veal
should be hung or placed on racks when in chill space. If such items are in a solid
frozen condition when received, stow compactly as possible in the freezer space.
Frozen boneless beef should be stacked compactly. Veal carcasses or cuts, par-
ticularly of the lighter weights and lower grades, are subject to rapid deterio-
ration. Holding time of such items in the chill space should be held to a minimum.
Fresh chilled pork cuts should be treated as highly perishable.

Variety meats and sausage: Such items are highly perishable. Hold storage
time to a minimum.

Cured and smoked meat: The keeping qualities of cured and smoked meats
depend upon the type of cure, the length of smoking period, and the method of
packaging. The storage life of such items is further influenced by the condition
of the storeroom with regard to humidity, temperature and sanitation.

Growth of mold and development of rancidity in hams and bacon can be
retarded by stowing such items in the chill space for current consumption and
in freezer space for seasonal stocks. Since the growth of mold on cured and
smoked meats is favored by the presence ofcondensed water, excessive humidity
should be avoided. If the relative humidity is higher than recommended, it is
essential that good circulation of air be maintained.

Hams and bacon which have been individually wrapped in one or more layers
of paper have a tendency to retain upon the surface of the meat any moisture
which may have come from the product after wrapping. This moisture, in a
measure, stimulates mold and bacterial growth. If hams so wrapped are held at
temperatures of45 F or above for a considerable length of time, mold and slime
will form on the surface of the meat. Surface slime and mold make the ham
unattractive and unpleasant to handle, but do not necessarily indicate spoilage.
Accordingly, such products should be carefully inspected to determine how far
the mold has penetrated. In most cases, where only the surface is affected, the
mold can be removed from the meat by brushing with a stiff-bristled brush,
wiping with a clean cloth moistened with a vinegar or salt-water solution, and
allowing to air dry. When the mold growth is heavy it may be trimmed away.
If the ham does not have deep cracks or abrasions, the meat underneath the
surface usually is found to be perfectly sound and wholesome. When moldgrowth
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Table 5-7. Footnotes--Continued
or spoilage is evidenced deeply between the muscles and around the bone, a

survey is usually necessary.
lo Very susceptible to mold growth or surface. Inspect and wipe often.
11 This item keeps better unwashed.
Export pack only for ships and oversea shipments. Ice packed lettuce will

encourage the growth of mold on other commodities. The storage life shown for

lettuce is lengthened substantially by trimming closely and wrapping heads in-

dividually in polystyrene film.
18 This commodity should not be stored with items such as apples and grapefruit

since they will acquire an onion taste. Compartments should be kept dar
14 Early and intermediate crop potatoes may possess better or poorer keep-

ings qualities than potatoes shown on the table. Many lots of early potatoes are
too immature for export and some intermediate crop potatoes are not suitable

for export because ofpoor quality and condition. Extreme care must be exercised
in the selection of potatoes for export from the middle of May to the middle of
August. The quality and condition of available supplies must govern the final

choice between old and new crop stock for export during the first part of this

period and such factors also must govern the choice of stocks ofnew crop potatoes
for export later in this period.

is Deleted
18 The refrigerated storage of Florida grapefruit is not recommended for

more than a limited period and then only if the fruit is inspected at intervals.
Grapefruit is very susceptible to rind pitting and aging at comparatively low

temperatures, especially at 38 F. (as compared with 32 F). At higher tem-
peratures, such as 50 F the rapid development of decay is troublesome.

17 Keeping time in uncontrolled storage (dry space) is less than 3 months
because of desiccation and because of swelling due to microbial activity.

18 Sweet cherries packed in sealed polyethylene bag liners can be stored for
up to 21 days.

19 Asparagus held too long at 32 F is subject to chill injury. The butts of
asparagus should be placed in absorbent material during storage.

2o Carrots may become bitter if stored with fruits which give off ethylene,
such as apples and pears. If carrots are bitter, they should be stored at room
temperature for several days before use.

21 Polyethylene liners will extend storage life an additional 7-14 days.
2s California and Arizona varieties are more susceptible to low temperature

rind disorders.
3 Imperfect seals will reduce shelf life.
Much of the above information was extracted from Lutz, J.M. and R.E.

Hardenburg, Agricultural Research Service, Agriculture Handbook No. 66 (Oc-
tober 1968). The Commerical Storage of Fruits, Vegtables & Florists & Nursery
Stocks, and American Society of Heating, Refrigerating and Air Conditioning
Engineers Handbook and Product Directorym1974 Applications.

5-502. Semiperishable Subsistence in
Dry Storage

a. The product. The term seriperishable subsist-
ence refers to food items that are canned, dried,
dehydrated, or otherwise processed to the extent
that such items may, under normal conditions, be

stored in nonrefrigerated spaces. Semiperishable
subsistence too often is regarded as nonperishable
commodities which do not require care or protection
in storage. While semiperishable subsistence is not
nearly as susceptible to spoilage as perishable sub-
sistence, spoilage can and will occur if the products
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are mishandled, improperly stored, or stored for
excessive periods of time. It is important to re
member that the length of storage should be based
on the date ofpacking and not on the date of receipt.

b. Storage. Careful, correct storage methods not
only prevent damage to items in storage but assure
speed and efficiency in the receipt, handling and
issue of such items. Shipments should be segre-
gated and clearly marked so that the oldest lots, as
packed and not as received, are issued first, unless
the newer lots show evidence of deterioration or
spoilage. The particular method used fbr storing
each item depends on the nature of the container,
the nature of the commodity, and the bursting or
breaking strength of the bottom layers. For ex-
ample: items packed in glass containers with cork
stoppers should be inverted to prevent the drying
out of the stoppers and subsequent leakages.

(1) Storage precautions. Care should be taken
that items are not stacked so high as to cause a
bursting or crushing of the bottom layers; nor
should items be stacked so high that the top layer
is subject to the higher temperature more prevalent
near the ceiling or overhead. Stacking in close prox-
imity to steam or other heated pipes shall be
avoided. Pallets are used to raise subsistence off
the floor and individual lots piled in such a way as
to permit the circulation of air, around the lots.
Bagged items and those requiring fumigation and
insect control should not be stored in large masses
in corners of the storeroom or directly against the
walls; such storage leaves insufficient room for
cleaning and inspecting. Pailetized storage is used
as this facilitates handling of the stores and reduces
losses by breakage in handling. All items should be
properly cross-stacked to keep the stack solid and
prevent it from toppling.

(2) Storage periods (keeping time). The safe
storage period for dry subsistence items varies
greatly, depending on such elements as tempera-
ture, humidity, care in handling, protection from
weather, quality of the food when received and the
packing. Safe storage periods become very uncer-
taih at extremes of temperature and under combat
conditions. The fact that subsistence has been on
hand up to the limit of the "safe" storage period
does not mean that the subsistence should be sur-
veyed but should be consumed as soon as practic-
able. Subsistence which has been on hand beyond
the safe storage period should be inspected care-

fully for spillage, leakage, or other damage and if
still good issued as soon as possible; such items will
be given priority of issue over newer stocks.

c. Causes of spoilage.
(1) Age. All foodstuffs are subject to varying

degrees of natural deterioration; this deterioration
is inherent in the food itself. It should not, however,
be confused with the action of micro-organisms,
chemical agents, or other outside agents. Such facts
compel an observance of the basic principle of stor-
age that the oldest lots of the item always should
be used first, except under conditions indicated in
a(1) above.

(2) Insects (roaches,flies, weevils, and moths).
Insects can cause great damage to stored food; at-
tacking both natural and manufactured food. Food
stored at temperatures between 60 and 90 F is
especially attractive to insects. Infested supplies
must be segregated and if not too heavily infested
may be "reconditioned" for use. Cornmeal, espe-
cially, is susceptible to insect infestation and ran-
cidity. Insect repellents should be used carefully so
as not to contaminate the foods or cause damage by
the absorption, by the food, of the fumigant or in-
secticide flavor. Roaches and flies not only contam-
inate the foods buy may spread disease. (See chap.
III, sect. 4 this regulation for information on pest
management).

(3) Rodents (rats and mice). Rodents not only
physically destroy food by feeding, chewing and
cutting the bags for nests or nesting material, but
also contaminate food with their excreta and hairs.
Rodents are carriers of filth and disease; the im-
portance of controlling these pests is evident. The
most effective method of control is to prevent entry
of these animals.

(4) Physical environmental factors.
(a) Freezing. Dry products such as grains,

flour, sugar, starch, cereals and dehydrated foods,
ordinarily are not injured by freezing. If foods con-
taining relatively large amounts of water, such as
canned products, are frozen, the usefulness and
palatability of such products have not been harmed.
However, the physical appearance may suffer due
to change in consistency and texture (softening).
Emulsions such as canned cheese and butter, pre-
pared mustard, and mayonnaise may be broken
(separated) by freezing although the food is not
spoiled.

(b) Heat (high temperatures). A high tem-
perature over long periods of time is very detri-
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mental to the keeping of almost all food products.
High storage temperature encourages bacterial

growth, mold growth and insect infestation and is

particularly dangerous when accompanied by high

humidity. Chemical action is accelerated, causing

rancidity in many items; action of the food acids

naturally present within the cans is accelerated,
resulting in pinholing, blackening of the interior,

and hydrogen swells. High temperature is the chief

cause of accelerated spoilage in canned foods and

should be controlled when possible by providing
adequate ventilation. Flour and associated products
(barley, cereals, cornmeal, cornstarch, cracker and

biscuit, hominy, noodles, oats, rice, spaghetti and

macaroni, tapioca, and uncooked wheat) are subject

to insect infestation, particularly athigh tempera-

tures. Flour and cereals will absorb odors and

should be kept away from Subsistence or materials

giving off distinctive odors. Cocoa will keep years
ander cool, dry storage conditions. The formation

of a white "bloom" (described as a "whitening" or

"graying" due to storage under fluctuating temper-
atures) has little or no effect on the flavor of cocoa.

Long periods of storage at higher temperatures
may cause mustiness or rancidity. Cocoa does ab-

sorb moisture and odors; cans, therefore, should be

kept tightly closed. Roasted, ground coffee rapidly
develops a weak and stale flavor. If coffee is not

hermetically sealed it will absorb odors affecting

the flavor.
(c) Moisture (humidity). High humidity is

detrimental to stored subsistence in many respects;
accelerating the growth of bacteria and molds pro-
moting insect infestation and causing mustiness in

flour, rice and similar foods. High humidity causes

products which readily absorb moisture, such as

sugar and salt, to cake and become hard. Tea will

absorb odors and high humidity causes it to become

musty and sour. It should be emphasized that de-

hydrated products are perishable and should not be

handled or stored carelessly. Such products are sub-

ject to moisture absorption, insect infestation and

mold. A loss of flavor and discoloration (darkening)

will occur with age; this action is progressive and

is accelerated at high temperatures. Dried vege-

tables and fruits are subject to insect infestation

and molding (particularly fruits) and should be in-

spected at frequent intervals.
(d) Ventilation. Where sharply fluctuating

temperatures and high humidity prevail, the lack

of proper ventilation may cause excessively high

DOD 4145.19-R-1

temperatures. Proper ventilation is one of the most

important factors in protecting foods, particularly
in tropical areas. In extreme cases, it may be nec-

essary to open doors and use fans to induce circu-

lation.
(e) Light. Damage from light is restricted to

products that are packed in glass or transparent
containers. Exposure causes color changes and may
affect the flavor of foods containing, or composed
of, edible oils and fats.

d. Physical factors for canned products.
(1) Subject to spoilage. Canned products such

as meats, fish, poultry, vegetables, fruits and juices
are subject to several physical environmental fac-
tors causing spoilage.

(2) Spoilage factors.
(a) Rust. Rust, unless it actually penetrates

the can causing leakage, will not injure the contents
or render them inedible.

(b) Dents. Dents, unless so severe as to cause

leakage, do not indicate that the contents are in an

unsatisfactory condition.
(c) High temperature. High temperatures

are detrimental to all canned provisions and reduce
the storage life to a considerable degree.

(d) Freezing. Freezing causes loss in palat-
ability and may cause breakdown of the texture.
Alternate freezing and thawing may cause delam-
ination of the protective enamel.

(3) Major defects.
(a) Quality change. Fading of color, loss of

flavor, or softening of contents is due to chemical
action and the natural aging process.

(b) Discoloration. Discoloration of contents
on inside of can because of chemical action is found
usually in products containing sulphur compounds,
that is, corn, peas, and meat products.

(c) Swells. Swells, springers and flippers are

caused either by chemical or bacterial action, or by
overfilling. Regardless of the primary cause, can

enhibiting such defects should be discarded, or re

ferred to a Medical or Veterinary officer for rec

ommendation as to disposition.
(d) Pinholing. Pinholing is due to the chem-

ical action of the food acids on the tin. Pinholing is

more often found in enamel lined cans; brine-packed
or vinegar-packed items, and in water-packed fruits.

(e) Flat sours. Flat sours are caused by bac-

terial action, causing changes in odor, color, or tur-

bidity of the product, but not accompanied by ga
production which would cause swelling of the can.
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e. Exterior can coating.
(1) Purpose. Exterior can coatings are applied

to protect the tin plate from external conditions
promoting rusting and, depending on the coating
specified, to camouflage the bright can surface.

(2) Types of coating. Three types of exterior
coatings are used. Specification TT-C-495, Coat-
ings, Exterior, for Tinned Food Cans, lists these
as follows:

(a) Type I. Precoated camouflage (O.D. col-
ored coating applied to tin plate before can fabri-
cation). Precoated cans do not have the side seam
area coated as manufactured. Depending on con-
tract requirements, the side seam may or may not
be striped with O.D. lacquer following filling and
sealing.

(b) Type H. Post-coated camouflage (O.D.
colored coating applied to the cans sometime fol-
lowing filling and sealing).

(c) Type III. Precoated unpigmented (clear
lacquer applied before can fabrication--commonly
called "gold coat").

(3) Labeling ofcoated cans. Precoated cans will
normally have completed label information litho-
graphed on the body or one end of the cans. Post-
coated cans will usually show only the name of the
product or an abbreviation thereof since these cans
have to be labeled after coating, and equipment for
complete labeling is impractical for the packer to
maintain. While it is intended that most postcoated
cans will have as near as possible the full name
stamped on the side or one end, there is the pos-
sibility that some cans will be embossed or ira-

Table 5-8.

pressed on the end only with an abbreviated legend
(See MIL-L-1497.)

f. Storage periods.
(1) General. Table 5-8 "Dry storage of semi-

perishable subsistence" should be used only as a
guide. This table is based on the optimum rather
than the maximum storage life.

(2) Over-aged stock. Activities receiving a pack
older than that indicated on the storage life table
should not on this basis alone consider the product
as unfit or undesirable. Subsistence stored for pe-
riods in excess ofthe storage life shown in the table,
but at temperatures lower than those listed therein,
should not be automatically considered as over-age
stock.

(3) Containers. Since the container is one of
the factors in the overall keeping period of an item,
the container should be considered if it markedly
differs: that is, flour in bags vs. cans, coffee in bags
vs. coffee in vacuumpacked tins. Thus supply offi-
cers should be guided by the appearance, odor, color
and condition of the item.

(4) Subsistence, table of safe keeping time for
dry storage of semiperishable subsistence.

Note. These products are not always subject to the
same spoilage as are other foods. Their desirable prop-
erties of flavor, odor, and taste olden depend upon very
unstable or volatile components, and deterioration may
result from a breakdown or loss of these constituents.
However, excessive heat and moisture, contamination by
insects, rodents and microorganisms, dirt and dust, and
inadequate packaging and packing can be major factnrs
contributing to deterioration.

Dry storage of semiperishable subsistence.

Item

Almond paste
Antioxidant compound, food serv-
ice

Apple:
Regular pack
Pie style, dehydrated
Butter
Sauce
Baby food, strained
Dehydrated (instant)
Dietetic pack
Junior food

Juice
Dehydrated
Single strength

Spiced, rings

Packaging

Can

Bag

Can
Can
Can/jar
Can
Jar
Can
Can
Jar

Keeping time in months (approximate)

36

48
48
36
48
36
48
48
36

Can

Can

72
36
36

70 F.

36

24
36
18
24
18
24
24
18

36
18
18

12
18
9
12
9
12
12
9

18
9
9
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Table 5-8.

Item

Dry storage of semiperishable subsistence--Continued
Kee )ing time in months (approximate)

Apricots:
Regular pack
Baby food, strained
Dietary pack
Dried
Freeze, dehydrated

Apricot nectar:
Regular pack
Freeze dehydrated

Asparagus
Baby formula preparation
Bacon:

Sliced
Sliced, irradiated
Sliced, prefried

Bakery mixes, extended shelf life

except biscuit, cheese cake,
cookie, corn bread or pie crust
mix, see specific item

Bakery mixes, commercial
Baking powder
Baking soda
Barley, pearl
Banana, baby food, strained
Beans:

Drys
Green, baby food, strained
Green, regular

Green junior food
Green, dehydrated
Green dehydrated, com-

pressed
Kidney
Lima
Pinto
Lima, dehydrated
Sprouts

DOD 4145.19-R-1

White, dehydrated
White withperkin sweet sauce
White with pork in tomato

sauce
Bean refried

Beef, liver, pork, or veal:
Baby food, strained
Junior food

Beef:
Broth, baby food, strained

Packaging 40 F.

Can
Jar
Can
Carton
Can

Can

Can
Can

Can
Can
Can/flexibh
)ackage

an
Bag/carton
Can
Carton
Bag/carton
Jar

Bag/carton
Jar
Can (plain
body)
Can (enam-
eled)
Jar
Can

Can
Can
Can
Can
Can
Can
Can (plain
body)
Can (enam-
eled)
Can
Can

Can
Can

Jar

48
36
36
24
24

48
24
36
24

48

72
12
24

indef
60
24

24
36

36

84
72
72
72
72
48

36

48
48
72

48
72

36
36

36

70" F. 90. F.

24
18
18
3
12

24
12
18
12

24
24

24

36
6
12

indef
48
12

12
18

18

24
18
6O

6O
36
36
36
36
24

18

24
24
36

24
36

18
18

18

12
9
9
1
5

12
5
9
6

12
12

12

9
3
6

indef
24
6

12
9
24

24
18
18
18
18
12

12
6
18

12
18

See footnotes at end of table
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Dry storage of semiperishable subsistence--Continued

Item

Chunks with natural juices
Corned
Diced, raw, dehydrated
Flakes and shaped, raw, de-
hydrated

With gravy
Patties, dehydrated
w/spiced sauce

Beef steak, raw, dehydrated
Beets:

Baby food, strained
Junior food
Regular pack, Gulf states

except Gulf states
Berries; black, etc
Beverage base:

Cocoa, powder
Imitation, liquid
Powder

Beverage, base, liquid for post
mix:

colapi, pepper
fruit punch, lemon-lime, or-
ange, root beer, ginger ale,
grape

Biscuit, mix
Blueberries
Bouillion, dried, cubes, beef or
chicken

Bread crumbs
Cabbage:

Red, sweet, sour
Raw, diced, dehydrated and
dehydrated compressed

Cake, fresh
Layer, coffee
Loaf

Candy:
Carmel
Coated (bridge mix)

Starch jelly
Carrot:

Baby food, strained
Junior food

Regular pack
Dehydrated, compressed, N2
pack

Catsup:
Regular pack

Dehydrated

Packaging

Can
Can
Can

C.an
Can
Can
Can
Can

Jar

Can
Can
Can

Can
Bottle
Envelope

Can

Can
Can
Can

Can
Bag

Can

Can

Box
Box
Can
Can
Box

Jar
Jar
Can
Can

Can

Keeping time in months (approximate)

40F. 70F.

60
60
72

72
72
60
60
6O

24
24
36
48
36

72
24
48

18
36
36

48
8

48

60

V5 (2 days)
V7 (4 days)

12
24
72
72
24

48
48
60
60

36

48
36

Bottle
Can
Envelope/
can 72

36
36
36

36
36
36
24
36

12
12
18
24
18

36
12
24

8
18
18

24
4

24

24

9
12
36
36
12

24
24
30
30

18

24
18

See footnotes at end of table

90 F.

18
18
18

18
18
18
12
18

6
6
9
12
9

24
6

12

12
2

12

12

4
4
18
18
6

12
12
15
15

12
9
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Table 5-8. Dry storage of semiperishable subsistence--Continued

Item Packafng

Cereal:
Baby food, strained, barley Container

Quick cooking Carton
Can

Ready to eat, rolled oats Pkg
Sugar, coated Pkg

Chalupa shells, corn Container

Cheese:
Cheddar, processed Can
Cottage, dehydrated Can
Grated Container
Processed, American, dehy-
drated Can

Cheese cake mix Bag
Cherries:

Dehydrated Can
Dietetic pack Can
Maraschino Jar
RTP (Red tart pitted) Can
Sweet, dark Can
Sweet, light Can

Chewing gum Carton
Chicken:

Dehydrated Can
Regular pack Can
Baby food, strained Iar

Chili con came:
w/o beans an
Dehydrated, w/beans Can

Chili sauce Bottle
Chives, dehydrated Can
Chocolate, cooking

Semi-sweet chips16 Pkg
UnsweetenedTM Carton

Chocolate sirup, beverage Can
Chutney sauce Jar
Clams Can
Cocoa, natural Carton

Can
Cocoanut, prepared

Sweetened Can
Container
Bag

Envelope
Jar
Pouch
Can
Can
Carton
Can
Can
Can
Pkg

DOD 4145.19-R-1

Unsweetened
Coffee

Instant

Roasted and ground

Cookie mix, chocolate & sugar
Cookies
Corn bread mix
Corn, cream, and whole grain styles
Corn, dehydrated, uncooked, comp.
Corn, chips

Kee’ dng time in months (approximate)

40" F. 70’ F. 90" F.

24
24
48
24
24
12

48
24
18

36
12

48
36
36
36
36
36
9

60
6O
36

48
72
48
24

36
48
72
48
72
36
72

86
24
24

86
72
9
18
86
6

24
72
48
1

12
12
24
12
12
6

24
12
6

18
6

24
18
18
18
18
18
4

36
36
18

3O
36
24
12

18
24
36
24
36
18
36

18
6
6

18
86
2
12
18
4
12
36
24

6
6
12
6
6
3

12
6
3

12
9
9
9
9
9
2

18
18
9

15
12
12
6

6
12
18
12
18
9
18

9
18
1
5
9
2
3
18
12

See footnotes at end of table
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Dry storage of semiperishable subsistence--Continued

Keeping time in months (approximate)
Item Packaging 40 F.

Corn flake crumbs Carton
Corn meal Pkg

Can
Crabapples, spiced
Crab
Crackers:

Graham
Other than graham
Crumbs

Cranberry sauce
Cranberry juice cocktail
Cream:

Coffee type, aseptically proc-
essed and packaged

Whipping, aseptically proc-
essed and packaged7,1"

Substitute

Whipping, dry
Cream of tartar
Cup, ice cream, edible
Currants, dried
Custard pudding, baby food
strained

Dessert powder:
Gelatin, base, all flavors

Starch, base, all flavors

Instant, all flavors

Doughnuts
Cake
Yeast

Eggnog (APP)
Egg mix, dehydrated
Eggs, whole, dry
Emulsifier, bread and rolls
Enchiladas
Figs
Fish, dehydrated:

Squares
Flavoring:

Imitation maple or vanilla
Nonalcoholic, all flavors not
listed

Rye
Tablet, imitation maple or va-
nilla

Flour:
Rye’"

Can
Can

Carton
Carton
Bag
Can
Can

Bottle
Can

Can
Can/enve-
lope
Can
Container
Box
Carton

Jar

Can
Container/
pkg
Can
Container/
pkg
Can
Carton

Pkg
Pkg
Can
Can
Can
Bag/can
Can
Can

Can

Bottle

Bottle
Fiber drum

Bottle

Bag

7w F.

24 12
24 12
48 24
36 18
72 36

4 2
12 6
12 6
36 18
30 12

60 12
12 6

12 6

48 24
8 6

indef indef
24 12
24 12

24 12

72 36

36 18
48 24

36 18
48 24
36 18

1/20 (3 days)
Vno (1 day)

12 6
60 36
72 36
24 12
48 24
48 24

60 36

indef indef

24 18
12 6

indef indef

24 12

6
6
12
9
18

1
3
3
9
3

12
4

indef
6
6

18

9
12

9
12
9

1
18
18
6
12
12

18

indef

indef

See footnotes at end of table

5-112



15 September 1979 DOD 4145.19-R-1

Table 5-8. Dry storage of semiperishable subsistence--Continued

Keeping time in months (approdmate)

Item Packaging

Wheat, bread or general pur-
pose Can

Bag
Food coloring, liquid Bottle

Food coloring, paste Iar
Food packet:

In flight arton
Long-range patrol Case
Survival, abandon ship Carton
Survival, aircraft, liferaft Can
Survival, general purpose Carton

Frankfurter Can
Fruitcake Box
Fruit, candied Jar
Fruit cocktail Can
Fruit mix, freeze dehydrated Can
Fruit puree Can
Fry mix, breading Bag
Garlic:

Dehydrated Can
Dry Box

Gelatin, plain, edible Container
Grape juice:

Dehydrated Can
Single strength Can

Grapefruit:
Regular pack Can
Juice, dehydrated (instant) Can
Juice, single strength Can

Grapefruit-orange juice blend:
Single strength Can

Grapefruit-pineapple juice blend,
single strength Can

Ham chunks Can
Hamburgers, without gravy Can
Hash, corned beef or roast beef Can
Hominy:

Grits Container
Whole Can

Honey, extracted Jar
Horseradish, dehydrated Bottle

Ice cream mix and ice milk mix:

Powder Can
Icing mix Can
Inhibitor, mold, bread and rolls Bag
Jam, fruit Can/jar

Pkg

Jelly, fruit Can/jar
Pkg

Lard, service style Carton
Lemon juice, dehydrated Can
Lime juice, single strength Can
Luncheon meat Can
MacaroniS4 Carton

40 F. 70" F.

36 18
24 12

indef indef
48 24

48 24
84 36

84 84
60 48

60 36
12 6
12 6
48 24
24 12
48 24
36 18

48 24
5 4

72 36

72 36
24 12

48 24
72 36
48 24

48 24

48 24
60 36
60 36
72 36

24 12
72 36
48 24
48 24

36 18
72 36
18 9
36 18
24 12
36 18
24 12
12 6
72 36
24 12
60 36
72 36

9
6

indef
12

12
6
72
72
24
18
1
3
12
6
12
9

12
3
18

18
6

12
18
12

12

12
18
18
18

6
18
12
12

6
18
5
9
6
9
6
3
18
6
18
18

See footnotes at end of table
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Table 5-8. Dry storage of semiperishable subsistenceContinued

Item

Malted cereal sirup
Margarine
Marmalade
Marshmallow
Mayonnaise
Meal, combat, individual
Meat spread
Meringue powder
Milk:

Chocolate (cocoa flavored), dry

Chocolate, aseptically proc-.
essed & packaged

Dry, non-fat

Evaporated
Filled dry, including chocolate
Ice and milk shake mix, dehy-
drated

Malted, dry
Whole, dry

Whole, aseptically processed
and packagedTM

Mincemeat
Molasses
Monosodium glutamate
Mustard, prepared
Mushrooms
Noodles:

Chow mein
Egg

Nuts:
Shelled, roasted
Unshelled

Olives:
Green
Ripe

Olive oil

Onions, dehydrated and dehy-
drated compressed

Onions, whole, acidified
Orange juice:

Dehydrated (instant)
Single strength

Parsley, dehydrated
Peaches:

Baby food, strained
Dietetic pack

Can
Can
Jar
Container
Can/jar
Case
Can
Can

Envelope
(Vacuum)
Envelope
(No Vac-
uum)

Can
Can
Drum/bag/
carton
Can
Can

Can
Can
Can (zero
oxygen
pouch)

Can
Can
Can
Container
Can/jar
Can

Can
Carton

Can
Bag
Can

Jar

Can

Can
Can

Can
Can
Can

Jar

Keeping time in months (approximate)

48
36
36
12
12
60
36
48

40

24

12
32

24
24
24

24
48

12
48
48

indef
36
48

8
72

60

48
48
18

48
36

72
48
30

36
48

70 F.

24
18
18
9
6

24
18
24

12

6
16

12
12
12

12

6
24
24

indef
18
24

4
36

24
12
24

24
24
6

24
18

36
24
24

18
24

See footnotes at end of table

12
9
9
1
3
12
9
1

10

1
12
12

indef
9
12

2
18

12
6
12

12
12
4

12
9

18
12
12

9
12
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Table 5-8.

Item

Dry storage of semiperishable subsistence--Continued

Packaging

Can
Can
Can/jar

Jar
Can
Can
Can

Jar
Can
Can
Bag/carton
Can
Can
Can
Jar
Can
Can

Jar
Can
Jar
Can

Regular pack
Slices (freeze dehydrated)

Peanut butter
Pears:

Baby food, strained
Dietetic pack
Freeze dehydrated
Regular pack

Peas:
Baby food, strained
Blaekeye
Dehydrated, compressed
DrysTM

Green
Peas and carrots
Peppers, green dehydrated
Peppers, pickled, cherry
Peppers, jalapeno
Peppers, red sweet
Pickles:

Cucumber, cured

Cucumber, fresh pack

Keeping time in months (approximate)

40" F.

48
24
36

40
36
24
36

40
72
6O
24
72
60
60
36
24
48

70 F.

24
12
18

20
18
12
18

20
36
24
12
36
30
24
18
12
24

48 24
24 12
36 18
18 9
48 24
24 12
48 24
24 12
36 18

24 12
8 4

48 24

48 24
24 12
72 36
48 24
48 24

36 18
48 24
36 18
48 24
72 36
2 V4

24 3
60 36

4 2

24 12

12 6

Mixed Jar

Relish Jar
Can

Pie crust mix Can
Pie filling, prepared fruit, apple,
blueberry, cherry, peach, lemon5 Can

Pie shell, graham cracker Container
Piementos Can
Pineapple:

Dietetic pack Can
Freeze dehydrated Can
Juice, dehydrated Can
Juice, single strength Can
Regular pack Can

Plums:
Dietetic pack, red Can
Dietetic pack, green Can
Regular pack, red Can
Regular pack, green Can

Popcorn, unpopped Can
Carton
Cello bag

Pork chops, raw, dehydrated Can
Potato:

Chips Pkg
Can, air
Can, nitro-
gen

Can, vac-
uum

90 Fo

12
6
9

10
9
9
9

10
18
12
9
18
15
12
9
6
12

12
6
9
4
12
6
12
6
6

6
2
12

12
6
18
12
12

9
12
9
12
18

1
18

1

See footnotes at end of table
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Table 5-8. Dry storage of semiperishable subsistence--Continued
Keeping time in months (approximate)

40 F. 70 F.

48
48
48
60
60

24
36

16

12
18
12

18

24
36
18
36
48
36
18
72
48

36
48

3O

V3o (1 day)
Vls (2 days)

8
7

24
72

72
indef

indef

6O
36
72

36
60

48
48

Item Packaging
Sticks Can
Sweet Can
Sweet, instant, dehydrated Can
White Can
White, dehydrated, granules Can
White, dehydrated, granules-
8% HO Can

White, dehydrated, slices Can
White, dehydrated, slices-8%
H0 Poly bag

White, dehydrated, slices-8%
HuO Kraft bag

Mix, dehydrated for french fries Can
Bag

Prunes:
Baby food, strained Jar
Dehydrated/pitted (low mois-
ture) Can

Dried Can
Dried Carton
Dried, soaked Can

Pumpkin Can
Raisins, dried Can

Carton
Ration, supplement aid station Case
Ravioli w/meat sauce Can
Rice:

InstantS4 Carton
Milled4 Ba_g
Parboiled14 Container/

bag
Rolls, fresh

Bagel Pkg
Sweet or finger Pkg
English muffin Pkg

Salad dressing, spoonable Can/jar
Salad dressing, pourable Bottle
Salad oil Can
Salmon Can
Salt:

Celery, garlic, onion Container
Substitute Envelope
Tables Bag enve-

lope
Sauces, Hot, Kitchen, Meat, Soy or
Worcestershire Bottle

Sauerkraut Can
Sardines Can
Sardines in tomato sauce Can
Sauce mix, brown gravy, spaghetti,
taco seasoning Can

Sausage, pork, link Can
Shortening compound:l

Bakery type Can/cube
Deep fry, cooking type, fluid Can

24
24
24
30
36

12
18

18

12
18
9
18
24
18
9

36
24

18
24

2O

5
5

12
36

36
indef

indef

30
18
36
15

18
36

24
24

12
12
12
15
18

5
9
5
9
12
9
5
18
12

9
12

10

2
2
6
18

18
indef

indef

15
9
18
8

9
18

12
12

See footnotes at end of table

5-116



15 September 1979 DOD 4145.19-R-1

Table 5-8. Dry storage of semiperishable subsistence--Continued

Item

Keeping time in month (approximate)

Packaging 90" F.

Can
Can/cube

Can/cube
Can
Can

Can
Bottle/can

Jar

Pkg

Can
Pkg

Pkg
Can
Pkg
Can

Pkg

Pkg

Can

Deep fry, cooking type, plastic
General purpose regular
General purposes, high stabil-

Shrimp
Shrimp, dehydrated
Sirup:

Blended
Maple sirup, imitation

Soup:
Baby food, chicken, strained
Beef, instant, dehydrated
Beef, noodle, dehydrated
Beef, vegetable, noodle, dehy-
drated

Chicken, chunk, dehydrated
Chicken or chicken flavored in-
stant dehydrated

Chicken, noodle, dehydrated

Condensed
Cream of onion, instant, dehy-
drated

Cream of potato, instant, de-
hydrated

Green pea, simmer type, de-
hydrated

Pkg
Onion, dehydrated Can

Pkg
Pkg
Can

Can

Can/jar
Envelope
Can/jar
Envelope
Can/jar
Envelope
Can
Carton
Can
Container
Bottle

Jar
Can
Jar
Can
Can

Carton

Onion, instant, dehydrated
Ready to serve
Tomato-vegetable w/noodle,
dehydrated

Vegetable, dehydrated
Soup and gravy base:

Beef flavored

Chicken, flavored

Ham flavored

Sour cream sauce mix
Spaghetti4

Spices, seasoning, herbse

Spinach:
Baby food, strained
Dehydrated, compressed
Junior food
Regular pack
Puree

Starch:
Corn, edible

40 F. 70" F.

48 24
48 24

60 30
72 36
60 36

72 36
72 36

36 18
24 12
24 12

36 18
24 12

24 12
60 30
24 12
72 36

24 12

24 12

60 30
24 12
60 30
24 12
24 12
48 24

48 24
24 12

60 30
24 12
60 30
24 12
6O 30
24 12
24 12
72 36
48 24
36 18
36 18

36 18
6O 24
36 18
48 24
48 24

96 48

12
12

15
18
18

18
18

6
15
6
18

12
6
12
6
6
12

15
6
15
6
15
6
4
18
12
3
9

9
12
9
12
12

24

See footnotes at end of table
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Table 5-8. Dry storage of semiperishable subsistence--Continued

Itrn

Pregelatinized, edible14

Sugar:
Brownz
Confectioners7

Refined, granulated

Sugar, substitute
Tamales
Tapioca1’

Taco shells, corn
Tea:

Black, bags or loose
Instant

Torrmto:
Juice, concentrated / 1
Juice, single strength

Paste, instant, dehydrated
Paste, regular pack
Puree
Regular pack

Tomatoes and okra
Topping, dessert:

Prepared, ice cream, non acid
syrup

Prepared, ice cream, fruit acid
syrup

Dehydrated
Tortillas, corn .’.
Tuna:

Dietetic water pack, no added
salt

Oil pack
Water

Turkey
Regular pack

Vegetable:
Baby food, mixed strained
Juice, single strength
Mix, dehydrated, compressed

Vinegar:
Liquid
Synthetic, dry

Water
Wheat basej,4

Yeut, bakers, active dry
Yeut food

Pack,gins

Can/bag

Carton/bag
Carton/bag
Bag/can,
envelope

Envelope
Can
Carton
Container

Can/carton
!Envelope

Can
Can (plain
body)
Can (enam-
eled)
Can
Can
Can
Can
Can

Can

Can
Can
Can

Can
Can
Can

Can
Can

Jar
Can
Can

Bottle
Flexible bag
Can
Bag
Can
Bag

Keeping time in montlm (approxinmte)

4O" F. 70’ F.

96 48

36 18
36 18

indef
indef
48
96
12

36
36

36

36

48
72
36
48
48
48

36
36
36

72
72
72

72
72

36
36
36

60
24
120
48
6

48

indef
indef
24
48
6

18
18

18

18

24
36
18
24
24
24

36

18
24
18

36
36
36

36
36

18
18
18

30
12
60
36
1

24

24

indef
indef
12
24
3

12
18
9
12
12
12

18

18
18
18

18
18

15
6
80
12

12

-I18

Table 5-8. Footnotes
In general, relative humidity 50-5 percent. Metal cans are susceptible to rust and

most boxed or bagged food to mustiness or molding above r.h. 60 percent.
J Flour should be stored under cool, dry conditions. The major problem is protection

against dampness, insects and rodents. Low temperatures, 32-40 F, protect against
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Table 5-8. Footnotes--Continued
insects, relative humidity greater than 70 percent leads to mustiness. Best storage con-

ditions are at temperatures below 50 F and approximately 60 percent relative humidity.

Designed to be edible after one month at 140 F.
Separates at high temperatures or after freezing.

a Humidity above 90 percent will cause caking. "Caked" salt is usable.

Above 100 F there is complete loss of flavor in less than 6 months. "Whole" spices

keep longer than "ground" spices.
Guaranteed to whip only if stored below 50 F.
Cases should be turned every 30 to 60 days to prevent separation of butterfat.

Separated or grainy milk can be used for cooking.
When held below 32 F may show solid material which will disappear on warming.

If held above 90 F changes may occur in texture unfavorable to normal creaming

properties.
Store at cool temperatures below 75 F during the first 3 months.

18 High temperatures harden, high humidity causes molding.
Cream style soups break down on freezing, but are not spoiled.
Highly susceptible to damage by moisture.
Freezing alters appearance of starch thickening. Baking restores desirable ap-

pearance.
1 Do not store near other material capable of imparting odor to chocolate.

Keeping time based on relative humidity not more than 60 percent. For storage

longer than 1 month, sugar should be covered with tarpaulins and not stored on damp or

concrete floors or near cold walls.
is Rye flour loses its most delicate flavor after 2 months at 40 F, 1 month at 70 F,

or 1 week at 90 F. After this time further flavor change is very slow. It is said that only

experts can detect this fwst, subtle flavor change.
These items should be stored at temperatures below 72 F. For long holding, chill

storage is recommended. Do not freeze.

(5) Chill Storage of Selected B-ration components. The following guidance

is provided for storage of selected canned B-ration components in commercial
warehouses in refrigerated storage at temperatures between 311/2F and

34V2 F and at a relative humidity of 55 percent or less.

Table 5-9. Selected B-Ration Components
Approx.

Storage life
Item (months)

Apples, pie style, dehydrated 48

Applesauce, instant ............................................................. 48

Apricots, freeze dehydrated 36
54Bacon, prefried ...................................................................

Beans, green, dehydrated 100

Beef chunks, w/natural juices 60

Beef, corned ....................................................................... 60

Beef patties, dehydrated 60

Beefsteak, dehydrated 60

Cabbage, raw, diced, dehydrated & dehydrated compressed 72

Cherries, dehydrated ........................................................... 60

Cheese, processed, American, dehydrated 42
60Chicken, boned ...................................................................

Chicken, dehydrated ............................................................ 60

Chili con came, w/o beans 48

Egg mix, dehydrated ........................................................... 60

Fish squares, dehydrated 60

Flour, wheat, bread ............................................................. 54
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Table 5-9.

Item
Frankfurters 60
Fruit mix, freeze dehydrated 36
Ham, chunks 60
Hamburgers w/o gravy 60
Luncheon meat 60
Onions, dehydrated 60
Parsley, dehydrated 30
Peaches, freeze dehydrated 36
Pears, freeze dehydrated 36
Peas, cooked, dehydrated 72
Peppers, green dehydrated 72
Pineapple, freeze dehydrated 36
Pork chops, dehydrated 60
Pork sausage 60
Potatoes, sweet, instant 60
Potatoes, white, granules dehydrated 60
Potatoes, white, slices, dehydrated 54
Prunes, low moisture 36
Rice, parboiled 30
Shortening compound, general purpose 60
Shrimp, dehydrated 60
Spinach, cooked, dehydrated 60
Tomato paste, instant 72
Vinegar, dry, synthetic (can ad flex-pack) 30

Section 6. MISCELLANEOUS COMMODITIES

15 September 1979

Selected B-Ration Components--Continued
Approx.

Storage life
(months)

Par’raph

General 5-601
Batteries 5-602
Electronic material 5-603
Photosensitized materials (film and paper) and flash bulbs 5-604
Self-sealing fuel cells 5-605
Internal combustion engines 5-606
Lubricating oils and greases 5-607
Paints 5-608
Life floats 5-609
Linoleum 5-610
Fiber rope 5-611
Wire rope 5-612
Clay targets 5-613
Cement 5-614
Navigation timepieces 5-615
Machine tools and production equipment 5-616
Tires, tubes, and rubber products 5-617
Abrasive or grinding wheels 5-618
Glass 5-619
Miscellaneous chemicals 5-620
Musical instruments 5-621
Strategic and critical materials 5-622
Brushes; feather, wool, bristle,and hair 5-623
Flight clothing 5-624
Polyvinyl chloride (PVC) plastic pipe 5-625
Radioactive material 5-626
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5-601. General

This section includes some of the more common
miscellaneous commodities stored in military in-
stallations but is not intended as a complete list.
This section prescribes the approved methods and
practices for storing and handling the listed mate-
rials. Storage and handling methods that are to be
observed with respect to other commodities will be
in accordance with the principles and practices in-
cluded in the other chapters and sections of this
regulation or as may be prescribed by the appro-
priate military service.

5-602. Batteries

This paragraph deals with primary batteries (mer-
cury, silver-oxide, manganese-dioxide, carbon-zinc
(flashlight), and other dry or reserve batteries) and
secondary batteries (lead-acid, nickel-iron alkaline,
nickel-cadmium, and silver-zinc). Primary batteries
cannot be recharged efficiently (a flashlight bat-
tery) and are of two types, dry and reserve. A dry
battery is commonly referred to as a dry cell battery
and a reserve battery is one that must be activated
by the addition of a fluid, usually water. A second-
ary battery is one that can be recharged repeatedly
(an automobile battery is a good example of such
a battery) and activated by the addition of electro-
lyte. Buildings with metal roofs must not be used
for storage of batteries, since these types absorb
and conduct heat to a high degree. Likewise, bat-
teries will not be stored in direct sunlight. Batteries
can be stored on pallets, in bins or racks, depending
on the quantity and type to be stored. "This Side
Up" batteries will remain in their original con-
tainers until ready for issue or use. Batteries re-
moved from original containers must never come
in contact with steel, steel shelving, or other metal
objects which can cause short circuits or discharg-
ing. Small cell batteries must be stored in a cool
well-ventilated area. It is the responsibility of the
storage supervisor to ensure that batteries are seg-
regated by type, properly tagged, and stored in
such a manner that the oldest stock is issued first.
The expiration date will be annotated on the doc-
ument when the issue is made. The expiration date
will be ascertained in accordance with pertinent
tables which indicate the allowable storage life in
months depending upon how long the battery has
been in storage and the climatic zone to which the
battery will be shipped. Specific details for the De-

partment of the Army will be found in SB 11-30
and TM 11-415; for the Department of Air Force,
T.O. 00-25-213; for the Department of the Navy
and the US Marine Corps, the Electronic Supply
Office instruction (ESOINST 4440.85, Dry Cell
Battery Procedures). At the time the exterior con-
tainer is opened, each intermediate or unit pack will
be appropriately marked with the expiration date.

a. Primary batteries. The deterioration of all pri-
mary batteries during storage, standby, or when
in service is caused by chemical action within the
cells or from the loss ofmoisture through the sealing
material. Proper storage conditions reduce this
chemical activity to a minimum, resulting in ex-
tended battery life. It is recommended that bat-
teries of the reserve type be shipped and stored in
a completely dry state, as they do not deteriorate
if kept completely dry.

(1) Storage temperatures. Primary batteries
are perishable commodities and, when possible, will
be stored in refrigerated space or in warehouses
having constant or controlled temperature, as tem-
perature is the most important factor to be consid-
ered in the storage of primary batteries. The
chemical activity which causes battery deteriora-
tion is lessened considerably as the storage tem-
perature is lowered. Primary batteries will be
stored in the coolest practicable dry, ventilated
storage space. Storage space temperature within
the range -30F to 35F is recommended. This
temperature range is preferable, provided such cold
storage facilities are available without appreciable
cost; however, the usual refrigerated storage space
available in the supply system at this time provides
temperatures between 35F and 50F with rel-
ative humidity of 50 percent to 80 percent. This is
satisfactory for normally moving stocks. For long
term storage, however, dry batteries will be stored
in areas having temperatures as close as possible
to -30 F but not lower than this and, if possible,
will never be stored where temperatures exceed
50 F. Nonrefrigerated storage areas for dry bat-
teries must have as constant a temperature as pos-
sible, since wide temperature variations are as
damaging as high temperatures. To prevent short-
circuiting in the voltage socket terminals as a result
of "sweating," dry batteries, when removed from
refrigerated storage, will not be removed from the
polyethylene bags in which they are packaged until
they have warmed up to an ambient temperature.
Exceptions to refrigerated storage requirements
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will be as directed by the individual DOD compo-
nent.

(2) Ventilation. Some dry batteries generate
small quantities of gas, particularly during the first
few months after manufacture. To avoid the pos-
sibility of an accumulation of gas, adequate venti-
lation in the storage area will be provided.

(3) Testing. Maintenance during storage con-
sists largely of testing stored dry batteries at pe-
riodic intervals in order to maintain depot stocks
at a high level of reliability. Periodic tests are not
made on reserve batteries because they are stored
in a dry, inert condition, with a desiccant, in airtight
cans or metallic bags. The test of a battery consists
of taking a voltage reading across a specific load
resistance for each battery.

b. Secondary batteries. Secondary batteries will
never be piled on top of one another, rather, they
will be stored on storage racks. These racks will be
made ofloose, flat boards--nails not being required.
The uprights will be about 10 inches high and 12
inches wide. Shelf boards can be of any convenient
size. The rack is assembled with batteries sitting
on the shelves and on either side of the uprights.
The batteries must be close enough together to hold
the upright rigid.

(1) Lead-acid batteries.
(a) Charged and wet. When received charged

and wet, the cells are completely assembled, con-
tain electrolyte, are fully charged, and ready for
use. The batteries will be stored in a fully charged
condition and care must be exercised in handling.
When stored in this manner, batteries must be kept
fully charged either by continuous application of a
trickle charge, or by a periodic recharge once each
month in temperatures below 80 F. When charg-
ing batteries, the vent caps will be kept in place to
avoid electrolyte spray. Care will be taken to assure
that vent caps are functioning. It should always be
assumed that an explosive mixture of gases exists
in and around charging batteries, unless positive
steps have been taken to eliminate them. For this
reason, anything that could ignite these gases such
as an open flame, a spark or smoking should be
prohibited. Water will be added and specific gravity
checked every week. Because equalizing charges
are given, generally, at 30-day intervals, the bat-
teries will be stored in a readily accessible place.
As the temperatures of the storage area or zone
and the age of the battery have a direct bearing on
the frequency at which equalizing charges must be

given, the individual activity storing batteries will
determine the schedule of equalizing charges. Bat-
teries may be stored several months in this manner
and are available for use at any time. New batteries
that have electrolyte in them and that have been
given their first charge, or batteries that have been
in service and are not worn out, must be stored in
as cool a location as possible, namely, between
60 F and 80 F. Wet charged batteries should not
be stored directly on a concrete floor. Lead-acid
batteries, depending on the quantity and size, will
be stored in racks or bins in an upright position to
prevent spillage or leakage of electrolyte.

(b) Charged and dry. Batteries may be
stored dry indefinitely. The plates are fully charged,
dried and stored either in their containers or sep-
arately. Rubber insulators may be stored dry, but
wood separators must be stored in water or in a
very weak electrolyte solution in a sealed container.
This method is not generally used except for new
batteries which are shipped dry by the manufac-
turers. Batteries received charged and dry will be
kept closed tightly to prevent breathing. The bat-
teries can be palletized or stored in bins.or racks
depending on the quantity and size of the batteries.

(c) Uncharged and dry or moist. Uncharged
and dry or moist batteries will be stored and han-
dled in the same manner as charged and dry bat-
teries.

(d) Charged and moist. For moist storage,
batteries are fully charged and the electrolyte then
removed and stored separately. The batteries will
be sealed with paraffin wax or battery sealing com-
pound. When batteries are stored in this manner,
the seals must not be disturbed until the batteries
are ready to be used. This method is least desirable
since plates and separators are subject to damage.

(2) Nickel-iron alkaline batteries. Wet dis-
charged nickel-iron alkaline batteries may be stored
for temporary periods in any state ofcharge without
deterioration. Where prolonged storage is antici-
pated, the battery will be discharged to zero voltage
and short circuited in trays of five or six cells each.
Store in a clean, dry area with the solution at the
prescribed level. Make certain the filler caps are in
a closed position. Nickel-iron alkaline batteries are
shipped dry only for oversea shipment. Electrolyte
accompanies the battery in a separate container,
along with specific instructions for filling and charg-
ing the battery.

(3) Nickel-cadmium batteries. Wet batteries
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will not be stored with intertray connectors at-
tached. In addition, cell tops will be protected with
petroleum jelly to protect the metals. Batteries will
be stored in a cool place which is free from dust and
moisture. A cool dry place is defined as 60" F to
80" F and less than 60 percent humidity.

(4) Silver.zinc batteries. Silver-zinc batteries,
uncharged-dry, may be stored indefinitely.

(a) Dry batteries which are shipped in a dry
condition and which will not be placed in service for
30 days or more will be stored in the dry condition
at a temperature not to exceed 60 C (150 F).

(b) Wet batteries stored for 30 days or
longer, must be discharged. Tape all cell vent valves
with cellophane tape.

(c) Wet batteries may be safely stored at
temperature from 0 to 110 F. However, the
lower temperatures within this range are more sat-
isfactory for storage.

(5) Safety measures.
(a) Face shields, aprons and rubber gloves

will be provided for personnel handling caustic ma-
terials.

(b) Facility for quick drenching of the eyes
and body will be provided within 25 feet of the work
area for emergency use.

(c) Facilities will be provided for flushing and
neutralizing spilled electrolyte, for fire protection
and for adequate ventilation of battery charging
areas to prevent a build-up of explosive gas-air
mixture.

5-603. Electronic Material

Tubes will be stored in racks or bins with sufficient
shelving to prevent crushing. Tubes will be stored
in original cartons if possible. Special storage in-
structions on the outside of the tube shipping con-
tainers will be complied with as appropriate. When
moving tubes, sufficient protective shock absorbing
material will be used to prevent damage.

a. Radioactive material. See paragraph 5-626 for
guidance on this type material.

b. Photo tubes. Strong light levels and high tem-
peratures contribute to the deterioration of photo
tubes. Photo tubes must be stored out of the direct
light and away from high temperature areas as
heaters, etc.

c. Crystals. Crystals, when in storage, will not
be stored adjacent to electrical wiring. Protection
can be afforded, if necessary, by storing each crys-

tal in a metal container or wrapping each crystal
in metal foil.

d. Magnerons, klysrons, traveling.wave ubes,
backward-wave oscillators (carcinatron). These
items must be stored away from magnetic fields
which may be generated by adjacent equipment or
wires. Interaction ofmagnets must also be avoided;
therefore, these items must never be stored bare
or without both an inner and outer container.

s. Tubes.
(1) Large glass tubes will be stored with ex-

treme care to ensure maximum safety of personnel
as well as for maximum tube protection.

(2) When storing tubes with fins, care must be
exercised to prevent fin damage. If fins are crooked
or bent, attempts to realign them may affect tube
properties.

(3) Shipping guards or dust covers are com-
monly used to protect critical or fragile elements
from damage. These protective items must remain
in place during storage.

f. Other electronic material.
(1) Storage. Electronic equipment and bulk

boxes of maintenance repair parts and components
will be palletized wherever practicable. Compo-
nents can be stored on frame pallets, depending on
the quantity, size, and shape of components to be
stored. Long heavy boxes of items such as wave
guides and antennas should be kept in racks, pref-
erably on rollers.

(2) Temperature control. Because the precision
components of electronic equipment are susceptible
to corrosion, mold, and fungus growth, temperature
control is desirable in all warehouses where this
material is stored. A dry warehouse is essential. At
certain activities, temperature variance is so slight
that mechanical controls need not be installed. A
good temperature for the storage of electronic ma-
terial is 70 F.

(3) Humidity control. Because it is impractical
to apply preservatives to all types and parts of
electronic equipment, control of relative humidity
in storage areas is desirable for long term storage.
Fluctuating humidity and temperature causes con-
densation within the equipment, which results in
rust. By the use of dehumidified storage space, the
life expectancy of the equipment is increased con-
siderably and additional preservation is reduced to
a minimum. Controlled humidity storage space is
particularly desirable in areas having high humidity
and where long term storage is intended. Electronic

-123



DOD 4145.19-R-1

material stored in dehutiffied warehouses ordi-
narily will not require additional preservation. In
dehumidified storage, open-framework packing cases
can be used to provide complete ventilation.

(4) Assembly of complete units. To facilitate
stock control, issue, and inventory, complete equip-
ment will be stored as a unit. This is recommended
also for the storage of complete sets of spare parts.
In some instances, wave guides, antennas, and
hoists mechanisms are too bulky to be stored with
other components, but will be conveniently located
so that such items will not be overlooked when the
equipment is assembled for issue.

(5) Stock issue. Electronic material should be
stored in issuable condition and in such a manner
to allow issue of older material first, to the extent
practicable. An effective method is to position new
receipts and stocks being rewarehoused in a fashion
to permit ready access to older material by stock
selection personnel. Storage managers should pe-
riodically monitor stock issue procedures to ensure
compliance at the warehouse level.

5-604. Photosensitized Materials (Film and Pa-
per) and Flash Bulbs.

a. Sensitized materials. Unexposed photosensi-
tized materials are perishable and deteriorate with
age. Improper storage results in loss of emulsion
sensitivity, increased fog, inferior tone reproduc-
tion, and other defects that may render the material
useless. The presence in the stbrage area of heat,
moisture, X-rays, radioactive material, atomic fis-
sion radiation, and certain gases accelerate dete-
rioration. Careless handling damages the package
and ruins the contents. Assets and consumption
reporting on a quarterly basis, rapid turnover, and
careful handling will maximize the usage of this
commodity.

b. Relative humidity control. The required rel-
ative humidity for sensitized materials ranges from
30 to 60 percent with 50 percent considered as ideal.
A constant relative humidity will be maintained.

c. Temperature control. Photosensitized mate-
rials will be stored at temperatures of 50 F or
lower. A constant temperature will be maintained.
Regardless of how photosensitized materials are
packaged, temperatures should be controlled in the
storage areas.

d. Refrigeration. Refrigerated space always should
be utilized for proper storage of photosensitized
materials. The required condition within the re-
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frigerated space will be a maximum temperature
of 50 F and constant relative humidity within the
range of30 to 60 percent. Leakage ofmoist air from
the outside should be reduced by using an air lock
at the door. If the relative humidity cannot be held
as required, the sensitized material should be
placed in vaportight containers inside the refrig-
erators.

e. Hazards.
(1) Harmful gases. Sensitized materials will be

protected against harmful gases. High concentra-
tion offormaldehyde, hydrogen sulphide, ammonia,
illuminating gas, mercury vapor, industrial gases,
exhaust from engines, vapors of solvents, cleaners,
and turpentine can damage photographic emul-
sions.

(2) X-rays, radioactive and atomic fission ra-
diation. When storage of packaged photosensitized
materials near X-ray machines, radar, radioactive,
or atomic fission radiation cannot be avoided, the
material will be placed in facilities shielded with an
adequate thickness of lead or other suitable bar-
riers.

f. Operations.
(1) Storage. Immediately upon receipt, photo-

sensitized material will be stored under specified
optimum conditions. These optimum conditions will
be utilized at storage or holding points within the
limits of resources available. Deviation from the
optimum storage conditions for storage of photo-
sensitized materials is authorized whenever pre-
scribed storage facilities (refrigerated) are
unavailable and the expenditure of resources to
modify existing or construct new facilities for such
purpose cannot be economically justified. Photo-
sensitized material will be placed on shelves, dun-
nage, or pallets allowing sufficient space between
packages for adequate circulation of air. Refriger-
ators utilized for photosensitized material will not
be used for the storage offood or water in any form.
Likewise, these materials regardless of level of
preservation and packaging will not be stored in
damp basements, on damp ground, near escaping
steam, steam pipes, boiler rooms, windows, on top
floors of uninsulated buildings, or near other sources
ofheat. Each lot ofmaterial will be stored according
to the expiration date that is placed on the package
by the manufacturer.

(2) Handling. Photosensitized materials should
be moved to refrigerated storage immediately upon
receipt at all points of destination. These materials
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vill never be permitted to stand on docks, loading
platforms, loading ramps, etc. The material should
be moved by refrigerated carriers and unloaded
directly into refrigerated storage. In other words,
all photosensitized materials should be maintained
under optimum temperature and relative humidity
condition from time of shipment from the manufac-
turer’s plant until placed in use by the using activity
to assure preservation in the best condition for the
longest period of time.

(3) Turnover. The objective should be to have
as rapid turnover as is economically possible and
to use photosensitized materials before the expi-
ration date. All packages of the photosentized ma-
terials are stamped by the manufacturer with an
expiration date (month and year). This date gives
the life expectancy ofthe sensitized materialsunder
normal nonrefrigerated storage conditions. Im-
proper storage conditions can render these mate-
rials useless long before the expiration date is
reached. Photosensitized material will be issued
according to the "Expiration Date" shown on the
package. That is to say, the package with earliest
expiration date will be issued first. Sensitized ma-
terial stored under the optimum conditions speci-
fied herein will be issued for the following period
after the stamped expiration date:

Mats’rials Domestic Overseas
(a) Black and white 12 months 6 months.
(b) Graded paper 12 months 6 months.
(c) Variable contrast paper 12 months 6 months.
(d) Color, camouflage detec- 6 months 0 months.

tion, and infrared film.
(e) Polaroid type material No extension.

Photosensitized materials will be tested in accord-
ance with the procedures and schedule as set forth
in service/agency Quality Control Standards. Ma-
terials which have not been used within this time
period or are suspected of damage in storage or
handling will not be discarded without being tested.
Often only partial impairment ofspeed and contrast
will have taken place and the material will still serve
adequately for training or noncritical use.

g. Storage ofphotographic chemicals.
(1) The optimum storage conditions for all pho-

tographic chemicals are at temperatures between
70 and 75 F and at a relative humidity between
20 and 40 percent.

(2) The recommended storage conditions for
specific types of photographic chemicals are as fol-
lows:

(a) Dry chemicals hermetically sealed con-
tainers at temperatures up to 90 F and relative
humidity.

Note. Sealed metal containers do not require special
protection except where conditions could cause container
corrosion or deterioration

(b) Dry chemicals in containers with moisture
barriers at temperatures up to 90 F. and at rel-
ative humidity up to 50 percent.

(c) Liquid chemicals in hermetically sealed
containers at a temperature between 70 and 80 F
and any relative humidity.

(d) High humidities will be avoided where
possible to prevent deterioration of fiberboard
packing cartons.

(e) These instructions are applicable to those
photographic chemicals discussed. Where the man-
ufacturer specifies special considerations, the man-
ufactures instructions will be followed.

h. Flash bulbs. Personnel who store, handle, and
ship flash bulbs should be cautioned about the fire
hazard which exists from unpackaged orimproperly
packaged .bulbs being fired or exploded by radar
beams. Normally, flash bulbs should be shipped in
full case lots. If not possible to ship in full case lots,
broken case lots will be packed in accordance with
Federal Specifications W-L-122. Bulbs will not be
stored near sources of radiated energy unless suit-
ably protected by containers which are impervious
to such radiation.

5-605. Self-Sealing Fuel Cells

a. Deterioration. All self-sealing fuel cells dete-
riorate with exposure to light, heat, and improper
handling.

b. Precautions to be taken. When handling and
storing self-sealing fuel cells the following precau-
tions should be observed.

(1) Store cells in clean, dry, dark and cool ware-
houses.

(2) Store in shipping container, if available, and
do not remove cell from shipping container until
needed. Save empty containers for storing used
cells.

(3) Use frames or vertical dunnage to prevent
crushing or distorting when more than four con-
tainers of cells are stacked.

(4) Uncrated cells should never be stacked but
should be stored in contoured racks, resting on the
widest side where there are no fittings.
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(5) For the support,of uncrated cells, the use
of paper tubes inserted within the cell is recom-
mended.

(6) The cell should never be allowed to rest on
protruding fittings. When crated, the proper posi-
tion will be indicated on the container by arrows.

(7) While in storage, all openings will be cov-
ered to prevent the entrance of foreign materials.

(8) Internal support will be installed in all sem-
iflexibl cells to prevent distortion.

(9) Cells with external supports will not be
stored without these supports.

(10) Never roll or drag a cell.

5-606. Internal Combustion Engines

a. Other than aircraft. When storing internal
combustion engines, the following precautions should
be observed:

(1) Engines should be stored in a clean, dry
area which is not subject to extreme variations in
temperature.

(2) Engines should be stored on dunnage, pal-
lets, sldds, or in racks depending on the size, type
of engine, method of pack, and quantity to be
stored.

(3) Engines are not to be turned over or
cranked while in storage because of the danger of
damaging the coating of preservative compound on
the cylinder walls and on all moving parts.

(4) Engines in storage, other thandehumidified
storage, should be treated periodically with pre-
servative compounds.

(5) In nondehumidifled storage, periodic spot
checks on 5 percent of the engines on hand should
be made at intervals of approximately 6 months. If
deterioration is apparent, a complete check of all
engines should be made and engines showing de-
terioration should be represerved.

(6) In dehumidified storage, normally, engines
do not require as much attention; an annual check
of I percent of the engines in stock should be suf-
ficient to insure the engines being operable when
required.

(7) A different group of engines, should be se-
lected for each spot check.

b. Aiwrafl. Storage of aircraft engines will con-
form to specific instructions of the appropriate mil-
itary service.

5-607. Lubricating Oils and Greases

When storing oils and greases the following pre-
cautions should be observed.:
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a. Store in fire resistant, sprinklered buildings
or warehouses.

b. If a general warehouse is used, storage should
be in end zones with immediate access to exterior
doors.

c. Oils and greases should be separated from
blocks of other materials by aisles not less than 3
feet wide.

d. Oils and greases should be segregated from
highly combustible supplies.

e. Exteriors of containers should be free of oil
and grease.

f. Containers should be inspected before being
placed in storage and periodically thereafter. Con-
tainers which show signs of leakage, excessive cor-
rosion, or are otherwise unfit, should be removed
from storage and contents should be transferred to
satisfactory containers.

g. Oils and greases in bulk storage should be pal-
letized.

h. The height of stacks and the size of blocks
should comply with regulations governing floor load
capacities and ceiling heights.

5-608. Paints

Paints, varnish, lacquers, shellac, and thinners
should be stored as follows:

a. Where facilities are available, paint and paint
materials will be stored in fire resistant storage
buildings.

b. If such space is limited, supplies bearing In-
terstate Commerce Commission red labels (flam-
mable types) will be given preference.

c. If a general storage warehouse is used, storage
will be in end zone with immediate access to ex-
terior doors.

d. Containers of paints will be segregated from
highly combustible supplies.

e. Before placing in storage, containers will be
inspected for leaks.

f. Good ventilation will be provided.
g. Containers of paint should be palletized before

storing.
h. Containers of paint should be located so as to

facilitate issue on first in, first out basis.
i. Paints, in general, should be stored in a cool

dry place with the exception of bituminous cam-
ouflage, water emulsion, and latex-type paints. In
colder climates these types should be stored in
heated buildings to prevent freezing.
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j. Store in nonfireresistive, unsprink]ered ware-
house as a last resort only.

5-609. Life Floats

Life floats should be stored in clean, dry, and cov-
ered area; should not be exposed to the direct rays
of the sun or extreme heat; and should be stored
with caution against moisture accumulation in web-
bing and ropes; floats should be reversed or turned
periodically. When handling life floats, care should
be taken to prevent damage to cork floats and web-
bing.

5-610. Linoleum

When storing and handling linoleum the following
precautions should be observed:

a. Linoleum should be stored in a vertical position
and in the original shipping container.

b. Heated or unheated storage of linoleum is sat-
isfactory; temperature from 0 to 120F will not
harm it.

c. At low degrees, linoleum should be handled
carefully as it will crack if dropped.

d. When removing linoleum from trucks and box-
cars do not drop crates over stringers.

5-611. Fiber Rope
When storing fiber rope, the following precautions
should be observed:

a. Fiber rope will always be stored in a cool, dry,
and covered space as heat and moisture cause de-
terioration.

b. When manufactured, fiber rope is impregnated
with oil which adds 10 percent to the weight. The
rope deteriorates as the oil leaves the rope.

c. Rope will be protected from the direct rays of
the sun.

d. Adequate ventilation will be maintained in
rope storage areas at all times.

e. When properly stored, rope loses its strength
because of age at about 2 percent per year; life of
rope will be shortened by presence of mold, acid,
or water.

f. Rope will not be stored near acid, batteries,
chemicals, or alkalies and will be removed from all
danger of fumes from such materials.

g. Rope up to 2 inches in circumference will be
wrapped in burlap or waterproof paper.

h. lope will never be put into storage while wet
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or covered in a manni that will cause it to retain
moisture.

i. Coverings will be left on the outside of rope
coils; lashings will be cutrom the inside of the eye
leaving the covering intact.

j. Rope will be inspected to locate the inside end
which is in the eye (opening in center of coil) when
opening a coil; all stock should be taken from this
end.

k. Before cutting rope, whipping of yarn should
be applied on both sides of the proposed cut to pre-
vent the strands from becoming unlayed.

I. Rope will be stored on reels, in bins or racks,
or on pallets according to the quantity and size to
be stored.

5-612. Wire Rope

a. Storage. Wire rope should be stored in a cool,
dry place away from fumes, chemicals, heat, or
dampness and should be kept on the reel or spool
until used. If it is to be stored for a long period of
time, the full length of the rope should be coated
with a preservative (MIL-C-16173, grade 1). Inthe
manufacture of wire rope, a lubricant is applied to
the hemp center which acts as a storage medium
for the oil. Wire rope should be kept away from_a!l
chemicals such as acids which attack the metal and
alkali which will destroy the internal lubrication.
Damage by chemicals is not always noticeable and
the concealed weakness makes the cable dangerous
to use.

b. Corrosion. Corrosion or rust weakens a rope
but it is almost impossible to ascertain the loss in
strength. Exterior loops of the rope should be ex-
amined frequently for signs of rust or corrosion.

c. Unwinding. When removing wire rope from
a reel, the reel must be rotated on a spindle resting
on a cradle (fig. 5-48), or a turntable, or by rolling
the reels along the floor. A surplus race from a gun
mount may be used as a turntable (fig. 5-49). Wire
rope should never be taken from one side of the reel
as each wrap on the reel produces a kink in the rope
which makes it unsafe for use. A short, angular
bend, known as a "dog leg," resulting from a partial
kink will chafe on the flanges of the sheave and
wear the rope prematurely at that spot.

d. Cutting. Before cutting any wire rope (includ-
ing preformed rope), apply three seizings on each
side of the proposed cut. If cutting is done by an
acetylene torch the seizing can be omitted as the
wires and strands will be welded together.
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Figure 5-48. Cradle for handling reels.

Figure 5-49. Wire rope dispensing turntable.

5-613. Clay Targets

Clay targets are fragile items and the handler, al-
ways, will comply with the marking "this end up."
Clay targets should be palletized and stored in stor-
age racks or pallets and pallet support sets.

5-614. Cement
a. Cause ofdeterioration. Causes ofdeterioration

of cement are as follows:
(1) Moisture.
(2) Movement or circulation of air.
(3) Failure to observe first-in-first-out issue

procedure.
(4) Warehouse pack (packing of lower sacks of

cement when stacked too high for a long period of
time).

b. Method of storage. Cement will be stored in
dry covered storage areas. The circulation of air
should be held to a minimum as air carries moisture.
Cement will be stacked away from walls to avoid
condensation or moisture.

c. Pallet storage. Cement will be palletized not
to exceed four courses high per pallet. Pallet loads
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will not be stacked more than two high unless aids
are used to support the weight of superimposed
pallet loads. Cement put into storage will not be
disturbed until it is issued. Restacking or shifting
(to avoid warehouse pack) exposes the cement to
air circulation which increases the absorption of
moisture.

5-615. Navigation Timepieces

a. Security. Timepieces should be stored in a
room which has adequate security facilities. This
room should be located away from the shock and
vibration of machinery; also should be air condi-
tioned and free of dust.

b. Temperature. The controlled temperature
should be maintained near 70 F. (+5), with a
relative humidity of not more than 50 percent.

c. Unpacking. When received from the observ-
atory, the timepieces should be unpacked, wound,
uncorked or unlocked, started and set to Greenwich
Central Time and given a 10-day run with daily
winding and rating prior to storage. After the 10-
day run, the timepieces should be allowed to run
48 hours more, then stopped and corked or locked,
and stored.

d. Storage. When not running, all navigational
timepieces should be inverted every 30 days to re-
distribute the oil on lubricated surfaces. When the
timepieces have been in storage 6 months, and not
more than 8 months, wind, start, and allow to run
[or 5 days with daily winding; after the timepieces
have operated for a period of2 days, should be rated
for 3 days. At the conclusion of this 5-day trial pe-
riod, the timepieces should be stopped and returned
to storage. Suitable shelving or cabinets should be
provided for all timepieces.

5-616. Machine Tools and Production Equip-
ment

a. Reference. Detailed information concerning
the preparation of machine tools and similar equip-
ment for extended storage will be found in MIL-
STD-107 and in Joint Publication TM 38-260, NAV-
SUP Pub 523, AFR 71-18, MCO 4870.62, DLAM
4145.9, Preparation of Industrial Plant Equipment
for Storage or Shipment.

b. General. Most machine tools are large, bulky,
and heavy; this fact should be considered in laying
out space. Large, unwieldy pieces ofequipment and
unusually heavy items should be stored as close to

DOD 4145.19-R-1

removal aisles as possible. Machine tools vary con-
siderably in weight, shape, and size, but this does
not mean that the tools can be placed haphazardly
in the storage warehouse. Machine tools should be
lined up by type and arranged so that adequate aisle
space is provided, not only to facilitate inspection
but also to provide easy removal without disturbing
other units. This equipment can be block stacked,
providing it is composed of similar units.

c. Crating. Most crating of machine tools is un-
necessary and costly. Crating should be used only
when the individual tool is adaptable for tiering.
Tiering of machine tools should be limited to such
tools with solid bases, rectangular columns, and
circular pedestals. Only such tools weighing less
than 10,000 pounds should be tiered. The use of
bolts in place ofnails for such crating is permissible.
Consideration also should be given to floor load ca-
pacity and accessibility. Block stacking should be
determined by qualified personnel at each activity
(fig. 5-50).

d. Storage. The areas directly under craneways
are to be utilized, so far as practicable, for the heav-
iest units. This is the most expensive storage space
and will require a limited number of removal or
access aisles, since the direction of storage is up-
ward. In order to facilitate inspection and removal,
units should be placed so that inspection and re-
moval space is provided. The size of removal aisles
will be governed by the size of the units, but should
not exceed the width necessary to furnish conven-
ient passage for handling equipment. Where prac-
ticable, the aisles should be continuous and provide
straight movement (fig. 5-51). For space conser-
vation, it may not always be practicable to store
units immediately adjacent to removal aisles; in this
event inspection aisles should be widened to provide
enough space to move individual units through to
the removal aisles. Steel rollers, overhead cranes,
forklift trucks, dollies, lift jacks or other suitable
handling equipment can be used to move any unit
from storage, provided care is taken to determine
the center of balance and position of pedestal and
bases. In order not to disturb the protective coating
and preservatives, the material should be moved
only for inspections, in emergencies, or when or-
dered for issue. Platforms and racks should be used
when within the limits of floor load capacities and
available air rights. When a unit is moved, the nuts
of all holddown bolts should be tightened securely.
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Figure 5-50. Tiering of machine tools.

e. Use ofskids. All units sliould be skidded when
stored to protect the machinery during handling.
It is recommended that the skids remain attached
to the machine while in storage. Guidance is pro-
vided in MIL-HDBK-701. However, at activities
where leveling jacks are available and personnel
are familiar with the storage of machine tools and
production equipment, skids can be removed. When
skids remain on the units, units should be leveled
properly before storing. If the floor is too irregular
to use shims, the skidded unit should be placed on
wooden strips, 1 to 2 inches in thickness. To ensure
proper distribution of weight and to maintain the
unit level at all times, the strips should be placed
at right angles directly under the bolt heads. The
strips not only prevent the unit from warping and
distorting, but also will protect the skids and facil-
itate movement of the units. In storage, the nuts
will be backed off 11/2 to 2 inches from the top of
the skid. The bolts and nuts should be protected
with a preservative. All machine tools in storage

should be tagged with the following information
(red tags preferably): "CAUTION: TIGHTEN ALL
HOLDDOWN BOLTS BEFORE REMOVING
THIS MACHINE FROM STORAGE."

f. Accessories. Accessories should be boxed or
crated and placed on the skid or platform of the unit
from which removed. Precautions should be taken
so that the wood of the boxes or crates does not
come in contact with the preserved machine sur-
faces. When it is not possible to place accessories
on the skid, such accessories should be stored ad-
jacent to, or in the vicinity of, the machine tool;
proper identification should indicate clearly the unit
to which the crated accessories belong.

g. Tiering. Where it is necessary to use tiering
methods to conserve storage space, care should be
taken in selecting machines to be tiered. Machines
of long bed design, with leg type, end frame, or
multiple column bases, or weighing more than
10,000 pounds should rest on a solid base and not
be placed on top of other machines.
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Figure 5-51. Typical storage layout of machine tools.

h. Machines weighing more than 10,000 pounds.
Tiering of machines tools, such as lathes with long
beds or other units with extended legs, long tables,
or double columns may distort or warp the tools
beyond reasonable repair. Small machines that
have rectangular columns of circular pedestal bases
can be tiered, provided suitable crating or dunnage
is inserted between the machines to bear the load.
To avoid permanent distortion of frame members
by undue stresses or strains, all machines should
be leveled and supported. Machine tools may be
tiered two tiers high, but there are some types of
industrial equipment that can be tiered higher when
crated such as welders, furnaces, heat treatment
equipment, and washing machines.

5-617. Tires, Tubes, and Rubber Products
a. Selection ofwarehouses. Warehouses in which

tires are stored must provide the maximum safety
and protection to the tires housed. Buildings used
for tires storage should-

(l) Provide maximum protection against fire
and reduce fire hazards to a minimum.

(2) Provide protection from light.
(3) Provide a uniformly cool temperature.
(4) Be free of operating electrical equipment

which generates ozone.
(5) Provide protection against drafts or air

movement since air currents increase rubber de-
teriorating oxygen in the air and aid combustion in
case of fire.
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b. Aircraft tires and tubes.
(1) The age limits for aircraft tires and aircraft

inner tubes are based on the date of manufacture.
Retreaded tire age limits are also from the date of
tire manufacture, not the date of retreading. Air-
craft tire manufacturing dates are included in the
serial number of tires. The serial number consists
of a maximum of ten positions, alpha and/or nu-
meric. The first four positions are the date of man-
ufacture in the form of a Julian date (last digit of
the year followed by the day of the year i.e., 23
May 1968 is written 8144). Manufacturing dates
shown previous to this method are identified by
month and year (such as 10-68/October 1968). Inner
tubes have the date applied to the tube by decal or
stamped on the surface. The outside of the tube
cartons are also date stamped. Proper control and
rotation of stock procedures will be implemented
to assure that the oldest age dated items are issued
first. Color tape is used on aircraft tires manufac-
tured in 1962 and subsequent years to aid in age
identification ofthe tires while in storage at depots,
storage sites, air bases, etc. Tires manufactured in
1962 and subsequent years are color coded with one
circumferential band of 1-inch wide tape, com-

pletely around and approximately centered on the
tread. This paragraph is intended as information
only, and is not used as authority to require tape
markings of tires currently in storage. New tires

will be color coded by the manufacturer before de-
livery.

*Tape Color Identification Data
Year Tape color
1962 White

1963/1970 Silver or gray
1964/1971 Green
1965/1972 Blue
1966/1973 Orange
1967/1974 Yellow
1968/1975 Magenta
1969/1976 Red

*Tires manufactured after 1971 have the year printed on

the following colored tape.

Year Tape Color
1971/1974/1977 Green
1972/1975/1978 Blue
1973/1976/1979 Orange

(2) Serviceable aircraft tires will be placed into

suitable tire racks so that tires will be held in a

vertical position and with each tire holding its own

weight only. The rack will provide a fiat or covered

surface for the tire rather than a round surface such
as pipe or tubing. If this procedure is not followed,
particularly in the case of tubeless tires, it may be
impossible to mount the tire without the aid of ad-
ditional equipment. The flat spots on the tread
which may develop from storing tires vertically are
not harmful. Such flat spots will disappear when
the tire is mounted and inflated.

(3) Reparable aircraft tires may be stored in
a vertical or horizontal position. Flat spots caused
by storage in either position are corrected during
the retreading process. Tires stored in a horizontal
position will not exceed the stacking limits specified
below.

(4) Reparable aircraft tires with a normal cross
section width of 10 inches and above will not be
stacked more than 10 tires high.

(5) Reparable aircraft tires with a normal cross
section width of less than 10 inches will not be
stacked more than 15 tires high.

(6) Aircraft inner tubes will be stored to avoid
creasing. Innertubes will not be completely deflated
and will be dusted with tire talc to prevent the
tubes from sticking together. Whenever possible,
innertubes will be packed in fiberboard boxes. If
fiberboard boxes are not available, tubes will be
wrapped in heavy paper and stored in a dark room.
Packages will be plainly marked to indicate contents
and will state size, type of tube, date of manufac-
ture, and stock number.

(7) Tires and tubes should not be stored in the
vicinity of electrical discharges from the operation
of electric motors, generators, welders or other
electrical devices.

c. Over the road and industrial vehicular tires
and tubes.

(1) The preferred method of storing pneumatic
rubber tires, mounted and unmounted, tube and
tubeless, new, used, and reconditioned, is in a ver-
tical position. Horizontal storage is not as satisfac-
tory because of the necessity for reversing at 6-
month intervals. However, where small quantities
of tires are involved, horizontal stacking is econom-
ical. When horizontal pallet storage is used, the
quantity of tires to be stacked on each pallet should
not exceed the following limits.

Maximum number of tires to be stacked
Tire size one upon another
600 x 16 15 each
650 x 20 14 each
750 x 16 12 each
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Maximum number of ires to be stacked
Tire size one upon another
700 x 20 12 each
900 16 8 each

1,000 x 20 6 each
1,200 24 6 each
1,300 20 6 each
1,400 20 5 each

If the indicated limit is exceeded, the bottom tire
is in danger of permanent damage. This limit also
applies to placing one pallet on top of another, when
intervening supports are not provided between the
pallets. If tires stored horizontally remain in stor-
age for over 6 months, each stack should be re-
versed so that the bottom tire is on top.

(2) Vertical storage of tires eliminates the ne-
cessity for periodic rewarehousing which is re-
quired when tires are stored horizontally.

(a) Tires (tube or tubeless type) stored in a
vertical position should be grouped by size on stand-
ard 40-by 48-inch pallets combined with appropriate
size standard pallet support sets, to form a tire
storage unit (fig. 5-52). As an alternate method,
pallet racks may be used if they are more readily
available. Suitable wood racks, steel racks or slot-
ted-angle receptacles and nonstandard pallet sup-
port sets, now in use, are acceptable pending
normal replaceme.nt action.

(b) Unmounted tube type tires may be stored
in pyramidal fashion as depicted in figures 5-53 and
5-54. This method permits the attainment of ade-
quate storage heights with a minimum requirement
for storage aids. Tires elected to be stacked in py-
ramidal fashion should be bundled as follows.

1. Tire sizes 14 ines(-OD) up-to a size-
less than 26 inches OD should be bundled utilizing
four evenly spaced V2-inch .020-inch, QQ-S-781,
fiat steel straps. The compression of the bundled
load should amount to 15 percent of the bundled
height. Compressed bundle of these sizes should
not exceed 43 inches in height. When compressed
bundles do not exceed 43 inches, two bundles will
adequately fit (horizontally) side by side when ship-
ment_is b_y_MILVAN or SEAVAN.

2. Tire sizes 26 inches OD up to 48 inches
OD should be bundled utilizing four evenly spaced
3/4-inch .023-inch, QQ-S-781, flat steel straps.
Compressed bundles of these sizes should also not
exceed 43 inches in height.

3. As long as the tire bundles on thebottom

layer are chocked with a 2 4 or 4 4, tires can be
safely stacked four bundles high.

$. An exception to the above are tires size
11.00 15 which can by pyramidal stacked five bun-
dles high (fig. 5-53). The fifth layer should be offset
from front to rear to tie the stack of tires together
to provide more stability to the block stack.

5. Tires can also be pyramidal stacked atop
a base layer of tires stored in pallets and support
sets as illustrated in figure 5-54. In addition to
greater space utilization through achievement of
higher stacking, this method provides better stack
stability to the tires being stored.

6. Two or more tire sizes should not be
piled in the same stack.

(c) Tires in storage can deteriorate in time
to an unuseable state. Stock rotation is necessary
in order to prevent such loss. To ensure maximum
protection against loss from deterioration, a strict
policy of issuing oldest stock first will be practiced.
When tires or tubes are received for storage, the
month and year of manufacture or retread will be
indicated on the pallet placard. This will aid in se-
lecting the oldest stock first.

(3) Care must be used at all times in handling
of tires, tubes, and rubber-products. They must
not come in contact with gasoline, oil, or other
petroleum products. (If such contact is unavoidable,
wash immediately with vegetable oil, soap and
water.) Cutting, scuffing, or scraping oftires during
handling must be avoided.

(4) Unmounted tires and tubes must not be
stored in the open. Where closed warehouses are
not available for storage of unmounted tires, or
where it is necessary to store tires mounted on
vehicles in open storage for periods exceeding 90
days, pending removal to covered space, they
should be protected in accordance with MIL-T-
46755. Tires manufactured or reprocessed with
anti-ozonant "OZ" compounds do not require addi-
tional protection until 2 years from date of manu-
facture.

Note. Date of manufacture and "OZ" marking are nor-
mally imprinted on the tire sidewall. Date ofreprocessing
is normally imprinted on a reconditioned tire sidewall.

(5) Used serviceable tires will not be placed in
storage until they have been cleaned, inspected,
and had all foreign material removed. Serviceable
used tires, including those reconditioned, will be
stored and handled the same as new tires.
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Figure 5-53. Block stack of ll.00x15 tires.

(6) Tubes must be handled with care equal to
that given to tires.

(a) New tubes should be stored in the original
package and protected as outlined for tires.

(b) Used serviceable tubes should be com-
pletely deflated by removing the valve core. They
can be folded and stored.

(c) Tubes will be placed in storage grouped
according to size and type. Removal from storage
will be on the basis of oldest stock first.

(d) Serf-sealing tubes must be inflated enough
to retain full molded size. Storage aids (e.g., pallet
support sets) will be used to assure retention of
shape and size.

d. Solid rubber tires and track components. Solid
rubber tires, rubber components of combat vehicle
track, track support rollers, and track idler wheels
will be protected as outlined in c above.

e. Rubber cements. Rubber cements must be kept
within 32 to 90 F. and all containers must be kept
tightly closed at all times. Rubber cements, de-

pendent upon flash point, are either flammable liq-
uids or combustible liquids and must be considered
for storage in light of their flammability properties.

5-618. Abrasive or Grinding Wheels

a. General. All grinding wheels are fragile, and
should be handled and stored carefully to prevent
breakage and chipping.

b. Location. Wheels should be stored in covered,
dry areas, and should not be exposed to extreme
temperature changes. Escaping steam and rain will
seriously affect grinding wheels, consequently,
such wheels should be away from radiators and open
windows.

c. Storage. Generally, grinding wheels are stored
in bins and racks. Smaller sizes are often carried
in bin drawers. The bins, racks, or drawers should
be built to accommodate wheels of various sizes.
Separate sections of storage racks should be con-
structed within standard shelving to prevent the
wheels from rolling off (fig. 5-55). Wheels of the
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Figure 5-54. Tires stacked atop a base layer qf pallets and spport
sets. Note the 6-inch extension on the support set iprigtts.

.me size, type, and specification should be stored
gether and should be arranged, so far as possible,
,o facilitate issue on the basis of first in, first out
(fig. 5-56).

d. Straight and tapered wheels. Most straight and
tapered wheels should be stored on edge in racks.
The racks should provide two point cradle support
for the wheels to prevent rolling. A sufficient num-
ber of partitions to prevent wheels from tipping
over should be provided. An individual section is
recommended for each wheel of unusual shape.

e. Thin organic bonded wheels. Thin organic
bonded wheels should be stored on a flat surface
away from excessive heat. A heavy steel plate or
thick vitrified wheel makes a good foundation for

stacking, and similar plate or wheel placed on the
top of the stack will help prevent warpage.

f. Cylinder, cup, and saucer wheels. Cylinder
wheels and large straight cup wheels can be stacked
on the flat side with corrugated paper or other cush-
ioning material between the wheels, or can be
stored in racks similar to the racks used for storing
straight wheels. Large flaring cup wheels should
be placed flat on a horizontal shelf, alternating the
position so wheels are stacked base against base
and face against face. Small saucer, cup, and dish
wheels, without thin, easily damaged edges or rims,
can be stored on edge.

g. Cloth-backed thin discs. Cloth-backed thin
discs should be supported and weighted the same
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Figure 5-55. Bin storage ofgrinding wheels.

TYPE NO. STRAIGHT
D

TYPE NO. 2 GYLI NDER

TYPE NO.4 TAPERED TWO SIDES

as bonded wheels, and should be stacked cloth to
cloth andJrain to grain to avoid damage to the cloth
backing. Also, this method of stacking will help to
prevent warpage.

h. Small shaped wheels, Small shaped wheels,
such as plugs and cones, should be stored in boxes,
bins, or drawers.

5-619. Glass

a. Storage. The relative humidity in glass storage
areas should not exceed 65 to 70 percent, because
moisture and dampness have a tendency to etch
glass when it is stored for long periods of time.
Glass should be stored in original containers until
ready for issue. If glass is removed from original
containers, the three types of storage racks gen-
erally used for storage are the "A" type, pocket
type, and slotted type. Because ofits fragility, glass
should be handled with extreme care. Persons han-
dling large sheets of glass should use rubber grips
or pads.

b. Small size glass. Window glass and other small
size glass should be stored in pocket type storage
racks if removed from original containers. If pOS-

RECESSED TWO SIDES
TYPE NO.?

TYPE NO. II FLARING CUP
(Con be furltlsed with beveled free)

A

P NO. 6 STRAIGHT CUP SAUG[R (SAW GUMMER)
(n be fvrnled with vel TYP( NO.

5-137



DOD 4145.19-R-1

sible, the racks should be constructed from redwood
because this lumber is free from knots and gives
added protection to the edges of the glass. Glass
stored in pocket racks should have an absorbent
type of paper between each sheet of glass. Bulk
storage ofsmall size will be palletized ifthe quantity
is large enough.

c. Plae glass. Medium size plate glass, if re-
moved from original containers, should be stored
in slotted type storage racks. The slotted rack
should be constructed from stock lumber with the
slots made of maple, if available. The maple should
be three-eights of an inch milled and three-eights
of an inch routed to form the slots, and the sepa-
rators at the top of the racks should be constructed
of various thickness of masonite. Plate glass in

original containers should be stored on edge.
d. Extra large sizes. Glass of extra large or spe-

cial sizes should be stored on "A" type racks.
e. Handling block. A wedge-shaped handling

block is used for handling plate and large size sheets
of glass. This wedge-shaped block is constructed
from stock lumber and is covered with carpet. The
carpet protects the edge of the glass and permits
easy removal from the racks.

5-620. Miscellaneous Chemicals

a. Handling precautions. Although some chem-
icals are not hazardous materials, a certain amount
of care is required in storage and shipment. All
chemicals should be placed in containers that will
prevent breakage during transit. Before making
shipments of any chemicals, the sending activity
should consult Interstate Commerce Commission
regulations to determine whether special require-
ments are necessary.

b. Example chemicals requiring special consid-
erations for storage and shipment.

(1) Aluminum chloride (anhydrous). Alumi-
num chloride should be stored in airtight drums or
sealed glass containers. Exposure to moisture or
air makes it unfit for most uses. Packs should be
examined frequently to make certain that the air-
tight seal is in perfect condition. It is nonexplosive
and not a fire hazard.

(2) Antimony sulfide. Antimony sulfide should
be stored in tight barrels, steel drums, kegs,
multiwall sacks, or boxes. Ifnecessary, the containers
should be lined with paper to prevent leakage. An-
timony sulfide should be stored away from corrosive
fumes and kept dry. It is not a fire hazard.
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(3) Boric acid. Boric acid should be stored in
a dry place, in wooden barrels, multiwall sacks,
kegs, boxes, or burlap bags. It is nonexplosive and
not a fire hazard. Containers should be lined to
prevent leakage.

(4) Calcium chloride (anhydrous). Calcium
chloride should be stored in sealed steel drums,
cans, or jars. Because it absorbs water, it should
be kept away from air and moisture.

(5) Copper oxide..Copper oxide should be
stored in wooden barrels, kegs, fiber drums, multi-
wall sacks, or boxes, and should be kept dry. It is
not a fire hazard.

(6) Dextrin. Dextrin should be stored in wooden
barrels, fiber drums, multiwall sacks, kegs, boxes,
or bags, and should be kept dry. It is not a fire
hazard.

(7) Iron (reduced). Reduced iron should be
stored in sealed cans .and bottles and should not be
exposed to air and moisture.

(8) Kaolin. Kaolin should be stored in wooden
barrels, kegs, boxes, or bags, and should be kept
dry.

(9) Lime (hydrated). Lime should be stored in
tight barrels or multiwall sacks and should be kept
dry.

(10) Potassium iodide. Potassium iodide should
be stored in barrels, kegs, bottles, or boxes in a

dry area.
(11) Silica gel. Silica gel should be stored in

sealed water and airtight drums, pails, and cans,
and should be kept dry. It is not a fire hazard.

(12) Soda lime. Soda lime should be stored in

airtight glass or metal containers and should not be
exposed to air or moisture.

(13) Sodium bichromate. Sodium bichromate
should be stored in barrels, kegs, multiwall sacks,
or boxes. It is an oxidizing material and should be
stored away from acids and combustible materials.
Containers should be lined to prevent leakage.

(14) Sodium bisulfite. Sodium bisulfite should
be stored in barrels, drums, kegs, or boxes and
should be kept dry. Containers should be lined to
prevent leakage.

(15) Sodium hypochlorite (solid). Sodium hy-
pochlorite is unstable in the air and should be stored
in a solution in carboys or bottles and kept in a cool
place.

(16) Sodium hyposulfite. Sodium hyposulfite
should be stored in wooden barrels, kegs, metal
drums, multiwall sacks, or boxes in a dry area.
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Containers should be lined to prevent leakage. It
is not a fire hazard.

5-621. Musical Instruments

a. Woodwinds and brass. The following instruc-
tions pertain to the storage of woodwinds and brass
instruments:

(1) Instruments should be kept in cases when
in storage.

(2) Each case should contain a 1-ounce block of
camphor to reduce humidity, prevent tarnish, and
act as a moth repellent for the plush lining of the
case.

(3) Instruments should be inspected, cleaned,
and repaired, if necessary, before being placed in
storage.

(4) Woodwinds and brass should never be
stored in damp areas or in extreme heat as heat
and dampness cause corrosion and tarnish.

(5) Woodwinds should be oiled twice yearly
while in storage; bore oil is preferred.

(6) A desirable temperature for woodwinds and
brass is between 65 and 75 F.

(7) Small instruments should be packed in
containers and palletized.

(8) Large instruments should be packed in con-
tainers and crated with a skeleton frame strong
enough to sustain the weight of stacking.

b. String instruments. The following instructions
pertain to the storage of string instruments:

(1) String instruments should be kept in car-

tying cases, with a l-ounce block of camphor to
reduce humidity.

(2) String tension should be released before the
instruments are placed in storage. Sound posts
must not be allowed to become loose.

(3) Before being placed in storage, instru-
ments should be cleaned, inspected, and repaired,
if necessary.

(4) A desirable temperature for the storage of
string instruments is between 65 and 70 F. Tern-
perature should be kept as constant as possible.

(5) Open containers of water should be kept
near large string instruments, such as the violin,
cello, and brass.

(6) Bass violins and violin cellos should be sus-

pended in an upright position while in storage, with
the bottoms of the instruments fastened to prevent
swinging and bumping each other.

(7) Small string instruments should be packed

in containers and palletized or placed in bins or
racks, depending on the quantity to be stored.

c. Drums. When storing drums the following pre-
cautions should be observed:

(1) Drums should be kept in cases while in stor-
age.

(2) Tension on drum heads should be released
before drums are placed in storage.

(3) A desirable temperature for the storage of
drums is between 65 and 70 F.

(4) Drums should be packed in containers and
palletized.

d. Pianos. Excessive heat and dampness can
damage a piano in a very short time. A temperature
variance of 18F is the maximum permitted in
areas where pianos are stored. Pianos can be stored
in nonheated warehouses, but should not be placed
near an open window or in extremely dry spaces
because of the large amount of glue used in the case
and action. If a piano is not stored at a constant
temperature of 68 F, a small package of unslacked
lime should be put inside the case to prevent rusting
of the strings. The heat from a lighted 15-watt light
bulb attached to the base of a keyboard instrument
will act as a dehumidifier. Because of the large
amount of felt in a piano, it is recommended that
a suitable moth repellent be kept in the case at all
times. For long term storage, grand pianos will be
stored flat.

e. Instrument accessories. Generally, accessories
are bin storage items. Reeds should not be stored
in dry, overheated places that will cause the reeds
to split, crack, or lose the vibrating qualities. Also,
reeds have a tendency to mold or mildew when ex-
posed to air. Gut should be stored in a refrigerated
unit with a quart of water containing 2 teaspoonsful
of formaldehyde placed near by.

5-622. Strategic and Critical Materials

See Chapter VI.

5-623. Brushes; Feather, Wool, Bristle, and Hair

a. General. The two hazards encountered in the
storage of brushes manufactured from keratinous
materials such as feathers, wool, bristle, and hair,
are--infestation of the brush by various beetles,
mold or mildew and rot due to humid atmospheric
conditions.

(1) Beetle infestation. Four types of beetles
which cause damage to the keratinous part of the
brush are commonly known as the black carpet bee-
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tie, the furniture beetle, the varied carpet beetle,
and the buffalo or moth beetle. (See figs. 3-10, 3-11
and 3-12, chap. III, sec 4.) There is also the lyctus
powder post beetle which attacks all types of hard-
woods generally used for handles.

(2) Climatic hazards. During long term storage
in humid climates, the keratinous part of the brush
may develop mildew, mold, or rot.

b. Precautions prior to storage. Usually, Federal
specifications require manufacturers to enclose in-
sect repellent with brushes; normally, this is ac-
complished by placing naphthalene balls in each
pack or container. Receipts that have not been af-
forded the necessary protection will be inspected
for infestation, and, subsequently, properly pack-
aged for storage. Particular attention should be
given to rollback, salvage, or surplus stock.

c. Precautions in storage. Brushes made of ker-
atinous materials will always be protected from in-
festation by including naphthalene flake or balls or
paradichlorobenzene flake or powder in each pack.
Since these repellents tend to evaporate, care
should be taken to replenish as required.

(1) Bulk lot storage. Bulk lots will be stored in
original containers; if material is repackaged lo-
cally, a small amount of repellent should be added
to each container which should be kept sealed.

(2) Bin storage. Brushes stored in bin boxes or
openings should be kept in the unit pack. When the
size of the smallest unit pack precludes shelf or bin
storage, bin stocks may be placed in a protective
wrap with a small amount of repellent.

(3) Controlled humidity or temperature. To
prevent mildew, mold, or rot, especially in high
humidity areas, material should be stored in" con-
trolled humidity or temperature storehouses.

(4) Inspection of material in storage. Sample
quantities of stocks should be regularly inspected
for signs of insect infestation, mildew, mold, and
rot. The frequency and scope of these inspections
should be established by the military service/agency
concerned and should be predicated on local con-
ditions.

(5) Housekeeping. Good housekeeping is the
best additional preventive measure to be taken
against infestation.

(6) Safety. Contact with insect repellent such
as naphthalene and paradichlorobenzene can cause
skin irritations. The fumes thereof, in heavy con-
centrations, are toxic. Personnel concerned will
take the necessary precautions such as the use of
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goggles, rubber gloves, and half mask respirators.
Conditions permitting, storage areas should be
well-ventilated.

(7) Damaged stock. Material found to be dam-
aged by infestation, mildew, mold, or rot should be
disposed of in accordance with procedures set forth
by the service/agency concerned.

5-624. Flight Clothing

a. Preparation of clothing for storage.
(1) Inspection of new material. All containers

will be visually inspected for shipping and/or water
damage. Damaged containers will be opened and
the clothing inspected. All damaged or mildewed
clothing will be reconditioned in accordance with
applidable instructions.

(2) Cleaning and reconditioning. All clothing
which has been worn will be cleaned and recondi-
tioned by appropriate procedure specified in appli-
cable specifications prior to storage for reissue.

b. Marking. The garments will be examined to
determine that the proper identification markings
are not missing and are legible. Where markings
are not legible or are missing, markings as required
by the applicable specification for the garment will
be added. Markings not required by the applicable
specification will be removed and obliterated in such
a manner as to not adversely affect the garment’s
appearance.

c. Storage
(1) Precautions. Shelves, racks, bins, and all

storage aids will be free from protruding nails,
sharp slivers of wood, rough edges, burrs, or other
defects that might tear or puncture any part of the
clothing or which might chafe the surfaces. The
storage area will be maintained free of rodents,
insects, plant life, or other damaging influences.

(2) Storage arrangements. Oil, grease and dirt
will be removed from rubber surfaces with a solu-
tion of vegetable soap and water. Omnienvironment
full pressure suits are issued with a carrying case
and should be received packed in this original con-
tainer. The anti-G, antiexposure, and omnienviron-
ment full pressure suits will be stored on hangers
with the items hanging free. The antiblackout suit
bladder will not be folded. Carrying cases should
be stored in an area adjacent to the suits whenever
possible. Summer and winter flying suits and other
flight clothing will be stored in their original con-
tainers, if received. Otherwise these items will be
stored in bins, shelves, or on hangers as applicable.
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d. Storage conditions.
(1) Killing larvae. If clothing is suspected of

containing moth larvae, the larvae can be killed
either by fumigation or reduction of the clothing
temperature to 17 F, for a period of 36 hours.
Fumigation is considered the more practicable
method since it would be necessary to spread out
each garment in order to reduce the garment tem-
perature to the required 17 F.

(2) Storage temperature. All flight clothing
should be stored at a temperature not greater than
42 F.

(3) Storage humidity. All flight clothing should
be stored at a relative humidity of between 35 and
50 percent.

(4) Atmosphere. The storage area will be pro-
tected at all times from direct sunlight, and the
atmosphere should be free from sulphur dioxide,
ammonia fumes, and from ozone produced by elec-
trical equipment.

(5) Paradichlorobenzene crystals. Paradichlo-
robenzene crystals will be kept in open containers
in the storage room. If these crystals are used for
packaging purposes, asphalt laminated paper will
not be used inasmuch as the asphalt is soluble in
the vapor and will cause bleeding on the articles
packed.

(6) Leather. Leather flight gear will be in-
spected for mildew and deterioration. It will be
treated periodically with suitable leather preserv-
ative. Store in cool dry area.

5-625. Polyvinyl Chloride (PVC) Plastic Pipe

Although polyvinyl chloride (PVC) plastic pipe will
withstand some abusive handling conditions, there
are limits. Establishing the limits is a subjective
process since the physical properties of PVC com-
pounds cover a rather broad range. In addition,
some ofthe properties are affected by temperature.
The following are basic precautions and care guid-
ances for handling and storing this commodity.

a. Loading PVC Pipe
(1) Care should be used when loading and un-

loading PVC pipe with mechanical equipment such
as forklifts. Dragging or jamming by said equip-
ment can and will damage the pipe.

(2) Bundles of pipe should be loaded in such a
manner as to prevent unnecessary loads on the
lower bundles.

(3) When nesting PVC pipe, chicken wire, ply-
wood or other suitable material should be used to

keep the pipe within the pipe from sliding out during
shipping. It is recommended that heavy wall pipe
not be nested in thin wall pipe. Pipe should be free
of dirt or caked mud since this can cause excessive
scratching and abrading as the pipe is nested or
denested.

(4) Straps or ropes should be used to tie loads
down. Chains and binders that could gouge the pipe
should be avoided. If chains and binder cable are
used, adequate protection should be used where
possible, damage may occur, e.g. on edges, etc.

(5) Large diameter pipe should be loaded on
top. This will allow tighter cinching of pipe, keep
the pipe from crushing and prevent bundles from
shifting. When the lengths vary, the shorter lengths
should be on top.

(6) To prevent shifting that may occur during
shipping, interbanding of the bundles in the load is
recommended. This requires banding the top half
of the load and the bottom half of the load into two
modules then banding the top and bottom modules
together. Alternately, separate bundles may be laid
side by side and then secured to the bed by straps.

(7) Pipe lengths should not overhang the truck
bed more than two feet.

(8) Extra care should be used in handling PVC
pipe as the temperature drops below freezing since
flexibility and impact resistance decrease with
lower temperatures. Also moisture that accumu-
lates on the pipe freezes, creating a slippery surface
and enhancing the chances of the pipe sliding off
fork lifts or shifting on the truck. (Refer to para
g(6)).

(9) Pipe may be distorted if stacked too high
or heavily loaded when temperatures exceed 100 F.

(10) Adequate protection should be provided
so that PVC pipe will not be exposed to engine
exhaust.

b. Receiving and Handling PVC Pipe
(1) Inspection. Each pipe shipment should be

carefully inspected on its arrival. Pipe should be
examined for cuts, scratches, gouges, holes and
other imperfections before use. Any imperfections
in the pipe that will adversely affect serviceability
should be cause for rejection.

(2) Unloading Precautions.
(a) The same precautions observed when

loading pipe should also be observed while unload-
ing.

(b) PVC pipe may be unloaded from trucks
by sliding over other plastic pipes, but care should
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be taken not to slide the pipe over rough or abrasive
surfaces.

(c) PVC pipe should not be dropped or
thrown off a truck nor should the ends of the pipe
be allowed to dig into the ground after sliding off
a truck.

(1) Pipe stored outside for long periods of time
should be covered to protect it from prolonged ex-
posure to direct or reflected sunlight. The cover
may be canvas or an opaque material as long as
adequate air circulation is provided under the cover
to avoid overheating.

(2) Pipe stored on uneven surfaces may, in time
assume the contour of this uneven surface. This is
accelerated by the weight of the stack and/or by
temperature above 100 F.

(3) PVC pipe at the bottom of a stack may
become out-of-round due to the weight of the ma-
terial above. At moderate temperatures this cor-
rects itself soon after the load is removed while at
low temperatures several hours may be required
for recovery. Caution: Long times or heavy loads
may cause permanent out-of-roundness.

(4) Bundles ofPVC pipe should have the belled
ends or couplings alternated at each end of the bun-
dle and extended beyond the other pipe ends. Al-
ternately, bundles may be constructed in any
manner that does not stress the bells and couplings.

(5) Store single lengths of PVC pipe on a fiat
surface so as to support the barrel evenly. If the
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pipe is to be placed in racks, support the pipe at
least every three feet. Contact areas should be pad-
ded to prevent abrasive damage.

(6) Keep PVC pipe away from hot objects, pipe-
lines, heaters, etc.

d. Loading Transfer Trucks.
(1) Use trucks with long bodies making certain

the truck bed is smooth, without cross-strips, bolt
heads, or other protrusions that could cause dam-
age.

(2) The first layer should allow couplings and
belled ends to overhang the bed with each succes-
sive layer overhanging the layer below. Alter-
nately, bundles may be constructed in any manner
that does not stress the bells and couplings.

(3) Short body trucks may be used if fitted with
racks that properly support the pipe in a horizontal
position.

5-626. Radioactive Material
Many commodities employed by the Federal serv-
ices incorporate a radioisotope (ionizing radiation)
as a functional component. Since ionizing radiation
presents a significant potential hazard, rigid con-
trois are imposed on handling and storage of radio-
active material by Title 10, Code of Federal
Regulations. The controls are stated in a general
way in DLAM 4145.8/AR 700-64/NAVSUPINST
4000.34/AFM 67-8/MC0 P4400.105A Radioactive
Commodities in the D0D Supply System and in
0SHA 1910.96.

Section 7. PACKAGED PETROLEUM PRODUCTS

General
Paragraph.......................................................................... 5-701

Use of drums ................................................................ 5702
Location ......................................................................... 5-703
Standards for storage of 55-gallon drummed petroleum products 5-704
Standards for storage of 5-gallOn military gasoline containers (Blitz) 5-705
Standards for storage of packaged fuels, lubricants and greases 5-706
Storage of empty containers 5-707
Handling procedure .............................................................. 5-708
Quality surveillance .............................................................. 5-709
Inspection ........................................................................ 5-710
Safety measures ................................................................. 5-711

5-701. General the final use. In recognition of these inherent haz-
a. The storage of packaged petroleum fuels and

lubricants (not including special fuel combinations
or guided missile propellants unless specifically
classified in this category) in standard containers
involves nearly all the fire hazards encountered in

ards, minimum safeguards must be established to
avoid serious fires.

b. The procedures and instructions for the stor-
age of packaged petroleum products are contained
in MIL HDBK-201, Petroleum Operations.
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c. Special markings of packaged petroleum prod-
ucts are conatined in MIL STD-290, Packaging,
Packing, and Marking of Petroleum and Related
Products.

d. Application of the appropriate storage prin-
ciples set forth herein is a responsibility of the in-

stallation commander. It is recognized that under
certain local conditions strict adherence to the pre-
scribed storage practices will not be practicable.
The following factors will be evaluated by the in-

stallation commander in consultation with petro-
leum, safety and fire prevention specialists before
deviation from the prescribed practices is author-
ized:

(1) Type of product stored.
(2) Cost.
(3) Type and condition of drums.
(4) Availability of storage space and handling

equipment.
(5) Terrain features.
(6) Climate.
(7) Proximity and type of structures, source of

ignition.
(8) Other pertinent information.

5-702. Use of Drums

a. As a general policy, storage of filled drums
should be held to the absolute minimum needed to
meet ordinary requirements. When bulk facilities
are available, it is safer and more economical to
store empty drums (see para 5-707), provide ade-
quate drum-filling equipment, and store only enough
filled drums to meet immediate requirements while
the filling plant is in process of reaching full capac-
ity, then to store large quantities of filled drums.
Quality surveillance of product is more easily main-
tained in bulk quantities.

b. The practices covered below apply to large
amounts ofdrummed products stored outside build-
ings, not t.o the storage of station supplies presently
accommodated in standard flammable storage
warehouses with the proper installed fire protection
equipment.

5-703. Location

A level site should be selected that is not in or

adjacent to a congested area, with the contour of
terrain being such that an immediate runoff of sur-
face water is possible through a system of open
ditches. DRAINAGE INTO ANY SEWER SYS-
TEM IS PROHIBITED. An area with a cinder

base, marsh, or wasteland overlaid with peat and
usually more or less wet will not be used whenother
terrain is available. Consideration will also be given
to direction of flow with the main outlets so located
that flow is away from a congested area and toward
a harmless area where fire extinguishing agents can
be applied en route or at destination. An adequate
supply of water for fire fighting purposes should be
taken into consideration in the selection ofthis site.
The drum storage area should be located or ar-
ranged so that escaping flammable vapors normally
flow away from operational areas and sources of
ignition. Depressed areas should be avoided be-
cause hazardous vapors tend to remain in them.
Gasoline vapors are heavier-than-air, and tend to
lie in a stratum less than 4 feet above grade and
flow toward lower ground much as liquid flows to
a lower level.

5-704. Standards for Storage of 55-Gallon
Drummed Petroleum Products

a. General. The fire hazard involved in the stor-
age of petroleum products is dependent, to a great
degree, upon the flash point (see para 5-404 and
chap. 2, MIL HDBK-201) of the product and to the
gross amount stored.

b. Covered S$orage. Covered storage will be as
outlined in chapter II of this regulation.

c. Outdoor Storage.
(1) Stwking.

(a) The drums will be placed horizonatally
(on sides) in double rows, but to butt, with closures
(bungs and vents) facing outward. Drum closures
should be placed at the 3 and 9 o’clock positions to
ensure product inside drum will keep gaskets from
drying out. If stored on ends, the drums collect rain
water, which rusts the tops of the containers and
may seep through and contaminate contents. Cor-
rosion and oxidation are also greatly diminished by
laying drums on their sides. The closures are turned
outward to facilitate the detection of leaks and pre-
vent a leaky drum being shipped.

(b) Spacing of rows is necessary to permit
efficient operation of drum handling attachments,
or inspection of drums such as butts and chimes.
Spacing will conform to table 3 of chapter V section
4. Areas of high humidity and salty atmosphere
accelerate corrosion, and drums stored in such
areas will require more frequent inspection than
low humidity areas.

(c) For low flash products the rows of drums
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will not be more than 35 drums long. The drums of
each superimposed tier of drums will be nested be-
tween drums of the supporting tier. The second tier
will contain 34 drums and the third tier 33 drums;
thus, the double row, or unit, will contain a total
of 204 drums.

(d) For high flash products the quantity of
drums in a major storage division can be doubled
either by increasing the number of sections or the
height of the stack to six.

(e) To ensure drums against damage from
rolling, cross blocking every fifth drum will be re-
quired and, in addition, the ends of the bottom tiers
will be braced.

(f) The bottom tier of drums will be placed
on not less than 2 by 6 inches of lumber or other
comparable dunnage running parallel to the length
of the rows.

(2) Palletized stacking. Occasionally drums
may be placed on special drum pallets, which.allow
four 55-gallon drums to be placed on their sides on
each pallet. Pallets will be constructed to prevent
drums from rolling. Stack pallets one over the other
with drum closures toward aisles. No end braces
are necessary for palletized stacks.

(3) Aisles. Aisles should be provided so that no
container is more than 12 feet from an aisle. Main
aisles shall be at least 8 feet wide and side aisles
at least 4 feet wide (OSHA 1910.106).

(4) Physical layout. The physical layout of the
storage area within the limitations specified in this
section will be as prescribed by chapter III, section
3, this regulation.

(5) Dikes (berms).
(a) A recommended procedure for a major

storage area containing products with a flash point
of 80 F or below is to surround such an area by
a dike at least 18 inches high, assuming the terrain
to be practically level. This will prevent burning
liquids from flowing to adjacent divisions, buildings,
storage areas, or waterways. In any case, the dikes
should be sufficient to retain all of the liquid con-
tents of drums stored in the division and provide
for a free board of not less than 6 inches.

(b) Access roads will be provided with ramps
or graded to allow entrance of materials handling
equipment into the diked area.

(c) Drainage will be accomplished by use of
clay or metal pipe of sufficient size placed through
the dike at the lowest point to ensure an immediate
runoff of surface water. The aperture will remain
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cl(s except when it is necessary to remove sur-
face water.

5-705. Standards for Storage of 5-Gallon Mili-
tary Gasoline Containers (Blitz)

a. General. Observe the following precautions
when storing filled containers:

(1) Inspect all containers for leakage. If a con-
tainer shows evidence of leaking, transfer contents
to another suitable container, taking all precautions
to prevent contamination during transfer.

(2) Make sure all containers are properly
marked before stacking. Check date of filling and
store products so that the oldest product can be
issued fLrst.

(3) Visually inspect closures for leakage. Tighten,
if necessary.

b. Stacking.
(1) Pyramidal stacking. To conserve space and

to provide stability ofstacks, filled 5-gallon gasoline
cans should be stacked in pyramids, unless cans are
palletized. (See (2) below for method of stacking
palletized cans.) To stack cans in pyramids, proceed
as follows:

(a) Lay out a 50-foot square.
(b) Build a partial flooring for first tier of

cans by laying out rows of 2- by 6-inch lumber or
other comparable drainage and tying in with wooden
strips or boards. No dunnage is necessary between
tiers.

(c) Beginning at one corner of the square,
place six cans side by side along one side of the
square. Place cans 6 inches from edge of dunnage
and allow V4-inch expansion space between the
cans.

(d) Place a row of six cans side by side, with
backs facing aisle, along adjacent side of square to
form an L.

(e) Place three rows of can within the L.
(f) Place a second tier of cans on top of the

first. Indent the second tier on both sides approx-
imately 3 V8 inches so that each can in the tier rests
on three or four cans.

(g) Flace a tmrd and fourth tier on the stack,
indent each tier as described in (f) above. Do not
stack cans more than four tiers high.

(h) Continue building the pyramid outward
until the entire 50-foot square is completed. Turn
cans at the end of each row so that backs of all
outside cans in a pyramid face aisle. The first tier
should contain 3,528 cans, the second tier 3,403

5-144



15 September 1979

cans, the third tier 3,280 cans, and the fourth tier
3,159 cans, totaling 13,370 cans in the section.

(2) Vertical stacking. Filled 5-gallon cans may
be stacked vertically when cans are palletized and
forklift trucks or cranes are used. To stack palle-
tized cans vertically, proceed as follows:

(a) Lay out 50-foot-square sections; if nec-
essary, adjust size of section to accommodate a def-
inite number of pallets. It is not necessary to
construct a floor for the containers; however, a suit-
able foundation material should be used.

(b) Place cans upright on pallet and group
them close together allowing an even borderaround
pallet. Terrain and equipment limitations must gov-
ern the number of tiers of cans on pallets. Size of
the pallet will determine the number of cans to be
included in the tiers.

(c) Start at one corner of the section and
place several pallets of containers along adjacent
sides of the section. Pallets should be as close to-
gether as possible.

(d) Place additional pallets of containers di-
rectly over the first tier until the desired number
of tiers is reached. Palletized cans may be stacked
higher than single cans, but available handling
equipment and stability of stacks must determine
the number of tiers.

(e) Continue building stacks until the section
is completed. Each stack must be completed to the
desired height before the next stack is begun to
avoid obstructing the range of the truck or crane.

5-706. Standards for Storage of Packaged Fuels,
Lubricants and Greases

a. Covered storage.
(1) General. All packaged lubricants and greases

should be under covered storage, wherever possi-
ble. See section 1, chapter II, this regulation, re-

garding types of facilities and section 6, chapter V
for details in storage of lubricating oils, greases,
and paints. Packaging fuels, paint thinner and other
low flash products may be stored in buildings pro-
vided adequate dispersion and ventilation are ob-
tained and the buildings which are used meet the
requirements of the current edition of Flammable
Liquids Code No. 30 published by National Fire
Protection Association, 470 Atlantic Avenue, Bos-
ton, MA 02110.

(2) Stacking containers. Layout of sections and
stacking height depend upon warehouse design,
availahle storage space, load capacity of floor, and

DOD 4145.19-R-1

available materials handling equipment. The pri-
mary objective in the arrangement of containers is
to store the maximum quantity of products in a
limited space while maintaining fire control and
providing ease and safety in handling the con-
tainers.

(3) Safety precautions.
(a) Uncased containers’ exteriors will be free

of grease and oil before being placed in storage.
(b) Follow inspection procedures described

in c(1) below.
(c) Additional safety information is to be

found in chapter VI.
b. Outdoor storage.

(1) General. Although packaged lubricating oils
and greases are normally stored under cover, they
may be stored outdoors when storage buildings are
unavailable and containers are protected from
water and heat of sun by fire retardant tarpaulins.
The stacking area should be laid out to provide for
segregation of products into sections. The lubri-
cants may be stacked on pallets or adequate dun-
nage.

(2) Precautions. Observe precautions de-
scribed in paragraph 5-705.

(3) Methods of stacking. Place necessary dun-
nage between ground and first tier, and stack con-
tainers as follows:

(a) Stack uncovered cylindrical 5-gallon oil
cans in an inverted position, with closures on the
bottom. Cans may be stacked vertically or in pyr-
amids (para 5-705).-- (b) Stack 55-gallon drums as described in
paragarph 5-704.

(c) Stack all containers other than 55-gallon
drums upright.

(d) When containers are packed in cases,
stack cases on pallets or adequate dunnage.

c. Inspection.
(1) Inspect stacks periodically for evidence of

leakage, abnormal swelling or corrosion of con-
tainers, and for stability of stacks. If leakage is
apparent, locate leaking containers and remove
from the stack immediately. See that all containers
requiring shelter are properly covered with fire re-
tardant tarpaulins or other suitable materials and
adequate ventilation provided.

(2) Examine markings frequently to see that
they are legible. If illegible and it is economically
feasible to identify the contents of the container,
obliterated markings should be restored.
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5-707. Storage of Empty Containers

a. General. Empty containers may be stored in
open storage. These containers will be protected
from mechanical damage and from contamination
of interiors by dirt, water, and other extraneous
matter. Tightly closed containers will retard inte-
rior corrosion to a great degree. New or recondi-
tioned containers received for storage will have no
product markings thereon. These containers re-
quire inspection periodically to ensure their usa-
bility at all times. Containers evidencing interior
or exterior corrosion should be removed for recla-
mation. Empty containers previously containing
products should be treated as explosion hazards and
handled accordingly piror to reconditioning. Clo-
sures should be tightly closed as an open bung or
vent emits hazardous vapors for some time after
removal of product. Uneconomically reparable con-
tainers will be salvaged.

b. Stacking empty 55-gallon drums. Normally,
empty drums will be stacked in the same manner
as filled drums or by the method prescribed by each
military service.

c. Stacking empty 5-gallon cans. Empty 5-gallon
gasoline cans may be stacked by either method de-
scribed in paragraph 5-705 without regard to
height. Occasionally, empty 5-gallon gasoline cans
are strapped side by side in groups of five. Those
groups may be placed on pallets with cans resting
on their bases or their sides. Cans strapped into
groups may be stacked vertically without the use
of pallets; but dunnage must always be used be-
tween the bottom tier and the ground, and con-
tainers should not be stacked so high as containers
stacked by othermethods, unless shoring is placed
at ends ofeach row to prevent stacks from slipping.
Filler plugs must be tightened before cans are
stacked.

5-708. Handling Procedure.

a. General. Personnel charged with the responsi-
bility of loading, unloading, and storage of filled
containers will instruct workmen as to the proper
method of handling. Tearing down a pile by push-
ing, pulling, manually or by the use of powered
ground equipment or dropping a container from
either a pile or load will not be permitted. When
skids are used to ease or expedite unloading, the
container will be slid down with the plain end first.
Care should be exercised to see that a container is
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not allowed to strike against another because of
possible damage and the creation of a percussion
spark which might result in an immediate fire.

b. Handling equipment. When storing petroleum
products, the types and quantities of handling
equipment is determined by the quantity of product
stored, location and arrangement of storage areas,
and the height to which drums may be stacked.
Typical equipment used in storing petroleum drums
include-

(l) Forklift trucks (see OSHA CFR 29
1910.178(b)).

(2) Skids.
(3) Cranes.
(4) A-frames.
(5) Conveyors.
(6) Empty drum track.

c. Drums handling attachments, forklift truck.
(1) Standard types of attachments. The stand-

ard types of attachments used with forklift trucks
for the handling and storing of commodities in 55-
gallon drums are shown in section 2, chapter IV.

(2) Construction of attachments. The drum
handling attachments for use with forkt trucks
will be constructed in accordance with current Mil-
itary Specification MIL-D-11303. The attach-
merits, when constructed to this specification, will
incorporate the basic operating and safety features
necessary for efficient handling of drummed liquids
or semiliquids in 55-gallon drums by supply facili-
ties.

(3) Utilization. The drum handling attachment
is used for placing 55-gallon drums into or removing
from storage. The drums will be picked up from the
horizontal position (drums placed on sides). The
drums are transported to and from shipping or haul-
ing vehicles by the forklift truck in combination with
the attachments when the distances are approxi-
mately 400 feet; or are placed on large warehouse
trailers for transporting between carriers and stor-
age location when distances are greater than 400
feet.

5-709. Quality Surveillance

a. Quality surveillance as used herein is the ag-
gregate of measures to be applied to maintain the
quality of petroleum products in order that these
products may be in a condition suitable for imme-
diate use. The petroleum industry and the military
procurement activities make every effort to provide
clean and on-specification products. A vigilant qual-
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ity surveillance program is necessary to ensure the

supply of clean and on-specification products to the

using field units. Good housekeeping practices will
ensure order and cleanliness, as well as promote
safety.

b. Many things can happen to petroleum products
to affect their quality and performance value after
delivery and during their handling, storage, and
dispensing in the depot. For example, careless han-

dling, contamination, exposure to abnormal tem-

peratures, confusion of markings or inefficient
control of stock can cause leakage and spoilage, re-

sulting in damage to, and excessive maintenance of

equipment.
c. Water is a common source of contamination

which can render petroleum products useless for

service. Many petroleum products contain various

types of additives and the seepage ofwater into the
containers may remove these additives or cause
emulsions. The use of such products may result in

damage to equipment. Water contamination may
result from rough handling, or from improper ap-
plication of plugs and gaskets, which permits
breathing and subsequent condensation of water

vapor. Storage of drums on their sides with proper
blocking and shoring will avoid the trapping of

water on the heads within the chimes.
d. Packaged products opened for "spot" checking

or quality surveillance tests should be consumed as

soon as possible. When this cannot be done, the
container should be reclosed tightly and marked as

iaving been previously opened.
e. Inefficient supply control of products in a depot

can result in spoilage and loss. The practice of "first

in--first out" will reduce spoilage caused by long
storage. Check date of filling and store products so

that the oldest is issued first.

5-710. Inspection

All filled drums will be carefully inspected for con-
dition and proper marking before being put in the
storage area. During initial storage of filled drums,
semiweekly inspection for leakers will be made of
stored drums. After group storage has been com-
pleted, periodic inspection should be adequate un-
der normal conditions. If a drum leaks at the
closure, it should be tightened, and the gasket re-

placed if necessary. Drums which show signs of
leakage or excessive corrosion or appear otherwise
unfit for storage will be removed immediately from

DOD 4145.19-R-1

the area and the contents transferred to satisfac-
tory containers.

5-711. Safety Measures

a. General. Instructions relative to safety meas-
ures and fire protection are covered in chapter VI.

b. Cause of petroleum fires. Fires in packaged
petroleum storage areas may be caused by the fol-
lowing:

(1) Sparks and open.flames can produce explo-
sions and subsequent fires in flammable vapors.

(2) Static electricity can be generated by the
passage of fluid through a hose, by agitation of a

fluid in a container, by the movement of a truck
over the highway and by other means. In the pres-
ence of readily falmmable vapors, such an electrical
charge constitutes a definite hazard.

(3) Lightning discharge frequently causes pe-
troleum fires.

(4) Leaks not only waste product but also con-

stitute fire hazards.
(5) Smoking is a common hazard and will not

be tolerated in petroleum storage areas.
c. Fire plan.

(1) Every petroleum storage area will have a

definite fire plan, with regulations on fire preven-
tion and instructions on fire fighting.

(2) All personnel handling petroleum will be
made conscious of the constant danger from fires

and of the precautions required.
(3) Proper equipment for fighting fires must be

provided in accordance with section II, chapter 7,
MIL-HDBK-201.

(4) Clearance. The distance from filled drum
storage tostructures, drum filling plants, opera-
tional buildings, and sources of ignition must not
be less than 500 feet for low flash products and 200
feet for high flash products. Storage areas for
drummed petroleum products must be far enough
away from overhead electric lines so that no part
of a broken wire can fall upon the drums.

(5) Arrestors. Flame and spark arrestors must
be provided for all equipment within and adjacent
to drum storage areas containing filled drums.

(6) Electrical equipment. All electrical equip-
ment and installations in drum storage areas con-
raining petroleum products and within 10 feet of
grade must be in accordance with requirements out-
lined in the current edition of the National Fire
Protection Association Codes, volume 5, class 1,
division 2, National Electric Code.
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(7) Vegetation. Vegetation must be eliminated
in outside drum storage areas, and must be kept
short on dikes (berms) by frequent cutting. All cut-
tings or dry vegetation must be removed immedi-
ately. A strip 50 feet wide around the outside of the
storage area must be free of vegetation and com-
bustible material.

(8) Drainage. The drainage system for remov-
ing surface water from the storage area must be
provided with a means of retaining and removing
any petroleum product that may leak into the area.

(9) Access roads. All-weather access roads
should be provided either outside or on the dike,

to include the drummed storage groups. Access
roads will be provided with ramps or graded to
allow entrance ofmaterials handling equipment into
the diked areas.

(10) Portable explosion proofextension lights.
The portable explosion proof extension light, con-
structed in accordance with Military Sepcification
MIL-L-83762 (USAF), will be utilized in the in-
spection of interiors of empty or partially filled
drums or any drums, cans, fuel cells, and other
containers having contained or containing liquids
or semiliquids which could result in the presence of
explosive vapors therein.

Section 8. METAL PRODUCTS
Pin.graph

General 5-801
Item identification 5-802
Storage space 5-803
Storage aids 5-804
Handling equipment 5-805
Handling methods 5-806
Safety 5-807
Preservation 5-808

5-801. General

The importance of metal to the Department of De-
fense requires that storage and materials handling
methods used will result in metal products being
maintained in a ready-for-issue condition at all
times. This section establishes standard methods
for the storage and handling of metal products such
as pipe, bars, steel beams, strip and sheet metal
and armor plate. In establishing these methods, it
is realized that in some instances, circumstances
will determine the method used. The methods and
practices outlined herein provide effective means
of storing large quantities of metal in a safe acces-
sible manner, permit maximum utilization of stor-
age space with a minimum expediture ofmanpower,
but do not preclude variances and/or substitutions
peculiar to a specific problem area or condition.

5-802. Item identification

Identification of metal products in accordance with
current directives of the military services con-
cerned must be maintained to facilitate receipts,
issues and inventory. Proper identification is nec-
essary to minimize losses or the expense incurred
when physical and chemical analysis is necessary
for re-identification when identity of the metal has

been lost. It is also essential for the effective uti-
lization of metal products.

5-803. Storage Space
a. Warehouse space. Installations having ware-

houses equipped with overhead bridge cranes should
utilize such facilities for the loading, unloading, and
handling ofheavy or large quantities of metal prod-
ucts. In the absence of such warehouses conven-
tional warehouses and standard forklift equipment
should be used for the storage of metal products.
Appropriate metal storage racks should be utilized
to the maximum extent practicable in order tomake
full use of cubic storage space.

b. Shed space. Shed storage of metal products
will provide protection against rain, snow, and sun.
However, this type of metal storage is generally
limited to the storage of lightweight products such
as pipe, tubing, and angles that can be normally
handled by hand. Use of pigeonhole type racks and/
or horizontal dunnage in these sheds permits max-
imum utilization of cubic storage while maintaining
accessibility.

c. Open space. Open area surfaces utilized for the
storage of metal products will have sufficient bear-
ing strength to support the materials to be stored
at the height desired. Advance planning is a prime
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requisite for effective utilization of open storage

space for metal products.

5-804. Storage Aids

a. Dunnage. Dunnage is particularly important for
the storage of metal products. Dunnage provides
clearance for forks ofthe fork truck and allows crane
hooks or slings to be placed underneath a load. Ad-
ditionally, dunnage is used to stabilize stacks and
keep the metal off the floor or ground or separated
from other contaminating materials or objects. The
storage ofheavy metal products on inadequate dun-
nage could result in stacks collapsing when ground
softens due to thawing, or errosion. Also stacks
may collapse on surfaces such as asphalt when the
surface softens due to hot weather. Wooden, ma-

sonry, or concrete dunnage, as appropriate, should
be used as beaming surfaces or for pile stabilization.

b. Pallets. Pallets are utilized for the storage of
small metal products such as welding rods, tin, and
lead solder.

c. Storage racks for metal products.
(1) The following types of racks are utilized for

the storage of bar, pipe, tubing, angles, and other
elongated types of metal products:

(a) Fixed pigeonhole type (fig. 5-57).
(b) Nesting type with automatic grab hook

attachment (fig. 5-58).
(c) Tree frame racks (fig. 5-59).
(d) Lightweight sheet or strip racks (fig. 5-

60).
(e) Concrete forms, timber foundations with

special fittings, and uprights imbedded in concrete
(fig. 5-61).

(2) Selection of the appropriate rack depends
upon the quantity, weight, and issue requirements
of the items to be stored.

5-805. Handling Equipment

a. Selection of the proper equipment depends
upon the size, quantity and weight of the material,
type of storage, and the distance material must be

transported.
b. Examples of handling devices, gear and equip-

ment used for the effective handling of metal prod
ucts are as follows:

(1) Swivel bolsters mounted on warehouse

trailers and trailers hooked in tandem.
(2) Tree frame racks mounted on warehouse

trailers (fig. 5-62).

Figure 5--57. Pigeonhole type metal storage racks.

(3) Dollies equipped with cradles or frames (fig.
5-63).

(4) Automatic grab hooks and spreader beams
(fig. 5-64).

(5) Overhead bridge cranes, warehouses cranes
and forklift trucks (used in covered storage areas).

(6) Locomotive, mobile, gantry and warehouse
cranes or forklift trucks (used in open storage
areas).
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Figure 5-58. Nesting type rack with automatic grab hook attachment.

Figure 5-59. Tree frame rack.
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Figure 5-60.. Lightweight sheet or strip racks.
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Figure 5-61. Storage of heavy plate and structural shapes.
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Figure 5-62. Tree frame racks mounted on warehouse trailer.
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Figure 5-63. Dolly equipped with cradle.

Figure 5-64. Automatic grab hook and spreader beam.
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Figure 5-65.

(7) Truck, straddle carry used in conjunction
with platforms or racks (fig. 5-65).

(8) Tractor trailer trains, rail cars, trucks and
trailers.

(9) Hooks, shackles, slings, clamps, plate grabs
and tongs.

5-806. Handling Methods

The methods outlined and illustrated herein are
representative of several types currently approved
for use by the military services. However, this does
not preclude the continuous use or adoption of new
storage and handling methods that will produce
equal or better results in a more economical or fea-
sible manner.

a. Bar stock, angles, pipe, tubing, and other sim-
ilar types of elongated metal products.

(1) Replenishments and issues in and out of
pigeonhole type racks are usually hand operations;
however, dollies equipped with cradles or frames
may be used as a handling aid in servicing this type

Truck, straddle carry.

rack. Also cranes may be used for the movement
of heavy items on top of the racks. When sufficient
room is not available on top of the racks, or when
the use of cranes is not practical, the heavier items
should be stored in the extreme lower openings of
the racks to facilitate handling (fig. 5-66). Gener-
ally, movement of this type of material, other than
in and out of racks, is accomplished by crane, side
carrying fork truck, truck, straddle carrying, swivel
bolsters mounted on warehouse trailers and trailers
hooked in tandem, tree frame racks mounted on
warehouse trailers, dollies with cradles or/rames,
or any other combination of such equipment as ap-
propriate.

(2) The use of nesting type metal storage racks
equipped for use with the automatic grab hook and
spreader bar is limited to areas where equipment
such as overhead or mobile cranes can be utilized
(figs. 5-67, 5-68 and 5-69). Materials may be loaded
or unloaded directly from the racks, open rail cars,
or trucks. Each rack is a separate unit that will nest
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Figure 5-66. Storage of materials in pigeonhole type
racks.

securely and safely on top of the rack beneath. Care
should be exercised when loading the nesting type
racks to ensure that the material is "weight cen-
tered" lengthwise in the racks. This will improve
the safety factor and reduce the swaying ofthe load
when hoisted.

(3) Heavy items and large quantities of bar,
pipe, and tubing stock may be stored in warehouses,
sheds, or open areas. Materials received in bundles,
crates, or other type unit loads will be stored in the
unit as received, whenever practical. Dunnage
should be placed between each layer of material
when stacked and, where necessary, binding cleats
or stops will be secured at each end of the dunnage
to prevent shifting or rolling of materials (figs. 5-
70, 5-71, and 5-72). Stacking height will be gov-
erned by safety factors, floor load limits, and types
of handling equipment utilized. Handling materials
in this type of storage may be accomplished by fork
trucks or cranes with appropriate accessory de-
vices, such as bridles, straps, clamps, or hooks.

Figure 5-67. Combination of crane, automatic grab
hook, spreader bar, and nesting rack.

b. Quantities of small metal products which are
issued often, such as drill rod, welding rod, and
shim metal, should be stored in pallet racks or bins
(fig. 5-73).

c. Strip and sheet metal products should be pro-
vided covered storage space when possible. Retail
issue quantities are stored in special types of stor-
age racks designed to meet local requirements (fig.
5-60). Handling of these in and out of the racks is
normally a hand operation. Appropriate materials
handling/transporting equipment is used for other
movement. Unit loads (strapped bundles or crates)
are block stored on appropriate dunnage to facili-
tate handling. When covered storage is not avail-
able, open storage may be utilized if adequate
protection for deterioration is provided (fig. 5-74).

d. Heavy plate and other heavy metal sheets may
be stored in covered or open storage depending on
space availability and handling facilities. Usually,
these items are stored between uprights imbedded
in concrete stringer type footings (fig. 5-61). When
storage of heavy plate or sheets is utilized, hori-
zontal dunnage will be placed between each layer
of material to facilitate handling and to assure a
level stack (fig. 5-75). Handling is accomplished by
crane with appropriate handling gear such as
clamps, slings, and straps.

e. Special metal shapes and structural steel, such
as angles, beams, and channels, may be stored in
the same manner as metal bars, pipe, or tubing.
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Figure 5-68. Crane handling loaded rack.
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Figure 5-69. Crane positioning rack into storage.
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Figure 5-70. Fork truck operation in open storage.
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Figure 5-71. Open Storage area.

Heavy items or large quantities are normally stored
in open space on dunnage and will be adjacent to
rail or truck loading/unloading facilities (figs. 5-76,
5-77, and 5-78). Handling equipment and proce-
dures employed will be substantially the same as
for other similar types of elongated metal products.

5-807. Safety

Due to the weight, size, shape, handling and trans-
portation requirements peculiar to metal products,
safety must be given prime consideration. Appro-
priate safety precautions of chapter VI, this regu-
lation, and of the military service concerned will be
carried out with emphasis on the following:

a. Authorized safety toe footwear will be worn
by personnel.

b. Metal studded leather palm gloves should be
worn when handling metal as a protection against
cuts from sharp edges.

c. Standard hand signals will be used when di-
recting lifting, lowering or movement of materials.
Such signals will be given by only one person in an
area regardless of the number of personnel engaged
in the operation.

d. Supervisors should assure that all personnel
engaged in physical lifting have been instructed in
the proper techniques.

15 September 1979

-!

Figure 5-72. Storage of odd shapes.

e. Precautions should be taken to prevent over-
loading of handling equipment.

fi Special materials handling equipment attach-
ments will not be used without prior approval of
the military service concerned.

g. Rail cars, trailers, and trucks will be properly
braked and blocked to prevent movement during
loading and unloading operations.

h. Floor load limitations must not be exceeded.

5-808. Preservation

Preservation of metal products will be conducted
in accordance with current directions of the re-
spective military service. In the absence of specific
instructions, MIL-STD-163 establishes the basic
requirement for the preservation of steel products.
MIL-HDBK-721, Corrosion and Corrosion Protec-
tion of Metals, provides useful data for prevention
ofcorrosion. Condensation of atmospheric moisture
on metal surfaces is a common cause of corrosion.
It is not necessary for bare metal surfaces to be
exposed for corrosion reaction to take place. Non-
waterproof coatings, wrappings, and such can ab-
sorb sufficient moisture to support a corrosive
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Figure 5-73. Storage in pallet racks.
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Figure 5-74. Strapped bundles of steel in open storage.

Figure 5-75. Use of horizontal dunnage in fiat storage
Figure 5-76. Open storage of metal shapes.
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Figure 5-77. Storage of large and heavy items.

Figure 5-78. Open storage adjacent to rails.
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reaction. The prime causes of corrosion are the na-
ture of the materials and unfavorable storage en-
vironments. Metal products are more susceptible
to corrosion in areas having higher relative humid-
ity than in dry, arid areas. Metal with a polished
surface should always be handled with gloved hands
to protect the metal from acid stains caused by per-
spiration. When preservatives are to be applied to
metal products, the surface to be coated will be dry,

15 September 1979

clean, and free from mill scale, dirt, and corrosion.
It is essential that materials which have been
treated with a preservative are not unduly handled,
especially during the setting of the coating. Sched-
uled surveillance inspections are required to eval-
uate the continuous effectiveness ofthe preservative.
Metal products stored in open areas for long periods
of time may require repeated application of pre-
servative.

Section 9. CABLE STORAGE AND HANDLING

Paragraph
General 5-901
Storage 5-902
Handling of cable 5-903
Cable rereeling 5-904
Protection of cable ends 5-905

5-901. General

Cable and wire products are wound on spools and
reels to facilitate storage and handling. Spools con-
taining wire range in diameter up to 12 inches and
the weight usually does not exceed 25 pounds. Reels
will range in diameter from 12 inches up to 108
inches, and in weight from about 50 pounds up to
approximately 5 tons. This wide range of weight
and cube necessitates the use of careful storage and
handling practices.

5-902. Storage

a. Cable should be stored indoors in a cool dry
location. When indoor storage is not possible, lead
covered, jute-protected, and tape armored cables
may be stored in an open shed or in the open, pro-
vided the cable and cable reel are protected against
moisture absorption from the ground. This can be
accomplished by placing the reels on a raised plat-
form or on planks which will provide air circulation
under the reels. Cable will not be stored in close
proximity to oils, acids, or chemicals.

b. Because most heavy or large diameter cable
is wound on the reel with few layers (normally five
to eight), but with the number of turns three to
four times the number of layers, it is best to store
a loaded reel in the vertical position, so that the
inner layer on the top of the barrel will have the
weight of only four to seven layers on top of it. If
the same reel were stored on the side (horizontal)
position, the cable turn next to the bottom flange

would be subjected to the weight of all turns above
it and be more susceptible to damage.

c. Quantities of cable with the samstock number
may be pyramided as shown in figure 5-79. The
storage area should have crane service available to
facilitate the storage and issue of reels. Storage
areas with low ceilings should be utilized to the
greatest extent possible for vertical storage of sin-.
gie lot items to reduce the loss of cube space.

d. Small reels, less than 36 inches in diameter,
of electrical or wire cable on reels without wood
lagging may be stored horizontally but they should
be handled carefully, especially when being tiered.

(1) Dunnage required for horizontal storage is
usually 3 by 3 inches and of sufficient length to
adequately support the reel of cable being stored
(fig. 5-80). However, dunnage thickness require-
ments will be determined to a great extent by the
weight of the reels being stored and the distance
the hub assembly protrudes from the reel flange
surface. Sufficient space must be maintained be-
tween reels to permit the entrance of the forks of
materials handling equipment. Two parallel pieces
of dunnage should extend completely across each
reel in the stack and between the base reel and the
floor. The dunnage should be placed vertically in
line in order to distribute the weight of superim-
posed reels over as much ofthe surface of the lower
reels as possible, thereby providing maximum stack
s.tability.
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Figure 5-79. Pyramid stacking of cable reels.

(2) Many small reels ofcable and wire products,
due to their size, should be stored in bin or pallet
racks. This is especially true of small spools of wire
or small lot quantities of cable or wire which are
received in cartons or coil quantities. Generally,
these items will be located in the bin issue area and
the back-up stock stored in pallet racks.

5-903. Handling of Cable

a. Cable reels are usually well constructed and
capable of withstanding considerable abuse. How-
ever, serious damage can be incurred through im-
proper handling. It is therefore necessary that care

be exercised in the movement and handling to avoid
damage to the reel or its contents.

b. When handling cable reels by crane, a spreader
bar should be used to prevent the sling from crush-
ing the reel (fig. 5-81). Unless reels are handled with
a spreader bar, the inward thrust of the sling may
severely damage the reel flange and cable. There-
fore, activities storing and handling cable on reels
should provide spreader bars for use in crane han-
dling operations. Slings should be attached to a bar
running through the hub of the cable reel and not
by placing the sling over the lagging around the
circumference of the reel. Placing the sling around
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Figur 5-80. Small cable reels properly dunnaged for safe efficient stacking,
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Figure 5-81. Handling cable reels by crane with

spreader bar.

the circumference of the reel may result in damage
to lagging and cable and require extensive repairs.

c. The fork truck is commonly utilized in the stor-
age and handling ofcable, especially where the reels
are stored on their side. When handling reels with
a fork truck, a crane should be used to place reels
in a horizontal position. Reels should not be tipped
and allowed to fall to a horizontal position, as the
impact may damage the reel or cable. To further
facilitate storage operations, it is good practice to
place on each reel, prior to being stored, necessary
dunnage to support the reel of cable to be super-
imposed on the stack.

5-904. Cable Rereeling

At most military activities, cable rereeling is not
required to the extent that special reeling equip-
ment is necessary. Most storage activities issue

only full reel quantities of cable. There is, however,
a demand for less than full reel quantities at some

activities where cable is issued for use. Reeling of
all types of cable is required to fill retail quantity
requirements. Activities which are required to is-
sue electric cable in retail lots should provide per-
sonnel with cable reeling equipment, which will
permit economical and safe operation.

a. Basic factors to determine need of cable re-
reeling equipment.

(1) Cost of equipment.
(2) Availability of empty reels.
(3) Cost of additional manhours required.
(4) Savings of manhours when making issues.
(5) Number of less than full reel issues.

b. Methods and equipment.
(1) Reeling equipment required. The reeling

equipment required should be determined by the
quantity of cable issued in less than full reel quan-
tities. At activities where small quantity issues are
infrequent, hand reeling equipment as shown in fig-
ure 5-82, should be utilized. However, iflarge quan-
tities of less than full reel quantity issues are made,
powered reeling equipment will be more economi-
cal.

(2) Cable reeling dispenser. Two methods of
supporting the full cable reel during reeling oper-
ations which have proven very satisfactory are:

(a) To support the reel from which the cable
is to be removed on a horizontal roller bearing sup-
port turntable (fig. 5-83).

(b) To insert a shaft through the axis of the
reel and support the shaft with cable reel jacks (fig.
5-84).

c. Measuring device. A measuring device should
be utilized in all rereeling operations. This device
should be located between the reeling equipment
and reel dispenser and so positioned that the foot-
age indicator for cable transferred between reels
can be easily seen by the operator (fig. 5-82).

d. Cable cutter. Cable cutting devices should be
utilized for cutting cable. Multicircuit cable should
be cut with circular cutters only. Straight shearing
action cutters distort the ends of the circuit wires

within the sheathing and make splicing or use of
the cable difficult.

5-905. Protection of Cable Ends

When cut, certain types of cable will absorb mois-
ture from the atmosphere or other sources render-
ing the cable useless for the purpose intended. It
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Figure 5-82. Hand operated cable reeling unit and measuring device.

Figure 5--83. Cable dispensing turntable.

Figure 5-84. Cable dispensing bar and jacks.

is mandatory, therefore, that immediately follow-
ing cutting of this type of electrical cable, each of
the severed ends must be sealed in accordance with

Military Specification MIL-C-12000. Cable which
has not been end-wrapped after cutting must be
checked for moisture penetration prior to issuing.
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CHAPTER 6

SAFETY

Paragraph

Policy 6-101
Accident costs 6-102
Training personnel to avoid accidents 6-103
Accident prevention program 6-104
Safety equipment and clothing 6-105

F.ire protection 6-106
Fire suppression equipment (portable fire extinguishers) 6-107
Housekeeping as related to general storage 6-108
Rules for safe storage 6-109
Size of storage blocks, clearances, heights, and limitations 6-110
Signs and color code markings, in relation to safety in storage 6-111
Safety practices for powered materials handling equipment 6-112
Safety practices for nonpowered materials handling equipment 6-113
Manual handling 6-114
Safety in loading and unloading railroad cars/trucks and trailers 6-115
Buildings and physical equipment 6-116
Flammable materials 6-117
Poisonous, toxic and radioactive materials 6-118
Corrosive materials 6-119
Certain other hazardous commodities 6-120
Safety in acid storage 6-121
Petroleum products---safety precautions 6-122
Safety precautions for solid fuels in storage 6-123
Lumber yard--fire precautions 6-124
Strategic and critical material 6-125

6-101. Policy

a. Provisions of this chapter apply to general in-
dustrial and operational safety for storage and han-
dling of military supplies.

(1) Occupational safety and health require-
ments set forth in this regulation are based in part
on the DOD occupational safety and health stand-
ards established by DOD instruction 6055.1.

(2) Selected Department of Labor (OSHA)
standards are cited in this regulation as a ready
reference.

(3) Specific safety requirements for storage and
handling of ammunition and explosives are estab-
fished by DOD standards and military service di-
rectives,

(4) In the event of a conflict between the re-

quirements set forth in this regulation and a specific
OSHA standard, the issue will be referred to com-
ponent headquarters for resolution.

b. A safety program will be established for stor-
age operations at major supply installations and
separate storage activities in the continental United
States and overseas. Safety will be included in and
made an integral part of storage operations. It is
the responsibility of each official in charge of stor-
age at these installations to institute a suitable pro-
gram, ut.ilizing the technical services of the
installation safety director or safety engineer in all
matters dealing with accident prevention. Installa-
tions and separate storage activities commanders
will take steps to assure that the accident preven-
tion program in storage operations is effectively
enforced at all levels of supervision under their ju-
risdiction.

6-102. Accident Costs
a. Manhours. Accidents involving personnel can

have an adverse effect on productive manhours and
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planned production schedules. Productive man-
hours lost through accidents cannot normally be
recouped immediately since replacement personnel,
or required skills, are not readily available.

b. Damaged or destroyed material. When mate-
rial is damaged or destroyed by accident, costs are
incurred to accomplish necessary repairs and/or re-
placement of material. Other consequences include
production delays and a possible shortage of critical
material.

6-103. Training Personnel to Avoid Accidents

a. Safety knowledge and training. Operating per-
sonnel must be given proper instruction and train-
ing concerning potential dangers associated with
their daily tasks. An awareness of apparent or po-
tential dangers and training to avoid such hazards
will assist in reducing accidents while performing
normal tasks.

b. Knowledge of hazardous material. Certain
items, such as explosives, flammable material,
chemicals, acids, etc., obviously require more care
and attention than other items. The characteristics
of the material being stored or handled dictate the
care and attention necessary to avoid risks and po-
tential hazards. Personnel handling hazardous ma-
terial must possess a knowledge of all potential
hazards concerning the commodities under their
control.

c. Knowledge of equipment.
(1) Design. Equipment is generally designed

to perform a specific function. For example, MHE
will safely handle a specified maximum load, travel
at a maximum, speed, ascend or descend a maxi-
mum grade, and operate safely under specified con-
ditions. A potential hazard can be created when
equipment is selected for use in operations beyond
the rated capacity or for other than the purpose
designated.

(2) Use. Equipment must be used only for the
purpose for which designed. For example, use of
electric powered spark enclosed equipment is re-
quired when handling flammable gases. All equip-
ment must be checked to determine suitability for
the task and if any doubt exists as to suitability,
qualified personnel must be consulted.

(3) Special attachments. In areas where flam-
mable materials are stored and handled, the use of
spark enclosed equipment and special attachments
thereto will reduce operating hazards. When front
end attachments are used which are not factory

installed, the user shall request that the truck be
marked to identify the attachment and show the
approximate weight of the truck and attachment
combination at maximum load elevation with load
laterally centered.

(4) Maintenance. Equipment which is not in
proper operating condition constitutes a hazard.
Operator will not operate equipment that appears
to be mechanically unsafe. They will not attempt
to repair such equipment but will report unsafe
equipment to their supervisor for appropriate cor-
rective action or replacement.

d. Methods. Personnel will be trained in the
proper methods of operating equipment. Training
information or programs may be found in chapter
IV, section .5 of this regulation or in the National
Safety Council Drivers Training Course.

e. Layout. Familiarity of the storage layout or
area is an important factor for the prevention of
accidents. The following conditions must be consid-
ered:

(1) D/stance. The greater the distance trav-
eled, the greater the potential for accidents.

(2) Terrain. The rougher the terrain the greater
potential for accidents.

(3) Elevation changes. Changes in elevation
can constitute a hazard. Elevation changes can in-
volve .extra handling and increase the potential for
accidents.

(4) Aisles. Narrow aisles, turns and jogs in
aisles, bumps or protruding objects constitute haz-
ardso

6-104. Accident Prevention Program

a. Analysis ofoperation. Each physical operation
will be analyzed by supervisory or safety personnel
to predetermine inherent and manmade hazards.
Operating procedures will then be developed which
either remove or control the hazards identified.
Methods of control include substitution with safer
equipment or procedures, isolation of hazardous
operations, mechanical guarding, redesign of facil-
ity and/or equipment layout, and others. Installa-
tion safety specialists can be of great assistance in
developing hazard controls to satisfy specific safety
requirements.

b. Training ofpersonnel. At each facility, safety
training programs will be developed for supervisors
and employees. Formal safety training, fire pre-
vention training, or other required instruction will
be performed by supervisors with assistance from
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installation safety, fire prevention, and health ac-
tivities.

c. Reports. All accidents will be investigated and
reported in accordance with existing procedures of
the appropriate military department.

6-105. Safety Equipment and Clothing

a. Use. When a hazard still exists after all prac-
tical control methods have been taken, workers
must be given further protection through protective
equipment or clothing. The type of equipment and/
or clothing required will depend upon the nature of
the hazards involved. This equipment will not be
used as a substitute for the elimination or control
of unsafe acts and conditions, but rather as a sup-
plemental safety measure.

b. Types ofprotective clothing and equipment.
(1) Synthetic rubber gloves. Synthetic rubber

gloves will be worn for protection when handling
ordinary commercial concentrations of harmful
chemicals, petroleum products, or chlorinated sol-
vents.

(2) Natural rdbber gloves. Natural rubber
gloves will be worn for protection when handling
high concentrations of acids and alkalis, organic sol-
vents, and other chemicals which are highly toxic
or corrosive or which probably will injure the skin
or induce dermatitis. Natural rubber gloves will not
be used for protection against petroleum products
and chlorinated solvents.

(3) General purpose workmen’s gloves. When per-
forming general labor work and when sharp or
rough material is being handled general purpose
workmen’s gloves will be worn for portection of
hands from cuts and abrasions. The glove palm,
thumb, and index finger are covered with leather.
When glass is handled, gloves with suction cups or
leather palms will be worn. When gloves with
leather parts are used, care must be taken that the
leather parts do not become greasv.

(4) Hoods, aprons, sleeves and suits. Hoods,
aprons, sleeves, or suits made from natural or syn-
thetic rubber or acid resisting rubberized cloth will
be worn for protection when filling open vessels
with acid or when handling individual containers of
acid to protect personnel from possible leakage or
breakage of containers.

(5) Rubberframed goggles (29 CFR 1910.133).
Rubber-framed goggles will be worn for protection
of the eyes against smoke, gas, fine dust, mists,

and sprays or splashes ofliquid or other substances,
including acids and alkali solutions.

(6) Spectacle goggles (29 CFR 1910.13.). ,qpec-
tacle goggles with side shields will be wor,

protection against flying particles of dust,
and machine cuttings. Spectacle goggles without
side shields will be worn for other operations re-
quiring eye protection.

(7) Protective hat (helmet) ($9 CFR I910.135)
(ANSI Z89.1).

(a) A protective hat will be worn for head
protection against falling or flying objects or from
bumping head when working in cramped places. A
protective hat will always be worn when in yards
or areas when material is being lifted or hoisted or
where ends of slings or other gear could swing
against the head.

(b) Bump caps are of a thin shelled light
weight plastic construction and do not meet the
specifications of ANSI Z89.1 for inpact flying par-
ticle and electric shock protection. Bump caps are
not to be substituted for protective hard hat and
their use should be limited to exposures where
bumping of the head is the only consideration.

(8) Protective headgear (cap or beret type). Pro-
tective headgear will be worn to confine long hair
and prevent entanglement with moving or rotating
machinery, open flames, or dust accumulation.

(9) Welders gloves, goggles, mitts, helmet, and
jacket (29 CFR 1910.252(e)). Welders gloves, gog-
gles, mitts, helmets and jackets will be worn for
protection of hands, face, eyes, and body against
sparks, chips, and flame resulting from welding or
cutting processes.

(10) Safety toe shoes and foot or toe guards.
Authorized safety toe footwear or approved foot
and/or toe guards will be worn while working in
areas, or while, performing operations designated
by the appropriate authority as hazardous to feet
or toes of the workers. Safety toe shoes will meet
standards as set forth in .29 CFR 1910.136 and
ANSI Z41.1 for occupational footwear. The activity
will provide advice and instructions on procurement
of safety toe footwear and toe or foot guards.

(11) Sparkproof safety shoes. The friction and
shock of shoes on explosive materials and sparks
from metal parts in shoes are potential hazards with
all explosive materials. Conductive sparkproof shoes
shall be worn in the vicinity of exposed explosives
which are susceptible to static spark of the energy
that can be discharged from a person. The construc-



DOD 4145.19-R-1 15 September 1979

tion of nonspark-producing or explosives operation
shoes should be in accordance with the latest United
States of America Safety Standard. Shoes with
soles and heels ofleather, rubber, or synthetic com-
positions (neolite, Neoprene and similar composi-
tions) may be used provided the soles and heels
contain no exposed nails or holes. The shoes shall
have a fully enclosed safety toe cap. Periodic in-
spections shall be made to detect and eliminate any
shoes with exposed metal. The soles and heels of
shoes must be cleaned free from sand and dirt be-
fore entering a building containing explosives. Con-
ductive shoes meeting the requirements for
explosives operations (nonspark-producing shoes)
may be substituted for them if desired.

(12) Respiratory protection (29 CFR 1910.13).
An effective respiratory protection program should
include the following:

(a) Written standard operating procedures.
(b) Instruction and training in the proper se-

lection and use of respirators.
(c) Assignment of respirators to individual

users, when practicable.
(d) Cleaning and disinfection procedures for

respirators.
(e) Proper techniques for storage of respir-

ators.
) Criteria for inspection of respirators.
(g) Surveillance of work conditions to deter-

mine respirator needs.
(h) Determination of fitness of workers to

wear respirators.
(i) Periodic program evaluation.

(13) General purpose gas mask. The general
purpose gas mask is used for respiratory protection
in an area in which there is a minimum concentra-
tion of toxic gases or vapors. This mask cannot be
used safely in an area in which the vapors are con-
centrated to the extent that the flame of a safety
lamp would be extinguished. This mask affords pro-
tection, for a limited time, against concentrations
up to 20,000 parts per million parts of air. Protec-
tion is afforded against organic vapors and gases,
carbon monoxide, toxic dust, fumes, mists, fogs,
and smoke. However, the mask is not used for day-
after-day protection in routine work as are various
other types of respirators.

(14) Special purposegas mask. The special pur-
pose gas mask is used for respiratory protection in
areas in which there is a minimum or moderately
high concentration of toxic gases or vapors. This

mask cannot be used safely in an area in which the
vapors are concentrated to the extent that the flame
of a safety lamp would be extinguished. Specific
types of canister refills used in the mask afford pro-
tection against specific types of contaminants. It is
extremely important to know or determine what
classes ofcontaminants are likely to be present, and
equally important to know what contaminants a
given canister will protect against. The mask is
available with a wide selection of canisters, provid-
ing respiratory protection against all the poisonous
gases except carbon monoxide and other gas mix-
tures containing carbon monoxide, such as coal gas.
Generally, the mask is used when entering confined
spaces containing dangerous atmospheres, to res-
cue others who have been overcome, and for doing
necessary work of an emergency nature. The mask
is not used for day-after-day protection in routine
work as are various types of respirators. The dif-
ference between the use ofthe special purpose mask
and the general purpose mask is that the special
purpose mask is used to protect against specific
classes ofgases and vapors and the general purpose
mask is used to protect against all classes of toxic
gases, including carbon monoxide. The exact dif-
ference is in the canisters used, and that the general
purpose mask has a timing device while a timing
device is not provided in the special" purpose mask.
See references to documents of appropriate military
department in appendix A, for sources of organic
vapors and acid gases, and for the type of canister
to use in relation to type of contamination for which
protection is required. All tank cleaning operations
will be performed in strict conformance with the
provisions of the publications of the appropriate
militm-y department.

Note. Warning: Never use a gas mask without care-
fully assessing exposure conditions. Use suitable instru-

ments (para (16) below) to determine concentration of
oxygen and air contaminants, if possible. Ifin doubtabout
exposure conditions use self-contained breathing appa-
ratus only. Always use strictly in accordance with can-

ister labels, gas mask instructions, and limitations. Do
not use gas masks for firefighting.

(15) Self-contained breathing apparatus. The
purpose of this apparatus is for protection in areas
where general purpose gas mask or special purpose
gas mask is not applicable. Training of personnel
in the use ofthe breathing apparatus and inspection
for operational capability will be the responsibility
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of the installation fire department or appropriate
personnel of the respective service.

(16) Combustible gas and oxygen indicator.
The purpose of this dual purpose instrument is to
monitor areas for buildup of potentially hazardous
combustible gases, and/or oxygen deficiency. Typ-
ically such areas include vaults, tunnels, sewers,
ship holds, and areas where combustible fluids are
used or stored.

(17) Portable combustible gas indicating detec-
tors. Portable combustible gas indicating detectors
are available for use as follows:

(a) For detection ofmiscellaneous flammable
gases (including hydrogen) and vapors.

(b) For indication of the concentration of hy-
drogen in mixtures with air or oxygen.

(c) For detecting combustible gases or va-
pors associated with fuel oils, gasoline, and paints.

(d) For detecting concentrations of one or
more specific combustible gases in mixture with air
or oxygen.

(18) Safety hand tools.
(a) Safety hand tools are constructed ofwood

or other nonsparking or spark resistant materials
such as bronze, lead, beryllium alloys, and "K"
Monel metal which, under normal conditions of use,
will not produce sparks. Properly maintained, non-
ferrous hand tools shall be used for work in locations
which contain exposed explosives or hazardous con-
centrations of flammable dusts, gases or vapors.
Hand tools or other implements used in the vicinity
of hazardous materials must be handled carefully
and kept clean. All tools should be checked out be-
fore beginning work and checked in at its comple-
tion.

(b) Metal hand tools determined to be spark
resistant by tests conducted in accordance with par-
agraph 4.6.3, MIL-W-19928A, dated 15 February
1967, may also be used as in (a) above.

(c) If the use of ferrous metal hand tools, not
in accordance with (b) above, is required because
of strength characteristics, the immediate area
should be free from exposed explosives and other
highly combustible materials except in specific op-
erations approved by the service/agency concerned.

(19) Safety treads. Safety treads should be in-
stalled on ladders, stairs, and floor surfaces to pre-
vent slipping. Several types of safety treads are
available.

(20) Knee pads. Knee pads will provide for pro-

tection of knees of carpenters, riggers, or mechan-
ics who must kneel while working.

(21) Carboy tilter. Carboy tilters will be used
for safe removal ofdangerous liquids, such as acids,
from carboys.

(22) Special bung fittings and automatic fau-
cets. Special bung fittings and automatic faucets
will be used on drums for dispensing and storing of
dangerous liquids. (Ref NFPA Code 30)

(23) Special gas fill caps and metal sediment
bowls. Special gas fill caps and metal sediment
bowls will be used on powered materials handling
equipment for safety in replenishment of fuel.

6-106. Fire Protection (29 CFR 1910.156)

a. Classification offires.
(1) Class A fires are fires in ordinary combus-

tible materials, such as wood, cloth, paper, and rub-
ber.

(2) Class Bfires are fires in flammable liquids,
gases, and greases.

(3) Class C fires are fires which involve ener-
gized electrical equipment where the electrical non-
conductivity of the extinguishing media is of
importance. (When electrical equipment is de-en-
ergized, extinguishers for Class A or B fires may
be used safely.)

(4) Class Dfires are fires in combustible met-
als, such as magnesium, titanium, zirconium, so-
dium, and potassium.

b. Classification ofportable extinguishers.
(1) Portablefire extinguishers are classified for

use on certain classes of fires and rated for relative
extinguishing effectiveness at a temperature of plus
70 F by nationally recognized testing laboratories.
This is based upon the preceding classification of
fires and the fire extinguishment potentials as de-
termined by fire tests.

(2) The classification and rating system de-
scribed in this section is that used by Underwriters’
Laboratories, Inc. and Underwriters Laboratories
of Canada and is based on extinguishing preplanned
fires of determined size and description as follows:

(a) Class A rating--Wood and excelsior fires
excluding deep-seated conditions.

(b) Class B rating--Two-inch depth gasoline
fires in square pans.

(c) Class C rating--No fire test. Agent must
be a nonconductor of electricity.

(d) Class D rating--Special tests on specific
combustible metal fires.
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c. Classification of hazards.
(1) A light hazard is a situation where the

amount of combustibles or flammable liquids pres-
ent is such that fires of small size may be expected.
These may include offices, schoolrooms, churches,
assembly halls, telephone exchanges, etc.

(2) An ordinary hazard is a situation where the
amount of combustibles or flammable liquids pres-
ent is such that fires of moderate size may be ex-
pected. These may include mercantile storage and
display, auto showrooms, parking garages, light
manufacturing, warehouses not classified as extra
hazard, school shop areas, etc.

(3) An extra hazard is a situation where the
amount of combustibles or flammable liquids pres-
ent is such that fires of severe magnitude may be
expected. These may include woodworking, auto
repair, aircraft servicing, warehouses with high-
piled (14 feet or higher) combustibles, and processes
such as flammable liquid handling, painting, dip-
ping, etc.

d. Sprinkler system. A sprinkler system, for fire
protection purposes, is an integrated system of un-
derground and overhead piping designed in accord-
ance with fire protection engineering standards.
The system includes a suitable water supply, such
as a gravity tank, fire pump, reservoir, or pressure
tank and/or connection by underground piping to a
city main. The portion ofthe sprinkler systemabove
ground is a network of specially sized or hydrauli-
cally designed piping installed in a building, struc-
ture or area, generally overhead, and to which
sprinklers are connected in a systematic pattern.
The system includes a controlling valve and a device
for actuating an alarm when the system is in op-
eration. The system is usually activated by heat
from a fire and discharges water over the fire area.

Note. The design and installation of water supply
facilities such as gravity tanks, fire pumps, reservoirs,
or pressure tanks, and underground piping are covered
by NFPA Standards No. 22-1970, Water Tanks For Pri-
vate Fire Protection; No. 20-1970, Installation of Cen-
trifugal Fire Pumps; and No. 24-1970, Outside Protection.

e. Sprinkler alarms. A sprinkler alarm unit is
an assembly of apparatus approved for the service
and so constructed and installed that any flow of
water from a sprinkler system equal to or greater
than that from a single automatic sprinkler will re-
sult in an audible alarm signal on the premises.

f. Class of service--standpipe systems.
(1) Standpipe systems are grouped into three

general classes of service for the intended uses in
the extinguishment of fire.

(a) Class/--For use by fire departments and
those trained in handling heavy fire streams (2Vs-
inch hose). The system is capable of furnishing the
effective fire streams required during the more ad-
vanced stages of fire on the inside of buildings or
for exposure fire.

(b) Class//--For use primarily by the build-
ing occupants until the arrival of the fire depart-
ment (small hose). The system affords a ready
means for the control of incipient fires by the oc-
cupants of buildings during working hours and by
watchmen and those present during the night time
and holidays.

(c) Class llI--For use by either fire depart-
ments and those trained in handling heavy hose
streams or by the building occupants. The system
is capable of furnishing the effective fire streams
required during the more advanced stages of fire
on the inside of buildings as well as providing a

ready means for the control offires by the occupants
of the building.

(2) Standpipe systems are usually of the fol-
lowing types:

(a) A wet standpipe system having a supply
valve open and water pressure maintained at all
times.

(b) A standpipe system so arranged through
the use of approved devices as to admit water to
the system automatically by opening a hose valve.

(c) A standpipe system arranged to admit
water to the system through manual operation of
approved remote control devices located at each
hose station.

(d) Dry standpipe having no permanent
water supply.

(Note. See 29 CFR 1910.158 for specific design and
requirements for standpipe and hose systems.)

g. Types ofstorage (in relation tofire protection).
(1) Type I storage. Type I storage is that in

which combustible commodities or noncombustible
Commmodities involving combustible packaging or
storage aids are stored over 15 feet but not more
than 21-feet high in solid piles or over 12 feet but
not more than 21-feet high in piles that contain hor-
izontal channels. Minor quantities of commodities
of hazard greater than ordinary combustibles may
be included without affecting this general classifi-
cation.
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(2) Type H storage. Type II storage is that in
which combustible commodities or noncombustible
commodities involving combustible packaging or
storage aids are stored not over 15 feet-high in solid
piles or not over 12 feet high in piles that contain
horizontal channels. Minor quantities of commodi-
ties of hazard greater than ordinary combustibles
may be included without affecting this general clas-
sification

(3) Type II storage. Type III storage is that in
which the stored commodities, packaging, and stor-
age aids are noncombustible or contain only a small
concentration of combustibles which are incapable
of producing a fire that would cause appreciable
damage to the commodities stored or to noncom-
bustible wall, floor, or roof construction. Ordinary
combustible commodities in completely sealed non-
combustible containers may qualify in this classi-
fication. General commodity storage that is subject
to frequent changing and storage of combustible
packaging and storage aids is excluded from this
category.

6-107. Fire Suppression Equipment (Portable
Fire Extinguishers, 29 CFR 1910.157)

a. Operable condition. Portable extinguishers
will be maintained in a fully charged and operable
condition, and kept in their designated places at all
times when they are not being used.

b. Location. Extinguishers will be conspicuously
located where they will be readily accessible and
immediately available in the event of fire. They will
be located along normal paths of travel.

c. Marking of location. Extinguishers will not be
obstructed or obscured from view. In large rooms,
and in certain locations where visual obstruction
cannot be completely avoided, means will be pro-
vided to indicate the location and intended use of
extinguishers conspicuously.

d. Marking ofextinguishers. If extinguishers in-
tended for different classes of fire are grouped,
their intended use will be marked conspicuously to
ensure choice ofthe proper extinguisher at the time
of a fire.

e. Mounting ofextinguishers. Extinguishers will
be installed on the hangers or in the brackets sup-
plied, mounted in cabinets, or set on shelves unless
the extinguishers are of the wheel type.

f. Height of mounting. Extinguishers having a
gross weight not exceeding 40 pounds will be in-
stalled so that the top of the extinguisher is not
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more than 5 feet above the floor. Extinguishers
having a gross weight greater than 40 pounds (ex-
cept wheeled types) will be so installed that the top
of the extinguisher is not more than 3V2 feet above
the floor.

g. Cabinet mounting. Extinguishers mounted in
cabinets or wall recesses or set on shelves will be
placed in a manner such that the extinguisher op-
erating instructions face outward. The location of
such extinguishers will be marked conspicuously.

h. Vibrating locations. Extinguishers installed
under conditions where they are subject to severe
vibration will be installed in brackets specifically
designed to cope with this vibration.

i. Temperature range. Extinguishers will be suit-
able for use within a temperature range of at least
plus 40 F to 120 F.

j. Extreme temperature exposure. When extin-
guishers are installed in locations subjected to tem-
peratures outside the range prescribed in this
subparagraph, they will be of a type approved or
listed for the temperature to which they will be
exposed, or placed in an enclosure capable of main-
taining the temperature within the range pre-
scribed in this subparagraph.

k. Selection of extinguishers. The selection of
extinguishers for a given situation will depend upon
the character of the fires anticipated, the construc-
tion and occupancy of the individual property, the
vehicle or hazard to be protected, ambient temper-
ature conditions, and other factors. The number of
extinguishers required will be determined by ref-
erence to paragraph m below of this section. Ap-
proved fire extinguishers will be used to meet the
requirements of this section.

Note. Approved means listed or approved by () At
least one of the following nationally recognized t(sting
laboratories: Factory Mutual Engineering Corp; Under-
writers’ Laboratories, Inc., or (2) Federal agencies such
as Bureau of Mines, Department of the Interior; De-
partment of Transportation, or US Coast Guard, which
issue approvals for such equipment.

I. Selection by hazard. Extinguishers will be se-
lected for the specific class or classes of hazards to
be protected in accordance with the following:

(1) Extinguishers for protecting Class A haz-
ards will be selected from among the following:
foam, loaded stream, multipurpose dry chemical,
and water types. Certain smaller extinguishers
which are charged with multipurpose dry chemical
are rated on Class B and Class C fires, but have

6-7



DOD 4145.19-R-1 15 September 1979

insufficient effectiveness to earn the minimum 1-A
ratingeven though they have value in extinguishing
smaller Class A fires. Such.smaller extinguishers
will not be used to meet the requirements of par-
agraph m below of this section.

(2) Extinguishers for protection of Class B haz-
ards will be selected from the following: bro-
motrifluoromethane carbon dioxide, dry chemical,
foam, loaded stream, and multipurpose dry chem-
ical. Extinguishers with ratings less than 1-B shall
not be considered in determining suitability.

(3) Extingui3hers for protection of Class C haz-
ards will be selected from the following: bromotri-
fiuoromethane, carbon dioxide, dry chemical, and
multipurpose dry chemical.

Note. Carbon dioxide extinguishers equipped with
metal horns are not considered safe for use on fires in
energized electrical equipment and, therefore, are not
classified for use on Class C hazards.

(4) Extinguishers and extinguishing agents for
the protection of Class D hazards will be approved
for use on the specific combustible metal hazard.
m. Distribution ofportable fire extinguishers.

(1) The number of fire extinguishers needed to
protect a property will be determined as prescribed
herein, considering the area and arrangement of
the building or occupancy, the severity of the haz-
ard, the anticipated classes of fires, and the dis-
tances to be traveled to reach extinguishers.

(2) Fire extinguishers will be provided for the
protection of both the building structure, if com-
bustible, and the occupancy hazards contained
therein.

(3) Required building protection will be pro-
dded by fire extinguishers suitable for Class A
fires.

(4) Occupancy hazard protection will be pro-
vided by fire extinguishers suitable for such Class
A, B, C, or D fire potentials as may be present.

(5) Extinguishers provided for building protec-
tion may be considered also for the protection of
occupancies having a Class A fire potential.

(6) Combustible buildings having an occupancy
hazard subject to Class B, and/or Class C fires, will
have a standard complement of Class A fire extin-
guishers as required by table 1 for building protec-
tion, plus additional Class B and/or Class C
extinguishers. Where fire extinguishers have more
than one letter classification (such as 2-A; 20-B;
C), they may be considered to satisfy the require-
ments of each letter class.

(7) Rooms or areas will be graded generally as
light hazard, ordinary hazard, or extra hazard. Lim-
ited areas of greater or lesser hazard will be pro-
tected as required.

n. Fire extinguisher size and placementfor Class
A hazards.

(1) Minimal sizes of fire extinguishers for the
listed grades of hazard will be provided on the basis
of table 6-1. Extinguishers will be loated so that
the maximum travel distances will not exceed those
specified in table 6-1.

(2) The protection requirements specified in
table 6-1 may be fulfilled by several extinguishers
of lower ratings for ordinary or extra hazard oc-
cupancies.

(3) Where the floor area of a building is less
than that specified in table 6-1, at least one extin-
guisher of the minimum size recommended will be
provided.

(4) The protection requirements may be ful-
filled with extinguishers of higher rating provided

Table 6-1.

Areas to be protected per extinguisher
Basic minimum Maximum travel
extinguisher rat- distances to ex- Light hazard Ordinary hazard Extra hazard
ingfor area spec- tinguishers occupancy occupancy occupancy

ified (feet) (square feet) (square feet) (square feet)
1A 75 3,000 Note 1 Note 1

2A 75 6,000 3,000 Note 1

3A 75 9,000 4,500 3,000

4A 75 11,250 6,000 4,000

6A 75 11,250 9,000 6,000

Note 1. Not permitted except as specified in n(2) below.
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Table 6-2

Basic minimum
Type of hazard extinguisher rating

Light 4B

Oinar 88

Extra 12B

Maximum travel
distance to

extinguishers
(feet)

5O

50
Note. Where this section calls for minimum extinguisher ratings of 4B, 8B, or 12B,

the requirements may be met by existing extinguishers of multiple foam extinguishers
as allowed by o(2) above. However, if a single extinguisher must be purchased to fulfill
such requirements, the next higher rating will be used.

the travel distance to such larger extinguishers will
not exceed 75 feet.

o. Fire extinguisher size andplacementfor Class
Bfires other thanforfires inflammable liquids of
appreciable depth.

(1) Minimal sizes of fire extinguishers for the
listed grades of hazard will be provided on the basis
of table 6-2. Extinguishers will be located so that
the maximum travel distances will not exceed those
specified in table 6-2.

(2) Two or more extinguishers of lower rating,
except for foam extinguishers, will not be used to
fulfill the protection requirements of table 6-2. Up
to three foam extinguishers may be used to fulfill
these requirements.

(3) The protection requirements may be ful-
filled with extinguishers of higher ratings provided
the travel distance to such larger extinguishers
shall not exceed 50 feet.

p. Fire extinguisher size and placementfor Class
B fires inflammable liquids of appreciable depth.

(1) For flammable liquid hazards of appreciable
depth (Class B), such as in dip or quench tanks,
Class B fire extinguishers will be provided on the
basis of one numerical unit of Class B extinguishing
potential per square foot offlammable liquid surface
of the largest tank hazard within the area.

Note. Appreciable depth is defined as a depth of a
liquid greater than one-quarter inch.

(2) Two or more extinguishers of lower ratings,
except for foam extinguishers, will not be used in
lieu of the extinguisher required for the largest
tank. Up to three foam extinguishers may be used
to fulfill these requirements.

(3) Scattered or widely separated hazards will

be individually protected if the specified travel dis-
tances in o(1) and o(3) above are exceeded. Like-
wise, extinguishers in the proximity of a hazard will
be carefully located so as to be accessible in the
presence of a fire without undue danger to the op-
erator.

q. Fire extinguisher size and placementfor Class
C hazards.

Extinguishers with Class C ratings will be required
where energized electrical equipment may be en-
countered which would require a nonconducting
extinguishing media. This will include fire either
directly involving or surrounding electrical equip-
ment. Since the fire itself is a Class A or Class B
hazard the extinguishers are sized and located on
the basis of the anticipated Class A or B hazard.

r. Inspection, maintenance, and hydrostatic
tests.

(1) General. For details of conducting needed
inspections, proper maintenance operations, and
required tests, see NFPA No. 10A-1970, Mainte-
nance and USe of Portable Fire Extinguishers.

(2) Inspection.
(a) Extinguishers will be inspected monthly,

or at more frequent intervals when circumstances
require, to ensure they are in their designated
places, to ensure they have not been actuated or
tampered with, and to detect any obvious physical
damage, corrosion, or other impairments.

(b) Any extinguishers showing defects will
be given a complete maintenance check.

(3) Maintenance.
(a) At regular intervals, not more than I year

apart, or when specifically indicated by an inspec-
tion, extinguishers will be thoroughly examined
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and/or recharged or repaired to ensure operability
and safety, or replaced as needed.

(b) Extinguishers removed from the prem-
ises to be recharged will be replaced by spare ex-
tinguishers during the period they are gone.

(c) Pails or drums of powder-extinguishing
agents for scoop or shovel application to metal fires
will be kept full at all times.

(d) Each extinguisher will have a durable tag
securely attached to show the maintenance or re-
charge date and the initials or signature of the per-
son who performs this service.

(4) Hydrostatic tests.
(a) If, at any time, an extinguisher shows

evidence of corrosion or mechanical injury, it will
be subjected to a hydrostatic pressure test, or re-
placed.

(b) For evaluating the condition of extin-
guisher cylinders made to Department of Trans-
portation specifications (49 CFR, chap. 1), see the
Standard for Visual Inspection of Compressed Gas
Cylinders (CGA C-6), published by the Compressed
Gas Association, 500 Fifth Avenue, New York, NY
10036.

(c) At intervals not exceeding those specified
in table 6-3 and (d) of this subparagraph, extin-
guishers will be hydrostatically tested. The first

hydrostaiic retest may be conducted between the
fifth and sixth years for those with a designated
test interval of 5 years.

(d) Nitrogen cylinders (or other cylinders
used for inert-gas storage), such as found on
wheeled extinguishers, will be tested at a 5-year
interval.

(e) On those extinguishers which are equipped
with a shutoff nozzle at the outlet end of the hose,
a hydrostatic test will be performed on the hose
with its couplings (but without the discharge nozzle)
at the test interval specified for the unit on which
the hose is installed.

(f) The test pressure for dry chemical and
dry powder hose assemblies requiring a hydrostatic
test will be at a test pressure of 300 pounds per
square inch for a l-minute period. Carbon dioxide
hose assemblies requiring a hydrostatic test will be
at test pressure of 1,250 psi for a 1-minute period.

(9) Hydrostatic tests are not required on fire
pails, pump-type water and/or antifreeze extin-
guishers, and factory-sealed disposable (nonrefill-
able) containers. If such an extinguisher or water
pail shows evidence of corrosion or mechanical in-
jury, it may be unsafe or unsuitable for further use
and will be replaced with a new unit.

(h) The hydrostatic test date will be recorded

Table 6-3.’ Hydrostatic test interval for extinguishers

Test
interval

E.ctixjuishe type: yea"

Cartridge-operated water and/or antifreeze 5

Stored-pressure water and/or antifreeze 5

Wetting agent 5

Foam 5

Loaded stream 5

Dry chemical extinguishers with stainless steel shells, or soldered-brass
shells 5

Carbon dioxide extinguishers 5

Dry chemical extinguishers with brazed brass shells, mild steel shell, or
aluminum shells 12

Bromotrifluoromethane 12

Dry powder extinguishers for metal fires 12

Note. Cylinders underjurisdiction ofthe US Department of Transportation (formerly
Interstate Commerce Commission) may require hydrostatic testing at more frequent
periods.

6-10
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on a record tag ofmetal or equally durable material,
or a suitable metallized decal which will be affixed
(by a heatless process) to the shell of an extin-
guisher which favorably passes the hydrostatic test.
The record tag will contain the following informa-
tion: date oftest, test pressure, and name or initials
of person or agency making the test.

(i) For extinguishers subjected to an original
factory test pressure of 350 psi or greater, the test
pressure will be 75 percent of the factory test pres-
sure (as noted on the extinguisher nameplate), but
in no case less than 300 psi, see table 6-4. For
extinguishers subjected to an original factory test
pressure of less than 350 psi, the test pressure will
be 75 percent of the factory test pressure; see table
6-4. Pressure will be applied at a rate of rise to
reach the test pressure in approximately 1 minute,
and the pressure will be held for 1 minute, after
which it will be released.
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) Carbon dioxide extinguishers, nitrogen
cylinders, and other cylinders or cartridges used
for the storage of inert, compressed gases will be
hydrostatically tested in accordance with the re-
quirements of the US Department of Transporta-
tion (formerly Interstate Commerce Commission);
see 49 CFR Parts 171-190.

(k) Extinguisher shells, cartridges, or cylin-
ders which show leakage or permanent distortion
in excess of specified limits, or which rupture, will
be removed from service.

(5) Characteristics offire extinguishers. The
characteristics offire extinguishers are summarized
in table 6-5. The table is designed to familiarize one
with the various types of extinguishers in use. The
table may also be used as an aid in selecting fire
extinguishers.

Table 6-4. Hydrostatic test pressure requirements--non-ICC shells, shells
not specified in US Department of Transportation regulations,
(formerly Interstate Commerce Commissiom

Extinguisher type

All dry chemical and dry powder

Foam--500 psi fac,tory test

Foam--350 psi factory test

Stored-pressure or cartridge-
operated water-typed (including
antifreeze and loaded stream)

Requires
Original factory test hydrostatic test

pressure pressure

400 psi or greater 75% of factory
test pressure

350-399 psi 300 psi
below 350 psi 75% of factory

test pressure

500 375

350 300

400 psi or greater 75% of factory
test pressure

350-399 psi 300 psi
below 350 75% of factory

test pressure

Table 6-5. Characteristics of extinguishers

Method of operation Capacity

Horizontal AlrIrroximate Protection

range of time of Hydrostatic quired below
stream discharge test interval 0 F

UL ULC

classifications*

Water

Water

Stored Pressure 2Vz gal.

Pump IV2 gal.

Pump 2l& gal.

30-40 ft. 1 rain. 5 yr. Yes 2-A

30-40 ft. 45 sec. Yes 1-A

30-40 ft. 1 min. Yes 2-A
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Table 6-5.

a’tin@uihing
Agent Mthod of opratio

Characteristics of extinguishers--Continued

Horizontal AFFrozimate
ane h of Hydt

Cay steam disease st inal
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Protection
quired belo UL ULC
0 F classifications*

Water
(Antifreeze
Calcium
Chloride)

Water
(Wetting
Agent)

Water (Soda
Acid)

Loaded
Stream

Cartridge
Pressure

Dry Chemical Cartridge
(Foam Corn- Pressure
patible)

Pump 4 gal. 30-40 ft.

Pump 5 gal. 30-40 ft.

Cartridge & Stored lV4, 1V2 30-40 ft.
Pressure gal.

Cartridge & Stored 21/2 gal. 30-40 ft.
Pressure

Cartridge & Stored 33 gal. 50 ft.
Pressure (wheeled)

Cartridge & Stored 25 gal. 35 ft.
Pressure (wheeled)

Cartridge & Stored 45 gal. 35 ft.
Pressure (wheeled)

Chemically generated 1V4, 1/2 30-40 ft.
expellent gal.

Chemically generated 2V2 gal. 30-40 ft.
expellent

Chemically generated 17 gal. 50 ft.
expellent (wheeled)

Chemically generated 33 gal. 50 ft.
expellent (wheeled)

Stored Pressure 2/2 gal. 30-40 ft.

Dry Chemical
(Foam Com-
patible)
(Potassium
Chloride)

and Stored 33 gal. 50 ft.
(wheeled)

and Stored 43/4 to 9 lbs. 5-20 ft.

Cartridge and Stored 9 to 27 lbs. 5-20 ft.
Pressure

Cartridge and Stored 18 to 30 lbs. 5-20 ft.
Pressure

Nitrogen cylinder and 150 to 350 15-45 ft.
Stored Pressure Ibs.

(wheeled)

Cartridge and Stored 2/2 to 5 Ibs. 5-12 ft.
Pressure

Cartridge and Stored 9V2 to 20 Ibs. 5-20 ft.
Pressure

Cartridge and Stored 19/ to 30 5-20 ft.
Pressure lbs.

Nitrogen cylinder and 50 Ibs. 15-45 ft.
Stored Pressure (wheeled)

2 min. Yes 3-A

2-3 min. Yes 4-A

30 sec. 5 yr. No 1-A

1 min. 5 yr. No 2-A

3 rain. 5 yr. No 20-A

1V2 min. 5 yr. Yes 10-A

2 min. 5 yr. Yes 20-A

30 sec. 5 yr. Yes 1-A

1 min. 5 yr. Yes 2-A

3 rain. 5 yr. Yes 10-A

3 min. 5 yr. Yes 20-A

1 rain. 5 yr. No 2 to 3-A
and 1-B

3 min. 5 yr. No 20-A

8tol0sec. 5 or 12 No 10to20-B:C
yrs.

10to25sec. 5 or 12 No 20to30-B:C
yrs.

10to25sec. 5 or 12 No 40to60-B:C
yrs.

20 to 150 5 or 12 No 80 to 240-
sec. yrs. B:C

8tol0sec. 5 or 12 No 10to20-B:C
yrs.

8to25sec. 5 or 12 No 40to60-B:C
yrs.

10to25sec. 5 or 12 No 60toS0-B:C
yrs.

30 sec. 5 or 12 No 120-B:C
yrs.
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range of time of Hydrostatic
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Protection
quired below UL ULC

o0 F classifications*

Dry Chemical
(Foam Com-
patible)
(Potassium
Bicarbonate
Urea
based)tt

Bromotrifluo-
romethane

Bromochloro-
difluoro
methane

Foam

Foa/n

Stored Pressure 5 to 11 lbs. 11-22 ft.

Stored Pressure 17 to’19 lbs. 15-30 ft.

175 lbs. 70 ft.
(wheeled)

Self Expellent 21/2 lbs. 4-6 ft.

Stored Pressure 4/2 lbs. 6-10 ft.

Stored Pressure 2 to 4 lbs. 8-12 ft.

51/2 to 9 lbs. 9-15 ft.

Pressurized 21 oz. 4-6 ft.

Chemically generated 1/4, 11/2 gal. 30-40 ft.
expellent

Chemically generated 2/2 gal. 30-40 ft.
expellent

Chemically generated 5 gal. 30-40 ft.
expellent

Chemically generated 17 gal. 50 ft.
expellent (wheeled)

Chemically generated 33 gal.
expellent (wheeled)

50 ft.

Carbon Diox- Self Expellent
ide**

Dry Chemical Stored Pressure
(Sodium Bi-
carbonate)t

Stored Pressure

21/2 to 5 lb. 3--8 ft.

10 to 15 lb. 3-8 ft.

20 lb. 3-8 ft.

50 to 100 lb. 3-10 ft.
(wheeled)

1 lb. 5-8 ft.

11/2 to 21/2 5-8 ft.
lb.

Cartridge and Stored 2A to 51/2 5-20 ft.
Pressure lb.

Cartridge and Stored 71/2 to 30 lb. 5-20 ft.
Pressure

Nitrogen cylinder or 75 to 350 lb. 15-45 ft.
Stored Pressure (wheeled)

13 to 18 12 yrs.
secs.

26 to 30 12 yrs.
secs,

62 secs. 12 yrs.

8to 10 secs. 12 yrs.

8to 10secs. 12 yrs.

8to 12 secs. 12 yrs.

8to 15 secs. 12 yrs.

24 sec.

40 sec. 5 yr.

11/2 rain. 5 yr.

2 rain. 5 yr.

3 min. 5 yr.

3 rain. 5 yr.

8 to 30 see. 5 yr.

8 to 30 sec. 5 yr.

10 to 30 see. 5 yr.

10 to 30 see. 5 yr.

8tol0sec. 5 or 12
yrs.

8to12sec. 5 or 12
yrs.

8to20sec. 5 or 12
yrs.

10to25sec. 5 or 12
yrs.

20 to 105 5 or 12
sec. yrs.

No 40 to 80-B:C

No 120-B:C

No 480-B:C

No 2--B:C

No 5-B:C

No 2 to 5-B:C

No 10-B:C

Yes 1-B

Yes l-A; 2-B

Yes 2-A:4-B to
2-A:6-B

Yes 4-A:6-B

Yes 10-A: 10-B
to 10-A:12-
B

Yes 20-A: 20-B
to 20-A: 40-
B

No 1 to 5-B:C

No 2 to 10-B:C

No 10-B:C

No 10 to 40-B:C

No 1-B:C

No 2 to 5-B:C

No 5 to 10-B:C

No 10 to 60-B:C

No 40 to 240-
B:C
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Table 6-5.

Extinguishing
Agent Method of operation

Characteristics of extinguishers--Continued
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Horizontal Approximate Protection
range qf time qf Hydrostatic quid below UL ULC

Capacity stream discharge test interval 0 F classifications*

Dry Chemical Stored Pressure 1 to 2 lb. 5-8 ft.
(Potassium
Bicarbonate) Stored Pressure 21/4 to 5 lb. 5-12 ft.

Dry Chemical
(Potassium
chloride)tt

Dry Chemical
(Ammonium
phosphate)$

Dry Chemical
(Ammonium
phosphate)$

Cartridge or Stored 51/2 to l01bs. 5-20ft.
Pressure

Cartridge or Stored 16 to 30 lbs. 10-20 ft.
Pressure

Nitrogen cylinder or’ 125 to 300 15-45 ft.
Stored Pressure lbs.

(wheeled)

Stored Pressure 2 to 21/2 lbs. 5-8 ft.

Cartridge or Stored 5 to 10 lbs. 5-20 ft,
Pressure

Cartridge or Stored 191/2 to 30 15-45 ft.
Pressure lbs.

Nitrogen cylinder or 50 to 160 15-45 ft.
Stored Pressure lbs.

(wheeled)

Stored Pressure 1 to 5 lbs. 5-12 ft.

Stored Pressure or Car- 21/2 to 8/2 5-12 ft.
tridge lbs.

Stored Pressure or Car- 9 to 17 lbs. 5-20 ft.
tridge

Stored Pressure or Car- 17 to 30 lbs. 5-20 ft.
tridge

Nitrogen Cylinder or 50 to 300
Stored Pressure lbs.

15-45 ft.

8 to 10 sec. 5 yrs. No 1 to 5-B:C

8tol0sec. 5 or 12 No 5to20-B:C
yrs.

8to20sec. 5 or 12 No 10to60-B:C
yrs.

8to25sec. 5 or 12 No 40to80-B:C
yrs.

30to60sec. 5 or 12 No 80 to 320-
yrs. B:C

8tol0sec. 5 or 12 No 5tol0-B:C
yrs.

8to25sec. 5 or 12 No 20to40-B:C
yrs.

8to25sec. 5 or 12 No 60to80-B:C
yrs.

30 to 60sec. 5 or 12 No 120 to 160-
yrs. B:C

8tol0sec. 5 or 12 No 2to 10-B:C
yrs.

8to12sec. 5 or 12 No lto3-Aand
yrs. 10 to 40-

B:C

10to25sec. 5 or 12 No 2to4-Aand
yrs 10 to 60-

B:C

10to25sec. 5 or 12 3 to 20 A
yrs. and 30 to

80-B:C

30 to 60sec. 5 or 12 20 to 40-A
yrs. and 60 to

240--B:C

Notes.
*UL and ULC ratings as of December 27, 1974.

**Carbon Dioxide extinguishers with metallic horns do not carry a "C" classification.

t Some small extinguishers containing ammonium phosphate dry chemical do not carry an "A" classification.

$ Certain pressurized types have special requirements for hydrotesting to comply with regulations of the US
Department of Transportation.

6-108. Housekeeping as related to General Stor- sential to safety as well as to efficient storage op-age (29 CFR 1910.141) erations. Many potential accidents and fires are
a. General. Good housekeeping practices are es- prevented when warehouses, storerooms, and out-
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side storage areas are maintained in a clean and
orderly condition.

b. For all areas of storage. All areas of storage
space will have the following housekeeping rules
enforced:

(1) Provide adequate lighting.
(2) Keep machines, equipment, and working

surfaces clean and orderly.
(3) Provide adequate tool storage and maintain

in neat order.
(4) Provide approved waste containers in suf-

ficient number.
(5) Remove and dispose ofscrap and waste sys-

tematically.
(6) Clean up work areas as soon as work is

completed. Remove hazardous objects from floor
or ground areas during work.

(7) Remove broken straps, exposed nails, or
wire from containers or unit loads.

(8) Allow eating only in authorized places.
(9) Keep offices and rest rooms in orderly con-

dition.
(10) Clean up immediately any spilled flare-

DOD 4145.19-R-1

mable liquids, greases, or other dangerous or slip-
pery substances from working floors or paved areas
(fig. 6-1).

(11) Use containers, pallets, and units of sound
construction only.

(12) Maintain proper and safe storage of haz-
ardous packing materials such as excelsior, saw-
dust, wood cellulose, preservative liquids, and
chemicals.

13) Provide ample space in aisles and work
areas and avoid congestion.

(14) Eliminate tripping hazards such as tele-
phone, light, and power cables.

(15) Place flammable waste (such as oily rags,
steel wool, and sweepings of excelsior) in special
covered metal containers and dispose of regularly.
Ashes will be placed in noncombustible containers.

(16) Store dunnage material in an orderly man-
ner.

(17) Provide regular inspections by supervisory
personnel for unsafe conditions, unsafe acts, and
cleanliness.
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Figure 6-1. Maintain saj working areas.
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(18) Maintain adequate emergency fire fighting
equipment and access thereto.

(19) Remove ice, snow, or sleet from outside
walkways, ramps, docks, and stairways, or spread
sand, fine gravel, or fine cinders to prevent slip-
ping. Usually ice is treated first with calcium chlo-
ride or sodium chloride to prevent the sand from
blowing off.

c. For inside storage areas (additional precau-
t/ons). The following precautions will be enforced
for inside storage areas:

(1) All doors and windows in warehouses should
be kept closed and locked when work is not being
done near them or when not required to be open for
ventilation.

(2) Except when authorized in offices or rest
rooms, do not allow smoking within warehouses.
Assure that "No Smoking" signs are posted in lo-
cations where smoking is not permitted.

(3) Maintain, as required, proper clearances at
fire doors, near overhead sprinklers, and buik-
heads.

(4) Floors should be kept dry.
(5) Keep hose, cable, and wire off floors and

remove from walkways and work areas.
(6) Parking of powered materials handling

equipment in warehouses will be in accordance with
the provisions of paragraph 6-112b(8)(b).

(7) Store gasoline or other highly flammable
liquids, in small quantities for station use only, in
flammable type warehouses or in special nonflam-
mable small structures, only when safe containers
are used and in locations approved by the fire chief
or safety officer.

(8) Prohibit smoking near warehouse doors and
entrances to prevent a discarded lighted cigarette
or cigar being blown in through open doorways or
under closed doors.

(9) Use soap and hot water to clean decks and
floors. Gasoline, naphtha, thinners, or other highly
flammable materials will not be used.

(10) Assure that floor elevation differences and
other fixed stumbling and tripping hazards are
clearly indicated.

(11) Park two-wheel hand trucks with handles
in upright position and in a location where fellow
workers will not stumble over them.

(12) Do not block or otherwise make estab-
lished fire doors inoperative.

d. Wash and locker rooms. The following good

housekeeping conditions should be enforced for
wash and locker rooms:

(1) Clean rooms regularly.
(2) When a disinfectant is used, add directly to

the wash water. A germicidal type disinfectant may
be used in addition to, and not in place of, soap and
water.

(3) Clean floors and fixtures daily using soap
and hot water. After cleaning, remove all soapy
water from the floors.

(4) Where salt water is used in closets and uri-
nals, or where the water supply is likely to contain
grit, a strainer should be connected to the supply
line to prevent grit or dirt from reaching the valves.
Clean the strainers regularly.

Note. TM 5-506, NAV FAC MO-125, AFM91-2 give
further guidance in wash and locker room care.

e. Lockers. The following restrictions will be en-
forced for lockers:

(1) Provide two lockers for each employee
working with open containers of lead compounds or
other poisonous or toxic materials, one for street
clothes and the other for work clothes.

(2) 01d clothes and miscellaneous articles will
not be stored on top of lockers.

(3) Oil soaked or badly soiled cloths will not be
stored in lockers.

f. For outside storage areas (additional precau-
tions).

(1) Smoking prohibited. Smoking will not be
allowed in immediate outside storage areas; within
areas where lumber, gasoline, and other petroleum
products are stored; and within specified distances
ofboundaries of such areas. Assure that "No Smok-
ing" signs are posted in locations where smoking is
not permitted.

(2) Frequent inspections will be conducted in
all open storase areas. Particular attention will be
focused on stability of stacks of steel and lumber,
potential causes of fire in lumber storage, leaking
solvent, paint or petroleum product containers,
bulging drums due to expansion of liquids under
high temperatures, and other similar unsafe con-
ditions. The storage area will be inspected for en-
croaching vegetation. Vegetation, including dry
weeds, will be cleared away from outside storage
area.

(3) Life preservers at docks and piers. At docks
and piers where depth ofwater is a possible hazard,
should personnel fall overboard, life preservers will
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be maintained at 200-foot intervals at all times. Life
preservers and belts will be provided at work areas
where personnel work over water.

6-109. Rules for Safe Storage

a. General.
(1) All materials. All materials (palletized or

unpalletized) will be placed and secured in a safe
manner.

(2) Pallet loads. All pallet loads will be squared
to achieve a four-point level top. Superimposed
loads will be set squarely and firmly to preclude
rocking or tipping. When loads have voids, the pe-
rimeter units will be placed at or near pallet edges.
(A four-point load is one which provides four points.
of contact, level with each other at top, at or near
the four sides of pallet.)

(3) Partially loaded pallets. Partially loaded
pallets will be Stored in pallet racks or at top of
stacks. A full load will not be superimposed on a
partial load and a large load will not be superim-
posed on a small load. Heavy loads will not be stored
on top of a light load or on material which could be
broken or damaged.

(4) Nonsecured top loads. Nonsecured top
loads of tall cylindrical units stacked on end, or any
type of unit which has a tendency to lean or settle
outwards, will be tied with cord or tape; or, in mul-
tiple course top loads, a piece of fiberboard or wrap-
ping paper should be laid horizontally between the
two upper courses of units. When stacked verti-
cally, loads with cylinders of compressed gas will
be strapped and collared.

(5) Unusable pallets. Broken or damaged pal-
lets will be replaced with pallets in safe condition.

(6) Use of dunnage. Where it is necessary to
stack heavy materials in open storage on muddy or
soft ground or on asphalt-type paved surfaces that
soften in hot weather, sufficient base dunnage of
broad dimensions will be provided to preclude later
tipping or settling of such material.

(7) Tying load. In regions where strong winds
prevail, noncapped or nonstrapped stacks oflumber
or empty drums in open storage will be tied to pre-
vent top units from being blown off.

(8) Stacking clearance. Pallet loads will be
stacked with 2 inches of clearance on all sides to
prevent dislocation of adjacent units.

(9) Storing ofcrushable containers. Crushable
containers will have vertical supports placed in such
a manner that weight of material stored above will

not be supported entirely by the containers. Un-
stable or odd-shaped units such as brooms; swabs,
bales ofrags, cloth, and oakum; coils ofrope; or any
item which may settle slowly in prolonged storage
will have the top loads in proximity to each other
in parallel rows. Each load will contact parts of four
vertical columns or stacks of loads so that the con-
tainers may be tied at the top to prevent outward
leaning of the stacks.

(JO) Moving or lifting unstable units. To move
and lift tall or unstable units on pallets, especially
when heavy units could cause outward bowing of
the pallet, the forks of the forklift truck will be
spread as wide as possible and, when necessary,
the units will be tied to prevent perimeter units
from falling off the pallet.

(11) Securing loads placed on trailers Loads
of material placed on warehouse trailers for move-
ment within the warehouse, between warehouses,
to docks, piers, and loading platforms will be se-
cured and tied, if necessary, to prevent material
from falling off when turns are being made, when
moving up or down ramps, or when crossing rail-
road tracks or unlevel surfaces.

(12) Storing of cylindrical units. Cylindrical
units stored in horizontal position will be blocked,
nested, or separated by notched horizontal spacers,
as applicable.

(13) Corner markers. In bulk storage the use
of comer markers at main and cross aisle intersec-
tioris will be based upon necessity through local
determination. The need for comer markers at main
and cross aisle intersection should be limited to
those intersections where operating materials han-
dling equipment may damage containers or material
in storage. Comer markers are not required at the
main and cross aisle intersections where storage
racks or bins are erected. Suggested corner marker
construction is as follows and may be locally con-
structed:

(a) Plywood of /2 to 3/4 inch thickness is a
good material for comer markers. If markers are
for outside storage areas, exterior-type plywood
should be used. Other products, such as sheet
metal, hardboard, or particle board can be consid-
ered ifcost effective under local conditions. The use
of hinges to join the two wings of the corner mark-
ers will make it easier to move and store the mark-
ers when necessary.

(b) Comer markers may be triangular, square,
or rectangular. Triangular shapes are the most eas-
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ily identified shapes to denote corner markers, and
are the most economical to construct. However,
square or rectangular shapes offer more surface
area for visual attention and physical protection
against MHE and should be considered for use in
bulk storage areas.

(c) Markers should not be less than 30 inches
high or 24 inches wide (along one wing). No maxi-
mum size is established, but a square marker that
measured 48 inches along each side would be con-
sidered a large size.

Note. Two or three inches could be removed from
each sharp point to reduce splintering.

(d) Alternating yellow and black diagonal
stripes 3-5 inches wide will be painted on each wing
of the corner marker. The yellow should be color
number 13538 or 13655, and should be the predom-
inant color on the marker, i.e., if there is room for
seven stripes, four stripes will be yellow and three
stripes will be black. If corner markers are also
used as row markers, it is permissible to have a
suitable area on the markers reserved for a num-
bering system.

(14) Loose straps and protruding nails. Re-
move all loose straps or wire from units and loads
in storage to prevent future injury of personnel
when handling. All nails protruding from units,
dunnage, or boards will be pounded level or re-
moved.

(15) Storing offlammable packing materials.
Provide closed bins for storing flammable packing
materials pending use by the packing section.

(16) Clear aisles and exits. Keep aisles and
exits clear at all times.

b. Floor load limits. Floor load limits will be
observed whether a warehouse is of single or multi-
story construction. It is the Activity Civil Engi-
neering Officer’s duty to see that floor capacities
are determined and signs posted in conspicuous
places stating the capacity of all floors in that area.
For safety standards concerning floor loads, refer
to 29 CFR 1910.22, (d) (1).

c. Spontaneous combustion. Under special con-

ditions, certain materials generate enough heat to
ignite spontaneously. Oils, lubricants, and fats
when absorbed by fibrous materials such as rags,
waste, and paper are particularly dangerous. Other
such items are coal, brooms, oakum, jute, hemp,
green fiber, sisal, skins, rubber, metal dross and
turnings, leather scrap, and items containing a ni-
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trocellulose base. The chief cause of fire is poor
housekeeping. Paper, scrap, excelsior, and other
combustible packing materials must be placed in
approved containers or structures. To combat com-
bustion, proper ventilation must be provided at all
times. Spontaneously combustible materials will be
segregated from each other and from other flam-
mable materials.

d. Adequate illumination in storage areas. Ad-
equate lighting in storage areas decreases hazard
of accidents and enhances workers’ health and mo-
rale. Adequate lighting minimizes sight weaknesses
and conserves manpower. Adequate lighting will be
maintained at all times in working areas and trav-
ersed spaces. Such lighting will be free from glare
caused by exposed bulbs or reflection from highly
polished surfaces. Provision will be made for an
adequate number of globes and reflectors to pre-
vent glare. Lamps of proper voltage, wattage, and
type for the area will be provided. Burned out
globes will be replaced promptly. Globes, reflec-
tors, and walls effecting the lighting should be kept
clean at all times. Where painted areas are too dark
to allow proper reflection, the walls should be
painted a light shade. Lighting should be at rec-
ommended levels (see reference to documents of
appropriate military department). Some types of
fluorescent lamps are now approved for Class 1,
Group D locations of National Fire Code (NFPA).
Fluorescent lighting will never be Used in flam-
mable storage areas unless approved by Under-
writers Laboratories for Class 1, Group D locations.
Translucent roof panels may be used in single story
buildings to aid in lighting and reduce lighting costs.

e. Safe handling and disposal of fluorescent
lamps. The principal consideration in handling dis-
carded fluorescent lamps is the need to minimize
breakage. Lamps must be handled with care and
whenever possible, used lamps should be stored in
lamp cartons. Employees should not intentionally
shatter lamps. This policy will prevent employee
exposure to glass fragments and will preclude un-

necessary contamination from the mercury con-
tained in the lamps. In regard to the environment
aspects of the disposal of fluorescent lamps, small
quantities can routinely be disposed of in sanitary
landfills. If disposal quantities exceed 200 lamps per
week, specific disposal instructions should be re-
quested from the appropriate military department.
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6-110. Size of Storage Blocks, Clearances,
Heights, and Limitations

a. Floorarea. The floor area or individual storage
blocks for the combustible materials will not be lim-
ited except as indicated in chapter V, section 4.

b. Height of stacks.
(1) General. Height of stacks should not be lim-

ited except as may be required for operations sta-
bility and to maintain clearances and floor load
limits.

(2) Below automatic sprinkler deflectors. The
height of the stack below automatic sprinkler de-
flector will be limited as follows:

(a) When stack heights do not exceed 15 feet,,
18-inch clearance will be maintained (A, fl.-6-2).

(b) When stack heights eceed 15 feet, 36-
inch clearnee will be maintained (B, fig. 6-2).

(c) When hazardous commodities are in-
volved, regardless ofstack height, 36-inch clearance
will be maintained.

(3) Below joists, rafters, beams, and roof
trusses. The height of the stack below joists, raf-
ters, beams, and roof trusses will be limited as fol-
lows (fig. 6-3).

(a) when stack heights do not exceed 15 feet,
18-inch clearance will be maintained.

(b) When stack heights exceed 15 feet, 36-
inch clearance will be maintained.

(c) Regardless of their height, stacks in non-
sprinkled buildings will have a 36-inch clearance,
except that reclaimed metal drums may be stacked
within 14 to 20 inches from metal joists, rafters,
beams, and roof trusses in nonsprinkled buildings
of all metal construction and without electrical wir-
ing.

(4) Light or heating fixtures. Around light or
heating fixtures, 18-inch clearance will be main-
rained.

(5) Above level ofrooftruss, when supplies are
stacked above the horizontal level of lower roof
trusts members or beams, horizontal clearance be-
tween supplies and structural members or other
installed devices will be 18 inches (fig. 6-3).

c. Clearances.
(1) General. Clearances between stored ma-

terials and walls will not be maintained except as
follows:

(a) Substandard fire walls (less than 4-hour
rating) clearance of 24 inches will be maintained
(fig. 6-4).
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B. Thirty-six inches.

Figure 6-2. Overhead stack clearance at
sprinkler head.
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Figure 6-3. Clearance of material from sprinkler heads and $russes.

(b) When hazardous materials are stored in

general purpose storage buildings,. 24-inch clear-
ance will be maintained (fig. 6-5).

(c) When nonhazardous materials are stored
in general purpose storage buildings, except for

personnel door or fire aisle, none_(fig. 6-6).
(d) When materials stored are subject to ex-

cessive swelling, clearance usually not exceeding
12 inches (fig. 6-7).

(2) Clearance to maintain storage block limi-

tations. When clearances are found necessary to
maintain storage block limitations, such clearance
between stacks will not be more than 4 feet in width
for 2,000-square foot blocks or 6 feet for 8,000-
square foot blocks.

(3) Clearance around fire doors. A 24-inch

clearance will be maintained between stock and the
fire door except for the portion of the fire doornear
the aisle. For this portion of the fire door, a 36-inch
clearance will be maintained between stock and the
fire door (fig. 6-8). Where a protective barricade
is provided for the fire door, no clearance between
stock and barricade is required.

d. Action in relation to storage of combustibles.
The instructions will not be construed as directing
the instigation of major rewarehousing programs
to meet the requirements herein. As a general rule,
compliance with these instructions’will be effected
in the course ofnormal warehousing/rewarehousing
or attrition of stocks.

e. Aisles. Aisles will not be maintained for access
to electrical equipment, fire fighting equipment, or

sprinkler valves, except where such equipment can-

not conveniently be moved to a more accessible lo-

cation.
f. Exceptions. Exceptions to the requirements

may be authorized where such exceptions will result
in increasing space utilization without materially
increasing the fire risk. Requests for such excep-

tions, with adequate justification, will be submitted
to the appropriate military department for review

and approval. These requirements do not apply to
materials stored in public warehouses under service
contracts.

6=111. Signs and Color Code Markings in Rela-
tion to Safety in Storage

a. Posting of"No Smoking" signs. "No Smoking’
signs of sufficient size to be seen from the far end
of a normal size storage room or for a considerable
distance in outside storage areas will be posted.
The signs will be of adequate quantity and posted
in storage areas at the following locations:

(1) Over doorways, on each side of fire walls.
(2) In center of each crossaisle in each store-

room, hanging double sided signs.
(3) In aisleway or lobby, hanging to face each

passenger and each freight elevator entrance to
warehouse.

(4) In addition, in "flammable storage" ware-

houses, on outside of building at each entrance, one

at each end of building, and on each side of the
building where there are no entrances.
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AISLE

Figure 6-$. Stack clearance of substandard fire walls.
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AISLE

EXTERIOR WA.L.I

Figure 6-6. Stack lsarance at exterior walls (nonhazardous materials).

AISLE

FIRE DOOR

Figure 6-7. Stack clearance at walls far material subject to excessive swelling.
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AISLE

)OOR

Figure 6-8. Stack clearance at standard fire walls and at fire doors (nonhazardous materials).

(5) Unusually long or wide "flammable storage"
buildings will have signs posted at the ends of side
and the ends of building.

(6) In aisleways of lumber yards, affLxed to
standards, posts or corners of stacks; in such quan-
tity and manner as to be discernible from any di-
rection of approach.

(7) Outside areas for highly flammable mate-
rials, affixed to standards, posts or corners in aisle-
ways so as to be discernible from any approach
(areas where stores of gasoline, oils, compressed
gases, acids, or materials which could prove dan-
gerous if fire causes breakage or damage with sub-
sequent exposure to other types of hazards, such
as to danger of contact with acids and corrosives).

(8) In all outside locations, in adequate quantity
where any material not especially of fire hazard is
stored.

Note. Specifications for "No Smoking" signs, other
warning signs, and directional arrows are found in 29
CFR 1910.144 and 1910.145.

b. Directional arrows (OSHA 1910.15). Direc-
tional arrows will be placed in storehouses, in aisle-

ways, where fire extinguishers or other fireflghting
emergency equipment is not easily discernible from
a reasonable distance in the aisleway. Directional
arrows, indicating placement of firefighting equip-
ment, will be adequate size to be seen from far ends
of the aisles. Also, if required, such signs will be
used in outside storage areas. Directional arrows
indicating the location of fire exits which are not
easily discernible will be similarly posted. In this
instance, the lower portion of the sign will read
"FIRE EXIT."

c. Color code markings. The following color codes
will be used except at oversea installations when
such colors are not deemed feasible.

(1) White markings. All floor markings which
do not involve caution or hazardous areas will, when
required, be painted white.

(2) Yellow markings.
(a) All floor markings which involve caution

areas or physical hazards will be painted yellow of
color chip No. 13538 or 13655, FED-STD-595.

(b) All materials handling equipment illus-
trated in paragraphs 4-201 through 4-214 (other
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than storage aids) will be painted yellow color chip
No. 13528 or 13655 except combat operational
equipment which will be painted the color pre-
scribed by the.appropriate military service.

(c) Guard railings top and bottom stair risers
will be painted with a 3-inch yellow stripe of color
chip No. 13538 or 13655 under the nosing of each
tread.

(3) Yellow and black striping. Yellow color chip
No. 13538 or 13655 used with black paint to form
stripes will be used to highlight particular hazard-
ous environment by providing contrasting back-
ground as in the following examples:

(a) Large machinery and moving parts thereof.
(b) Pit and platform edges.
(c) Obstructions, dead ends, barricades and

curbings.
(d) Corner markers for stacks of stored ma-

terials striped in such a way as to form an inverted
V (para 6-109a(13)).

(4) Yellow and black checkerboard symbol. Eye
hazardous areas will be marked by permanent
screens, door jambs, and floor markings or by port-
able signs and screens. All of these will display a

black and yellow checkerboard symbol and the
phrase "Eye Hazard." Portable signs should be used
to warn personnel of eye hazardous operations such
as welding, acid handling, and other operations
which generate flying particles.

(5) Yellow with black lettering. Small con-

tainers for flammable liquids will be painted red
with the contents indicated in yellow lettering. The
contents of fixed tanks will be identified with black
lettering on background of yellow color chip No.
13538 or 13655. These liquids include gasoline,
naphtha, kerosene, alcohol, and solvents.

(6) Red. The locations of fire extinguisher and
other emergency firefighting equipment and acces-
sories will be identified by painting walls behind
and floor below such equipment with paint color
chip No. 11105, red, of FED-STD-595. Emergency
stop devices or hazardous machinery or tools will
be painted red for easy and immediate recognition.

(7) Exit Identification. Types and locations of
exit identification media, when required, will be
prescribed by 29 CFR 1910.35, 36, 37.

(8) Special purple and yellow. Areas used for
storage of items containing radioactive materials
will be conspicuously marked with special purple
(magenta) .and yellow as indicated in Military Stand-
ard MIL-STD-1458. Placards bearing the standard

radiation symbol will be placed at each entrance to
a radioactive storage area and around the perimeter
so that at least one placard is clearly visible from

any direction of approach, as shown in "Radioactive
Commodities in The DOD Supply Systems" (DLAM
4145.8/AR 700-64/NAVSUP PUB 5012/AFM 67-8/

MCO P4400.105).

6-112. Safety Practices for Powered Materials
Handling Equipment (29 CFR 1910.176;
1910.178; 1910.179; 1910.180; 1910.181)

a. General. Safety practices for powered mate-
rials handling equipment will be followed and the
operators will be trained in the use of equipment.
The following regulations will be established:

(1) Operators will be trained under the pre-
scribed training program established for the oper-
ation of such equipment and will pass all physical.
and aptitude examinations required.

(2) The proper type of equipment will be used
for the specific job involved.

(3) Equipment will be of the correct rated load
capacity for the weight of material to be handled.

(4) Equipment will be properly serviced and
maintained at all times to assure maximum safety
and efficiency in its operation.

b. Operating safety rules.
(1) Spark enclosed electric equipment (29 CFR

1910.178). Battery powered, EE type (spark en-
closed) equipment will be used for handling and
storing flammable liquids with a flash point of
100 F or lower in sealed containers. This type of
equipment should also be used for handling other
flammable liquids with flash points higher than
100 F as determined by the safety and fire pre-
vention authorities. The need for an EX type of
explosion-proof truck will be determined by the
safety and fire prevention authorities of the indi-
vidual military services.

(2) Equipment to be kept free ofgrease. Steer-
ing columns and electrical wiring on diesel, gaso-
line, or electric powered equipment must be kept
free of excessive grease accumulation at all times.

(3) Special protective equipment. Special pro-
tective equipment as cleared by the appropriate
military department will be used when work in-

volves explosives and ammunition.
(4) Fire prevention devices.

(a) Sediment bowls and gas caps. Gasoline
and gas-electric powered materials handling equip-
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ment will be equipped with metal sediment bowls
and gas filler caps with special safety features.

(b) Spark or flame arrestor. Internal com-
bustion engine powered materials handling equip-
ment with built-in devices to provide adequate
safeguards against spark or flame will be used,
when available, to handle, or to operate in storage
areas containing readily ignitible materials such as
cotton, jute, sisal, coca fibre or excelsior. When
such MHE with built-in devices is not available, a
spark or flame arrestor device, conforming to the
requirements of military specification MIL-A-27302,
may be attached to the muffler tail pipe. These
devices require periodic inspection for accumulation
of carbon deposits and, when necessary, will be re-
moved for cleaning. Intervals between servicing of
arrestors will vary with the condition of the engine
and the type of operations performed. Other types
of spark arrestors-devices may be used when au-
thorized by the military service concerned.

(c) Fire extinguishers. The installation offire
extinguishers on powered materials handling equip-
ment will be as prescribed by the military service
concerned. Requirement considerations should in-
clude criteria described in paragraph 6-107.

(5) Overhead guards (29 CFR 1910.178). Fork-
lift trucks of all types will be equipped with an
overhead safety guard fabricated from steel. Ex-
ceptions are permitted only for forklift trucks
where height of the overhead guard would deny
entry of truck into work locations such as entry into
vehicles being loaded or unloaded in receiving or
shipping operations. In such cases, the forklift truck
will be fitted with blocking devices that will not
permit the forks to elevate the load higher than the
operator’s head. Guards and means of attachment
will not interfere with the operation of the forklift
truck and will not impede the operator in mounting
and dismounting the truck.

(6) Area to befree ofspilled gasoline. All spilled
gasoline will be cleaned up before starting an en-
gine. Gasoline will not be flushed down a drain un-
less a special drain designated for this purpose is
provided. Gasoline may be flushed away in an out-
door area if temperature is above freezing and an
ample supply ofwater is readily available and water
does not create a possible hazard. If flushing is not
possible or practicable, then approved absorbent
material will be used to clean up the gasoline. Saw-
dust, wood shavings, or rags will not be used to
clean up the spilled gasoline. Metal shovel, metal
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grid, or other spark producing tools will not be used
in the immediate area. When cleaning up spilled
gasoline in excess of 1 pint, one person will stand
by with a fire extinguisher while another person
does the cleaning.

(7) Safety precautions by the operator. The fol-
lowing safety precautions are applicable for the op-
erator of materials handling equipment:

(a) The operator, as soon as he/she goes on
duty, will inspect brakes, steering apparatus, horn,
oil, gas, and water. Any defects noted will be re-
ported immediately to the supervisor.

(b) The operator will refuse to use an im-
properly loaded machine or one which is not in safe
mechanical condition.

(c) The operator will stop the engine and set
the brake before getting off the machine, except
when picking stock, in which case the brake will be
set and the engine permitted to idle provided the
operator remains in the immediate area of the ve-
hicle.

(d) Only licensed operators will be permitted
to operate equipment (fig. 6-9).

(e) The operator will inspect all loads to be
moved; will not overload; will not mo;e an unstable
load; will avoid moving loose material; and will re-
fuse to move an unsafe load or unload from an un-
blocked truck or trailer.

(f) Operator will be trained in the use of all
types of fire extinguishers and will ascertain their
locations in the areas in which they are working.

(g) Operators will keep three truck or tractor
lengths behind other vehicles.

(h) The operator will face in the direction he/
she is traveling; will not back without facing in that
direction.

(i) The operator will slow down and sound
the horn or gong before proceeding at cross aisle
intersections, and when vision is obstructed by
doors, corners, and elevators.

(j) The operators will not attempt to repair
or adjust any mechanical part of any materials han-
dling equipment but will immediately report defects
to the supervisors.

(8) All equipment. The following safety oper-
ating rules are applicable to all materials handling
equipment:

(a) Fuel tanks on gasoline or diesel-powered
equipment will not be refueled within warehouses
or while the engine is running. Refueling of this
equipment will be accomplished in a designated out-



15 September 1979

side at least 20 feet from the warehouse. The
in charge of fueling operations will be

responsible for ensuring that spilled fuel is thor-
oughly cleaned from the equipment before being
driven into the warehouse. Any spilled fuel will be
disposed of in accordance with (6) above.

(b) Powered materials handling equipment,
not in excess of those assigned to the warehouse for
normal operations, may be parked on covered truck
or rail platforms or in warehouses under conditions
as set forth below. The selection of either place, or
some combination of the two, will be the respon-
sibility of the installation commander.

I. In general purpose (nonflammable stor-
age) warehouses, powered materials handling
equipment may be parked in designated locations
such as vacant space in receiving or shipping areas
or any large vacant area that will provide the fol-
lowing suitable clearances:

a. Minimum clearance of 10 feet will be
maintained between the parked equipment and eas-
ily ignitible material such as loose combustible fi-
bers in bales or crates.

b. A minimum 5-foot clearance will be
maintained between parked equipment and boxed
items or other combustible material.

2. Aisles will not be used for parking ma-

terials handling equipment during nonworking hours.
This equipment will not be parked where main,
cross, or fire aisles, fireflghting equipment, fire
alarm boxes, stairways, elevators, or fire exits will
be blocked or that firefighting operations would be
hampered.

3. Warehouse areas used for parking ma-
terials handling equipment must be approved by
local fire and safety personnel.

$. An oil absorbent compound, Federal
Specification P-S-863 or equal, will be used under
each piece of equipment parked, to absorb oil and
grease drippings from leaks or other sources. A
metal pan may be used in conjunction with the com-
pound. Corrective action will be taken on equip-
ment evidencing leakage.

5. Materials handling equipment may be
parked in multistory buildings; however, gasoline
or diesel-powered equipment must be parked onthe

DOD 4145.19-R-1

first floor and the provisions of i through above

apply.
6. Only spark enclosed or explosion-proof

equipment may be parked in flammable storage
buildings and the provisions of I through above
apply.

7. Gasoline or diesel-powered equipment
should not be "warmed up" inside the building.
After starting the engine, such equipment should
be driven outside the building for the "warm up"
period to minimize fumes and carbon monoxide.

8. Scheduled inspections must be made to
ensure that powered materials handling equipment
is parked in proper locations; that the equipment
is free from accumulations of excess grease and lint;
and that gasoline lines, tanks, oil seals, etc., are

not leaking.
(c) A gasoline or diesel-driven machine will.

not be used in a building, unless the building is

properly ventilated, or when air conditions create
excessive concentrations of carbon monoxide (g be-
low).

(d) Forklift trucks or other materials han-

dling equipment will not be equipped with a steer-
ing knob or extension to the gear shift lever.

(e) All powered materials handling equip-
ment will be painted as prescribed in paragraph 6-
111c(2)(b).

c. Forklift truck safety rules (29 CFR 1910.178).
The following safety rules are applicable to forklift
truck operations (See figs. 6-9 and 6-10).

(1) Forklift truck operators will slow down at
all cross aisles and other passageways; when en-

tering or leaving buildings or warehouses, the op-
erator will come to a complete stop at the entrance,
sound horn, and proceed only when the way is clear.

(2) Under all travel conditions the truck shall
be operated at a speed that will permit it to be
brought to a stop in a safe manner (29 CFR 1910.178
(N) (8)).

(3) Forklift trucks will not travel with the forks
elevated more than 4 inches above the floor or

ground but when parked the forks will be lowered
and rest on the floor.

(4) Stacks will not be bumped or pushed with

the forklift trucks to straighten or move the stack.
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KEEP YOUR TWO FEET ON THE GROUND__

FOR AN OPERATION THAT IS BOTH SAFE AND SOUND!

Figure 6-10. Only the operator should ride forklift trucks.
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(5) The load capacity plus the gross weight of
each truck will be placed on the machine at a place
that is visible at all times. The capacity will not be
exceeded and counter-weighting of the trucks to
increase lifting capacity is prohibited. Modifications
which affect truck capacity or safe operations will
not be performed without the approval of appro-
priate installation officials.

(6) Personnel will not stand under the loads
being hoisted or lowered.

(7) Forklift trucks will be driven forward when
transporting cargo up ramps or other grades and
will be driven in reverse on downgrades.

(8) The mast will be tipped back when loads
are transported.

(9) Forklift trucks will not be lifted by the
overhead guard; lifting pads will be installed when
required.

(10) For operations involving more than one
fork truck, vehicles will be 20 feet apart, unless two
vehicles are transporting the same load.

(11) Forklift trucks will not be used to elevate
personnel, unless authorized by the supervisor.
When lifting is tuthorized, a safety pallet will be
used; the truck will not be moved; and the person
being lifted will face away from the mast and remain
clear of the hoisting mechanism.

(12) Personne,l will not be allowed to ride forks,
machine, or load when the forklift truck is moving.

(13) Forklift trucks will be driven slowly over
railroad or rough surfaces.

(14) Standard load back rests (vertical package
guard) will not be removed during operations ex-
cept when facility characteristics, such as curved
roofs, prevent use of the !oad back rest. Stacking
of loads on the forklift truck lines will be controlled
so that no more than one-third of the height of the
top tier extends above the load back rest.

(15) Overhead doorways and cross beams will
be cleared by the forklift truck.

(16) When the operator parks a forklift truck,
he/she must check the brake to be sure the truck
will not move.

(17) Operators of forklift trucks must not cut
corners. This practice may result in upset loads,
damaged goods, and serious injury to personnel.

(18) Bridge plates will be secured in position,
either by being anchored or equipped with devices
which will prevent their slipping and have sufficient
strength to support fork trucks (See para h(2)(h)
below).
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(19) Freight cars will not be towed or pushed
with forklift trucks.

(20) Do not jam on the brakes or stop suddenly.
(21) Operators will not attempt to repair fork

trucks. Notify supervisors and request a qualified
repairman to make repairs.

(22) Do not allow personnel to counterbalance
a load on a forklift truck by riding rear of machine,
use a truck of greater capacity.

(23) Do not extend hand or arm through mast
while in operation.

(24) Forklift trucks will be equipped with over-
head guards.

d. Truck straddle carry safety rules. The follow-
ing safety rules are applicable to truck straddle
carry operation:

(1) Before starting daily operations, each truck
straddle carry operator will check the vehicle thor-
oughly. (See chap IV sec 5).

(2) All loads placed on trucks straddle carry
will be blocked sufficiently to prevent any part of
the cargo coming in contact with the surface over
which the cargo is being transported.

(3) In the vicinity of personnel, operators will
sound horn or other noise making device.

(4) All approved guards and safety devices will
be kept in proper repair at all times.

(5) Trucks straddle carry operated on public
streets or highways will be equipped with all safety
devices required by state laws.

e. Tractor-trailer train safety rules. The follow-
ing safety rules are applicable to tractor-trailer
train operations:

(1) Tractor operators will obey all traffic reg-
ulations at all times.

(2) Trailers will be firmly coupled to each other
and to the tractor before starting operations. The
couplers will be inspected at each time of coupling.
Safety chains will be attached when directed bythe
service agency concerned.

(3) The maximum number of trailers permitted
by the individual activity will not be expected in
each train.

(4) Loads being transported by tractor-trailer
trains will be lashed, if necessary, to prevent ma-
terial from falling. Operator will inspect all loads
before moving the tractor-trailer train.

(5) The trailer immediately behind the tractor
will not have a load of such height as to obstruct
the operator’s view when he/she looks back to ob-
serve if the loads are riding safely.
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(6) The speed limit of tractor-trailer trains
within warehouses is 5 miles per hour and in outside
areas in accordance with installation directives.

(7) When leaving or entering buildings, oper-
ators will cometo a complete stop, sound horn, and
proceed only when the way is clear.

(8) Railroad tracks and unlevel roadways will
be traversed at reduced speed, to reduce jarring of
material, and at an angle (fig. 6-!1).

(9) Tractors will not be used to push or pull rail
cars.

f. Warehouse cranes safety rules. The following
safety rules are applicable to warehouse crane op-
erations: (29 CFR 1910.180)

(1) When entering or leaving warehouse, crane
boom must be lowered to clear doorways and other
overhead obstructions.

(2) The weight of crane and load must not ex-
ceed floor load linits.

(3) Prior to actual turning of the crane, oper-
ator must use extreme caution to swing the crane
boom sufficiently to avoid posts and stacked ma-

terial.
(4) Aisles must be free of refuse; obstructions

which suddenly raise one side of crane will cause
the suspended crane load to swing, endangering
material.

(5) Suspended loads will be carried as high as

possible on the erane line, without fouling topping
gear, in order to reduce swinging of load. Boom will
be as near perpendicular as possible.

(6) Before moving or lifting the load, the op-
erator wi|l ascertain the approximate weight ofload
to be moved in relation to crane capacity.

(7) Before moving the load the operator will
determine what is to be done, where load is to go,
and route to be traversed.

(8) When operator leaves the crane, a crane
load will never be left suspended.

(9) Sling lines will be securely attached, spread,
and centered in relation to the load and, if neces-

sary, properly padded at edge crossings to assure
safety and protection to material.

(10) Ditches, railroad tracks, and other re-

cessed or raised crossings will be crossed at right
angles tQ prevent undue swing of load.

g. Carbon monoxide.
(1) Characteristics. Carbon monoxide, a col-

orless, odorless, toxic gas, is contained in varying
amounts in the exhausts of almost all internal com-
bustion’engines. An engine with a rich mixture pro-

Figure 6-11. Drive slowly over railroad crossings.

duces far more carbon monoxide than an engine
with a lean mixture, when a cold engine is .fired,
the development of carbon monoxide is much greater
than when firing an e,ngine that is warm. Carbon
monoxide replaces the oxygen in the blood stream,
in proportion to the amount being breathed; until
the concentration has builtup to a considerable
amount, ill effects are not experienced. Most per-
sons may breathe each working day, without harm,
air in which the co,ncentration increases to 50 parts
of carbon monoxide per million parts of air (time

weighted average). Above that level, headaches
start, and at higher concentrations, dizziness, las-
situde, and general weakness are experienced. Ex-
treme concentrations of carbon monoxide are fatal.

(2) Ventilation. when gasoline-driven equip-
ment is used in confined area.s where adequate nat-
ural ventilation is not available, artificial ventilation
must be supplied to prevent the average concen-
tration in any space exceeding 50 parts of carbon
monoxide per million parts of air (time weighted
average). Such ventilation may be obtained from
ventilating systems, by portable blowers, or both.

(3) Rate ofdevelopment. The amount of carbon
monoxide developed by gasoline-driven trucks is
dependent on the size of the engine, the adjustment
of the carburetor, the condition of the spark plugs,
and timing of the distributor. An average engine
in normal operation will give off 1 cubic foot ofcar-
bon monoxide per hour per horsepower.

(4) Atmosphere tests. Since the value of 1 cubic
foot of carbon monoxide generated per hour per
horsepower is only approximate, decisions on the
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amount of ventilation required for various opera-
tions should be determined by tests in working
areas with appropriate carbon monoxide detectors.
Such tests should be made regularly, since condi-
tions of engines may change, and it is difficult to
determine the actual amount of ventilation being
furnished, particularly where natural ventilation is
used.

(5) Safety precautions. Gasoline engines in
trucks should be turned off when not in use. Gas-
oline engines should not be permitted to idle in
standby service for longer than 30 seconds except
as provided in b(8)(c) above. Gasoline engines
should be checked at frequent intervals with a mo-
tor analyzer and readjusted for maximum perform-
ance and minimum carbon monoxide generation.
Personnel will not be permitted to work in buildings
where concentration of carbon monoxide is greater
than 50 parts per million parts of air (time weighted
average).

h. Auxiliary equipment.
(1) Exhaust gas purification devices. Exhaust

gas purification devices of various types, designs
and effectiveness are available from commercial
sources as a component of an exhaust pipe or as a
muffler for attachment to petroleum-fueled pow-
ered materials handling equipment and vehicles.
These devices are designed, when properly at-
tached and maintained, to prevent accumulation of
lethal, toxic, and irritating exhaust gases in excess
of the permissible limits established by the Amer-
ican Standards Association Code for Allowable Con-
centration of Carbon Monoxide. Normal control
measures to protect health of personnel against
such gases will not be relaxed when materials han-
dling equipment, with exhaust gas purification de-
vices attached thereto, are operated within enclosed
and unventilated areas. Carbon monoxide detector
tubes or direct reading instrumentation should be
obtained and used by trained personnel to measure
carbon monoxide levels. Use of petroleum fueled
MHE with exhaust gas purification devices is war-
ranted in high density confined operations only
when carbon monoxide poisoning is a hazard and
when battery-powered type is not available. When
high density operations are performed, in closed
warehouses using petroleum fueled MHE, carbon
monoxide constant measuring instruments or in-
dicators, fixed to area walls or mounted on mobile
equipment, will be used in addition to the Detector
Kit and Indicator Tube. Exhaust gas purification

device(s) will be procured and used only when au-
thorized by the appropriate authority of the mili-
tary service having jurisdiction.

(2) Bridge plates. Information on bridge plates
(dockboards) is contained in 29 CFR 1910.30 and
1910.178. A bridge plate must be strong enough to
support the equipment and load which traverses it
and long enough to bridge the gap it spans with
adequate support area at both ends. The length,
especially, is important when the floor of the plat-
form is lower or higher than the floor of the car or
vice versa. Drive slowly when mounting or driving
over the bridge plates in rainy weather, or when
icy. Bridge plates will be-

(a) Equipped with stops at both ends near
the edges of the platform or the car or truck to
prevent plate from sliding.

(b) Equipped with adjustable stops of differ-
ent lengths permanently located in channels or
slots. Use of steel pins as stops is not authorized.

(c) Of sufficient length to provide support of
approximately 8 inches at all times.

(d) So constructed to provide handloads for
manually lifting or other means for lifting by fork
truck.

(e) Constructed with a rough or checkered
surface to reduce skidding Or slipping.

Equipped with safety curbs to prevent
fork truck runoff.

(g) Marked to indicate the load capacity.
(h) Checked frequently during lengthy load-

ing/unloading operations.

6-113. Safety practices for Nonpowered Mate-
rials Handling Equipment

a. Hand trucks.
(1) Two-wheel hand truck. The two-wheeled

hand truck will not be used to transport units of
material heavy enough to cause undue strain or risk
to personnel.

(2) Barrel hand truck. Barrel-type hand trucks
should be provided for personnel to move drums,
large kegs of material, or other cylindrical units to
prevent rolling or slipping of the material causing
possible damage to material or injury to personnel.

(3) Hand trucks with sparkproof wheels or
rims. Hand trucks with sparkproof wheels or rims
will be used, only for work requiring such equip-
ment, in areas or rooms where materials of highly
flammable, combustible, or explosive nature are
stored or handled.
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(4) Nonpowered hand pallet truck. Nonpow-
ered hand pallet trucks will not be used to move
heavy loads.

b. Use ofcrowbar. In areas orrooms where highly
flammable, combustible, or explosive materials are

stored, a crowbar or pinch bar will not be used to
pry or move material as sparks may cause fire or

explosion.
c. Standard safety pallet (9 CFR 1910.178). The

standard safety pallet (described in para 4-214) and
not the ordinary pallet will be used with forklift
trucks in the following operations:

(1) To elevate personnel to a sufficient height
above the floor of the warehouse for the purpose
of storing material on an elevated pallet or when
removing individual items from elevated pallets.

(2) To elevate personnel performing mainte-
nance work on the inside or outside ofwarehouses.
Personnel will not be elevated on the forks of the
forklift truck without the use of the safety pallet.

(3) Whenever a truck is equipped with vertical
only, or vertical and horizontal controls elevatable
with the lifting carriage or forks for lifting person-
nel, the following additional precautions shall be
taken for the protection of personnel being ele-
vated:

(a) Use of a safety platform firmly secured
to the lifting carriage and/or forks.

(b) Means shall be provided whereby per-
sonnel on the platform can shut off power to the
truck.

(c) Such protection fr0m-falling objects as

indicated necessary by the operating conditions
shall be provided.

d. Fork extension. The fork extension added to
forklift trucks may reduce the load carrying capac-
ity of a truck rated at 24-inches load center ap-
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proximately 20 percent when handling 60-inch long
loads (chap. IV). The fork extension should be used
only in handling loads of relatively light weight.

e. Ladders. (29 CFR 1910.25; 1910.26; 1910.27;
1920.29)

(1) Construction. The regular rung-type ladder
will have the bottoms of side rails sheathed or cov-

ered with safety nonskid pads of corrugated or skid-
proof rubber, duck, or other skidproof material.
Nails or screws securing such pads will be coun-
tersunk. The pads should be inspected often and
replaced when considered unsafe. The regular rung-
type ladder must be constructed so that the rung
ends set into notches in the rails. Only stepladders
with safety hand and guard rails should be used
when such ladders are necessary. Three sides of the
top step of platform-type stepladders will be pro-
tected with guard rails. Stepladders should have
only two wheels to preclude unsafe movement of
such a ladder when in use. Wheels should be at-
tached to back legs.

(2) Use.
(a) Position. For safe use, the ladder must

set on a firm, solid, and level base with the top end
resting squarely against the wall or other support.
The distance of the foot of the ladder from the base
of the wall support should be approximately one-
fourth of the length of the ladder.

(b) Defective ladders. Ladders with cracked
rungs or defective or cracked rails will not be used.

(c) In front of doors. A ladder will not be
placed in front of a door unless the door is locked,
or otherwise blocked, barricaded, or guarded.

(d) Stock picking or storing. Ladders should
not be used when stock picking or storing in bin

racks; the stock pickers cart described in chapter
IV will be used (fig. 6-12).
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(3LIMBING BINS s A
DANGEROUS PRACTICE

AN UNTIDY CART IS

POOR STOREKEEPI NG.

USE LADDERS FOR
REACHING H G H
PLACES. KEEP CART(,

NEATLY ARRANGED
AND FREE OF ALL
UNNECESSARY AND
WASTE ITEMS.

Figure 6-1. Use ladders for climbing. Keep stock picking cart neat.
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(e) Safety rules. Safety rules will be ob-
served, and personnel--

1. Will not reach sidewise more than
length of the arm.. Will climb down and reposition the lad-
der.

3. Will position feet firmly on the rungs.
$. Will wear appropriate shoes, for pro-

tection against slipping.
5. Will clean all grease or oil from shoe

soles.
6. Will not carry heavy units up or down

a ladder; forklift trucks will be used to elevate ma-
terial.

7. Will assure that the bottom brackets of
the upper section of extension ladders are properly
secured by pins or rungs.

6-114. Manual Handling

a. Proper lifting method. Persons who manually
handle materials of any type will be instructed in
the proper method of lifting heavy objects. The

proper way to lift heavy objects from the floor is

for the lifter to stand close to the load, with feet
slightly apart and solidly placed. With knees bent,
the object will be grasped firmly and lifted by
straightening the legs, keeping the back as nearly
vertical as possible (fig. 6-13). When lifting from
an elevated surface, the object will be brought as

close to the body as possible to avoid an unbalanced
position. With straight back the lifter will keep the
load close to the body and will avoid carrying a

heavy load a long distance without resting. Load
will be carried in such a manner that full view is

permitted. When lifting with another person, both
persons should start and finish the lift simultane-
ously to prevent undue strain on either person.
Persons with existing hernias, or those who have
a history of previous back strains, will be assigned
to duties that do not require heavy lifting. Lifting
or lowering operations performed by several per-
sons will be done on signal from one individual, and
only after everyone’s feet, hands, and other por-
tions of the body are clear. Generally, mechanical
means will be used for handling heavy objects.

THIS NOT THIS--

Figure 6-13. Manual lifting and carrying.
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b. Precautionsfor manual handling. Safety pre-
cautions which apply to manual handling of mate-
rials include the following:

(1) Protective clothing or accessories, including
gloves, face shields, goggles, and safety shoes will
be worn as prescribed in paragraph 6-105.

(2) Finger rings will not be worn.
(3) Material will be examined for sharp edges,

protruding points, weakened places of’ropes, or
other factors which may cause injury to personnel.
These defects should be corrected before proceed-
ing.

(4) All stacked cargo and materials will be ar-
ranged in an orderly manner for convenient and
safe hanlling.

(5) Defective or broken strapping on cargo will
be removed, repaired, or replaced. Face shield or
goggles and proper gloves will be worn when cut-
ting steel strapping, and personnel will stand out
of the way of a snapping line of cut strapping.

(6) Drums will be rolled by pushing with the
hands, not the feet.

(7) Material will not be thrown from elevated
places to the floor or ground. Use suitable lowering
equipment.

(8) Wheelbarrows, hand trucks, and other sim-
ilar devices will not be overloaded. These devices
will be pushed, not pulled except when going up
inclines.

(9) Ropes, used for carrying, towing, or for life
or scaffold lines which have defects, will be re-
placed.

(10) Chisels, hammer faces, and pliers which
have burred, chipped, or badly worn working sur-
faces or edges will be replaced to prevent serious
injury to eyes, hands, or face.

(11) Appropriate tools will be used for each job.
For example, nail pullers will be used for opening
boxes, strap or wire cutters for cutting metal strap-
ping or wire, and hammers for driving nails.

(12) Plugs will be disconnected when electrical
power tools are not in use.

(13) Sharp edge tools will not be carried un-
shielded in pockets.

(14) Hand operated trucks, dollies, and similar
equipment will not be parked in traffic lanes or
roadways.

(15) Cylindrical objects will be blocked to pre-
vent rolling.

(16) When working at high elevations a lifeline
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and safety belt will be worn if other safeguards are
impractical.

(17) Personnel will not reach around, over, or
under the moving part of any machine.

6-115. Safety in Loading and Unloading Rail-
road Cars/Trucks and Trailers

a. Railroad cars. (Reference 29 CFR 1910.178)
(1) Opening doors. Boxcar doors should be

opened with a car door opener to prevent back-
strains and injuries to personnel. Also, this will
prevent material loosened in transit from falling
and striking personnel.

(2) Checking content. Check contents of rail-
road cars for unsafe loads before starting to unload.
Check empty railroad cars for weak or broken floor
boards and have repaired. Lay steel plate in door-
way area while loading with materials handling
equipment. When unloading cars, steel plate will
be used over weak or broken floors.

(3) Goola cars. When loading or unloading
gondola cars with cranes, all persons must be re-
moved from the immediate area before the lift is
made. Unless required for rigging purposes, per-
sonnel should not be permitted to stand on top of
the car while the load is being raised, lowered, or
swung into position.

(4) Hopper bottom cars. Personnel will not be
permitted to work inside hopper bottom cars while
material is being unloaded. Personnel will use a
hopper car safety wrench to open and close hopper
car doors to prevent backstrains and injuries from
falling materials.

(5) Bridge plates. Bridge plates between plat-
forms and boxcars will be secured in position, either
by being anchored or equipped with devices which
will prevent slipping.

(6) Moving rail cars. Rail cars will not be
pushed or pulled with fork trucks or warehouse
tractors (fig. 6-14). Wheel stops or other recognized
positive protection shall be provided to prevent rail-
road cars from moving during loading or unloading
operations. Positive protection shall be provided to
prevent railroad cars from being moved while dock-
boards or bridge plates are in position.

b. Trucks/trailers (Reference 9 CFR 1910.178).
(1) Check flooring. Check flooring for breaks

and weakness before they are driven onto with fork
truck.

(2) Wheel chocks. Ensure that wheel chocks are
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Figure 6-1. Fork truck safety tip (towing freight car).

positioned at the rear wheels of the truck or trailer
to prevent them from rolling while being boarded
with fork truck.

(3) Bridge plates. See paragraph a(5) for rail

car loading/unloading.
(4) Trailer safety jacks. Safety jacks may be

necessary to support a semitrailer to prevent up-
ending during the loading or unloading when the
trailer is not coupled to a tractor.

6-116. Buildings and Physical Equipment

a. Safety related to stairways (29 CFR 1910.23).
Safety precautions which apply to stairways include
the following:

(1) Unless steps in stairways are made ofwood,
the steps will have antislip treads.

(2) Stairways over 88 inches wide will have an

auxiliary handrail in center and one on each side;
over 44 inches wide but less than 88 inches will have
a handrail on each side; or 22 inches to 44 inches
wide will have at least one handrail.

(3) Stairway openings will be guarded with rail-
ings which measure 42 inches from floor to top of
railing.

(4) Stairway handrails will be not less than 30
inches nor more than 34 inches from top of railing
to surface of the tread at the face of the riser. In-
termediate railings or suitable screening will be
provided from top of handrails and guard rails to
floor or treads.

(5) Stairways will be well lighted and main-
tained clean, dry, and free of slippery substances,
refuse, or stored material.

(6) Personnel will walk, not run, up or down
stairways and will use handrail.
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b. Safety concerning doors in warehouses. Safety

precautions which apply to doors include the fol-

lowing:
(1) Doors will be opened slowly. When opened

suddenly, a door can cause serious injury to per-
Sonnel near to or approaching from the opposite
side.

(2) Clear vision panels "of average eye-level
height are desirable in solid doors; especially doors
which are used considerably.

(3) Loose doorstops will be kept in a safe place
when not in use.

(4) Door spring or patented door closers will

be properly tensioned or adjusted to prevent door

closing too rapidly.
(5) Only one person will enter a section of a

revolving door.
(6) Door hardware must be kept in good repair.
(7) Safe and vault doors must be closed care-

fully. Do not lock a vault door nor spin the combi-

nation lock until assured that no one is inside.
c. Safety concerning elevators.

(1) Passenger. Safety precautions which apply
to passenger elevators include the following:

(a) Qualified inspectors will inspect passen-
ger elevators quarterly.

(b) Any elevator found defective will be

plainly tagged and not used until repaired.
(c) All elevators will have signs posted in-

dicating the carrying capacity. The safe capacity for

passenger elevators will be expressed in terms of

maximum number of passengers to be carried.
(d) Rated capacity of elevators will not be

exceeded.
(e) Elevators will be operated only by trained

operators.
(f) Caution will be exercised by anyone en-

tering or leaving elevators, by watching their step,
and by not boarding or debarking while elevator is

in motion.
(g) Passengers will not be permitted in an

elevator unless it is specifically authorized as a pas-
senger-carrying elevator.

(h) An elevator which is not authorized for

passengers will be posted to that effect.
(i) A self-service elevator must be in proper

position to board or debark. Do not enter or leave

until doors are opened fully.
{3) Smoking will not be permitted in any el-

evator. Signs to that effect will be posted.
(2) E/evator operators. Safety precautions which
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apply to elevator operators include the following:
(a) Operators will not converse with passen-

gers except for business reasons.
(b) Operator will not eat or read while on

duty.
(c) Operator will keep clear of shaft way.
(d) Operator will assure that shaft way doors

or gates are closed and locked before car starts and
that car gates are closed while running.

(e) Operator will keep passengers away from
open edge of platform if car gates are not provided.

(f) Operator will assure that car has com-
pletely stopped at the landing level before doors
and gates are opened.

(g) When an elevator is taken off duty or
service is suspended during normal working hours,
a sign stating "Car not working" will be displayed.

(h) If car will not start it may be overloaded,
in which instance operator will remove the load. If
elevator still will not move the person in charge will
be notified.

(i) If car will not stop, operator will not at-
tempt to jump off.

(3) If car stops suddenly between floors op-
erator will call for the person in charge and operate
car only at his/her direction.

(3) Freight elevators. Freight elevators which
are not authorized to carry passengers will be
marked to that effect. Freight elevators will be in-
spected semiannually by qualified inspectors. The
safe capacity of freight elevators will be expressed
in pounds. Operator will assure that the locking
device and hoisting attachments are in place before
any heavy, concentrated load (such as a safe) is
moved on or off the platform. The operator will not
raise the car more than a few inches at a time until
the locking device has been withdrawn. Safes or
other heavy objects, near the capacity of the ele-
vator in weight, will be loaded in center of car and
extreme caution will be exercised. Only the oper-
ator will be allowed in the car during such proce-
dare.

(4) Adjustable platform ramps. Where adjust-
able ramps (either power or mechanically operated)
are installed in loading and unloading platforms,
such ramps will be equipped with a safety device
which can securely lock the ramp in a fixed position.
The safety device so used will be of such design that
the load capacity of the ramp when in the locked
position will be sufficient to support the specified
capacity of the ramp or platform. Such ramps or
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platforms will be periodically inspected by compe-
tent personnel.

6-117. Flammable Materials

a. General.
(1) Classification. (See chap. V, Sec. 4.)
(2) Storage in fire resistant buildings. All

safety precautions and procedures will be in ac-
cordance with the publications of the appropriate
military department. Materials having a flash point
between 100F and 200F (excluding drummed
petroleum products in larger amounts than those
stored as station supplies) are best protected when
placed in a special fire resistant building with ad-
ditional.firefighti equipment and fire walls.

(3) Storage in general warehouses. Rules ap-
plicable for storage in general warehouses are as
follows:

(a) Use end bays when possible.
(b) Handle containers carefully to avoid

breakage.
(c) Remove and destroy leaky containers.
(d) Maintain accessibility to stacl interior for

fire fighting purposes.
(e) Assure that proper ventilation is main-

tained for materials which give off flammable va-
pors.

(]) Avoid any location where spilled liquids
may come in contact with sparks or flames.

(g) Use spark enclosed electric materials
handling equipment.

(h) Consult catalogs of appropriate military
departments or directives, as necessary, for items
of high flash point or items which are fire hazards.

(i) Post "No Smoking" signs and strictly en-
force no smoking regulations.

b. Flammable liquids with lowflash point (below
100 F).

(1) Types. Flammable liquids with low flash
point (below 100 F.) include-

(a) Gasoline and other petroleum products
including xylene.

(b) Certain solvents, including benzine or
benzol and other solvent cleaners.

(c) Certain chemicals.
(d) Diluents.
(e) Stencil paints, marking inks, and printers

ink.
(]) Certain thinners, primers, compounds,

varnishes, lacquers, liquid cement, and wax, ace-
tone, alcohol, ether and naphtha. These materials
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will be stored in fireproofbuildings or in open sheds.
(2) Safety precautions if stored in standard

flammable storage buildings. Safety precautions
when materials are stored in standard flammable
storage buildings are as follows:

(a) Sections ofthe buildings will be separated
by fire walls.

(b) All doors and windows that will assist
ventilation will be kept open during work opera-
tions therein.

(c) Unauthorized persons will not be granted
admittance.

(d) Any noticeable odor of an unusual nature
must be investigated at once.

(e) Combustible gas indicator of proper type
must be used where gases or flammable materials
are stored when spills, leaks, or vapors occur, to
determine if the area is safe for workmen.

(D Suitable firefighting equipment must be
available and in working condition.

(g) Spark inclosed materials handling equip-
ment only will be used for handling purposes where
powered equipment is required.

(h) 0nly explosionproof switches, motors,
relays, and electric lights are to be used. Fluores-
cent lights, unless approved for Class I, Group D
locations, will not be used in buildings or areas
where flammable materials are stored. In the vi-
cinity of gasoline and gases, portable lights of all

kinds, including flashlights, will be explosionproof.
In areas in the vicinity of fluid oils such lights will
be vaporproof.

(i) "No Smoking" rules must be enforced
within and in the immediate vicinity of flammable
buildings. "No Smoking" signs will be posted within
and on the outside of the buildings.

3) Containers will be handled carefully in
such buildings.

(k) Leaky containers will be removed and
repaired or destroyed.

(l) Oxygen gas will be stored in separate
rooms from other compressed gases and other
highly flammable material (fig. 6-15).

(m) Certain compressed gases in cylinders
such as acetylene, chlorine, sulfur dioxide, and liq-
uifie petroleum or fuel gases (excluding ammonia)
will be stored upright to prevent damage to valves
and to prevent danger when gas is used.

(n) Valves on all cylinders containing com-
pressed gases will be closed tightly. Cylinders on
which valves cannot be closed to prevent leaking
ofgas will be removed to outside storage and tagged
for subsequent repair (see A-F, fig. 6-16, for ad-
ditional precautions).

(o) Cylinders, valves, regulators, and filters
on cylinders of oxygen gas will be kept free from
oil and grease; never lubricate (C, fig. 6-16).

ACETYLENE OXYGEN GOMBUSTION

Figure 6-15. Oxygen gas should be separated from other gases.

6--39



DOD 4145.19-R-1 15 September 1979

A. Thaw ot Frozen cylinder valves in room.

|. Never oxygen substitute for compressed air.

(. Do not oil grease cylinder valves regulators.

D. Guard against leaking valves gas cylinders.

E. Store oxygen gas separalely from combustible gas
flammable material.
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(p) Self-closing metal receptacles will be pro-
dded for all discarded oily waste, rags, or mechan-
ics clothing.

(q) Never use oxygen, compressed air, or any
other compressed gasfor blowing dust off the body
or clothes.

c. Drummed petroleum products.
(1) Description. For description of the char-

acteristics of drummed petroleum products see
MIL-HDBK-201.

(2) Precautions.
(a) Spark inclosed electric equipment. Spark

inclosed electric materials handling equipment will
be used for handling aviation and automotive gas-
oline. MHE used for this purpose will conform to
criteria in 29 CFR 1910.178.

(b) Gasoline-powered equipment. Gasoline-
powered equipment when used in handling drummed
petroleum products will be equipped with such fire
prevention devices as prescribed in paragraph 6-
112b(4) and 29 CFR 1910.178.

(c) All equipment. Steering columns and
electric wiring of powered materials handling
equipment will be kept free from excessive grease
accumulations.

(d) Posting of signs. "No Smoking" signs
must be posted and smoking prohibited in or around
the area.

d. Buildings containing flammables. Buildings
or areas containing flammables will be provided
with appropriate portable fire extinguishers in ad-
equate quantities placed at strategic locations for
emergency action.

e. Loading of containers. All containers of flare-
mable gases and liquids will be affLxed with appro-
priate diamond shaped red labels, in accordance
with Title 49 CFR, section 173.404 at the time con-
tainer, cylinder, or drum is filled or when labels are
missing from shipments received.

f. Other flammable material constituting a fire
hazard.

(1) Solid flammable materials. Solid flamma-
ble materials such as paper, textiles, rubber hose,
gaskets, or other rubber products including rubber
packing, rope, oakum, fiber, special lumber, and
other nonliquid flammable items will, when possi-
ble, be stored in a sprinkiered warehouse with ad-
equate fire protection such as the provision of
appropriate fire extinguishers in adequate quan-
tities, the provision of fire aisles, where necessary,
the installing of "No Smoking" signs in conspicuous

F. Do not olpoe to open meeo amy typo.

Figure 6-16. Cylinders--Continued.

places, the strict conformance to no smoking reg-
ulations by personnel, proper ventilation, and the
use of appropriate types of powered materials han-
dling equipment.

(2) Liquidflammables. Liquid flammablessuch
as acids, flammable chemicals, preservation liquids
of flammable nature, which when subjected to
water or flames become fire hazards, will be stored
separately in small buildings or areas; or in special
containers when required; and as designated herein,
on the containers, in special instructions, or in di-
rectives..

(3) Flammable scrap and rubbish. Flammable
scrap materials will be stored in open storage areas.
Rubbish will be burned in special outside areas, in
incinerators, or disposed of otherwise.

g. Certain fire hazardous materials. Certain
acids, chemicals, and other compounds, although
not flammable when sealed or kept in tightly closed
containers, constitute a definite hazard when stored
near flammable materials where the containers
could be accidentally broken open or become un-
sealed; or when stored in small quantities in packing
rooms and shops for intermittent use and only
opened from time to time. Such materials will be
stored in separate small buildings or areas, when
practicable. The materials will be isolated when
stored in the vicinity of flammable materials. Spe-
cial care must be taken to reduce possibility, of
breakage, accidental opening, or careless covering
or stoppering of the containers. Many fire hazard-
ous materials must be kept in cool dry places, or
in special containers such as glass, or earthenware,
or lead. Such materials include---
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(1) Chromic, nitric, and sulfuric acids.
(2) Oxygen gas (store in separate room or com-

partment).
(3) Calcium carbide (dangerous fire hazard if

not kept dry).
(4) DDT insecticide solution.
(5) Chlordane liquid insecticide.
(6) Ammonium nitrate (store in isolated spaces

or in ammunition depots).
(7) Calcium phosphide (keep cool and dry).
(8) Sulfur flour.
(9) Toluene (toluol) (handle with care and main-

tain ventilation).
(10) Water-repellent wood preservative com-

pound (store and use outdoors or in well ventilated
and protected rooms).

h. Flammable packing materials and preserva-
tion compounds.

(1) Care in storage. Packing materials such as
rubber sheeting and strips and barrier material will
be accorded the usual safety precautions and will
be stored in sprinklered warehouses. Preservation
compounds such as carton adhesive, composed of
reclaimed rubber and naphtha, and wood preser-
vation compounds also will be stored and handled
as flammable materials.

(2) Storage in fire-resistant buildings. Shred-
ded paper packing and excelsior will be stored in
separate ventilated fire-resistant buildings (small
size preferable) or in buildings which are not flam-
mable such as buildings having corrugated steel
bulkheads and roof.

(3) Requisition in small quantities. Shredded
paper, excelsior, and flammable preservation com-
pounds should be requisitioned by the packing sec-
tions in small quantities and any unused portion of
such materials will be stored in small ventilated
fireproofrooms or fireproof closed bins. Sweepings
ofsuch materials will be placed in metal receptacles
having self-closing lids or covers (fig. 6-17).

i. Safe storage ofmetal shavings and metal scrap
borings or turnings. Scrap materials such as metal
shavings, borings, or turnings, because of the cut-
ting oils used, the finely divided state, and in the
case of some metals such as magnesium, the ready
combustibility, are highly flammable. Such scrap
metal will be stored outside in bins having three
sides and deck made of concrete with the top and
front open. The size should be adequate to contain
the normal amount of such scrap, usually, approx-
imately 12 feet in width, 12 feet in length, and 10
feet in depth.
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WORKING MATERIALS
SUCH AS PAINTS, EX-
CELSIOR AND RAGS
WHEN NOT PROPERLY
KEPT, PRESENT AN
EXTREME FI RE
HAZARD.

KEEP TO A MINIMUM QUAN-
TITIES OF HAZARDOUS
WORKING MATERIALS
PROVIDE: COVERED STEEL
CHESTS, BARRELS AND
CANS MARKED WITH
PROPER

PAINT CHEST

Figure 6-17. Keep packing materials in fireproof or sparkproof receptacles.
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j. Safety in handling compressed gases and cyl-
inders. Safety precautions for handling compressed
gases and cylinders will be as follows:

(1) Cylinder valves will be closed before moving
cylinder.

(2) Valve caps will not be used for lifting cyl-
inders from one vertical position to another.

(3) Suitable materials handling equipment will
be used for lifting and transporting cylinders.

(4) Suitable hand trucks should be provided for
conveying cylinders; cylinders moved on hand truck
must be held securely in position.

(5) Cylinders to be transported in trucks, rail
cars, or ships will be braced securely to avoid over-
turning or moving.

(6) When suitable hand trucks are not avail-
able, cylinders will be moved by tilting and rolling
on the bottom edge. Do not drag or slide the cyl-
inders.

(7) Cylinders will not be dropped or permitted
to strike against each other violently.

(8) Pipelines and cylinders will be marked in
accordance with Military Standard MIL-STD-101.

(9) Any cylinder ofcompressed gas which is not
definitely identifiable as to contents will not be is-
sued until the content is identified.

(10) Explosionproof lights only will be used in
compressed gas storage areas.

(11) For safety in cutting and welding, see ref-
erence documents of the appropriate military de-
partment in the appendix.

6-118. Poisonous or toxic and Radioactive Ma-
terials

a. Safety precautions. Many liquids, chemicals,
and compounds are, in addition to being flammable
or dangerous in other ways, poisonous when con-
tacted or inhaled. Therefore, this material requires
special care in storing and handling to prevent in-
jury or death to operating personnel. Such mate-
rials will be isolated or placed in areas which can
be well ventilated, while personnel are working in
the area, or stored outside. Care will be taken to
prevent breakage or leakage ofany kind. Personnel
must be protected to preclude excessive inhalation
of vapors, contact with skin, or danger to eyes when
this material is stored in regular storage or when
stored in shops. Personnel working in such areas
and with such materials will have proper safety
clothing and equipment at all times (paras 6-105
and 6-121).
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b. Highly poisonous or toxic materials. The fol-
lowing are examples:

(1) Leaded gasoline. Gasoline containing tet-
raethyllead must be stored outside. Exposure to
its vapors must be kept to a minimum. It is not to
be used for cleaning, cooking, and heating except
where specified.

(2) Sodium monofluoracetate. Sodium mono-
fluoracetat is extremely poisonous to both man and
animals and will be kept in locked rooms inacces-
sible to unauthorized personnel. This chemical must
be kept dry and must not be allowed to contaminate
food or water.

(3) Cuprous cyanide. Cuprous cyanide must be
kept sealed.

(4) Other highly poisonous or toxic materials.
Potassium cyanide and sodium cyanide must not be
handled without protective gloves.

(5) Mercuric oxide pigment is also a poisonous
substance.

c. Radioactive materials. Radioactive materials
will be handled and stored in accordance with
DLAM 4145.8/AR700-64/NAVSUP PUB. 5012/AFM
67-8/MC0 P4400.105 and 29 CFR 1910.96.

d. Ionizing radiation (29 CFR 1910.96). Ionizing
radiation cannot be detected by the human senses.
Special instrumentation is required to detect and
evaluate radiation hazards. Any damage to radio-
active commodities or containers of these materials
should be reported to the Radiological Protection
Officer.

e. Other toxic materials
(1) Acids. For detailed instructions for storage

of acids see paragraph 6-121.
(2) Certain gases. Certain compressed gases,

such as chlorine and sulfur dioxide are very toxic
when inhaled.

(3) Cleaners, solvents, and preserving mate-
rials. Many cleaners and solvents are hazardous if
improperly used. Benzene (benzol) and carbon tet-
rachloride will not be used as cleaners or solvents.
Follow the manufactureffs label and consult the
material safety data sheet for procedures and safety
precautions.

(4) Other categories. Other categories of poi-
sonous materials are insecticides, rodenticides;
metal plating chemicals; metal treatment chemicals:
reagents; photographic and lithographic chemicals
(including formaldehyde solution and duplicating
liquid); tetrachloroethane (toxic); tricresyl, phos-
phate; amyl acetate; and aromatic petroleum naph-
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tha (poisons). Certain coatings such as paint thinners,
solvents, thinners, diluents, primers and sealers,
and rubber paint are toxic. Methyl bromide is a
poison.

6-119. Corrosive Materials

a. Corrosive qualities. Certain materials are in-
jurious to personnel because of the corrosive qual-
ities. Care must be taken to prevent any spillage
or container breakage which could permit contact
to skin, eyes, or inhalation into the lungs of per-
sonnel working with such materials.

b. Precautions in handling. Personal protective
clothing and equipment designed for the specific
exposure will be worn when handling corrosive
materials. Approved respiratory devices will be
worn when handling caustic materials, e.g. sodium
hydroxide (caustic soda).

c. Materials of corrosive nature.
(1) A’cids. Almost all acids are corrosive in na-

ture. Acids must be kept well sealed or stoppered.
Protective gloves will be worn when filling con-
tainers or if there is any evidence of leakage at the
stopper. A dust mask must be worn by all personnel
when handling flakes of chromic acid.

(2) Caustic soda or sodium hydroxide pellets.
Caustic soda or sodium hydroxide pellets are ex-
tremely corrosive and must not be handled without
protective gloves or allowed to come into contact
with the skin. Containers must be kept well sealed
and stoppered.

(3) Hydrogen peroxide. Rubbergloves and gog-
gles must be worn when handling hydrogen per-
oxide. Guard against any contact with skin or eyes.

(4) Potassium hydroxide. Containers must be
kept sealed tightly.

6-120. Certain Other Hazardous Commodities
a. Anhydrous ammonia. Anhydrous ammonia is

highly irritant and causes burns to skin. Guard
against leakage. Isolate from others, store in a cool
place. Store cylinders on side.

b. Water treatment compound (briquette). Water
treatment compound positively must be prevented
from mixing with any water to be used for drinking
purposes.

c. Ammunition, explosives, and ordnance. Am-
munition, explosives, and ordnance are handled and
stored in accordance with existing regulations and
directives for handling and storing such materials.

d. Miscellaneous hazardous commodities. Many

other commodities require special care in storage.
Helpful instructions for the handling and storing
can be found for many commodities in the"Chemical
Safety Data Sheets" (published by the Manufactur.
ing Chemists Association, Inc., 246 Woodward
Bldg., 15th & H St. N. W., WASH DC 20005) and
"Handbook of Dangerous Materials" (published by
Reinhold Publishing Corporation, New York Book
Division, 330 W. 42nd St., New York, NY 10836).
Activities which require these publications should
effect procurement in accordance with procurement
regulations of the appropriate departments. Con-
talners of hazardous commodities will be inspected
frequently to assure that the containers have not
deteriorated sufficiently to cause rejection of ship-
ment in interstate commerce or would be an acci-
dent hazard on arrival at destination.

6-121. Safety in Acid Storage

a. Acids in containers. Acid in carboys, drums,
and tanks will be handled, transported, and stored
in accordance with specific instructions provided for
each type of acid in the "Chemical Safety Data
Sheets" as described in paragraph 6-120d. Certain
other acids (such as oxalic acid) in small bottles, not
listed in this publication, will be accorded, in rela-
tion to the type of hazard involved, the same care
in storage as for acids listed.

b. Isolation of acids. All acids will be stored in
isolated inside areas if practicable and, if possible,
flammable warehouses. Acids may be stored out-
side but must be protected from direct rays of the
sun in covered sheds or covered with tarps. Acids
will be protected against freezing, whether inside
or out, to preclude breakage of containers. Hydro-
chloric acid (see Chemical Safety Data Sheet SD-
39) should be stored outside unless an isolated area
is available in special buildings. If necessary to pre-
vent freezing, store in heated buildings. Drums will
be stored with bungs up. Isolation of acids from
materials such as paper, excelsior, sawdust, wood
scrap or cellulose, shavings, cloth, textiles, or flam-
mable liquids will be maintained to preclude fire
hazards and damage to such materials. Because
some acids are explosive when certain gases (such
as hydrogen) develop in drums containing the acid,
the acid drums will be isolated from drums con-
raining other chemicals, such as hydrogen sulfide,
turpentine, carbides, metallic powders, and com-
bustible materials.
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c. Access to water. Acids, when stored, should.be
within easy access to large quantities of water un-
der moderate pressure, for emergency action in the
event a person has contacted the acid and for flush-
ing purposes to cleanse the areas where spillage has
occurred.Provide deluge-type safety showers and
eye baths near acid storage and near locations
where acids are opened, packed, or handled. Special
safety clothing and safety accessories will be pro-
vided for personnel handling acids, working in or
near tanks, acid storage rooms, or inside tank cars,
including gas-tight chemical safety goggles, rubber
gloves and aprons, brimmed felt hats or treated
fiber hats, and safety shoes. Additional safety ap-
paratus will be provided, including gas masks,
breathing apparatus, and other safety aids.

d. Ventilation. All rooms and inside areas should
be well ventilated or be ventilated thoroughly be-
fore allowing personnel to enter. Good ventilation
will be maintained constantly while personnel are
working in acid storage areas. Ifleakage, breakage,
or spillage of acid occurs, the areas will be well
flushed with large quantities of water. Cloths, saw-
dust, or any other organic material will not be used
for swabbing or sweeping areas where spillage has
occurred. If water is not immediately available, use
clean dry sand, ashes, or gravel to cover the spil-
lage. Smoking will not be allowed in or near acid
storage areas. As most acids gve off highly cor-
rosive vapors, electrical wiring in buildings will be
of vapor proof type and should be in tight, rigid
metal conduit. Because of the corrosive action of
the vapors, acids will be stored away from metal
material which could be damaged.

e. Explosionproof lights and switches. Because
ofpossible explosion, especially in nitric acid, spark
and explosionproof lights and switches will be used
on electrical equipment and wiring in storage or in
and around tanks or tank cars. Fluorescent lights,
unless approved for Class 1, Group D locations of
National Fire Code (NFPA) will not be used.

fi Venting of drums. Drums of acid in storage
will be vented weekly or more often in hot weather
to release the pressures that may have built up.
Extreme caution will be practiced when plugs in
drums are being loosened; a long-handled pipe or
plug wrench will be used. Personnel will face away
from the plug and turn the plug only one turn until
the pressure has equalized to atmospheric pressure.
Drums will be handled carefully, especially in warm
weather, to prevent bumping sharply against each
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other. Tools must not be permitted to strike the
drums or plugs sharply and cause sparking. Open
or naked flames must not be permitted to contact
drums or tanks. Sulfuric acid storage must be es-
pecially well ventilated to prevent vapor accumu-
lation.

g. Mixing with water. Never add water or caustic
solutions to sulfuric acid as violent reactions may
occur. If it is necessary to mix acid and water, al-
ways add the acid cautiously to the water; never
add water to strong acid.

h. Inspection ofcontainers. Upon receipt, inspect
all carboys and drums of acid carefully for possible
leakers. Set aside leakers or damaged containers
for special handling. Do not walk a carboy on the
edges of its box, use trailers or specially designed
hand trucks. Do not handle carboys by the neck.
Never attempt to remove carboy stopper wire by
twisting or prying; use wire cutter. Be sure closures.
on filled or empty carboys are fastened securely
before moving. Unwashed empty carboys must be
handled as carefully as filled containers.

6-122. Petroleum ProductsSafety Precautions
a. Petroleum products having a flash point in

excess oflO0 F. Petroleum products having a flash
point in excess of 100 F include: diesel fuel oils,
lubrication oils, kerosene, naptha cleaners, and
paint and varnish thinners. As petroleum products
are dangerous when the temperature is raised to
the flash point, extreme caution must be observed
as to smoking, firefighting equipment, leakage, and
vapors.

b. Gasoline and JP--4 jet fuels. Gasoline and
JP jet fuels have a normal flash point of a
-75 F or a Reid Vapor Pressure of less than 14
pounds per square inch. Careless handling and stor-
ing of gasoline is extremely hazardous because all
gasolines give off flammable vapors at any temper-
ature, even in subzero weather; and gasoline vapors
are heavier than air and consequently will seek low
areas and follow air currents to great distances from
source. This means that great danger exists in wide
areas where leakage occurs. (For special precau-
tions concerning JP--4, see MIL-HDBK-201.)

c. Gasoline storage safety precautions. Safety
precaution rules for the storage of gasoline will be
as follows:

(1) Smoking will not be allowed in the vicinity
of gasoline storage, storage tanks, gasoline pump
houses, loading racks, truck storage, or other dan-
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ger areas. Personnel will not carry "strike any-
where" matches or mechanical lighters in a danger
zone.

(2) Leaks from tanks, pipe lines, pumps, and
at loading racks must be prevented.

(3) Personnel handling and storing gasoline
must be familiar with the hazardous characteristics
of gasoline.

(4) When gasoline has been spilled, all sources
ofignition must be eliminated from the surrounding
area until such time as air currents have dissipated
the gasoline vapors.

(5) Persons working where gasoline vapors
may be present must not wear shoes that have
metal plates, hob nails, or other exposed nails,
which may produce sparks.

(6) Only explosionproof switches, motors, re-
lays, electric lights, and portable lights (including
flashlights) will be used where gasoline vapors may
be present. Fluorescent lights will not be used un-
less approved for Class 1, Group D locations of
National Fire Code (NFPA).

(7) Gasoline must not be transferred from one
container to another unless the containers are con-
nected securely with an electric bonding cable. The
bonding cable equalizes the static electricity charge
of the containers and eliminates the possibility of
a spark of static electricity which may ignite gas-
oline vapors.

(8) Gasoline must not be used to clean floors,
automotive parts, clothing, or similar items. Prod-
ucts with a higher flashpoint should be used for this
purpose such as stoddard solvent.

(9) Fire-extinguishing equipment (foam or car-
bon dioxide, not water) must be provided in ade-
quate quantities. All personnel must know the
location and how to operate the extinguishers.

(10) Self-closing metal receptacles will be pro-
vided for all discarded oily waste, rags, or mechan-
ics’ clothing.

d. Other liquifiedfuels. Butane and propane nav
normal flash points of -.75 F or a Reid Vapor
Pressure in excess of 14 pounds per square inch.
The fuels are shipped by bulk or in tanks. The fol-
lowing special precautions must be observed to han-
dle these products safely:

(1) In the event of leaks, work procedures will
guard against danger of explosion or fire.

(2) Acute fire hazards and open flames will be
kept away from areas in which these materials are
stored.

(3) Only explosionproof portable and perma-
nent lights will be used in the storing areas.

(4) When handling these liquids, eyes must be
protected carefully.

e. Gasoline vapors. Gasoline vapors, even in con-
centrations ofless than 1 percent, will cause nausea
and headache if inhaled for any length of time. In-
halation of high concentrations may cause uncon-
sciousness or death.

fi Tetraethyllead. Most gasoline contains tetrae-
thyllead to increase the octane rating. Tetraethyl-
lead is absorbed through the intact human skin and,
therefore, should not come in contact with any por-
tion of the human body.

g. Empty drums previously usedforflammable
liquids.

(1) Precautions for storage. Empty drums
which have contained highly flammable liquids and
which have not been thoroughly cleaned will not be
stored inside a building. Uncleaned empty drums
are more hazardous than filled drums.

(2) Affixing labels. All drums that formerly
contained flammable liquids, but which have not
been purged to remove explosive vapors, will have
affixed to the head a red diamond-shaped label as
specified in Title 49 CFR Section 173.409.

(3) Drums not to be usedfor other substances.
Substances, other than gasoline or preservative,
will not be placed in a drum or barrel formerly con-
taining gasoline unless the drum or barrel has been
reconditioned. Containers unfit for storage of gas-
oline will not be transferred from one activity to
another except for the express purpose of cleaning
or repairing and then only after approval by the
appropriate military department.

6-123. Safety Precautions for Solid Fuels in
Storage

a. General. When exposed to the air, some solid
fuels, such as coal, are subject to oxidation which
is similar to combustion or burning, but is much
slower and is unaccompanied by flame. The oxidiz-
ing process generates heat and, if uncontrolled, re-
suits in spontaneous combustion. Because of different
characteristics, some coals ignite spontaneously
more quickly than others.

b. Storage area. The storage area should be fn’m,
not covered with planking or porous material such
as gravel and cinders; should be well drained; should
be free from steam pipes or other outside sources
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of heat; and must be free of oily waste, wood, or
other flammable material.

c. Spontaneous combustion in solid fuel.
(1) Cause. Large pieces of coal tend to become

separated from the fine coal and dust. In ordinary
dumping he fine coal rolls to the edges and sides
ofthe pit, and as the coal is used, the fine coal forms
a core, surrounded at the bottom and the outside
edges by coarse coal. Between the fine and the
coarse masses of coal there is a zone of mixed fine
and coarse coal gradually varying in proportions.
In this zone the air will trickle and cause oxidation
but will not escape fast enough to carry away the
heat generated, resulting in spontaneous combus-
tion. Usually, such hot spots are 3 to 8 feet below
the surface of the pile.

(2) Prevention. The danger of combustion car
be minimized by mixing the fine and coarse sizes
of coal evenly through the pile so that the lumps
are well buried in the fine coal and thus exclude air.
This is done by spreading the coal in comparatively
thin layers (approx 2 feet thick) and packing each
layer with a bulldozer.

(3) Combating heat. Coal piles will be inspected
frequently and if the temperature reaches 180 F
or above, or if the coal has already fired, the con-
tents of the pile will be used or moved. Water can
penetrate only a few feet into a coal pile and is
ineffective in reducing the temperature. Pipes, with
a thermometer lowered in each pipe to take a read-
ing of the temperature, should be inserted in the
pile extending from a point near the bottom to 3
feet above the top.

6-124. Lumber Yard--Fire Precautions

Water supply will be accessible and adequate for
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all emergencies. Fire hydrants and appropraite fire
extinguishers will be provided at strategic loca-
tions. Smoking will be prohibited in and near the
yard and "No Smoking" signs will be posed con-
spicuously at strategic locations.

6-125. Strategic and Critical Material

a. General. Certain commodities are categorized
as national stockpile material from time to time as
dictated by availability conditions in relation to po-
tential national emergencies. Some materials so
segregated require special consideration for safety
while in storage. So far as is consistent with the
provisions of this regulation such material will be
handled and stored in accordance with the Strategic
and Critical Materials Storage Manual published by
General Services Administration (GSA) and avail-
able through the individual departments. Safety
precautions as directed in this regulation will be
followed. Proposed deviations in methods to be em-
ployed in the storage of national stockpile material
or required clarification concerning safe storage will
be referred to the appropriate military department.

b. Fire protection. Generally, the normal fire pre-
vention and protection measures established at
military activities, and as herein covered, are con-
sidered adequate for national stockpile material.
However, when special precautions are outlined in
the specifications furnished in connection with the
storage of material of a combustible or flammable
nature, additional fire prevention and protection
measures in accordance therewith will be estab-
lished. When such measures result in additional
costs, prior approval of the appropriate military
department must be obtained.
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CHAPTER 7

STORAGE MANAGEMENT TECHNIQUES

Paragraph
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On-site reviews and checks ?-107

7-101. General

a. Management. In storage and materials han-
dling operations, management encompasses four
principal areas of responsibility: people, workload,
space and equipment. This chapter treats those es-
sential management techniques which are particu-
larly appropriate to storage and materials handling
operations and which experience has proven to be
the most effective.

b. Importance of magement. Managers/direc-
tors at major military supply installations are busi-
ness executives with broad responsibilities.
Organization is the structure by which these re-
sponsibilities are effected. Management is the plan-
ning, organizing, directing, coordinating and
controlling mechanism by which the organization
is made to function. Thus, there is a continuing cycle
in which good managerial techniques are made ef-
fective through proper organizational structure as
the structure itself produces good managers.

(1) There are certain basic principles that apply
to effective organization and leadership. As a man-
ager, basic leadership principles enumerated below,
judiciously applied, will result in a beneficial return.

(a) Encourage employees to do a better job
by example, and by inspiring them to innovate and
suggest improvements.

(b) Maintain the "open door" policy so sub-
ordinates will feel free to approach you. One good
idea from them may revolutionize your operation.

(c) Make no commitments that cannot be
kept. Build confidence by becoming known as one
who keeps a promise.

(d) Nourish the morale of your organization.
Believe in your fellow employees.

(e) Instill confidence that your instructions
will be complied with, that your suggestions will be
heeded, and that your orders will be carried out.

(]) Cultivate the art of delegating responsi-
bility. Promote teamwork by developing leadership
qualities.

(g) Make such things as promotions, citation
for meritorious service, retirements, and bonus
awards a special event.

(h) Recognize that years pass quickly and
assure that there is someone capable and trained
to carry the major part of the load when the need
arises.

(i) Encourage all personnel in supervisory
positions to have and maintain an updated man-
agers handbook.

(2) These principles, coupled with the appli-
cation of sound management techniques, will con-
tribute immeasurably to achieving maximum
efficiency and economy in storage operations.

c. The storage and materials handling manager.
(1) A good manager establishes objectives

within the framework of the mission of the orga-
nization and operates according to the capabilities
of the work force and the facilities placed at their
disposal. The manager knows the "how" and "why"
of what he/she is asking and is able to evaluate
results. Above all, the work force is led to under-
stand his/her directions in order to obtain the de-
sired objectives.

(2) Complete and common understanding be-
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tween the storage and materials handling manager
and operators requires the preparation of standard
operating procedures, the training of personnel in
those procedures and the maintenance of a contin-
uing program to restudy procedures and retrain
personnel. The manager encourages recommenda-
tions for improvement in operations and, where in-
dicated, effects revision and refmement of operating
procedures.

(3) The successful manager operates with a
high degree of flexibility. Through the organiza-
tional structure he/she meets sudden and large im-
pacts on one activity by shifting personnel and
equipment from another engaged in tasks of lesser
priority, including delegation of authority where
practicable. Tasks of lesser priority are maintained
as standby projects to be accomplished during pe-
riods of nonpeak workload. This balancing of work-
load, people, and materials, begins with the smallest
operation and ends with the total production from
the entire activity.

(4) No matter how powerful a combination of
resources the storage and materials handling man-
ager may have, he/she cannot succeed without a
team of willing, thinking, and articulate people to
guide that combination. The manager has a job to
create, develop, and maintain voluntary coopera-
tion and initiative among the people supervised.

d. Planning.
(1) Planning is the deliberate consideration of

a problem or an operation with a view to deter-
mining, in advance, the most effective means of
accomplishing a desired result with the least ex-
penditure of manpower, time, and material. Plan-
ning involves the determination and visualization
of what should be done, where, when, how, why
and by whom it should be don, and how long it
should take (how many manhours are required, i.e.,
work standard).

(2) Once a recurring problem or operation has
been defined, a procedure or system should be es-
tablished for handling the situation. Establishment
of a system reduces everyday work to routine and
the recurring problems or operations can be han-
dled by less experienced personnel. Additionally,
personnel at the top echelon are relieved for the
more important work of planning for any new or
broader problems and for directing, controlling, and
coordinating the organization’s total effort.

e. Directing.
(1) Once a plan has been developed, it then

becomes necessary to issue appropriate instructions
for implementation. Instructions should be in suf-
ficient detail to assure that the recipient has a clear
understanding of what, when, and how the job
should be done. On the other hand, except for uni-
form recurring procedures and methods, which
should be reduced to written documents, the in-
structions should not be in such defined detail that
the recipient has nothing left to his judgment. Too
much detail can destroy the initiative of the recip-
ient and waste the time of top echelon officials in
its preparation.

(2) The potential of the most effective planning
or the most productive system in existence can
never be reached without motivation of the people
involved. To be successful, management must op-
erate with recognition of abilities and unique de-
sires of people. For example, when a person is
involved through contribution of ideas and energies
to a group goal, the enthusiasm to give his/her best
runs deep. To be still more specific, whenever
changing to new procedures or techniques, employ-
ees meet goals better when those aims take on a
personal meaning gained through under’standing of
the goals and recognition of their ideas.

f. Coordination. Two of the more noticeable fea-
tures ofa major military supply installation are spe-
cialization and large scale operations. Specialization
provides expert attention to related but limited sub-
jects. Specialization also intensifies the need for
coordinating the various specialized activities into
a composite, well-balanced operation. One of the
chief functions of the storage manager is to coor-
dinate activities within his/her area of responsibil-
ity, whether that area be the installation as a whole
or an organizational element of the installation.

g. Control.
(1) A plan having been developed, its execution

directed and coordinated, a last and very important
step is to determine the status of the resulting op-
eration during its various stages of accomplish-
ment. Proper controls permit timely corrective
action if the operation is not being effectively ex-
ecuted or proves to be defective. Control founded
on comprehensive and accurate information takes
the guesswork out of management and forms a
sound basis for decisions and planning. However,
reports and charts do not in themselves provide
solutions to management problems. They merely
serve to highlight areas of deficiency which must
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then be subjected to further planning, direction,
and coordination.

(2) The use of automatic data processing (ADP)
equipment and techniques to their maximum po-
tential usefulness must be exploited. The astute
manager will be constantly aware of the possible
improvements to the organization as a result of the
modern management techniques made possible by
computers.

(a) Daily progress or status registers are
easily maintained by computer program. Volumi-
nous printouts, however, are to be avoided. The
manager must be ever mindful of the cost of prep-
aration and distribution of ADP reports, hence, re-
ports should be keyed to the exceptional items or
out of tolerance conditions which warrant imme-
diate attention. Ideas for new or improved report-
ing techniques, as well as elimination of those
reports which are no longer useful, contribute to a
higher overall effectiveness and therefore are ac-
tively solicited.

(b) Toward this end, consideration should be
given to the installation of peripheral input/output
devices in the executive office(s). Several of the
newer high speed terminals such as the cathode ray
tubes or thermal printers are fast and totally silent,
thereby lending themselves to the office environ-
ment. In this way, required information is available
in the form of graphics or text for display on a real-
time basis, at a touch of the finger.

(3) Those installations which do not have ex-
tensive central computer facilities should consider
the availability oftime shared terminals. Many com-
mercial terminals are available on a rental basis
with installation as simple as replacing an office
typewriter. The only additional requirement is the
availability of a standard telephone to accomplish
the computer to terminal link.

(4) While most of the storage applications pro-
gram will require special purpose software, there
exists an extensive variety of "canned" programs
available in the industry at minimal or no cost to
the Government. Frequently these simulation-type
models can be employed in the decision making
processes where heretofore only best guesses were
possible.

(5) One area in the field of ADP storage where
substantial savings are possible, and therefore of
obvious concern to the storage manager, is the gen-
eration of source data, Older methods of handscrib-
ing with subsequent keypunch card generation are

giving way to original preparation of information
in a machine-readable form. At the present time,
mark-sense cards offer the best known approach,
but optical character readers are playing an ever
increasing role in source data automation.

(6) The use of standard terms, symbols, doc-
uments, etc., will provide a level of uniformity and
compatibility and permit operation of systems de-
signed at one activity to function at multiple loca-
tions. All information requirements, internal and
external, should be derived from common use data
to the maximum extent feasible.

7-102. Manpower and Equipment

a. Manpower. Manpower is one of the primary
resources of a supply installation. It is also the
greatest item of expense. As such, it must be prop-
erly utilized, assigned, and directed. Economical
and proper personnel/labor assignment depends on
thorough planning during consideration of sched-
uled assignments. General personnel labor prob-
lems should be openly discussed among staffmembers
and heads of component units of the activity. By
this means every individual performing manage-
ment duties will be fully informed of the overall
labor situation and made cognizant of his own re-
sponsibilities toward the efficient employment of
the forces assigned to his charge.

b. Labor and equipment pools.
(1) This section not applicable to ammunition

operations.
(2) Labor. Operational requirements in ware-

houses or other component elements of depots and
other major supply installations can and do vary
extensively from day to day. In view of this, the
assignment of laborers and equipment to subdivi-
sions of such activities on a permanent basis can
become an uneconomical practice. Consistent with
mission and organization of the activity, it is more
economical to permanently assign to a unit that
amount of laborers and equipment needed to per-
form no more than 75 percent of the average work
load. All other labor and equipment can be assigned
to a Central Labor and Equipment Pool from which
they may be dispatched, as required, to those com-
ponents ofthe storage activity confronted with peak
or heavy work requirements exceeding the capa-
bilities of the permanently assigned minimum work
force.

(a) The pooling and assignment of manpower
and equipment according to priority workload,
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proves successful only when such assignment is con-
ducted on an absolutely impartial basis. Personnel
and equipment pools must be operated for the ben-
efit of all elements concerned, based purely on
needs generated by work load or the purpose ofthe
Labor and Equipment Pool will be defeated. For
this reason, organizational placement of the Labor
and Equipment Pool should be given careful con-
sideration. This can best be accomplished when
such assignments are directed by a Production
Planning and Control activity. This will assure max-
imum utilization of facilities and manpower by the
application of work measurement standards (where
feasible) in the planning, scheduling, and control of
workload and manpower distribution.

(b) Notwithstanding the overall management
and distribution of men and equipment based on
work standards, instances often arise in actual floor
situations where the workload increases in several
areas of an activity simultaneously and the com-
bined labor requirement exceeds the capabilities of
the forces available. When this occurs, a decision
as to equitable use of available pooled resources
should be made by the chief of each activity in-
volved, with prime consideration given to the
higher priority workloads. When this management
effort is not sufficient to cope with the volume of
priority workload in a given operation or function,
the decision on realignment of priorities should
move up the echelons of management/command to
the necessary level.

(c) Separately trained elements may be de-
veloped in the pool so long as flexibility is not im-
paired. Personnel and squads should be assigned to
like jobs whenever possible; that is, warehousing,
shipping, receiving, etc. Overspecialization should
be avoided since it defeats the purpose of a labor
pool.

(d) Effective management of pooled re-
sources requires constant consideration of the time
factor involved in any movement oflabor and equip-
ment from one assignment to another. Assign-
ments]reassignments should be closely studied before
being placed into effect otherwise an excessive
amount of the working day can be lost in traveling
from one work site to another.

(e) The ideal situation exists when the work-
load is sufficiently large to permit the assignment
of a squad or crew to a given job or area for an
entire working day. In instances where this is not
possible, and transfer from one area or warehouse
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to another throughout the day becomes necessary,
good management and planning will assure labor
assignments to jobs which are located in proximity
to each other.

(3) Equipment.
(a) Equipment dispatched from the Labor

and Equipment Pool should be in balance with the
assignment of labor. Materials handling equipment
on hand should be categorized (i.e. powered, non-
powered, age, size, capabilities, and capacity).
Managing the use of equipment to achieve maxi-
mum economy in its utilization should be a prime
management objective.

(b) Where it is practicable, operators of mo-
torized equipment operating from pools should be
assigned permanently to a given vehicle.

7-103. Production

a. Cr/er/a. Productivity of an operation is con-
tingent upon the establishment of a standard per-
formance. Achievement of maximum productivity
comes about through informed workers, practical
production standards, use ofstandard methods, and
by reducing as many operations as practicable to
routine tasks.

b. Production records. Records of production are
beneficial as management tools in that they provide
a means of planning and distributing resources.
Depending upon the echelon of management, the
production unit(s) selected should be broad units
(e.g., mixed trucks received) which most typifies
the work to be accomplished. A production record
should consist of substantially the following types
of information.

(1) The number of production units on hand at
the beginning ofthe report period (day, week, etc.).

(2) The number of production units received
during the period.

(3) The number of production units processed
and the average processing time per unit. Average
processing time may be determined from a fre-
quency analysis of the occurrence of the various
elements of the operation and their time standards.

(4) The number of manhours required to ac-
complish this work.

c. Analysis. To determine the efficiency of cur-
rent operations, production records should be ana-
lyzed periodically. The frequency and depth of such
analysis will depend upon the degree of manage-
ment impact at the various echelons of review.
Analysis should answer such questions as--
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(1) Where do backlogs or bottlenecks exist?
(2) Where is the workload light or heavy in

terms of assigned personnel?
(3) What organizational element(s) are failing

to meet production standards?
(4) When did the element(s) start to fall behind

schedule; were required management actions taken
to correct the situation?

d. Cause of deficiencies. Disclosure of the exist-
ence ofdeficiencies enables the manager/supervisor
to find the cause. These may be traceable to-

(l) Poor or inadequate supervision.
(2) Low morale.
(3) New and inexperienced labor, or poorly

trained labor.
(4) Breakdown of tools or equipment, or inad-

equate or poorly utilized tools and equipment.
(5) Careless or poorly organized work methods.
(6) Excessive absenteeism.
(7) Personnel not assigned to units in propor-

tion to work load.

7-104. Use of Charts

a. Charts to record daily cumulative performance
data are excellent management tools for improving
operations. Such charts reflect trends and establish
a factual basis for needed indepth evaluation of op-
erating efficiency and productivity. They also pro-
vide an opportunity to identify and correct

weaknesses before they assume dangerous or se-
rious proportions.

b. Suggested examples for development and
maintenance of charts reflecting such performance
data as receiving and shipping records are shown
in figures 7-1A and 7-lB.

c. Examples for charts reflecting tons ofmaterial
handled and tmits inspected are shown in figures
7-2A and 7-2B.

d. A continuing chart record of receiving and
shipping performance would show as a minimum.

(1) Productivity to date as better or worse and
its plus or minus relationship to the record of the
previous day or week.

(2) Current productivity comparison with that
of the previous month or year.

e. Charts may be kept on a daily, weekly, or
monthly basis according to type data presented.

f. In preparing charts, the first step is identifi-
cation and insertion of the acceptable performance
standard.

g. Next apply horizontal lines above and below
the identified standard. As shown in figures 7-1A
and 7-1B one line is drawn at 20 percent above the
standard and .aoother drawn 20 percent below
standard.

Note. The 20 percent line above and below standard
is for illustration purposes and is not intended to mean
that the 20 per cent tolerance range is accepted practice.

.go

.10 li

.’l’O 14

.10 II

,.d,O

.lO 4
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0

SHIPPING I.O0
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0

A

Figure 7-1. This type chart shows where you have been, where you are and where you are heading.
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Figure 7-2. Chars can take different forms.

These two lines provide for a "tolerance area" within
which performance will be considered "satisfactory." The
next step is to insert the average performance achieved
during the previous month.

h. An activity is rarely able to judge its progress
overall by how many units are processed on a given
day but rather by how many units were processed
through a given date in a period of time. An ac-
ceptable means ofaccomplishing this is if, beginning
with the first day of the month, the perfo_nance
units per production manhour are inserted for that
day. On the second day, the first and second day’s
performance is added. Average the two and insert
the figure, and so on.

i. Charts should be large enough to be easily read
and placed in a conspicuous location to command
attention of personnel employed in the activity.

j. Payload tonnage (fig. 7-2A) handled by an ac-
tivity is normally the sum of tons received and tons
shipped. A rise in handling intra-installation ton-
nage or a continual and significant increase in intra-
installation tonnage bears investigation because a
number of deficiencies may be entering the oper-
ation. Some ofthese may be cross-hauling that could
be reduced or eliminated, the use of inefficient or

improper vehicular equipment, or lack of proper
planning or supervision. Generally speaking, the
less the intra-installation material movement and
handling and the more the tonnage handled in and
out, the healthier the situation.

k. Figure 7-2B shows the material inspection

(quality control) objective(s) for a given period. In
the example, the number of units anticipated for
preshipment inspection is shown together with an
estimate of in-storage or in-process inspections
planned or scheduled which, in the main, would
have negated the need for preshipment inspection.
The dotted line shows how close to attainment of
the objective was the accomplishment.

7-105. Analysis of Methods

a. Analysis to precede equipment selection. Ma-
terials handling equipment and tools should not be
selected or requisitioned for an operation until after
a thorough analysis has been made of the materials
to be handled, the conditions and environment in
which the work will be performed, and the method
to be employed.

b. Operation lists. In any handling problem there
will be several specific operations which must be
performed. Listing these operations, in the se-
quence performed, may be sufficient to indicate the
method to be employed and, in any case, should
serve as a valuable guide and check to more detailed
analyses which may be made at a later date.

c. Work simplification. The purpose ofwork sim-
plification is to eliminate unnecessary work ele-
ments and develop or find simpler methods of
accomplishing necessary work. This can be accom-
plished by questioning each step in the process
(what and where, when and how, why and who),
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changingthe sequence of operations as necessary,
combining some operations, or eliminating somejob
elements.

d. Motion study. Motion study refers to the study
of the motions made by the worker in performing
assigned tasks. This study may be merely visual
observation of the worker. Important things to ob-
serve include the distance the operator reaches for
his tools and supplies, the number of steps he takes,
the repetition of tasks, and the smoothness of the
motion pattern. Often, merely by listing the specific
tasks carried out by a worker in connection with
the performance ofan operation, unnecessary steps
and excessive movements can be eliminated.

e. Flow chart diagram. The flow chart and the
flow diagram are used for the study ofmaterial flow
from one work area to another. A completed chart
or diagram graphically depicts an operation. In-
cluded in the chart are distances, physical condi-
tions affecting the operation, and the number of
times procedures and tasks are-repeated.

f. Methods study standards. This is a sys-
tematic analysis of an operation utilizing industrial
engineering techniques to determine the optimum
method or procedure to accomplish an operation
and the time it should take. The operation must be
segmented by the analyst into elements appropriate
for timing. This is not to be construed as physical
revision to the production process unless this is an
obvious and necessary recourse. The actual timing
of each performance is relatively simple. Assuring
that the time reflects normal operations under nor-
mal conditions is more difficult and requires an es-
timate of the pace of a worker by a skilled analyst
or technician. Time standards are valid as long as
changes are not made in the operation, system,
method, condition or type of operating equipment
or the number of personnel assigned to perform the
work. Time standards include a time allowance for
personnel needs, normal worker fatigue, and avoid-
able delays of short duration. Changes made to
work under time standards should be the result of
methods analysis, change in product, equipment
work content, or economic factors. Time standards
provide a valuable tool for planning and controlling
work, as a means for measuring the efficiency of
operations, and for determining the amount of man-
power resources required.

7-106. Use of Incentive Awards Program
a. The awarding of cash and/or commendations
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for new and acceptable suggestions has become one
of management’s most important tools. The use of
an Incentive Awards Program has two basic ad-
vantages, one of which is that it encourages new
ideas. Experience has shown that top level man-
agement has no monopoly on originality. New ideas
can flow up as well as down, and very often do. The
individual actually performing a warehouse opera-
tion is perhaps in the best position to recognize the
need or desirability for a change in procedure and
to develop scientific methods for its improvement.

b. The other advantage of this program is that
it stimulates interest and encourages employee par-
ticipation in management. It serves as a means of
according due recognition to suggesters. By invit-
ing the attention of supervisors to those employees
who are striving to improve the efficiency of their
organization, it is a morale builder of major impor-
tance.

7-107. Onsite Reviews and Checks
a. General.

(1) Periodic onsite reviews are another indis-
pensable tool of management. By this means man-
agers can determine the extent to which instructions,
regulations, and operational procedures are being
carried out.

(2) The manager should make a daily review of
at least one phase or segment of the operation.
These reviews should be planned on a cycle basis
so that at the end of a specific period they will have
covered all phases of the operations. In turn, key
and line supervisors should also make frequent
checks of their particular activity.

(3) Reviews made by management personnel
should include all administrative and operational
functions bearing directly or indirectly on opera-
tions. More specifically, they should include the fol-
lowing:

(a) Application of established operational
policies, procedures, and instructions.

(b) Application of the most economical ad-
ministrative and technical methods for the utiliza-
tion of personnel, equipment, and storage space.

(c) Suitability of space, materials handling
equipment, and operational methods, as applied to
a specific facility and the type of material stored or
handled therein.

(d) Training of personnel.
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(e) Information with respect to methods and
procedures which do not conform to agency regu-
lations.

Labor difficulties being experienced either
within the operation or from outside sources.

(g) Excessive operational costs pertaining to
personnel, space, equipment and storage.

(h) Inaccurate, superfluous, or insufficient

documentation for required recording and accom-
plishment of operations.

b. Supervisory checks. Checks made by super-
visors should normally be more frequent and more
detailed than those made by the manager. To en-

sure that any deficiencies on reviews are speedily
corrected, appropriate followup action must always
be taken.
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Section 1. TRAINING PLAN

8-101. Introduction

In an ideal situation every person in any organi-
zation is thoroughly trained in his or her duties. In
addition they have been made aware of the value
of their individual job to the entire operation and
just exactly how and where their position fits into
the complete organization. Attainment of this goal
in today’s complicated and complex storage and
materials handling operations is very difficult, yet
it is one which must be constantly striven for if we
are to have efficient, economical, and quickly ex-
pandable and flexible storage and materials han-
dling. If left to one’s own devices, each person
learns something each day and develops a little
more in the abilities required to do the job; how-
ever, this learning by "chance" or development by
trial and error is costly both in time and mistakes
made. Systematic training organizes the learning
and developing processes and takes the mistakes
out of them. It reduces learning time, accidents,
and wasted material.

8-102. Purpose of Training

Training must have as its primary purpose and goal:
trained and competent personnel, adequate and
properly maintained equipment, intelligent job
planning, alert supervision, and satisfactory orga-
nization morale.

8-103. Responsibility for Training

Every storage and materials handling activity must
assume direct responsibility for initiating, direct-
ing, supervising, and conducting all training per-
taining to its operation. Training is more effective
when it is made a part of operations and is not
considered as being disconnected from the job. Per-
sonnel responsible for operations must have a thor-
ough knowledge oftheir work and have the confidence
of their associates and subordinates. Training must
be considered by operating supervisors as an in-
tegral part of the daily workload.

8-104. Support by Storage Managers

Since training is part of the daily workload, storage
managers must strongly support and participate in
the program. Such support and participation should
ensure the necessary balance between operations
and training, with the training program receiving
proper emphasis. It is important that this training
should be a continuous program and not an isolated,
temporary interest.

8-105. Survey of Need for Training

The first step in installing a training program is
instituting an overall survey to determine areas in
which training is needed. In-service training cannot
be justified unless definite need exists. Conversely,
it is not justifiable to stop training until the need
has been met. A typical preliminary "check sheet"
developed as a means of determining possible areas
in which training may be needed and groups of per-
sonnel which might need the various types of train-
ing is shown in figure 8-1. Since it is possible that
training may be needed in many or all of the indi-
cated areas, priorities must be assigned so as to
meet needs on the basis of urgency. An important
point to remember is that too much training at-
tempted at one time will interfere with operations
and decrease training benefits. Thus, a well thought-
out and balanced plan, increasing or decreasing in
intensity and scope as the conditions require, is
essential to the success of a training program.

8-106. The Three Phases of Instruction

a. Study ofprinciples. The first phase of the pro-
gram should center around the principles and fun-
damental facts basic to operations of which

supervisors and key personnel should have an un-
derstanding.

(1) Text. The material in the Conference Leader’s
Guide, section 3, Storage and Materials Handling
Training Program for Supervisors, will be used as
the basic guide for the first phase of the program.
The three parts, covering Detailed Training Out-
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line, Storage of Materials, and Principles of Mate-
rials Handling can be adapted to the needs of the
installation or activity.

(2) Classes. All key personnel, military and
civilian, should be included in this phase. Experi-
ence has indicated that a minimum of 8 to 10 hours
will be required to complete this portion of the
training program. Ordinarily, classes should be ar-
ranged and scheduled so that no less than 10 or
more than 14 persons will be in attendance.

(3) Leader. The leader of these sessions will be
a qualified representative of top storage manage-
ment who has authority to act upon or obtain action
upon suggestions and problems which arise as a
result ofdiscussions held during the training period.

b. Study of organization and procedures. The
second phase of the overall program should concen-
trate on specific organization, operating proce-
dures, and standard practices of which the
supervisors and key personnel should have a com-
plete working knowledge.

(1) Source material. The material to be used
in this phase of the program must be adapted from
the actual organization charts, duties and respon-
sibilities sheets, written operating procedures, and
standard storage and materials handling practices
already developed.

(2) Coverage. In addition to organization and
functions, general operational procedures and
standard practices of prime importance to the ac-
tivity will be covered. Examples of such procedures
and standard practices are:

Receiving
Shipping
Inventory
Warehousing
Care of Supplies in Storage
Materials Handling Operations
Assembly/Disassembly Operations
Packing and Crating Operations

(3) Kind of training. All key personnel should
receive general training in all procedures and stand-
ard practices, in addition, they must receive de-
tailed instructions in those with which they are
specifically concerned. The amount of time devoted
to training in each functional item as well as op-
erational procedure should be determined according
to the complexity of the job and the detail required
for the training.

(4) Method of training. A modified conference
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method, in which group participation and discussion,
within the bounds of the training objective and under
the guidance and control of the session leader, should
be used in presenting material in the first two phases.
The leader of each session should be the top supervisor
or manager of the operation concerned.

c. Job instruction. The third phase ofthe training
program will concentrate on actual job instruction
for nonsupervisors. Included in this phase (but not
confined to) will be on-the-job instruction and step
by step demonstrations through the use ofworking
models, films, charts, diagrams, and by the training
leader or an assistant actually performing the job.
Jobs covered in this phase will consist of those in-
volved in such activities as equipment operation,
checking, packing, palletizing, recording stock lo-
cations, and other duties, as necessary. Training in
safety practices should be an inherent factor in this
type of training. Followup also must be an integral
part of this program.

(1) Responsibility ofsupervisors. For purposes
of expediency, an adequate number of supervisor-
trainers will be delegated the responsibility of car-
rying on this training under the person responsible
for directing and/or coordinating training activities.
Ultimately, each supervisor should be prepared for
and responsible for training workers in on-the-job
instruction.

(2) Benefit to new and old employees. The
training in this third phase is necessary if new em-
ployees are to be raised to the highest point of pro-
ductivity in the shortest possible time. Old employees
should be kept abreast of any and all changes in the
job processes in which they are engaged through
whatever medium of training is applicable; how-
ever, a survey, made to determine the amount of
benefit old employees could obtain from the type
of organized training defined in this third phase will
be beneficial and should be made.

8-107. Understudies

In addition to the training given for the perform-
ance of their assigned jobs, selected personnel will
be trained as understudies for all employees in key
positions.

8-108. Qualifications of Trainers

The following qualifications should be considered
in selecting personnel to act as trainers:

a. Experience in storage and materials handling
operations.
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b. Aptitude for imparting instruction to others
in an effective manner.

c. Probability of being able to remain on the
trainer assignment until program is completed.

d. Interest in doing a training job.
e. Patience and consideration for the feelings of

others.

8-109. Training Administrator (Specialist)

A specialist in training, responsible for planning
and initiating the training program, should be a
member of the top storage managers staff or avail-
able from installation management as determined
by the military service. Responsibilities of this po-
sition will relate primarily to:

a. Determining needs as well as points of weak-
ness in operations and training.

b. Advising the staff as to whether training can
assist in solving specific operating problems as they
arise.

c. Obtaining information concerning current
changes which might affect training already in prog-
ress.

8-110. Coordination With Other Installation Ac-
tivities

Coordination should be maintained between the

storage and materials handling training adminis-
trator and other affecting elements of the instal-
lation, for example: the installation personnel office
and management offices. In this manner, the overall
policies and objectives of the installation can be in-
jected in the specific training programs of the sep-
arate activities or operations being trained. Where
a training coordinator or staff is employed as a part
of the overall civilian personnel placement and uti-
lization program, the services and/or knowledge of
this element should be utilized by the training ad-
ministrator of the storage and materials handling
activity to:

a. Instruct trainees in the techniques ofpresent-
ing material to others.

b. Develop methods and devices for measuring
and testing; also instruct trainees in their usages.

c. Utilize existing training materials and adapt
them to the needs of the storage and materials han-
dling program.

d. Train supervisors in the techniques for ana-
lyzing their jobs and the jobs of their subordinate
employees.

e. Assist in setting up necessary training reords
and schedules.

f. Assist in setting up and/or providing necessary
physical facilities for training urposes.

Section 2. TRAINING PROGRAM

8-111. What Is Storage and Materials Handling
Training?

a. The main reason for having the military stor-
age installations is to receive, store, and move mil-
itary supplies. The actual operations within the
installation directly related to these activities may
be called warehousing and materials handling.
Training in this field must cover many specificjobs
which require the use of a great deal of knowledge
of warehousing principles, procedures, storage
methods, and warehousing and materials handling
management problems.

b. Training in warehousing and materials han-
dling should be carried on by two methods:

(1) A series of planned conferences in which
warehouse supervisors, military and civilian, have
an opportunity to think through, step by step, and
in a logical and organized way, the many points that
go into making or breaking an efficient operation.

(2) On-the-job training in which specific oper-

ations are taught individually to men and women
whose main duty is centered on one or two segments
of the whole operation.

c. Too often training in warehousing and mate-
rials handling has been called "on-the-job training."
This may mean anything from no training at all;
training given by many different people who may
or may not be in agreement on what they are teach-
ing; or all the way to planned, organized, and prac-
tical on-the-job training. We need not choose between
group or individual on-the-job training; both are
essential. The purpose of this training program is
to give warehouse supervisors an understanding of
the basic fundamentals and management policies of
storage operations and materials handling.

8-112. What Is Included in Storage or Ware-
house Operations and Materials Handling
Training?

a. This regulation will be considered the textbook
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for training in these fields. Instructors should en-

sure that all students have a working knowledge of
the regulation and a detailed knowledge of the por-
tion that affects their specific jobs.

b. The Conference Leader’s Guide places empha-
sis on:

(1) Proper methods of laying out and allocating
space.

(2) Accepted ways of storing and stacking the
many different items handled, so that space can be
utilized to the best advantage.

(3) Efficient and speedy methods of handling
materials in order to save manpower, equipment,
and time; this is known as materials handling.

(4) Need for training the best qualified em-

ployees in the installation to carry on this program
under the direction of the storage manager.

(5) Improvement oftraining already being done
to make sure that each employee is receiving the
fullest benefits from training being given and in

turn to assure that training "pays its way" through
increased employee productivity.

8-113. The Requirements for a Successful Stor-
age and Materials Handling Training Pro-
gram

Although the following points do not necessarily
guarantee the success of this training program,
they are fundamental and important:

a. Management support. The backing and inter-

est of installation officials, the commander, staff,
and all key personnel of the storage and materials
handling function is essential.

b. Working relationships. Close working rela-
tionship between the storage operation and other
affecting elements of the installations includes an

appreciation of each other’s responsibility and con-

tribution and a willingness to pull together to put
the job over.

c. Competen leadership. A prime requisite for
competent leadership is the qualification of person-
nel to conduct training effectively and is the key to
the success of the storage and materials handling
program. Such leaders may be chosen from either
of the following two sources:

(1) From any point within the installation--an
individual with teaching background and experi-
ence who has or can prepare by: reading about the
fundamental principles and practices of storage and
materials handling, learning storage policies, ob-
serving operations and storage procedures, study-

ing first hand and "living with" the actual work
going on in the various storage operations, and
knowing personally the supervisors of these oper-
ations.

(2) From the storage activityman individual
with warehousing background and experience should
have the benefit of any supervisory courses given
at the installation and should work closely with the
person responsible for training to prepare himself
in teaching and conference leadership techniques.

d. Adequate conference rooms. No compromise
should be made in securing a comfortable, well-
lighted and aired, quiet, and easily accessible space
for conferences.

e. Continuous training. The turnover of ware-

house personnel, changes in procedure, improve-
ments in methods, and changes in commodities all
point to the absolute necessity of a continuous train-
in program.

8-114. How To Use the Conference Leader’s
Guide

a. To aid in the presentation ofa training program
in warehousing and materials handling, sectional-
ized guid.e material has been prepared. As many
sections as logical, or as many as time permits may
be covered in one session. There is no intent that
this outline be followed word for word; however,
its intent and scope should be followed very closely,
particularly as to the order of presentation of topics
and key points within the topics.

(1) This presentation has been built along or-

ganized lines, in logical sequence, that can be used
effectively to give those concerned a thorough
knowledge of the "ABCs" of warehousing and ma-

terials handling in the shortest possible time. The
conference leader by prior knowledge of local prob-
lems and groups of trainees must fit this guide to
installation requirements.

(2) The established outline should be followed--
but not read. There is nothing more deadly to a

group than continuous reading. The guide has been
designed so that it can be followed with an occa-

sional glance. The discussion should be kept running
smoothly. In this outline are included: key ideas
and questions, suggestions for group discussion,
suggestions for illustration, and group answers to
key questions.

b. Key points or questions are preceded by a hy-
phen and are included in quotation marks. Impor-
tant words therein are capitalized. These key-points
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or questions are the basis for conference discus-
sionbthey need not be quoted as written, but
should be expressed in a manner which puts the
points across. For example:

--"keep your STOCK LOCATOR SYSTEM as
SIMPLE as POSSIBLE."

--"what do we MEAN by ORDERLY STACK-
ING?"

c. Suggestions for group discussion are indicated
by instructions with such introductory words as:
DISCUSS or ASK; these introductory words are
in capital letters.

DISCUSS with the group BULK STORAGE as
it occurs in their warehouses.

d. Suggestions for illustrations are always in-
closed in parentheses. In cases where blackboard
illustration is suggested, the material to be put on
the board is inclosed in a rectangle.

(WRITE following points on blackboards, charts,
or other visual aids)

CONSERVE SPACE
ASSURE SPEED OF MOVEMENT
ASSURE STABILITY
HAVE ORDER IN FORMING STACKS

e. Group answers to key questions are shown in
the guide in capital letters and are inclosed in brack-
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ets and should be used as a check list. Answers
should not be given by the leader unless they have
been overlooked by the group. If the answers are
given by the leader, they should be brought out in
some indirect manner, such as: "Do you think

is important?" The leader should never give
the impression that he knows all the answers.
Answers should be drawn out from the group.

--"HOW can we ASSURE RAPID AVAILA-
BILITY?"

AISLES WIDE ENOUGH
LOCATION OF FAST MOVING ITEMS
TYPE OF STACKING, AND MECHANI-
CAL EQUIPMENT

fi The outline and discussion comments have been
developed in a manner to give the attendinggroups
the "ABCs" of storage and materials handling.
Many questions and points of discussion will arise
regarding methods and practices for handling spe-
cific problems and conditions peculiar to the in-
stallation or to a specific commodity. The conference
leader therefore, should be thoroughly familiar with
the contents of this regulation, as well as with the
various storage and handling conditions within the
installation in order that they may be measured
against the criteria defined in the regulation. The
regulation should be used both in and out of the
classroom as a basic text and reference book by
those attending as well as the instructor.

Section 3. CONFERENCE LEADER

Part I. INTRODUCTION

8-115. Foreword for the Conference Leader
a. Things you should do BEFORE you meet the

group:
(1) Plan your work carefully.
(2) Have an enthusiastic beginning to the con-

ference.
(3) Collect enough examples from your own

depot experience.
(4) Plan to arrive at the conference room 15

minutes before the scheduled starting time.
(5) Check the conference room equipment: Is

the room in order? Are there enough chairs, suffi-
cient tables and writing space, chalk, eraser, note-
books for the group, pencils, ash trays (where
smoking is permitted)?

(6) Arrange the room so that each person can
see everyone in the group, the blackboard, charts,
or other visual aids.

(7) Have sufficient copies ofhandouts (Figs. 8-
3, 8-4 and 8-5 can be reproduced and usd as hand-
outs.)

(8) Begin on time--end on time!

8-7
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b. Purpose of session.

c. Why members of group were se-

lected.

d. Discussion procedure.

e. Content of program.

EXPLAIN PURPOSE AND PROCEDURE OF SESSIONS
--’ro give the LESS EXPERIENCED people an OPPORTUNITY to

THINK THROUGH the BASIC PROBLEMS of WAREHOUSING and

MATERIALS HANDLING."
--"To give you MORE EXPERIENCED people an OPPORTUNITY to RE-

FRESH YOUR KNOWLEDGE of the BASIC PROBLEMS and DIS-
CUSS SPECIFIC PROBLEMS."

--"To EXCHANGE IDEAS so that:
we are AWARE of EACH OTHER’S PROBLEMS;
we can AID in the SOLUTION of THESE PROBLEMS;
we can INCREASE the EFFICIENCY and PRODUCTION."

--"YOU ARE RESPONSIBLE FOR ACTUAL OPERATIONS."
--"YOU KNOW the PROBLEMS."
--"YOU CAN INCREASE the EFFICIENCY and REDUCE the COST of

OPERATIONS."
--"YOU MUST TEACH OTHERS to DO THEIR JOBS--YOU MUST

KNOW the WHOLE PICTURE."

--"This is a special kind of school,"
--"All of us should ENTER into the DISCUSSION--ONE AT A TIME."
--"Address your ideas and questions to the GROUP--NOT TO ME."
--"You will benefit by taking notes--they make things STICK."
--"Keep your notes and the mimeographed material that will be given youm

in this way you can compile a reference book which you can USE ON
THE JOB."

(WRITE the TOPICS on the blackboard and GIVE a BRIEF DESCRIPTION
of what each section of the program will consist of.)

WAREHOUSE LAYOUT
STORAGE OF MATERIALS

Storage Principles
Storage Standard Practices

PRINCIPLES OF MATERIALS HANDLING

8-116. Key Ideas and Questions

a. Warehouse layout and allocation of space.
This will include a discussion of the problems and
knowledge needed in planning a storage area for
the receipt, storage and shipment of materials; ef-
ficient methods of meeting these problems, as well
as systems of space and location control. Piano-

graphs, or other visual aids should be utilized.
b. Storage principles. This will include a discus-

sion on the basic principles of stacking and storing
and the accepted practical methods for doing this
job. The members of the group will be asked to

present some of their specific problems.

c. Storage standard practices. This will include

a discussion of standard practices of storing mate-
rials developed within the Department of Defense.
The adaptation and application of these practices
will be covered as well as the development ofstand-
ard methods.

d. Principles ofmaterials handling. This will in-
clude a discussion of the advantages to be gained
by the proper use of materials handling equipment;
existing physical conditions which determine and
limit the type of operation; and basic principles of
materials handling, stressing the importance of a

balanced operation.
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Part II.

8-117. Layout and Allocation of Space

DETAILED TRAINING OUTLINE

a. Definition of warehousing. DEFINE ’WAREHOUSING"
--"Before discussing the problems in warehousing we should all UNDER-

STAND what we mean by ’warehousing’ and just what we are trying to
3rove."
WRITE the DEFINITION across the top of the blackboard.)

Warehousing--the SCIENTIFIC and ECONOMICAL
RECEIPT
STORAGE
ISSUE

of materials for their BEST SAFEKEEPING and RAPID
AVAILABILITY

"UNLESS this job of warehousing is done in a SCIENTIFIC manner
it is NOT ECONOMICAL."

--"To be ECONOMICAL--WHATTHINGS or in WHATWAYS can we save
in our warehouse operations?
SPACE in terms of cubic feet
LABOR in terms of MAN-HOURS
EQUIPMENT in terms of EQUIPMENT HOURS and

EQUIPMENT TYPES
DAMAGES
ACCIDENTS
ELIMINATION OF WASTE in every form"

--"The definition mentions BEST SAFEKEEPING--by that is meant: we
must PROTECT THE MATERIALS.

PROTECT AGAINST WHAT?"

THEFT
FIRE
DETERIORATION--lamage by:

weather
careless handling
poor stacking conditions

--"The final statement in the definition of warehousing RAPID AVAILA-
BILITY-is ALWAYS IMPORTANT."

--"To do an efficient job of warehousing we must lay out our warehouses so
that the MATERIALS are EASILY ACCESSIBLE."

--"In these discussionsand more important, in doing your jobs in the ware-
houseswe must NEVER OVERLOOK or FORGET these POINTS:

--’We must constantly check to make sure that we are effecting SAVINGS
in SPACE, LABOR, and EQUIPMENT; REDUCING DAMAGES and
ACCIDENTS; PROTECTING the materials AGAINST THEFT, FIRE,
and DETERIORATION; and storing our MATERIAL SO WE CANGET
TO IT IN A HURRY."

--"How we are going to do all this, and WHAT WE HAVE TO KNOW to
accomplish it, are the things we want to discuss."

--"And we want to discuss them in a logical order--FIRST THINGSFIRST."

8-9
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b. Discussion guide for definition of warehous-

(1) General. The main purpose m developing
the definition of warehousing is to start the group
thinking about the objectives of their jobs, to make
them critical ofwhether or not they are accomplish-
ing their work along the lines set forth in the def-
inition. Each of the main points in the definition
should be carefully developed.

(2) Ways in which we can save in a warehouse.

(a) Space. Space is the basic resource in the
warehousing operation. The entire storage opera-
tion hinges upon the efficient utilization of space.
Space is emphasized in terms of CUBIC FEET.
Too often operators think in terms of"square feet."
Except where floor load capacities limit full use of
cubage, material must be stacked as high as fea-
tures of pack, facilities, and handling equipment

8-118. Facility Characteristics

permit in order to take full advantage of cubage
and thereby save in souare feet.

(o) Labor. Labor must be conserved in every
job. The amount and use of labor should be thought
of in terms of MAN-HOURS rather than just in
terms of number of men. We must get the most
efficient use out of each hour paid to labor, in so
doing, we can increase production and reduce cost.

(c) Equipment. The proper use of mechanical
equipment helps to conserve labor. Every effort
must be made to conserve the amount of equipment
used and, as in the case of labor, its efficient use
should be considered in terms of equipment hours.
Care must also be given to its mechanical mainte-
nance.

(d) Accidents and damages. By reducing ac-
cidents and damages in the warehouses, it is evident
that cost is reduced, materials saved, and man-
hours reluced.

a. Detailed planning.

b. Facts about the warehouse.

STRESS NEED FOR PLANNING
--"Before we can actually STORE materials we must PLAN."
--"In order to PLAN there are certain FACTS we must know."

DEVELOP FACTS ABOUT THE WAREHOUSE
--"What must we know ABOUT the WAREHOUSES?"

(Try to get the following points from the group and list them on the black-
board as they are given:)

TYPE OF BUILDING
SIZE. HOW MANY?
SHIPPING AND RECEIVING PLATFORMS
DOORWAYS AND ENTRANCES
PILLARS, POSTS OR COLUMNS
WINDOWS
FLOOR LOADS
ELEVATORSin multistory buildings

(1) Two prime factors influence the storage
manager layout of available space; the character-
istics of the storage area--THE CAPACITY FAC-
TOR; and the characteristics of the supplies to be
stored--THE COMMODITY FACTOR which will
be discussed later.

(2) These factors cannot be separated; the one

influences the other all through the storage oper-
ation. It must be realized that before we can ac-

tually store materials, there must be planning--
WHERE and HOW we are going to store it. Un-
fortunately, many of our buildings were not de-

8-10

signed primarily for the type of wrehousing we
must do. We must, therefore, in some cases, make
the best of physical difficulties.

(3) In the planning of warehouse operations,
we are mainly interested in the actual physical lay-
out and size of the platforms, doors, columns, and
windows. In multistory buildings particularly, we
are concerned with floor load capacities and ele-
vators. Without a thorough knowledge of all of
these factors, we cannot efficiently start to do the
job.



15 September 1979 DOD 4145.19-R-I

c. Type of building. DISCUSS each in detail and in the order followed below:
--"There are two main types---SINGLE-STORY and MULTISTORY."
--"The SINGLE-STORY BUILDING has MANY ADVANTAGES:

NO ELEVATORS
FEWER POSTS AND COLUMNS
DIRECT CONTACT WITH SHIPPING AND RECEIVING DOCKS
GREATER FLOOR LOAD LIMITS
BETTER TRANSPORTATION FACILITIES"

--"The MULTISTORY BUILDING has TWO ADVANTAGES:
COVERS LESS GROUND AREA
CAN BE LOCATED IN METROPOLITAN AREA."

(1) In a majority of our storage installations,
particularly in the newer ones, we find single-story
buildings constructed along similar lines.

(2) Storage installations vary in size from one
or two to any number of these single-story build-
ings. Each building is usually divided into several
sections. There is no typical multistory warehouse.

d. Size of building. --"What primary facts must we know in order to determine our storage space
in each warehouse?"

LENGTH
WIDTH
HEIGHT

--"Remember, in all buildings we must think in TERMS OF CUBAGE."

(1) To know how much storage space is avail-
able, we must know the size of our warehouse, the
size of each section; and in the multistory buildings,
the size of each floor.

(2) We must consider size in terms of length,
width, and height---in other words--in terms of

CUBIC FEET. We can use our square feet to full-
est capacity and at the same time waste a great
part of our full storage capacity by not stacking
high enough. WE MUST CONSERVE OUR VAL-
UABLE STORAGE SPACE.

e. Shipping and receiving plat-
fOi’IS

--"There are THREE THINGS we must consider about our PLATFORMS
or DOCKS:
LOCATION
SIZE
HEIGHT (in relation to cars and trucks)."

--"To intelligently plan location ofmaterials we should also have some general
appreciation of what percentage of our material is SHIPPED BY RAIL
and what percentage BY MOTOR TRUCK."

--"ASK the group ifthey know percentages as applied to their own warehouse
or section. If they are guessing, ask them to check on the information.

(1) The normal, general-purpose, single-story
warehouses have one long platform stretching the
entire length of the warehouse, used for shipping
and receiving by rail. On the opposite side, mate-
rials are received or shipped by motor truck on
small docks at each section, or on one or more large
docks spaced at intervals along the warehouse. The
width of these platforms is a very important factor
becafise it determines the type of materials han-

dling operation that can be applied. For example:
if the platform is too narrow, the use of the tractor-
trailer train system is difficult or the platform may
become dangerously congested during receiving
and shipping operations in the same vicinity. The
entire width of platforms should be covered to pro-
tect the material from the weather.

(2) In multistory buildings the platforms are
located in as many different locations as there are

8--11
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buildings. In some of the buildings, however, it is
possible to use separate platforms for receiving and
shipping in respect to both rail and truck facilities.
Such a condition helps to ease the bottlenecks
caused by elevators and permits a more continuous
flow ofmaterial in the materials handling operation.
Care should be taken to keep the platforms, which
occupy a large portion of the ground floor, clear of
stored material.

(3) The height of the platforms, whether in sin-
ge or in multistory buildings, is an important fac-
tor. Platforms either too high or too low will cause

serious handicaps in our materials handling oper-
ations as well as create a serious accident hazard.
A difference of 6 inches between the height of the
platform and the floors ofcars or trucks is maximum
if an efficient operation is to be accomplished. Con-
ditions where excessive difference in height exists
should be corrected by either lowering or raising
the track bed, the road surface, or through the use
of a compensating bridge plate. The cost of such a
change should pay for itself in speedier and more
economical operations.

Doorways and entrances. --"It is evident that we must know the LOCATION, NUMBER, and SIZE
of our DOORWAYS or ENTRANCES."

--"Care must be taken that we make efficient use of these openings."

(1) There should be a sufficient number of door-
ways leading to platforms and between sections of
a warehouse to handle the movement of materials.

.This is particularly true of single-story buildings.
(2) In most of our typical single-story ware-

houses, there are at least two, and sometimes more,
doorways per section leading to the rail platforms;

and two doors gvmg access to sections. THESE
DOORS SHOULD BE OF SUFFICIENT SIZE
TO ENABLE MECHANICAL EQUIPMENT TO
PASS EACH OTHER. TOO MANY DOORWAYS
CAN BE A HINDRANCE BECAUSE THEY
REDUCE THE WALL SPACE WHICH IS SO
VALUABLE FOR STORAGE AREAS.

g. Pillars, posts, and columns.
--"The location, number, and size of the pillars, posts, and columns in a

warehouse are IMPORTANT FACTORS CONTROLLING OUR LAY-
OUT."

--"They consume valuable storage space."
--"They are usually more of a problem in multistory buildings."
ASK the group to figure approximately how much square footage and cubage
are taken up by the columns on their warehouse floors; also how much
wasted storage space around the columns.

(1) The general plan of our floor layout is con-
trolled, to a great extent, by pillars, posts, and
columns which are necessary as floor and roof sup-
ports, and cannot be removed, yet which do reduce
the amount ofstorage space and must be considered
carefully in our planning.

(2) Pillars, posts, and columns, are a problem
in our single-story buildings, but not so critical as
in some multistory warehouses, where each column
may use up as much as four square feet and many
more cubic feet of storage space. In addition to this
loss of space, we will lose even more in stacking
pallets around columns, unless extreme care is

given to the method of storing.
(3) Where possible, columns or posts should be

used as aisle guides and also to define the size and
location of bays. Certain pieces of fire equipment
can be placed on these columns, but care should be
taken to place this equipment so that it uses the
least amount of storage space. It should be hung on

the post adjacent to an aisle, BUT NOTEXTEND-
ING INTO THE AISLE BECAUSE IT CUTS
DOWN THE AISLE WIDTH AND MAY BE
DAMAGED BY PASSING MECHANICAL
EQUIPMENT.

(4) Under no conditions should fire equipment
be placed on the back of the post from the aisle line

for, in so doing, storage space is greatly reduced
and valuable seconds can be lost looking for equip-
ment in case of need.

8-12
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h. Windows. --"Can you name any ADVANTAGES or DISADVANTAGES in having
WINDOWS in a warehouse?"

Advantages
LIGHT
AIR
ENTRANCE FOR FIREMAN

Disadvantages
LOSS OF WALL SPACE
DAMAGE TO MATERIALS
(by elements)

WASTE OF FLOOR SPACE

Windows are more numerous in multistory than in
single-story buildings. Although the light and air
admitted by windows do improve working condi-

tions, from a purely operations standpoint they are
a handicap.

i. Floar load limits. --"We should all have the SAME IDEA of HOW to FIGURE the AMOUNT
of MATERIALS we can STORE on a FLOOR and STAY WITHIN
FLOOR LOAD LIMITS."

ASK one of the group to explain how he determines this on his own floor.
Continue to ask various members until an agreed method is reached.

--’’We should note he following CAUTIONS: WEIGHT should be FIGURED
from EACH SQUARE FOOT COVERED.

In the use of pallets, weight is determined by square feet covered by the
pallet.

Include the weight of the pallets.
Do not depend too much on safety factor."

Note. Since floor load limits occur mainly in multi-
story buildings, the subject should be covered briefly
when members of the group are concerned with only-
single-story buildings. Point out some of the problems
that are caused and some typical floor load limits. In
discussion groups where multistory buildings are of con-

cern the subject should be covered in detail.

(1) Floor load limits can cause a great waste
in cubic feet of storage space; however, if these
limits are not considered, a tremendous safety haz-
ard is caused. Naturally, these floor load limits are
more prevalent in the multistory buildings. Limits
in this type of building usually range from 100
pounds per square foot to 350 pounds per square
foot. The problem in single-story buildings is small
because in the majority of them the limit is so high
that it poses little restriction. In multistory build-

ings it is important that a standard method of de-
termining permissible floor loads be decided upon
in line with conditions existing in each building.
Such a method should be clearly defined, agreed
upon, and enforced by those responsible for storage
operations.

(2) Normally, safe warehouse floor load limits
are determined by reference to the building plans
on which the floor capacities in pounds per square
foot are customarily designated. Generally, plans
for unconverted private buildings may be secured
from the former owner or tenant. A competent en-
gineer should be brought in to establish floo load
capacity in all cases where building plans are not
available, where the plans do not indicate safe floor
loads, or where the accuracy ofthe stated floor load
is doubtful.
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j. Elevators. (Note. As in the case of floor loads, the subject of elevators should be touched
only briefly in single-story operations, but in detail in multistory buildings.)

--"ELEVATORS in multistory buildings are often the cause of SERIOUS
BOTTLENECKS."

--"What must we consider about elevators?"

LOCATION
SIZE
CAPACITY
SPEED

--"They are a SERIOUS SAFETY HAZARD."

(1) Freight elevators are the "arteries" of the
multistory warehouse. The number and location of
these elevators are important factors in determin-
ing the general plan of floor layout. Care must be
taken to keep sufficient space clear in front of the
elevators on each floor. The size and load capacity
of these elevators determines the type of materials
handling operation which can be performed. Care
must be taken not to overload the elevator; THIS
IS A SAFETY MUST. This means, of course, that
we must figure not only the weight ofthe materials,
but also the weight of the mechanical equipment,

8-119. Commodity Characteristics

such as trailers or fork trucks, if such equipment
is used. PROPER MAINTENANCE OF THE EL-
EVATORS AND TRAINING OF THE OPERA-
TORS IS ALSO A SAFET: "MUST."

(2) Because these elevators are often small in
size and slow in movement, they create a bottleneck
in the operation which is difficult to eliminate. In
most cases we cannot enlarge or speed up the el-
evators; therefore, careful planningand thought can
profitably be given to "timing’ of the operation to
the existing conditions.

a. Fact.s about commodities. DEVELOP FACTS ABOUT COMMODITIES
--"After we have viewed the warehouse from all physical angles, we must

then consider the COMMODITIES WE WILL STORE."
--"We cannot separate these two factors in our planning and thinking--TO-

GETHER THEY INFLUENCE OUR METHOD OF LAYOUT AND
ALLOCAT.ION OF SPACE."

--"In this portion we are interested in WHERE we will store the materials
NOT HOW."

--"WHAT DO WE HAVE TO KNOW ABOUT THE COMMODITIES?"
(Try to get the following points from the group and list them on the black-
board as they are given.)

NATURE (KIND OR TYPE)
AMOUNT
SIZE
WEIGHT
SHAPE
TURNOVER (ACTIVITY)
PERISHABILITY
ODOR
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b. Amounts of each commodity. --"The AMOUNT of each commodity handled VARIES in EACH STORAGE
INSTALLATION and from time to time WITHIN AN INSTALLA-
TION."

--"To keep our planning up to date WE MUST KNOW CONTINUOUSLY
what we will be expected to STORE."

--i’As STORAGE MANAGERS AND WAREHOUSE SUPERVISORS,
What INFORMATION is AVAILABLE TO US?
What information DO YOU GET?
What information WOULD YOU LIKE TO HAVE to help you plan

efficiently?"

STOCK LEVELS
DUES-IN NOTICES
AVERAGE ACTIVITY OF MOVEMENT
ADVANCE NOTICE OF SHIPMENT

(1) The supplies handled by the average mili-
tary storage installation consist of thousands of
items ofdifferent weight, size, shape, perishability,
and crushability. These supplies are packaged var-
ious ways within different types of containers, such
as: boxes, crates, cartons, bags, bales, or drums.
The items vary from a small package of bearings
to a complete field hospital and are shipped to the
storage installation from thousands of manufactur-
ers and producers.

(2) The fact that commodities or items vary to
such a degree complicates the problem not only of
handling in transportation, but also ofstoring in our
warehouses or other storage areas. We must study
our problem as it relates to the different commod-
ities and do everything within our power to handle
the materials efficiently.

(3) Before we can allocate space and layout
warehouses or storage areas, we must know some-
thing about the type of material and how much will
be stored. To aid in this, the controlling agency
responsible for a particular storage installation fur-
nishes such data as stock levels, tonnage, and item
forecasts, information on manpower strength within

a given area of distribution. All of these aids are
a valuable asset in planning storage.

(4) By whatever means secured, a knowledge
of the stock level or quantities to be stored will
enable storage personnel to get an overall picture
of supply and helps in laying out space in order to
eliminate storage bottlenecks and unnecessary re-
warehousing. On the other hand, experience gained
through issue and receipt will be of invaluable help
to storage personnel in determining the best layout
for their commodities. Remember that a stock level
is only a guide and should not be used as the ab-
solute figure for determining space for an item. You
must keep your storage layout simple and above all
flexible.

(5) Usually, the first notification of incoming
stock is a distribution directive, schedule of deliv-
ery, letter of award, or specific directive from the
supply agency. From this information, the "dues
in" can be compiled. Storage personnel should study
these "dues in" and have their area planned for
storage of material when supplies are received; this
will help to eliminate unnecessary rewarehousing.

c. Popularity, size, weight, shape,
perishability.

--"After we know HOW MUCH we have to STORE, and HAVE DECIDED
in general WHERE it will be STORED, we must CONSIDER the ITEMS
as to their POPULARITY, SIZE, WEIGHT, and SHAPE.

--"WHERE do you STORE your LARGE, BULKY material?"
--"Can you move your FAST MOVING goods EASILY and QUICKLY?"
--"Are you having TROUBLE with DAMAGES to your PERISHABLE

materials? If so, it is because of WHERE THEY ARE STORED?"

(1) After we have determined the amount of
material we have to store, allocated the proper
amount of space, and formulated a GENERAL

PLAN; we THEN MUST determine the actual lo-
cation of the material. Such location is controlled
partly by certain characteristics of the items. Large
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and bulky items should be pl,acei as near the ship-
ping and receiving points as possible to reduce the
amount of handling.

(2) In locating materials that have a rapid turn-
over, every effort should be made to place the ma-
terials as near the shipping points as possible and,
in multistory buildings as near the elevators as pos-
sible and on the floors near the shipping and re-
ceiving docks. Slow-moving commodities, of course,
can be placed in less accessible locations.

(3) Perishable items should not be stacked near
windows or doors because of possible damage from

8-120. Aisles

sunlight, rain or snow. Care should also be taken
to store perishable items, bagged materials in par-
ticular, where they cannot be damaged by floor
dampness caused by sweating. Generally, bagged
items should be kept in storage areas having the
least amount of temperature change. Commodities
which need periodic turning, such as certain items
of compounded or chemical nature or items such as
kegs of vinegar or pickles, should be placed in an
accessible location. Commodities which absorb odors
should be kept away from odorous items.

a. Layout. EXPLAIN HOW TO PLAN LAYOUT
--"Once we know ALL the facts ABOUT the BUILDINGS and the COM-

MODITIES, we can then LAY OUT the FLOOR PLAN."
--"First, we must decide on AISLES regarding:

TYPE
NUMBER
SIZE (Length and width)
LOCATION
DIRECTION"

--"We all realize that AISLES ARE NECESSARY TO:
PROVIDE ACCESS to DOORS on LOADING PLATFORMS,
PROVIDE ACCESS to ELEVATORS in muitistory building,
PROVIDE SUFFICIENT SPACE for operating EQUIPMENT,
PROVIDE ACCESS to different kinds of SUPPLIES
PROVIDE SHORTER HAULING DISTANCE."

--"AISLES should be kept to a minimum in number and size because they
WASTE STORAGE SPACE."
Note. Illustrate the above point by an example and then ask members
the group if they know exactly what percentage of their available stor-
age space is used for aisles. If they do not know, work out one problem
with the group.

(1) The number, type, size, and location of
aisles are directly dependent upon the CAPACITY
FACTOR and the COMMODITY FACTOR. A
warehouseman should not be content to lay out
aisles according to a pattern determined either by
"someone else" or by precedent. He/she should
know WHY the aisle plan is used and BE SURE
THAT IT FITS INTO THE PARTICULAR OP-
ERATION after study from all angles. He/She
should constantly TRY TO REDUCE the amount
of space used by aisles WITHOUT HAMPERING
THE OPERATION.

(2) To illustrate the percentage of storage space
that can be used by aisles, the following example
can be used: Consider a warehouse section 120’
x 180’ or a total of 21,600 square feet. Two 10’
main aisles, the length ofsection, equal 2,400 square

feet which uses about 11 percent of gross storage
space and leaves 89 percent for storage. This PLUS
two 10’ cross aisles running the width of section
equals 3,600 square feet. TOTAL aisle space for the
aisles equals 6,000 square feet which uses about 27
percent of gross storage space and leaves about 73
percent for storage (actually, 100 square feet should
be subtracted for each point of crossing of aisles;
however, for ease of illustration, this has not been
considered). If we reduce the width of each of the
four aisles ONE FOOT and make them 9 feet in-
stead of 10 feet, we will have 600 square feet. This
saving would make space for about 200 additional
pallet loads where pallets are stacked three high.
This reduction ofONE FOOT would raise the avail-
able storage space to 76 percent.
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Figure 2-47. Warehouse floor plan--typical layout.
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(3) How much area should be used for storage.
Naturally the thought in relation to this ctuestion
is "every available square foot." That is certainly
very true, but just how much should be the mini-
mum available area for storage? This will certainly
vary from installation to installation depending
upon many factors such as building characteristics,
and type of commodity to be stored or mission. As
a good rule of thumb we may say that a minimum
of 65 percent of the available gross space should be
available for storage of supplies. This leaves ap-
proximately 35 percent of the gross space (inside
measurement) that can be used for offices, rest-
rooms, posts, aisles, and other necessary space. To
make the group think about the problem of aisle
layout from a practical "know-the-reasons" view-
point rather than from a "how-we-do-it-here" view-
point, a chart or plan of a different type of building
should be used in the discussion. For example: use
a physical floor plan which is different from the one
used at your installation. As each type of aisle is
discussed, it should be on a chart as suggested by
the group. A blackboard, about 3 feet by 4 feet, can
be used with sample warehouse plans painted on
the board. Aisles and commodity locations can then
be chalked on it as suggested by the group.

(4) Before laying out aisles, the storage person
must ask:

(a) Where and how far away are platforms
and door openings?

(b) Approximately how much space will be
needed for each item and the sizes of the lots the
warehouse is at present expected to store?

(c) Is it likely that there will be changes in
the quantities and types of material in the near
future and can such changes be anticipated, so as
to avoid extensive rearrangement of aisles?

(d) Where are fire walls and fire line valves?
(e) How many posts or columns support the

roof and floors. Where are they, how big are they,
and how far apart?

(f) Will materials be block-stocked or binned?
Where binned, aisle space must be reserved in front
of each bin.

(g) Which supplies will be stored mechani-
cally and which by hand? Fork lift trucks cannot
work in tight spots behind columns, nor pass pack-
ages around a corner.

(h) What is the size of the forklift trucks to
be used? If 6,000 pounds, a larger aisle should be
provided; if 2,000 pounds, smaller aisles naturally
result.

b. Types of aisles.

c. Main or transportation aisles.

--"There are three TYPES ofAISLES COMMONLY used in our warehouses:
MAIN AISLES, CROSS TRAFFIC AISLES AND FIRE AISLES."

--DISCUSS in DETAIL each of these types, as to number, size, location and
direction.

--"MAIN AISLES are sometimes referred to as TRAFFIC or TRANSPOR-
TATION AISLES."

--"As in the case of elevators in multistory buildings, MAIN AISLES are the
LIFELINES or ARTERIES of a warehouse."

--"The location, number, length, and width ofthese aisles depend upon certain
conditions."

--"WHAT ARE THE DETERMINING FACTORS?"
GET the following points from the group and then have them designate where
they would place Main Aisles on the sample layout under varying conditions:

TYPE OF STORAGE (Storage mechanically or by hand)
SIZE OF EQUIPMENT
LOCATION OF DOORS
SIZE OF LOTS

--Have the group explain WHERE and WHY Main Aisles are located in their
own respective areas of operation.
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(1) These serve as the lifeline or arteries of a
warehouse. There should be no "breaks" or "bot-
tlenecks" and they should be kept clear at all times.
THEY SHOULD BE LOCATED so that they give
direct access to shipping and receiving platforms,
doorways between sections, and, in multistory
buildings, give access to elevators and conveyors.
Although 10 feet is the normally accepted width in
warehouses utilizing 4,000-pound forklift trucks,
the WIDTH may vary. Size is determined by the
type of mechanical equipment used. Aisles should
be wide enough to permit equipment to pass and
to permit easy working of the fork truck. Experi-
ence has taught us that a forklift truck of 2,000
pound capacity requires a 7-foot aisle, and a truck

15 September 1979

of 6,000 pounds requires a 11-foot by 6-inch aisle
in which to work efficiently.

(2) The NUMBER of transportation aisles in
a section or on a floor of a multistory building de-
pends on the number of communicating doors and.
elevators that must be used to move material in
and out of the area. The number is also determined
somewhat by the size of the lots and the number
of different commodities. In a section where ONE
ITEM will fill the entire area, the section could be
stacked to its capacity. It would be necessary to
leave only enough space to "get at" the items and
to permit access for fire prevention or fire fighting
purposes.

d. Fire aisles. --"FIRE AISLES are NECESSARY IN SOME LOCATIONS under FIRE
REGULATIONS."

--’nat are the REGULATIONS governing our own installation?"
--DISCUSS the fire aisle regulations with the group and be sure each member

has a clear understanding of them.
CAUTION--BE SURE YOU, AS LEADER, UNDERSTAND THEM.

--’bhat factors usually determine the location and number of fLre aisles?"

FIRE DOORS
SUBSTANDARD
WINDOWS
LOCATION OF FIRE FIGHTING EQUIPMENT
MATERIAL SUBJECT TO SPONTANEOUS COMBUSTION

--"What is the MAXIMUM WIDTH of FIRE AISLES?"
--Have the group designate where they would place fire aisles on a sample

( plan.

1) Fire fighting aisles were once widely used sary to have fire aisles wider than 24". In many

in warehouses. Experience has proved that they
are often of little help in. controlling fire and may
actually constitute a fire hazard. The present think-
ing is that fire aisles should be eliminated except
along substandard interior walls and where they
lead to fire fighting equipment. Ordinarily, fire is
on the surface of the material; the greater the sur-

face, the greater the fire hazard. The exception to
this is material subject to spontaneous ignition;
hiCh must be watched constantly for overheating;
wever, fire aisles will not prevent ignition.

(2) In every depot or storage activity a certain
number of fire aisles are necessary. The policy in
each should be the guide in establishing these aisles.
ALTHOUGH THEY ARE NECESSARY, THEY
SHOULD BE REDUCED TO A MINIMUM IN
NUMBER AND WIDTH. THEY WASTE VAL-
UABLE STORAGE SPACE. It is seldom neces-
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cases fire aisles can be eliminated by a simple
change in the location ofthe fire fighting apparatus.
Previously it has been mentioned that extinguish-
ers and hose fixtures should never be hung BE-
HIND posts or columns opposite the aisle. Fire
aisles must be used adjacent to windows THAT
WILL BE USED AS ENTRANCES by firemen.
Fire aisles are not necessary next to exterior walls
or standard walls which serve as dividers of sections
or units of a warehouse.

(3) Standard fire walls separating buildings or
dividing warehouses and sheds into fire areas are
those constructed in such a manner that the re-
sulting wall will have a minimum fire resistace
rating of4 hours. The types offire wall constructi0.’.
which will provide fire resistance for a period of
four hours under revised ratings and are estab-
lished as the minimum standard are:





FIRE EXTINGUISHER SERVICE
MCBCL 11320/2

Upon delivery to the Bose Fire Department Warehouse
(Bldg. 1203) this fire extinguisher from Bldg.
will be serviced and checked.
REMARKS:

INSPECTOR

RECEIVED BY

IDATE

DATE
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Reinforced Concrete, 61/2 Thick
Structural Tile, 121/2" Thick
Concrete Block, 10" Thick

A concrete block wall, 8 inches in thickness, com-
pounded of expanded slag pumice in which 62 per-

DOD 4145.19-R-1

cent of the wall unit is solids will also meet the

///standard requirement.
(4) A 24" ai,sle is maintained along SUB-

STANDARD fire walls. Commodities are stored up
to a STANDARD fire wall (but not in such a manner
as to use the wall to support the stack) EXCEPT
that a 36" clearance must be maintained at the
sides of the portals between the warehouse sec-
tions.

8-121. Stock Locator

a. Locator system. --"Keep your LOCATOR SYSTEM as SIMPLE as POSSIBLE."
--"There are TWO THINGS we want to know:

Where is it located?
Which is the oldest?

--"First, we must decide on a METHOD OF NUMBERING OR LETTER-
ING the warehouses, sections, and bays." Explain the method employed
at your depot.

---"Then a method of RECORDING information is needed." Explain operation
of your locator system.

---"Remember THREE THINGS about STOCK LOCATOR RECORDS:
They should be as SIMPLE as POSSIBLE
They are USEFUL ONLY IF they are FOLLOWED UP and KEPT
UP TO DATE

They should be USED FOR PROPER STOCK ROTATION."

(1) We must be able to locate any item upon
call and we must not "take a chance" or carry this
information around in our heads. We must devise
a system for controlling the placement and locating
of material. This system must be understandable
not only to the storekeeper, but to ANYONE who
may be called upon to find materials for ANY REA-
SON.

(2) The locator system should contain the in-
formation necessary to identify and locate stored
supplies. Complicating the system by including
"extras" such as inventory figures, stock levels, and
records of shipments and receipts breaks down its
primary function; the quick and accurate locating
of requested supplies.

(3) A good locator system must start with a
plan ofthe storage areas. The system for numbering
warehouses, sections, bays and rows must be de-

vised and made as simple as possible. It must be
readily understandable to ALL personnel working
in the storage areas. This includes warehousemen,
stockpickers, checkers, laborers, and other person-
nel. There also must be a file maintained, either
mechanically, manually, or a combination of both,
on which the data necessary to identify the item
are maintained and which will reflect all established
locations of the item.

(4) The importance of keeping such a locator sys-
tem up-to-date cannot be stressed too strongly. Any
system that is not accurate is of no value; therefore, it
will be necessary that the system be audited periodi-
cally. Every location of every item in storage areas will
be surveyed and the locations reflected by the locator,
as presently established, will be reconciled with those
locations surveyed.
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8-122. Summary and Check List

15 September 1979

Summary of session. SUMMARIZE IMPORTANT POINTS OF SESSION
--"The fact that it has taken THIS LENGTH OF TIME to BREAK DOWN

and DISCUSS some of the FACTORS in only a SMALL PART of our

JOB as WAREHOUSEMEN SHOULD MAKE US REALIZE that we

have a COMPLICATED and IMPORTANT job to do."
--"As we warned you earlier, MANY OF THESE FACTORS SEEM TRIV-

iAL--BUT THEY ARE IMPORTANT."
m"FAILURE to CONSIDER ALL ofTHESE FACTORS can and has caused

WASTE of SPACE, MANPOWER and VALUABLE TIME."
m"The following are a few things on which you can CHECK YOURSELVES."

(HAND OUT check list fig. 8-2.)

---"If YOU can sit back and answer these questions to your own satisfaction,
you can consider yourself a SUPER WAREHOUSEMAN."

--"If you CAN’T--LET’S DO SOMETHING ABOUT IT."
--"That’s all for this session. We will meet again on

(Day) (Time) (Place)

HANDOUT

CHECK YOURSELF CAREFULLY AND SERIOUSLY ON THE FOLLOWING
QUESTIONS

1. Is there enough light (daylight or
electric) in aisles to permit safe
and efficient operations?

2. In multistory buildings are the
floors overloaded?

3. Does layout permit efficient use of
all available storage space?

4. Are "rapid turnover’ item,s easily
accessible?

5. Does aisle layout permit speedy
movement?

6. Are aisles as narrow as practica-
ble?

7. Are there any inventory aisles?

Yes--No Yes--No
8. Are there unnecessary lateral or

fire aisles?
9. Can everyone find material?

10. Is excessive rewarehousing nec-
essary?

11. Is the section or floor satisfac-
tory?

12. Are plans being made to improve
layout?

Note. Unless you can answer "Yes" to Nos.
1, 3, 4, 5, 6, 9, 11, and 12, and "No" to the others,
LET’S DO SOMETHING TO CORRECT THE
FAULTS.

Figure 8-2.
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8-123. Review

Part III. STORAGE OF MATERIALS

Review of previous session(s). REVIEW PREVIOUS SESSION
--"In our previous session(s) we discussed HOW we would LAY OUT our

storage area and WHERE we would STORE MATERIALS under certain
conditions."

--"The SUCCESS of our PLANNING depends upon HOW WELL we are
ACQUAINTED with the TOOLS with which we have to work."

--"How much we KNOW about the WAREHOUSES as to:
TYPE
SIZE
PLATFORMS
DOORS
COLUMNS
WINDOWS
FLOOR LOADS
ELEVATORS."

--"How much we KNOW about the MATERIALS as to:
TYPE
AMOUNT
SIZE
WEIGHT
SHAPE
TURNOVER
PERISHABILITY
CRUSHABILITY."

--"From this information we determine the NUMBER, WIDTH and LO-
CATION of the TRANSPORTATION and FIRE AISLES."

--"These AISLES DIVIDE our FLOORS into a number of AREAS where
we STORE the MATERIAL."

8-124. Objectives

a. Objectives to be achieved. STATE OBJECTIVES
--"Today, we will discuss HOW we can STACK MATERIAL, the DIFFER-

ENT METHODS used, and WHEN they are used."
--"BEFORE we actually "put away" our supplies we must know the OB-

JECTIVESWHAT we are trying to achieve."
--"There are FOUR MAIN OBJECTIVES in storing:"

(WRITE following points on blackboard):

CONSERVE SPACE
ASSURE SPEED OF MOVEMENT
ASSURE STABILITY
ORDERLINESS

(1) There is more to "warehousing" and "stor-
ing" than handling materials. Certain objectives
must be kept in mind at all times and constantly
checked by those concerned. There are FOUR
MAIN OBJECTIVES that must be accomplished
if the job is to be done efficiently.

(2) Storage methods should be such that they
CONSERVE SPACE, ASSURE SPEED OF
MOVEMENT, ASSURE STABILITY OF THE
STACKS, AND PERMIT THE EASY LOCA-
TION AND INVENTORY OF MATERIAL BY
HAVING GOOD ORDER IN FORMING STACKS.
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b. Conservation of space. ---"We all agree and realize that we MUST CONSERVE SPACE."
--"To CONSERVE SPACE we must STACK as HIGH as practicable and as

COMPACTLY as possible."
--"What are some of the FACTORS that LIMIT HEIGHT?"

TRUSSES
FIRE EXTINGUISHER LINES
HEATING EQUIPMENT
LIGHTS
FLOOR LOAD LIMIT
METHOD OF STACKING--
BY HAND
BY MECHANICAL EQUIPMENT

CRUSHABILITY OF MATERIALS

--’%Vhat are some of the FACTORS that make it DIFFICULT to STACK
COMPACTLY?"

DISCUSS following points as to how they can CAUSE DIFFICULTY:

NUMEROUS POSTS AND COLUMNS
POORLY TRAINED LABOR AND EQUIPMENT OPERATORS
TYPE OF STACKING
ODD SIZE CONTAINERS OF THE SAME ITEM

(1) The necessity to CONSERVE STORAGE
SPACE is generally accepted, particularly covered
space---not only because of the possible shortage of
such space, but also because of the cost. It would
seem ridiculous if the Empire State Building en-
gineers had planned to have office space on the first
floor only, and left those millions of cubic feet over-
head vacant. It is just as ridiculous to have ceilings
twenty feet high in a warehouse and then stack
material only five feet high. There are two things
that SHOULD BE DONE if space is to be con-
served. Material must be stacked as HIGH as prac-
ticable and as COMPACTLY as possible. Naturally,
there are certain physical conditions that limit the
height and compactness of stacking material in a
warehouse.

(2) In many ofour older buildings trusses hand-
icap the height to which material can be stacked.
In any case, the height of stacks BELOW the level
of roof trusses or beams will provide that an 18"
clearance will be maintained when stack heights do
not exceed 15 feet or 36" clearance when stacks
exceed 15 feet in height. In those instances where
supplies are stored ABOVE the level of the lower
truss members a HORIZONTAL clearance of 18"
will be maintained.

(3) The height of the stack BELOW automatic
sprinkler DEFLECTORS will allow for an 18"

clearance when stack heights do not exceed 15 feet
and a 36" clearance for stacks which exceed 15
feet. Stacks made up of hazardous commodities will
maintain a 36" clearance regardless of height.

(4) Handicapping floor load limits occur most
frequently in multistory buildings, however, may
also be present in single-story structures. Because
of the limitations on floor loads full advantage of
height can be taken by locating heavier materials
on floors or portions of floors having higher load
limits.

(5) Whether we do stacking by hand orwhether
we use mechanical equipment, there are height lim-
its in stacking.

(6) Ways must be devised to avoid damage to
crushable materials. Use of racks, bins, or box pal-
lets helps. Even with the use of such aids, it is
sometimes difficult to stack to any great height and
maintain stability.

(7) Compactness in stacks is just as important
in storing as in packing a trunk. The more compactly
we pack, the more we can get into a trunk. Likewise
the more compactly we stack, the more we can get
into warehouses or other storage areas.

(8) Much space is lost by failure to stack com-
pactly around the posts and columns in buildings.
In the planning of layout and stacking methods, we
must consider how we can best eliminate waste
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space around posts and columns. Although the
space lost around EACH COLUMN may be a ques-
tion of only a few feet, the total loss, when we
consider ALL THE POSTS AND COLUMNS in a
building, may amount to as much as several hundred
square feet. In stacking PALLETS around COL-
UMNS, the pallets, in some instances, can be
turned to make them fit closely. Care must be taken
not to block the movement of other pallets.

(9) The method used to stack the material di-
rectly affects the compactness of stacks. In block
stacking by hand, there should be no wasted space.
If block stacking by fork trucks with pallets or dun-

nage is not properly done, much space can be
wasted. Operators should be well trained in the
correct methods of stacking. These methods will be
discussed in the portion devoted to materials han-
dling.

(10) In stacking various size containers of the
same item, much space can be wasted and com-
pactness decreased UNLESS an effort is made to
match and stack the containers by size. Although
such care may take a little more time, it usually
pays dividends in the conservation ofspace and con-
venience in inventory.

c. Assure speed of movement. --"There are certain PRECAUTIONS we can take in our PLANNING and
in our STACKING to ASSURE SPEED of MOVEMENT to ASSURE
RAPID AVAILABILITY as mentioned in our definition."

--"HOW can we ASSURE RAPID AVAILABILITY?"
GET following points from group:

AISLES WIDE ENOUGH
LOCATION OF FAST MOVING ITEMS
TYPE OF STACKING, AND MECHANICAL EQUIPMENT

--"Are we going to SACRIFICE STORAGE SPACE for SPEED?"

(1) In the objectives of storing, RAPID
AVAILABILITY of the material is stressed. We
must be "movement minded as well as storage
minded." Movement of supplies is an all-important
objective. Our present storage program must be
built around the movement of material. Storage
must be considered in terms of MORE material
stored in the SAME amount of space--perhaps in
less amount of space. The speed of the movement
of material can be increased if certain precautions

are taken in the warehouse to assure RAPID
AVAILABILITY.

(2) Aisles must be wide enough to enable the
mechanical equipment to operate easily and speed-
fly. Material that is fast moving and has a high
rate of turnover must be stored in locations where
it can be quickly reached, thereby reducing the
amount of handling. The type and method ofstack-
ing used must be considered first and in the light
of the turnover of the material.

d. Assure stability. We must be sure that our STACKS ARE STABLE.
--"This can be assured by CAREFUL PLANNING and by CAREFUL

STORING OR STACKING."
--"We must know HOW to STACK commodities packed loose, in cartons,

drums, bags, glass, boxes, and crates."
--"We must know HOW to USE the various STORAGE AIDS such as DUN-

NAGE, and PALLETS which we will discuss in detail later in this ses-
sion."

--"Once we PUT the STACKS UP, we want them to STAY PUT."
--"Both LABOR and MATERIAL must be PROTECTED from ACCI-

DENTS, DAMAGE, and INJURY."

(1) Unfortunately, many items handled do not
lend themselves easily to good stable stacking.
Many items, subsistence for instance, because of
their shape, size, and pack can be stacked uniform

and stable without too much difficulty. Other items
lend themselves to efficient stacking only by the
use of proper storage aids.

(2) Every effort should be made to standardize
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the methods ofstacking these commodities; this can
be done only by a constant study and search for
improvement. These items must be stacked as high
as possible with as little loss of space as possible.
Constant check should be made of all stacks; those

that are unstable, shifting, or leaning should be cor-
rected and studied in the light of WHY they are
not stable and what causes them to shift. By so
doing, many accidents and much lost time rebuild-
ing or repairing stacks can be prevented.

e. Orderliness. --"Bring out through questions and comments from various class members
their idea of ORDERLINESS in stacking."

--"Means STRAIGHT, STABLE, EASILY ACCESSIBLE stacks---."
--"Does NOT mean PRECISION warehousing which is NOT DESIRED."
--"Means like items placed together so that CONTENTS of stack and con-

tainers may be QUICKLY and EASILY IDENTIFIED."
--"There is NO excuse for SLOPPY STACKING."
--’rhere are three self-evident reasons for ORDERLINESS in stacking:

STOCK PICKING
INVENTORY
INHERENT NECESSITY IN STORAGE OPERATIONS TO MAIN-
TAIN GOOD HOUSEKEEPING

(1) There is no more excuse for confusion and
disorder in arranging stacks in a storage location
than there is in placing the furniture in your home
around the room in "helter skelter" fashion. We
would not tolerate a dangerous unsightly three-
:egged chair in the room; we would not stack a table
on top of the sofa; or we would not buy a beautiful
picture and spend valuable time in the hanging pro-
cedure then turn the picture facing the wall.

(2) Examples which can be easily applied to

warehousing military supplies in an orderly manner
are:

(a) STABLE STACKS in reasonably regular
and neat arrangement.

(b) QUANTITY in each row UNIFORM for
ease in inventory.

(c) Boxes arranged so that CONTENTS are
READILY DETERMINED.

(d) No "MIXED STACKS" to waste valuable
time during inventory or "LOST" MATERIAL that
causes WAREHOUSE REFUSALS.
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8-125. Types of Stacks and Their Use
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a. Stacking. --"Name and describe the storage circumstances wherein we build stacks
for"--
LARGE LOT BULK BAY STORAGE
MEDIUM LOT STORAGE
SMALL LOT STORAGE

--"BULK BAY STORAGE consists of LARGE BLOCK STACKS for storing
large quantities of the same item."

--"MEDIUM LOT STORAGE is defined as a stack of material requiring one
to three pallet stacks, stored to maximum storage height."

---"SMALL LOT STORAGE is a stack consisting of a quantity of supplies
ranging from one container to a lot consisting of two or more pallets but
less than the quantity required to complete a full pallet stack. Stress
following KEY THOUGHT.

--"Where possible all stacks should START AT THE WALL and be
WORKED FORWARD TO AN AISLE."

--"Stacks built in the large center sections should be started at an imaginary
back line and built forward to an aisle."

Discuss with the group large bulk lot stacking as it is used in their ware-
houses.

--"WHERE in your warehouse do you use this type of stacking?"
--"WHAT items are usually stacked in large bulk lots?"

Discuss the items and conditions of stacking supplies in medium lot storage.
--"Explain ’side to back’ stacking."
--"Where is it used?"
--"What commodities do we stack in this manner in our warehouses?"

Discuss small lot storage.
--"Why is it necessary to have small lot stacks?"
---"What do you stack in small lot storage?"

b. Discussion guide for types of stacks.
(1) When discussing stacking we should take

care to differentiate between type of stack and
method of stacking. In this outline method refers
to a WAY of building a stack such as by the use of
forklift trucks and pallets or through the use of
stacking equipment in outside storage. Excluding
retail bin areas we might consider that our storage
area is made up of two types of stacks--BLOCK
STACKS and SHORT LOT STACKS.

(a) A BLOCK STACK may be defined as a
"self-supporting regular stack two or more wide,
two or more deep, and two or more high." From
this we can see that the supplies we place in
LARGE LOT BULK STORAGE as well as those
we stack in MEDIUM LOT STORAGE are both
block stacks. However, we have come to a general
understanding that a BLOCK STACK consists of
supplies stored in carload or truckload lots filling
an area of perhaps 20 feet by 20 feet and stacked
to a height of from 10 to 14 feet, or in other words
LARGE lot storage. This type of stack is the most
efficient method of conserving space, and we should
try to follow this type of stacking as often as pos-
sible. It should be done with mechanical equipment.

tion.

Block stacls are limited only by:
1. MHE.
2. Quantity of the item.
3. Size and height of the building.
4. Floor load limits.
5. Necessary aisle space.
6. Size, shape, and crushability ofsupplies.
7. Items subject to spontaneous combus-

(c) Block stacks start back at the wall and
end at an aisle, or in the case oflarge center sections
of storage space, the block stack starts at an imag-
inary line drawn through the longitudinal axis of
the space, and extends in either direction to the
nearest aisle. Often two blocks of different kinds
of supplies are stacked back to back in one of these
large cente spaces. In cases of extremely large
quantities of one commodity, such as mattresses,
it is possible to fill an entire floor area of a section
and leave only the necessary aisles for fire protec-
tion and to get to and move the material. FOR
SAFETY REASONS, CARE SHOULD BE
TAKEN IN BUILDING BLOCK STACKS TO
MAKE THEM STABLE AND SELF-SUPPORT-
ING.
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(2) Stackingfor medium lot storage. One very
efficient manner of stacking items in medium lots
storage is "side to back" storage adjacent to aisles.
By so doing we can eliminate in many instances,
the need for additional aisles, or reduce the re-
warehousing necessary to recapture bulk storage
space.

(3) Small lots. One of the greatest problems in
stacking small lots is the necessity for obtaining
accessibility without using bulk storage areas or

8-126. Honeycombing

increasing aisle requirements. To eliminate this,
small lots should be stacked in shallow storage space
adjacent to warehouse walls bordering transpor-
tation aisles or side to back with large storage
blocks running parallel with aisles. Box pallets, pal-
let racks, or bin racks are the most convenient
means of stacking this type of supplies in order to
take full advantage of storage heights and to main-
tain quick accessibility to the various odd sizes, lots,
or quantities of supplies stored in this manner.

Cause and effect of honeycombing. EXPLAIN CAUSE AND EFFECT OF "HONEYCOMBING"
--"One of the BIGGEST SPACE WASTERS IS HONEYCOMBING." (EX-

PLAIN what is meant by HONEYCOMBING. ILLUSTRATE by picture
or drawing on the blackboard.)

--"By HONEYCOMBING we mean the LOSS of SPACE caused by storage
or PARTIAL SHIPMENT of lots in a manner that leaves HOLES which
CANNOT be FILLED except with an identical item until the BALANCE
of that particular LOT is SHIPPED."

--"HONEYCOMBING can occur in ANY TYPE of STACKING."
--"Do you have difficulty with this problem?"
---"What ITEMS or what CONDITIONS cause the biggest ’headache’?"

LESS THAN CARLOAD LOTS
MOTOR TRUCK SHIPMENTS
ITEMS WHICH MUST BE SHIPPED IN ORDER OF AGE
SIZE ITEMS
SMALL LOTS

--"What have YOU DONE or what CAN BE DONE to ELIMINATE, or
REDUCE HONEYCOMBING?"

--"What CORRECTIVE MEASURES can we take to REDUCE HONEY-
COMBING?"

PROPER PLANNING
USE OF SHORT ROWS IN BLOCK AND SIZE STACKING
USE OF SHORT ROWS ALONG EDGES OF BLOCK STACKS
USE OF RACKS, BINS, BOX PALLETS
USE OF SHORT WALL SPACE
MINOR REWAREHOUSING--"Floor CLEANUP"

a. To honeycomb is to store or remove supplies
in such a way that unusable areas of storage space
are created within the stack. Bad storage and de-
livery methods conceivably could leave a warehouse
only limitedly occupied, yet with no space available
for new storage. Preventing honeycombing is one of
the most difficult problems faced by a warehouse-
man; it can occur, almost before he/she realizes it,
in any commodity or in any method of stacking.
Although honeycombing can occur even in large

blocks of stacked commodities that are shipped in
carload lots, its most usual occurrence is in the stor-
ing of "LESS THAN CARLOAD LOTS," MATE-
RIAL RECEIVED BY MOTOR TRUCKS, ITEMS
WHICH MUST BE SHIPPED IN ORDER OF
AGE, SIZED ITEMS IN ROW STACKS, AND
SMALL LOTS. There are certain things that can
be done to REDUCE the amount of honeycombing
in a warehouse.

b. The problem of honeycombing emphasizes the
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necessity for CAREFUL PLANNING of opera-
tions and emphasizes the importance of knowing
WHAT we are going to store, HOW MUCH and
WHERE we will store, as well as HOW we are
going to store. We must also know whether the
material will be received or shipped in carload lots
or whether they must be shipped in order of age.
AFTER we know all ofthese facts, there are certain
precautions to take in stacking and storing to reduce
the amount of honeycombing in the warehouse.
Minor rewarehousing, or "floor cleanup" of short
lots, which have caused honeycombing due to ship-
ping out of large blocks, should be considered.
These items should be moved to short lot areas if
receiving of similar items is not expected in the
immediate future.

c. In the session on LAYOUT, we mentioned that
by experience we determined that, as a general
rule, we should limit the depth of our rows to be-
tween 25 and 40 feet. This means that under or-
dinary circumstances, a shipment will cause the
removal of one, two or three rows, and leave space
for a similar amount of new material to be stored

8-127. Storage Aids
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in the same location. In cases where we know that
exceptionally small shipments ofa certain commod-
ity are made, it is sometimes advantageous to
shorten the rows further.

d. Another method that can be used in the case
of short lots is to store such items along the edges
of a large block stack, facing at right angles to the
block stack, and also facing a transportation aisle.
The depth of these rows depends, of course, upon
the amount of the commodity and may vary from
one to three containers or loads.

e. In stacking material along the edges of block
stacks, the use of storage aids further reduces the
chance for honeycombing and also conserves space,
in that it is possible to stack higher and thereby
reduce the square footage. In other words, it elim-
inates having to spread material all over the floor
and takes advantage of cubage.

f. In many warehouses, there are numerous short
wall spaces which can be used for the storing ofodd
lots. This, of course, prevents wasting valuable
square footage and cubage in the large center bays.

a. Types and uses of storage aids. DISCUSS TYPES AND USES OF STORAGE AIDS
--’rhere are NUMEROUS WAYS of STABILIZING STACKS--they might

be called ’tricks of the trade’:"
--"They are such things as:

CROSS-STACKING
DUNNAGE
BINDERS
PALLETS/PALLET SUPPORT SETS/BOX PALLETS."

--"We should understand HOW, WHEN and WHERE to use them."
--DISCUSS each of these STORAGE AIDS in order and ILLUSTRATE
--ASK the group to give EXAMPLES of where they are used in their own

warehouse and get improvements, if possible.

(1) Regardless of the quantity of supplies to be
stored, there are certain "tricks of the trade" which
we must know and use if we are to stabilize our
stacks properly and facilitate handling.

(2) Such things as "cross-stacking," dunnage,
binders, bulkheads, and the most used storage
aid--pallets---must be understood from the stand-
point of both meaning and purpose.
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b. Cross-stacking. --"What is meant by ’CROSS-STACKING’?"
--’That ADVANTAGE is to be gained by CROSS-STACKING material on

a pallet?"

STABILITY

--"What OTHER MEANS can be used to get STABILITY in addition to, or

instead of, CROSS-STACKING?"

DUNNAGE
BINDERS

(1) By cross-stacking we mean alternating the
direction of placing cartons or containers in a stack
in order to "tie" them together. The method of
cross-stacking varies with the size, shape, and
crushability of the various items. Care must be
taken to cross-stack in a uniform manner so that
inventory can be easily taken. Also, care must be
taken in cross-stacking to effect as little loss of
space as possible; this calls once more for careful
PLANNING--it must NOT be done haphazardly.
Thousands of valuable cubic feet can be lost in a

warehouse by poor cross-stacking; this is particu-
larly true in cross-stacking loads on pallets.

(2) Although the primary purpose of cross-
stacking is stability, poor cross-stacking can cause
serious INSTABILITY. In stacking pallet loads,
the effort to assure stability often causes excessive
waste of space. Both factors must be carefully
weighed before a standard practice is set up. Some-
times it pays to use other ways to get the desired
stability.

c. Dunnage (general). --"The term ’DUNNAGE’ as applied to warehousing covers a NUMBER of

TYPES--DIFFERENT as to MATERIAL and USE."
--"Let’s WRITE them on the blackboard and DISCUSS IT and WHERE

YOU USE them in the warehouse."

HORIZONTAL DUNNAGE
FLOOR DUNNAGE
LONG DUNNAGE
SHORT DUNNAGE
VERTICAL DUNNAGE

(1) Drainage as applied to warehousing covers

a number of different uses. Dunnage is used pri-
marily for spacers and in some cases to protect the
material from deterioration. Specifically, the types
of dunnage used throughout our military ware-

houses may be identified as horizontal dunnage con-

sisting of floor dunnage, long dunnage, short
dunnage, and vertical dunnage. Each of these has

a definite place in our stacking methods and should
be used only for the purpose intended and when
actually needed.

(2) We should not use dunnage "just for the
sake of using dunnage." Many times careful PLAN-
NING and a thorough study of the problem will

effect with satisfactory results some way to stack
WITHOUT the use of dunnage.
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d. Floor dunnage. h"What do we mean when we speak of ’FLOOR DUNNAGE’?"
h"WHERE do you USE FLOOR DUNNAGE?"
--"IS IT NECESSARY? REMEMBER--LUMBER IS EXPENSIVE."
--"What are the ADVANTAGES to be gained?"

SAFEGUARDS PERISHABLE ITEMS such
as

BAGGED COMMODITIES
CLOTHING

From FLOOR SWEATING
RAIN LEAKS

--"Are there any DISADVANTAGES?"

USES MANY BOARD FEET OF LUMBER
HANDICAPS MATERIALS HANDLING
SAFETY HAZARD

(1) Floor dunnage consists of boards of various
thicknesses and widths, laid in some systematic way
on the floor to raise the material and protect it from
moisture and dampness. This type of dunnage
should be used only where materials are hand-
stacked and is required only in a few instances and
under certain unusual conditions. Perishable items,
which can be damaged by moisture, should be either

palletized or placed on floor dunnage.
(2) If the lengths of dunnage are ten feet or

more, floor dunnage may be a hindrance to mate-
rials handling operation. Such misuse tends to slow
up the movement of equipment and is also hazard-
ous to people working in the area. A good rule to
follow is: eliminate the use of floor dunnage as much
as possible.

e. Long dunnage. --"ALTHOUGH LONG DUNNAGE can be used as FLOOR DUNNAGE,
we USUALLY THINK of LONG DUNNAGE as being used to STA-
BILIZE STACKS of IRREGULARLY SHAPED and CRUSHABLE
ITEMS."

"Can you think of any DISADVANTAGES in the use of LONG DUN-
NAGE?"

DIFFICULT TO HANDLE
SAFETY HAZARD
WASTES LUMBER (usually must be cut)

--"BEFORE you use LONG DUNNAGE, BE SURE there is NO OTHER
WAY. IF YOU MUST USE IT, KEEP the lengths within TEN FEET."

--"Is LONG DUNNAGE being used?"
(If "YES")

--"WHERE is it used? Can we use SHORT DUNNAGE instead?"

(1) The use of dunnage is being discontinued
as much as possible; it has been found by experience
that many of the items formerly thought to require
long dunnage can be more effectively and econom-
ically stabilized by either cross-stacking or the use
of short dunnage or pallets. As in the case of floor
dunnage, long dunnage hampers the materials han-
dling operation. In "tearing down" a stack, the long

dunnage must be sawed off as the work progresses;
this results in a waste of lumber as well as a cum-
bersome operation. If the lumber is not cut, then
the stack must be broken down layer by layerrather
than by column.

(2) In some instances in outside storage, long
dunnage is used--merely because "that’s the way
we have always done it"--rather than as a result

8-29



DOD 4145.19-R-1 15 September 1979

of a careful study of the problem. For example, in

stacking drums, the use of long dunnage on top of
each layer is sometimes used to get a more stable
and more even stack---and supposedly to facilitate
handling. Actually, ifthe surface ofthe storage area

is leveled offby use of long dunnage (floor dunnage)
and the drums are pyramided, blocks placed under
the front and rear of the stack, the job will be much

easier, more compact, and much more stable. This
method of forming block stacks is known as PY-
RAMIDAL stacking. Six inches of long dunnage
should be placed on the ground, but no dunnage is
needed between the tiers. Wedge-shaped blocks or
butt boards can be used at the ends of tiers for
stability.

fl Short dunnage. --"We usually refer to SHORT DUNNAGE as meaning pieces of LUMBER
2" 4" or 4" x 4", cut in lengths of from two to four feet."

--"What is the MOST COMMON USE of SHORT DUNNAGE?"

SPACERS BETWEEN BOXES PERMITTING

USE OF FORKS FOR LIFTING

--"WHERE are you using SHORT DUNNAGE, and in handling WHAT
COMMODITIES?"

--"How do you DETERMINE WHETHER to use PALLETS or SHORT
DUNNAGE?

--"When using SHORT DUNNAGE be sure that it s cut the CORRECT
SIZE and RIGHT AMOUNT--READY BEFORE you START the job."

(1) Usually, this type of dunnage is cut from

pieces of 2" 4" lumber and is used primarily in

handling heavy boxes that do not lend themselves
to palletizing, such as refrigerators, machinery, and
similar items. Short dunnage serves to separate the

containers so that the forks of the truck can be

inserted for transporting and stacking the com-

modity. Care should be taken in cutting this type
of dunnage so that there is sufficient dunnage to do

the job and that it is cut in correct lengths. Dunnage
to be used in handling a container 30" deep should

be cut between 28!’ and 30". UNDER NO CON-
DITIONS SHOULD IT BE CUT SO THAT IT

EXTENDS BEYOND THE LIMITS OF THE
CONTAINER.

(2) One problem that often confronts storage
personnel is whether to use pallets or short dun-
nage. This should be easily solved by remembering
one ofthe principal objectives in materials handling:
"to transport and stack as much as is humanly or
mechanically possible in one load, under existing
conditions, with an eye to cost, speed, and safety--
in other words, to do thejob efficiently." Therefore,
IF AN EQUAL AMOUNT OF MATERIAL CAN
BE HANDLED EFFICIENTLY ON EITHER
PALLET OR SHORT DUNNAGE, SHORTDUN-
NAGE IS MORE ECONOMICAL.

g. Vertical dunnage. --"Pieces of DUNNAGE can ALSO be used in a VERTICAL position to

STABILIZE CRUSHABLE ITEMS and to SPREAD WEIGHT OF

PALLET LOADS."
--"WHERE in your warehouses have you used VERTICAL DUNNAGE?"

Pieces of dunnage can be used in a vertical position
to stabilize crushable items and to spread the

weight of pallet loads.
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h. Binders. --"Strips of PAPER, OSNABURG or BURLAP, and sometimes thin strips
ofWOOD, can be used to ’TIE’ columns of MATERIALS TOGETHER."

--"In some depots they speak of these types of binders as DUNNAGE."
--’Tge should refer to them simply as BINDERS."
--’When and WHERE do you think that such a method can be used to

advantage?"

BETWEEN LAYERS OF SLIPPERY CONTAINERS
BETWEEN THE TWO TOP LAYERS OF A PALLET WHICH
NEEDS STABILITY BECAUSE IT HAS NOT BEEN CROSS-
STACKED.

---"WHAT OTHER MEANS, besides CROSS-STACKING and BINDING,
can we USE for STABILIZING and TYING TOGETHER ODD SHAPED
and SLIPPERY ITEMS on PALLETS or in BLOCK STACKS?"

CORD or STRING
STEEL STRAPPING

(1) Strips of paper, osnaburg, or burlap, and
sometimes thin strips of wood can be used to "tie"
columns together. Although such storage aids are
sometimes referred to as "dunnage," they are ac-
tually ’%inders" and should be referred to as such.
The binder in this case should be inserted between
the two top layers, depending upon the commodity.
Such binders can be used also to "tie" cartons on
a pallet if, due to their shape, they cannot be cross-
tied, or if they have been stacked to conserve space
on the vallet. In the latter case, the binder should

be inserted between the two top layers ofthe pallet
load.

(2) In addition to the use of the above-men-
tioned aids, pieces ofcord, string, or steel strapping
can be used to bind pallet loads together. These can
be used to bind loads ofpaper roils or cartons which
have not been cross-tied. It is necessary to tie such
loads around the top layer only or, in the case of
paper rolls, around the tops of the rolls. The use of
metal strapping is recommended only in exceptional

i. Pallets (general). --"PALLETS are really ’GLORIFIED DUNNAGE’. They are an IMPROVE-
MENT on the SKID."

--’I’here are THREE GENERAL TYPES of PALLETS used in our ware-
houses. Can you NAME them?"

SINGLE-FACED (SKID)
DOUBLE-FACED
BOX (Permanent and Collapsible)

bDESCRIBE AND DISCUSS TYPES in following order:

(1) A pallet is a small wooden platform upon
which containers are loaded in unit blocks. There
are three common types: SINGLE-FACED PAL-
LET, DOUBLE-FACED PALLET, BOX PAL-
LET.

(2) Actually, pallets might be called "glorified"
dunnage and are an improvement in storage oper-
ations over the "skid" or "sling board" used in ma-
rine operations.
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j. Sil and double-faced pallets. --’q?(hat do we mean by SINGLE-FACED PALLETS?"
--"Do you USE SINGLE-FACED PALLETS in your operation?" (If"YES"):

--’HERE and HOW?" (If "NO"):
--"COULD" we USE them to ADVANTAGE?
--"The MOST COMMONLY USED PALLET in our warehouses is the DOU-

BLE-FACED PALLET."
--"FORKTRUCK and PALLETS have become as closely connected as ’HAM

and EGGS’."
--"They have become so CLOSELY related that quite often we forget that

FORK TRUCKS can DO many EFFICIENTJOBS WITHOUT the AID
of PALLETS. BUT PALLETS ARE USELESS WITHOUT FORK
TRUCKS."

--’qVill someone explain the basic CONSTRUCTION of the DOUBLE-
FACED PALLET and give the REASONS for its CONSTRUCTION
THIS WAY?"

Check to make sure that he explains the following points with the ’%vhys."

TYPE OF WOOD (hard or soft)
SIZE OF BOARDS AND SPACINGTOP PLATFORM
SIZE OF BOARDS AND SPACING--BOTTOM PLATFORM
SIZE AND NUMBER OF STRINGERS
CHAMFER ON BOttOM OF FRONT FACE
NAILS OR BOLTS FOR FASTENING (Drive screw nails)

PLATFORM OVERHANG STRINGERS
4-WAY OR 2-WAY ENTRY
WEIGHT

--’VHAT SIZE PALLETS are used here? WHAT DETERMINES the

SIZE?"
--’?#’HAT are the DIFFERENT SIZES USED for?"

--"COULD THE NUMBER OF DIFFERENT SIZES BE REDUCED?"
--DISCUSS THE 4-way 40 48 pallet

CONSTRUCTION
PURPOSE
FEATURES
ADAPTABILITY

(1) A single-faced pallet is a single platform
with stringers underneath to provide clearance for

the tines of a fork lift truck and may be set down

upon such items as wooden boxes, barrels, and

drums which will not be damaged by the concen-

trated pressure of the stringers. Single-faced pal-
lets could be used to advantage in some multistory

buildings on floors which have such a low floor load

capacity that pallet loads cannot be topped and

mechanical equipment cannot be used. Single-faced
.pallets are used quite often in conjunction with hy-

draulic hand lifts and straddle-type fork trucks.
(2) A double-faced pallet is the one most com-

mouly used; hundreds of thousands of them are in

use at this time. A double-faced pallet is constructed
as a double platform separated by stringers. The

tines of the fork truck enter between the two plat-
forms. The boards of the lower platform are sepa-
rated to make room for the drop wheels of hand

fork trucks. The smooth bottom surface distributes

pressure equally on the pallet load stored beneath.
Fork trucks and pallets have become as closely con-

nected as "ham and eggs," and we sometimes forget

that fork trucks can do many efficient jobs without

the aid of pallets. Pallets, however, are of little

value without fork trucks.
(3) It would not be efficient to have as many

different sized pallets as we have items. To make

pallet loads fit perfectly would require hundreds of

different sizes; although it might save space, it

would cause confusion and waste of time in the op-

eration. The basic factors which determine pallet

8-32



15 September 1979 DOD 4145.19-R-1

design and size are: size .of package or pieces of
material to be stored; distance between warehouse
columns; distance between loading or unloading
points and points ofstorage; width ofaisles required
for type of fork lift trucks to be used; layout of
storage space, location ofaisles; whether pallets are
to be used in,hoisting operations; whether pallets
are to be used for shipping purposes; maximum
weight to be stored on a pallet; floor load-weight
limit; .whether pallets are to be used for storage in

the open; and whether pallets must pass through
doors of railroad cars or trucks and loaded therein.

(4) Much experience and research has devel-
oped the 40’ x 48" pallet as the size that will
accommodate most packages and. also store well in
most military warehouses and commercial carriers,
both car and truck; it has, therefore, been adopted
as the standard size for use in the mih’tary supply
system. There are other sizes which have spedM
though somewhat limited application.

Box pallets/pallet suppor sets. --"BOX PALLETS/PALLET SUPPORT SETS are being used MORE AND
MORE in our storage operations."

re"What is meant by BOX PALLET/PALLET SUPPORT SET?"
--’To’HEN and WHERE can we use BOX PLLETPALLET SUPPORT

SETS EFFICIENTLY?"

STACKING SMALL LOTS
STACKING CRUSHABLE ITEMS
STACKING SLIPPERY BAGGED ITEMS
STACKING AGAINST SHORT WALL SPACE
STACKING ALONG ENDS OF LARGE BLOCK STACKS

(1) Box pallets/pallet support sets are being
used more and more in warehouses; as in the case
of anything that solves problems for us, we tend to
overuse it. These aids have a definite place in our
operations and should be used only in their place.
Pallet support sets adapt to pallets and form a metal
super structure (box effect) for stacking pallets and
material. Box pallets are merely an adaption of the
standard double.faced pallet. A simple superstruc-
ture is built on the pallet to give the general ap-
pearance of a crate.

(2) CRUSHABLE ITEMS which will not bear
up under the weight of stacked regular pallet loads

can be stored in these aids; this method gains more
height and assures stability. In handlingsuch crush-
able items box pallets/pallet support sets are speed-
ier than portable racks. SLIPPERY BAGGED
ITEMS in many cases can be handled more effi-
ciently on box pallets/psllet support sets than by
hand stacking. SMALL AND ODD LOTS can be
stacked to advantage in box pallets; this eliminates
much honeycombing and permits higher stacking.
Box pallets/pallet support sets instead Of regular
pallets or permanent racks, can be used to advan-
tage against SHORTWALL SPACE and alongthe
EDGES OF LARGE BLOCK STACKS.
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I. Stacbing materils o pall. --’’nat are the main PURPOSES and the ADVANTAGES of using PAL-
LETS in warehousing?"

MOVE GREATER NUMBER OF PIECES AT ONE TIME
INCREASE SPEED OF HANDLING
PERMIT HIGH STACKING FASTER AND WITH LESS DAN-
GER

--"Are there any DISADVANTAGES in the use of PALLETS?"

USE LARGE AMOUNT OF LUMBER
COSTLY
WASTE OF CUBAGE IN STORAGE SPACE

--"HOW can we determine WHAT ITEMS should be PALLETIZED?"
CAUTION GROUP IN FOLLOWING KEY THOUGHT:

--"NO MATERIAL SHOULD BE PALLETIZED ON FLAT PALLETS
UNLESS WE ARE SURE THE STACKS WILL BE STABLE."

re"What determines the NUMBER OF CONTAINERS that can be STACKED
on a PALLET?"

SIZE OF PALLET
SIZE AND SHAPE OF ITEM
WEIGHT OF ITEM
FLOOR LOAD LIMIT (in multistory buildings)
LIFTING CAPACITY OF FORK TRUCK
LIFTING HEIGHT LIMIT OF FORK TRUCK
EFFICIENT STACKING HEIGHT OF MANPOWER

DISCUSS each ofthe above points with reference to how it affects the number
of containers to be placed on a pallet. Give examples.

(1) The use of pallets helps in attaining this
objective because it enables us to move a greater
number of pieces at one time, increases speed of
handling, reduces higher stacking with more speed
and less danger. Care must be taken to make sure
that pallets are used to advantage. We must re-
member that palletizing loads does consume more
storage space then hand stacking. All of these
points are mentioned to emphasize the need for
PLANNING and knowing WHEN and WHERE
to use pallets; they should not be used indiscrimi-
nately. We must weigh carefully the advantages
with the disadvantages.

(2) The number ofcontainers that can be placed
on a pallet depends upon a number of factors:

(a) SIZE OF THE PALLET.
(b) SIZE AND SHAPE OF THE CON-

TAINER.
(c) WEIGHT OF THE COMMODITY.

(3) If we are using a truck with 108 inch lift
and we want to stack three pallets high and main-

tain uniformity in the pallet loads, care must be
taken to load the lower two pallet loads so that their
combined overall height will not exceed 102 or an
average of 51 overall for each pallet load; or in
another vein the lifting capacity ofthe fork lift truck
AT SPECIFIED DISTANCES FROM THE HEEL
OR FORK should not be exceeded in forming pallet
loads. Most 2,000 lb forklift trucks will lift 2,000 lbs
IF THE LOAD DOES NOT EXTEND BEYOND
24" FROM HEEL OF FORK, however, for
EVERY INCH the load protrudes beyond this
point a sharp reduction in lifting capacity occurs.

(4) Careful PLANNING is again emphasized
in order that the number of different sizes of pallets
be reduced to a minimum, and that those sizes
agreed upon fit the requirements of the operation.
We must keep in mind also the overall picture of
all installations and the trend to shipping and re-
ceiving unit pallet loads. Although such handling
has not been completely perfected, it is an impor-
tant objective which must be kept in mind.
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SUMMARIZE SESSION
--"As a review let’s make a list on the blackboard of the various STORAGE

TYPES, METHODS, and AIDS or DEVICES we have diacussed."

1. BINDING AIDS:
PAPER
OSNABURG

2. BINS AND RACKS
3. BLOCK STACK
4. BOX PALLET/PALLET

SUPPORT SETS
5. CROSS-STACKING
6. DOUBLE-FACED PALLET
7. 4-WAY PALLETS

8. FLOOR DUNNAGE
9. LONG DUNNAGE

10. PYRAMIDAL STACKING
11. SHORT DUNNAGE
12. SINGLE-FACED PAL-

LETS
13. SIZE OR ROW STACK
14. VERTICAL DUNNAGE

--"Referring to this list, WHAT STORAGE METHOD OR STORAGE DE-
VICE or AID WOULD YOU USE in EACH ofTHESE WAREHOUSE
SITUATIONS?"

PRESENT each ofthe following warehouse problems one at a time, with sbme
such introductory remark as: "Suppose we had to What type of
stack and storage aids would you use?"

I. Store small amounts of ten different items that are packed in corrugated
cartons.

2. Give a single row of supplies support to avoid spilling into the aisle.
3. Warehouse a large shipment of 36" rolls of paper.
4. Warehouse two boxcars of one item.
5. Warehouse three bays of an item such as mattresses.
6. Store refrigerators.
7. Prevent damage from moisture to a block hand-stacked item.
8. Store ten thousand 55 gai]on empty drums in outside storage.

--"That’s all for this session. We will meet again on

(Day) (Time) (Place)

a. The purpose of this portion of the course was
to discuss the various methods and storage devices
or aids commonly used in storing material in mili-
tary supply warehouses. At close of a discussion,
it is wise to try to pull together the general idea,
conclusions, or points discussed in a conference. It
is likely to make every member of the group more
conscious ofwhat he has learned. It is probable that
additional discussion will result. Any doubts should
be cleared up.

b. Some of the waihouse situations indicated
may have been discussed in the session. The leader

should be prepared to add or substitute others from
observation or experience at the depot. Ifa member
of the group answers in a very general way, such
as: "it dependson the size," or "it depends on the
commodity," or’it depends on the warehouse," he/
she should be asked to pick a specific situation and
present his/her method to the group. There may be
differentjanswers. Each person should give reasons
or enough details to make answer clear. Iftime does
not permit the use of this summary, it may be used
at the beginning of the third session as a review.
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8-129. Review

PART IV. PRINCIPLES OF MATERIALS HANDLING

REVIEW PREVIOUS SESSIONTATE TODAY’S TOPIC
"In our previous sessions we have discussed STORAGE OF MAtErIALS,
with regard to BASIC FACTS WE MUST KNOW, as well a the NE-
CESSITY iPOR DEVELOPING STANDARD PRACTICES."

--"We determi.’ned that, in order to accomplish the FOUR OBJECTIVES OF
STORAGE:
CONSERVE SPACE
ASURE SPEED OF MOVEMENT
ASSURE STABILITY
ORDERLINESS

We must determine the BEST METHOD and then ALWAYS USE IT."
n’We emphasized the fact that once these methods are standardized, THEY

SHOULD BE PuT DOWN IN WRITING."

a. To.’vrn UP" the group mentally, a short time
at the beginning of the class should ,be spent in
reviewing Some of the main points in the previous
session(s). This helps, not only to impress these
points upon their minds but also to continue the
lines of thought into the following meetings.

b. Future session(s) will deal with the most ex-
pensive, most troublesome, and most nportant
part of any storage operation: the handling and
movement of supplies. The purpose of the next se-
ries of conferences is to point out many of the prob-
lems involved in materials handling, to make the
group THINK about them, and to emphasize the
necessity for ANALYZING each operation from
the bottom up. The success or failure of the entire
program can depend upon how well YOU put over
this session. Since certain material in this session

is likely to be a "new approach"nin the eyes of the
groupit requires skillfttl presentation and lead-
ership. The group probably has nbver considered
"Principles ofMaterials Handling" and, unless these
principles are carefully related to their specific jobs,
theymaybe considered as "theories" or "schoolish."
In preparing for this session, the leader should have
up-to-date information on many of the materials
handling operations taking place in the dei)ot. This
information may be used .to illustrate principles or
methods of analyzing. At the conclusion of these
sessions, the group must have a clear understand-
ing of the five main principles of materials handling
and their application to actual jobs. The group also
must have a realization of the necessity for analyz-
ing EACH JOB and their responsibility for main-
taining efficient operations.
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a. Dsfinifion of materials han-
dling.

--"To be sure that we all have the SAME UNDERSTANDING of what we
mean by MATERIALS HANDLING in warehouses let’S put the DEF-
INITION on the blackboard." "MOVEMENT OF MATERIAL, other
than by common carrier."

In further explanation of the definition of materials handling:.

MATERIALS HANDLING
Is the LIFTING and SHIFTING of commodities UP, DOWN, or
SIDEWAYS (that is, VERTICALLY or HORIZONTALLY). This
can be done MANUALLY, MECHANICALLY, or by a COMBI-
NATION of BOTH.

(REFER to definition on blackboard)
--"In EACH Of these TYPES of MOVEMENT we are faced with PROB-

LEMSWHETHER we do them by HAND, y MACHINE, OR by a
COMBINATION of BOTH."

m’rhese points alone, without considering others, make.us finderstand that
MATERIALS HANDLING IS NOT A SIMPLE JOB."

m"There’s more to it than ’picking-it-up and laying-it-downi"
"There are TWO WAYS to pick-it-up and lay-it-down’---the WRONG or

HARD way, and the RIGHT or EASY way."
--"At the conclusion of these meetings, we hope you will be able to DISTIN-

GUISH more easily between the WRONG and the RIGHT way--and be
sure of it."

(1) One of the purposes for defining materials
handling is to give the group an understanding of
what is meant generally by the term. In many cases
the interpretation of materials handling is LIM-
ITED TOTHEJOBS DONE BY FORK TRUCKS.
Many times we hear the pemon in charge of the
equipment pool or the shop referred to as the "ma-
terials handling chief." Materials handling, in the
broader aspect, refers to ANY MOVEMENT of
materials, whether by hand or by use of a loco-
motive crane. Materials handling is the physical
handling of supplies into and out of storage; its most
elementary method is a person carrying a package
from a freight car to a storage pile. An advanced
method is the operator of a fork lift truck driving
the machine into a freight car, picking up supplies
loaded on a pallet, carrying loaded pallet to its stor-
age location and lifting it, still unaided, onto the top
of a stack. Materials handling is the actual storage

process in operation; the aims ale conservation of
labor, time, and space to the maximum degree con-
sistent with safety of men and materials.

(2) A second purpose for developing the defi-
nition of materials handling is to establish a means
through which the importance of analyzing and
breaking down a materials handling operation can
be emphasized. By breaking down this definition
with the group, we can immediately make them
aware of the fact that there are problems in the
warehouses which can be broken down and ana-
lyzed. We can drive home the point that materials
handling is not a simple job, that there is more to
it than merely picking up and laying down mate-
rials, and that THERE IS A RIGHT WAY and A
WRONGWAYTODO IT. The leader must be care-
ful not to read the definition--make it PROVE
AND MEAN SOMETHING to the group.
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b. Wher matdals handling oc- WHERE MATERIALS HANDLING OCCURS
n’ro start, let’s LIST on the blackboard WHERE and WHATMATERIALS

HANDLING TAKES PLACE in our WAREHOUSES or STORAGE
AREAS."

--’ill someone name the THREE MAIN OPERATIONS in a storage op-
eration and point out the MATERIALS HANDLING INVOLVED?"
WRITE ON BLACKBOARD

Operation Materials Handling Involved
RECEIVI’NG-- Unloading cars and trucks, horizontal movement

to storage, elevating to upper floors (multistdry
buildings).

STORING Stacking.
SHIPPING Removing stock from stacks; lowering from upper

floors in multistory buildings; horizontal
mmovement to processing, packing, and crating
areas and to platforms; loading cars and trucks

--"Are there any ADDITIONAL OPERATIONS in which MATERIALS
HANDLING is INVOLVED?"

(Add to list on blackboard.)

ADDITIONALChecking, assembly, inspecting, rewarehousing,
selecting.

(1) Before we can break down the analysis of
specific materials handling operations, it is neces-
sary to know WHERE and WHAT materials han-
dling takes place in our depots. This can be done
by determining what handling takes place in each
5fthe three main operations: RFCEIVING, STOR-
ING, and SHIPPING.

(2) In the three basic operations, receiving,
storing, and shipping, about 85 percent of all f the
work in a warehouse is done. Unloading cars and
trucks, moving from receiving platforms to storage
points, stacking at the storage point, pulling down
those stacks, moving back to the shipping point,

and then loading the cars and trucks--these activ-
ities include most of the interior transportation
mentioned previously. In addition, there is some
materials handling that takes place in miscellaneous
operations, such as assembly, inspection, packing,
processing, and rewarehousing.

(3) After we have isolated the problems in-
volved in each of these operations, we should then
study them--one at a time. In this way we can
reduce, slowly but surely, the cost of our materials
handling operations, and thereby help to reduce the
cost of the entire operation.
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c. General way to zaise effwiency. DEVELOP WAYS OF RAISING EFFICIENCY (REFER to blackboard)
--’rhe TIME AND LABOR involved in these operations amount to about 85

percent of ALL WORK done in our storage and materials handling op-
eration."

m’lherefore, if we can REDUCE the COST of HANDLING, we can greatly
REDUCE the COST of the WHOLE OPERATION."

m"In what GENERALWAYS can we REDUCE the COST and INCREASE
the EFFICIENCY of operations?"

TRY TO GET the following points from the group, and discuss generally what
each means and how it can be applied.

BE’I’iER PLANNING
BETTER UTILIZATION OF MANPOWER AND EQUIPMENT
BETTER METHODS
BE’I"rER SUPERVISION

--’r0 ANALYZE THOROUGHLY and THINK THROUGH our operations
to ATTAIN our OBJECTIVE, we MUSTHAVE aWORKINGKNOWL-
EDGE of the following:

(1) Types of equipment available atd the advantages to be gained by
their use.

(2) Existing physical conditions which determine and limit types of op-
eration.

(3) BASIC PRINCIPLES OF MATERIALS HANDLING."

(1) There are four things that can be done to
raise the efficiency of any job: take time for better
planning, use better methods, get better utilization
of manpower and equipment, and provide better
supervision. These four points are more easily said
than done. They are essentially the basis for a good
operation but each in its own right presents a prob-
lem to those responsible for the operation.

(2) The necessity for taking time to plan was
mentioned previously but cannot be stressed too
strongly. As a matter offact, much ofthe "planning’
should be "ADVANCE PLANNING." For exam-
ple, to plan a receiving operation, we must know
what commodities are coming in, how they will be
received, by car or truck; how many are to be re-
ceived; and where and how they will be stored. Such
information should be available as far ahead oftime
as possible. Unfortunately, the supervisor con-
cerned often does not have ALL OF THE INFOR-

MATION to do a good PLANNING JOB.
(3) THE USE OF BETTER METHODS must

always be uppermost in the minds of supervisors.
They must not be content to do things because
"they-have-always-been-done-that-way." There are
very few jobs in which improvement cannot be
made. The efficient improvement depends upon the
superviser’s ability to analyze jobs properly, step
by step.

(4) The assurance of better utilization of labor
and equipment depends upon the results of a good
analysis. The supervisor, in the role of the watch-
dog, must ever be on the lookout for waste.

(5) Better supervision is perhaps the hardest
to get. There is an acute shortage of GOOD SU-
PERVISORS. We must develop our supervisors.
They should know: types of equipment available,
physical limitations of equipment, and basic mate-
rials handling principles.
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8-131. Various Types of and Advantages in Using
Mechanical Equipment

15 September 1979

a. Types of equipment. DISCUSS TYPES AND USES OF EQUIPMENT
--’TCfll someone name the various types of equipment that are being used in

materials handling operations at our own installations?"
(LISTtypes on blackboard).

BLACKBOARD

TRACTORS
TRAILERS
FORK TRUCKS
CONVEYORS
TWO-WHEEL HAND TRUCKS
FOUR-WHEEL HAND TRUCKS
STOCK PICKING TRUCKS
HAND LIFT TRUCKS
CRANES
DOLLIES

DISCUSS in general terms how each type is being used.
Suggest additions to list if any have been omitted.

(1) General. To help speed the movement of
supplies and to make the materials handling job
easier for laborers, there are certain types of han-
dling equipment that are used in military storage
establishments. Any person in a supervisory job--
whether the warehouse officer or a squad leaderD
should know what these types are, how they should
be used, and in what operations they serve to the
best advantage. Many man and equipment-hours
can be wasted by failing to use proper equipment
in an operation or by failing to know how to use it.
For example, in stacking unit loads by fork truck,
it is not necessary to have a helper for the fork
truck operator if the operator has been properly
trained. In most operations of this type, a helper
represents manhours wasted. The most commonly
used equipmentAND their primary uses are listed
and further identified in chapter IV, section 2, of
this regulation.

(2) Forklift truck. These machines have be-
come the most used mechanical aid of all. The pri-
mary use of forklift trucks is to transport and stack
palletized loads or large boxes and crates with
skids. They are most economically used when the
distance of travel is limited to distances under 400
feet. Selection of the size of the forklift truck is
determined by the weight of loads, size of pallets,
width of aisles, width of doorways, and whether it
must be used to enter freight cars. Generally, the
2,000 pound and 4,000 pound capacity trucks are
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the most popular for inside storage operations.
Trucks having a greater lift capacity are used
chiefly in outside storage areas.

(3) Tractors. Generally, tlere are two kihds 5f
tractors used in storage operations: the three and
the four-wheel tractor. The three-wheel tractor
may have either a single or twin wheel as its front
steer wheel; its short turning radius makes it well
suited to cramped, congested areas. Usually, the
four-wheel tractor is larger and lacks the short turn-
ing radius ofthe three-wheel type. Hence, it cannot
be used in congested areas, but its four wheels and
greater bulk give it great stability and increased
drawbar-puil capacity. The three-wheel type comes
equipped with either solid rubber or pneumatic
tires. Usually those with the solid rubber tires are
used within the warehouses. Usually, the four-
wheel type is equipped with pneumatic tires and is
most often used for outside hauls, in outside stor-
age, or hauls between warehouses; its mostcommon
use is in connection with the tractor-trailer trains.

(4) Trailers. The trailers used in our storage
Operations are an adaptation of the four-wheel plat-
form truck, with attachments for hooking them to-
gether so that two or more can form a "train." Light
duty trailers have capacities up to 6,000 pounds;
heavy duty up to 10,000 pounds. Platforms are
usually 6 to 9 feet long and 3 to 4 feet wide. Platform
height from the floor ranges from 14" to 18". The
most commonly used trailer has a capacity of 4,000
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pounds, platform 6’ 3’ 14" from the floor. Au-
tomatic coupling devices have replaced the old hook
and eye coupler; this has reduced injuries. The pri-
mary use of the tractor-trailer train is for hauling
unit loads, palletized or not, for distances over 400

feet. Tractor-trailer trains also can be used to
advantage in collecting and delivering LCL ship-
ments to the collecting point. Trains should never

be ’Trozen" by storing on them materials that will
not be moved for a long period of time.

(5) Conveyors.
(a) There are many types of conveyors that

can be used in our depots. The permanent belt con-

veyor, portable belt conveyor, gravity roller con-

veyor, and skate roller conveyor can be used to
advantage, if they are used for the purpose for
which they were designed. In many operations the
conveyor can be used in conjunction with the fork
truck. The conveyor cannot efficiently replace the
fork truck in certain operations any more than the
fork truck can replace the conveyor in other oper-
ations. The skate wheel conveyor which is light in

weight, speedy, easily set up, and readily trans-
ported is the type most commonly used. This con-

veyor can be used effidently for loading and unloading
trucks or freight cars where no platform is available

and where the surface does not permit the use of
a fork truck.

(b) Conveyors can be used to advantage also
in packing operations, serving both as a work table
and a means of moving the material from one op-
eration to the next without lifting. Care must be
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taken regarding the weight of the material handled
by conveyors. Heavy roller gravity conveyors can

be used in handling heavier material.
(c) Where permanent operations take place,

roller gravity conveyors can be set up with a certain
number of power-driven "live rollers." In such op-
erations as assembly of various kits or set where
the material is not too heavy and the operation is

permanent, power belt conveyors can be installed
and used efficiently. The big advantage of a con-
veyor, particularly the power-driven type, is that
it ACTS AS A PACE SETTER FOR THE OP-
ERATION. In settingup any conveyor, care should
also be taken that it be the correct and easiest work-
ing height from the floor or ground.

(6) Handlifl ruck. The handlift truck, some-

times known as the hydraulic jack, can be used to
move pallet loads short distances as on and off el-
evators or for moving material in packing or in-
spection rooms. In no case should it be used to
replace the forklift truck, but merely to supplement
it.

(7) Two-wheel and four-wheel platform truck.
Although both of these types of hand trucks are

used, they are fast becoming outmoded. Two-wheel
hand trucks can be used in handling large cartons,
cases, bags, or barrels for very short hauls. The
four-wheel platform truck can be used in stock
rooms and in packing rooms for miscellaneous
movement of material where it would not be eco-
nomical to use mechanical equipment.

b. Advanges in using mechanical
equipment.

DISCUSS ADVANTAGES OF PROPER USE OF EQUIPMENT
--’’hat are some of the ADVANTAGES that YOU WANT to GAIN by the

PROPER USE of this MECHANICAL EQUIPMENT?"

SAVE TIME (Man-Hours)
SAVE LABOR
SPEED MOVEMENT OF CARS AND TRUCKS
GET MAXIMUM USE OF OVERHEAD SPACE
REDUCE INJURIES
REDUCE DAMAGES

--’Will some ofyou give specific examples where any or all ofthese advantages
have been gained in your own operations by the proper use of mechanical

equipment?"

(I) To use mechanical equipment just for the

sake of using it, is NOT REASON ENOUGH.
There are certain advantages which are quite evi-

dent:
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(a) Time. If time is not saved when we are
usingmechanical equipment, it is not properly used.
Time SHOULD BE saved when equipment is added
to an operation, ifthe equipment is in good condition
and is properly used.

(b) Labor. Saving of labor can be accom-
plished if mechanical equipment is properly used;
this saving can come in the better utilization of la-
bor. For example, in an extreme situation, if eight
laborers are used to unload a freight car, the ad-
dition of one or two fork trucks to the job permits

8-132. Movement Factors

i5 September 1979

the unloading of TWO CARS at the SAME TIME
in LESS OVERALL TIME.

(2) We should be able to speed up the move-
ment of cars and trucks if we use mechanical equip-
ment lroperly. If, by the addition of mechanical
equipment and the reduction of manual handling in
a job, we reduce the amount of labor involved, we
automatically REDUCE THE POSSIBILITY OF
INJURY. Reduction in labor and consequent re-
duction in injury can be effected only if mechanical
equipment is maintained and used properly.

a. Factors to be considered in
izotal movement.

POINT OUT OPERATING PROBLEMS IN HORIZONTAL MOVEMENT
--"Our definition ofMaterials Handling points out that there are TWOTYPES

of MOVEMENT--HORIZONTAL and VERTICAL."
--"In EACH TYPE of MOVEMENT there are CERTAIN FACTORS which

AFFECT our MATERIALS HANDLING OPERATIONS."
--"We mtist UNDERSTAND these CONDITIONS PECULIAR to OUR

OWN OPERATIONS BEFORE we can P]AN an EFFICIENT OP-
ERATION and DETERMINE the TYPE of EQUIPMENT to be used."

--"For example, we have to know whether the HAULING DISTANCE is
LONG or SHORT."

’Tee have to consider the PLATFORM SPACE, the CONDITION of
ROADWAYS and FLOORS, and the WIDTH of DOORS a,d AISLES."(LIST FACTORS on blackboard)

BLACKBOARD

SHORT HAULS
LONG HAULS
PLATFORM. SPACE
ROADWAYSAND FLOORS
DOORS AND AISLES

--’What do we mean by LONG and SHORT HAULS?"
LONG HAUL, OVER 400 FEET
SHORT HAUL, UNDER 400 FEET

--"How can the AMOUNT 0-f PLATFO]RM SPACE affect your operation?"
--"What trouble can you run into, if your ROADWAYS and FLOORS are

no.t smoothly surfaced?"
--"How does the WIDTH of the DOORS and AISLES affect the job?"

(1) Two types of movement. Our definition of
materials handling states that there are two general
types of movement: HORIZONTAL and VERTI-
CAL. In both of these types there are certain ex-
isting conditions which affect our materials handling
operations. We must understand them as they ap-
ply, not only generally, but to a particularjob. Fail-
ure to understand will handicap the efficiency ofthe
job and the type of equipment used.

(2) Distance of haul. In horizontal movement,

THE DISTANCE OF THE HAUL will have a
bearing on the type of equipment to be used. Is it
a long or a short haul? What is meant by a short
haul? From experience, we have come to apply the
term "short haul" to any distance under 400 feet.
Distances over 400 feet, hauling between ware-
houses or the length of one warehouse, have been
accepted as "long hauls," usually, these distances
are handled by tractor-trailers. There is a differ-
ence, in application of this rule, between long and

8-42



15 September 197 DOD 4145.19-R’1

short hauls in single-story and in multistory build-
.ngs, where the elevator must be taken into con-
sideration.

(3) Platform space. The amount of platform
space available for loading and unloading cars and
trucks is a determining factor in the method used.
For example: Platforms may be too narrow for trac-
tor-trailers or conveyors; orthey may be too narrow
to permit the use of tractor-trailer trains in con-
junction with a gravity conveyor for unloading,
sorting, and checking sized items.

(4) Roadways and floors. If we plan to carry
commodities any distance by means of mechanical
equipment, THE CONDITION OF THE ROAD-
WAYS OR FLOORS will determine the method

used. In cases where the roadways and floors are
rough and uneven, it may be necessary to stack the
material differently. In some cases tying or strap-
ping is necessary to keep the material from shifting.

(5) Width of aisles. Width of aisles, as men-
tioned in our study on LAYOUT, is important, since
it influences the type ofequipment that can be used
in the handling of material. The aisles and doors
must be wide enough to permit mechanical equip-
ment to be used; otherwise material will have to be
handled by hand. For example: It would not be
efficient to try to use a 6,000 pound fork truck in
nine foot aisles. Trailers and tractors cannot be used
in 30-inch or even 36-inch aisles, which are some-
times found in loose issue rooms.

b. Factors to be considered in ver-
tical mrvemvnt.

POINT OUT LIMITING FACTORS IN VERTICAL MOVEMENT
m’rhere are CERTAIN CONDITIONS which LIMIT or AFFECT the OP-

ERATION in VERTICAL MOVEMENT."
(LIST CONDITIONS on blackboard)

CEILING HEIGHTS
OVERHEAD OBSTACLES
TYPE OF MATERIAL
SAFETY PRECAUTIONS

--"How do ceiling heights limit the operation?"
--’q/v’hat overhead obstacles are likely to be found? What regulations are

related to them?"
--"How does the type of material affect the operation?"
--’/hat safety precautions must be observed?"

(1) Ceiling heights determine the height to
which we can stack and also constitutes a factor in
the size and type of equipment that can be used in
an installation. In a building that has a 15 foot ceil-
ing, it would certainly be uneconomical to sacrifice
the advantage of "full air rights" by using only fork-
lift trucks with 108" materials lifting height.

(2) Overhead obstacles, such as trusses, sprin-
klers, lighting fixtures, and skylights are all factors
that affect vertical movement.

(3) Type of commodities (the shape, size,
weight, and crushability) directly controls our
method of handling, as well as the height to which
we can stack.

(4) Size and capacity of elevators in multistory

buildings are controlling factors in the equipment
used, such as: trailers, pallets, handlift trucks, or
fork trucks, as well as how and in what order such
equipment can be used. Care must be taken to pre-
vent damage and injury in handling materials in
vertical movement. There are certain SAFETY
PRECAUTIONS AND REGULATIONS as to sta-
bility, height, and weight of a stack that must be
considered. Such elementary regulations as prohib-
iting men from riding or being elevated on the forks
are primary. The use of a "back-rest" and an over-
head guard on a fork truck to protect the operator
from being injured by a falling load is important.
Training laborers in the proper way of lifting to
avoid strains is another safety need.
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8-133. Principles of Materials Handling
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a. Dtnition of principl of ma-
tezls handlin@.

DEFINE "PRINCIPLE." DEVELOP IN DETAIL MAIN PRINCIPLES
OF MATERIALS HANDLING

--’rhe third---and perhaps the most importantKNOWLEDGE agood ware-
houseman or storekeeper must have, is knowledge of the PRINCIPLES
OF MATERIALS HANDLING."

--"Before discussing these, let’s determine first what is meant bY TRIN-
CIPLE’."

--"One definition which covers it pretty well is: a PRINCIPLE is the DE-
VELOPMENT of a THEORY which has been USED MANY TIMES
SUCCESSFULLY and has become accepted as a STANDARD RULE
or PRACTICE."

’rhese PRINCIPLES are NOT THEORIESTHEY WORK!"
"The most significant PRINCIPLES which should be applied are as follows:"

(LIST PRINCIPLES on blackboard)

STRAIGHT-LINE FLOW
CONTINUOUS FLOW
CONCENTRATION OF OPERATION
EFFICIENT HANDLING
PRINCIPLE OF WORK

DISCUSS in detail each ofthese principles and use them as a guide to analyze
some operation which is being done in your organization.

(I) The third requisite ofa good storage person
is that he/she knows the basic principles ofmaterials
handling. He/she must not only know what they are,
but also understand how to APPLY them in THE
OPERATION. He/she should be able to ascertain
quickly when principles do not apply and correct
the condition immediately. T9o often the word
"principle" is used as a ’%lanket" term to cover up
real understanding. Because ofthis, the word often
has been associatedmincorrectlymwith things di-
vorced from practical, down-to-earth facts that are
so important to the average warehouseman. As
pointed out in the definition of principle--"a prin-
ciple is the DEVELOPMENT ofa theory which has
been used many times successfully, and has bcome

accepted as a STANDARD RULE or PRAC-
TICE."

(2) Principles are not theories. They are sound
GROUND RULES which, if applied, will work.
There are many principles applied to materials han-
dling; however, there are FIVE SIGNIFICANT
PRINCIPLES. Their meaning should be discussed
at length and subseqt!ently applied to the various
operations with which the members are familiar.
These principles are: principle of straight-line
flow; principle of continuous flow; principle of con-
centration of operation; principle of efficient han-
dling, applied to both manual and mechanical
handling; principle of work, which includes what
may be consideied by some as another principle---
that of a balanced operation.
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b. Print’iple of staight-lieflo. m"By PRINCIPLE ofSTRAIGHT-LINE FLOWwemean the MOVEMENT
OF MATERIAL BETWEEN ANY TWO POINTS SHOULD TRAVEL
BY WAY OF THE SHORTEST DISTANCE."

w"This is based on the old prindple--’a straight line is the shortest distance
between two points’."

w’c’e cannot always travel in a STRAIGHT LINE, but we should always
travel the SHORTEST DISTANCE."

E"In our SHIPPING ANDRECEIVING OPERATIONS, whtis the FIRST
THING TO BE CONSIDERED if this principle is to applied?"

CAR SPOt’rING

--"In those cases where warehouses are constructed with multiple truck docks
or with truck docks extending the length of the warehouse then TRUCK
SPOTTING must be considered also."

--’rhat is the METHOD we use here in SPOIING CARS?"
DISCUSS the car spotting system and have the group evaluate its efficiency.

(1) THIS PRINCIPLE MEANS THAT THE
MOVEMENT OF MATERIALS BETWEEN ANY
TWO POINTSSHOULD TRAVEL BY WAY OF
THE SHORTEST DISTANCE. In application to
our problems, it cannot always be thought of as the
shortest distance. How well we adhere to this prin-
ciple determines, in some cases, the type of equip-
ment used in the operation. For example, in receiving
and stacking commodities in a warehouse, the dis-
tance from the car to the stack determines whether
we use a fork truck and pallet method alone, or with.
the addition of tractor and trailers. We hae dis-
cussed previously that it is not economical, in an

average operation, to have a fork truck travel far-
ther than 400 feet in hauling and stacking. To save
man,hours and equipment; therefore, we should
make every effort to keep the distances from car
to stack under 400 feet. We cannot move our ware-
house, but we can move the car to a location nearer
the stack. This, of course, calls for PLANNING
and the correct SPOTTING OF CARS.

(2) Car spotting means placing the freight car
at a SPECIFIC location or SPOT for loading or
unloading. By spotting cars as near the storage
points as possible, the hauling distance of supplies
is reduced and man-hours and equipment are saved.

c. Principle of continuous flo. --’rhe second principle is the PRINCIPLE of CONTINUOUS FLOW."
m"By that is meantMATERIALS SHOULD MOVE CONTINUOUSLY

ALONG ANY PRODUCTION LINE."
--’VHICH materials handlingJOBS do you know about that lend themselves

most naturally to the application of this PRINCIPLE?"

LOOSE ISSUE ROOM PACKING
KIT ASSEMBLY
UNLOADING CARS
SORTING SIZED ITEMS

"What is one of the best ways to ASSURE CONTINUOUS FLOW?"

USE OF CONVEYORS

--"CONTINUOUS FLOW should be applied to ALL of our SHIPPING and
RECEIVING operations."

Note. DISCUSS shipping and receiving operations generally, to de-
termine ifthe principle does apply. If it does not apply discuss the reasons
and gent the group t think along the lines of eliminating these causes.
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(1) This principle stresses the point that ma-
terials should move continuously along any produc-
tion line. Material should always move as smoothly
as possible; spasmodic or interrupted flow causes
confusion and delay. In shipping or receiving ma-
terials, every effort must be made to move the
materials DIRECTLY to the car or stack; this, of
course, requires PLANNING. There are certain
operations that lend themselves more easily than
others to the application of this principle. Loose
issue room packing, kit or set assembly, and sorting
sized items on a conveyorare all operations in which
we SEE the continuous flow, or easily recognize
the lack of it.

(2) Whenever it can be used, one of the best
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methods toassure continuous flow is the use of a
conveyor system ofsome type. Such a conveyor will
act as a PACE SETTER and interruptions are eas-
ily observed. We can, however, have continuous
flow, even in the following: operations involving
hand labor, use of platform trucks, tractor-trailer
trains, forklift trucks, and pallets. We must take
care in such operations, particularly in shippingand
receiving, that the flow is not interrupted by in-
efficient, checking or inspection methods, unneces-
sary marking, miscellaneous bottlenecks caused by
poor planning, or lack of necessary labor and equip-
ment. A very simple ground rule to follow is: "Plan
where you want the material to go--and then take
them there!" Question very critically the necessity
and reason for any stops enroute.

d. Pinciple ofconcentration ofop-
eration.

--’rhe next principle listed is the PRINCIPLE of CONCENTRATION OF
OPERATION which implies that---in the MOVEMENTand HANDLING
of material, the OPERATION SHOULD BE LIMITED IN DISTANCE
AND AREA COVERED."

--"We all realize that an OPERATION SPREAD OVER TOO MUCH AREA
causes PROBLEMS in HANDLING and SUPERVISION."

--"Don’t, however, limit the operation to the point of CONGESTION."
--"In which operations could we most likely make improvements along the

lines imphed in this PRINCIPLE?"

PACKING
LOOSE ISSUE ROOMS
INSPECTIONS
ASSEMBLING
SIZE CHECKING

DISCUSS setup of these operations. Have group apply the principle to
determine whether it is applied efficiently in the depot.

ASK the following questions to stress application of principle in terms of
manpower. Have members give reasons for their answers.

--"How many people can be used efficiently in strapping a carton?"
--"How many people can be used efficiently in breaking a freight car door

and getting working space inside the car?"
--"How many people can be used efficiently to load or unload INSIDE the

freight car?"
--"How many people can be used efficiently in loading a pallet?"

(1) In movement and handling ofmaterials, the
operation should be limited in distance and area
covered. This principle stresses the idea that op-
erations spread over too much area cause problems
in handling and supervision which do riot occur in
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more compact operations. It is Uiwis, however,
to limit a production line or area to a point ofconges-
tion. We can see clearly the importance ofapplying
this principle in operations such as packing, in-
spection, assembly and certain checking operations.
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In setting up such operations, it is necessary first
to study just what and how much work must be
done; then apply the first two principles, straight-
line and continuous flow, which should eliminate
much ofthe confusion that can occur; then limit the
operation to an area in which people can work with-
out interference, and without taking unnecessary
steps, or making unnecessary motions in doing their
part of the job.

(2) Often by combining different operations into
one, we can save not only in working space re-

quired, but also in number of laborers required and
amount ofsupervision needed. For example, in pre-
paring shipments we are faced with many different
operations: removing from the stack, strapping,
"blocking out" old markings, stencilling new mark-
ings, weighing, checking, transportation to car, and
loading car. Rather than move each container to
five or six different locations in the warehouse to
get the whole job done, it is certainly more eco-
nomical to move the operations to one spot and, in
the smallest workable area, perform the job with
the least amount of handling of the containers.

(3) In connection with this principle, we must
take care not to overman an operation to the extent
that workers are getting in each other’s way. Many

times an operation is CONGESTED merely be-
cause there are too many people involved. We must
determine by careful study how many people can
efficiently perform a certain operation at one time
in one location. For example, it would be very in-
efficient to permit three or four persons to strap an
average-sized container; at most, two persons can
do the job efficiently and then only if one doesn’t
have to wait on the other. Generally, it is inefficient
for four or five persons to ’%reak" a freight car.
Usually, two persons can do the job faster and eas-
ier. Once inside the car, two persons can workmore
efficiently unloading one end of a car;.three or four
persons get in each others way. When you see three
or four persons trying to load a standard sized pallet
with average sized containers, it is probable that
there is "congestion." The work area is too small
for an efficient operation by more than two people,
unless the operation is so planned and balanced that
two "crews" can work in opposite ends of the car.

(4) Studying the various operations, consider-
ing the amount of space used, and the number of
people working in the area will pay dividends. BE
SURE THATTHERE IS CONCENTRATION OF
OPERATION, BUT NOT CONGESTION.

e. Principle of efficient handling. --"The FOURTH PRINCIPLE--the PRINCIPLE of EFFICIENT HAN-
DLING is one which too often is overlooked."

--"It is perhaps the MOST IMPORTANT."
--"It means simply that --In the MOVEMENT of MATERIALS, THERE

SHOULD BE THE LEAST POSSIBLE HANDLING."
--"It should be applied to both MANUAL and MECHANICAL OPERA-

TIONS."
--"Despite the use of mechanical equipment, the MAJORITY of our MA-

TERIALS HANDLING is still done by HAND."

This principle means that in the movement of ma-
terials, there should be as little handling as possible.
Constant picking up and putting down is wasteful
of time and energy, ties up the use of equipment,

and causes damage. The principle of efficient han-
dling should be applied to both manual and me-
chanical operations.
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fl Applied to manual handling. (ILLUSTRATE this point on the blackboard. Example included with this
outline can be used.)

--"You will note that in this unloading operation 75 percent ofthe totalWORK-
HOURS consists of MANHANDLING."

--’b’e can improve the efficiency ofan operation immediately by REDUCING
excessive MANHANDLING."

--"What things in an operation cause a laborer to tire rapidly?"

ITEMS TOO HEAVY
EXTREME BENDING
HIGH LIFTING
LONG CARRYING

--"Those are things that WE CAN CORRECT."
--"Can you think of any of your operations in which a laborer handles the

same items two or three times?"
Note, if not, point out an operation you have observed personally.

Take care not to embarrass any member of the group.)
--"We should constantly check our operations and reduce MANUAL RE-

HANDLING to a minimum."
--"It is part of our jobs as supervisors to show our people the EASY WAY

to do a job."
--"These few POINTERS on LIFTING may be a guide in showing the work-

ers the SAFE and EASY way."
(HAND OUT mimeographed material on "WHAT EVERYONE SHOULD
KNOW ABOUT LIFTING.")

DISCUSS each point with the group or have one member demohstrate the
correct procedure.

DISCUSS carefully and in detail the following EASIER METHODS. Point
out advantages and determine extent of use of each method.

(1) SWING instead of STRAIGHT lift.
(2) Unldading cars and trucks by TIERING method.
(3) REPALLETIZING by use of"THREE PALLET" method.

(1) Regardless of the type of mechanical equip-
ment we use, there will be SOME MANUALHAN-
DLING somewhere along the line. Manual handling
should be reduced to a minimum and done properly.

(2) Manual handling of material can be illus-
trated if we break down the job of unloading a
freight car in which we use two laborers and one
fork truck and operator. For purposes of illustra-
tion, the job takes two hours to complete.

2 laborers x 2 hours 4 man-hours
1 truck operator

2 hours 2 man-hours
1 truck x 2 hours 2 truck-hours

Total 8 work-hours

It can easily be seen that in the 8 WORK-HOURS
consumed, only 2 hours were used by mechanical
equipment and 6 hours consumed by man-hours. In
other words, about 75 percent of the work in this
job was done by MANUAL LABOR.

(3) The job might have taken many more hours
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to complete without the use of mechanical equip-
ment, and may have involved many more laborers.
Let’s not get the misconception that mechanical
equipment REPLACES manual handling; it does
not, it merely supplements it and makes it easier.
By eliminating all excess manual handling, partic-
ularly that involving lifting, it is possible to increase
immediately the efficiency not only of the laborer,
but ofthe job itself. Whether picking up pieces from
floor level or loading a truck from ground level, the
element of fatigue rapidly cuts efficiency and pro-
duction. The human body is a most flexible and
adaptable machine, but this machine is also subject
to two weaknesses: FATIGUE AND HABIT.

(4) A person can move a light object in thesame
plane from one position to another continuously for
a long time and at a high production rate without
excessive fatigue, if he/she does not have to take
steps, bend extremely low, or reach extremely
high. A good rule, which can be applied to the work
done by manpower alone, might be found in the
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answers to these questions: Does the weight exceed
50 pounds? Does picking up require extreme han-

dling? Does carrying require more than one step?
Must lifting be higher than eye level? If the answer
to any of these questions is "yes," then it is very
doubtful whether manpower alone is the answer to
that particular handling problem. Persons should
be given the help of the proper type of mechanical
equipment; this will help to reduce the element of
fatigue. The elimination of rehandling will further
reduce the element of fatigue--LET’S PLACE
THE MATERIAL IN ITS FINAL RESTING
PLACE AND LEAVE IT THERE.

(5) Part ofa supervisor’sjob is to teach workers
the EASY WAY to do a job. It was mentioned that
the human body had two weaknesses: FATIGUE
AND HABIT. It is important that we do everything
possible to reduce the fatigue element and, even
more important, that we guide our workers into

correct habits of doing the job. Once formed, in-
correct habits are difficult to break.

(6) The HANDOUT on "Lifting" should be
mimeographed and distributed to the group for use
in teaching workers. In addition to these correct
methods for lifting, there are certain "knacks" or

"tricks" that can be used to reduce the element of
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fatigue. For example, in handling containers of av-
erage size and weight, it is easier to move and lift

them by using a certain "swing" motion than by a
stiff or rigid lifting motion. In using this "swing"
motion, the laborer can take advantage ofpendulum
motion, obtain a kind of rhythm, and reduce the
physical effort required.

(7) In unloading average-sized containers from
a freight car or truck onto trailers or pallets, a

systematic method should be used to break down
the load. The method might be called "UNLOAD-
ING BY THE TIERING METHOD." The load
should be broken down in such a way that the num-
ber oftimes it is necessary to lift the bottom cartons
in the load to the top of the pallet is reduced to a

minimum. Where repalletizing must be done, the
"three pallet method" can be used as follows: Re-
palletize half of loaded pallet #1 onto empty pallet
#2; temporarily withdraw pallet #2 from the op-
eration; place empty pallet #3 into position and
repalletize the rest of pallet #1 onto empty pallet
#3; half of loaded pallet #4 is repalletized on half-
loaded pallet #3. Such a method reduces the
amount of bending and lifting as a SHIFTING
rather than a lifting process is employed.

g. Applied to mechanical handling. --"To use our mechanical equipment to fullest advantage we must constantly

try to:
ELIMINATE EXCESSIVE HANDLING
ELIMINATE REHANDLING
AVOID INCORRECT HANDLING."

--"There are certain PRECAUTIONS we must take to assure greater effi-

ciency in use of equipment:
PROPER TRAINING OF OPERATORS
APPLICATION OF BOTH PRINCIPLES
STRAIGHT-LINE AND CONTINUOUS FLOW
COMBINE CARRYING AND LIFTING OPERATIONS."

--"In the majority of SHIPPING and RECEIVING OPERATIONS there

should be NO STOPPING PLACE between the STORAGE POINT and
the CARRIERS VEHICLE."

DISCUSS with the group the shipping and receiving operation and have

them determine whether there is rehandling---setting down and picking

up--which could be eliminated.

(1) To use mechanical equipment to its fullest
advantage, we must eliminate excessive handling,
rehandling, and incorrect handling. Equipment im-

properly used can cause more waste and hamper
operations to a greater extent than failure to use

it at all. There are certain precautions that must
be taken to assure efficiency in the use of equip-
ment.

(2) Operators of mechanical equipment must be
properly trained; this should include operators of
equipment such as fork trucks, tractors, conveyors,
and strapping machines. We should not take it for
granted that because a person has been operating
a machine over a period of time, he/she is operating
it correctly or in the most efficient manner; we must
be sure. We can be sure only by carefully spot
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checking at frequent intervals and then providing
time and means for improving his/her work by train-
ing.

(3) In addition, we must be sure that the ap-
plication of the first two principles--STRAIGHT-
LINE AND CONTINUOUS FLOW be made in
the use of equipment. We should determine the
shortest possible moves and then take advantage
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of them. The "flow" of the equipment must be con-
tinuons, with no time wasted. Maximum loads
should be determined and carried to reduce the
number of trips and pieces of equipment to a min-
imum. One large handling unit requires less total
handling than many small units. Concentrating
small packages into large units, as the palletized
load plan, reduces handling time.

h. Principle of work. "The pRINCIPLE OF WORK stresses the fact that the GREATEST
AMOUNT ofWORK MUST BE DONE in the LEASTAMOUNT OF TIME
(MAN-HOURS)."

m"The successful application of this principle is largely dependent upon the
FIRST FOUR PRINCIPLES."

m"To REDUCE COST and INCREASE SPEED we must constantly
CHECK in TWO WAYS:
TIME IT TAKES TO DO THE JOB
MAN-HOURS USED IN DOING IT."

(I) The fifth important materials handling prin-
ciple may be referred to as the PRINCIPLE OF
WORK. It cannot be supplied unless the other four
principles have been adhbred to and is actually the
culmination of a BALANCED OPERATION
through proper application of the other four prin-
ciples. The principles of work means simply, doing
the greatest amount of work in the least amount of
time (man-hours). Speed ofmovement does not nec-
essarily mean a good operation. A balanced oper-
ation, with each step performed in its proper
sequence without lost motions, and at a speed con-
sistent with the slowest step or capabilities of the
personnel or mechanical equipment involved, is a
good operation. The question, "How long does it
take to do a job?" can be answered in two ways:
Length of time it takes to accomplish the job, TO-
TAL MAN-HOURS it takes to accomplish the job;
both are important in relation to results that are

to be attained. The fact that a carload of materials
has been unloaded in 172 hours is a clue ONLY TO
THE SPEED with which it was unloaded. The
added fact that it took six persons 172 hours to do
the job is indicative of the MAN-HOURS required
and also the efficiency of the job in relation to cost
in manpower.

(2) We must remember that we want to accom-
plish TWO THINGS: REDUCE COST--directly in
MANPOWER, in MONEY--and INCREASE THE
EFFICIENCY with which the job is done. Figures
indicating this decrease in manpower and increase
in efficiency are difficult to compute, but it is most
nearly accomplished by use of the TONS PER
MAN-HOUR figure. How well this PRINCIPLE
OF WORK is applied can also be measured by the
TONS PER MAN-HOUR figure. Some examples
of variations in operation and results in tons per
man-hour follow:
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i. Balance in an operation. --"To do any MATERIALS HANDLING JOB EFFICIENTLY and apply
the PRINCIPLE OF WORK, we must have BALANCE IN THE OP-
ERATION."

--"By ’BALANCE’ we meanWORKhas been PLANNED so that all MAN-
POWER and EQUIPMENT used on the job are WORKING CONTIN-
UOUSLY WITHOUT LOST MOTION OR TIME."

--"To get BALANCE in an operation: the TIME it take to perform EACH
PART of the job must be determined and the DIFFERENCE EQUAL-
IZED by the NUMBER of persons used and the PIECES of EQUIP-
MENT used."

ILLUSTRATE what is meant by using example given or one which you
have prepared from an actual operation which you observed and studied.

--"After you have determined WHERE the operation is OUT of BALANCE,
then CHECK EACH PART of the JOB to make sure it is being done

PROPERLY."
Note. To illustrate how this can be done, use the suggested check list

if the tractor-trailer train example has been used. If you have used an

example of your own, develop a similar check list by breaking down the

job into all of its parts. (Have the group discuss each of the points and

decide what is the "PROPER WAY.")

--"If each part of this job cannot be improved--and we are convinced of that

fact--THEN ADD or REDUCE MANPOWER or EQUIPMENT."
--’We can also aid in the attaining of BALANCE if we take care to AVOID

the following TIMEWASTERS:
EQUIPMENT WAITINGFOR LABORERS
LABORERS WAITINGFOR EQUIPMENT
EQUIPMENT ARRIVING EMPTY WHEN PALLETS OR OTHER
NECESSITIES SHOULD BE CARRIED

WAITING FOR CHECKERS."

(1) Even after the seemingly best method has
been chosen, it will not produce the desired results
unless there is balance in the operation. Need for
synchronized and balanced operations is a most
pressing problem in warehouses today. BY "BAL-
ANCE" IN AN OPERATION IS MEANT THAT
THE WORK HAS BEEN PROPERLY PLANNED
SO THAT ALL MANPOWER AND EQUIP-
MENT USED ON THE JOB ARE WORKING
CONTINUOUSLY--WITHOUT LOSS OF MO-
TION OR LOSS OF TIME.

(2) In order to gain balance in any materials

handling operation, the time it takes to perform
each part of the job must be determined and the
differences in production of the separate parts
equalized by adding or reducing the number of per-
sons and pieces of equipment used. For example,
in unloading a boxcar, using a tractor-trailer train,
we should determine: time it takes two persons to
load pallet; time it takes tractor to travel to stack
with loaded train, uncouple at stack, pick up empty
train, and return to car; and time it takes fork truck
to stack loaded pallets.

(3) In this operation, the tractor-trailer is the
balance wheel and by increasing or reducing the

number of trailers hauled, the entire operation
should be kept continuous. After it has been deter-
mined where the operation is OUT OF BALANCE,
we must then check each part of the job to make
sure that it is being done properlyuthat the work-
ers know how to do it. Applying this idea to the
illustration, we would jot down the various parts
of the job and then check them: Laborers handling
material properly, the easy way; pallets properly
placed on trailer; trailers placed in car correctly;
trailers coupled and ready for the tractor; trailers
in proper location at the stack; fork truck stacking
properly, the easy and safe way; empty trailers in

proper location near the car; and in multistory build-
ings check the elevator operation. If all of these
operations are being done correctly--the easy and
the safe waymthen we should consider adding or

reducing manpower and equipment.
(4) Quite often an operation gets out of BAL-

ANCE because of poor timing at the start. Part of
the supervisor’s job is to PLAN properly so that
everybody and everything is READY and ON THE
SCENE at the time the job is scheduled to start.
Care should be taken to avoid such time wasters
as: equipment on the job waiting for the laborers
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to arrive; OR, laborers on the job waiting for the
equipment; OR, both laborers and equipment on
the job waiting for a checker; OR, equipment ar-
riving "empty handed," when it should have brought
pallets or other miscellaneous equipment needed.

8-134. Summary
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DO NOT OVERLOOK THE LITTLE DETAILS
THAT GO INTO MAKING AN OPERATION.
LOOK FOR TIMEWASTERS IN ALL OPERA-
TIONS!

Brief summary of main points. BRIEFLY SUMMARIZE MAIN POINTS
--’to SUMMARIZE briefly, we can list THREE MAIN QUESTIONS which

must be asked in analyzing a materials handling operation." (LIST points
on blackboard.)

BLACKBn__D

ARE THE PRINCIPLES APPLICABLE?
IS THE OPERATION BALANCED?
IS EACH PARTOF THE JOB DONE PROPERLY?

--"There are NO SHORT CUTS--NO TRICKY OFFICE METHODS for
analyzing a MATERIALS HANDLING operation."

--"It requires CAREFUL STUDY ON THE JOB---some clearly ORGA-
NIZED THINKING."

--"After we arrive at what WE THINK is the BEST METHOD, we should
PUT IT DOWN IN WRITING---not carry it around in our heads."

--"Have the CORRECT METHOD AVAILABLE for YOUR FUTURE
REFERENCE."

--"Give the next fellow a break."

a. Throughout this session many points have been
discussed concerning the THINKING ABOUT and
DOING an efficient operation. The number of
things to think about emphasizes that it is no simple
job; that it has many complexities. The summary
should stress the necessity for ANALYZING, in
an organized way, EVERY JOB for which super-
visors are responsible. The basis for such an anal-
ysis can be summed up in three questions:

Are the principles applicable?
Is the operation balanced?
Is each part of the job done properly?
b. After answering these questions we should be

more able to spot the weak points, and take the
necessary action to correct these weak points. RE-
MEMBER, A SUPERVISOR CAN DO A BET-
TER JOB BY USING HIS/HER HEAD AND
SAVING HIS/HER BACK.

8-2
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HANDOUT

WHAT EVERYONE SHOULD KNOW ABOUT LIFTING*

I. Never try to lift beyond your own strength. Get help!

2. Always crouch down to what you are going to lift.

3. Get a good footing. Place feet eight to twelve inches apart.

4. Get a firm grip with fingers underneath the load whenever possible.

5. Keep your arms straight and keep your back in as near a straight up-
and-down position as possible.

6. Lift gradually. Avoid jerky motions!

7. Avoid twisting motions by shifting the position of your feet.

8. Lift by standing up or pushing up with the strong leg muscles. This takes
the strain off the back muscles.

9. Put things down by generally reversing the lifting methods.

10. Your job may involve handling of cases, boxes, baskets, drums, or odd-
shaped containers, under unusual conditions. Check your methods
of lifting these with your foreman to make sure they are safe and
proper.
*Published by National Safety Council.

Figure 8-3.
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HANDOUT

MAIN PRINCIPLES.OF MATERIALSHANDLING

1. PRINCIPLE OF STRAIGHT-LINE FLOW. THE MOVEMENT OF
MATERIAL BETWEEN ANY TWO POINTS SHOULD TRAVEL BY
WAY OF THE SHORTEST DISTANCE. This is based on the old principle
that "a straight line is the shortest distance between two points." In our
consideration, it does not have to be a STRAIGHT line, but should always
be the SHORTEST distance.

2. PRINCIPLE OF CONTINUOUS FLOW. MATERIAL SHOULD
MOVE CONTINUOUSLY ALONG ANY PRODUCTION LINE. Material
should always move as smoothly as possible. Spasmodic or interrupted flow
causes confusion and delay.

3. PRINCIPLE OF CONCENTRATION OF OPERATION. IN MOVE-
MENT OF MATERIAL, THE OPERATION SHOULD BE LIMITED IN
DISTANCE AND AREA COVERED. This principle stresses theidea that
operations spread over too much area cause problems in handling and su-
pervision which do not occur in more compact operations. However, it is
unwise to limit a "production line" or area to the point of congestions.

4: PRINCIPLE OF EFFICIENT HANDLING. IN THE MOVEMENT
OF MATERIAL THERE SHOULD BE THE LEAST POSSIBLE
AMOUNT OF HANDLING. The constant picking up and setting down of
material is wasteful of time and energy, ties up the use of equipment, and
causes damage. The principle can be applied to both manual and mechanical
operations as follows:

a. Principle of efficient handling as applied to manual movement: IN
MOVING MATERIAL THERE SHOULD BE AS LITTLE MANUAL
HANDLING AS POSSIBLE. Although it is the basis for all materials
handling, manual handling should be reduced whenever possible.

b. Principle of efficient handling as applied to mechanical movement: To
reduce handling, MATERIAL SHOULD BE MOVED WITH MECHAN-
ICAL EQUIPMENT WHENEVER POSSIBLE AND EFFICIENT.
PROPER USE OF MECHANICAL EQUIPMENT IS ONE OF THE
BEST WAYS FOR LOWERING COST AND INCREASING SPEED.

5. PRINCIPLE OF WORK. THE GREATEST AMOUNT OF WORK
SHOULD BE DONE IN THE LEAST AMOUNT OF TIME (MAN-
HOURS). Mere speed of movement does not necessarily mean a good op-
eration. The PRINCIPLE OF WORK suggests the most efficient handling
for the amount of time spent. Often apparently slow movements may be
.efficient if they are steady, continuous, direct, and synchronized--and bal-
anced operation of work is the most pressing problem in our warehouse
today.
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HANDOUT

COMMON DEFICIENCIES, CAUSES, AND CONSEQUENCES

common dficiencies

Materiel release denials.

Failure to maintain relative
humidity at .50% in controlled
humidity (CH) facilities.

Vertical stacking of material not

being accomplished to full
potential.

Failure to perform quality control
statistical sampling of locator file

actions on a daily bsis or failure

to determine sou.rceg of errors
uncovered during samplings.

Incorrect inventory counts.

Poor in float documentation
control.

Rewarehousing of stock in

progress.

Delay in placing materiel in

location.

Erroneous qtantity, stock
number, owner, or condition code
recorded in receipt actions.

Erroneous location recorded.

Excess quantity selected in,
previous issue.

Warehouse doors left open when
outside humidity conditions are
unfavorable.

Humidistats not properly
calibrated.

Faulty dehumidification
equipment.

Failure on the part of responsible
personnel to periodically and
properly inspect the CH facility
and dehumidification equipment.

Storing material by hand rather
than mechanically.

Unevenly palletized material
preventing effective stacking.

Proper lift equipment not utilized
(e.g., size, type, and capability not
suited for job being performed).

Proper storage aids (e.g., pallet

Special inventory required.

ASDA/depot stock record
imbalance.

Delay or failure in supply fill

Additional manpower/paperwok
requirements.

Improper humidity conditions

maintained.

Inefficient and/or unnecessarily
costly operation of dehumidification
equipment.

Could adversely affect stored
material condition.

Inefficient use of space.

Additional locations required.

Could cause other material
requiring covered storage to be
stored in open storage with
accompanying increase in
inspection, preservation, and
packaging actions.

support sets) are not utilized.

Storage patterns no longer
suitable for quantities normally
stored.

Experiencing a satisfactory locator
accuracy and discontinuing the
quality control sampling on the
assumption that such accuracy will

continte indefinitely.

Lack of management emphasis on

both daily sampling and error
source identification.

Less covered, storage space
available for new mission
assignments.

Square feet required per ton is high
resulting in poor density factors.

Undetected error introduction into

the locator file.

Possible increase in material release

denials.

Figure 8-5. Potentia storage problems.
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COMMON DEFICIENCIES, CAUSES, AND CONSEQUENCES

Co,ninon deficisncies Caustt Con,uence

Improper utilization of bulk type
storage space (honeycombing).

Multiple stock numbers in a bulk
storage stack.

Incorrect item or quantity
selection.

Inadequate or improper packaging/
packing.

Placing materiel received at the
warehouse into holding areas or
into aisles rather than directly into
location.

Inadequate planning and space
planograph layouts uch as storing
short lot materiel in large storage
blocks.

Failure to accomplish timely
rewarehousing actions.

Improper stock selection resulting
in vacant space in front of stacks.

Desire to achieve higher stacking.

Failure to use proper storage aids.

Insufficient instruction to
warehousing personnel.

Inadequate lighting.

Duplicate MROs.

Incorrect item or location
identification.

Incorrect data on forms, labels or
placards.

Failure to consider unit of issue or
unit of measure quantity.

Mixed stock and failure to
recognize such.

Inadequate training of stock
selection personnel.

Use of substitute, inferior
materials.

Packaging/packing instructions not
available.

Failure to recognize requisition
priority, destination, and mode of
shipment.

Heavy workload surges.

Improper scheduling of equipment
and personnel.

Lack of receiving personnel to
properly palletize at time of
receipt.

Inadequate intra-depot transport
capability.

Waste of storage spaces.

Loss of control over space
availability.

Repeated unplanned rewarehousing
actions.

Could increase material release
denials.

Additional handling actions to select
or count stock.

Possible materiel damage due to
extra handling actions or
incompatible weight conditions.

Imbalance of stock records.

Increasse in inventory investigation.

Possible increase in warehouse
denials.

Incorrect item or quantity possibly
shipped to the requisitioner.

Possible delay in supply fill.

Possible waste of assets and
processing resources.

Possible unnecessary transportation
costs.

Underpackaged items are more
susceptible to damage.

Overpackaged items can result in
excessive material and
transportation costs as well as
wasted manpower resources.

Possible failure to meet due-out
date when overpackaging is
involved.

Double handling actions required.

Possible need to search hold areas
or aisles for requisition fill

Obstruction of travel through aisles
and possible delay in gaining access
to other stock.

Figure 8-5. Potential storage problems---Continued.
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COMMON DEFICIENCIES, CAUSES, AND CONSEQUENCES

Placing different stock numbered
items behind other stock
numbered items in shelf and rack
locations.

Not assuring containers are
positioned on pallets and in the
storage location so that
identification markings are easily
visible.

Excessive forklift truck travel
distances (more than 400 feet one
way).

Failure to develop and maintain
storage space planographs.

Storing items in open storage
when such items require covered
storage.

Storing items by commodity
grouping rather than by physical
handling requirements.

Lack of understanding of double
handling penalties.

Inadequate visibility of workload
conditions.

Lack of training or lack of
management emphasis on correct
techniques.

Lack of proper training of
warehousing personnel.

Inattention to warehousing tasks.

Lack of sufficient storage space for
additional items being received
coupled with poor enforcement of
proper warehousing procedures.

Lack of proper training of
receiving and warehousing
personnel.

Lack of attention to good
warehousing practices and their
enforcement.

Lack of planning in storage
layouts and unloading or loading
sites.

Lack of proper long haul handling
eq_u_ipment (e.g., lack of
warehouse tractor and trailer
system or other vehicles to
supplement the forklift fleet for
intra-depot stock movement).

Lack of management emphasis.

Lack of sufficient covered storage
space.

Poor management of covered
storage space.

Earmarking storage space by
commodity groups.

Excessive emphasis on a particular
commodity group for physical
visibility.

Possible lost assets.

Delay in requisition fill.

May result in erroneous inventory
counts.

Can delay stock selections.

Delays inventory counting and
inspection actions.

Can contribute to incorrect
inventory count.

Causes additional handling actions.

Inefficient use of forklift/intra-depot
handling.

Possible loading/unloading delays.

Excessive equipment wear and
manpower requirements.

Timely storage space control and
reporting affected.

Improper storage layouts for type
and quantity of stocks on hand.

Possible stock deterioration.

More frequent inspections.

More frequent preservation and
packaging actions.

Additional wide aisle requirements.

Duplicate equipment requirements
or excessive transfers of handling
equipment among warehouses.

Possible additional personnel
requirements.

Figure 8-5. Potential starage problems--Continued.
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COMMON DEFICIENCIES, CAUSES, AND CONSEQUENCEs

Use of storage space for
nonstorage purposes.

Failure to plan for large quantity
receipts or receipts of large or
heavy items.

Failure to accomplish daily
warehouse housekeeping actions
(stock alignment, closing lids,
etc.).

Failure to properly pailetize
applicable receipts to standard
pallet patterns in the receiving
area prior to movement to
location.

Failure to apply identification
placards/inventory aids to bulk
storage locations.

Establishment of excessive holding
areas or processing areas in
storage warehouses.

Failure to use prepositioned
receipt information as a planning
consideration.

Lack of management emphasis on
preplanning for receipts.

Lack of management emphasis.

Lack of training.

Heavy workloads.

No routine schedule for
examination or correction of such
deficiencies.

Lack of management emphasis.

Lack of standard pallet pattern
guides in receiving area.

Procedures not specific in this
regard.

Lack of training.

Lack of manigement emphasis.

Lack of training.

Procedures are not sufficiently
definitive.

Placards and aids are not readily
available.

Reduction of net available space for
storage.

Poor vertical space utilization.

Could caUse material to be stored in
open storage.

Inefficient receiving actions.

Can result in multiple locations for
the same stock number.

Possible delay in storing material.

Possible inefficient use of storage
space.

Actions accumulate to nujor tasks.

Can create safety hazards.

General relaxation in discipline for
accomplishing such actions.

Unsightly appearance.

Workload plaed on warehouse
personne

Delay in properly and promptly
storing materiel.

Can cause delays in stock selection
or selection of improper item.

Places additional workload on
inventQry countes.

Can introduce location survey
errors.

Figure 8--5. Potential storage problem--Contnued.
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APPENDIX A

REFERENCES

A-1. Joint Service/Agency Publications

DSAM 4145.2/TM 38-230-1/NAVSUP PUB 502/AFP
71-15fMCO 4030.31A, VOL I

DSAM 4145.2, VOL Ii/TM 38-230-2/NAVSUP PUB
503, VOL II/AFP 71-6/MCO 4030.21B

DSAR 4145.26/AR 740-30/NAVSUPINST 4450.19B/
AFR 67-73/MC0 4450.9A

AR 700-15/NAVSUPINST 4030.28A/AFR 71-6/MC0
4030.33A/DSAR 4145.7

TM 38-250/AFR 71-4/DSAM 4145.3/NAVSUP PUB
505 (REV)/MCO P4030.19D

DSAM 4145.8/AR 700-64/NAVSUPINST 4000.34/
AFM 67-8/MC0 P 4400.105A

DSAR 4145.25/AR 700-68/NAVSUPINST
4440.128B/MCO 10330.2B/AFR 67-12

AR 55-355/NAVSUP PUB 444/AFM 75-2/MC0 P
4600.14A/DSAR 4500.3

AR 700-58/NAVSUPINST 4030.29/AFR 71-13/MC0
P 4030.29A/DSAR 4145.8

AR 55-38/RCS MTMC’54(RI)/NAVSUPINST 4610-
33A/AFR 75-18/MC0 P 4610-19B/DSAR 4500.15

TM 5-632/AFM 91-16/NAVDOCKS MO 310

TB MED 144/NAV MED P-5052-26/AFM 161-3

AR 40-14/BUMED INST 6150.18B/AFR 161-8/
DSAR 4145.24

TB MED 223/AFP 160-1-1

TB MED 242/NAV MED P 5035/AFP 160-6-3

A-2. DOD Publications
DOD 4145.19-R
DOD 4145.19-R-2

Packaging of Materiel: Preservation (Vol I)

Preservation, Packaging, and Packing of
Military Supplies and Equipment; Packing (Vol
II)

Commercial Warehouse Service Plan for
Department of Defense Agencies

Packaging of Materiel

Preparation of Hazardous Materials for Military
Air Shipment

Radioactive Commodities in the Department of
Defense Supply Systems

Compressed Gases and Gas Cylinders

Military Traffic Management Regulation

Packaging, Improvement Report

Reporting of Transportation Discrepancies in
Shipment

Military Entomology Operational Handbook

Rodent Control

Control and Recording Procedures Occupational
Exposure to Ionizing Radiation

Respiratory Protection Program

Health Hazards From Propellant Fuels and
Oxidizers

Storage and Warehousing Facilities and Services
Storage and Materials Handling Standard Methods
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DOD 4145.19-R-3
DOD 4500-32-R

DOD 5200.1-R
DOD 4160.21.1-M
DODI 4140.27
DODI 4140.35
DODI 4150.7
90DI 4500.35

A-3. Army Publications
AR 190-11
AR 740-26
TM 11-415
TM 743-200-1
SB 11-30

A-4. Navy Publications
OPNAVINST 5510.1E
OPNAVINST P 5510.45B
OPNAVINST 5540.8E
ONI-CS-63-1-76
0NI-CS-63-2-76
ESOINST 4440.85

A-5. Air Force Publications
AFM 67-1, VOL I, part 1
T.0.-00-25-213
A-6. DLA Publications.
DSAR 4145.11
DSAR 5205.8
DSAR 5205.15
DSAR 5710-1
DSAR 5710.2
DSAR 5710.3

A-7. Specifications and Standards
Federal Specifications
P-S-863
W-L-122
QO-S-781
RR-C-271
TT-W-5711
GG-B-325
PPP-D-1427

Federal Standards
FED--STD-356
FED-STD-595

A-2

Storage Modernization
Military Standard Transportation and Movement Procedures
(MILSTAMP)

DOD Information Security Program Regulation (DODI-SPR)
Defense Demilitarization Manual
Identification, Control and Utilization of Shelf Life Items
Physical Inventory Control for DOD Supply System Material
Department of Defense Pest Management Program (I&L)
Processing and Shipping DOD-Sponsored Retrograde Materiel

Destined for Shipment to the United States, It’s Territories,
Trusts, and Possessions (I&L)

Physical Security of Weapons, Ammunition, and Explosives
Physical Inventory Control
Primary Batteries (Dry and Reserve Types)
Storage and Materials Handling
FSC Class 6135; Dry Battery Management Data

Information Security Program Regulation
United States Navy Physical Security Manual
Industrial Security Regulation
Guide for Security Equipment
Security Education Guide
Dry Cell Battery Procedures

United States Air Force Supply Manual
Dry Cell Battery Procedures

Safeguarding of Sensitive and Pilferable DSA Items of Supply
Storage and Custody of Classified Information
Defense Supply Agency Classified Material Storage Program
Physical Security
Truck Control
Visitor Control

Sweeping Compound
Lamp, Photoflash
Strapping, Steel, Flat and Seals
Chains and Attachments, Welded, Weldless and Roller Chain
Wood Preservation, Treating Practices
Binder, Load
Dunnage, Pneumatic, Cargo Shoring

Commercial Packaging of Supplies and Equipment
Color (Requirements for individual Color CHIPS (3 x 5

Supplements) should be submitted to the Naval Supply
Depot, Philadelphia, citing FED--STD-595 together with
appropriate chip number as shown therein.)
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Military Specifications
MIL-A-27302
MIL-C-12000
MIL-C-16173

MIL-D-11303

MIL-L-1497
MIL-L-14362
MIL-T-43372
MIL-T-46755

Military Standards
MIL-STD-101
MIL-STD-105
MIL-STD-107

MIL-STD--129
MIL-STD-137
MIL-STD-147

MIL-STD-163
MIL-STD-290

MIL-STD-414

MIL-STD-904
MIL-STD-1235

MIL-STD-1363
MIL-STD-1458

MIL-STD-1486

Military Handbooks
MIL-HDBK-7
MIL-HDBK-201
MIL-HDBK-721
A-8. Miscellaneous Publications

DOD 4145.19-R-1

Arrestor, Spark, Exhaust, Internal Combustion Engine
Cable, Cord, and Wire, Electric Packaging of
Corrosion Preventive Compound, Solvent Cutback, Cold

Application
Drum Handling Attachment, Forklift Truck (For Horizontal

Handling)
Labeling of Metal Cans for Subsistence Items
Lumber, Unitizing and Loading of
Temperatures of Chilled or Frozen Subsistence
Tires, Pneumatic, and Tires Semipneumatic, Installed on

Vehicles, Preparation for Storage of

Color Code for Pipelines and for Compressed Gas Cylinders
Sampling Procedures and Tables for Inspection by Attributes
Preparation and Handling of Industrial Plant Equipment for
Shipment and Storage

Marking for Shipment and Storage
Materials Handling Equipment
Palletized and Containerized Unit Loads for 40" 48"

Pallets, Skids, Runners or Pallet Type Base
Steel Mill Products, Preparation for Shipment and Storage
Packaging, Packing and Marking of Petroleum and Related

Products
Sampling Procedureand Table for Inspection by Variables for
Percent Defective

Guidelines for Insect Infestation of Subsistence
Single and Multilevel Continuous Sampling Procedures and
Tables for Inspection by Attributes

Measurement of Wood Moisture Content
Radioactive Materials, Marking and Labeling of Items,
Packages and Shipping Containers for Identification in Use,
Storage and Transportation

In-transit Fumigation

Lumber and Allied Products
Petroleum Operations
Corrosion and Corrosion Protection of Metals

NFPA Guide on Hazardous Materials Pamphlets 325A, 325M, 49, 491F, 704M
NFPA Codes Vol 5, Class 1, Division 2--National Electric Code
NFPA Flammable Liquids Code No. 30

National Fire Codes, 10 volumes, published by National Fire Protection Association (May be obtainedfrom 470 Atlantic Avenue, Boston, MA 02210)

Strategic and Critical Material Storage Manual, published by General Services Administration (GSA)
Cleaning Petroleum Storage Tanks, Accident Prevention Manual No. 1 (Available from AmericanPetroleum Institute, 1801 K Street, N.W., Washington, DC 20006)
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Handbook of Dangerous Materials by N. Irving Sax (Available from Norstrand-Reinhold Publishing
Co., 450 West Third Street, New York, NY 10001)

American National Standards Institute, Inc., publications 1430 Broadway, New York, NY 10018

Accident Prevention Manual for Industrial Operations (Available from National Safety Council, Inc.,
425 North Michigan Avenue, Chicago, IL 60611)

Chemical Safety Data Sheets, published by Manufacturing Chemists Association, Inc., 1825 Connecticut
Avenue, N.W. Washington, DC 20009

Occupational Safety and Health Administration Standards (OSHA) 29 CFR 1910 (May be obtained from
US Department of Labor)

Armed Forces Pest Control Board Technical Memorandum No. 11 (Hydrogen Phosphide Fumigation
with Aluminum Phosphide)
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APPENDIX B

FORMS

DD Form 6
DD Form 200
DD Form 626
DD Form 805
DD Form 858
DD Form 1222
DD Form 1225
DD Form 1387-2
DD Form 1532
DD Form 1574
DD Form 1574-1
DD Form 1575
DD Form 1575-1
DD Form 1576
DD Form 1576-1
DD Form 1577
DD Form 1577-1
DD Form 1577-2
DD Form 1577-3
SF 361
SF 363

Packaging Improvement Report
Report of Survey
Motor Vehicle Inspection
Storage Space Management Report
Material Transfer Record
Requests for and Results of Tests
Storage Quality Control Report
Special Handling Data Certification
Pest Control Summary Report
Serviceable Tag--Materiel
Serviceable Label--Materiel
Suspended TagmMateriel
Suspended LabelmMateriel
Test/Modification Tag--Materiel
Test/Modification LabelmMateriel
Unserviceable (Condenned) Tag--Materiel
Unserviceable (Condemned) Label--Materiel
Unserviceable (Repaa.ble) Tag--Materiel
Unserviceable (Reparable) Label--Materiel
Discrepancy in Shipment Report (DISREP)
Discrepancy in Shipment Confirmation (DISCOM)

US Civil Service Commission
Std Form 46 US Government Motor Vehicle Operators Identifica-

tion Card
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APPENDIX C

METRIC/TEMPERATURE CONVERSION CHARTS

DOD 4145.19-R-1

MFTRIC SYSTEM

LENGTH

unit abbreviation number of meters

myriamete mym 10,000

ki Iometer km 1,000

hectometer hm 100

decameter dkm 10

meter
decimeter dm O.

centimeter O. 01

mi Ilimeter 0. 001

AREA

unit abbreviation number of square meters

square kilometer sq km or km 1,000,000

hectare ha 10,000

a 100

centare

are centimeter O. 0001

VOLUMF

unit abbreviation number of cubic m*ters

decastere dks 10

stere
decistere ds 0.10

cubic centimeter 0.000001

cm3 also

CAPACITY

unit abbreviation number of liters

kiloliter kl I, 000
hectoliter hi 100
decaliter dk 10
liter

deciliter dl O. 10
centiliter cl 0.01
milliliter ml 0,001

?ASS AND WEIGttT

unit abbreviation number of qrams

metric ton MT 1,000,000
quintal q 100,000
ki log ram kg 1,000
hectogram hg 100

decagram dkg 10

gram g gm
decigram dg O. 10

centigram cg 0.01

milligram mg O. O01

approximate tJ.S. equivalent

6.2 miles

0.62 mile

109.36 yards
32.81 feet

39.37 inches

3.94 inches

0.39 inch

0.04 inch

approximate tI.S. equivalent

O. 3861 square mile

2.47 acres

119.60 square yards
10.76 square feet

O. 155 square inch

approximate |].S. equivalent

13. 10 cubic yards
1.31 cubic yards
3.53 cubic feet

0.061 cubic inch

approximat,e L’.S. equiyalent,
cubic city /IqUlQ

I. 31 cubic y. ds

3.53 cubic feet 2.84 bushels
0 35 cubic foot lq pecks 2.64 gallons

61.02 cubic inches O,908quart 1.057quarts
6. cubic inches O. 18 pint 0.21 pint
0.6 cubic inch 0. 338 fluidounce
006 cubic inch 0.27 fluidram

approximate U.S. equivalent

1. tons

220.46 pounds
2. 2046 pounds
3. 527 ounces
O. 353 ounce
O. 035

1.543 grains
0. 154 qrain
0.015 grain
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APPENDIX C--Continued
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