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1. INTRODUCTION

This volume contains background information and supplements Volume
I of the report. Section 2 contains workshop summaries prepared by the
N8S author and by workshop organizers; Section 3 contains responses by
the NBS author to correspondence associated with the industry workshops;
Sections 4 through 8 contain depositions made in the five workshops;
Section 9 contains source documents for the present version of Subpart
P; and Section 10 contains miscellaneous input and information contri-
buted by workshop participants and others.



t 2. WORKSHOP SUMMARIES AND PROCEEDINGS

The following workshops were held:

MiTwaukee, WI June 9, 1981
Atlanta, GA June 16, 1981
Dallas, TX June 30, 1981
San Francisco, CA July 9, 1981
Boston, MA July 14, 1981

This section contains a memorandum by the NBS author on each
of the workshops which summarizes the comments. Depositions
made in the workshops are attached to these memoranda. Ad-
ditionally, there are reports by the local sponsors on the
Milwaukee, WI, and Dallas, TX, workshops.

The workshop reports contain information on the workshops as
well as analyses of some of the comments and depositions.
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DRAFT

June 23, 1981

MEMORANDUM FOR Records of the NIOSH Excavation Project
From: Felix Y. Yokel

Subject: Workshop in Milwaukee, Wisconsin, June 9, 1981

This memorandum is t. record my overall impression and my reaction to important
questions that were raised in the Workshop. A Workshop Report, containing
recommendations is being prepared by the Organi:ing Commiftee, using taped
records and written depositionms.

(1) General: There were both negative and positive comments. However, it

is in the nature of this type of a Workshop that individuals who have negative
comments and recommendations for change will go on record, while those who
generally agree with the recommendations will see no need to make a statement.
There wer: gome statements particularly from contractors fromIllifois, that a
change in the present standard {s not desirable. To the extent that these
statements are not accompanied by specifics it is difficult to determine
wvherther the status quo is considered desirable because Subpart P as written
is satisfactory or because of the fact that the present version of Subpart P
is unenforcable.

(2) Soil Classification: There were substantial comments to the effect that
a 1/2 to 1 slope should be permitted in Type A soil 1In a technical sense I
see no prodlem in changing the allowable slopes for Type A soils to 1/2 to

1 for 12 ft. or less and 3/4 to 1 for 12 to 20 ft. We originally did not
recommend 1/2 to 1 slope because there was no substantial evidence that it 1is
being used and there was some concern that it could become a vertical slope T
vhen the work is sloppy.

(3) local Provisions Which Have a Proven Performance Record: In our swmary .-
recommendation (BSS 127) the following statements were made in Appendix A: ‘
page 59, A.3, lst paragraph:

"Iraditional timber shoring practice varies widely from locatiom to
location and frequently depends on such variables as sizes and
characteristics of available timber, sofl conditions, and local
wvork practices. In some locations these practices have been used
for many years and appear to be satisfacrory to all the parties
concerned. Three such locations are the State of Wisconsin,

New York City, and the State of California (vwhere mainly softwood
is used).”



Page 65, 2nd paragraph:

X "Since, in spite of the results of this analysis, NBS could find no

’ svidence that traditional timber practice, if properly executed, is
unsafe, consideration could perhaps be given to temporarily exempting
conventional timber shoring from the lateral load requirements until
lateral load effects can be further studied by actual measurements
iu the field. If such an approach is adopted, it may be more
reasonable to endorse proven local shoring practices on a regional
basis, only where such shoring 13 widely used. It 1is not recommended
to use a single scheme such as Tables A.2, and A.3 nationwide, since
local practice evolved on the basis of local workmanship, material
supplies and sofl condi:ions.”

It can be seen from our summary report that the question vhich arose in the
Milvaukse Workshop was anticipated. It may arise again in the San Francisco
and the Boston Workshops. The question is this: .

1f we have a local shoring practice which is satisfactory to all the
parties concerned, should it be changed to comply with the new
prov.sicns?

If is i3 not changed, by which mechanism can it he approved without
jecpardizing the corsistency of the new provisions?

This is a question which must be taken up by the Advisory Committee in order
to come up with a definite recommendacion to OSHA. I would like to state
some of my preliminary thoughts:

(a) If we have a traditional practice which has a good track record
and we force countractors to change {t, we may well cause an
increase fn the accident risk and thus defeat our overall purpcse.
On the other hard, ome of our goals was to get away from prescrip-
tive provisions and provide more options. Thus it wiuld also be
vrong to enforce this traditional approcach to the exclusion of
other approaches.

(b) The evidence on which we can base the permission to use a
traditional practice which does not comply with our recommended
provisions is its track record, rather than compliance with
engineering principles. Thus, if it is allowed, no changes in

0T it snhould be permitted. Such cnanges would include substitutiom

of any of its members by other members of "equivalent™ strength.

o Thus I think that one wvay to deal with this problem could be some kind of
' "grandfather clause,” By which widely used traditional practices could be
: alloved on a regional basis. However, care should be exercised to permit only
: those parts of these practices which are actually widely used, and discard other
parts which do not have a proven track record.



Since we are dealing with a specific case of the Wisconsin Administrative Code,
I analyzed their timber tables (see Appendix). My compliance measure is the
"Safety Index" S/Sa, whare S = calculated stress and Sa = allowable stress.

My "Allowable Stress” is the stress for "Mixed Hardwood I", Table 5, page 29,
multiplied by 1.33 for short term: {b = 964 psi, fc = 499 psi.

The safety index for struts was calculated for 2 sifuations: with the 240 1b.
gravity load at the center of the strut as required, and without the gravity
load to assess g.aeral adequacy in resisting lateral loads.

Hereafter is a summary of the assessment:

Table 1: Struts in rows 1-5 are generally adequate to rusist the
lateral loads, but are overstressced vhan the 240 1b,
gravity load is applied. In rowv 6 the situation is similar
for Type % s0il (no water) but very marginal for Type C
s0il. The wales in rowv 6 are heavily nverstressed.

Table 2: Situation is similar to Table 1 including that in row S,
which corresponds to row 6 in Table 1.

Table 3: The talle is more stringent than the proposed spacing
provisions.

Table 4: This table is for Type B soils. Struts tend to be
overstressec and wales severely overstressed.

Table 5: This table is for wide trenches in Type A soils. 1t
wvas analyzed for 6 ft. widths and 12 ft. widths. It
can be seen that, with the 240 1b. load the struts are
adequate to 6 ft. width, but overstressed for the
12 ft. width.

There was some evidence {rom the answers to my questions in the Workshop

that only Table 1, tows 1-5 and Table 3 are widely used. If this is the case,
some of the more macginal cases should probably be eliminated, while the rest
of the practice could be endorsed on the basis that it {s successfully used.
It should be noted that the greatest deficiency occurs in wales where the
spacing is 11-1/2 ft.

(4) Exposure: Section 1926.650 (a), which was formulated in the Washington
AGC Workshop, sets a scope for the provisions. After the Wisconsin Workshop
it appears that this section needs to be msde more explicit to state that

the provisions don't apply vhere workers are not exposed to the effects of
mass movement of soil or rock. This may have to be further amplified to
state bow far away from an unshored or inadequately shored face workers would
bave to be vhen they are not exposed.

Rasolution of this question would solve two problems:

(a) In wide excavations the provisions would not necessarily
apply. Thus ths demand to distinguish between trenches
and excavation would be satisfied in this way.

(b) Vvhen long pipe sections are laid, cross braces interfere
avan whon thev are widelv suvaced. Thus it is sometines



e e~ ———— - NPT [ B e TNV

-‘-

(3) Scope of Standard Practice: In the Vorkshop document it was originally
proposed to limit the staniard practice to a 20 ft. depth. The AGC Washingtom
Workshop recommends 24 ft,., and this seems to be supported by most contractors.
AFL~-C10 proposed 1S ft. ASFE originally proposed 20 ft. This issua should
receive serious discussiors in the other Workshops and the parties should
attempt to reach a resolution.

(6) Engineer, Qualified Person, Competent Person: Almost all the parties
seemed to agre: that there must be a competent person on the job site,

There is disagreemeat wvhether a "qualified persomn” must be a licensed engineer.
AFL-CIO maintains that this is necessary, vhile many contractors wa & a
broader definition. There is agreement that the "registered architect” should
be dropped from the definition of "Accepted Engineering Requirements.”

There vas cousiderable confusion between the terms "competent person’” and
"qualified person,” however, it was probably caused by inadequate 'study of
the Workshop document.

(7) Dust Control: It was noted that “ection 1926.651 (i) conflicts with
present EPA requirements. Th~” gection i3 also advisory rather than mandatory
and may not belong ino the regulation (it could be in the guidelines).

(8) Stoplogs: It was noted that the provisioms of Section 1926.651 (g) are
not practical for excavation work.

(9) General Recommendations: One of the speakers ncted that the environment
changed, and the contractor is now fn # position of responsibility rather than
in an adversary posi*ion when it comes to work safety. This Workshop convinced
me that, vhile we have a good basic approach, we will need to resolve many
issues, some of which result from regional differences. The Workshops will
bring these issues to the surface, but there vill not be enough time to
resolve any cf these issues. This will have to be accomplished after the
HWorkshops.

I therefore strongly recommend that ths parcies participating in the Workshop
form a committee vhich can work with NIOSH-OSHA-NBS when the recommendations
are formulated. I also strongly urge OSHA-NIOSH to fund an additional effort
in this area, so that a strong justification (technical, stati;tical and other)
can be developed for all the final recommendations.



NOTES ON ANALYSIS OF TABLES

B = depth of excavation

h = horizontal center to center spacing of struts
v = vertical center to center spacing of struts
B = width of trench

Tablea 1: Row 2 could be A or B soils
Row 6 could be B or C soils

Table 2: Row 2 could be A or B soils
Row S5 could be B or C soils

Table 4: Analysis was carried to 24 ft. depth, for greater depths
safety index will decrease.

Table 5: Analysis was made for 6 and 12 ft. widths.
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Phone: (301) 921-2648

DRAFT

June 23, 1981

MFMORANDUM FOR Records of the NIOSH Excavation Project
From: Pelix Y. Yokel

Subject: Workshcp in Atilsnta, Georgia, June 16, 1981

This memorandum is in addition to pfocudin;t wvhich sre being prepared by
the Construction Trade Department of the AFL-CIO and is intended to cover
important issues raised by the Workshop as perceived by me.

(1) General: My general impression from this Workshop w#as that even
though many important points in our input document were disputed and
criticized, the document was by and large well received. We did not
encounter the problem which exists in Wisconsin, where existing shoring
regulations and practices, which are locally considered satisfactory do

oot meet all the provisions in the proposed standard. We also did not
encounter comments such as those voiced by Indiana contractors who question
the need for any change in the existing regulations. Howevwer, several very
important issues vere raised and are subsequently discussed.

(2) Soil Classification: The overall approach in Table 1 was well received,
but several important issues were raised:

As in the previous Workshop, the need to permit 1/2 in 1 slope for
Type A soil was perceived. Beyond that, the AGC of Kentucky proposed
that a 5 ft. cut at the bottom of a 1/2 in 1 slope be permitted for
Type A 30il and a 3 ft. cut at the bottom of a 3/4 in 1 slope be
pernitted for Type B soil. The Kentucky AGC, as well as the ASFE
representative also raised a question about the lack of specifics

in defining "vibrations” in the footnote 1 to Table 1. In addition,
it was suggesZed that instesd of changing abruptly from one slope

to another at the 12 ft. depth, the slope be gradually decreased

as the depth increases from 12 to 20 ft.

I have the following comments on thsse suggestions:
I would go along with a 1/2 in 1 slope for Type A soil. I also do
not object to a gradual transition in allowvable slopes as you go

from 12 ft. to 20 ft. depth, though I think it may cause enforcement
problems (originally we proposed a gradual transitiom, but we dropped
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it subsequently because we thought it may be too complicated to
implement). I consider the S ft. cut at the bottom of a 1/2 in 1
slope for Type A 90il as too risky. I think that the comment on
vibrations is valid, and I think we may have to drop our reference
to vibration unless we can come up with specifics (heavy traffic
and pile driving within a specific distance). However, such
specifics without research dats may be difficult to justify.

(3) BReed for Simplicity: The need for simplicity and elimination of all
duplication was stressed. I beiieve that there is a need to take a lnok
at the entire write-up of the revigsed Sutjpart P, to eliminate all dupli-
cation and to use simpler, more precise ianguage wherever possible. This
is endorsed by all the parties participaring in the Workshop.

(4) layered Soils: Footnote to Table 1 was strongly endorsed. This is
important, since I had some second thoughts about this conservative
provision.

(5) Practured Rock: The definitiom of fractured rock wvas criticized «s
lacking precision, however, we were unable to provide a better definition.

(6) Definition of Short Tewm Excavations: Different opinions were
expressed, however, there seemed to be a consensus that 7 days 1is too Jong -
and considerable sentiment to increase the time to more than 1 day. The
ASFE representative wvarned against extending the time period oo much.

(7) Role of Professional Engineer: The troubling observation was made
that it may be often impossible to find a consulting engineer who wvants

to assume responsibility for the safety of trenches aven if they are deeper
than 20 ft. This may make the requirement for a professional engineer
academic.

(8) Bank Next to Work Area: There seexed to be consensus that the bank
next to the work arua should be increased ic 4 ft.

(9) Excavation Below Bottom of Trench: There seems to be consensus that
allowvable excavation below the bottom of sheeting should be increased to
3 fec.

(10) Competent Person: There seems to be consensus that a competent
person should be at the job site.

(11) Section 652(b)(4)(i1): It was suggested to move this Section to the
end of Sectiom 652(b) since it does not concern field persomnel.

(13) General Comment: Some general comments were made which touch on
problems which transcend the scope of Subpart P. There are three reasonsg
which maks it difficult for professional engineers to get involved in job
site safety prodless:
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Inadequate wvorkmen's compensation coverage and resulting third
party sulls.

® Lawyers vhich take on cases for a 50% ccntingency fee, eliminating
all financial risks for those vho initiste legal actionms.

Adversary relations..’ps between the parties involved in the
excavation process.

My suggestion that there should be = consensus induatry standard in addition
to Government ragulation was strongly endorsed.
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DRATFT

July 7, 1981

MEMORANDUM FOR Records of the NIOSH Excavation Project
From: Felix Y. Yokel

Subject: Workshop in Dallas, Texas, June 31, 1981

This memorandum is in addition to proceedings which are being prepared by
the Dallas AGC and is intended to cover important issues raised in the
Workshop as perceived by me.

(1) General: Art Schmuhl in his introduction raised the issue of
development of industry recommendation in a Washington, D.C. Workshop after
completion of the Regional Workshops. 1 am very much in favor of such an
effort and I think it needs to be undertaken promptly. However, I think
that Art's »ppraisal that this can be accomplished in one Workshop, which
is based on the AGC 2-day Workshop we had, is overly optimistic. This time
there will be several groups with different views on some issues, and we
vill have to deal with many important problems that were raised in the
Workshops. I think that perhaps, in preparation for such a Workshop, a
very small task committee ghould prepare a revised draft, revise it once
more after corresponding with all the industry committee members, and

then have a Workshop on the latest draft. This way you can get all the
non-controversial issues out of the way before the Workshop, and in the
Workshop concentrate on solving the more controversial issues (depth for
standard practice, qualified person, sloping prcvisions, recognition of
regional practices, etc.).

My general impression from the Dallas Workshop was that, overall, the
concepts in the draft were well received, but several important {ssues were
raised which will require some substantial revisions in the draft. As in
the Wisconsin Workshop, s contractor from Illinois expressed the view that
the present OSHA provisions should not be changed. While this view is not
shared by the vast majority of contractors who responded to NUCA and AGC
questionnaires and wvho were interviewed in the NBS field study, it is based
on several legitimate concerns which in my view will have to be carefully
addressed. The trench box manufacturers also submitted a statement and
expressed disagreement with some of the recommendations, based on technical
considerations. The objections will have to be carefully studied. Theare
vas some concern about my statement that the scope of the NBS work was
confined to the soil classification snd to shoring and sloping provisions.
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While this is true, I feel that the participants in these Worshops have
the knowledge and experience to address all the issues involved and will
do so successfully.

(2) Opposition to Change in Existing Provisions: Opposition to a change
in the present version of Subpart P was expressed by an Illinois contractor
vho works primarily on highway projects. This time I gained some insight
into the ratinnale for this position. I noted in my Wisconsin memo that
people vho tend to agree with our recommendntion are less likely to express
their opinion in the Workshop than those who oppose certain recommendations.
The same thing happened to some extent when we conducted our field study.
Almost all the contractors that respcnded were dissatisfied with Subpart P.
However, the responding contractors who now have concera about changes in
the existing regulstions are more involved in earthwork, wide excavations,
borrow pits, etc., where conflicts with OSHA do not normally arise. They
are concerned with two issues.

a. The present provisions have been interpreted in the courts in
past litigations. These interpretations by court rulings tell
the contractor precisely what he can do. When we now propose
to change the wording of many provisions. there will again be
uncertainty about their interpretation by the courts, and we
will lose the benefit of experience gained in past conflicts.

b. We cerged "trenches" and "excavations'. There is now concern
that as a result new restrictions will be imposed on excavation
vork. Part of this problem can probably be resolved by a clear
definition of "exposure." However we need to carefully review
our nev recompendations to make sure that they do not
inadvertently result in unnecessary restrictions on excavation
work. An example of this, which was noted in the Workshop,
would be the application of Section 1926.651(d) to borrow pits.

(3) Use of OSHA Regulations om Federal Projacts: It was noted that other
Federal Agencies are not bound by OSRA regulations and use their own pro-
cedures. This situation can lead to gpecifications which are difficult to
implement while using methods wiich comply with our recommendations. I am
not sure vhat can be done about that, but the situation could be brought
to the attention of the Administration at an appropriately high level by
the participating organizations of the Workshops.

{4) Trench Boxes: Trench box manufacturers suggested that the lateral-load
requirements for trench boxes should be different from those for shoring.
This is based on the contention that a trench box can deflect considerably
and in general will not restrain lateral soil movement as much as a ghoring
system, thus causing the pressure distribution to resemble that acting on a
retaining wall, This would make the square pressure diagrams associated
with the Standard Practice too conservative. At this time I cannot evaluate
the technical merits of this claim in detail, but I have several preliminary
thoughts:
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s. In sddition to the allowsble stress increase for short-terma
excavation, we also allow & 20 percant load reduction for wales
and & 13 perceat teductiuva for sheating. These reductions,
which account for arching effects would apply to the horizontal
framing menders and the skin of a rreanch box. I wonder if the
industry considers taking advantage of these reductions in their
snalysis.

b. The trench boxes I saw had about equal stiffness (/o terms of
lataral displacement characteristics) near the top and bottom.
Thus, I cannot see how a trench box could act like a retaining
wall, namely rotate inward while the base is fixed.

¢. It is obvious that a trench box permits greater lateral inward
displacements of the excavatiun wall than a shoring system. In
granular soils this will result in a reduction in lateral soil
pressures. In clays, however, the situstion is more complex.
Overconsolidated clays such as those is Austin, Texas where we
conducted pressurs measurements {NBS GCR 80-202) will develop
tension cracks upon lateral expansion, resuiting in increased
lateral soil pressures. It should be noted that Tvype B soils
include clays.

d. The greatest problem that would arise if stiffness characteristics
of shoring systems are considered is complexity (which our
recommendat ions are designed to avoid). Each case would huve to
be considered on its own merit. Considering the inadequacies and
complexities of present models for soil/structure systems and our
general lack of data on lateral pressures in shallow braced
excavations, it may be difficult to make a convincing case, and
detailed analysis would not be much better than an educated guess.

e. While the proposed square ptessurs diagrams may be on the
conservative sides, the 40 1b/ft.” equivalent weight effect is
not conservative for medium clays which fall under Type B soils
and are the most common soil type.

It may be helpful if ASFE could review this problem. I am vary much afraid
that wve may be creating an albatross as soon as we deviate from the principle
of simplicity in the standard practice.

(5) Configuration of Excavations with Compound Slope: Two problems were
discussed in conjunctiom with Figure 2, page 12:

a. It was suggested to remove the sharp corners in the drawn cross~
sections, :1nce these caanot be dug in the field with ordinary
equipment. I suggest that we draw broken lines for the idealized
cross-section and back these up with solid lines showing more
roundad corners.

b. The bank sdjacent to the work area wvas discussed, In the previous
tvo Workshops there seemed to be a consensus that the height of
the bank should be increased to 4 ft. In this Workshop it was
suggested to permit a 5 ft. bank for large pipes. In the latter
case, worker protection would be derived from the large diameter
pipes. I have some problems with the suggestion:
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1. If we permit a S5 ft. bank at the bottom of a slope this
would de incomsistent with our requirement to limit the
height of an unsupported bank in level ground to 3 ft.
This inconsistency would inevitably lead to a court challenge
of the 3 ft. bdbank on level ground on the grounds that a higher
unsupported bank would provide equivalent stability.

2. 1 believe that this configuration would be much more
hazardous than a 5 ft. bank in level ground, since a much
greater quant'ty of soil would slide into the trench in
case nf a stability failure.

It should be noted that Section 1926.552(c) in the present
provision states that "... the sides of the trench above

the 5 ft. level may be sloped to preclude collapse, " it
shall not be steeper than 1 ft. rise in 1/2 ft. horizontal.”
This conflicts with present Figure P-1 and is less conserva-
tive than anything we permit in our present proposal. 1In
the Atlanta Workshop, members of the Kentucky AGC suggested
that we permit this configuration for Type A soils.

(6) Exit Provisions: It has been suggested that "climbing upon struts"
should be recognized as a legitimate means of exit from a trench. My comment
on that is that our proposed loading provision for a 240 1db. concentrated
load at the center of the strut would provide adequate s:rength for an
emergency exit of a worker whose weight is within the normal range. However,
stepping on struts should be prohibited for non-emergency cases, unless a
higher design load is used. This exit optiomn should not te permitted for
systems, such as the Wisconsin system, if these systems are permitted on

the basis of prior use.

(7) Short-Term and long-Term Excavations: Several participants suggested to
drog the distinction between short- and long-term. It wvas noted that manholes
frequently remain open for 2-3 weeks. 1 have some problems with this suggestion:

a. It may force us to do away with Type A soil, the way California
did. This would impose economic penalties on some regioms.

b. It may force us to drop the 33 percent overstress. This in turn
would cause us to require wooden struts which are heavier than
those commonly used (now we come out about right).

c. The proposed compound slopes (Figure 2) are questionable for
long-term use.

The probles may be that our definition of short-term, which is independent of
site conditions, may be too simplistic. It was for instance pointed out that
in Nev Maxico, Arizona, and some parts of California and Texas, where there
1is no rain for long periods of time an? no other erosive effects there is
really no difference between the short-term and long-term condition. I
think that this statement is only psrtially valid. It is for instance not
valid for overconsolidated clays which are common in semi-arid regions.



(8) th to Which Standard Practice lies: Opinions were split between
ACC (24 ft.) and AFL-CIO (1S5 ft.) as in ths previous Workshops. An addi-
ticaal rationale was advanced for the 24 ft. depth.

24 ft. is a practical limit for the resch of backhoes. Thus work methods .
for greater depth will be different.

Some sentiments were expressed for s more restrictive limit for Type C soils.

(9) Eugineer vs. Qualified Person: It seems that the AGC group in this
region are particularly strong supporters of the use of the term "qualified
person.” This may have something to do with regional work practices. Two
pertinent comments were made:

a. It was noted that neither a Federal regulation nor a standard
can force people to be ethical. If somebody wants to let an
unqualified person design his shoring he may do so regardless
of provisions. ’

b. It was suggested that if we require an engineer in Section
1926.652(a)(2)b, it should also be required that shoring and
underpinning be & bid item and thus part of the plans and
specifications. I think that, while this is a good ides,

OSHA does not have the authority to enforce such a requiremen:.

1 belicve that at the core of this controversy is tLat AFL~CIO would like to
have some way by vhichthey cun determire if a person is qualified. Perhaps
this could be sccowplished by s better definition.

(10) Maximum Allowable Slope: It was pointed out that there are gypsum

and caliche formations which stand safely at a 1/4 in 1 slope. This raises
again two questions: Can our definition of unfractured rock be improved? -
It was suggested in this Workshop that perhaps the "competent person"” should
deternine vhen rock s unfractuired. This is probably a good idea as long as
there is no dispute. If thc—e ir a dispute, we would still have to go bazk
to a precise definition. The other issue is "maximum allowable slope.” I

do not really believe, that if we go tc a quantitative definition (as; we have
now) it is reasonmable to permi:t slopes steeper than 1/2 in 1. This could
conceivably be combined with regional approval of steeper configurations by
a "grandfather clause” (see Wisconsin memorandum). The other way would be to
allow the "stable slope” concept -~ this is opposed by the AFL-CIO.

(11) Section 1926.651502: It was suggested that this section is redundant
and should be eliminated.

(12) Section 1926.651(j): Tha requirements in this section received some
discussion:

a. It was pointed out that thease are the requirements for confined
space and that these perhaps should be referenced.
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b. It was noted that thare were 80Wms mestings wvith OSHA in which
modifications in this section were discussed. These modifications

did not meks their way into our draft. (I never heard about them.)

(13) Section 1926.651(0): It was suggested that this section not be
elininsted from Subpart P. It was further noted that the requirements for a

harness is in some instances counterproductive since harnesses do not work
very vell and other protective measures are frequently used. I hope that
specific recommendations for re-wording will be made.

(14) Section 1926.651(s): Trench box manufacturers suggested modifications
in this section.

(15) Section 1926.651(t): It was noted that the requirements in this sectiom
do not apply tu many shoring systems. It was suggested to eliminate this
section. T would recommend that we try to rewrite the section to simply
require that workears engaged in the removal of shoring be not exposed to mass
novenent of soil or rock from banks where shoring was removed.

(16) Figure 3: It vas suggested to eliminate the projection of the shoring
adbove the top of the bank, as this is not always the method used to protect

workars froa rolling objects.

—a -
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DRAFT

July 13, 1981

MEMORANDUM FOR Records of the NIOSH Excavation Project

From: Felix Y. Yokel F:: Lﬂ

Subject: Workshop in San Francisco, Californis, July 9, 1981

This aemorandum conveys my personal notes and comments relating to the California
Workshop. In this instance, it is not clear whether AGC will produce a detailed
Workshop report. However, participants have been requested to submit their
compents in writing. These comments will be compiled in one document.

(1) Ceneral: The California Occupational Safety and Health Standard Board
recently prepared a new draft standard for excavation, trenches and earthwork
(see Attachment), vhich seems to be acceptable to the affected parties. It
was the understanding of the Workshop participants that the Standards Board
delayed adoption of this draft standard until Subpart P is reviged. There
are similarities between the underlying philosophies of our draft and the
proposed California Stsndard, however there are considerable differences in
the substance of these documents. Many of the suggestions made were in the
direction of trying to eliminate some of the differences between the proposed
California Standard and our proposed standard - generally suggesting that

our draft, rather than the California draft, be changed.

In general, California contractors seem to favor a such more conservative
practice than contractors in other parts of the country. This trend manifests
itself in comments on depth limits for the Standard Practice, allowable slopes
and compound slopes, allowable stresses and soil classification (as perceived
by the participants). One of the reasons for this approach is the widespread
use in California of a contract bid item covering shoring. Such a bid item
seems to somevhat reduce the incentive for trying to cut the shoring costs
resulting from safety regulations. Most of the participants suggested that
OSHA require inclusion of shoring as a bid item in construction contracts.

I indicated that I would favor such an approach, but that it is mwy understanding
that OSHA does not have the authority to enforce such a requirement. Before
discussing detsiled commenta. I wvant to briefly discuss some of the differences
between our draft and the proposed California Standard.

A. T%xcavation and Trenching: In the present verscion of Subpart P,
excavation and tranching are covered in a redundant fashion. 1In
our proposed revision of Subpart P, the distinction between excava-
tions and treuches is eliminated, and instead we distinguish between
short- and long-term excavations. The applicability of some of the
requirements to excavations can also be further limited by better
defining exposure. In the proposed California draft there are
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tequirements which apply to both excavations and trenches, and then
sdditional requirements for tremches ounly.

While the California draft eliminates the redundancy resulting from
separste requirements for trenches and excavations, it does not

fully eliminate the problems associated with the definition of a

treuch.

Soil Classification: We introduced a simple so0il classification with
three s0il types - hard and compact, medium, and saturated soft and
submerged. The proposed California Standard has two soil classes:
"hard compact” and "running.” Running soils are defined as: "Earth
material vhose angle of repose is approximately zero, as in the case
of soil in a nearly liquid state, or dry, unpacked sand which flows
freely under slight pressure. Running material also includes loose
and disturbed earth that can only be rontained with solid sheeting”
(the last sentence was added recently).

The proposed California classification is based on a recent Stanford
University study which I d1d not see. All earth that is not "rumning”
is "hard compact.” The lateral pressures associated with these soil
classas are not explicitly defined. Rather, there are prescriptive
tables for wood, aluminim pipe and hydraulic systems, and steel pipe
and hydraulic systems. However, on Page 26, Plate C-22, which is
addressed to engineers, it is stated that "A minimum coefficient of
active earth pressure of 35 pcf (KW=35) shall be used in all calcula-
tions unless a #cil evaluation indicates otherwise.”

Normally the "coefficient of active earth pressure” is dimensionless,
50 I assume that 35 pcf represents the product of the coefficient and
the unit weight of the scil. Whether it is suggested to also use a
square pressure diagram of 0.8KW as stipulated in the present
California Standard is not clear. There 1s no specific guidance for
"running” soils. ‘

I did some back calculating from the proposed table, using the allowable
timber stress of 1300 psi - 20 /4 which is stipulated on Page 14, and
got minimum distributed pressures of about 40 pcf for the compact soil,
and about 68 pcf for the running soil, with most member sizes much more
conservat ively designed. (The equation proposed for allowable timber
stresses is no longer used in timber engineering practice. Allowable
stresses come out much higher chan those we propose for hardwood,

though they may be 0.K. for stress graded softwood.)

I have some problems with the proposed California classification:
as far as I can see, "running” soil would include muck, dry and
submerged sands and probably other dry and submarged cohesionless
soils including £111, and possibly some very fissured and very soft
clays. "Hard compact™ soils would include all but the very soft
intact clays and a great many fissured clays which can be contained
by spsced sheeting, and probably many moist cohesionless materials.
Bydrostatic conditions are not mentioned.
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This leaves ae confused. You could have s soft clay under "hard and
compact” (as long as it has enough cohesion to stand up temporarily
to the bottom of the excavation) and a dry sand under “rumning.”

Yot the clay will develop high lateral pressurss vhile the sand would
develop very low pressures. Thus, wvhile it is probably true that a

man in the field could relatively easily identify "running” soils,

the soils do not seem to be sorted out with respect to anticipated
lateral pressurss and stable slopes.

There is no one-to-one correspondence between ocur "hard and compact”
soils and the "hard compact" soils proposed for the Califomia
classification, even though I sense that some of the Workshop
participants nay have had that perception. Considering the wide range
of scils that could fall within this category, the 40 pef I calculated
fcc the table may be on the lov side (California "hard compact”™ soils
could include soft clays). Our "Type A" soils are not brokenm out in
this classification, but some of our Type B soils are thrown into
“running” (the dry cohesionless soils) and some of our Type C soils
are throwm into "hard compact” (the soft clays). I believe that if
we do insist having only two soil classes, a more logical split would
be obtained by putting Type A and B together aud lesving Type C soils
as ve nov define them.

Another significant feature of the proposed California system is that
our Type A soils are not broken out as a category. Their 35 pef
ainimm "KN" 1s an indication of that. I was avare that the lateral
pressure presently stipulated in the California Standard for "hard
compact” soils were deemed inadequate in the "California Trenching
and Shoring Manual” (Caltrans). If we were to likewise eliminate
Type A soils on a nationwide basis, many shoring systems presently
successfully used would be deemed inadequate.

Somehov the proposed Californis classification convers the impression

that soils which will stand vertically wvhen you dig require less shoring.

If ve take for instance a clay that would stand up in a 12 ft. cut,
its cohesion would be about 300 1b/ft.2. This is a soft clay, which
according to vhat we know could develop a very high lateral pressure,
certainly such higher than that of a dry sand. Yet the clay would be
classified as "hard compact” in the California scheme if the trench
dug is less than 12 ft. deep. In our classification it would be

Type C.

In closing, I would like to note that the present California Standard
contains & s>1l classification which is very compatible with the ome
ve are proposing and which to my knowledge has a successful 20 year
track record.

C. Shoring System Select’on: As I already noted, the proposed California

Standard stipulatas specific shoring systems. Such an approach may
be attractive for our standard practice, and could be accomplished

in an Appendix. However, it would be probably impossible to do this
for timber shoring on a nationwide basis. VWe also would have to make
sure that all existing and potential future systems get equal
consideration.
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(2) Qualified and Competent Persou: Several contributions vere mede to this
coutroversy: ASFE suggested that it be required that the qualified perscem,
vhen designing shoring, should sublmit calculations. This would put him om the
spet wvhen something heppens. But it would only reveal daficiencies before an
accident if some kind of peer review is used. Peer review is now successfully
used with ASFE. California ACC proposed to require that the qualified person
be "designated by the contractor.” This would mske the contractor responsible
for the competence of the person. California AGC also proposed to eliminate
the competent person and use only qualified persons for everything. It seems
that both the ASFE and the AGC suggestions coatain concepts which would improve
our definition. Another interesting and important point was made by the
Oregon AFL-CIO: @8 "qualified person” from Montana was in charge of an
excavation in Oregon. The excavation in Oregon collapsed, because the man

wvas not familiar with local conditions. This perhaps underscores the importance
of assigning responsibilities to the contractor vhich wvas stressed by the
California AGC.

(3) Depth Limitation of Standard Practice: Californmia AGC supports 20 ft. -
as in the California Standard. A representative of the American Gas Association

(ACA) noted that backhoes in his area have s depth reach of about 20 ft. and
not 24 ft. as was noted in Texas.

(4) Accidents: A representative from Liberty Mutual noted that he has no
record vhatsoever of fatalities in ghored excavations. Some of the participants
noted that they are sware of such cases. 1 pointed out, that even though our
evidence tends to indicate that many of the collapsed trenches were not shored,
wve looked at two cases of fatalities ir improperly shored excavations during
our study.

(5) Allowable Slopes: California AGC suggested that the compound slope case
shown in Figure 2, Case IV should be limited to 12 ft. de,.th in hard compact
soils (California definition) and showm as in the California Standard. It
wvas also noted that a California study shows that the bank next to the work
area in Case III would be safe at 4 ft. depth. I have no problems with these
suggestions (except that we do not have the California "hard compact" category),
except perhaps that they may be too reatrictive. They are based on a study
by R. T. Frankian and Assoc. (see Attachment). The concept used in this study
wvas that of equivalency to an unsupported 5 ft. deep vertical bank. Such a
bank would "just stand up” in a very soft clay with cohesive strength of only
150 pcf - a very soft scil indeed, which is only rarely encountered. For such
a g0il, 1f it can be sloped at all, our allowable slope would be only 1-1/2 to
1, a very flat slope. Our proposed compound slopes in Figure 2 are based on
a somevhat different set of assumptions: equivalent stabiliry to a sloped
trench for vhatever the depth of the trench happens to be. Of course many of
our Type B soils will not stand with an unsupported bank of any depth, since
they would be "rumning" by the California Standard.

Another point that was made was that our stespest allowable slopes in Table 1
are not necessarily stable for the soil type in all cases. This is correct,
and that is the reason why I have trouble with dropping the "stable slope”
concept. It is not practical to coae up with slopes which would be stable for
all cases. What we have nov is maximum allowable slopes wvhich should pot be
exceeded vithout an engineering study.
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(6) Short-Term and loug-Term Excsvations: California AGC suggested to drop
the distinction. Similar suggest ions were mads in othsr Workshops. The
prodblem I have with those suggestions is that they would force us to increase
the sefaty marging. But {f we incresse those by much we wvill end up with s
schame which is wuch more conservative than what we now consider good practice.
One interesting suggestion that was made is that a reassessaent of shoring in
a long-ters situation could be made vhenever people ars axposed.

(7) local Options: It was stressed that any National Standard should be
flexible enough to accomodate local options. As I stated in my previous
memoranda, I strongly recommend that we have a mechanisa by which we can
permit local options with proven track records vhich deviate from tne
"Standard Practice.”

(8) Excavation Below Bottom of Shoring or Trench Box: The California groups
tend to support the 2 ft. limit we have, which is also in the California .
Standard. This again is an indication of the conservatiss of the California
AGC. It also may be related to work methods.

(9) Section 1926.651(d): Add "... water chall pot be allowed to accumulate
in san excsvation vhile work is in progress ..."

(10) Section 1926.651(e): "... the side of the excavation shall be shored ..."

is too restrictive. Other methods may be used. Also Section is considered
radundant altogether.

(11) Section 1926.651(g): Should be eliminated, or perhaps changed to proposed
California provision.

(12) Section 1926.651(h): ''remotely located"” should be eliminated.

(13) Section 1926.651(k): There should be a height limitarion. 1In the proposed

California Standard it is 7-1/2 ft. (no reason for height was suggested).

(14) Section 1926.651(k): There should be a general requirement for good
access like in the California Standard.

(15) Section 1926.651(1): Should perhaps be eliminated.

(16) Section 1926.651(e): It is suggested that the California Standard has
a better formulation. However the problem of defining 'vibration" vhich wvas
aotad in Texas is not solved in the proposed California Standar! either.

(17) Section 1926.651(h}: There should be rather a performance requirement
for protecting workers sgainst falling into a trench.

(18) Section 1926.651(g): It was strongly suggested to eliminate this statement.

(19) Section 1926.652(b){4)({i): . Should. be in sn sppendix or in the definitions.

(20) Section 1926.652(b)(4)(1): Was considered perhaps too comp]icated

(21) Section 1926.652(b)(5)(i): Option should be provided to ."hlock off™ the
intercepting trench with shoring.
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(22) Sectica 1926.653(g): Authorized by whom?
(23) Section 1926.653(h): Engineer shouid be "Civil."

Attachments
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R T. FRANKIAN & ASSOCIATES
206 SOUTH BUENA VISTA STREEY
SUABANK. CALIFORNIA 91009
(213) 0e0.0070

January 10, 1977

Associated General Contractors
of California

Safety Committee

c/o Granite Construction Company

P.0O. Box 900 -

Watsonville, California 95076

Attention: Mr. Bruce G. Summers, Chairman

‘Gentlemen:

Transmitted herewith are ten copies of our 'Studf to
Determine Compound Slopes Equivalent to CAL-DOSHA Allowable
Unshored Slope,” dated January 10, 1977.

This study was planned in consultation with Mr. Summers
and Mr. J. M. lLyles.

It is the conclusion cf this study that when the total
depth of the 2xcavation does not exceed 8 feet, a 3/4 hori-
zontal to 1 vertical slope with a 3%-foot vertical cut at
the toe, is equal and equivalent in stability to a 5-fcot
high vertical slope. The same condition exists for cuts up
to 12 feet in total height when the gradient of the slope
above a 34-foot vertical cut is 1 to 1.

Should you wish to discuss the study further or have
any questions, please do not hesitate to call.

Yocurs very truly,

KSP/RTF/rk (10)
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STUDY TO DETERMINE COMPOUND SLOPES THA™ ARE
EQUIVALENT TO CAL-OSHA ALLOWABLE UNSHORED SLOPES

INTRODUCTION

The purpose of this study is to determine whick unshored
configurations ¢f compound slopes would possess stabilities
egqual and equivalent to the stability of either a 5 foot
high vertical or a 12 foot high 3/4 to 1 unshored slope, as
allowed in the CAL-OSHA Construction Safety Orders. The 5
foot vertical and the 3/4 to 1 slopes are plain, that is,
consist of a single, unbroken slope face. The compound slopes
reported in this stucy consist of a vertical cut at the toe
of an inclined plane.

This study is limited to soils which possess strengths
sufficient to stand at those configurations permitted by the
CAL-OSHA standards. Consideration of clean, running sands,
saturated sands, and other soils which would not be stable on
a S foot high vertical slope have been eliminated from this
study.
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- BASIS OF ANALYSIS

The analysis began with the determination of those
strengths which are required for the stability of the plain
85 foot vertical slope and the 12 foot high 3/4 to 1 plain
slope. The method of analysis was that commonly used and
referred to as the slip vircle method. The analysis included
consideration of a variety of tension crack locations and
calculations were extended until the most critical combina-
tion of slip circle and tension crack was obtained.

It was found that the 5 foot high vertical slope was
more critical than the 12 Yoot high 3/4 to 1 slope, that is,
the 5 foot high slope would require soil strengths Nesea.
than the strengths required to maintain the same degree cf
stability for the 3/4 to 1 slope. For purposes of this re-
port we will refer to the 5 foot vertical slope as the stan-
dard slope, since it is that slope which will set the standard
for stability of the compound slopes.

Starting with the strengths which were required for
stability of the gtandard slope a variety of compound slopes
were analyzed, each with an entire new series of trial slip
circles for each zonfiguration. Each of the calculations
included consideration of the most critical location for a
tension crack. Thus for each total slope height (depth of
trench) one sgpecific configuration was obtained which would
possess a stability equal and equivalent to the stability of
the standard slope.
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Fquivalent stability is definasd by means of the
ratio of the soil resistance available (Sa) as determined
from the standard slope, to the soil resistance required
(Sr) to provide stability for the compound slope. When
Sr is equal to Si: that is, when the resistance required
is equal tn the resistance available, the compound slope
would have a stability equal and equivalent to the standard
slope.

Other ratios of Sa/Sr may be considered, and where
the same ratio occurs between a compound slope and the stan-
dard slope, it can be stated that the stabilities of these
two slopes are equal and equivalent. .

RESULTS OF ANALYSIS

Calculations were made for compound slopes with overall
heights (depth of trench) of 8 feet and 12 feet. For both 8
and 12 foot slopes the gradient of the upper portion of the
slope was varied and the height of vertical toe was varied.
The results of the calculations for the final configurations
are presented on the following pages.

Where the height of the vertical portion of the slope
at the toe is 34 feet, the stability of the 8 feet high
slope is equal and eguivalent tc the standard slope when the
upper portion of the slope is inclined at 3/4 to 1.

Where the height of the vertical cut is again 3% feet
and the overall height is 12 feet the stability of this
configuration is at least equal and equivalent to the stan-
daxd slope when the upper portion of the slope is inclined
at 1 to 1.
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The effect Of water collected in the most critical
tension crack has also been investigated. If it is assuned
that the critical tension crack for the standard slope is
filled by water and calculations are made on the effect of
water f£illing the most criticzl tension crack of any of the com-
pound slopes, the ratio of Sa to Sr for the compound slope
is greater than unity, that is, the compourd slope posscsses
a stability at least egqual to that of the standard slope.

CONCLUS IONS

If the total depth of the cut does not exceed 8 feet,
the stability of a 3/4 to 1 slope with the lower >k feet cut
vertically is egqual and equivalent to the stability of a 5
foot high vertical cut excavated in the same so0il.

If the total depth of the cut does .10t exceed 12 feet,
the stability of a 1 to 1 slope with the lower 3% feet cut
vertically is at least equal and equivalent to the stability
of a 5 foot high vertical cut ex~avated in the same soil.

=000~

The following Plates are attached and complete this
report:
‘ Sample Calculations
Respectfvlly Submitted,

R.
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-0 ale

Amend the definition of Excavation, Trenches, Barthwork in Sectio-
1504 to read:

Excavation, troncﬁo-, garthwork.

;(A) 3ell Bole. An additional excavation made into the sides or
bottom of a trench to provide additional work space.

(B) Belled Excavation. A vart of a shaft or footing
excavation, usually near the bottom and bell-shaped, that makes the
cross-sectional area at that point larger than that above.

(C) Braces for Excavations. The horizontal members of the
shoring systes whose ends bear against the uprights or stringers.

(D) Earthwork. The process of excavaging, moving, storing,
placing, and working any type of earth materials. !

{E) Excavation. A man-made cavity or depression in the earth's
surface, including its sides, walls, or faces formed by earth
removal and producing unsupported earth conditions by reason of the .
excavation. if installed forms or similar structures reduce the
depth to width relationship, an excavation may become a trench.

(F) Hard Compact. All earth material not classified as
running. er-unstabier

(G) Qualified Person. A person designated by the emplover who
by reason of exnerience or instruction is familiar with the '

operation to be performed and the hazards involved. . i

(H) Running. BEarth materjial whose angle of repose is
approximately zero, as in the case of soil in a nearly liquid state,
or dry, unpacked sand which flows freely under slight pressure.
Running material also includes loose or disturbed earth that can
only be contained with solid sheeting.

(I) Shaft. An excavation undor earth's surface whose depth,
either horizontal or vertical, is much greater than its
cross-sectional dimensions such as those formed to serve as wells,
cesspools, certain foundation footings, and under streets,
railroads, buildings, etc.
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!J] Shest Pile. A flx.' or :booeiga, that may form one of a

gontinuous interloc ne, or 3 row of timber, concrete, or steel
es, @riven in clese contact to provide a tight wall to resist the
teral pressure of water, adjacent earth, or other msaterials.

. (R) Shore (Strut). A supporting member that resists a
coapressive force imposed by 8 load,

. () 8Shoring System. A temporary structure for the support of
esarth surfaces formed as a result of excavstion work.

(M) Sides, Walls, and Paces. The vertical or {nclined earth
surfaces formed as a result of excavetion work.

(N) Sloping ef-Bareh. The-anglie-with-the-horitontai-whieh-e
partiouiar-sarth-nateriei-witi-stand-indefiniteliy-without-novemener
A method of excavation whereby the faces of an excavation or trench

are laid back to provide protection from moving qround.

(0) 8Spoil. The earth material that {s removed in the formation
of an excavation.

(P) Stringers. The horizontal members of the shoring system
whose sides bear against the uprights er-earth,

(Q) Trench. Ghail-nean-an-encavation-in-whieh-the-depth
execeeds-the-average-~width-of-its-eross-sectionr--Ercavations~-that
are-mose-than-15-feet-wide-at-th2-pottomy-shaftss-tunneisy-and-mine
execavations-are-not-trenehesr A narrow excavation made below the
surface of the ground. 1In general, the depth is greater than the
width at the bottom, but the width Oof a trench at the bottom 1S not
greater than 15 feet.

(R) Trench Jack. Screw or hydraulic type jacks used as cross
bracing in a trench shoring systemnm,

(S) Trench Shield. A shoring system generally composed of —~ va
stee. plates and bracing, welded or bolted together, whick support
the walls of a trench from the ground level to the trench botton of
which can be moved aiong as work progresses.

-

4Pr-~Unstabley-as-used-in-Artieie~-6r--Earth-neteriail-other-than
sunning-thaty-decause-of-4its-neture-or-the-influence-of-reiated
eenditionsy-csnnet-be-depended-upon-to-remain-in-place~without-entsa
Supperey-sueh-as-voutd-be-furnished-by-a-systen-of-shorings

(T) Uprights. The vertical members of the shoring systenm.
(U) Waler. A structural meaber in a horizontal or nearly
horizontal position used fcr stiffening or securing other components

of conurete forms, excavation sheeting, or similar temporary
structuras.
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Adopt mev Section 1340 to read:

1348, Excavationsg. -
¢ (a Scope. Sections ) and 1%41 apply to all

trenches, shafts or eart establish essential

excavations,
A

requirements and minimum standards of safety in earth excavation
work. :

NOTE: (1) Whenever the term "excavation(s)® fs used it also
app ies to trenches, shafts and other sarthwork.

2 Ffor additlional shalft an ncline excavation details, see
Sections 1544 and 1543.

= (3) For additional earthwork excavation details, see Sections
1544 through 1547 wnich apply to such work Jocations as borrow pits,
road or dam construction sites and similar work areas.

K The Orders In this Article do not apply to work covered by
the Mine Safety Orders or the Tunnel Safety Orders.
(b) Pregarat!ons.

(1) Prior to opening an excavation, the employer shall
deternine whether underground installations such as, sewer, water,
fuel, electric lines, telecommunication lines, etc., will be
encountered, and if so, where such underground installations are
docated.

2) When the excavation work approaches the approximate
crossing or .parallel location of such an underground installation
and danger of accidental contact or disturbance is possible, the
exact location shall be determined by appropriate means before
proceeding. When 1t is uncovered, adeguate protection shall be
provide2 for the existing installation.

3 All known owners of underground facilities in the area
involved sha be advised of proposed work at least 4 ork:ng hours

) prior to the start of excavation work. N

Exception: Emergency repair work to underground facilities.

Jls Trees, boulders, poles and other surface encumbrances
Apcatc S as to create a hazard to employees involve n excavation
work, or in the vicinity thereof at any time during operations
be removed or made safe betore excavating is bequn.

4]
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1] cause or rmit his employees to work in
:Ian untl] & reasonable examination of same
erson to deteraine that no

ons oxist exposing them to Injur TOMm s$sible

uslified person after
reasing occurrence and the
[ns shall be increased, 1f
rmitted to enter the excavation.

(d) Protection. Employees who must enter excavations S5 feet or
sore in dept e protected by a system of shorin sloping o
the groun benchin of other effective means as roviéoa by these
Orders. Protection for employees Who BmuSt work in excavitions
‘than 5 feet

P ed when examination by a
qualified person indicates that hazardous ground movement may be

expected.
(e) Spoil.

(l) Excavated material shall be prevented from falling back
into the area where employees are working. 7This shall be 3one by
Jocating the spoil at a distance from the edge of the excavation
consistent with the character of the material and the nature of the
operations, but unless otherwise contained, in no case shall be
excavated material be placec closer than 2 feet from the edge of
excavations.

42 No method that disturbs the soil that is in
driving stakes) sha

(f) Supervision. Excavation work and work in an exca&ation

shall at all times be under the immediate supervision of someone
with auzbority anaggualiff 1 dif : lop]

cations to modify the shoring, sloping eor
other system or work methods as necessary to provide greater

satety. Such modification shall not permit the spec imension
Tequiresents Of other orders to be less restrictive than shown

except as permitted by Section 1541(a)(6). This person shall
examine the material under excavation and improve the shoring or
other methods beyond the minimum requirements, as necessary, to
insure protection of workers from moving ground.

.
. .- «™
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r ,,f"
cons o VAL, (P
1 A coavenient and safe mesans of access shall be provided for

employees to enter an €AVEe An excavated area. s shall consist

o! a stairway, Jadder or ramp securely fastened i glacc at suitably
guarded or protected locations where employees are working.

ees are require

to be eet or
more in depth, & safe means of access shall be provided and located
B0 83 tO require no more than 25 feet of lateral travel,

Exception: In uti)ity trenches less than S feet in depth, earth
ramps or steps are acceptab) that they are not more than
eet on centers.

(h) Crossings.

1 Trenches shall be crossed only where safe crossings have

been provided,

(;1 when walkways or bridges are provided across excavated
areas, they shall be provided with standard gquardrails and toeboards
when the depth O0f excavation exceeds /- 1/2 feet.

(i) Excavators. An employee working in tne vicinity of
operating excsvating equlipment shall be required to work in a safe
position such that the employee is not in danger of falling into or
otherwise contacting the machine's moving parts.

(3) Undermining.

{1} No excavation work shall take place below the level of the
base of an adjacent fuundation, retaining wall or other structure
until it has been determined by a qualified person that such
excavation will in no way create a hazard to workars or until
adequate safety measures have been taken for the protection of
workers.

T (2) Undermined sidewalks and/or pavements shall be supported to
safe carry all anticipated loads.

3) If the stability of adjoining buildings or walls is
endangered by excavations, either shorlng2 bracing, underpinning, or
other method affording equivalent protection for workers shall be
grov43¢3 85 necessary to ensure their safety. ALl Such systems
shall
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{x) metsining wells,

(1) WMo existing wall or other structure shall be made by reason
of an excavation or backfill, to function as & retaining wall until
! has Deen determined that such wall will safely withstand all

ested loads that otherwise might be a source of hazard to workers.
. ) Wherever a permanent retaining wall, in lieu of the

te rary shoring system of this Article, 18 constructed to hold any
art of an excavatlion that might endanger workers, Such wall shall

Ec designed and constructed to effectively resist all existing &and

oxpectod'foa&s. Standards of desiqn shall be comparable to those of

the California Administrative Code, Title 24, Bullding Standards, or
any comparable local bullding code of equal or qreater

restrictiveness. P
" Pan
/z _ (1) Barriers at Unattended Work Locations.
‘ (1) Means shall be provided to prevent mobile equipment from

inadvertently entering. excavations.
(2) Adeguate physical barrier protection shall be provided to
prevent employees from falling into excavations.

(A All wells, pits, shafts, caissons, etc., shall be
barricaced or securely covered.

(8) Upon completion ol exploration and similar operations,
temporary wells, pits, shafts, etc., shall be backfilled,

(m) Water Accumulation.

{1) Diversion ditches, dikes, or other effective means shall be
used to przvent surface watar from entaring an excavation and to
provide adeguace drainage of the area adjacent to the excavation,
(2) Accumulations of water in excavations which endanger the

stabllity of those excavations or pose a hazard to employees ghall
be contréz;;3=iifbfeAggrthcr work progresses.
’:2 {n)  vibrations br Su s

rimposed Loads. cial safet

. rovis qns consisting of additional bracing or other effective means
shall be taken at excavations adjacent to streets, raliroads, or

sources o

provisions shal

been previously filled.

n excavations made in areas that have
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Adopt mew Section 1541 to read:

1341, ghoring, gloping and Benching Systeas,
{a) General,

, 1 All materials of the shoring system uscs in complying with
b rovisiona of this Article shall be free from defects and amage

might in any way Impair thelr protection function.
ere & shoring system is used it stall be designed and

fnstalled to sustain all existing and expected loads.

!:i provisions sha e made by the semployer to prevent i{njur
to clglo eesS engaged in the Installation of shor ng for trenches and
other excavations. In trench work this may be done by providing and
the use of devices that will allow upper ctoss braces to
fors employees work in the
trench at. those eep trenches re ufr!n additional
braces, workers shall th rogress downward rotected by cross

races that 1y y In_p!acc. The reverse
procedure shall be followed when removing shoring.

(4) No part of the shoring system of any excavation shali be
removed until effective means have been taken to avoild hazards to

enployees from movi ground.
S I1f a newly installied masonary or concrete wall is to be

depende uson for protection against moving ground, it shall have
attained adequate strcggth to sustain resulting pressures before
employees are permitted to enter, ~

'; If the excavation 1s deeper thin 20 fcot:Zr an alternate
shoring, sloping or benching system or oombination thereof Is to be
used, a civil engineer, currently registered in California, shall

repare detailed plans showing the materials and methods to be

uses. See Appendix Plate C-22.

Exception: Sloping or benching as permitted by this Article.

(A) Where alternate shorin slopin or benching systems are
used, the ong neer's or
Anspection the Division at the work site.

] ) Engloiccs must be adequately trained in the safet
precautions and hazards assoc lt; ternate shoring,
sloping, or benching systems used. -

C The written Code of Sale Practices required by Section 1509

shal)l be revised as appropriate to incorporate the engineer's
recommendations. :

{b) Standard Shoring System - General,
- gl] shord shall be inltaxlod in accordance with Tables 1 or 2
se Or
[3

ers or as detalled | lans and s %%i cations prepared
vi] engineer currently re Istcrea In Callfornia. See
I1x Plare C-53 for enginestl

e
xggrcn x Plate C~- for engineering criteria.
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solid wood sheeting or wood sheet-pill shall be not less
‘ iZB-!nch !n

n thickness.

ckness nay be substituted.
&y Woo* uprights shall be not less than 2 inches by 8 inches.
4 Wood braces and dlagonal Shores (Scruts) shall not Se less

than 4-inch by d-inch material and not subjected toc compressive
Atress in excess of values given by the following formula:

S = 1303 - (28L/D
Maxlimum Ratio (L/D = 58
Where L = length, unsupported, in inches
and D = least side E the tfmber In Inches

S = allowable stress in pounds per
square inch of cross section,

(S) Diagonal shores (struts) shall be wedged or cleated at the
bulkhead end, and, 1f bearing on the ground, shall not impose loads
in excess of test-determined soil-bearing values, or in the absence
of test data, those given In Plate C-22 of the Appendix.

NOTE: Allowance should be made for the horizontal component of
force.

(6) Diagonal shores (struts) shall not be placed at an angle
gqreater than 45 degrees with the horizontal.

(7) When tie rocs are used to restrain the top of sheeting or
other retaining systems, the rods shall be securely anchored.

(8) When tight sheeting or sheet-piling is used, full loading
due to ground water table shall be assumed, unless prevented by weep
holes, drains or other means.

9) Additional stringers, ties, and bracing shall be provided
to allow for any necessary temporary removal of individual supports.

190 If nonstress gqrade lumber is used for sheeting and laggin
the 1o.lou1ngggh1ckncss and spacing requirements shall

be observed:

Minimum rough thickness Maximum spacin
of sheeting or lagqing of shoring
2 inches 4 feet -
3 Inches 7 feet

{(11) All hydraulic shoring systems shall be installed, tested
and maintained In accordance with the manufacturers’' dat1i

recomrendations
or in accordance with qood ongincorfhg gractfce.
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L)

fe) Treneh Shoring Systems, -

7roncb lhorin systems shall be installed in compliance

2 of this section.

'ﬁ)vﬁgnorxng systems in trenches sha consist of uprights held
| y Opposite each other agalnst the trench walls Dy jacks or

ior.zonta cross members (braces) and, if required, longitudinal

members (stringers/walers) as required In Tables 1 and 2

(3 Uprights shall be installed parallel with each other.

4 A shored trench shall not be sloped in excess of 15 degrees

from vertical.

S) Uprights shall not be less than 2 inches in nominal
thickness.

Exception: "Plywood panels at least 3/4-inch thick may be used
behind the uprights in order to hold loose materiaj nhot likely to
impose heavy loads.

(6) Uprights shall extand to at least the top of the trench and
to as near the bottom as permitted by the material beilng installed,
but not more than 2 feet from the bottom.

Exception: When running soil is encountered, shoring shall
extend to the bottom,

(7) Cross braces shall consist of metal screw-type trench jacks
with a foot or base on each end of pipe, or timbers placed
horizontally and bearing firmly against uprights or stringers.
gydraulic_metai braces may also be used. See Tables 1 and 2.

{(é) Tne minimum number of horizontal braces, either jacks or
timbers, required for each pair of uprights shall be determined by
the numter of 4-foot zones into which the depth of the trench may be
ivided. One horizontal brace shall be required for each of these
zones, but in nd case shall there be less than 2 braces. Trenches
the depths of whicbh cannot be divided equally Into these standard
zones, shall have an extra horizontal brace supplied for the short
tena1ning zone, 1f such zone 138 greater than 1/2 the 4-foot unit.

Tn no case, however, shall the vertical spacing of horlzontal braces

De spaced greater than 4 feet cent:r to ceq%or. Minor temporary

shiftl o% horizontal bracing will be permitted when necessary for
in

the lowering of materials into placs.
4 The dimensions and spacing of the elements of the shorin

system sha be goserned by the depth of the trench, type of soi
encountered, @nd other speclial conditlons of the site, but in no

c2s¢e =hall they provide less strength than the members listed in the
following tables which are to be considered as s minimum requirement.

a7




TABLE 1

SHORING FOR MARD COMPACT SOIL
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r

Upcights DLaCS Strinjess {Waless) '
N Aluminum Pipe and Stec] Pipo and K
.’ ™ Mor.soatal size Morizontal wod Hydrauljc Systems sydraulic Systcms | Verticle tood Sise
ind Spaciag (ft) {in) spacing (ft)| size Max. Trench Min. ‘Dia. | Max Trench Min. Dia. Max. Trench Spacing {ia) !
(in) | width (fe) Gin) width (ft) {in) width (fe) - (fed )
"y e e . 1 axe 8 2y (] 1% ) None -
4 1o 4 x4 . 2% s 1% 3 . e
3 s 2 x4 . 2y [ 1% )y 4 e
wr ?te 10 . 10 s 4xe s by 6 2 . None .- !
. ) xio0 ¢ e 11 3 10 b 12 [} (7] .
1 a mo 2 axe 1n 3 10 3 15 . P .
+ ]
Perd 100012 . 12 s axe 3 b1N . 2 . None -
H 6 1S 3 [ b 12
1 . m3 4 axe s 2 ’ 2 10 . e
X6 15 3 10 2N 11
F 38 32 axe 10 2y 10 » 1 4 e
ox6 IH 3 10 3 15
-rilldce s ® s s ane 2 24 5 2 6 e uose -
X6 15 3 s b 1Y 10 » :
4 4x10 ¢ x4 4 24 3 2 s 4 (] .
e 15 3 10 2y 12 : :
3 mie 2 a4 . 2% 10 » 13 ¢ s
(373 15 3 10 3 13 ¢
» )
¥ 1 to 20 . x10 . '3 . 2y 3 b s Moae -
, axe 18 3 6 ) 12
. 4 ous . ¢ 139 10 2% 6 M 10 e [ 97
e 15 3 9 ) 15
F 10 2 e 12 24 s 1Y 1 4 sule .
.. s (] 15 519 10 3 18 '
v .
i

[
Reproduced from %.
[;ZZ available copy.
best avavdd”®
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TABLE 2
SHOMRING FOR RUKNING SOLL
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- Uprights Yiacrs . o St-irgorw (Malers)
Atwanas Pipe snd Stcul Pipe and
" Norizontal | Thickness | Morizontal W Wydtaulic Systems Wydraulic y>1-ms verticle | wood Sise
' spacing (C¢) {in} Spacing (ft)| Size [ max. Trench Man. Dla. Mmax Trooch Hin. Dies. mag. Trench Spacicg {ia)
Gn) | _wideh (fe) {in) widit () (in) width (fe) i1e)
EY | Selis ’ 2 . axe ° n [ Y 3 ) [
oxé 10 3 16 2 6
roce )0 Solid 3 [ X6 9 FL) 6 2 3 4 sxls
s 15 3 8 P e
.
~r 10 to 12 Solid 3 ¢ (319 [} 2 4 2 (3 ¢ Joul0
axe 1 3 [ 28 10
w12 te 1Y Solid 3 4 (3 (9 6 Pl ) 24 [] [ 20u12
sxs 15 3 3 15
wvor 1§ t8 20 solid 4 ¢ e 10 3 6 2% [ [ A2x02
ax10 15 3N ] 3 12
10210 20 4 10 W 1S

GENERAL NOTES

1. MNatal pipe braces permitted by these Orders shall be Schedule 4G, or
equivaleat, and installation ashsll be as required by these Orders.

2. Timber to ba “"Selected Lumber® quality, (See Definitions - Sectioa 1504¢].

3. The braces specified in Tables ) and 2 apply only to trenches as
defined ia these Orders.

4. Timber mambars of equivalent "Section Modulus® (required) may be
substituted Cor upsights and stringers.

3. In lieu of the above metal shoring systems, the use of properly
saintained hydraulic metal shoring units with squivaiont strength
is acceptable,

v
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{6) Protective Bhields and Welding Huts,

(1) If protective shields or welding huts are used to protect
workers, they shai] be constructed of steel or other materjal that
will provide protection at least equivalent to that afforded by the
paterlals specTfied In Tables 1 ang s
- (2 Plans and calculations prepared by a civil engineer i?
currently reqistered {rn Ealifornia shall be made avallable for field

nspection at the site where the shield or welding hut is used.

SRS )

(e) Bell or Pot Holes,

(1) Bell (or pot) holes shall provide adequate clearance for
the work to be done, and shall be supported by shoring and bracing
84S rcquired by these Orders for trenches unless protective shields

or welding huts are used.
2 If the operation performed in the bell (or pot) hole

grequires that an employee use we ng equipment from a reclined
position on the bottom, the bell (or pot) hole excavation shall be
of such shape that the emplovee will have adequate space for the
performance of this operation without removing any of the required
shoring system.

{£f) Sloping or Benching Systems. In lieu of a shoring system,
the sides or walls of an excavation or tren-h may be sioped or
benched, provided equivalent protection is thus afforded. Where
sloping 1s a substitute for shoring that would otherwise be needed,
it shali be 3/4 horizontal to 1 vertical except where the
instability of material reguires a slope greater than 3/4 to 1.

’ s flatter than
P 3/4 to 1
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Rxceptions:

compact 80il where the depth of the excavation or

ess, & vertical cut

1 n _hard
rench 1Is eet © 2
o! :Z! orizontal to 1 vertical

1

8 permitted.

2 In hard, compact soil where the depth the excavation or

trench i1s 12 feet o

ess, a8 vertical cut o 1/2 feet with slopin

of 1 horizontal to 1 vertical 1s permitted.

32 Mox. |

3k Mex. o

—— ,
/.

(3) In hard, compact soil, benching is permitted provided that
a slope ratio of 3/4 ncrfzontaf to 1 vertIcaE, or flatter, 1s gsea.

:!'. Min, | [3/4;1 |

f
2' Min, — : f
|

3}: ’-!CX. \

0
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Mend Section 1542 to read:

1542. Sbhafts.

(a) General.

-«
s or shafts over 5 feet in depth into which 22
pernitted to—enter shall be retained with iagging, .
® > 8S ngo

' “gspiling 'or casing shall extend at least one
foot [eve]l and shall be provided the full depth of the

shaft or at least five feet into solid rock 1f possible.

NOTE: See pertinent p;rtions of Section 15408 for additional
requirements relating to wells and shafts,

(b) Small Shafts Beyy-Gemented Hards Compact Ground. Two-inch
{(nominal) cribbing may be used in square shafts not over 4 feet
square in dryy-eemented hard compact ground. Each member shall be
cut 1/2 way through the width of the member and dovetailed into
position so each member will act as a shore as well as lagging.

Strips shall be nailed in each corner to prevent the boards from
dropping down.

(c) Shafts in Other Than 8911-eenenied Hards Compact Ground.

1 A system of lagging supported by braces and corner posts
shall be used for square or rectangular shafts. Corner posts of
4-inch by 4-inch material are normally acceptable in shafts 4 feet
square, or smaller, if they are braced in each direction with
horizontal 4-inch by 4-inch members at intervals not exceeding 4
feet. Braces and corner posts in larger shafts shall be
correspondingly larger. ’

2 Round shafts shall be completely lagged with 2-inch
material which is supported at intervals not greater than 4 feet by
means of adjustable rings of metal or timber that are designed to
resist the collapsing force, or cased in a manner that provides

. equivalent protection., Means-shali-be-provided-to-hold-rings-and
) agging-in-placer
52
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46)-=Bhafes-over-250-{ect-in-depth-shaii-have-e-nonvay
pcri{i&ouo‘-o!(-u(tb—t-iach-ocorioi-oe-oquivoicne-on‘-ohoii-hcve-.
2addervey-vith-ratiied-piacforns-every-39-feets

lg) Belled Excavation. Noworkman shall be required X
any well or shafl, particularly those mueg fot?‘ I"ﬂﬂ
the pur of enlarging the bottom by hand, ¢ sirnilar

)
ﬁ‘-n‘“.'

work, unless walls of the shaft are supported as in these
Orders, or unless sing affordin i Sm t prot ice.
The belled section o .ddi;i:n:?\:g(te:xcwo tior:olt:\ 'fw'ﬁ.ﬂﬁ‘ ’

work shall also have equi

| e shaft casing does not
Emnde protection. The shaft oring is not acceptable for

lled excavation protection wher&s&& height of the bell exceeds 4 feet
% 3 fe2tqr more beyond the shaft wall
all wear a body

or its horizonta! dimension ext
line. Additionally, men en
securely fastene&t j
line used to remoy:

Note: entering

> 3. Amendment of subsection (¢) Rled 5-21-75; effective thirtieth duy
ter (Register 73, No_21).

(4) Bell Excavations. Provisions for the protection of workers
age n belli 1 1 the Lottoms Oof shafts b

that are oni ng or enlargin
and sha nclude at least the following elements:
(1) Sufficient physical protection from potential ground

movement or collapse.
L2) Adeguate mechanical ventilation, . ,
3) A Iinel suitable for lnstant rescue, securely fastened to a

shoulder harness and worn bg each employee entering the shaft(s).
_q A proper squipped holst an atform for hoisting or
lowering workers in shatts over 50 feet in depth.

S Barriers that prevent materjais from talling into the

shaft(s).

53
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Amend Subsections (a), (d) and (e) of Section 1544 to read:
1344. Barthwork and Bxcavating.
!gﬁi See pertinént portions of Section 1348 for additional
Jeoquirenents relating oxcavat{ng.

% (a) Whenever the-Divisien-considers-thee the height and
condition of the face constitutes a serious hazard to employees, 4¢

sheii-requice the installation of a bench or other suitable method
of working shall be reguired. :

.{b) When a bench or multiple-bench method of operation ia re- '
quired, a setback of at least § th2 height of the single face or bank for |
each section of the face or bank shall be required.

(¢) When determining the mazimum permitted alope of the face,
esasideratioa shall be given to:
(1) Nature of the material being excavated.

(2) Extcot to which the material is cemented or eon-
solidated.
(3) Height of the face.

(4) Type and size of equipment used at the face and .
amount of protection this equipmeni affords the operator.

(S) Safety of employees who are not protected by such
equipment.

(d) Where the face is composed of loose or unstable materials,
the slope of the face shall not exceed 3/4 horizontal to 1 vertical
vhere the height is greater than that which can be reached by the
dipper-or bucket of the excavator or loader being used.

(e) Where the face is composed of moderately coapacted
materials that are not firmly cemented or consolidated but which
experience indicates will stand well in place, the slope shall not
exceed 1/2 horizontal to 1 vertical where the height is greater than
can be reached by the dipper-e® bucket of the excavator or loader
being used.

Amend Subsection (a) of Section 1545 to read:
"1545. Overburden.

(a) Mo person shall be permitted under a face or bank where
stripping or other similar operations constitute a hazard.
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Anend Bubsections (a), (4) and (e) of Bection 1546 to read:

1346. Pace Inspection and Contreol.

. (a) A éaily physical inspection shall be made of faces and
banks, including the tops, where men esployees are exposed to
£alling or rolling materials. The inspection shall be made by a
soapetent-nen qualified person who shall dislodge or make safe any
material dangerous to employees, or shall cause such material to be
¢islodged or aade safe.

(d) No person shall be permitted to work near a face made un-
mfe by primary blasting, rains, freezing or thawing weather, or earth-
quakes until the face has been inspected and made safe. ¢

(e) Overbanging banks are forbidden, rxeept: n’

(1) Where material is moved away from the face by
mechanical equipment having eontrols Jocated at a safe dis-

taoce o0 that mo employee is required to aporoach the face in
the course of mermal eperaticn. )

(2) Wbhere the baal is undereut with s siream of water
sad the monitor iy located at a safe distance from the bank.'

(d) Where necessary, e-competent-trained an employee shall be
employed at the faces and instructed to give warning when loose rock
or other materials are about to fall.

1) The employee shall be provided with a whistle, siren, or
other devices that will give adequate warning to employees.

13& The employee shall have no other work to distract his
attention from his duties as defined above.

(¢) When working at night, sufficient illuaination shall be
provided throughout the working area so that movement of men
employees and equipment can be readily observed.

(¥}
K
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Anend BSection 1547 to read:
1547. Protection of Workers at the Pace.,

. (s) Mo work shall be peraitted above or below men employees at
t,r face if such work endangers their safety.

{b) Workers at the face shall be protected as follows:

gt

() On top of the bank, by fencing with guardralls or ropes; by
using rafiled platformy or by using safety belts and 1life lines.
This does not apply where the bank {s less than 28 feet high or the
slope below is less than 3/4 horizontal to 1 vertical or where no
work is performed within 18 feet of the edge.

(2) On the face, by removing loose rock from over the working
place and by the use of safety belts and life lines, portable
staging, boatswain's chair or skips especially designed for use at
faces. If 8 boatswain's chair is used, the eamployee shall be
attached thereto with a safety belt and life line equipped with an
epproved effective descent control device.

When-neeessary-for-safetyy~-2 Two or more persons sholl be employed
in cdoperation with each other in drilling, blasting, or removing
loose rock.

Life lines used for scaling or inspection shall be protected fronm
excessive fraying or camaje eof and shall have a wi.e center :ope.

{(3) At the foot of the bank by removing loose rock from above
the working place, and maintaining a ready way of exit to a place of
safety.
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Amend Appendix Plate C-22 to read:

PLATE C-22
BEARING VALUE OF SOIL .

Shores and similar members that depend upon earth for support will
prodbably require foot blocks or sflls to distribute the load. 1In
the absence of test data that establish the sustaining power of the
soils in question, the following information should be helpful in
deteraining the size of £43131 sill needed to assure adequate support
froa the soil -

Tons allowable
Soil type per square foot
Soft clay
Vet clay
Sand and clay, maixed in layers
Pine dry sand
Hard dry clay
Coarse compact dry sand

b WNN -

DESIGN CONSIDERATIONS
EXCAVATIONS, SLOPES AND BENCHES

The determination of the slope or bench confiquration or deisgn of
the shoring system shall De based upo. careful evaluation of such

pertinent factors as the following:

{lﬂ Depth and width of cut.
2 Possible variation in water content of the material while

the excavation 1s open.

) Anticipatos changes in materials from exposure to alir, sun,
water or freezing temperatures.

4) Loading imposed by structures, equipment, overlaying
-atoéia or stored material.

) Vibratlon from ogu!ggcnt, blasting, traffic, trains or
other sources.

[ Existing underground facilities.
New OFf 0id adjacent excavations, -
A ainimum coefficlent of active earth pressure of 35 pcf
(Ku= shall be used in all calculations unless a solls evaluation

dndicates otherwise.
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Adopt new Appendix Plate C-24-a to read:
ts C=24-a

MINIMUM SHORING REQUIREMENT ..
_IN HARD COMPACT SOIL _ |~ UFme™" T§ |

: / ‘)\
= ; )
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Mopt aew Appendix Plate C-2 l-fbto r -.ﬂ-b

CLOSE SHEETING MET

~ IN RUNNING SOIL ° ' T -
. CLEATS y ' ’
.‘%.
~ REFER TO TABLE V4
CwaALEns) A '
STRINGERS

4"X 4" NINIMUM L~

¥\ 5o ST PILINGS

TRENCH DEPTH-

2' max., -

59

RUNNING MATERLAI
SOLID SHEETING
IS REGUIRED

ALL STR!'NGERS SHALL—
BE SUPPORTED TO PREVENT
THEM FROM SLIPPING OR FALLING
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Adopt new Appondix Plate c-zc-c to read: l
ate C-24-C

'MINIMUM ‘SHORING REQUIREMENT
>IN HARD COMPACT SOIL - y

T

et

. wvoravuc
//// V" . SHORING
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Aopt nev Appendix Plate C-24-4 to reagy o) ¢

."CLOSE SHEETING METHO

1. 'JN RUNNING SOIL -

-

~SHEET PILINGS
TRENCH DEPTH\

_STRINGER (WALER) |

HYDRAULIC .
SHORING

'RUNNING MATERIAL '
SOLID SHEETING
IS REQUIRED
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