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HOW TO USE THI S MANUAL

This manual is divided into 3 sections. The general requirements contained in
section 1 and the concrete preparation requirenments contained in section 2

al ways apply to each and every Reclamati on concrete repair project. Section 3
consi sts of a nunber of paragraphs containing the special requirenments of the
various repair materials and techniques. Once a repair material/techni que has
been properly selected fromsection 3 (see "Step 4. Choose An Appropriate
Systent below) it should be sufficient in preparing a job specific
specification to sinply require that the repairs be perforned in accordance
with the provisions of section 1, section 2, and section 3. X of this manual
Assistance in using this manual or with any other phase of concrete repair of
Recl amati on structures can be obtai ned by contacting:

@ enn Snobak or Kurt von Fay

Mat eri al s Engi neering and Research Laboratory
Code D-8180

Techni cal Service Center

P. O Box 25007

Denver, Co 80225

phone 303-236- 3730.

The standard concrete repair materials and techni ques described in this nmanual
have been devel oped and eval uated by the Bureau of Recl amation over a period
of some 90 years. Unfortunately, during this tine nany repair failures have
occurred on Reclamation concrete structures even though very durable repair
materials were specified and used. In evaluating the causes of these failures
it has been learned that it is essential to consistently use a systematic
approach to repairing concrete. Many such such repair systens exist and this
manual will not attenpt to discuss or evaluate which of these systens is best
for any set of field conditions. Rather, the follow ng repair system has been
used by Recl amation over a long period of tine and has been found to result in
successful concrete repairs. This system known as "The Seven Steps of
Concrete Repair", is suitable for repairing both construction defects in new
concrete as well as old concrete damaged by | ong exposure to field conditions.
In using this systemit is necessary to take the steps in nunerical order
Quite often the first questions asked when damaged concrete is detected is
"What should be used to repair this?" or "How nmuch will the repair cost?".
These are not wrong questions. Rather they are asked at the wong tine. Wth
a systematic approach these questions are asked only when sufficient
information is available to provide correct answers.

The Seven Steps of Concrete Repair

1. Determine the cause of damage

2. Evaluate the extent of damage

3. Determne the need to repair

4. Choose an appropriate repair system
5. Prepare the old concrete
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6. Apply the repair system
7. Cure the repair properly

Step 1. Determne the cause of damage - It is essential to correctly
determ ne the causes(s) of the danage to the concrete. |If this is not

done, or if the determnation is incorrect, the cause of damage wi |l nost
likely attack and deteriorate the repair. The noney spent for such repairs
is, thus, totally lost and |larger replacenent repairs become necessary at
nmuch hi gher cost.

Step 2. Evaluate the extent of danmage - The objective of this step is to
det erm ne how nmuch of the structure is danaged and how extensive the danmage
is.

Step 3. Determine the need to repair - Not all damage to concrete requires
repair. Repairs should be undertaken only if they will result in |onger or
nore econonical service life, a safer structure, or necessary cosnetic

i nprovenents in the structure. This step also includes determ nation of
when the structure can be taken out of service for repairs, an estimte of
how l ong the repairs will take, and how to budget the costs of the repairs.

These first 3 steps are the major conponents of a condition survey. Only
after they have properly been perfornmed shoul d one proceed with sel ecting and
installing the repair materials.

Step 4. Choose an appropriate repair system- Upon conpletion of the first
3 steps, an appropriate repair systemcan be selected that takes into

consi deration the many factors essential to a successful repair. 1In a
majority of the repair situations, the standard materials and nethods in
this specification will fully nmeet all repair needs. It should be

recogni zed, however, that service conditions or special repair situations
wi Il occur where these "standard materials" will not nmeet the speci al
requirenents and it will be necessary to resort to "non-standard" repair
materials or nmethods. Such materials are continually being tested and
eval uated by Reclamation | aboratory and field offices. They include
materials that may have performed quite well in |aboratory tests but have
not yet been applied in the field, materials not yet having | ong or
sufficient field service to determ ne service |ife expectancy, or newy
devel oped conmercial materials not yet tested or eval uated by Recl amati on.
It is appropriate to use such repair materials and techni ques only when it
has been determined that none of the standard repair materials wll
properly serve, and when it is fully understood and agreed by all involved
parties that the risks associated with the use of unproven materials are
justified by the expected benefits of repair success and are acceptabl e.

Step 5. Prepare the old concrete - The nost common cause of repair failure
is inmproper or inadequate preparation of the old concrete prior to
application of the repair material. Even the best of repair materials wll
gi ve poor service life if bonded to weakened or deteriorated old concrete.
The provisions of section 2 of this manual provide only the mninum
preparation requirenments. It should be noted that each of the standard
repair materials has special preparation requirenments and that these

requi renents are listed under paragraphs f of section 3. That is, for
exanpl e, the special preparation requirenents for replacenment concrete wll
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be listed under paragraphs 3.6.f while those of epoxy bonded concrete will
be listed under paragraphs 3.8.f.

Step 6. Apply the repair system- Each standard and non-standard repair

mat eri al has application procedures specific for that material. For
exanpl e, the procedures used with replacenent concrete are vastly different
fromthose necessary for polyner concrete or epoxy bonded concrete. It is

essential that proper application techniques as listed in the section 3
par agraphs g for each material be foll owed exactly.

Step 7. Cure the repair properly - The second nost conmon cause of repair
failures is inproper or inadequate curing. Each repair nmaterial has
specific curing requirenments. As an exanple, replacenent concrete benefits
fromlong periods of water curing while |atex nodified concrete, currently
a non-standard material, requires 24 hours water curing followed by drying
to allow formation of the latex film Polyner concrete has essentially no
curing requirenents while those of silica fume concrete are are exceedi ngly
exact. Failure to achieve proper cure for the proper duration, as |isted
in section 3 paragraphs f, will result in loss of the repair at the fina
step of the process.

SECTION 1 - GENERAL REQUI REMENTS
1.1 GENERAL

Concrete that is damaged from any cause; structural concrete that has cracked;
concrete that is honeyconbed, fractured, or otherw se defective; and concrete
t hat, because of excessive surface depressions, nust be excavated and built up
to bring the surfaces to the prescribed Iines, shall be repaired or replaced
in accordance with these specifications and contract requirenents.

The nmethod of repair or replacenent (procedure) shall be as determ ned and
directed by the Contracting Oficer.

Contract, as used herein, shall nmean the contract which, by reference, these
specifications are included in and nmade a part. Contracting Oficer, as used
herein, shall nmean the person executing the contract on behalf of the
Governnment, and shall include duly authorized representatives. Contractor, as
used herein, shall nean the party entering into the contract with the
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Government, and shall include subcontractors, suppliers, manufacturers, and
agents at all tiers.

1.2 DESI GNS

Concrete m xture proportions, conpressive strengths, and ot her design
requi renents shall be as specified in these specifications. Designs by the
Contractor shall be subject to the approval of the Contracting Oficer

1.3 SUBM TTALS

Submittals shall be in accordance with these specifications and the contract
requirenents entitled "Subnmittal Requirements.” The Contractor shall submt
MSDS (Material Safety Data Sheets), approval draw ngs and data, repair plans,
certifications, material sanples, test data and sanples, and other subnittals
as required in these specifications. The Contractor shall be responsible for
the accuracy of all submttals.

Unl ess specified otherwi se submittals shall include the original and 2 copies.
1.4 QUALI TY ASSURANCE

Qual ity assurance shall be in accordance with the requirenents of the contract
entitled "Quality Assurance,"” and with the requirenments of these
speci fications.

Al'l concrete shall be repaired as necessary to produce surfaces conformng to
the specified tol erances and finish requirenents of the contract in which

t hese specifications are incorporated by reference and as outlined in

section 3.

If, in the opinion of the Contracting Oficer, the results of concrete repair
i ndi cate that proper quality control procedures are not being consistently
utilized, further repair work may be suspended in whole or in part at the

di scretion of the Contracting Officer. Such suspension will be effective
until the Contractor denonstrates substantial inprovenent in quality control
procedures and repair results.

a. Contractor's quality control. - In accordance with the clause in the
contract entitled "Inspection of Construction," the Contractor shall be
responsi ble for providing quality control neasures to ensure conpliance of
the repair with these specifications. The Contractor shall inplenent
necessary and appropriate quality control procedures to ensure that al
concrete repairs conformto the requirenments of these specifications.

b. Governnent inspection and tests. - Governnment inspection and tests wll
be in accordance with the clause in the contract entitled "Inspection of
Construction,"” and with these specifications.

Not | ess than 24 hours in advance of any concrete repair, the Contractor
shall informthe Contracting O ficer when the concrete repairs will be
performed and, unless inspection is specifically waived, the repairs shal
be performed only in the presence of an authorized representative of the
Contracting Oficer.
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c. Testing. - Except as specified in paragraphs 3.5 and 3.12 of the
specifications the Contractor shall performall tests. The Contractor
shall provide all materials, equipnment, and | abor necessary for performng
the tests at no additional cost to the Governnent.

d. Approval. - Approval of the repairs will be based on the inspection and
testing requirements of these specifications.

e. Rejection. - Repairs that fail to neet the requirenents of these
specifications will be rejected.

1.5 MATERI ALS AND WORKMANSHI P

a. Mterials. - The Contractor shall furnish all materials for repair or
mai nt enance of concrete and shall furnish all materials for formng
curing, and protection of the repairs, as required. Al nmaterials shal
meet materials specifications as specified in section 3, and all equi pnent
used and nethods of operation for the repair or maintenance of concrete
shal | be subject to approval of the Contracting Oficer

The references to materials in the specifications, wherein manufacturer's
products or brands are specified by "brand name or equal" purchase
descriptions, are made as standards of conparison only as to type, design
character, or quality of the article required, and do not restrict the
Contractor to the manufacturer's products or to the specific brands named.
It shall be the responsibility of the Contractor to prove equality of
materials and products to those referenced and to provide all descriptive
i nfornmati on, test results, and other evidence as nay be necessary to prove
the equality of materials or products which the Contractor offers as being
equal to those referenced.

b. Wdrkmanship. - Concrete shall be repaired by skilled worknmen as
outlined in section 3.

1.6 SAFETY

Al work shall be performed in accordance with the applicable safety and

heal th standards, the requirenments of Reclamation's "Health and Safety
Standards, " the contract, and these specifications. Certain additional safety
precautions shall be enployed to prevent skin and eye contact with chem cals,
resins, or nmononeric materials. Protective glasses and clothing, including
rubber or plastic gloves shall be worn by all persons handling nononeric
materials. Al exposed skin areas shall be protected with a protective
barrier creamformulated for that purpose. Barrier creamfor skin protection
shal |l be specified for the materials used and approved by a physician
Adequat e ventilation shall be provided and nmaintained at all tines during use
of nmononeric materials and solvents. Fans used for ventilating shall be

expl osion proof. |If necessary, respirators that filter organic funmes and
msts shall be worn. All contami nated materials such as w pes, enpty

contai ners, and waste material shall be continually deposited in containers
that are protected fromspillage. Spillage shall be inmrediately and

t horoughly cl eaned up and di sposed of in accordance with applicable
regul ati ons.
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Federal Standard No. 313, as anmended, for the preparation and submni ssion of
material safety data sheets is hereby incorporated and nade a part of these
speci fications.

In accordance with the clause in the contract entitled "Hazardous Materi al
Identification and Material Safety Data," the Contractor shall subnit a

conpl eted MSDS (Material Safety Data Sheet), Departnent of Labor Form OSHA-
174, or GSA-approved Alternate Form A for each hazardous naterial as required
by Federal Standard No. 313, as anended. The information in this MSDS shal
be followed to assure safe use, handling, storage, and an environnentally
accept abl e di sposal of the cormmpdity used on the job site.

The Contractor shall submt to the Contracting O ficer, not |less than 30 days
prior to job site delivery of each hazardous material, conpleted MSDS and
identification and certification for the materi al

1.7 REPAI R PROCEDURES

Al repair or maintenance procedures shall be perfornmed in accordance with the
appl i cabl e specifications of section 3, including surface preparation
form ng, finishing, and curing.

SECTI ON 2 - CONCRETE PREPARATI ON FOR REPAI R

Concrete to be repaired shall be prepared in accordance with the requirenents
of this paragraph and with the special requirenents of section 3.

2.1 REMOVAL AND CLEANI NG

Al'l damaged, deteriorated, |oosened, or unbonded portions of existing concrete
shall first be renoved by water blasting, bush hammering, jack hammering, or
any ot her approved nmethod, with approved equi pnent, after which the surfaces
of existing concrete shall be prepared by contai ned shotbl asti ng, wet

sandbl asting, or water blasting to renove any mcrofractured surfaces
resulting fromthe initial renmoval process. The surfaces shall then be

cl eaned and allowed to dry thoroughly, unless the specific repair technique
requires application of materials to a saturated surface. Concrete renoval
processes involving the use of jack hammers in excess of 30 pounds, dry
sandbl asting, or scrabblers shall not be used without approval by the
Contracting O ficer. The use of acids for cleaning or preparing concrete
surfaces for repair will not be pernmtted

2.2 SAW CUT EDGES

The perineters of repairs to concrete that involve concrete renoval and
subsequent materials replacenment shall be saw cut perpendicular to the repair
surface to a minimumdepth of 1 inch. Featheredge repairs to concrete shal
not be used.

2.3 REI NFORCI NG STEEL

Al'l | oose scale, rust, corrosion by products, or concrete shall be renoved
from exposed reinforcing steel. Reinforcing steel exposed for nore than one-
third of its perinmeter circunference shall be conpletely exposed to provide 1-
i nch mini mum cl earance between the steel and the concrete. Danaged or
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deteriorated reinforcing steel shall be renoved and replaced as directed by
the Contracting Oficer

2.4 MAI NTENANCE OF PREPARED SURFACES

After the concrete has been prepared and cleaned, it shall be kept in a clean
dry condition until the repair has been conpleted. Any contam nation
including oil, solvent, dirt accunulation, or foreign material shall be
renoved by additional wet sandblasting and air-water jet cleanup followed by
dryi ng.

SECTI ON 3 - SPECI FI CATI ONS FOR REPAI RI NG CONCRETE
3.1 SURFACE GRI NDI NG

VWere bul ges, offsets, and other irregularities exceed the specified

tol erances, the protrusions shall be repaired so that the surfaces are within
the specified limts. Surface grinding techniques may be used for this

pur pose subject to the following limtations:

a. Ginding of surfaces subject to cavitation erosion (hydraulic surfaces
subject to flow velocities exceeding 40 feet per second) shall be limted
in depth so that no aggregate particles are exposed nore than 1/16 inch in
cross section at the finished surface.

b. G&Ginding of surfaces exposed to public view shall be Iimted in depth
so that no aggregate particles are exposed nore than 1/4 inch in cross
section at the finished surface.

c. Ginding of all other surfaces shall be as directed by the Contracting
Oficer. 1In no event shall surface grinding result in exposure of nore
than one-half the dianeter of the maxi mum size aggregate.

d. \Were surface grinding has caused or will cause exposure of aggregate
particles greater than the limts of subparagraph 3.1.a. or b., the
concrete shall be repaired by excavating and repl acing the concrete in
accordance with paragraph 3.6 or 3.8. as directed by the Contracting
Oficer.

3.2 PORTLAND CEMENT MORTAR

a. GCeneral. - Repairs with portland cement nortar shall be made only if
specifically approved by the Contracting Oficer. Approval for hand-
applied cement nortar repairs will be given only for very small repair
areas not associated with critical perfornance of the structure. Wen
approved, portland cenment nortar may be used for repairing defects on
exposed, new concrete surfaces if the defects are snall and are too w de
for dry pack and too shallow for concrete replacenment and only if the
repairs can be conpleted within 24 hours of renoving the forms. Portland
cenment nortar shall not be used for repairs to old or existing concrete or
for repairs that extend to or below the first |ayer of reinforcing steel

b. Submittals. - Before beginning any repair work, the Contractor shal
submt a detailed list of the equi pnent, procedures, and materials the
Contractor proposes to use for cenent nortar repair to the Contracting
O ficer for approval.
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c. Quality assurance. - Quality assurance shall be in accordance with
par agraph 1. 4.

d. Materials. - Portland cenent nortar shall consist of type | or type |
portland cement, clean water, and clean, well-graded sand passing a 1.18-mm
(No. 16) sieve. Al nortar materials, including curing conpound shall neet
t he requirenents of subparagraph 3.6.d.

e. Safety. - Al work shall be perforned in accordance with the
requi renents of paragraph 1.6.

f. Concrete preparation. - After danmaged or defective concrete has been
renoved as specified in section 2, the surface on which nortar is to be
pl aced shall be prepared by being thoroughly cleaned of all nicro
fractured, |oose, or deteriorated materials and surface-dried.

g. Application and M xture Proportioning. - Portland cenent nortar shal

be conposed of portland cenent, sand, and water, all well mixed and brought
to proper consistency. Mrtar mxtures and application techniques shall be
in accordance with the requirenments for nortar replacenent nmethod as

described in Reclamation's "Concrete Manual", Eighth Edition, revised,
chapter VI1. Cenent nortar shall not be applied until approval of al
subm ttals has been received fromthe Contracting Oficer

h. Curing. - Al cenent nortar repairs shall be water cured for 7 days
following application. At no tine during this initial curing period shal
the nortar be allowed to dry. |If drying occurs, the repair shall be
renoved and replaced. |If the repair is renoved and the original concrete

is older than the maxi mum specified in subparagraph 3.2.a., another repair
nmet hod shall be used in accordance with these specifications. Follow ng
the 7-day curing period and while the repair is still saturated, the
surface of the repair shall receive two coats of wax-base (type |) or

wat er-emul sified resin base (type I1) curing conpound neeting the

requi renents of subparagraph 3.6.d.

3.3 DRY PACK AND EPOXY BONDED DRY PACK

a. GCeneral. - The dry pack concrete repair technique shall be limted to
areas that are small in width and relatively deep, such as core hol es,
holes left by the renoval of formties, cone-bolt and she-bolt holes, and
narrow slots cut for repair of cracks. Epoxy bonded dry pack shall be used
for critical repairs or for repairs expected to be exposed to severe
service conditions. Dry pack shall not be used for shall ow depressions
where |l ateral restraint cannot be obtained, nor for filling behind stee

rei nf orcenment .

b. Submttals. - Before beginning any repair work, the Contractor shal
submt to the Contracting Officer for approval, data for the nortar
materials and as provided by paragraph 3.8.b.(2).

c. Quality assurance. - Quality assurance shall be in accordance with
par agraph 1. 4.

d. Materials. - Dry pack nortar shall consist of type | or Il portland
cenent, clean sand that will pass a 1.18-mm (No. 16) sieve, and clean
water. All dry pack nmaterials, including curing conmpound, shall neet the
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requi renents of subparagraph 3.6.d. Epoxy bonding resin shall neet the
requi renents of paragraph 3.8.d.(2).

e. Safety. - Al work shall be perforned in accordance with the
requi renents of paragraph 1.6.

f. Concrete preparation. - Holes for dry pack shall have a m ni nrum depth
of 1 inch and shall be square at the surface edge. A careful inspection
shall be nmade to ensure that the hole is thoroughly clean and is in sound
concrete. The interior surfaces of the hole shall be presoaked prior to
application of the dry pack. |If epoxy bonded dry pack is to be used
presoaking the repair area prior to application of the dry pack shall not
be perforned.

g. Application. - A nortar bond coat or epoxy resin bond coat shall be
applied to the concrete hole surface prior to placing dry pack. The nortar
bond coat shall consist of 1 part portland cenment to 1 part sand nmixed with
water to give a fluid paste consistency. The nortar bond coat shall be

t horoughly brushed onto the hole surfaces. The epoxy resin bond coat shal
consist of materials and be applied in accordance with the provisions of
paragraph 3.8.9.(3). Dry pack nortar shall consist of 1 part portland
cenent to 2.5 parts sand (by weight) and shall be mixed with just enough
water so that the nortar will stick together when nol ded by hand and not
exude wat er when squeezed.

The dry-pack nortar shall be inmredi ately packed into place in 3/8-inch
conpacted | ayers before the bond coat has dried or cured.

Each [ ayer shall be conpacted over the entire surface by tanping with a
har dwood dowel and hanmmer. Hardwood dowel s are used in preference to netal
bars because the bars tend to polish the surface of each layer. The fina

| ayer shall be finished i mediately after conpaction by laying the flat
side of a hardwood board against the fill and striking the board firmy
with a hanmer.

h. Curing. - Proper curing is essential for a successful dry-pack repair.
The surface of the repair area shall be protected fromdrying and shall be
kept continuously noist for 7 days. The surface of the repair shall be
protected from surface drying by using burlap kept wet, wet sand, or

pl astic sheeting over a water soaker hose, or other nethods approved by the
Contracting Oficer. After 7 days and while the surface is still danmp, two
coats of curing conpound shall be applied to prevent noisture |oss. The
dry-pack repair area shall not be exposed to freezing tenperatures for

3 days after application of the curing conpound.

3.4 PREPLACED AGGREGATE CONCRETE
a. General. -

(1) Preplaced aggregate concrete (PAC) is concrete that has been nade
by forcing a grout into the voids of a mass of clean, graded, coarse
aggregate. As a repair nmethod, PAC is used where placing conventiona
concrete is extrenely difficult, such as in underwater repairs, concrete
and nmasonry repairs, or where shrinkage of concrete nmust be kept to a
mnimum In underwater repairs, injection of grout at the bottom of the
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b.
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PAC di spl aces water, |eaving a honobgeneous mass of concrete with a
m ni mum of paste washout.

For the purpose of this repair nethod, grout is defined as a mixture of
wat er, cenentitious materials, sand, and adm xtures.

(2) Reference standards and specifications for PAC. - Reference
standards and specifications for materials, testing, and proportioning
PAC shall be the standards listed below Standards and specifications
for testing concrete and concrete materials shall be in accordance with
appl i cabl e ASTM and AClI st andards.

(a) ASTM C 937 - Standard Specification for Gout Fluidifier for
Pr epl aced- Aggregat e Concrete.

(b) ASTM C 938 - Standard Practice for Proportioning Gout Mxtures
for Prepl aced- Aggregate Concrete.

(c) ASTM C 939 - Standard Test Method for Flow of Gout for
Pr epl aced- Aggregate Concrete (Fl ow Cone Mt hod).

(d) ASTM C 940 - Standard Test Method for Expansion and Bl eedi ng of
Freshly M xed Grouts for Prepl aced-Aggregate Concrete in the
Laboratory.

(e) ASTM C 941 - Standard Test Method for Water Retentivity of G out
M xtures for Prepl aced- Aggregate Concrete in the Laboratory.

(f) ASTM C 942 - Standard Test Method for Conpressive Strength of
Grouts for Preplaced-Aggregate Concrete in the Laboratory.

(g) ASTM C 943 - Standard Practice for Making Test Cylinders and
Prisms for Determning Strength and Density of Prepl aced- Aggregate
Concrete in the Laboratory.

(h) ASTM C 953 - Standard Test Method for Tinme of Setting of Gouts
for Prepl aced- Aggregate Concrete in the Laboratory.

(i) American Concrete Institute Standard (AC -304), Reconmended
Practice for Measuring, Mxing, Transporting, and Placing Concrete.

Submittals. -

(1) At least 60 days prior to beginning repair work, the Contractor
shall submit for approval a repair plan for PAC construction. The
repair plan shall include detailed draw ngs of formaork construction
the grout injection systemincluding sequence of injecting grout into

i nsert pipes, location and spacing of injection tubes, sounding wells,
and pi pes; a description of all equipnent including punps, sizes and

di ameters of pipes, hoses, and connections; the planned operating
procedures and punping rates for grout; methods of placing coarse
aggregat e; methods of consolidating aggregates and PAC during grouting;
and comuni cation facilities between the grout m xi ng and punpi ng pl ant
and PAC pl acenent.
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The proportions of grout mxtures and fresh properties of grout shall be
submtted with the repair plan. |Included with the grout proportions,
shal | be the voids content and conpacted density of aggregates before
injection of grout, the density of hardened PAC, and the conpressive
strengths of PAC at 7 and 28 days' age.

(2) The Contractor shall submt for approval to the Contracting
Oficer's representative a proposed specific operating procedure

i ncluding a hazard analysis for all preplaced aggregate concreting and
grout injecting operations. The specific operating procedure shal

i ncl ude such things as engineering controls, protective clothing, eye
protection, respiratory protection, and air sanpling as necessary to
check the effectiveness of the control program

(3) Punp rating curves and conplete m xer details, including

phot ographs or drawi ngs of the proposed m xi ng equi pnent, shall be
submtted to the Contracting Oficer for approval 30 days prior to use.
The Contracting O ficer shall have the right to require the Contractor
to make changes in the equi pmrent which the Contracting O ficer

det erm nes necessary to make the equi pnent performsatisfactorily during
the grouting operations w thout additional cost to the CGovernnent

(4) The Contractor shall submt test results fromtesting of cylinders
in accordance with the requirenents of subparagraph c. bel ow

c. Quality assurance. - Quality assurance shall be in accordance with
paragraph 1.4 and these specifications. Unless otherw se directed, grout
m xtures shall be proportioned in accordance with ASTM C 938.

For normal structural work, the ratio of cenentitious materials (cenent
pl us pozzolan) to sand shall be 1:1. |If |eaner mixes are required
(generally for |ow heat generation), the ratio may be adjusted, but shal
not exceed 1:2.

The ratio of cement to pozzolan, by weight, shall be between 2:1 and 4:1 as
directed by the Contracting Oficer.

The ratio of water to cenentitious materials

w
P+C
wher e:
W= wei ght of water
P = wei ght of pozzol an
C = weight of concrete
shal |l not exceed 0.50 by weight. For severe exposure conditions, the WP+C
rati o shall be in accordance with Reclanmation's "Concrete Manual ," Ei ghth
Edition, revised, chapter 111, table 15.

The punpability of grout containing fine sand (grading 1, table 2 of ASTM
C 637) shall be controlled by the consistency test using the flow cone in
accordance with ASTM C 939. The flow tinme shall be between 20 and

30 seconds unless it can be denobnstrated that grout can be effectively
punped at a different flow tine.
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Conpressive strength cylinders shall be cast in accordance with ASTM C 943
and tested at 7 and 28 days' age with a mninmum of two cylinders tested for
each age. The design conpressive strength of PAC shall be 4,000 pounds per
square inch at 28 days' age. The required average strength for PAC is that
which will ensure that 80 percent of all test cylinders exceed the design
strengt h.

The quality of the top of formed PAC placenents shall be ensured by venting
air, water, and lowquality grout fromthe uppernost |location in the
pl acenent .

For unformed surfaces where a screeded or troweled finish is required, the
grout level shall flood the top surface above any aggregate, and any

di luted grout shall be renoved by brooming. A thin |layer of pea gravel
havi ng a maxi num si ze aggregate (MsSA) of 3/8 inch shall be worked into the
surface by raking and tanping or internal vibration. The surface shall be
finished in accordance with conventional concrete procedures to resenble
the finish of the surrounding concrete. Care shall be taken when topping
off the unformed surface to avoid lifting or |oosening of the surface
aggregat e.

d. Materials. - Materials for PAC shall be in accordance with the
requi renents of ASTM C 938 and the follow ng additional requirenments:

(1) Pozzolan. - Pozzolan shall neet the requirenments of ASTM C 618 for
class F pozzol an

(2) Adm xtures. -

(a) Air-entraining adm xture. - Air-entraining adm xture (AEA) shal
nmeet the requirements of ASTM C 260.

The amount of AEA used for injecting nortar shall be that anmpunt
necessary to effect a total air content in the nortar, prior to
injection, of 9 percent, plus or mnus 1 percent, by vol une of
nortar.

(b) Gout fluidifier. - Gout fluidifier shall nmeet the requirenents
of ASTM C 937.

(c) Chemcal adm xtures. - Chemical admixtures, if permtted, shal
neet the requirenments of ASTM C 494 for types A, D, F, or G

adm xtures. Chemi cal adm xtures shall not be used w thout prior
approval fromthe Contracting Oficer

(3) Sand. - Sand shall consist of natural particles which may be

suppl enented by limted quantities of crushed sand to make up for
deficiencies in the natural materials. Natural sand is required due to
its favorable particle shape for punmping grout. Sand for PAC differs
fromsand used for conventional concrete, prinmarily inits finer

gr adi ng.

Sand shall nmeet the quality requirenents of subparagraph 3.6.d.; and the
gradi ng requirenents of ASTM C 938
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(4) Coarse aggregate . - Coarse aggregate shall be clean and well -
graded. Unless otherw se directed, the MBA shall be 1-1/2 inches, and
after conpaction in the forns, shall have a voids content from35 to 45
percent.

Coarse aggregate shall neet the quality requirenments of subparagraph
3.6.d.; and, the grading requirenments of ASTM C 637, table 2, grading 1
for coarse aggregate.

For larger placenments, the |largest size aggregate that can economcally
be pl aced shall be used. The MSA and gradi ng of coarse aggregate for
t hese pl acenents should follow the guidelines of ACI 304.

e. Safety. - Al work shall be perforned in accordance with requirenents
of paragraph 1.6 and these specifications.

The Contractor shall conply with Reclamation's "Construction Safety
Standards" as well as all other applicable safety and heal th standards and

regul ations. |In the event of conflict, the nore stringent standard shal
apply.
f. Concrete preparation. - The Contractor shall prepare all concrete

surfaces and foundations for PAC application. Concrete surface preparation
shall be in accordance w th subparagraph 3.6.f.

For underwater repairs, high-pressure water jetting shall be the nornal
met hod for concrete renoval and surface scarification. Low pressure water
jetting will be allowed for cleanup i medi ately before placing PAC

In underwat er construction where contanination is known or suspected to
exist, the water shall be sanpled and tested to determ ne the degree of
contami nation and its possible influence on the quality of concrete. Were
noderate contamination is present, concrete surfaces shall be cl eaned
within 2 days prior to placing aggregate and grouting. |f contaminants are
present in such quantity or are of such character that harnful effects
cannot be elimnated or controlled, preplaced aggregate concrete shall not
be used.

Al loose, fine material shall be renmoved fromthe placenment insofar as
possi bl e before placenent of coarse aggregate to prevent subsequent coating
of the aggregate or filling of voids.

g. Application. -

(1) GCeneral. - Application of PAC shall include construction and
pl acenent of formaork and the grout injection system placenent of
aggregate, injection of grout, finishing, and curing of PAC

(2) Equipnent. - The grout m xing, punping, and injection system shal
be furnished by the Contractor.

The grout injection systemshall be designed to deliver and inject grout
into the preplaced aggregate, to provide a nmeans for determning the
grout elevations within the aggregate nass, and to provide vents in

encl osed forns for water and air to escape. The injection system shal
have a bypass for returning grout to an agitating tank
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Punps shall be of a positive displacenment type and be equi pped with a
pressure gauge on the outlet line to indicate any incipient |ine

bl ockage. At |east one extra punp shall be on standby to nmaintain

conti nuous punpi ng operations. The punps shall have qui ck-di sconnecti ng
fittings to the grout supply line.

M xi ng and agitating equi pnent shall be sized to maintain a continuous,
uninterrupted flow of grouting nortar for the duration of the PAC

pl acenent. The m xi ng plant shall be a high-speed centrifugal type and
shal | be equi pped with an accurate water neter, reading cubic feet to
tenths of a cubic foot. 1In addition to the grout m xer, a hol dover
nmechani cal agitator tank of similar volunme as the mxer shall be
provided. Suitable provisions shall be nmade for passing the grout
through a U. S. Standard 2.36-nm (No. 8) sieve as it is discharged from
t he m xer.

The batching and m xi ng pl ant equi pnent shall accurately nmeasure the
anmounts of cenment, pozzol an, sand, adm xtures, and water batched for
grout. Inaccuracies in feeding and nmeasuring during operation shall not
exceed by individual weight plus or minus 1 percent for water; plus or
m nus 2 percent for cenment, pozzolan, or sand; and plus or m nus

3 percent for adm xtures.

The I ength of delivery line shall be kept to a practicable m ninum

Pi pe sizes shall be designed so that during operation, the grout

vel ocity ranges between 2 and 4 feet per second for delivery lines up to
300 feet, or at a punping rate of about 1 cubic foot of grout per mnute
through a 1-inch-dianeter pipe. Pipe sizes shall be approximtely

1 inch in dianeter, but may need to be increased in size for delivery
lines longer than 300 feet to reduce pressures.

Grout insert pipes shall have a dianeter of 3/4 to 1 inch and shall be
pl aced vertically, horizontally, or at angles to inject grout at the
proper location. Gout insert pipes shall be in sections about

5-1/2 feet in length for ease of withdrawal. For depths greater than
15 feet, grout insert pipes shall be flushed coupled. For depths |ess
than 15 feet, standard pipe couplings may be used.

Connecti ons between grout delivery lines and insert pipes shall have
gui ck-di sconnect fittings. Quick-disconnect fittings which reduce the
cross section of the flow area shall not be used. Each insert pipe, or
the end of the delivery line where it attaches to the insert pipe, shal
be equi pped with an individual valve to control or stop the flow of
grout. Valves shall be of a quick-opening, plug type which can readily
be cl eaned.

For vertical and angled injection tube placenents, sounding wells shal
be used to deternmine the level of grout in the placenent. Soundi ng
wel s shall consist of slotted pipe with a dianmeter of about 2 inches.
A 1-inch-dianeter float, weighted so that it will float on grout and
sink in water (for underwater placenents), shall be attached to a
sounding line and float freely in the sounding well.

(3) Formwork. - Forns for PAC nay be of wood, steel, or other materials
suitabl e for conventional concrete. Wod forns or other materi als which
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may swell or becone damaged by subnergence in water shall not be used
for underwater repairs.

Joints and any entry holes for bolts, reinforcenent, injection ports,
vents, or injection wells shall be caulked to elimnate grout |eakage.

Forms shall be designed to resist the lateral pressure exerted by
aggregates during and after placing, and to resist full hydraulic
pressure of the concrete throughout placing until initial setting has
begun.

Form vi brators for consolidation shall be nmounted so that vibration does
not | oosen bolts and joints which may lead to grout | eakage or failure.
Form vi brators shall be nounted on ribs or stiffeners attached to the
sheathing to effectively transmt vibration to the concrete.

Al forms shall be coated with a suitable bond breaker for ease of
renoval without danagi ng concrete. For underwater repairs, the bond
breaker shall be selected so that it does not wash off the forns during
subnergence. Formwork, injection tubing, inspection wells, and other
equi prent shall be protected from damage by aggregates during placing.

Rei nforcing steel shall be installed during construction of formwrk and
securely held in place during placenent of aggregate and injection of
grout.

(4) Gout pipe system - The grout pipe systemshall be furnished by
the Contractor and shall consist of a series of regularly spaced
injection tubes with outlets beginning at the bottomand continuing to
the top of the conpacted aggregates. bservation wells shall be spaced
at regular intervals between the injection tubes. Vent pipes shall be
used in fornms that contain restricted or irregular spaces where water or
air may be entrapped by the rising grout surface, such as bl ockouts or
enmbednment wor k.

The grout pipe systemshall be designed to inject grout beginning at the
| owest point in the PAC placenment and continue to raise the grout |evel
within the nass by selectively withdrawi ng the pipes and switching to
other pipes to maintain the grout at a gently sloping to nearly

hori zontal |level. The grout pipe systemshall be coded to clearly
identify the location of the outlet of the pipe supplying grout and the
order of supplying grout to the pipes.

The spacing of grout insert pipes shall be between 4 and 12 feet and
shoul d average approximately 6 feet. The outlet of grout insert pipes
shal |l begin not nore than 6 i nches above the bottom of the aggregate
mass. Rows of horizontal pipes should be not nore than 6 i nches above
t he next | ower row of pipes.

As a guide for layout of insert pipes, it can be assuned that the grout
surface will have a 1:4 (vertical to horizontal) slope in the dry and a
|:6 slope under water.

For vertical and inclined injection systens, sounding wells shall be
spaced to observe the level of grout. The ratio of nunmber of sounding
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wells to insert pipes shall be between 1:4 and not |ess than 1:10.
Soundi ng wel I's shall be placed vertically or near vertically.

The delivery line shall consist of a single pipeline extending fromthe
punp to the insert pipe equipped with a valve, or to a we branching to
two insert pipes equipped with valves at the beginning of the we and at
both outlets. A manifold systemin which nore than one grout insert is
operative at the sanme tinme shall not be used.

(5) Aggregate preparation and placenent. - Coarse aggregate shall be
washed and screened inmedi ately before placing in the fornms. |If nore
than one size of coarse aggregate is used, the aggregate shall be

bat ched and m xed in the proper proportions or discharged at
proportional rates onto a vibrating deck or revol ving wash screens.

Coarse aggregate shall be transported to the forns by buckets,

conveyors, or other approved nethods. Coarse aggregates shall be dunped
as close as possible to their final location. A flexible rubber

el ephant trunk (treme) shall be used to Iimt free fall to |less than

5 feet to mnimze segregation and breakage of aggregate. For |arge

pl acenents, a gated pipe with a dianeter at |east four tines the NM5SA
shal |l be used. The pipe shall be gradually filled and | owered toward
the point of placenent, and after the pipe is conpletely filled at the
upper end, aggregate shall be discharged fromthe | ower gate. Aggregate
shal |l not be discharged through an unfilled or partially filled pipe.

Coarse aggregate shall be dunped and spread in nearly horizontal lifts,
each lift not to exceed 1 foot in height. Around closely spaced
enbedded itens, such as reinforcing steel, conduits, and bl ockouts, and
in nmore difficult placenents where high density and exceptiona
honogeneity of concrete are desired, the lift height shall be limted to
no nore than 4 inches and nay have to be placed by hand. Vehicul ar
traffic shall not be permitted on top of preplaced coarse aggregate,
with the exception of small skips or |oaders and only with approval of
the Contracting Officer. This equipnment shall have rubber tires and be
cl eaned of any | oose debris or substances that may contani nate
aggregates or interfere with grout travel during injection

Al t hough coarse aggregate shall be conpletely washed prior to placing it
shall not be flushed with water in the forns for the purpose of washing.

If water is used for the purpose of precooling aggregate or to provide
[ ubrication for grout, the water shall be injected through the preplaced
grout insert pipes rather than on top of the aggregates.

(6) Gout injection. - Injection shall begin at the | owest insert pipe
point within the formand continue to raise the level of grout evenly to
the top of the nmass of aggregate. The injection process shall raise the
| evel of grout approximately 18 to 24 inches above the outlet of the

i nsert pipe before withdrawing of that pipe begins. Thereafter, the

| evel of grout shall remain a mninmumof 12 inches above the outlet of
the insert pipe until the injection is conpl eted.

Grouting shall proceed at only one insert pipe at atine. If a we or
mani fold systemis used, the systemshall be equi pped with individua
val ves to control the flow to each insert pipe
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Before the insert pipe is withdrawn, the valve at the pipe inlet shal
be shut off. The delivery pipe may then be di sconnected to inject at
ot her | ocations.

VWhen injection insert pipes are placed horizontally, the process shal
begin at the lowest insert pipe. Adjacent insert pipes shall have

val ves opened bot h al ongsi de and above the pipe being injected. When
grout begins to flow out of these pipes, they shall be shut off and
grouting continued so that the adjacent pipes are conpletely subnerged.
The initial pipe shall then be shut and the process shall be repeated,
traveling in a horizontal direction before proceeding to the upper row

G out shall not be allowed to set up in the insert pipes between
injections. |If the injection process is expected to continue for an
ext ended period, a suitable retardi ng adm xture shall be used in the
grout. Vertical insert pipes nmay be rodded to renove grout prior to
reinjection; however, insert pipes shall not be cleaned by injecting
wat er through them

The rate of grout rise and rate of grout injection shall be controlled
within the formso that excessive formpressures are not created and so
that grout does not cascade within the mass. This is particularly

i mportant when grouting under water to avoid sand streaks and
honeyconbi ng wi thin the nass.

When grouting around enbedded itens and particularly under flat surfaces
or recessed areas, the grout shall be injected until good quality grout
is forced fromvent pipes. Good quality grout shall be grout that is
not diluted and free fromsand, silt, trash, and other itenms. The rate
of flow of grout and grout injection pressures shall be closely

nmoni tored in enclosed locations to avoid formfailure.

Form vi bration shall be used to consolidate grout and renove entrapped
air pockets adjacent to formsurfaces. Excessive formyvibration which
causes sand streaking shall not be done. Internal vibration shall not
be used for consolidation of the aggregate-grout nixture, but nay be
used for topping off unformed surfaces.

Unpl anned construction joints shall not be used w thout approval from
the Contracting Officer. |f a breakdown occurs that stops placenent,
the grout insert tubes shall be w thdrawn, and the grout surface shal

be considered a cold joint. Cold joints shall be treated by first
renovi ng coarse aggregate down to the joint surface, renpving aggregate
and poor-quality nortar, and then cleaning the joint surface by approved
nmet hods, taking care not to undercut exposed aggregates.

h. Curing. - Curing and protection of PAC shall be in accordance wth
subpar agraph 3. 6. h.

3.5 SHOTCRETE

a. GCeneral. - Shotcrete is defined as pneunatically applied concrete or
nortar placed directly onto a surface. The shotcrete shall be conposed of
water, cenentitious materials, sand, coarse aggregate, steel fibers (if
speci fied), and adm xtures, and shall be placed by either the dry-m x or
wet -m X process as specified herein.
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The dry-m x process shall consist of thoroughly mxing the solid materials;
feeding these naterials into a nechanical feeder or gun; carrying the
material s by conpressed air through a hose to a special nozzle; introducing
the water and intimately mxing it with the other ingredients at the
nozzle; and then jetting the m xture fromthe nozzle at high velocity onto
the surface to receive the shotcrete

The wet-m x process shall consist of thoroughly nixing all the ingredients
with the exception of the accelerating adm xture, if used; feeding the
m xture into the delivery equi pnent; delivering the nixture by positive
di spl acenment or conpressed air to the nozzle; and then jetting the m xture
fromthe nozzle at high velocity onto the surface to receive the shotcrete

The equi pnent used by the Contractor for mxing and applying shotcrete
shal | be capabl e of handling and applying shotcrete containing the

speci fied maxi num si ze coarse aggregate. Al equi pnent, including mxers,
hoses, nozzles, nozzle liners, air- and water-pressure gauges, and gaskets,
shal | be naintained in clean and proper operating condition satisfactory to
the Contracting Oficer

b. Submittals. - The Contractor shall submt for approval to the
Contracting O ficer a proposed specific operating procedure including a
hazard analysis for all shotcrete operations. The specific operating
procedure shall include such things as engineering controls, protective
clothing, eye protection, respiratory protection, and air sanpling as
necessary to check the effectiveness of the control program

The Contractor shall subnmit the specinens extracted from panels fabricated
for preapplication testing.

The Contractor shall submt test specimens of fresh and hardened concrete
fromlocations directed by the Contracting Oficer

c. Quality assurance. - Quality assurance shall be in accordance with
paragraph 1.4 and these specifications. The Governnent will perform al
testing of fresh and hardened shotcrete. The Contractor shall obtain

speci mens from | ocations specified by the Governnent. The conpressive
strength of the shotcrete will be determ ned through the nmedi umof tests of
3- by 3-inch cores or 3-inch cubes. The average conpressive strength of
speci mens taken froma shotcrete application shall be not |ess than

(1) Four thousand pounds per square inch at 28 days' age.

(2) Six hundred pounds per square inch at 8 hours' age. This will be
determ ned from 3-i nch cubes extracted fromtest panels.

Adj ustments shall be nade as directed by the Contracting Oficer to obtain
shotcrete having suitable inperneability, strength, density, and

durability. Suitable strength is that which will ensure that 80 percent of
all test specinens exceed or equal the average strength as specified above.

(3) Preapplication testing of shotcrete and nozzlenmen. - No shotcrete
shall be applied to the work until preapplication testing indicates that
the nozzleman is qualified and the proposed shotcrete m xture neets the
speci fied conmpressive strength. The Contractor shall allow adequate
lead tine for fabricating of test panels and testing shotcrete
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speci mens. Furthernore, the Contractor is encouraged to fabricate
panel s for several mixtures since failure of a single mxture to neet
specified strength requirenments coul d del ay acconplishment of ot her
wor k.

(a) Shotcrete mxture. - At |least 30 days prior to application of
shotcrete to the work, the Contractor shall fabricate two test panels
for each nmixture to be used for vertical and overhead positions of
application.

Application of shotcrete to test panels may be acconplished at
| ocations other than the construction site provided:

(aa) Equipnment used for fabricating test panels is identical to
that to be used in application

(bb) The materials used in fabricating test panels are fromthe
same sources as those to be used in application and neet al
speci fications requirenents.

(cc) Application is made in the presence of the Contracting
Oficer by a nozzleman who will later apply the shotcrete to the
wor k.

Test panels shall be fabricated by applying shotcrete in one application
not less than 4 inches thick to a panel form nade of plywood or ot her
sui table materi al

The panel formto be used for vertical and overhead applications shal
be either of two types as foll ows:

(dd) Open ended on at |east two sides with 90E edges on encl osed
sides. The mninum size of this open-ended panel shall be 18 inches
square.

(ee) Enclosed on all four sides with nenbers that taper outward in a
manner that prevents the accumul ati on of rebound at edges and corners
while allowing a shotcrete thickness of not |ess than 4 i nches over

the entire flat area of the panel. The m ninmum size of the center
flat area of panels enclosed by tapered edges shall be 15 inches
square.

Panel s shoul d be stiffened and wei ghted sufficiently to provide rigid
surfaces agai nst which the shotcrete can be applied. The panels shal
contain the sane type of reinforcenment as to be used in construction to
i ndi cate whet her sound shotcrete is obtai ned without shadow ng behind

t he reinforcenent

After fabrication, the panel shall, except when test speci nens are being
obt ai ned, be covered and seal ed with pol yethyl ene sheeting or shall be
cured by any other approved nethod that will prevent |oss of noisture.

The Contractor shall provide all necessary equi pnent and shall obtain
3-inch cubes fromthe test panels for testing the conpressive strength
at 8 hours' age and shall obtain 3-inch cubes or 3-inch-dianeter cores
fromtest panels for testing the conpressive strength at 28 days' age.
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Al core drilling and saw cutting of cubes shall be perforned in a

wor krmanl i ke manner by conpetent and experienced worknen. Test specinens
shall be extracted at the latest tinme, satisfactory to the Contracting
O ficer, that the specinmens can be delivered by the Contractor to the
Government for testing at the specified age. At |east five specinens
shal | be obtained fromeach of the panels for each m xture being
verified. Extrene care shall be taken in drilling cores or cutting
cubes to obtain specinens satisfactory to the Contracting Oficer

Cores shall be 3 inches in dianeter, drilled the full depth of the
shotcrete; they shall be straight, sound, of uniformdianeter, and of
sufficient length for subsequent trimmng by the Contractor to produce a
right cylinder with an L/D ratio of 1.0 plus or mnus 0.03.

Cubes shall be cut full depth of the shotcrete, shall be sound, and
shal | have six uniformsquare sides of 3-inch length plus or mnus
0. 05 inch.

I mredi ately after extraction, test specinmens shall be individually

wr apped and seal ed i n pol yethyl ene bags or covered and seal ed by any
ot her approved neans to prevent |oss of noisture. Each test specinen
shal |l be properly marked for identification

Each set of test specinmens shall be delivered without delay to the
project |aboratory, or other |ocation approved by the Contracting
Oficer, for testing at the specified age.

(b) Shotcrete nozzleman. - The nozzl eman who applies shotcrete shall be
certified with the materials and equi pnent to be used for the work.
Certification shall be in accordance with ACI 506.3R with the foll ow ng
l[imtations:

(aa) The certification examnation will be conducted by authorized
representative of the Contracting Oficer

(bb) The exanmination will consist of an oral test and a field
wor kmanshi p denonstration test.

(cc) The test panels shall be a mnimum of 18 inches square and
4 inches deep. The sides may have bevel ed edge fornms (45E angl e out
to reduce the entrapnment of rebound in the corners).

(dd) Test specinmens shall be of the size and shape specified for
quality control in these specifications.

Materials. -

(1) Portland cenment. - The cenentitious materials in shotcrete shal
conply wi th subparagraph 3.6.d.(1), with the exception that type II
cenent nay be approved for use if sulfate conditions do not exist.

(2) Water. - Water shall be in accordance with subparagraph 3.6.d.(4).
(3) Sand and coarse aggregate. - Except as hereinafter provided for

coarse aggregate grading, the sand and coarse aggregate shall be in
accordance with subparagraph 3.6.d.(5).
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The maxi mum si ze coarse aggregate shall be no larger than 3/8 inch. No
material retained on the 3/8-inch sieve shall be permtted. Only

3 percent significant undersize aggregate material that will pass a
4.75-mm (No. 4) U. S. Standard sieve will be permitted.

(4) Adm xtures. - Admi xtures shall be in accordance w th subparagraph
3.6.d.(3).
(a) Accelerator. - The Contractor may use an accel erati ng adm xture

in shotcrete

(b) Air-entraining adm xture. - The anount of air-entraining

adm xture used for the wet-m x process shall be that anmpbunt necessary
to effect a total air content in the shotcrete, prior to application
of 7 percent plus or mnus 1 percent by volume of shotcrete.

(5) Steel fibers. - Wiere directed by the Contracting Oficer, the
Contractor shall furnish steel fibers for reinforcenent. The anount of
steel fibers used shall be 90 pounds of fiber per cubic yard of
shotcrete

Steel fibers shall be carbon steel deforned type | (cold drawn wire) or
type Il (cut sheet) to conformto the requirenents of ASTM A 820

Length of steel fiber shall be 3/4-inch mininumto 1-1/4-inch nmaxi mum
The I ength divided by dianmeter (or equival ent diameter), or aspect
ratio, shall be 45 mininumand 100 naxi num The steel fiber shall have
a mni mum average tensile strength of 50,000 pound-force per square

i nch.

(6) Curing compounds. - Curing conpounds shall neet the applicable
requi renents of subparagraph 3.6.d.(6).

Safety. - Al work shall be performed in accordance with the

ui rements of paragraph 1.6.

Concrete preparation. - Concrete to be repaired with shotcrete shall be
pared in accordance with section 2.

Application. -

(1) Mxture proportions. - The proportions of water, cenentitious

material s, sand, coarse aggregate, and adm xture and fibers, if used,
shal |l be deternm ned by the Contractor subject to approval by the
Contracting O ficer to obtain the specified conpressive strength and
bond. The shotcrete shall have a m ninmum cenentitious materials content
of 658 pounds per cubic yard, as discharged fromthe nozzle.

Furthernore, the anount of cementitious materials will be increased by
the Contracting Oficer as necessary to obtain the specified conpressive
strengt hs and bond.

(2) Consistency. - The consistency of the dry-m x process shotcrete
shal |l be regul ated by the anount of water introduced at the nozzle and
shal |l be adjusted so that the in-place shotcrete is adequately conpacted
and neither sags nor shows excessive rebound.
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The consi stency of the wet-m x process shotcrete at the delivery point
shal | not exceed a 3-inch sl unp.

(3) Batching. - Batching for the dry-m x process shall be as specified
in this paragraph. Wter, cenentitious materials, sand, coarse
aggregate, admi xture, and fibers shall be vol une proportioned by
control l ed, calibrated, screw conveyor, or other nethods of feed,

provi ded uni form proportions are obtained. The equi pnment shall be
capabl e of controlling the delivery of material so that inaccuracies do
not exceed 1 percent for water; 1-1/2 percent for cenentitious
materials; 2 percent for sand and coarse aggregate; and 3 percent for
adm xture and fibers. |If these linmts cannot be consistently net, then
bat chi ng shall be by direct weighing.

To ensure accurate, consistent proportioning of aggregate, augers used
in dry-m x process shotcrete delivery equi prent shall be constructed of
abrasion-resistant material to prevent rapid and excessive wear. Auger
feed shall be recalibrated as necessary to keep themwi thin the

prescri bed batchi ng accuracy percent.

The percentage of surface noisture in the sand (ASTM C 566) shall be

3 to 6 percent, by weight, and shall be controlled within this range as
may be necessary to maintain uniformfeed and to avoid choking the
del i very equi prent.

Shot cret e batches contai ning cenentitious materials that have been in
contact with danp aggregate or other noisture for nore than 2 hours
shall be wasted at the Contractor's expense.

Bat ching for the wet-m x process shall be in accordance with the
requi renents for concrete batching under subparagraph 3.6.g.

VWhen batching with fibers the Contractor shall obtain a good bl end of
fibers throughout the shotcrete. The Contractor shall furnish
appropriate equi pnent or devel op a suitable technique for dispersing the
fibers in the nixer free of fiber clunps. A suggested guide is AC

544. 3R

(4 Mxing. - Mxing for the wet-m x and the dry-m x process shall be
as specified in this paragraph. Cenentitious naterials, sand, coarse
aggregate, adm xtures, and steel fibers shall be uniformy added and

t horoughly m xed by machine before being fed into the delivery

equi prrent .

M xers used to mx dry ingredients shall discharge the batch w thout
segregation. Mxers shall be tested for uniformty of coarse aggregate
content fromfront to back of the m xer. The nmaxi mum perm ssible

di fference in percentage of coarse aggregate by wei ght of sanple shal
not exceed 6 percent within a batch

The di scharge nozzle for the dry-m x process shall be equipped with a
manual |y operated water injection systemof sufficient pressure to
provide an even distribution of water into the dry shotcrete m xture at
the nozzle. The water valve shall be capable of ready adjustnent to
vary the quantity of water and shall be convenient to the nozzl eman
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(5) Placing. - Placing shotcrete shall be perforned only by a nozzl eman
certified in accordance with subparagraph 3.5.c.(3) during
preapplication testing.

An air conpressor with anple capacity to provide clean, dry air and
mai ntain a uniformnozzle velocity shall be used for applying shotcrete.

The shotcrete shall be applied by pneunatic pressure froma discharge
nozzle held about 2 to 5 feet fromthe surface and in a streamas nearly
normal as possible to the surface being covered. The nozzle shall also
be rapidly gyrated while applying the shotcrete.

The shotcrete shall be applied in layers having a thickness that will
ensure conpl ete adherence of the shotcrete to the surface. Any
shotcrete that shows evidence of sloughing or separation shall be
renoved and replaced by and at the expense of the Contractor and to the
sati sfaction of the Contracting Oficer

Care shall be taken to prevent the formation of sand pockets in the
shotcrete. Any sand pockets forned shall be renoved i medi ately and
replaced with suitable shotcrete at the expense of the Contractor

Use of rebound as shotcrete aggregate is not permtted, and rebound
accunul ati ons shall be renoved and di sposed of at the expense of the
Contractor as approved by the Contracting O ficer.

The tenperature of shotcrete, as placed, shall be between 50 and 90 EF.
Shotcrete shall not be applied to frozen surfaces. The applied
shotcrete shall be kept at a tenperature of at least 50 EF for a m ni num
of 3 days imediately followi ng application. Wen cold weat her
conditions prevail at the job site and the tenperature of aggregates and
water is below 50 EF, it nmay be necessary to heat the aggregate and/or
water prior to use in the shotcrete to obtain shotcrete neeting the
speci fied 28-day conpressive strength.

The Contractor shall provide and maintain sufficient standby equi pnent
to assure continuous production and application of shotcrete.

If, in the Contracting Oficer's opinion, the shotcreting system

sel ected by the Contractor fails to provide satisfactory in-place
shotcrete in accordance with these specifications, the Contractor shal
change to another system of either of the two processes, provide a
redenonstrati on of the nozzleman's proficiency, or provide a new
qgual i fi ed nozzl eman.

If, in the Contracting Officer's opinion, the projection of steel fibers
(when used) on the face of the finished shotcrete creates a hazard to
personnel, a sacrificial coating of no | ess than 1/2-inch thickness of
shotcrete without the steel fibers shall be applied.

h. Curing. - Shotcrete that is applied where the anbient relative humdity
is 85 percent or above will not require neasures to control the evaporation
of water during curing. However, the Contractor shall substantiate that
the relative humdity level in the area of application is above 85 percent
by furnishing, installing, and maintaining equi pmrent capabl e of
continuously recording relative humdity.
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VWhen the relative humidity is |less than 85 percent, the Contractor shal
initiate an approved curing nethod inedi ately after application of the
shotcrete

Curing shall be acconplished by either

(1) Raising and maintaining the anbient relative hunmidity above
85 percent, or

(2) Applying a nmenbrane curing conpound as specified in subparagraph
3.6.d.(6).

Water curing. - Shotcrete cured with water shall nmeet the applicable
requi renents of subparagraph 3.6.h. except the 14-day requirenment nmay be
reduced to 7 days.

3.6 CONCRETE REPLACEMENT

a. GCeneral. - Concrete replacenment shall be used on areas of danaged or
unacceptabl e concrete greater than 1 square foot having a depth greater
than 6 inches or a depth extending 1 inch bel ow or behind the backsi de of
rei nforcement. Concrete replacenent shall also be used for hol es extendi ng
entirely through concrete sections and for |arge areas of repair greater
than 4 inches in depth when the concrete to be repaired is |l ess than 7 days
ol d. Epoxy bonding agents, |atex bonding agents, dry neat cenent, cenent
paste, or cenent and sand nortar shall not be used to bond fresh concrete
to concrete being repaired by this nethod.

b. Submittals. - The Contractor shall submit certification of conpliance
for materials in accordance wth subparagraph d. bel ow

c. Quality assurance. - Quality assurance shall be in accordance with
par agraph 1. 4.

d. Materials. - Al concrete materials shall be obtained from previously
tested and approved sources. Materials will be accepted on certificate of
conpliance with the foll owi ng ASTM St andar ds:

(1) Portland cement. - Portland cenent shall neet the requirenents of
ASTM C 150 for type I, Il, or V cenent. The specific cenment type shal
be as directed by the Contracting Oficer and determ ned by the
environnent in which the repair is conducted.

(2) Pozzolan. - Pozzolan shall neet the requirenents of ASTM C 618 for
class F pozzol an

(3) Adm xtures. - The Contractor shall furnish air-entraining and
cheni cal adni xtures for use in concrete

(a) Air-entraining adm xture shall be used in all concrete and shal
conformto ASTM C 260.

(b) Chem cal adm xtures. - The Contractor may use type A, D, F, or G
chemical admi xtures. |If used, they shall conformto ASTM C 494.
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(4) Wwater. - The water used in making and curing concrete shall be free
from obj ectionable quantities of silt, organic matter, salts, and other
i mpurities.

(5) Aggregate. - The term"sand" is used to designate aggregate in

whi ch the maxi mum si ze particle will pass a 4.75-mm (No. 4) sieve. The
term "coarse aggregate"” is used to designate all aggregate which can be
retained on a 4.75-mm (No. 4) sieve. Sand and coarse aggregate neeting
the requirenents of ASTM C 33 shall be used in all concrete.

(6) Curing conmpound. - Wax-base (type 1) and water-emul sified resin-
base (type Il) curing conmpounds shall conformto the requirenents of

Recl amation's "Specifications for Concrete Curing Conpound” (M 30) dated
Cct ober 1, 1980.

e. Safety. - Al work shall be perforned in accordance with paragraph 1.6.

f. Concrete preparation. - After danmaged or unacceptable concrete has been
renoved as specified in section 2. the surface on which the repl acenent
concrete will be placed shall be prepared. An acceptable surface shal

have t he appearance of freshly broken, properly cured concrete. The
surface shall be free of any deleterious nmaterials such as free noisture,

i ce, petroleum products, mud, dust, carbonation, and rust. The perineters
of the repair shall be saw cut to a ninimumdepth of 1 inch

The clean surface is not ready to receive repair concrete until it has been
brought to a saturated, surface-dry condition. This condition is attained
by saturating the surface to a depth that no concrete m xture water nmay be
absorbed fromthe fresh concrete. Then, just prior to placing concrete
agai nst the surface, all free noisture (noisture capable of reflecting
light) shall be renoved fromthe prepared surface.

g. Application. - Replacenment concrete shall be conposed of cenment, coarse
aggregate, sand, water, and approved admi xtures, all well mxed and brought
to the proper consistency. Concrete m xtures shall be proportioned in
accordance with Reclamation's "Concrete Manual", Eighth Edition, revised,
chapter 111. The water-cenment ratio of the concrete (exclusive of water
absorbed by the aggregates) shall not exceed 0.47 by weight. Slunp of the
concrete, when placed, shall not exceed 2 inches for concrete in slabs that
are horizontal or nearly horizontal and 3 inches for all other concrete.
Concrete with | ess slunp should be used when it is practicable to do so.
The concrete ingredients shall be thoroughly mxed in a batch mixer. The
concrete, as discharged fromthe mxer, shall be uniformin conposition and
consi stency frombatch to batch.

(1) Forms. - Forms shall be used for concrete whenever necessary to
confine the concrete and shape it to the required lines. The forns
shall be clean and free fromencrustations of nortar, grout, or other
foreign material. Before concrete is placed, the surfaces of the forns
shall be coated with a formoil that will effectively prevent sticking
and will not soften or stain the concrete surfaces or cause the surfaces
to beconme chal ky or dust producing.

(2) Placing. - Placing of concrete shall be performed only in the
presence of an authorized representative of the Contracting Oficer
Pl acenent shall not begin until all preparations are conplete and the
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aut hori zed representative of the Contracting O ficer has approved the
preparations. Concrete shall not be placed in standing or running water
unl ess, as determ ned by the Contracting Oficer, the structure under
repai r cannot be economically dewatered. |f underwater concrete

pl acenent is required, special placing procedures shall be required. A
suggested guide is ACl 394R

When appropriate, concrete shall be placed in layers not greater than 20
i nches thick. Each layer, regardl ess of the thickness, shall be
adequately consolidated using i nmersion-type vibrators or formvibrators
when approved. Adequate consolidation of concrete is obtained when al
undesirable air voids, including the air voids trapped agai nst forns and
construction joints, have been renoved fromthe concrete.

(3) Finishing. - The class of finish required shall be a finish closely
resenbling the finish of the surrounding concrete.

h. Curing and protection. - Concrete repairs shall be cured either by
water curing or by use of wax-base (type I) or water-emulsified resin-base
(type Il) curing conmpound neeting the requirenents of subparagraph
3.6.d.(6). Daily inspection by the Contractor shall be perforned to ensure
t he mai ntenance of a continuous, water-retaining filmover the repaired
area. The water-retaining filmshall be maintained for 28 days after the
concrete has been pl aced.

Water curing shall conmence when the concrete has attained sufficient set
to prevent detrinental effects to the concrete surface. The concrete
surface shall be kept continuously wet for 14 days.

The Contractor shall protect all concrete against damage until acceptance
by the Governnent. \Wenever freezing tenperatures are imrnent, the
Contractor shall nmaintain the newy placed repair concrete at a tenperature
of not less than 50 EF for 72 hours. Water-cured concrete shall be
protected fromfreezing for the duration of the curing cycle and an
additional 72 hours after the water is renpved.

3.7 EPOXY- BONDED EPOXY MORTAR

a. GCeneral. - Epoxy-bonded epoxy nortar is defined as freshly m xed epoxy
nortar (sand with epoxy binder) that is placed over an epoxy resin bond
coat on hardened existing concrete. Epoxy-bonded epoxy nortar repair may
be used when the depth of repair is 1-1/2 inches or less. This nethod may
al so be used for repair of areas with a depth greater than 1-1/2 inches
when those areas are snmall (less than 1 square foot) and few in nunber, and
where it is inpractical to use epoxy-bonded concrete.

Epoxy-bonded epoxy nortar may be used only when

(1) Misture in the structure will not collect behind the bond coat and
cause danmage upon freezing, and

(2) The repair will not be subjected to extrenes of tenperatures such
as those caused by exposure to direct sunlight, extremes of climte, or
extremes in water tenperature.
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Al'l epoxy-bonded epoxy nortar repairs to new construction shall be
perfornmed after 7 days fromthe original placenent.

b. Submttals. -

(1) Wen directed by the Contracting Oficer, the Contractor shal

submt sanples of the epoxy-resin bonding system The sanples shall be
submtted at | east 30 days prior to use in the work to the Bureau of

Recl amati on, Attn D 8180, Building 56, Denver Federal Center, West Sixth
Avenue and Kipling Street, Denver CO 80225.

(2) Certification of epoxy-bonding agent. - The Contractor shal

furnish the Contracting Oficer the manufacturer's certification of
conformance of the epoxy-resin bonding systemw th these specifications.
The certification shall identify the Reclamation solicitation/

speci fications nunber(s) under which the epoxy is to be used and shal

i nclude the quantity represented, the batch nunbers of the resin and
curing agent, and the nmanufacturer's results of tests perfornmed on the
particul ar conbination of resin and curing agent.

c. Quality assurance. - Quality assurance shall be in accordance with
par agraph 1. 4.

d. Materials. -

(1) Epoxy resin. - The sane epoxy resin systemshall be used for both
the bond coat and the epoxy nortar. The epoxy resin shall neet the
requi renents of specifications ASTM C 881 for a type | , grade 2, class
Bor Cor atype lll, grade 2, class B or C epoxy system In addition
it shall be a 100-percent solids system and no unreactive diluents,
wetting agents, or volatile solvents shall be incorporated.

(2) Sand. - The sand for epoxy nortar shall be clean, dry, well-graded
sand conposed of sound particles passing a 1.18-nmm (No. 16) sieve and
conformto the following limts:
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* I'ndividual percent,

Si eve * by weight, retained
* on sieve
600 pm (No. 30) = 26 to 36
300 pum (No. 50) =* 18 to 28
150 um (No. 100)* 11 to 21
pan * 125 to 35

!Range shown is applicable when 60 to 100 percent of pan is retained
on the 75 pm (No. 200) sieve. Wwen 0 to 59 percent of pan is
retained on the 75 um (No. 200) sieve, the percent pan shall be
within the range of 10 to 20 percent, and the individual percentages
retai ned on the 600 um 300 pum and 150 pum (Nos. 30, 50, and 100)
sieves shall be increased proportionately.

Sand of this grading is not usually conmercially avail able and may have
to be produced by the Contractor. Starting with a concrete sand, the
oversi zed particles shall be renmoved with a 1.18-mm (No. 16) sieve.

I ndi vi dual sieve sizes of sand can be purchased to nmix with the

remai ning sand to neet the required grading. Mst sands require at

| east the addition of nore pan naterial to neet the required grading.

When directed, mnor adjustnents in sand gradi ng shall be nmade to
provide a suitable epoxy nmortar. OQher fillers or cormmercially
avai | abl e sand gradi ngs prepared specifically for epoxy nortars nay be
used in epoxy nortar on approval by the Contracting Oficer

The sand shall be maintained in a dry area at no |l ess than 60 EF
tenperature for 24 hours imediately prior to tine of use.

e. Safety. - Al work shall be perforned in accordance with paragraph 1.6
of these specifications. Certain additional safety precautions shall be
enpl oyed when using uncured epoxy materials. Skin contact with uncured
epoxy shall be avoided. Protective clothing, including rubber or plastic
gl oves, shall be worn by all persons handling epoxy nmaterials. Al exposed
skin areas that may cone in contact with the material shall be protected
with a protective barrier creamformulated for that purpose. Adequate
ventilation shall be provided and maintained at all times during use of
epoxy and epoxy solvents. Fans used for ventilating shall be expl osion
proof. If necessary, respirators that filter organic fumes and m sts shal
be worn. If spray application is used, the operator shall wear a
conpressed air-fed hood, and no ot her personnel shall be closer than

100 feet if downw nd of the operator when spraying is being perfornmed. All
epoxy-contam nated materials such as w pes, enpty contai ners, and waste
material shall be continually disposed of in containers which are protected
fromspillage. Epoxy spillage shall be inmredi ately and thoroughly cl eaned
up. Appropriate solvents nay be used to clean tools and spray guns, but in
no case shall the solvents be incorporated in any epoxy resin or in the

pl aci ng operation. Solvents shall not be used to renove epoxy materials
fromskin. Only soap, water, and rags shall be used for this purpose.
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Al tools shall be conpletely dried after cleaning and before reuse. Al
materials, tools, and contai ners contam nated with epoxy resin or epoxy
curing agent shall be renmoved fromthe site for disposal in accordance with
appropriate local or Federal regul ations.

f. Concrete preparation. - Surface preparation and needed renoval of

exi sting concrete shall be as in section 2, except that the saw cut shal

be 1 inch or equal to the depth of the repair, whichever is less. For
repairs less than 1 square foot in area, the required vertical edge may be
acconplished with a pneumatic tool or hydrodenolition equipnent in |Iieu of
saw cutting. For mnor cosnetic repairs of surface defects |ess than

2 inches in dianeter, surface preparation may be limted to cleaning with a
small wire brush, removing dust, and heating in depth. Epoxy paste neeting
the requirenents of ASTM C 881, grade 3, nmay be used wi thout a bond coat
for mnor cosnetic repairs of surface defects less than 2 inches in
diameter in |ieu of epoxy-bonded epoxy nortar when all of the conditions
for use of epoxy nortar are nmet. Any overfilling of m nor surface defects
shal |l be renoved by grinding after hardening is conplete. Were repairs
are exposed to public view, color matching of the repair material to the
exi sting concrete shall be done.

The surfaces of the existing concrete to which epoxy nortar is to be epoxy
bonded shall be prepared and maintained in a clean and dry condition

Unl ess epoxy nortar application to wet concrete surfaces is approved by the
Contracting O ficer. The existing concrete shall be preheated in depth.
Preheating shall be sufficient to drive internal noisture fromthe repair
surface and prevent its return until the bond coat is in place. Preheating
shal |l not cause damage to or instant setting of the bond coat.

g. Application. -

(1) Forms. - Forms shall be used as necessary to prevent sl unping or
saggi ng of finished epoxy-bonded epoxy nmortar. Such fornms shall be
covered with polyethylene film and formoil shall not be used.

(2) Preparation of epoxy resin for bond coat. - The epoxy resin is a

t wo- conponent material which requires conbinati on of conmponents and

m xing prior to use. Once mixed, the material has a limted pot life
and nust be used imedi ately. The bondi ng system shall be prepared by
addi ng the curing conponent to the resin conponent in the proportions
recommended by the manufacturer, followed by thorough m xing. Since the
working life of the mixture depends on the tenperature (longer at | ower
tenperature, much shorter at higher tenperature), the quantity to be

nm xed at one tine shall be applied and topped within approxi mately 30
m nutes. The addition of thinners or diluents to the resin mxture
shall not be done. Both conponents of class C epoxy shall be stored
above 60 EF prior to use.

(3) Application of epoxy resin bond coat for epoxy-bonded epoxy

nortar. - Immediately after the epoxy resin is nixed, it shall be
applied to the prepared, dry existing concrete at a coverage of not nore
than 80 square feet per gallon, depending on surface conditions. The
area of coverage per gallon of agent depends on the roughness of the
surface to be covered and may be considerably | ess than the maxi num
specified. The epoxy resin may be applied by any convenient, safe

nmet hod such as squeegee, brushes, or rollers, which will yield an

M 47 (MD470000. 896)
Page 30
8-1-96



M 47 (
Page 3
8-1-96

ef fecti ve coverage, except that spraying of the materials will be
permtted only if an efficient airless spray is used and when the
concrete surfaces to receive the agent are 70 EF or warnmer, which spray
shal | be denobnstrated as providing an adequate job with ninimum
overspray prior to approval of its use.

Care shall be exercised to confine the epoxy resin to the area being
bonded and to avoid contam nation of adjacent surfaces. However, the
epoxy bond coat shall extend slightly beyond the edges of the repair
ar ea.

Steel to be enbedded in epoxy nortar shall be coated with epoxy resin.
The steel shall be prepared in accordance with the requirenents of
section 2 and by renoving all |oose rust either with a wire brush or by
wet sandbl asting. The exposed steel shall be conpletely coated with
epoxy resin at the tinme it is being applied to the concrete surfaces of
the repair area.

The applied epoxy resin filmshall be in a fluid condition at the tine
the epoxy nortar is placed. The epoxy resin nay be allowed to stiffen
to a very tacky condition rather than a fluid condition before epoxy
nortar is placed on steep sloping or vertical surfaces, in which case
speci al care shall be taken to thoroughly conpact the epoxy nortar

against the stiffening bond coat. In the event the bond coat is curing
too quickly to nmeet the placenent requirements, a second bond coat shal
be applied over the first while the first bond coat is still tacky. |If

any bond coat has cured beyond the tacky state, it shall be conpletely
renoved by sandbl asting, and proper cleanup, heating, and drying shal
be acconplished and a new bond coat appli ed.

(4) Placing and finishing. - The epoxy nortar shall be conposed of sand
and epoxy resin suitably blended to provide a stiff, workable nixture.
The epoxy conmponents shall be m xed thoroughly prior to the application
of the bond coat and prior to the addition of the sand. The m xture
proportions shall be established, batched, and reported on a wei ght
basis, provided that the dry sand and m xed epoxy nmay be batched by

vol ume using suitabl e nmeasuring containers that have been calibrated on
a weight basis. |If equivalent volune proportions are being used, care
shal |l be taken to prevent confusing themw th weight proportions. Epoxy
nortar will require approximtely 5-1/2 to 6 parts of graded sand to

1 part epoxy, by weight. The Contracting Oficer will determ ne, and
adj ust where necessary, the nix proportions for the particular epoxy and
sand bei ng used. The epoxy nortar shall be thoroughly mxed with a

sl ow speed nechani cal stirrer or other equi prment produci ng equi val ent
results. The nortar shall be mixed in small-sized batches so that each
batch will be conpletely m xed and placed within approximtely

30 minutes fromthe tine the two conponents for the epoxy resin are
conbi ned. The addition of thinners or diluents to the nortar mxture
will not be permtted.

The prepared epoxy nortar shall be tanped, flattened, and snoothed into
place in all areas while the epoxy bond coat is still ina fluid
condition. The nortar shall be worked to grade and given a steel trowel
finish. Special care shall be taken at the edges of the area being
repaired to ensure conplete filling and leveling and to prevent the
nortar from being spread over surfaces not having the epoxy bond coat
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application. Steel troweling shall be performed in a manner to best

suit the prevailing conditions but, in general, shall be perforned by
appl yi ng sl ow, even strokes. Trowels may be heated to facilitate the
finishing. The use of thinner, diluents, water, or other |ubricant on
placing or finishing tools will not be permtted, except for fina
cleanup of tools. After leveling of the epoxy nortar to the finished
grade where precision surfaces are required, the nortar shall be covered
wi th pl ywood panels snoothly |ined with pol yethyl ene sheeting and

wei ghted with sandbags or otherw se braced, or by other nmeans acceptabl e
to the Contracting O ficer, until danger from slunping has passed. When
pol yet hyl ene sheeting is used, no attenpt shall be made to renove it
fromthe epoxy nortar repair before final hardening.

Epoxy-bonded epoxy nortar repairs shall be finished to the plane of the
surfaces adjoining the repair areas. The final finished surfaces shal
match the texture of the surfaces adjoining the repair areas.

h. Curing and protection. - Epoxy-nortar repairs shall be cured

i medi ately after conpletion of each repair area at not |ess than 60 EF
until the nortar is hard. Post curing shall then be initiated at el evated
tenperatures by heating, in depth, the epoxy nortar and the concrete
beneath the repair. Post curing shall continue for a mnimmof 4 hours at
a surface tenperature not |ess than 90 EF nor nore than 110 EF, or for a

m ni mum of 24 hours at a surface tenperature not |ess than 60 EF nor nore
than 110 EF. The heat shall be supplied by using portable propane-fired
heaters, infrared heat |anps, or other approved nethods capabl e of
produci ng the required tenperature and positioned so that the required
surface tenperatures are obtained.

In no case shall epoxy-bonded epoxy nortar be subjected to noisture until
after the specified post curing has been conpl et ed.

3.8 EPOXY- BONDED CONCRETE

a. GCeneral - Epoxy-bonded concrete is defined as freshly m xed portland
cenent concrete that is placed over a fluid epoxy resin bond coat on

har dened exi sting concrete. Epoxy-bonded concrete repair nmay be used when
the depth of repair is 1-1/2 inches or greater

b. Submttals. -

(1) Wen directed by the Contracting Oficer, the Contractor shal

submt sanples of the epoxy-resin bonding system The sanples shall be
submtted at |least 30 days prior to use in the work to the Bureau of

Recl amation, Attn D 3731, Building 56, Denver Federal Center, West Sixth
Avenue and Kipling Street, Denver CO 80225.

(2) Certification of epoxy-bonding agent. - The Contractor shal

furnish the Contracting Oficer the manufacturer's certification of
conformance of the epoxy-resin bonding systemw th these specifications.
The certification shall identify the Reclamation solicitation/

speci fications nunber(s) under which the epoxy is to be used and shal

i nclude the quantity represented, the batch nunbers of the resin and
curing agent, and the nmanufacturer's results of tests perfornmed on the
particul ar conbination of resin and curing agent.
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c. Quality assurance. - Quality assurance shall be in accordance with
par agraph 1. 4.

d. Materials. -

(1) Concrete materials. - The naterials and procedures used to prepare
and m x concrete for epoxy-bonded concrete repair shall be as specified
i n subparagraph 3.6.d. except that slunp of concrete, when placed, shal
not exceed 1-1/2 inches.

(2) Epoxy resin. - The epoxy-resin bonding systemshall neet the

requi renents of specification, ASTM C 881 for a type |II, grade 2, class
B or C epoxy system |In addition, it shall be a 100-percent solids
system and shall not contain unreactive diluents or wetting agents.

Vol atil e solvents shall not be incorporated into the epoxy system

e. Safety. - Al work shall be perforned in accordance with paragraph 1.6
and these specifications. Certain additional safety precautions shall be
enpl oyed when using uncured epoxy materials. Skin contact with uncured
epoxy shall be avoided. Protective clothing, including rubber or plastic
gl oves, shall be worn by all persons handling epoxy materials. Al exposed
skin areas that may cone in contact with the nmaterial shall be protected
with a protective barrier creamformul ated for that purpose. Adequate
ventilation shall be provided and naintained at all tinmes during use of
epoxy and epoxy solvents. Fans used for ventilating shall be expl osion
proof. If necessary, respirators that filter organic fumes and msts shal
be worn. All epoxy-contam nated materials such as wi pes, enpty containers,
and waste material shall be continually disposed of in containers which are
protected fromspillage. Epoxy spillage shall be i mediately and

t horoughly cl eaned up. Appropriate solvents may be used to clean tools and
spray guns, but in no case shall the solvents be incorporated in any epoxy
resin or in the placing operation. Solvents shall not be used to renove
epoxy materials fromskin. Only soap, water, and rags shall be used for
thi s purpose.

Al tools shall be conpletely dried after cleaning and before reuse.

Al materials, tools, and containers contanm nated with epoxy resin or epoxy
curing agent shall be renoved fromthe site for disposal in accordance with
appropriate local or Federal regulations.

f. Concrete preparation. - Concrete to be repaired by epoxy-bonded
concrete shall be prepared in accordance with the provisions of section 2,
except that the perineters of the repair shall be saw cut to a mni num
depth of 1 inch. Epoxy-bonded concrete shall not be applied to concrete
surfaces at a surface tenperature |less than 60 EF nor greater than 90 EF.

g. Application of epoxy-bonded concrete. -

(1) Forms. - Forms shall be used for epoxy-bonded concrete whenever
necessary to confine the concrete and shape it to the required |ines.
The forns shall have sufficient strength to withstand the pressure
resulting from placi ng operations, shall be maintained rigidly in
position, and shall be sufficiently tight to prevent |loss of nortar from
the concrete.
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(2) Preparation of epoxy resin. - The epoxy resin is a two-conponent
mat eri al whi ch requires conbinati on of conponents and m xing prior to
use. Once mixed, the material has a linmted pot life and nmust be used
i medi ately. The bonding system shall be prepared by adding the curing
conponent to the resin conponent in the proportions reconmended by the
manuf acturer, followed by thorough mxing. Since the working life of
the m xture depends on the tenperature (longer at |ower tenperature,
much shorter at higher tenperature), the quantity to be m xed at one
time shall be applied and topped within approximately 30 m nutes. The
addition of thinners or diluents to the resin mixture will not be
permtted. Both conmponents of class C epoxy shall be at 60 EF prior to
use.

(3) Application of epoxy resin bond coat for surface repairs. -

Imredi ately after the epoxy resin is mxed, it shall be applied to the
prepared, dry existing concrete at a coverage of not nore than 80 square
feet per gallon, depending on surface conditions. The area of coverage
per gallon of agent depends on the roughness of the surface to be
covered and may be considerably | ess than the maxi mum specified. The
epoxy resin nay be applied by any conveni ent, safe nethod such as
squeegee, brushes, or rollers, which will yield an effective coverage,
except that spraying of the naterials will be pernitted only if an
efficient airless spray is used and when the concrete surfaces to
receive the agent are 70 EF or warner, which spray shall be denonstrated
as providing an adequate job with m ni num overspray prior to approval of
its use. |If spray application is used, the operator shall wear a
conpressed air-fed hood, and no ot her personnel shall be closer than 100
feet if downw nd of the operator when spraying is being perforned.

Care shall be exercised to confine the epoxy resin to the area being
bonded and to avoid contam nation of adjacent surfaces. However, the
epoxy bond coat shall extend slightly beyond the edges of the repair
ar ea.

Steel to be enbedded in epoxy-bonded concrete shall be coated w th epoxy
resin. The steel shall be prepared in accordance with the requirenents
of section 2 and in the same manner required for preparation of the
concrete being repaired. The exposed steel shall be conpletely coated
with epoxy resin at the tine it is being applied to the concrete
surfaces of the repair area.

The applied epoxy resin filmshall be in a fluid condition at the tine
the concrete is placed, provided that the epoxy resin may be allowed to
stiffen to a very tacky condition rather than a fluid condition before
concrete is placed on steep sloping or vertical surfaces, in which case
speci al care shall be taken to thoroughly conpact the concrete against
the stiffening bond coat. 1In the event that an applied filmcures
beyond the fluid condition, or a very tacky condition where permitted,
before the concrete is placed, a second bond coat shall be applied while
the first bond coat is still tacky. |[If any bond coat has cured beyond
the tacky state, it shall be conpletely renmoved by sandbl asting, and
proper cleanup, heating, and drying shall be acconplished, and a new
bond coat appli ed.

(4) Placing and finishing. - Use of epoxy-bonded concrete in repairs
requiring formng, such as on steeply sloped or vertical surfaces, wll
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be permitted only when the formng required is such that the bond coat
can be applied and the concrete properly placed within the tine period
necessary to ensure that the applied bond coat will still be fluid, or
tacky where permtted.

I mredi ately after application of the epoxy bond coat, while the epoxy is
still fluid, concrete shall be spread evenly to a level slightly above
grade and conpacted thoroughly by vibrating, tanping, or both.

Vi brators shall not be permitted to penetrate through the fresh concrete
to the level of the fluid epoxy bond coat. Such vibration can enulsify
t he epoxy and reduce the bond. Tanpers shall be sufficiently heavy for
t horough conpaction. After being conpacted and screeded, the concrete
shall be given a wood float or steel trowel finish, as directed.
Troweling, if required, shall result in a snooth, dense finish that is
free fromdefects and bl em shes. As the concrete continues to harden
the surface shall be given successive trowelings. The final troweling
shall be performed after the surface has hardened to such an extent that
no cenent paste will adhere to the edge of the trowel. The nunber of
trowelings and tinme at which trowelings are perforned shall be subject
to approval of the Contracting O ficer

The surfaces of epoxy-bonded concrete repairs shall be finished to the
pl ane of the surfaces adjoining the repair areas. The final finished
surfaces shall match the texture of the surfaces adjoining the repair
ar eas.

h. Curing and protection. - The Contractor shall cure and protect al
repairs fromdanage until acceptance by the Governnment. Concrete shall be
protected against freezing for not less than 6 days fromtine of placenent.

As soon as the epoxy-bonded concrete has hardened sufficiently to prevent
danmage, the surface shall be noistened by spraying lightly with water and
then covering wi th sheet polyethylene, or by applying an approved curing
conpound, provided that curing conpound shall be used for curing concrete
whenever there is any possibility that freezing tenperatures will prevai
during the curing period. Sheet polyethylene, if used, shall be an
airtight, nonstaining, waterproof covering which will effectively prevent

| oss of mpoisture fromthe concrete by evaporation. Edges of the

pol yet hyl ene shall be | apped and seal ed. The waterproof covering shall be
left in place for not |less than 14 days.

If a waterproof covering is used and the concrete is to be subjected to any
use that mght rupture or otherw se damage the covering during the curing
peri od, the covering shall be protected by a suitable |ayer of clean wet
sand or other cushioning material that will not stain concrete, as approved
by the Contracting O ficer. Application of curing conmpound, if used, shal
be in accordance with Reclamation's "Specifications for Concrete Curing
Conmpound, M 30." After the curing has been acconplished, the covering,
except curing conpound if used, and all foreign material shall be renoved
and di sposed of as directed.

3.9 POLYMER CONCRETE SYSTEMS

a. Ceneral. - Polyner concrete repair systens for concrete nay be either of
two types: a nmethacryl ate nmononer system or a vinyl ester resin system
These naterials my be used for patches, overlays, grout pads, and
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enbednment of sills, gates, and simlar structures in concrete nenbers.
Prior approval of the Contracting Oficer is required for applications
where the repair is exposed to the direct rays of the sun or subjected to
rapi d tenperature changes in excess of 10 EF per hour for nore than a
3-hour period. The materials may be supplied as a prepackaged system or as
conponents for a system designed for use as polyner concrete.

The pol ynmer concrete systemshall consist of a 100-percent reactive nononer
or resin system (no nonreactive diluents or solvents are permtted); an
initiator for polynerization of the resin or nononer system a pronoter to
activate the initiator; aggregate; and a prinmer systemto be applied to the
surface of the concrete to be repaired. The systemshall be supplied with
or without pignents to approximate the color of concrete, as directed by
the Contracting Oficer

b. Submittals. - Before starting work, the Contractor shall subnmt to the
Contracting O ficer for approval the follow ng docunents:

(1) A safety plan

(2) A statenent of technical qualifications, training, and past
experi ence in handling and appl yi ng pol yner concrete material s.

(3) A manufacturer's affidavit that states the chem cal constituents
and proportions of the material, a Materials Data Safety Sheet for each
conponent, the use for which the naterial is designed, instructions on
storage and use of the materials, and typical mechanical and physica
properties of the final product.

c. Quality assurance. - Quality assurance shall be in accordance with
par agraph 1. 4.

d. Materials. -
(1) Mononer and resin systens. -

(a) Methacryl ate nonomer systens. - The nonomer system may be based
on either methyl nethacrylate nononmer or on high nol ecul ar wei ght

nmet hacryl ate nonomer systenms. The nmononer system shall consist of
100- percent reactive conponents, and no nonreactive diluents or
solvents shall be permtted. The initiator shall be an organic
peroxi de. The pronoter shall be either a cobalt salt or an organic
am ne conpound. Materials shall be used in the proportions
recomended by the manufacturer for the tenperature conditions at the
job site to neet the pot life and curing tinme requirenments of these
speci fications.

(b) Vinyl ester resin systens. - The vinyl ester resin shall be an
el astomer - nodi fi ed di met hacryl ate di gl yci dyl ether of bisphenol A and
shal | be Dow Chem cal Conpany Derakane 8084; or equal having the

foll owi ng salient characteristics:

Li quid Resin Properties

Styrene content 45 percent by wei ght
Vi scosity, Brookfield
(cps), 77 EF 1, 200
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Fl ash point, cc, (EF) 82

Cl ear Casting Properties

Tensil e strength, (Ib/in? 10, 000
Tensil e nodul us (1b/in?) 430, 000
El ongati on, percent 10

Fl exural strength, (1b/in?) 16, 000
Fl exural nodul us, (Ib/in?) 420, 000

Heat distortion tenperature (EF) 170

The initiator shall be an organic peroxide and the pronoter shall be
cobalt napthenate or cobalt octoate. Materials shall be used in the
proportions recomended by the manufacturer for the tenperature
conditions at the job site to neet the pot life and curing tine
requi renents of these specifications.

(2) Aggregates. -

(a) Prepackaged systens. - Prepackaged systens normally contain a
prebl ended fine aggregate. The use of additional fine aggregate
shall not be permitted in these systens unless specifically

aut hori zed by the manufacturer. Prepackaged systens that do not
contain a prebl ended fine aggregate shall use a fine aggregate
nmeeting the requirenments of subparagraph 3.9.d.(2)(b). Prepackaged
pol ymer concrete systens may be extended by the addition of coarse
aggregate. The maxi num size of the coarse aggregate shall not exceed
the | esser of either one-third of the depth of the repair or 1-1/2

i nches. The coarse aggregate shall be conposed of hard, dense, clean
durabl e, well-graded rock particles.

(b) Separate component polyner concrete systens. - The aggregate
shal | be conposed of hard, dense, clean, durable, well-graded rock
particles. Not nore than 2 percent by weight of the fine aggregate
shal |l pass the 75 um (No. 200) sieve, and the maxi num aggregate size
shall not be greater than one-third the depth of the repair. The
gradi ng shall be based on the follow ng guide:

Nom nal size Aggregate gradi ng
fraction percent retained by wei ght

9.5 - 19.0 mm -- -- -- -- -- 29
(3/8 - 3/4 inch)

4.75 - 9.5 mm -- -- -- -- 29 20
(No. 4 - 3/8 inch)

2.36 - 4.75 mm -- -- -- 29 21 16
(No. 8 - No. 4)

1.18 - 2.36 mm -- -- 31 21 16 10
(No. 16 - No. 8)

600 pm - 1.18 nm -- 31 22 15 10 7

(No. 30 - No. 16)

300 - 600 um 50 23 16 10 7 5
(No. 50 - No. 30)
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Nom nal size Aggregate gradi ng
fraction percent retai ned by weight

150 - 300 pm 30 16 10 8 4
(No. 100 - No. 50)

*Pan 20 30 21 17 13 9

*NOTE: Pan material shall consist of:
1. Mnus 75 pm (No. 200) sieve size ground silica, or
2. Mnus 75 pm (No. 200) sieve size crushed hard, dense, durable,
cl ean rock washed free of clay and organic inpurities, or
3. A mxture of 1 or 2 above with 50%fly ash.

(3) Coupling agent. - The coupling agent incorporated into the nononer
or resin systemshall be an organosilane conpound, Union Carbide A 174,
or equal

(4) Primer. - The polyner concrete shall be applied to a prepared and

primed concrete surface. The prinmer shall consist of either a nethyl
nmet hacryl at e nonomer system a hi gh nol ecul ar wei ght nethacryl ate

nononmer system or an el astoner-nodified vinyl ester resin system (Dow

Chemi cal Conpany Derakane 8084, or equal). The same nonomer or resin
systemused in the polynmer concrete is acceptable as a priner. The
pol ymer concrete shall be applied to a prinmed surface while the priner
is still tacky and has not conpletely cured to a hard and dry fi nish,
with the exception of methyl nethacrylate pol ymer concrete systens
applied to a nethyl nethacrylate prinmer system which does not contain

cross-1linking conmononers which may be applied to a cured and dry prinmed

surface. The prinmer systemshall be fornulated according to the
manuf acturer's instructions to give adequate pot life for the job site
tenperature conditions for proper application of the polymer concrete.

(5) Polymer concrete properties. - The polyner concrete shall have the

foll owi ng properties:

(a) Curing tinme of 1 to 3 hours at ambient tenperature (substrate
and air) of 32 to 100 EF.

(b) Pot life of 15 to 30 ninutes at anmbient tenperatures of 32 to
100 EF.
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(c) Conpressive strength of at least 7,000 Ib/in2 (ASTM C 39).

(d) Splitting tensile strength of at least 1,000 |Ib/in2 (ASTM
C 496).

(e) Linear shrinkage, |ess than 0.05%

(f) Bond strength to concrete - at |east equal to the splitting
tensile strength of the base concrete.

e. Safety. - Al work shall be perforned in accordance with requirenents
of paragraph 1.6 and these specifications. The Contractor shall also:

(1) Hold a safety neeting at the job site conducted by an industri al
hygi eni st or by a technically qualified professional staff nenmber to
acquai nt and instruct all workers and supervisors on the job in the
proper care and handling of the polyner concrete materials as specified
by the manufacturer of the polyner concrete, safety precautions to be
observed, personal protective gear, and protection of the environment.

(2) Require all workers, supervisors, inspectors, visitors, and other
people at the job site to wear personal protective gear as directed by
the Contracting Oficer

(3) Ensure that the polymer concrete materials are stored, handl ed, and
applied in the manner specified by the manufacturer. In addition

(a) Storage. - polyner concrete materials shall be stored in the
shi pping containers in a well-ventilated area and out of the direct
rays of the sun. The storage tenperature shall not exceed 80 EF
(27 EC). WMaterials shall not be stored |onger than 3 nonths.

(b) Mxing and application. - No snoking, flane, or other ignition
sources shall be permitted during mxing and application. Type B or
type ABC fire extinguishers shall be provided at the m xi ng and
application sites. Electrical equipnment in contact with the pol yner
concrete should be grounded for safe discharge of static electricity.
(c) Handling. - Wrkers shall be provided and required to wear
rubber boots, disposable protective clothing, splash-type safety
goggl es, rubber gl oves, and organic vapor respirators as directed by
the Contracting Officer. A heated eye wash capable of sustaining a
15-m nute stream of clean, roomtenperature water shall be provided
at the mxer and at the application site. Materials coming into
direct contact with the skin shall be inmrediately renpoved using soap
and water.

(4) Prevent the contamination of soil or water at the job site by
liquid conmponents.

(5) Dispose of liquid conponents and excess nmaterials at the job site
by conbining the materials in the sane manner and procedure used for

m Xxi ng pol ymer concrete, placing the nmxed materials in an open
container, and allowi ng the material to harden. Hardened pol yner
concrete is nonpolluting and may be di sposed of as a solid nonhazardous
wast e.
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3.

f. Concrete preparation. - In addition to the requirenments of section 2,
the concrete surface shall be dry and prinmed with an approved prinmer. The
primer and the pol ymer concrete shall not be applied until the surface
preparati on neets the approval of the Contracting Officer. The dryness of
the surface shall be determ ned by taping a sheet of transparent

pol yet hyl ene sheeting to the surface and exposing it to the full rays of
the sun for at |east 4 hours and observing the interior surface of the

pol yet hyl ene sheeting for the occurrence of condensed noisture. As an
alternative nethod, a calibrated noisture neter which neets the approval of
the Contracting Officer may be used to deternmine the dryness of the

surf ace.

g. Preparation and application requirenments. -

(1) Initiator and pronoter. - The initiator and pronoter shall be
prebat ched and packaged separately fromeach other in a manner so that
the two conponents cannot be conbined until the tine of the concrete

m Xi ng operation. The pronoter shall be conbined with the nononer or
resin systemprior to the addition of the initiator. UNDER NO

Cl RCUMSTANCES SHALL THE I NI TI ATOR BE ADDED TO OR DI RECTLY CONTACT THE
PROMOTER. THE DI RECT COVBI NATI ON OF PROMOTER AND | NI TIATOR WLL RESULT
IN AN EXTREMELY VI OLENT AND EXPLOSI VE REACTI ON.

(2) Sequence of addition and conbination of nmaterials at the m xer. -
The pol ymer concrete materials shall be conmbined in the sequence and
manner specified by the manufacturer

(3) Mxing of polynmer concrete. - The pol ymer concrete shall be nixed
in a paddl e-type power m xer, a rotating drumtype power m xer, or other
type of power equi pnent approved by the Contracting O ficer. Polyner
concrete materials shall be m xed according to the recommendati ons of

t he manufacturer of the polynmer concrete nmaterials for at |east

3 m nutes.

(4) Renoval of polyner concrete fromthe mxer. - The pol ymer concrete
shal |l be renoved fromthe mxer immediately after m xing

(5) Appropriate forns shall be used for polyner concrete whenever
necessary to confine the polymer concrete and shape it to required
lines. The surfaces of the forns shall be coated with a rel ease agent
that will effectively prevent sticking w thout damage to the pol yner
concrete surfaces.

10 THIN POLYMER CONCRETE OVERLAY

a. GCeneral. - Thin polynmer concrete overlay shall consist of one coat of
primer and one or nore coats of sealant as directed by the Contracting
Oficer.

The coat of prinmer shall consist of vinyl ester resin, initiator, and
pronmoter. Each coat of sealant shall consist of the same materials as in
the prinmer, but with the addition of silica filler, titanium di oxide

pi gment, and carbon bl ack pigment.

b. Submttals. - The Contractor shall, before starting work, provide a
manuf acturer's affidavit which indicates the chem cal constituents of the
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material by proportion. The chem cal constituents shall correspond to the
requi renent of subparagraph 3.10.d.

c. Quality assurance. - Quality assurance shall be in accordance with
paragraph 1.4 and these specifications.

The vinyl ester resin shall be stored in the shipping containers and kept
in the shade, well ventilated, and out of direct sunlight. The recomrended
storage tenperature is 50 to 75 EF. Resin shall not reach 80 EF or higher,
as it will start to gel. The resin has a storage |life of about 3 nonths.
During storage, the resin shall not come in contact with copper, brass,
zinc, or rust, as discoloration, polynerization, or interference with
normal cure conditions can occur. Resin shall also not contact rubber, as
resinis a solvent for rubber.

Styrene nononer, which is a conponent of vinyl ester resin, is flamable
and fornms explosive mixtures in the air; however, it is not sufficiently
flammable to be listed as a "flanmable |iquid" under Interstate Conmerce
Conmi ssion definitions (flash point at or bel ow 80 EF). The expl osive
limts are 1.1 to 6.1 percent volune in air.

The Contracting Officer will not allow the use of vinyl ester resinif it

has al ready polymnerized, gelled, discolored, or will not cure under normal
conditions. Substandard naterials shall be replaced at the expense of the
Contractor.

d. Mterials. -

(1) Vinyl ester. - The vinyl ester resin material shall be Dow Derakane
8084 el astoner-nodified vinyl ester resin, manufactured by Dow Chemi cal
Co., 2800 Mtchell Drive, Wal nut Creek CA 94596; or equal. It shall

neet the requirenments of 3.9.d.(1)(b).

(2) Initiator. - The initiator shall be cuenene hydroperoxide - 78
percent as manufactured by: Lucidol Division, Penwalt Corp., 1740
Mlitary Road, Buffalo NY 14240; Reichold Chemicals, Inc., 107 South
Mot or Avenue, Azusa CA 91706; Wtco Chenmicals, U S. Peroxygen Division,
850 Morton Avenue, Richnond CA 94804; or equal .

(3) Promoter. - The pronoter shall be cobalt napthenate; 6 percent.

(4) Filler. - The filler shall be ground silica, mnus 45 um (No. 355)
sieve size as manufactured by: Otawa Silica Co., Qtawa, Illinois; WR
Scientific (Silco Seal 395 Gound Silica), PO Box 3200, San Francisco CA
94119; or equal .

(5) Pigment for opaqueness. - Two pignents shall be used and they shall
be:

(a) Titanium di oxi de powder as nanufactured by: WVWR Scientific, PO
Box 3200, San Francisco CA 94119; MCB Manufacturing Chem st, Inc.,
470 Vall ey Drive, Brisband CA 94005; or equal.

(b) Carbon |lanmp black or bone black powder. - (Do not use activated
car bon)
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e. Safety. - Al work shall be performed in accordance w th paragraph 1.6
and these specifications. No snoking, flame, or other ignition source
shal |l be present during m xing and the application procedures. Fire
extingui shers (types B or ABC) shall be provided. Equipnent contacting
resins shall be grounded for safe discharge of static electricity. Tools
used shall be the non-sparking, special alloy type.

Workers shall be provided with rubber boots, rubber gloves, protective

cl ot hi ng, safety goggles or face shields, and organic vapor respirators.

It is inmportant to avoid inhalation of vapors and direct eye or skin
contact. Eyewash facility shall be available which will provide a clean
roomtenperature flushing streamfor a ninimumof 15 minutes. Contani nated
clothing shall be discarded i mediately. Proper tools and facilities to
qui ckly renmove spills shall be at the worksite.

Personnel shall follow nanufacturer's recomendati ons for safe handling of
vinyl ester resin and all additives.

CUEMENE HYDROPEROXI DE I NI TI ATOR SHALL NEVER BE ADDED DI RECTLY TO COBALT
NAPTHENATE PROMOTER OR AN EXTREMELY VI OLENT AND EXPLOSI VE REACTION W LL
OCCUR

f. Concrete preparation. - Concrete surfaces designated to receive the
thin polyner concrete overlay shall be prepared in accordance wth

section 2. The m nimum preparation shall consist of wet sandblasting or
wat er blasting the concrete to a clean, sound surface condition followed by
dryi ng.

g. Application of the thin polymer concrete overlay. -

(1) Coverage. - An average coverage rate of 50 to 75 square feet per
gallon of applied material per coat over the entire surface is
anticipated for this work. The surface texture of the concrete may
affect this coverage rate.

(2) Mxing proportion. -

(a) Primer: 5.0 gallons vinyl ester resin
0.60 pound initiator
0. 25 pound pronoter

(b) Sealant: 5.0 gallons vinyl ester resin
1. 35 pounds initiator
0. 27 pounds pronoter
40.0 pounds filler
4.0 pounds titani um di oxi de pignent
0. 02 pound carbon | anp bl ack pi gnment

(3) Variations. - The proportions of cobalt napthenate pronoter and
cuenene hydroperoxide initiator were selected to give a 2- to 4-hour pot
life at a tenperature of about 70 EF. The rate of the polynerization
reaction al so depends on tenperature - in colder weather the reaction
will be slower, and in hot weather or in sunshine, the reaction wll
proceed faster. The tenperature effects can be conpensated for, to a
certain extent, by increasing the total ampunt of initiator plus
pronoter in cold weather and decreasing the anmount in hot weather
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Great care shall be exercised in proportioning the titanium di oxi de
and the carbon bl ack to ensure exact col or between batches of seal ant
| ayer.

The Contracting Officer may require variations fromthe proportions and
guantities specified above and trial m xtures.

At no additional cost to the Governnment the Contracting Oficer may
require two trial mxtures utilizing a total of 5 gallons of vinyl ester
resin with a proportional anmount of other materials as indicated in
subparagraph 3.10.9.(2). The Contractor shall supply, mx, and apply
the trial polyner overlay where directed and in a manner as indicated by
t hese specifications. The Contracting Oficer shall be given 12 hours
notice before a trial mx is applied.

(4 Mxing. - The filler, pignents, and cobalt napthenate pronoter
shall be mxed with vinyl ester resin in a paddle-type or rotating drum
power mi xer in advance of the application. M xtures shall be prepared

i n maxi mum vol unes of 5 gallons of resin per m xed batch

The Contractor shall mx the required constituents, with the exception
of the cuenmene hydroperoxide, to the satisfaction of the Contracting
Oficer. The sealant material will then be required to set for 45 to 90
mnutes for the filler and pignment to becone thoroughly wetted by the
vinyl ester resin. Just prior to use, the cuenene hydroperoxide
initiator shall then be added and the seal ant mi xture m xed again to the
Contracting OFficer's satisfaction. CUEMENE HYDROPEROXI DE | NI TI ATOR AND
COBALT NAPTHENATE PROMOTOR SHALL NEVER BE ADDED TOGETHER DI RECTLY, OR AN
| NSTANTANEQUS AND VI OLENTLY EXPLOSI VE REACTI ON COULD OCCUR.  For the
primer, the setting period nmay be onmitted, but the initiator nust stil

be added after the first mxing of the pronoter, then m xed agai n.

(5) Application. - The prinmer shall uniformy and conpletely cover the
surface by being spread and scrubbed into the concrete surface with a
paint roller, brush, or push broom D scontinuities and puddl es shal
be elim nated by vigorous scrubbing action. The application rate of
primer is expected to be 1 gallon per 50 to 75 square feet of surface
area, but may vary due to texture of the prepared surface.

The pignmented seal ant | ayers of the overlay material shall be applied
not less than 4 and no greater than 24 hours after the application of
the prinmer or succeeding sealant layer. The priner |layer may not have
conpletely cured during this time period. The sealant shall be applied
to dry, prined surfaces, and provisions shall be taken to prevent
wetting of the surfaces fromrain or | eakage and seepage of water. The
seal ant |layers shall also be applied with a paint roller, brush, or push
broom The application rate of the sealant is expected to be 1 gallon
per 50 to 75 square feet of surface area.

The prinmer and seal ant |layers shall be spread evenly and uniformy over
t he surface

3.11 RESI N | NJECTI ON

a. GCeneral. - Wen hardened concrete is cracked in depth or when hol | ow
pl ane del anmi nations or open joints exist in hardened concrete and when
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structural integrity or watertightness nmust be restored for the structure
to be serviceable, resin injection shall be used for repair, as directed.

However, since not all cracked, delam nated, or jointed concrete can be
restored to serviceable condition by resin injection, resin injection
repairs shall be made only as directed by the Contracting Oficer

Two basic types of injection resin are used to repair concrete:

(1) Epoxy resins are used to rebond cracked concrete and to restore
structural soundness. Epoxy resins nmay al so be used to elimnate water
| eakage from concrete cracks or joints, provided that cracks to be
injected with epoxy resin are stationary. Cracks that are actively

| eaki ng water and that cannot be protected fromuncontrolled water

i nfl ow shall not be injected with epoxy resin. Cracks to be injected
wi th epoxy resin shall be between 0.005 inch and 0.25 inch in width.

(2) Hydrophilic polyurethane resin is used to elimnate or reduce water
| eakage from concrete cracks and joints and can be used to inject cracks
subj ect to sone degree of novenent. Hydrophilic polyurethane resin
shall not be used to inject concrete cracks or joints when restoration
of structural bond is desired. Cracks to be injected w th pol yurethane
resin shall be 0.005 inch in width or greater

O her types of injection resin are avail able for nonstandard or specialized
repair applications. Use of these materials shall require specific
approval of the Contracting Oficer

b. Submttals. - The Contractor shall provide the Contracting Oficer with
evi dence that the Contractor is qualified to performresin injection
repairs. The data shall show that the Contractor has a mninumof 3 years
of experience in performng resin injection work simlar to that detailed
in the drawi ngs and specifications.

The Contractor shall submt a list of 5 projects in which resin injection
was successfully conmpleted. The list shall contain the follow ng
i nformati on for each project:

(1) Project nane and | ocation

(2) Omner of project.

(3) Brief description of work.

(4) Date of conpletion of resin injection work.

If the repair work is performed by the Contractor's personnel under the
supervision of the nanufacturer's representative, the data shall show t hat
the resin manufacturer has a mnimumof 5 years' experience providing resin
materials simlar to those specified.

Manuf acturer's brochures, technical data sheets, Material Safety Data
Sheets, and any other information describing the pol yurethane resin, the
proper fornulation to achieve the required tensile strength, bond strength,
and el ongation of the cured resin mxture, and reconmended i njection
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procedures shall be submitted to the Contracting O ficer for approval at
| east 30 days prior to comencenent of crack repairing operations.

The Contractor shall furnish the Contracting Oficer a manufacturer's
certification of conformance of the epoxy or polyurethane resin systemwth

t hese specifications. The certification shall identify the Reclamation
solicitation/specifications nunber(s) under which the resin is to be used
and shall include the quantity represented, the batch nunbers of the resin,

and the manufacturer's results of tests perforned on the resin system

The Contractor shall submt a detailed proposal for epoxy injection repair
to the Contracting Oficer for approval. The approval will be based on the
degree of conformance of the proposal wi th procedures contained in

Recl anation's Concrete Manual, chapter 7, Eighth Edition, revised reprint,
and the report of ACI Committee 503, section 7.2.5, "Use of Epoxy Compounds
with Concrete."

The Contractor shall submit a detailed proposal for polyurethane resin
injection repair to the Contracting O ficer for approval. The approval
wi Il be based on the degree of confornmance to the basic steps of

pol yurethane resin injection and on the Contracting O ficer's judgnment of
the technical feasibility of the Contractor's proposal

c. Quality assurance. - Quality assurance shall be in accordance with
paragraph 1.4 and these specifications. The repair work may be perforned
by the Contractor or by the Contractor's personnel under the supervision of
the resin manufacturer's representative. |If the Contractor perforns the
repair work, the Contractor shall provide a full-time, onsite supervisor

t hroughout the duration of the resin injection work.

If the repair work is performed by the Contractor's personnel under the
supervision of the resin manufacturer's representative the Contractor shal
have the resin manufacturer provide a representative who will train the
Contractor's personnel on the proper techniques of injecting resin with an
i njection system approved by the manufacturer. Al so, the Contractor shal
provide a full-time, onsite, manufacturer-certified injection supervisor

t hroughout the duration of the resin injection work.

d. Mterials. -

(1) Epoxy resin. - Epoxy resin for injection shall neet the

requi renents of specification ASTM C-881 for a type |, grade 1 epoxy
system The class of the systemshall be appropriate for the
tenperature of the application.

(2) Polyurethane resin. - The pol yurethane resin systemfor injection
into cracked concrete shall be a two-part system conposed of 100 percent
hydr ophilic pol yurethane resin and water. The pol yurethane resin, when
m xed with water, shall be capable of formng either a flexible closed-
cell foamor a cured gel dependent upon the water-to-resin mxing ratio.
The armount of water mxed with the pol yurethane resin shall be such that
the cured material neets the follow ng physical properties:

(a) Mnimumtensile strength -- 20 pounds per square inch
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(b) Bond to concrete (wet) -- greater than 20 pounds per square
i nch.

(c) Mnimm elongation -- 400 percent.

The injection of pure polyurethane resin, not nixed with water, shal
not be all owed.

Safety. - Al work shall be performed in accordance with paragraph 1.6
t hese specifications.

(1) Epoxy resins. - Certain additional safety precautions shall be

enpl oyed when using uncured epoxy materials. Skin contact with uncured
epoxy shall be avoided. Protective clothing, including rubber or

pl astic gloves, shall be worn by all persons handling epoxy material s.
Al'l exposed skin areas that may cone in contact with the material shal
be protected with a protective barrier creamformul ated for that

purpose. Adequate ventilation shall be provided and nmi ntai ned at al
times during use of epoxy and epoxy solvents. Fans used for ventilating
shal | be expl osion proof. |If necessary, respirators that filter organic
fumes and m sts shall be worn. Al epoxy-contam nated materials such as
W pes, enpty containers, and waste nmaterial shall be continually

di sposed of in containers which are protected fromspillage. Epoxy
spillage shall be inmediately and thoroughly cleaned up. Appropriate
solvents may be used to clean tools and spray guns, but in no case shal
the solvents be incorporated in any epoxy resin or in the placing
operation. Solvents shall not be used to renpove epoxy materials from
skin. Only soap, water, and rags shall be used for this purpose.

Al tools shall be conpletely dried after cleaning and before reuse.

(2) Polyurethane resins. - Polyurethane injection resin systens contain
ei ther toluene diisocyanate or nethyl ene dephenyl diisocyanate. Both

i socyanates can create risks if safe handling procedures are not
followed. The principal hazards arise fromisocyanate vapor, which wll
irritate the nenbranes of the nose, throat, lungs, and eyes. Adequate
ventilation is required to prevent vapor concentrations from approaching
the Threshold Limt Value (TLV). Protective clothing, including rubber
or plastic gloves and protective gl asses, shall be worn by all persons
handl i ng pol yurethane resins. |f necessary, respirators that filter

i socyanate vapors and mists shall also be worn. Mnoneric urethane
resins react with water to produce pol yuret hane and carbon di oxi de gas.
If this reaction occurs inside a closed container, excessive pressures
can devel op that nmay rupture the container. Care nust be taken to
prevent contani nation of nonomeric urethane resin with water.

Pol yur et hane resin spillage shall be i mediately and thoroughly cl eaned
up. Spilled pol yurethane resin can be absorbed in sand and renoved for
buri al

(3) deanup and disposal of injection resin. - Al materials, tools,
and containers contaninated with injection resin, surface sealers, or
ot her contam nants shall be renoved fromthe site for disposal in
accordance with appropriate | ocal or Federal regul ations.
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f. Concrete preparation. - The concrete surface to be repaired by resin
injection shall be thoroughly cleaned of all deteriorated concrete,

ef fl orescence, and all other |oose material. The area to be injected shal
then be thoroughly inspected and an injection port drilling and punpi ng
pattern established.

Upon conpletion of resin injection, all excess material shall be renoved
fromthe exterior surfaces of the concrete. The final finished surfaces
shall match the texture of the surfaces adjoining the repair areas.

g. Application of resin injection repairs to concrete. -

(1) Epoxy resin injection repair. - The process used for epoxy
injection shall fill the entire crack or hollow plane delam nation with
liquid epoxy resin systemand shall contain the resin systemin the
crack until it has hardened. The Contractor shall be responsible for
drilling and renoving three, a mninumof 2-inch-diameter cores fromthe
i njected concrete at | ocations determ ned by the Contracting Oficer to
determ ne the conpl eteness of the injection repair. |Injection shall be
consi dered conplete if nore than 90 percent of the void is filled with
hardened epoxy. |If injection is not conplete, reinjection and

additi onal cores nay be required at the direction of the Contracting
O ficer at no additional cost to the Governnent.

Epoxy injection repair nethods shall be in accordance with the approved
detail ed proposal for epoxy injection repair and shall be adjusted to
fit the repair situations encountered.

(2) Hydrophilic polyurethane resin injection repairs. - The process
used for polyurethane injection of cracks or joints to reduce water
| eakage shall consist of the foll ow ng basic steps:

(a) Intercept the water flow paths with valved drains installed into
the concrete to control the | eakage

(b) Install injection ports by drilling holes designed to intersect
the cracks at depth below the concrete surface. The nmaxi mum spaci ng
of injection ports shall not exceed 60 inches, and cl oser spacing of
ports may be required.

(c) Al injection holes shall be flushed with clean water to renove
drilling dust and | cose debris and to clean the intersected

crack line. Each drill hole shall be water tested at the

resin injection pressure to determine if the crack

intersection is open. Polyurethane resin shall not be

punped into a drill hole that refuses to take water at the

resin injection pressure.

(d) Inject polyurethane resin systeminto cracks or joints at the
m ni mum pressure required to obtain the desired travel, filling, and
sealing. The mix water to resin ratio shall be 1:1 unl ess ot herw se
approved by the Contracting Oficer. The Contractor should
anticipate the necessity to provide a surface seal for the crack or

joint to contain the injection resin. It nmay also be necessary to
inject the crack or joint in an intermttent manner to achieve
filling and sealing. Injection shall be by the nethod of split
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spaci ng unl ess ot herw se approved by the Contracting Oficer

Primary holes shall be drilled and injected on centers not exceeding
10 feet. Secondary holes, half way between the primary holes, wll
then be drilled and injected. |If resin take occurs in the secondary
holes, a series of tertiary holes, half way between the secondary and
primary holes, shall then be drilled and injected. Al holes shal

be injected to absol ute refusal

(e) Renove drains, injection ports, and excess pol yuret hane upon
conpl etion of resin cure.

This process shall entirely stop the water | eakage to a dust dry
condition or as directed by the Contracting Oficer

The punp used to inject the polyurethane resin systemshall be a

t wo- conponent positive-di splacenment-type punp with static m xing
head and pressure regul ati on necessary to control injection
pressures while punping | ow volunes. The equi pnent will be

subj ect to approval by the Contracting Officer. The use of single
conponent punps and/or the injection of pure water followed by
injection of pure resin will not be approved.

Pol yuret hane resin injection nmethods shall be in accordance with the
approved, detailed proposal for injection repair and shall be adjusted
to fit the repair situations encountered.

3.12 H GH MOLUCULAR WEI GHAT METHACRYLI C SEALI NG COVPOUND

a. GCeneral. - A concrete sealing conmpound is defined as a liquid that is
applied to the surface of hardened concrete to prevent or decrease the
penetration of liquid or gaseous nedia, such as water, aggressive

sol utions, and carbon di oxide, during the service exposure, preferably
after initial drying to facilitate its absorption into voids and cracks.

The sealing of concrete surfaces with a high nol ecular wei ght nmethacrylic
nononer - cat al yst system and sand shall be in accordance with these
specifications. Oher types of concrete sealing conpounds may be used by
the Contractor only when approved by the Contracting Oficer

The hi gh nol ecul ar wei ght nmethacrylic sealing conpound shall not be used to
seal concrete subject to frequent or permanent inmmersion in water; nor
shall it be used on concrete surfaces exposed to high abrasion forces.

b. Submittals. - The Contractor shall provide the Contracting Oficer a
tabl e showi ng preparation of initiator and pronoter to be added to the
nononmer to achieve the cure tinme requirenents based on concrete surface
tenperature. The tenperature of the surface to be treated shall range from
45 to 100 EF. If it is desired to work outside these tenperature ranges,
approval of the Contracting Oficer is required, and the nononer
manuf act urer shoul d be consulted for technical advice.

A MBDS shall be furnished to the Contracting Oficer prior to shipnent of
material with information pertaining to the safe practices for storage,

handl i ng and di sposal of the materials and their explosive and flanmabl e
characteristics, health hazards, and the manufacturer's recommended fire
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fighting techniques. The MSDS shall be posted at all storage areas and at
the job site.

The Contractor shall furnish, for approval, a detailed witten description
of the nethods the Contractor plans to use for clean up of all spills and
resi due in open containers. See subparagraph 3.12.g.(4).

c. Quality assurance. - Quality assurance shall be in accordance with
par agraph 1. 4.

d. Materials. -
(1) High nolecular weight nmethacrylic nonomer. - The nonomer shall be a
hi gh nol ecul ar wei ght or substituted nethacrylate that confornms to the
foll owi ng properties:

(a) Vapor pressure Less than 1.0 mMm HG @77 EF (ASTM D 323)

(b) Flash point Greater than 200 EF (Pensky-Martens CC)

(c) Density Greater than 8.4 I b/gal at 77 EF (ASTM D 2849)

(d) Viscosity 12 £+ 4 cps (Brookfield No. 1 Spindle 60 rpm at
73 EF)

(e) Index of
refraction 1.470 £ 0.002

(f) Boiling point @1 nm Hg, degrees F 158
(g) Shrinkage on cure -less than- 11%

(h) dass transition tenperature (DSC), degrees F. 135 EF (ASTM
D 3418)

(i) Curing tinme (100 g nmass) Geater than 40 nmnutes at 77 EF, with
4% cuenene hydroper oxi de (ASTM D 2471)

(j) Bond strength greater than 1,500 | b/in? (ASTM C 882)

(k) No unreactive solvents or diluents shall be permitted in the
nonomner system

(2) Initiator-pronoter system -
(a) Initiator Cuenene hydro peroxide - 78 percent
(b) Pronmpter Cobalt Napthenate - 6 percent

The initiator/pronoter systemshall be capable of providing a surface
cure tinme of not |less than 40 m nutes nor nore than 3 hours at the
surface tenperature of the concrete during application. The
initiator/pronoter systemshall be such that the gel tinme may be
adjusted to conpensate for changes in tenperature that may occur

t hroughout the treatnment application.
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(3) Sand. - The sand shall be clean, dry, and free of organic
materials, silt, and clay. Except as otherw se approved by the
Contracting O ficer, the sand shall conformto the follow ng grading:

U.S. standard sieve size Per cent passi ng
4.75 mm (No. 4) 100
2.36 Mm (No. 8) 90- 10
850 um (No. 20) 5-10
300 pum (No. 50) 0-10

This grading is intended to allow the use of comercially avail able
silica sands of No. 8/20 or No. 10/ 20.

e. Safety. - Al work shall be perforned in accordance with the

requi renents of paragraph 1.6 and these specifications. The materials
shal |l be stored, handl ed, and applied in accordance with the manufacturer's
recomendations. Storage of all materials shall be in the origina

shi ppi ng containers and as specified in this paragraph

[ NI TI ATORS AND PROMOTERS SHALL BE STORED SEPARATELY SI NCE COVBI NATI ON CAN
RESULT IN A VI OLENT REACTI ON OR EXPLOSI ON.

Per sonnel exposed to nononer, initiator, or pronoter, or their vapors shal
use mni mum protective equi pnent as follows: safety eye gl asses,

i mpervi ous gl oves and aprons, and rubber boots as required. As determ ned
by the Contracting O ficer, personnel may be required to use full-face
protective shields, self-contained respiratory equi pnent, or both. Al
personnel handling the nononmer or catal ysts shall be thoroughly trained in
their safe use in accordance with the nanufacturer's recomendati ons.

Unsafe handling practices will be sufficient cause to discontinue work
until the hazardous procedures are corrected. The handling and use of the
nononmer and catal ysts shall in all cases conply with the requirenents of
applicabl e Federal, State, and | ocal safety requirenents and ordi nances.

The Contractor shall provide an eye wash and water washing facility for use
in the event of accidental splashing of the nononmer or catal ysts on the

wor kers. Eyewash facility shall be capable of providing a clean, room
tenmperature flushing streamfor a mnimumof 15 nminutes. Al sources of
sparks or flame nust be renoved from areas used for storage and handling.
In these areas storage and mi xi ng vessels shall be provided with electrica
grounds to prevent static sparks.

M xi ng and transfer equi pnent shall be expl osion proof, and sufficient
ventilation shall be provided to prevent the formati on of expl osive

seal ant/air mxtures. |In accordance with applicable safety regul ati ons,
war ni ng si gns, such as "No Snmoki ng" signs, shall be posted. |In public
areas, care shall be taken to elimnate sources of sparks or flane when the
nononmer systemis present. Particular attention should be given to renoval
of wel di ng operations, posting of "No Snoking" signs, and to traffic
control to elimnate accidental fires fromthese sources. Visitors at the
job site should be warned of the potential hazards and provided with
appl i cabl e safety equi pnrent. The Contractor shall al so place an adequate
nunber of 4-A:60B:C fire extinguishers on the job, so that no portion of
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t he mononmer system application is conducted farther than 100 feet fromthe
nearest fire extingui sher

f. Concrete preparation. - The concrete surfaces to be treated shall be
cl ean, dry, and physically sound. Al deteriorated concrete shall be
renoved in accordance with paragraph 2.1 to obtain a physically sound
surface for treatnment. The Contractor shall performall work required to
bring the surfaces to this condition

Concrete surfaces shall then be prepared by power sweeping and by bl owi ng
wi th high-pressure air to renove all dirt and foreign material fromthe
surface and fromall cracks. Contaninants, such as asphalt and heavy oi
and rubber stains, shall be renoved, at the discretion of the Contracting
O ficer, by scraping and cleaning with solvents. Wll-bonded surface
contam nants and exi sting painted surfaces shall be renpved by wet

sandbl asting. Hi gh-pressure water blasting will be permitted only if it
can be denonstrated to the satisfaction of the Contracting Oficer that the
concrete surface and cracks can be conpletely dried prior to the
application of the polyner treatnent.

g. Application. - The nmethacrylic concrete sealing conpound shall be
m xed, applied to the prepared concrete surface, and cured in accordance
wi th these specifications.

(1) Mxing of materials. - The nononer shall be mxed with initiator
and pronoter in the follow ng proportions (proportions nmay be adjusted
by the Contracting Oficer to give a satisfactory pot |life based on
concrete surface tenperatures and reconmendati ons of the nononer system
manuf acturer):

Parts by wei ght

(a) Substituted Methacryl ate Mononer 100
(b) Cuenene Hydroperoxide (78% 4.0
(c) Cobalt Napthenate (6% 2.0

DO NOT' M X COBALT NAPTHENATE DI RECTLY W TH CUEMENE HYDROPEROXIDE AS THI S
WLL PRODUCE AN EXTREMELY VI OLENT AND EXPLOSI VE CHEM CAL REACTI ON.

The cobalt napt henate and cuenene hydroperoxi de shall be mixed with the
substituted nmet hacryl ate nononer in separate steps; i.e., first add and
m x cobalt napthenate with the substituted nmethacryl ate nmononer, and
then add and mi x the cuenene hydroperoxide with the cobalt napthenate/
nmet hacryl at e nononmer m xture

The materials shall not be prem xed. The nonomer system shall be
applied to the concrete surface within 5 nmnutes after mixing the
cuenene hydroperoxide with the cobalt napthenate/substituted

nmet hacryl at e nononer m xture

For manual application, the quantity of nononer system mi xed shall be
limted to 5 gallons at a tine. A significant increase in viscosity or
change in gel time prior to application shall be cause for rejection
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Machi ne m xi ng and application of the methacrylic sealing conpound may
al so be perforned by using a two-part nonomer systemutilizing a
pronot ed nmononer for one part and an initiated nononer for the other
part. Adequate mixing shall be done to achieve a uniformblend of the
two parts.

The use of nachine m xing and application requires approval by the
Contracting O ficer and treatnent of a 10- by 50-foot test site to
denonstrate that the equipnment is working properly and capabl e of
provi ding a uni form nononmer m xture.

(2) Application of sealing compound. - Prepared surfaces shall be
protected fromrain and noisture. Surfaces shall be treated with
seal i ng conmpound within 24 hours after surface preparation is conpleted.
The surface shall be allowed to dry thoroughly for a m ni mum of 48 hours
before treatnent. At the discretion of the Contracting Oficer, the
followi ng test shall be nade to determine if the concrete surface is
sufficiently dry to proceed with the polyner treatnent. A 2-foot-square
pi ece of clear polyethyl ene sheeting shall be taped to the surface of
the concrete and allowed to remain there for a minimumof 2 hours
exposed to sunlight. Mbisture condensation on the inside surface of the
pol yet hyl ene sheeting shall be considered as evidence that the concrete
surface is not sufficiently dry, and an additional period for drying
will be required before proceeding with the polyner treatnent.

Additional tests may be required, at the discretion of the Contracting
Oficer.

The nononer system shall be applied to the concrete surfaces during
nighttine and early norning hours as directed by the Contracting Oficer
and with concrete tenperatures between 45 and 85 EF. Mononer
application will not be permitted in the direct rays of the sun as this
nmay cause a prenmature curing of the system

The concrete surfaces shall be treated with nononer at an application
rate of 75 to 100 square feet per gallon. The concrete surfaces shal

be fl ooded with the nononmer m xture, allowing full penetration of the
concrete and filling all cracks, and brushed with a stiff bristle broom
Puddl es of excess nononer shall be renoved by the Contractor

The seal ing conpound may al so be spray-applied by nmachi ne using a two-
part m xi ng procedure described in subparagraph 3.12.9.(1). The
pressure at the spray nozzle shall not be great enough to cause nononer
mst to drift nore than 2 feet beyond the nozzle. Conpressed air shal
not be used to produce the spray.

(3) Application of sand and curing. - Wthin 15 to 20 mi nutes after
application of the nmethacrylic sealing conpound, and before significant
gelling has occurred, the entire treated area of concrete shall be
covered by sand broadcast to achieve a uniformcoverage of 0.25 to 0.50
pound per square yard. This sand shall be left on the concrete surface
until the sealing conpound has cured to a tack-free condition. Any
excess sand, not bonded to the concrete, shall then be renoved by the
Contractor. Sand shall not be applied to vertical surfaces that have
been treated with nethacrylic sealing conmpound.
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Treated areas shall be protected and not put back into service for
24 hours after treatnent to allow the sealing conpound to fully cure.

(4) deanup. - The Contractor shall keep the m xing equi pnrent and tools
clean during the course of the treatnment, using a suitable solvent such
as acetone or nethyl ketone (both flamuable), or 1,1,1,-trichloroethane
(nonfl ammabl e). Soap and water are al so satisfactory for cleanup of
fresh nononer fromthe tools. The Contractor shall quickly clean up al
spills by a nmethod previously approved by the Contracting Oficer

After the repair work is conpleted, the residue in the open containers
of cuenene hydroperoxi de and cobalt napthenate shall be safely destroyed
by using some of the excess nononmer resin to wash out the catalyst
containers and then allow it to cure before disposal or by other nethods
recommended by the manufacturers and approved by the Contracting
Oficer.

SURFACE | MPREGNATI ON

Ceneral . - These specifications present the requirenents for
regnating concrete with a nethyl nethacrylate based nononer-catal yst
temfollowed by in situ polynerization of the nononer by heat.

Submittals. -

(1) The Contractor shall provide the Contracting Oficer with the
manuf acturer's certifications that the nonomers and catal yst neet these
specifications. Representative sanples of the nononmer system
conmponents, or of the conbi ned nmononer systemif purchased prem xed,
shall be delivered to the Contracting Oficer at |east 30 days prior to
use. At the Contracting Oficer's option, these sanples will be tested
to determ ne specifications conpliance.

(2) At least 30 days prior to beginning the concrete inpregnation
process, the Contractor shall deliver to the Contracting O ficer a
written report describing the Contractor's planned treatnment procedures.
Included in this report shall be a detailed description of the drying,

i mpregnation, nononer mxing and storage, polynerization and quality
control procedures, facilities, and equi pnent the Contractor intends to

use to treat the concrete. The Contracting Oficer will review this
report and approve or disapprove the plan within 30 days of the date of
receipt. 1In no event shall the Contractor proceed with the surface

i npregnation treatnent until approval of the Contractor's procedures,
materi als, and equi pnent has been received.

(3) During the drying, cooling, inpregnation, and polynerization
cycles, the Contractor shall obtain and supply to the Contracting

O ficer concrete tenperature data accurate to +5 EF from at |east nine
points uniformy spaced on the surface of each treatnent area and from
at least one point 1 inch below the concrete surface at the approxi nate
center of each treated area.

These data shall be in the formof a continuous record or periodic
readi ngs recorded at 1-hour intervals. The technique and equi pnent used
to obtain the tenperature data required in subparagraph 3.13.g.(1) shal
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be described in the witten procedures report required above and subject
to the Contracting O ficer's approval.

(4) The Contractor shall naintain and supply to the Contracting Oficer
nmonomer and catal yst records listing the dates of manufacture, storage
tenperatures, date of use and application rates, and quantities as
applied to the concrete.

c. Quality assurance. - Quality assurance shall be in accordance with
paragraph 1.4 and these specifications. Representative material sanples
submtted by the Contractor, as specified in subparagraph 3.13.b. (1) wll
be tested, at the Contracting O ficer's option.

d. Materials. -

(1) Mononer system - The nononer system shall be conposed of 95
percent by weight nethyl nethacrylate (MVA) and 5 percent by wei ght
trinethl ol propane trinethacrylate (TMPTMA). A polynerization catal yst,
2,2-azobis-(2,4-dimethylvaleronitrile), shall be added to this nononer
systemat the rate of 1 part catalyst to 200 parts nononer by wei ght, or
as directed by the Contracting Oficer.

(a) MWA. - MVA shall neet the follow ng requirenents:

Formul a CH,=C( CH;) C00CH;,
I nhi bi t or 25 parts per mllion
hydr oqui none (HQ
Mol ecul ar wei ght 100
Assay (Gas Chromat og-
raphy) % 99.8 mn
Density 7.83 I b/gal (0.938 kg/L)
Boi | i ng 212 EF (100 EQ)
Fl ash poi nt 55 EF (13 EQ)

(Tag, ASTM D 1310)

(b) TMPTMA. - TMPTMA shall neet the follow ng requirenents:

For mul a (CH,=CH; COCCH,) ;CCH,CH,

| nhi bitor 100 parts per mllion
hydr oqui none (HQ

Assay, % 95.0 mn

Density 8.82 Ib/gal (1.058 kg/L)

Fl ash poi nt G eater than 300 EF (149 EQ

(c) The polynerization catalyst shall be 2,2-azobis-(2,4-dinethyl -
valeronitrile). Enpirical formula: C,H;N,.

M 47 (MD470000. 896)
Page 54
8-1-96



Monomer system conponents shall be used within 6 nonths after
manuf act ur e.

(2) Sand. - The inpregnation sand shall be conposed of clean, hard,
dense, |ow absorptive particles that will pass a 1.18-nm (No. 16) sieve,
but with not nore than 5 percent passing a 150 pum (No. 100) sieve.

e. Safety. - Al work shall be perforned in accordance with paragraph 1.6
and these specifications. Because of the hazards associated with inproper
use and handl i ng of the nononer and catal yst, the follow ng additiona
safety requirenents shall be adhered to during the surface inpregnation
process.

Personnel working with the nononers or catal yst shall be provided with and
use safety eyegl asses or goggl es, inpervious gloves, aprons, and boots.
Normal Iy, in an outdoor nononer application, respiratory equipnent will not
be necessary. In storage and m xi ng operations, however, accidental spills
or equi prment failures may result in hazardous vapor concentrations
requiring self-contained respiratory equi pnrent for personnel protection

The Contractor shall provide a field eye wash and water washing facility
for use in the event of an accidental splash of nonomer on the workers.

Eye wash facility shall be capable of providing a clean, roomtenperature
flushing streamfor a mnimum of 15 m nutes.

Al'l sources of sparks or flame shall be renoved from areas for nononer
storage and handling. |In these areas nononer storage and m xi ng vessels
shall be provided with electrical grounds to prevent static sparks. M xing
and transfer equi pnment and notors shall be explosion proof, and sufficient
ventilation shall be provided to prevent the formati on of expl osive nononer
vapor-air mxtures. In accordance with applicable safety regul ations,
war ni ng si gns such as "No Snoki ng" regul ations shall be posted. At the
construction site, care shall be taken to elimnate sources of sparks or

fl ane when nonomer is present. Particular attention shall be given to
renoval of wel ding operations, posting of "No Snoking" signs, and to
traffic control to elimnate accidental fires fromthese sources. Visitors
at the job site shall be warned of the potential hazards and provided with
appl i cabl e safety equi prment.

Cat al yzed mononer not used within 4 hours of catalyst addition shall be
stored in an expl osion proof storage facility at a maxi num storage
tenperature of O EF until it can be used or destroyed as approved by the
Contracting O ficer. Storage of catal yzed nononer for periods |onger than
2 days will not be permtted.

Monomer and catal yst storage and handling. - The nononmers, MVA and TMPTMA
or the prem xed nononer system shall be stored in their original shipping
containers or in other clean containers as approved by the Contracting

O ficer. Maxi mum nononer storage tenperature shall not exceed 90 EF. The
storage area shall be selected to provide protection fromdirect sunlight,
fire hazard, and oxidizing chenicals. Sufficient ventilation shall be

mai ntained in the storage area to prevent the hazardous buil dup of nononer
vapor concentrations in the storage air space. The polynerization catal yst
shall be stored in accordance with the manufacturer's reconmendations, but
in no event shall the catalyst storage tenperature be allowed to exceed

35 EF. Personnel exposed to nononer or nononer vapor shall use m ni mum
protective equi pnent as follows: safety eyeglasses, inpervious gloves and
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aprons, and rubber boots as required. As determ ned by the Contracting

O ficer, personnel may be required to use full face protective shields,

sel f-contai ned respiratory equi pnent, or both. Al personnel handling the
nononers or catalyst shall be thoroughly trained in their safe use in
accordance with manufacturer's reconmendati ons.

Unsafe handling practices will be sufficient cause to discontinue work
until the hazardous procedures are corrected. The handling and use of
mononer shall in all cases conmply with the requirenments of applicable
Federal, State, and |ocal safety requirenents and ordi nances.

During the polynerization cycle, the heating enclosure shall be provided
with a means of positive ventilation to prevent hazardous concentrations of
nonomer vapor within the enclosure. Qpen flanme heat sources will not be
approved for use during polynerization

The mononmer m xi ng area shall be free of sources of ignition and shall be
well ventilated. Spilled nononmer shall be contai ned with absorptive
materials such as vermculite or dry sawdust and renoved w th non-sparking

equi pnent .

f. Concrete preparation. - Deteriorated concrete shall be renoved fromthe
surface by wet sandbl asting or other suitable nmeans. Concrete containing
surface contam nants such as oil, paint, or protective coatings shall be

cl eaned by wet sandbl asting or by other approved neans to renove these
materials. After the renoval of these materials, the concrete surface
shall be swept and air-blown to renove sand, |eaves, trash, gravel, or

ot her m scell aneous | oose nmaterials to the satisfaction of the Contracting
Oficer.

The Contractor shall install a tenmporary di ke along the high side of the
area to be inpregnated to divert possible rainwater around the area to be
i npregnated. The Contractor shall also install a tenporary di ke along the
|l ow side of the area to be inpregnated to act as a barrier to prevent
nmonomer from accidentally escaping due to an accidental spill or excess
application.

g. Application of the surface inpregnation process. -

(1) Drying. - After the concrete surface area to be treated has been

cl eaned in accordance with subparagraph 3.13.f., it shall be unifornmy
covered with a 1/4- to 1/2-inch thick layer of sand neeting the

requi renents of subparagraph 3.13.d.(2) and dried to permt polyner
penetration. The equi pnent used to acconplish drying shall consist of a
weat her proof enclosure with either an electric infrared, or hot-air heat
system or other technique as approved by the Contracting Oficer
Exposed flame infrared heat systens, if selected for drying, shall not
be used for polynerization.

Drying shall be acconplished by raising the concrete surface tenperature
at a rate not exceeding 100 EF per hour to between 250 and 275 EF, and
mai nt ai ni ng that surface tenperature range for 8 hours. |f a higher

maxi mum tenperature i s desired, approval by the Contracting Oficer

shal |l be obtained. During the drying period, sufficient airflow shal

be mai ntai ned over the concrete surface to ventilate the water vapor
renoved fromthe concrete and to provide uniformconcrete surface
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tenperature. During the drying cycle, the Contractor shall obtain
continuous or periodic surface tenperature neasurenents, as specified in
subparagraph 3.13.b.(3), at a sufficient nunber of |ocations over the
heat ed concrete surface [nornally one |ocation per 100 square feet] to
ensure tenperature uniformty. The maxi numtenperature variation over
the heated concrete surface shall not exceed +20 EF of mean concrete
surface tenperature at the tine neasurenents are taken.

(2) Cooling. - After the concrete has been dried, it shall be cool ed
prior to nmononer application. The cooling rate for concrete surface
tenperature shall not exceed 100 EF per hour. Cooling shall continue
until the nmaxi mumtenperature at a depth of 1 inch bel ow the surface of
the concrete is 100 EF or |ess.

During the cooling and inpregnation cycles, the dried concrete shall be
protected to prevent noisture fromreentering the concrete. |t may be
necessary, if determned by the Contracting Oficer, to repeat the
drying and cooling cycles prior to nononmer application should noisture
reenter the concrete.

(3) Mnomer nmixing. - The nononer MVA and TMPTMA may be prenixed in the
specified ratio and stored prior to use. Storage of prenixed nononer
shall be as required in subparagraph 3.13.e. Al nononmer m xing and
transfer equi pnent shall be as required in subparagraph 3.13.e. Al
nmonomer m xi ng and transfer equi pment shall be of expl osion proof design
and shall be provided with electrical ground cables. Mnoner transfer
shall be frombottomto bottom of the vessels or through dip pipes in
the vessels to prevent the buildup of static charge during transfer

Pipe fittings, valves, punp inpellers, or other equiprment which will
cone into contact with nononer shall not be nmade of copper or brass or
certain plastics attacked by the nononer.

(4) Catalyst-nmononer mxing. - The pol ynerization catal yst shall be

m xed with the nononmer systeminmediately prior to use. Mnonmer system
tenperature at the time of catalyst addition shall not exceed 90 EF.

M xi ng shall be acconplished with expl osion proof equipnment in
electrically grounded containers in a well-ventilated area.

(5) Inpregnation. - Follow ng the drying and cooling cycles, the sand
on the concrete surface to be inpregnated shall be uniformy leveled if
necessary.

The tenperature on the surface of the concrete shall not exceed 100 EF
at the tine of nononmer application nor at any tinme during the
i mpregnation cycle.

Monomer application shall be made at a rate sufficient to uniformy
saturate the sand layer to a slight excess w thout applying so nuch
mononer that it would drain away fromthe inpregnated area. The nononer
application rate should be 0.8 pound of nmononer per square foot of
concrete surface. This is approximately 0.9 gallon per square yard of
surface area. However, sand |ayer thickness, sand particle size, and

sl ope may necessitate application rate adjustnent to achi eve the

descri bed saturation. Follow ng application, the nononer shall be
allowed to soak into the concrete for approximately 6 hours. |If at any
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time during the soak cycle the sand shoul d becone dry, additiona
nononer shall be applied as directed by the Contracting O ficer

In order to protect the nononer-saturated sand fromthe pol ynerizi ng
effects of direct and indirect solar radiation, nonomer application and
subsequent soaki ng shall occur during the time period sunset to sunrise
unl ess the Contractor provides shielding, as approved by the Contracting
Oficer, to prevent solar radiation fromreaching the area being

i npregnated. Inmediately foll owi ng nononmer application, a continuous
nyl ar menbrane a mininmumof 6 mls thick shall be placed over the
nonomner - saturated surface to reduce nononmer evaporation. This nmenbrane
shall remain in place, except for the short periods of nononer
application or surface inspection, throughout the inpregnation cycle and
until the polynerization cycle is conplete.

(6) Polynmerization. - Polynerization of the nononer inpregnated into
the concrete shall be acconplished by uniformy heating the treated
concrete to a surface tenperature of at |east 165 EF and not exceeding
185 EF and maintaining it for a mninumof 5 hours. The rate of
tenperature increase and al |l owabl e surface tenperature variation shal
be as required in subparagraph 3.13.g.(1).

The equi pnment and procedures used to acconplish heating of the concrete
for polynerization shall be of the type described in subparagraph
3.13.9.(1) as approved by the Contracting Oficer. See subparagraph
3.13. b.

(7) deanup. - Follow ng conpletion of the surface inpregnation
treatment process, the Contractor shall renove the sand fromthe
concrete surface and di spose of the sand at the site as directed by the
Contracting O ficer.

3.14 SILICA FUME CONCRETE

a. GCeneral. - Silica fume concrete shall be used to repair concrete
danmaged by abrasion-erosion action. Silica fune concrete may al so be
used in the infrequent occasions where a high strength (conpressive
strength in excess of 10,000 | bs per square inch) repair concrete is
required. Silica fune concrete shall be used on areas of danaged
concrete greater than 1 square foot having a depth greater than 6 inches
or a depth extending 1 inch bel ow or behind the backsi de of
reinforcement. |If the depth of repair is at |least 2 inches but |ess
than 6 i nches, epoxy bondi ng agent shall be used in accordance with the
provi sions of paragraph 3.8, to bond fresh silica fune concrete to
concrete being repaired. Silica fune concrete shall not be used for
repairs that are less than 2 inches in depth.

b. Submittals. - The Contractor shall subnmit certification of conpliance
for materials in accordance w th subparagraph d. bel ow

c. Quality assurance. - Quality assurance shall be in accordance with
par agraph 1. 4.

d. Materials. - Al concrete materials shall be obtained from previously
tested and approved sources. Materials will be accepted on certificate of
conpliance with the foll owi ng ASTM St andar ds:
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(1) Portland cement. - Portland cenent shall neet the requirenents of
ASTM C 150 for type I, Il, or V cenent. The specific cenment type shal
be as directed by the Contracting Oficer and determ ned by the
environnent in which the repair is conducted.

(2) Silica fume. - The silica fume mneral adm xture shall be obtained
as a byproduct fromthe manufacture of solely silicon netal in electric
bl ast furnaces. The condensed silica funme shall be processed and sized
to a fineness of approxi mately 200,000 cn?f per gm (20,000 n¥/ kg) at a
porosity (t) of 0.500 when tested in accordance with ASTM C 204 and have
an anorphous silica (Si 0, content of not |ess than 85 percent of the
total fume. \When tested in accordance with ASTM C 311, the silica fune
shal |l have a noisture content of |ess than 3 percent and a | oss on
ignition of not greater than 6 percent. A manufacturer's certificate of
conpliance with these requirenents and applicabl e provisions of ASTM

C 618 is required. The silica fune shall be supplied, proportioned and
conbi ned with other adm xtures, as necessary, froma supplier regularly
engaged in the sale of this conbination product as a concrete adm xture.
Thi s comnbi nati on adm xture shall be batched with the concrete in either
of two forms or types.

(a) The wet type shall consist of water slurry containing
approxi mately 45 percent silica fume solids with a water-
reduci ng adm xture neeting all requirenents specified.

(b) The dry formshall be a densified powder blended with a
dry water reducing adm xture. Both types shall be conpatible
with a water reducing adni xture that could be added at the
concrete plant or at the placenent site.

(3) Adm xtures. - The Contractor shall furnish air-entraining and
cheni cal adnixtures for use in concrete

(a) Air-entraining adm xture shall be used in all silica funme
concrete and shall conformto ASTM C 260.

(b) Chem cal adm xtures. - The Contractor may use type A, D, F, or G
chemical admixtures. |If used, they shall conformto ASTM C 494.

(c) Use of other adm xtures must be approved by the
Contracting O ficer.

(4) Water. - The water used in making and curing silica fune concrete
shall be free from objectionable quantities of silt, organic matter,
salts, and other inmpurities.

(5) Aggregate. - The term"sand" is used to designate aggregate in

whi ch the maxi mum si ze particle will pass a 4.75-mm (No. 4) sieve. The
term "coarse aggregate” is used to designate all aggregate which can be
retained on a 4.75-mm (No. 4) sieve. Sand and coarse aggregate neeting
the requirenents of ASTM C 33 shall be used in all concrete.

(6) Curing conmpound. - Wax-base (type 1) and water-emul sified resin-
base (type Il) curing conpounds shall conformto the requirenents of

Recl amation's "Specifications for Concrete Curing Conpound” (M 30) dated
Cct ober 1, 1980.
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(7) Evaporation retarder. - Mononol ecul ar nmenbrane evaporation
retardant formulated for use with silica fune concrete

requi renents shall be equal to "Confilm, manufactured by Master
Buil ders, Lee at Mayfield, develand, OH 44118.

e. Safety. - Al work shall be perforned in accordance with paragraph 1.6.

f. Concrete preparation. - After danmaged or unacceptabl e concrete has been
renoved as specified in section 2. the surface on which the silica fune
concrete will be placed shall be prepared. An acceptable surface shal

have t he appearance of freshly broken, properly cured concrete. The
surface shall be free of any deleterious nmaterials such as free noisture,

i ce, petroleum products, mud, dust, carbonation, and rust. The perineters
of the repair shall be saw cut to a ninimumdepth of 1 inch

The clean surface is not ready to receive repair silica fune concrete until
it has been brought to a saturated, surface-dry condition. This condition
is attained by saturating the surface to a depth that no concrete mixture
wat er may be absorbed fromthe fresh concrete. Then, just prior to placing
concrete against the surface, all free noisture (noisture capable of
reflecting light) shall be renmoved fromthe prepared surface.

g. Application. - Silica fune concrete shall be conposed of cenent, silica
fume, coarse aggregate, sand, water, and approved adm xtures, all well

m xed and brought to the proper consistency. Silica fune concrete m xtures
shal | be proportioned in accordance with Reclamation's "Concrete Manual "
Eighth Edition, revised, chapter I1l, except that silica fune shall be
added to the mixture at a ratio of 7 to 12 percent by mass of the portland
cenment as directed by the Contracting Oficer. The water-cenentitious
rati o of the concrete (exclusive of water absorbed by the aggregates) shal
not exceed 0.35 by weight. Slunp of the silica fume concrete, when placed,
shall not exceed 3 inches for concrete in slabs that are horizontal or
nearly horizontal and 4 inches for all other concrete. Silica funme
concrete with less slunp should be used when it is practicable to do so.
The concrete ingredients shall be thoroughly m xed in a batch m xer. The
concrete, as discharged fromthe nixer, shall be uniformin conposition and
consi stency from batch to batch.

(1) Forms. - Forms shall be used for silica fume concrete whenever
necessary to confine the concrete and shape it to the required |ines.
The forms shall be clean and free fromencrustations of nortar, grout,
or other foreign naterial. Before silica funme concrete is placed, the
surfaces of the forns shall be coated with a formoil that wll

ef fectively prevent sticking and will not soften or stain the concrete
surfaces or cause the surfaces to beconme chal ky or dust producing.

(2) Placing. - Placing of silica fune concrete shall be perfornmed only
in the presence of an authorized representative of the Contracting
Oficer. Placenent shall not begin until all preparations are conplete
and the authorized representative of the Contracting Oficer has
approved the preparations. Silica fume concrete shall not be placed in
standi ng or running water unless, as determ ned by the Contracting

O ficer, the structure under repair cannot be econonically dewatered.

I f underwater silica fume concrete placenment is required, special

pl aci ng procedures shall be required. A suggested guide is ACl 394R
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VWhen appropriate, silica fume concrete shall be placed in | ayers not
greater than 20 inches thick. Each layer, regardless of the thickness,
shal | be adequately consolidated using inmersion-type vibrators or form
vi brators when approved. Adequate consolidation of silica funme concrete
i s obtained when all undesirable air voids, including the air voids
trapped against forns and construction joints, have been renoved from

t he concrete.

(3) Finishing. - The class of finish required shall be a finish closely
resenbling the finish of the surrounding concrete. Silica funme concrete
does not nornmally devel op bl eed water and special finishing procedures
may thus be required. The anbient tenperature of surfaces being
finished shall be not less than 50E F. Immediately follow ng pl acenment
of silica fune concrete to finished grade, the surface shall be screeded
to bring the surface to finished |l evel with no coarse aggregate visible.
No cenent or nortar shall be added to the finishing operation

A mononol ecul ar nenbrane evaporation retarder shall be applied to
the surfaces of the silica funme concrete, in accordance wth
manuf acturer's recommendations, imediately after the screening
operation.

Floating, if necessary to achieve the specified finish, shall be
performed i nmedi ately follow ng the application of evaporation
retarder.

h. Curing and protection. - Proper curing of silica fume concrete is
essential if bond failure and shrinkage cracking are to be elini nated.
Silica fune concrete repairs shall be cured, preferably by water curing, or
alternately, by application of a uniformand continuous nenbrane of wax-
base (type 1) or water-emulsified resin-base (type Il) curing conmpound
neeting the requirenents of subparagraph 3.6.d.(6). and as approved by the
Contracting O ficer. |If the use of curing conmpound is approved, daily

i nspection by the Contractor shall be perforned to ensure the nai ntenance
of a continuous, water-retaining filmover the repaired area. The water-
retaining filmshall be naintained for 28 days after the concrete has been
pl aced.

Silica fune concrete surfaces to which curing conpound has been applied
shal | be adequately protected during the entire curing period from
pedestrian and vehicular traffic and from any ot her possible damage to
the continuity of the curing conpound nenbrane. Areas where curing
conmpound i s damaged by subsequent construction operation within the
curing period shall be resprayed.

Water curing shall conmence inmediately after the concrete has attai ned
sufficient set to prevent detrinental effects to the concrete surface. The
concrete surface shall be kept continuously wet for a m ni mum of 14 days.
VWhenever possible, silica fume concrete shall be water cured by conplete
and continuous inundation for a mninmum period of 14 days.

The Contractor shall protect all silica fume concrete agai nst danage unti
acceptance by the CGovernment. Wenever freezing tenperatures are inmnent,
the Contractor shall maintain the newy placed repair concrete at a
tenperature of not |less than 50 EF for 72 hours. Water-cured silica fune
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concrete shall be protected fromfreezing for the duration of the curing
cycle and an additional 72 hours after the water is renpved.

3.15 ALKYL- ALKOXY S| LOXANE SEALI NG COVPOUND

a. GCeneral. - A concrete sealing conmpound is defined as a liquid that is
applied to the surface of hardened concrete to prevent or decrease the
penetration of liquid or gaseous nedia, such as water, aggressive

sol utions, and carbon di oxide, during the service exposure, preferably
after initial drying to facilitate its absorption into voids and cracks.
An al kyl - al koxy sil oxane sealing conpound, herein after referred to as

sil oxane, shall be applied to concrete surfaces when it is desired that
application of a sealing conpound cause no change in the appearance of the
seal ed surfaces.

The sealing of concrete surfaces with siloxane shall be in accordance wth
t hese specifications.

Si | oxane seal i ng conpound shall not be used to seal concrete subject to
frequent or permanent imersion in water; nor shall it be used on concrete
surfaces exposed to high abrasion forces.

b. Submittals. - The Contractor shall, before starting work, shall subnit
to the Contracting O ficer manufactures data and certification that the
concrete cleaner and sil oxane sealing conmpound furnished by the Contractor
nmeets the requirements of this specifications. The chem cal constituents
shal |l correspond to the requirenment of subparagraph 3.15.d.

A MBDS shall be furnished to the Contracting Oficer prior to shipnent of
material with information pertaining to the safe practices for storage,
handl i ng and di sposal of the materials and their explosive and flanmabl e
characteristics, health hazards, and the manufacturer's recommended fire
fighting techniques. The MSDS shall be posted at all storage areas and at
the job site

The Contractor shall furnish, for approval, a detailed witten description
of the nethods the Contractor plans to use to apply the siloxane and for
clean up of all spills and residue in open containers.

c. Quality assurance. - Quality assurance shall be in accordance with
par agraph 1. 4.

d. Materials. - The sil oxane sealing conpound shall be a clear, ready to
use seal er based on oligoneric alkyl-al koxy sil oxane contai ning not |ess
than 20 percent active siloxane solids by mass.) The conpound when
properly applied to concrete shall conformto the foll ow ng performance

st andar d:
Chl ori de screening 91% (m ni mum) (NCHRP 224, Series |)
Reduction of Chlorine Penetration
Vs untreated concrete 92.4(m nimum (NCHRP 224, Series V)
Moi st ure Vapor Transm ssion 97. 5% m ni mun) (ASTM E- 96)
Wat er Repel | ency Rating 92% mi ni mum (ASTM C 140, ASTM C-67)
WAt er Absorption 1. 40% maxi num) (ASTM C-67, ASTM C 140)
Scal i ng Resistance to Deicers Excel | ent (ASTM C 672)
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Resi stance to Chlorine Penetration 0.07 |bs/cu.yd. (AASHTO T-259/260)

(maxi mum
Surface Friction Reduction 0 (ASTM E- 303)
Penetration (1 application) /8" - 1/4"

The conpound shall have a high flash solvent carrier with a strong
chloride screen and shall exhibit alkaline stability and forma
chenmical bond with the treated concrete

The concrete sealing conpound shall be Consolideck SX as manufactured by
ProSoCo Inc., P.O Box 1578, Kansas Cty, KS 66117, (913) 281-2700, or
approved equal

e. Safety. - The Contractor shall take the necessary precautions to
avoid wind drift onto auto and pedestrian traffic. The materials shal
be stored, handl ed, and applied in accordance with the nanufacturer's or
supplier's recormendations. Storage of all materials may be in the
original shipping containers. The material should be stored in seal ed
contai ners and kept away from extrene heat. The seal ant contains

bl ended sol vents and shoul d be handl ed accordi ngly. Do not use near
fire or extreme heat and provi de good ventilation to avoid buil dup of
sol vent funes. Personnel applying the concrete seal ant shall wear

NI OSH MSHA approved respirators, goggles, rubber gloves, and plastic or
rubber suits to avoid splash to skin and eyes. Cothing that becones
contam nated with the concrete seal ant shall be changed as quickly as
possi bl e.

Unsafe handling practices will be sufficient cause to discontinue work
until the hazardous procedures are corrected. The handling and use of
the concrete sealant shall in all cases conply with the requirenents of
applicable federal, state, and | ocal safety requirenents and ordi nances.

f. Concrete preparation. - The concrete surfaces to be treated shall be
cl ean and physically sound. Unsound or deteriorated surfaces shall be
renoved in accordance with the requirenments of section 2. Al needed
repair work shall be adequately cured prior to application of the

si | oxane.

Concrete surfaces shall be prepared by power sweeping and bl owi ng with high
pressure air to renove all dirt and foreign naterial fromthe surface and
fromall cracks. Contam nants, such as asphalt and heavy oil and rubber
stains, shall be renoved at the discretion of the Contracting Oficer by
scraping and cleaning with solvents. WelI|l bonded surface contam nants and
exi sting painted surfaces shall be renmoved by high pressure water blasting
or wet sand blasting. The concrete surface and all cracks shall be
conpletely dried prior to the application of the sil oxane.

g. Application. - If the concrete sealant is a product other than
Consol odeck SX, a test application of the concrete seal ant shall be nade
to an area selected by the Contracting O ficer using the sane equi pnent
and procedures proposed for the project. The test procedure is to
insure conpatibility of the product, to determi ne the waterproofing
results and to check for surface discoloration fromthe procedure. The
Contractor shall not proceed with the renmai nder of the work until the
Contracting O ficer approves the results of the test application. |If
the results of the test application are deened unsatisfactory by the
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Contracting O ficer, the Contractor shall nodify his sealant materials,
procedure, and/or equi pnent as directed by the Contracting O ficer and
the test application shall be repeated.

The sil oxane seal ant shall not be applied at surface and air
tenperatures bel ow 40 degrees F, or above 100 degrees F. Surfaces shal
be treated within 24 hours after the surface preparation is conpleted.
The prepared surfaces shall be maintained in a dry condition and
protected to prevent contanmination prior to the siloxane application
If the prepared surface beconmes contaninated, it shall be recleaned in
accordance with paragraph 3.15.f. The Contracting O ficer shal
determine if the surface is dry enough to receive sealant. |f the
Contracting O ficer determnes that the surface is too danmp for
application of the sealant, application of the sealant shall not
commence wi t hout approval of the Contracting O ficer

The seal ant shall be applied with | ow pressure (20) psi airless spray

equi prent fitted with solvent resistant hoses and gaskets. Heavily
saturated brush or roller may be used in isolated incidents if the
Contracting Oficer deternmines that brush or roller application is the nost
ef fecti ve nmeans.

Adj oi ni ng gl ass, netal and painted surfaces shall be protected from
overspray and splash of the siloxane sealant. Any accidental or

uni ntenti onal overspray or splash on adjoining glass, netal or painted
surfaces shall be renoved using mneral spirits before the solution has
dried on the surface.

VWhen applying to exteriors of occupied areas, all exterior air conditioning
and ventilation vents shall be covered during application and air handling
equi prent shall be turned off during application to avoid sol vent odors

wi thin the occupied areas.

The concrete surfaces shall be given a full and conplete application of the
sil oxane seal ant at the followi ng application rate of 80-120 sqg.ft./gal

(1) Horizontal surfaces. - \Wien applying the siloxane to flat

hori zontal concrete surfaces, the siloxane shall be applied in tw "wet-
on-wet" coats. Flood the surface and broom or squeegee the materi al
around for even distribution. Allowthe surface to absorb the sil oxane
and follow inmediately with a second application before the surface
dries. Puddles of excess siloxane seal ant shall be broomed out

t horoughly until they conpletely penetrate into the surface.

(2) Vertical surfaces. - \When applying the siloxane to vertica

surfaces, the siloxane shall be applied in two "wet-on-wet"

applications. Apply the siloxane in a flooding application, fromthe
bottomup with sufficient naterial applied to produce a 6" to 8" rundown
bel ow t he contact point of the spray pattern with the concrete surface.
Allow the first application to penetrate the surface (approximtely
three to five minutes) and reapply in the same saturating manner. |f
the siloxane sealant is applied to surfaces of extrenely dense, mrror
finish concrete the Contracting Oficer may direct that the sil oxane be
applied in one saturating application to prevent surface darkening.
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h. Curing. - The treated areas shall be protected fromrain and foot
traffic for six hours after application. Vehicular traffic will not be
allowed on the treated area until after 24 hours after the application of
t he sil oxane.

i. Measurenent for Paynent. -

(1) Measurenent for paynment of surface preparation of the
concrete surfaces will be nmade of the actual surface area
prepared. Paynment for surface preparation will be made at the
unit price per square foot bid therefor in the schedule, which
unit price shall include all costs of preparing the concrete
surfaces for the siloxane as specified in paragraph 3.15.f.

(2) Payment for seal coating of the concrete surfaces wll
utilize the sane area as neasured for the surface preparation
Payment for seal coating of concrete surfaces will be nmade at the
unit price per square foot bid therefor in the schedule, which
unit price shall include all costs for storing and handling
materials, of applying the siloxane system of cleanup, and of
providing all the necessary safety equi pnment, and any ot her work
requi red under these specifications to properly conplete the job.

Not es
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