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SECTI ON 03101

FORMAORK FOR CONCRETE

PART 1 GENERAL

1

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.

ACl | NTERNATI ONAL (ACl)

ACl 347R (1994; R 1999) Guide to Formwork for
Concrete

AMERI CAN SCCI ETY FOR TESTI NG AND MATERI ALS ( ASTM

ASTM C 31/ C 31M (2000) Meking and Curing Concrete Test
Specinens in the Field

ASTM C 39/ C 39M (1999) Conpressive Strength of Cylindrica
Concrete Speci nens

ASTM C 1077 (1998) Laboratories Testing Concrete and
Concrete Aggregates for Use in
Construction and Criteria for Laboratory
Eval uati on

DEPARTMENT OF COMVERCE ( DOC)

DOC PS 1 (1996) Vol untary Product Standard -
Construction and I ndustrial Plywood

.2 DESI GN REQUI REMENTS

The desi gn, engineering, and construction of the formwmork shall be the
responsibility of the Contractor. The formwork shall be designed for
anticipated |ive and dead | oads and shall conmply with the tol erances
specified in Section 03301 CAST-I N PLACE STRUCTURAL CONCRETE, paragraph
CONSTRUCTI ON TOLERANCES. However, for surfaces with an ACI C ass A surface
designation, the allowable deflection for facing naterial between studs,

for studs between wal ers and wal ers between bracing shall be limted to
0.0025 tines the span. The formwork shall be designed as a conplete system
wi th consideration given to the effects of cenmentitious materials and

m xture additives such as fly ash, cenment type, plasticizers, accelerators,
retarders, air entrainnment, and others. The adequacy of formnork design
and construction shall be nonitored prior to and during concrete placenent
as part of the Contractor's approved Quality Control Plan
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1.3 SUBM TTALS
CGovernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for infornmation only. Wen
used, a designation following the "G' designation identifies the office
that will review the submttal for the Governnent. The "RE" designhates
that the Resident Ofice will review the submittal for the Governnent. The

followi ng shall be subnmitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 02 Shop Drawi ngs
Shop Drawi ngs; G RE
Drawi ngs and desi gn computations for all formvrk required shall be
submtted at | east 30 days either before fabrication on site or before
delivery of prefabricated forns. |If reshoring is permtted, the nethod,
i ncluding location, order, and tine of erection and renoval shall also be
subm tted for review
SD- 03 Product Data
Mat eri al s.
Manuf acturer's literature shall be submitted for plywood, concrete form
hard board, form accessories, prefabricated forns, and form coating, and
formlining materials.
SD- 06 Test Reports

| nspecti on.

The Contractor shall submt field inspection reports for concrete forns and
enbedded itens.

For mmor k Not Supporting Weight of Concrete; G RE. .

If forns are to be renoved in | ess than 24 hours on formwrk not supporting
t he wei ght of concrete, the evaluation and results of the control cylinder
tests shall be submitted to and approved before the forns are renoved.

1.4  SHOP DRAW NGS
The shop drawi ngs and data subnitted shall include the type, size,
gquantity, and strength of all materials of which the forns are nade, the
plan for jointing of facing panels, details affecting the appearance, and
t he assuned desi gn val ues and | oadi ng conditions.

PART 2 PRODUCTS

2.1 MATERI ALS

2.1.1 Forns and Form Li ners
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Forms and formliners shall be fabricated with facing materials that wll
produce a finish meeting the specified irregularities in forned surface
requirenents as defined in ACl 347R  Forns and formliners shall be
fabricated with facing materials as specified bel ow

2.1.1.1 Class "A" Finish

This class of finish shall apply to exposed concrete surfaces of channe
wal I s and inside box culverts. The formfacing material shall be conposed
of new, well-nmatched tongue-and-groove |unber or new plywood panel s
conforming to DOC PS 1, Grade B-B concrete form C ass |

2.1.1.2 Class "D'" Finish

This class of finish shall apply to concrete faces agai nst which earthfill
will be placed. The formfacing may be of wood or steel

2.1.2 Form Coat i ng

Form coating shall be commercial fornmulation that will not bond with,
stain, cause deterioration, or any other danage to concrete surfaces. The
coating shall not inpair subsequent treatnent of concrete surfaces
dependi ng upon bond or adhesion nor inpede the wetting of surfaces to be
cured with water or curing conpounds. |If special formliners are to be
used, the Contractor shall follow the recomrendation of the form coating
manuf act urer.

2.2  ACCESSCRI ES

Ties and other simlar formaccessories to be partially or wholly enbedded
in the concrete shall be of a commercially manufactured type. After the
ends or end fasteners have been renoved, the enbedded portion of nmetal ties
shall terminate not | ess than 50 mmfrom any concrete surface either
exposed to view or exposed to water. Plastic snap ties may be used in

| ocations where the surface will not be exposed to view Formties shal

be constructed so that the ends or end fasteners can be renmoved w t hout
spal ling the concrete.

PART 3 EXECUTI ON
3.1 | NSTALLATI ON
3.1.1 Form Construction

Fornms shall be constructed true to the structural design and required
alignment. The formsurface and joints shall be nortar tight and supported
to achi eve safe perfornance during construction, concrete placenent, and
formrenoval. The Contractor shall continuously nonitor the alignnent and
stability of the fornms during all phases to assure the finished product

will neet the required surface class specified in paragraph FORVMS AND FORM
LI NERS and tol erances specified in paragraph DESI GN REQUI REMENTS. Failure
of any supporting surface either due to surface texture, deflection or form
col | apse shall be the responsibility of the Contractor as will the

repl acenent or correction of unsatisfactory surfaces. Wen forns for
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continuous surfaces are placed in successive units, care shall be taken to
fit the forns over the conpleted surface to obtain accurate alignnment of
the surface and to prevent |eakage of nortar. Forms shall not be re-used
if there is any evidence of defects which would inpair the quality of the
resulting concrete surface. Al surfaces of used forns shall be cl eaned of
nortar and any other foreign material before reuse.

3.1.2 Chanfering
Al'l exposed joints, edges and external corners shall be chanfered by

nol ding placed in the fornms unless the drawi ngs specifically state that
chanfering is to be omtted or as otherw se specified. Chanfered joints

shall not be permitted where earth or rockfill is placed in contact with
concrete surfaces. Chanfered joints shall be ternminated 300 mm outside
the limt of the earth or rockfill so that the end of the chanfers will be

clearly visible.
3.1.3 Coati ng

Fornms for exposed or painted surfaces shall be coated with formoil or a
formrel ease agent before the formor reinforcement is placed in fina
position. The coating shall be used as reconmmended in the manufacturer's
instructions. Forns for unexposed surfaces nay be wet with water in lieu
of coating inmedi ately before placing concrete, except that, in cold

weat her when freezing tenperatures are anticipated, coating shall be
mandat ory. Surplus coating on formsurfaces and coating on reinforcing
steel and construction joints shall be renoved before placing concrete.

3.2 FORM REMOVAL

Fornms shall not be renpved w thout approval. The mininmal tinme required for
concrete to reach a strength adequate for renoval of formark wi thout
risking the safety of workers or the quality of the concrete depends on a
nunber of factors including, but not linited to, anbient tenperature,
concrete |lift heights, type and anpbunt of concrete adm xture, and type and

amount of cenentitious material in the concrete. It is the responsibility
of the Contractor to consider all applicable factors and | eave the forns in
place until it is safe to renove them |In any case forns shall not be

renoved unless the mininumtinme or mninum conpressive strength

requi renents below are net, except as otherwi se directed or specifically
aut horized. Wen conditions are such as to justify the requirenent, forns
will be required to remain in place for a |onger period. Al renpval shal
be acconplished in a manner which will prevent danage to the concrete and
ensure the conplete safety of the structure. Were forns support nore than
one elenent, the forms shall not be renpved until the formrenoval criteria
are net by all supported el enents. Formrenoval shall be schedul ed so that
all necessary repairs can be perforned as specified in Section 03301
CAST- | N- PLACE STRUCTURAL CONCRETE, paragraph FORMED SERVI CES. Evi dence
that concrete has gained sufficient strength to pernit renoval of forns
shal |l be deternined by tests on control cylinders. Al control cylinders
shall be stored in the structure or as near the structure as possible so
they receive the sane curing conditions and protection nethods as given

t hose portions of the structure they represent. Control cylinders shall be
renoved fromthe nolds at an age of no nore than 24 hours. Al control
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cylinders shall be prepared and tested in accordance with ASTM C 31/ C 31M
and ASTM C 39/ C 39M at the expense of the Contractor by an independent

| aboratory that conplies with ASTM C 1077 and shall be tested within 4
hours after removal fromthe site

3.2.1 For mmor k Not Supporting Wei ght of Concrete

Formwork for walls, columms, sides of beans, gravity structures, and ot her
vertical type formwrk not supporting the weight of concrete shall not be
renoved in |l ess than 24 hours after concrete placenent is conpleted.

3.2.2 For mmor kK Supporting Wi ght of Concrete

For mnor k supporting wei ght of concrete and shoring shall not be renoved
until structural menbers have acquired sufficient strength to safely
support their own wei ght and any construction or other superinposed | oads
to which the supported concrete nmay be subjected. As a nminimum forms
shall be left in place until control concrete test cylinders indicate

evi dence the concrete has attained at | east 70 percent of the conpressive
strength required for the structure in accordance with the quality and

| ocation requirements of Section 03301 CAST-I N PLACE STRUCTURAL CONCRETE
FOR CI VIL WORKS, paragraph REQU RED AVERAGE COWPRESSI VE STRENGTH

3.3 | NSPECTI ON
Fornms and enbedded itens shall be inspected in sufficient tine prior to
each concrete placenment by the Contractor in order to certify to the
Contracting O ficer that they are ready to receive concrete. The results
of each inspection shall be reported in witing.

-- End of Section --

SECTI ON 03101 Page 6



F-1 AND F-2 DEBRI'S BASI NS AND CHANNELS W)2B0008

SECTI ON TABLE OF CONTENTS
DI VI SION 03 - CONCRETE
SECTI ON 03151

EXPANSI ON, CONTRACTI ON AND CONSTRUCTI ON JO NTS | N CONCRETE FOR CI VI L WORKS

PART 1 GENERAL

1 REFERENCES
2 SUBM TTALS

PART 2 PRODUCTS

2.1 MATERI ALS
2.1.1 Prenol ded Expansion Joint Filler Strips
2.1.2 Joint Seals and Seal ants
2.1.2.1 Fi el d Ml ded Seal ants and Pri ner
2.1.2.2 Conpressi on Seal s and Lubri cant
2.2 TESTS, | NSPECTI ONS, AND VERI FI CATI ONS
2.2.1 Materi als Tests
2.2.1.1 Field Ml ded Seal ants

PART 3 EXECUTI ON

3.1 | NSTALLATI ON
3.1.1 Expansi on Joints
3.1.1.1 Joints Wth Field-Mlded Seal ant
3.1.1.2 Joints Wth Preformed Conpression Seals
3.1.2 Contraction Joints

-- End of Section Table of Contents --

SECTI ON 03151 Page 1



F-1 AND F-2 DEBRI'S BASI NS AND CHANNELS W)2B0008

SECTI ON 03151

EXPANSI ON, CONTRACTI ON AND CONSTRUCTI ON JO NTS | N CONCRETE FOR CI VI L WORKS

PART 1 GENERAL

1

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM
ASTM C 920 (1998) El astoneric Joint Seal ants

ASTM D 1751 (1999) Preformed Expansion Joint Filler
for Concrete Paving and Structura
Construction (Nonextrudi ng and Resilient
Bi t um nous Types)

ASTM D 1752 (1984; R 1996el) Preforned Sponge Rubber
and Cork Expansion Joint Fillers for
Concrete Paving and Structural Construction

ASTM D 2628 (1991; R 1998) Prefornmed Pol ychl oroprene
El astoneric Joint Seals for Concrete
Pavenent s

ASTM D 2835 (1989; R 1998) Lubricant for Installation
of Preforned Conpression Seals in Concrete
Pavenent s

.2 SUBM TTALS

Government approval is required for submttals with a "G' designation
submttals not having a "G' designation are for infornmation only. Wen
used, a designation following the "G' designation identifies the office
that will reviewthe submttal for the Governnent. The "RE" designates
that the Resident Ofice will review the submttal for the Governnent. The
followi ng shall be subnmitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD- 04 Sanpl es
Field Mol ded Seal ants and Prinmer; G RE.

Four liters of field-nolded sealant and 1 L of prinmer (when priner is
recommended by the seal ant manufacturer) shall be provided for testing.

SD- 06 Test Reports
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Prenol ded Expansion Joint Filler Strips.
Field Mol ded Seal ants and Primer test.
Conpression Seals and Lubricant.
Certified manufacturer's test reports shall be provided for prenol ded

expansion joint filler strips, conpression seals and |ubricant, to verify
conpliance with applicable specification

PART 2 PRODUCTS

2.

2.

1 MATERI ALS
1.1 Prenol ded Expansion Joint Filler Strips
Prenol ded expansion joint filler strips shall conformto ASTM D 1751 or

ASTM D 1752, Type |, or resin inpregnated fiberboard confornmng to the
physi cal requirements of ASTM D 1752.

.1.2 Joint Seal s and Seal ants

.1.2.1 Fiel d Mol ded Seal ants and Pri nmer

Fiel d nol ded seal ants and prinmer shall conformto ASTM C 920, Type M G ade
NS, Class 25, use NT for vertical joints and Type M Gade P, O ass 25, use
T for horizontal joints. Bond breaker material shall be polyethyl ene tape,
coated paper, netal foil or simlar type materials. The back-up nmateri al
shal | be conpressible, nonshrink, nonreactive with seal ant, and
nonabsorptive material type such as extruded butyl or polychl oroprene foam
rubber.

.1.2.2 Conpressi on Seal s and Lubri cant

Conpression seals shall conformto ASTM D 2628; |ubricant for installation
shall conformto ASTM D 2835.

.2 TESTS, | NSPECTI ONS, AND VERI FI CATI ONS
2.1 Materials Tests

.2.1.1 Fi el d Mol ded Seal ants

Sanpl es of field nolded seal ants and prinmer, when use of priner is
recomended by the manufacturer, as required in paragraph FI ELD MOLDED
SEALANTS AND PRI MER, shall be tested by and at the expense of the
Contractor for conpliance with paragraph FI ELD MOLDED SEALANTS AND PRI MER
The field nol ded seal ants and prinmer test report shall be submtted to the
Government prior to use of the field nol ded sealants and priner in the
proj ect.

PART 3 EXECUTI ON
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3.

1 | NSTALLATI ON

Joint locations and details, including materials and nethods of
installation of joint fillers and waterstops, shall be as specified, as
shown, and as directed. 1In no case shall any fixed netal be continuous
t hrough an expansi on or contraction joint.

1.1 Expansi on Joints

Prenol ded filler strips shall have oiled wood strips secured to the top

t hereof and shall be accurately positioned and secured agai nst displ acenent
to clean, snooth concrete surfaces. The wood strips shall be slightly
tapered, dressed and of the size required to install filler strips at the
desired | evel below the finished concrete surface and to formthe groove
for the joint sealant or seals to the size shown. Material used to secure
prenol ded fillers and wood strips to concrete shall not harmthe concrete
and shall be conpatible with the joint sealant or seals. The wood strips
shall not be renpved until after the concrete curing period. The groove
shal | be thoroughly cleaned of all laitance, curing conpound, foreign
materials, protrusions of hardened concrete and any dust which shall be

bl own out of the groove with oil-free conpressed air

.1.1.1 Joints Wth Fiel d- Mol ded Seal ant

Joints shall not be seal ed when the sealant, air or concrete tenperature is
|l ess than 4 degrees C. Imediately prior to installation of field nolded
seal ants, the joint shall be cleaned of all debris and further cleaned
using water, chem cal solvents or other neans as recommended by the seal ant
manufacturer. The joints shall be dry prior to filling with sealant. Bond
breaker and back-up material shall be installed where required. Joints
shall be primed and filled flush with joint sealant in accordance with the
manuf acturer's recomendati ons.

.1.1.2 Joints Wth Preformed Conpression Seal s

The joint seals shall be installed with equi pnent which shall be capable of
installing joint seals to the prescribed depth w thout cutting, nicking,
twisting, or otherw se distorting or damagi ng the seal and with no nore
than five percent stretching of the seal. The sides of the joint and, if
necessary, the sides of the conpression seal shall be covered with a
coating of lubricant, and the seal shall be installed to the depth
indicated with joint installation equi pnent. Butt joints shall be coated
with liberal applications of |ubricant.

.1.2 Contraction Joints

Joints requiring a bond breaker shall be coated with curing conpound or
wi t h bitum nous paint.

-- End of Section --
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SECTI ON 03200
CONCRETE REI NFORCEMENT
PART 1  GENERAL
1.1 REFERENCES
The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.

ACl | NTERNATI ONAL (ACl)

ACl 318M (1995) Metric Building Code Requirenents
for Structural Concrete and Conmentary

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM A 53 (1999b) Pi pe, Steel, Black and Hot-Di pped,
Zi nc- Coat ed, Wl ded and Seani ess

ASTM A 615/ A 615M (2000) Deforned and Plain Billet-Steel
Bars for Concrete Reinforcenent

ASTM A 675/ A 675M (1990a; R 1995el) Steel Bars, Carbon,
Hot - Wought, Special Quality, Mechani cal
Properties

CONCRETE REI NFORCI NG STEEL | NSTI TUTE (CRSI)

CRSI MsP-1 (1996) Manual of Standard Practice
1.2 SUBM TTALS
Government approval is required for submttals with a "G' designation
submttals not having a "G' designation are for infornmation only. Wen
used, a designation following the "G' designation identifies the office
that will reviewthe submttal for the Governnent. The "RE" designates
that the Resident Ofice will review the submttal for the Governnent. The
followi ng shall be subnmitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:
SD- 02 Shop Drawi ngs

Rei nforcenent; G RE

Detail drawi ngs show ng reinforcing steel placenent, schedul es, sizes,

grades, and splicing and bending details. Draw ngs shall show support
details including types, sizes and spaci ng.
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SD-07 Certificates
Rei nforci ng Steel
Certified copies of nmll reports attesting that the reinforcing stee
furni shed contains no | ess than 25 percent recycled scrap steel and neets

the requirenents specified herein, prior to the installation of reinforcing
steel .

1.3 DELI VERY AND STORAGE

Rei nf orcement and accessories shall be stored off the ground on platforns,
ski ds, or other supports.

PART 2 PRODUCTS

2.1 DOVELS
Dowel s shall conformto ASTM A 675/ A 675M G ade 80. Steel pipe conform ng
to ASTM A 53, Schedul e 80, nay be used as dowel s provided the ends are
closed with netal or plastic inserts or with nortar.

2.2 REI NFORCI NG STEEL

Rei nforcing steel shall be deforned bars conformng to ASTM A 615/ A 615M
grades and sizes as indicat ed.

2.3 WRE TIES
Wre ties shall be 16 gauge or heavier black anneal ed steel wire.

2.4 SUPPORTS
Bar supports for forned surfaces shall be designed and fabricated in
accordance with CRSI MSP-1 and shall be steel or precast concrete bl ocks.
Precast concrete bl ocks shall have wire ties and shall be not |ess than 100

by 100 nm when supporting reinforcenment on ground. Precast concrete bl ock
shal | have conpressive strength equal to that of the surrounding concrete.

Where concrete forned surfaces will be exposed to weather or where surfaces
are to be painted, steel supports within 13 mmof concrete surface shall be
gal vani zed, plastic protected or of stainless steel. Concrete supports

used in concrete exposed to view shall have the same color and texture as
the finish surface. For slabs on grade, supports shall be precast concrete
bl ocks, plastic coated steel fabricated with bearing plates, or
specifically designed wire-fabric supports fabricated of plastic.

PART 3 EXECUTI ON

3.1 REI NFORCEMENT
Rei nf orcenment shall be fabricated to shapes and di nensi ons shown and shal
conformto the requirenents of ACI 318M Reinforcenent shall be cold bent

unl ess ot herwi se authorized. Bending may be acconplished in the field or
at the nmll. Bars shall not be bent after enbednent in concrete. Safety
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caps shall be placed on all exposed ends of vertical concrete reinforcenent
bars that pose a danger to life safety. Wre tie ends shall face away from
the forms.

3.1.1 Pl acenent

Rei nforcement shall be free fromloose rust and scale, dirt, oil, or other
del eterious coating that could reduce bond with the concrete.

Rei nf orcenment shall be placed in accordance with ACI 318M at | ocations
shown plus or mnus one bar dianeter. Reinforcenent shall not be

conti nuous through expansion joints and shall be as indicated through
construction or contraction joints. Concrete coverage shall be as

i ndicated or as required by ACl 318M If bars are noved nore than one bar
dianeter to avoid interference with other reinforcenment, conduits or
enbedded itens, the resulting arrangenent of bars, including additiona
bars required to nmeet structural requirenents, shall be approved before
concrete is placed.

3.1.2 Splicing

Splices of reinforcenent shall conformto ACI 318M and shall be nade only
as required or indicated. Splicing shall be by |apping or by mechanical or
wel ded butt connection. Lapped bars shall be placed in contact and
securely tied or spaced transversely apart to pernit the enbednent of the
entire surface of each bar in concrete. Lapped bars shall not be spaced
farther apart than one-fifth the required length of lap or 150 mm

3.2 DOWEL | NSTALLATI ON
Dowel s shall be installed in slabs on grade at |ocations indicated and at
right angles to joint being doweled. Dowels shall be accurately positioned
and aligned parallel to the finished concrete surface before concrete
pl acenent. Dowels shall be rigidly supported during concrete placenent.
One end of dowels shall be coated with a bond breaker

-- End of Section --
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Ai r Content
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PART 3 EXECUTI ON
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SECTI ON 03301

CAST- | N- PLACE STRUCTURAL CONCRETE FOR CI VI L WORKS

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.

ACl | NTERNATI ONAL (ACl)

ACl 117/ 117R (1990; Errata) Standard Tol erances for
Concrete Construction and Materials

ACl 211.1 (1991) Standard Practice for Selecting
Proportions for Normal, Heavywei ght, and
Mass Concrete

ACl 214 (1977; R 1997) Recommended Practice for
Eval uation of Strength Test Results of
Concrete

ACl 305R (1999) Hot Weat her Concreting

ACl 318M (1995) Metric Building Code Requirenents

for Structural Concrete and Conmentary

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM C 31/ C 31M (2000) Meking and Curing Concrete Test
Specinens in the Field

ASTM C 33 (1999ael) Concrete Aggregates

ASTM C 39/ C 39M (1999) Conpressive Strength of Cylindrical
Concrete Speci nens

ASTM C 40 (1999) Organic Inpurities in Fine
Aggregates for Concrete

ASTM C 42/ C 42M (1999) Obtaining and Testing Drilled Cores
and Sawed Beans of Concrete

ASTM C 87 (1983; R 1995el) Effect of Organic
Inmpurities in Fine Aggregate on Strength
of Mortar

ASTM C 94/ C 94M (2000) Ready-M xed Concrete
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ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

127

128

136

143/ C 143M

150

172

192/ C 192M

231

260

309

494/ C 494M

566

597

618

803/ C 803M

805

881

1059

1064/ C 1064M

(1988; R 1993el) Specific Gavity and
Absorption of Coarse Aggregate

(1997) Specific Gravity and Absorption of
Fi ne Aggregate

(1996a) Sieve Anal ysis of Fine and Coarse
Aggr egat es

(2000) Slunp of Hydraulic Cenent Concrete
(1999a) Portl and Cenent
(1999) Sanpling Freshly M xed Concrete

(2000) Meking and Curing Concrete Test
Specinens in the Laboratory

(1997e1) Air Content of Freshly M xed
Concrete by the Pressure Mt hod

(2000) Air-Entraining Adm xtures for
Concrete

(1998a) Liquid Menbrane-Fornm ng Conpounds
for Curing Concrete

(1999a) Chenical Adnmi xtures for Concrete

(1997) Total Evaporabl e Mi sture Content
of Aggregate by Drying

(1983; R 1997) Pul se Velocity Through
Concrete

(2000) Coal Fly Ash and Raw or Cal ci ned
Nat ural Pozzol an for Use as a M neral
Adm xture in Concrete

(1997el) Penetration Resistance of
Har dened Concrete

(1997) Rebound Nunber of Hardened Concrete

(1999) Epoxy- Resi n-Base Bondi ng Systens
for Concrete

(1999) Latex Agents for Bonding Fresh to
Har dened Concrete

(1999) Tenperature of Freshly M xed
Portl and Cenent Concrete
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ASTM C 1077 (1998) Laboratories Testing Concrete and
Concrete Aggregates for Use in
Construction and Criteria for Laboratory
Eval uati on

ASTM C 1107 (1999) Packaged Dry, Hydraulic-Cenent
G out (Nonshri nk)

ASTM D 75 (1987; R 1997) Sanpling Aggregates
U.S. ARMY CORPS OF ENG NEERS ( USACE)

CCE CRD-C 94 (1995) Surface Retarders

CCE CRD-C 100 (1975) Method of Sanpling Concrete

Aggr egat e and Aggr egate Sources, and
Sel ection of Material for Testing

CCE CRD-C 104 (1980) Met hod of Cal cul ation of the
Fi neness Modul us of Aggregate

CCE CRD-C 143 (1962) Specifications for Meters for
Automatic I ndication of Misture in Fine
Aggregat e

CCE CRD-C 318 (1979) doth, Burlap, Jute (or Kenaf)

CCE CRD-C 400 (1963) Requirenments for Water for Use in

M xi ng or Curing Concrete

CCE CRD-C 521 (1981) Standard Test Method for Frequency
and Anplitude of Vibrators for Concrete

NATI ONAL | NSTI TUTE OF STANDARDS AND TECHNOLOGY (NI ST)

NI ST HB 44 (1997) NI ST Handbook 44: Specifications,
Tol erances, and ot her Techni cal
Requirenments for Wi ghing and Measuring
Devi ces

NATI ONAL READY- M XED CONCRETE ASSCCI ATI ON ( NRMCA)
NRMCA CPMB 100 (1996) Concrete Pl ant Standards
1.2 SUBM TTALS

CGovernment approval is required for submttals with a "G' designation;
submttals not having a "G' designation are for infornmation only. Wen
used, a designation following the "G' designation identifies the office
that will reviewthe submttal for the Governnent. The "RE" designhates
that the Resident Ofice will review the submttal for the Governnent. The
followi ng shall be subnmitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:
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SD- 03 Product Data
Concrete M xture Proportioning.

Concrete m xture proportions shall be determ ned by the Contractor and

submitted for review. The concrete mixture quantities of all ingredients
per cubic neter and nom nal naxi num coarse aggregate size that will be used
in the manufacture of each quality of concrete shall be stated.

Proportions shall indicate the nass of cenent, pozzolan and ground

granul ated bl ast-furnace (GEBF) slag when used, and water; the nmass of
aggregates in a saturated surface-dry condition; and the quantities of

adm xtures. The subnission shall be acconpanied by test reports froma

| aboratory conplying with ASTM C 1077 whi ch show t hat proportions thus

sel ected will produce concrete of the qualities indicated. No substitution
shall be nade in the source or type of materials used in the work wi thout
additional tests to show that the quality of the new materials and concrete
are satisfactory.

Batch Pl ant.
Capaci ty.

The Contractor shall submt batch plant data to the Contracting O ficer for
review for conformance with applicable specifications.

Concrete M xers.

Conveyi ng Equi pnent.

Pl aci ng Equi pnent.
Al'l concrete m xers, conveying equi pnment, and placing equi prent and net hods
shall be submtted for review by the Contracting O ficer for conformance
wi t h paragraph CAPACI TY.

Tests and | nspecti ons.

Testing Technici ans.

Concrete Transportation Construction Inspector (CTCl).
The Contractor shall submt statements that the concrete testing
techni ci ans and the concrete inspectors neet the specified requirenents.
The individuals who performthe inspection of concrete construction shal
have denonstrated a know edge and ability equivalent to the AClI mi ni num
guidelines for certification of Concrete Transportati on Construction
I nspector (CTCl).

Construction Joint Treatnent; G RE.

The nmet hod and equi pnrent proposed for joint cleanup and waste di sposa
shall be submtted for review and approval.

Curing and Protection; G RE
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The curing nedi um and nethods to be used shall be subnitted for review and
approval .

Col d- Weat her Placing; G RE

If concrete is to be placed under col d-weat her conditions, the proposed
materi als, nethods, and protection shall be submtted for approval.

Hot - Weat her Placing; G RE.

If concrete is to be placed under hot-weather conditions, the proposed
materials and nethods shall be subnitted for revi ew and approval.

Finishing; G RE

The proposed materials and nethods to be used for finishing concrete shall
be subnmitted for review and approval.

SD- 04 Sanpl es
Aggregates; G RE
Cenmentitious Materials, Adnm xtures, and Curing Conpound; G RE

Sanpl es of materials for government testing and approval shall be submtted
as required in paragraph PRECONSTRUCTI ON SAMPLI NG AND TESTI NG

SD- 06 Test Reports
Quality of Aggregates; G RE

Aggregate quality tests shall be submitted at | east 30 days prior to start
of concrete placenent.

M xer Uniformty.

The results of the initial mxer uniformty tests shall be submtted at
| east 5 days prior to the initiation of placing.

Test Results and Inspection Reports.

Test results and inspection reports shall be subnitted daily and weekly as
required in paragraph REPORTS.

SD-07 Certificates
Cenentitious Materials.
Cenentitious Materials, including Cenment and Pozzolan, will be accepted on
the basis of the manufacturer's certification of conpliance, acconpanied by
mll test reports that naterials neet the requirenents of the specification

under which they are furnished. Certification and mll test reports shall
be from sanples taken fromthe particular ot furnished. No cenmentitious
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materials shall be used until notice of acceptance has been given by the
Contracting O ficer. Cenmentitious materials will be subject to check
testing fromsanples obtained at the source, at transfer points, or at the
project site, as scheduled by the Contracting O ficer, and such sanpling
will be by or under the supervision of the Government at its expense

Mat erial not neeting specifications shall be pronptly renmoved fromthe site
of work.

Chem cal Admi xt ures.

Chemi cal Adm xtures (air-entraining, accelerating, water reducing or
retardi ng adm xtures) shall be certified for conpliance with al
speci fication requirenments.

Menbr ane- For mi ng Curing Conpound.

Menbr ane- Form ng Curing Conpound shall be certified for conpliance with al
speci fication requirenments.

Epoxy Resin.
Lat ex Bondi ng Conpound.

Epoxy Resin and Latex Bondi ng Conpound shall be certified for conpliance
with all specification requirenents.

Nonshri nk G out.

Descriptive literature of the Nonshrink Grout proposed for use shall be
furnished together with a certificate fromthe manufacturer stating that it
is suitable for the application or exposure for which it is being
consi der ed.

1.3 GOVERNMENT TESTI NG AND SAMPLI NG

The Governnent will sanple and test aggregates and concrete to determ ne
conpliance with the specifications. The Contractor shall provide
facilities and | abor as may be necessary for procurenent of representative
test sanples. Sanples of aggregates will be obtained at the point of
batching in accordance with ASTM D 75. Concrete will be sanpled in
accordance with ASTM C 172.

1.3.1 Preconstruction Sanpling and Testing
1.3.1.1 Aggr egat es

The aggregate sources listed in Section 2.1.2 for aggregates have been
tested and at the tinme testing was perforned were capabl e of producing
materials of a quality required for this project provided suitable
processing is perforned. The Contractor nmay furnish materials froma
listed source or froma source not listed. Sanples fromany source of
coarse aggregate and any source of fine aggregate selected by the
Contractor, consisting of not |ess than 70 kg of each size coarse aggregate
and 35 kg of fine aggregate taken under the supervision of the Contracting
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Oficer in accordance with COE CRD-C 100 shall be delivered to a | ocal
materials testing |aboratory within 15 days after notice to proceed.
Sanpli ng and shi pnent of sanples shall be at the Contractor's expense.

Sixty days will be required to conplete eval uati on of the aggregates.
Testing will be perforned by and at the expense of the Governnent in
accordance with the applicable COE CRD-C or ASTMtest nethods. The cost of
testing one source for each size of aggregate will be borne by the
Governnent. |If the Contractor selects nore than one source for each
aggregate size or selects a substitute source for any size aggregate after
the original source was tested, the cost of that additional testing will be

borne by the Contractor. Tests to which aggregate may be subjected are
listed in paragraph QUALITY. The material fromthe proposed source shal
neet the quality requirenents of this paragraph. The Governnent's test
data and other infornation on aggregate quality of those sources |listed at
the end of this section are included in the Design Menorandum and are
available for reviewin the district office. Testing of aggregates by the
CGovernnment does not relieve the Contractor of the requirenents outlined in
par agr aph TESTS AND | NSPECTI ONS

1.3.1.2 Cenentitious Materials, Adm xtures, and Curing Conpound

At | east 60 days in advance of concrete placenent, the Contractor shal
notify the Contracting Oficer of the sources for cenentitious nmaterials,
adm xtures, and curing conpound, along with sanpling |ocation, brand nane,
type, and quantity to be used in the manufacture and/or curing of the
concrete.

1.3.2 Construction Testing by the Government

Sanpling and testing will be perforned by and at the expense of the

CGover nment except as otherw se specified. No naterial shall be used until
noti ce has been given by the Contracting Officer that test results are
sati sfactory.

1.3.2.1 Chemi cal Adm xtures Storage

Chemi cal adm xtures that have been in storage at the project site for

| onger than 6 nonths or that have been subjected to freezing shall be
retested at the expense of the Contractor when directed by the Contracting
Oficer and shall be rejected if test results are not satisfactory.

Chemi cal adm xtures will be accepted based on conpliance with the

requi renents of paragraph CHEM CAL ADM XTURES.

1.3.2.2 Cenent and Pozzol an

If cenent or pozzolan is to be obtained fromnore than one source, the
initial notification shall state the estinmated anmbunt to be obtained from
each source and the proposed schedul e of shipnents.

a. Prequalified Cenent Sources - Cenent shall be delivered and used
directly froma mll of a producer designated as a qualified source.
Sanpl es of cenent for check testing will be taken at the project site
or concrete-producing plant by a representative of the Contracting
Oficer for testing at the expense of the Governnent. A list of
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prequalified cenent sources is available fromDirector, US. Arny Corps
of Engi neers, Engi neer Research and Devel opnent Center - Structures
Laboratory, 3909 Halls Ferry Road, Vicksburg, M 39180-6199, ATTN:
CEERD- SC

b. Prequalified Pozzolan Sources - Pozzol an shall be delivered and
used directly froma producer designated as a qualified source.

Sanpl es of pozzolan for check testing will be taken at the project site
by a representative of the Contracting O ficer for testing at the
expense of the Governnent. A list of prequalified pozzolan sources is
avail able fromthe Director, US. Arny Corps of Engineers, Engineer
Research and Devel opnent Center - Structures Laboratory, 3909 Halls
Ferry Road, Vicksburg, M5 39180-6199, ATTN. CEERD- SC.

1.3.2.3 Concrete Strength

Conpressive strength test specinmens will be nmade by the Governnent and
cured in accordance with ASTM C 31/C 31M and tested in accordance with ASTM
C 39/C 39M The strength of the concrete will be considered satisfactory
so long as the average of all sets of three consecutive test results equals
or exceeds the specified conpressive strength f'c and no individual test
result falls below the specified strength f'c by nore than 3.5 Mra. A
"test" is defined as the average of two conpanion cylinders, or if only one
cylinder is tested, the results of the single cylinder test. Additiona
anal ysis or testing, including nondestructive testing, taking cores and/or
|l oad tests may be required at the Contractor's expense when the strength of
the concrete in the structure is considered potentially deficient.

a. Investigation of Low Strength Test Results - Wen any strength test
of standard-cured test cylinders falls below the specified strength
requi renent by nore than 3.5 MPa or if tests of field-cured cylinders

i ndicate deficiencies in protection and curing, steps shall be taken to
assure that the load-carrying capacity of the structure is not

j eopardi zed. Nondestructive testing in accordance with ASTM C 597,
ASTM C 803/ C 803M or ASTM C 805 may be pernitted by the Contracting
Oficer to estimate the relative strengths at various locations in the
structure as an aid in evaluating concrete strength in place or for
selecting areas to be cored. Such tests shall not be used as a basis
for acceptance or rejection.

b. Testing of Cores - Wen the strength of concrete in place is

consi dered potentially deficient, cores shall be obtained and tested in
accordance with ASTM C 42/C 42M At least three representative cores
shal | be taken from each nenber or area of concrete in place that is
considered potentially deficient. The |ocation of cores will be
determ ned by the Contracting Oficer to | east inpair the perfornance
of the structure. Concrete in the area represented by the core testing
wi || be considered adequate if the average strength of the cores is
equal to at |east 85 percent of the specified strength requirenent and
if no single core is less than 75 percent of the specified strength
requi renent.

c. Load Tests - If the core tests are inconclusive or inpractical to
obtain or if structural analysis does not confirmthe safety of the
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1

1

1

1

1

structure, load tests nmay be directed by the Contracting Oficer in
accordance with the requirenents of ACI 318M Concrete work eval uated
by structural analysis or by results of a |oad test shall be corrected
in a nanner satisfactory to the Contacting Oficer. Al

i nvestigations, testing, load tests, and correction of deficiencies
will be perfornmed and approved by the Contracting Oficer at the
expense of the Contractor, except that if all concrete is in conpliance
with the plans and specifications, the cost of investigations, testing,
and |oad tests will be at the expense of the Governnent.

4 DESI GN REQUI REMENTS
4.1 Concrete Strength

Speci fied conpressive strength f'c shall be 30 MPa at 28 days for al
concrete structures.

4.2 Maxi mum Wat er - Cenent (WC) Ratio

Maxi mum W C shal |l be 0.45 for all concrete structures.
5 CONSTRUCTI ON TOLERANCES

5.1 Gener al

The definitions of the terms used in the follow ng tables shall be as
defined in ACl 117/117R.  Level and grade tol erance neasurenents of sl abs
shal | be nade as soon as possible after finishing. Wen fornms or shoring
are used, the neasurenents shall be made prior to renoval. Tol erances are
not curul ative. The nost restrictive tolerance controls. Tol erances shal
not extend the structure beyond | egal boundaries. Except as specified

ot herwi se, plus tol erance increases the anbunt or dinmension to which it
applies, or raises a level alignment, and minus tol erance decreases the
amount or dinension to which it applied, or lowers a level alignnent. A
tol erance w thout sign neans plus or minus. Were only one signed
tolerance is specified, there is nolimt in the other direction

TOLERANCE FCR FI NI SHED FORVMED CONCRETE SURFACES
(1) Vertical alignment

Forned surfaces slope with
respect to the specified plane

Al conditions ............ ... ... ..... 10 mMmin 3000 mMm

(2) Abrupt variation
The of fset between concrete
surfaces for the follow ng
cl asses of surface:

O ass A 3 mMm
Cass B .. 6 mMm
Cass C .o e 6 mMm
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PART 2

2.

(3)

(1)

(2)

(3)

5.2

TOLERANCE FOR FI Nl SHED FORMED CONCRETE SURFACES
Cass D .. 25

Gradual vari ation

Surface finish tol erances

as nmeasured by placing a
freestanding (unleveled), 1.5 m
strai ghtedge for plane surface
or curved tenplate for curved
surface anywhere on the
surface and allowing it to rest
upon two high spots within

72 hr after concrete placenent.
The gap at any point

bet ween the strai ghtedge or
tenpl ate and the surface shal
not exceed:

CassS A L 3
Class B ... 6
Cass C oo 13
Cass D .. 25
TOLERANCES FOR CHANNEL LI NI NG
Lateral alignnent
Alignment of tangents .......... .. ... .. i 50
Alignment of CUrVEeS ... ... ... e 100
Wdth of section at any height ................... 0. 0025W + 25
Level alignnment
Profile grade ....... ... . . . i e e 25
Surface of invert . ... ... . . 6
Height of lining ....... ... ... ... . . . .. . . . . . ... 0. 005H + 25
Cross-sectional dinensions
Thi ckness of lining cross section: 10 percent specified thickn
provi ded average thickness is maintained as determ ned by daily

bat ch vol unes.

Appear ance

W2B0008

3333

333

333

ess

Per manent |y exposed surfaces shall be cleaned, if stained or otherw se
di scol ored, by a nethod that does not harmthe concrete and that is
approved by the Contracting Oficer

1

PRODUCTS

MATERI ALS
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1.1 Cenentitious Materials

Cenentitious nmaterials shall be portland cenent, or portland-pozzol an
cenent, and shall conformto appropriate specifications |isted bel ow

.1.1.1 Port| and Cenent

ASTM C 150, Type V low al kali.

.1.1.2 H gh-Early-Strength Portland Cenent

ASTM C 150, Type IIl, with CCAlinited to 8 percent |ow alkali, used only
when specifically approved in witing.

.1.1.3 Pozzol an, OGther than Silica Fune

Pozzol an shall conformto ASTM C 618, Cass F, with the optional
requirenents for multiple factor, drying shrinkage, and uniformty of Table
2A

1.2 Aggr egat es

.1.2.1 Cener al

Concrete aggregates nay be furni shed fromany source capable of neeting the
quality requirenents of ASTM C 33. No guarantee is given or inplied that
any of the listed sources are currently capable of produci ng aggregates
that nmeet the requirenments of ASTM C 33. Fine and coarse aggregates shall
conformto the grading requirenents of ASTM C 33. The nom nal maxi num si ze
shall be as listed in paragraph NOM NAL MAXI MUM S| ZE COARSE AGGREGATE.
Where the use of highway departnent gradations are permtted, proposed
gradations shall be submtted for approval.

1.2.2 Concrete Aggregate Sources

a. List of Sources - The concrete aggregates sources nay be sel ected
fromthe following |ist:

Nevada Ready M x Lone Mountain Pit
CSR Materials Buffal o Road Pit
Hanson Aggregates Hender son

b. Selection of Source - After the award of the contract, the
Contractor shall designate in witing only one source or conbination of
sources from which he proposes to furnish aggregates. |f the
Contractor proposes to furnish aggregates froma source or from sources
not listed at the end of this section, he may designate only a single
source or single conbination of sources for aggregates. Regardless of
t he source, selected sanples for acceptance testing shall be provided
as required by paragraph GOVERNMENT TESTI NG AND SAMPLING If a source
for coarse or fine aggregates so designated by the Contractor does not
nmeet the quality requirenents stated in paragraph QUALITY, the
Contractor may not submt for approval other non-listed sources but
shal | furnish the coarse or fine aggregate, as the case nmay be, from
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sources |isted above at no additional cost to the Governnent.
2.1.3 Chem cal Admi xtures

Chemi cal adm xtures to be used, when required or permitted, shall conform
to the appropriate specification listed

2.1.3.1 Ai r-Entraining Adm xture

The air-entraining adm xture shall conformto ASTM C 260 and shal
consistently cause the concrete to have an air content in the specified
ranges under field conditions.

2.1.3.2 Accel erating Adm xture

Accel erators shall neet the requirenments of ASTM C 494/ C 494M Type C or E
except that calciumchloride or adm xtures containing calciumchloride
shal | not be used.

2.1.3.3 Wat er - Reduci ng or Retarding Adm xture

a. Water-Reducing or Retarding Adm xtures: ASTM C 494/ C 494M Type A,
B, or D, except that the 6-nmonth and 1-year conpressive strength tests
are wai ved.

b. Hi gh- Range Water Reduci ng Admi xture: ASTM C 494/ C 494M Type F or
G except that the 6-nonth and 1l-year strength requirenents shall be
wai ved. The adm xture may be used only when approved by the
Contracting O ficer, such approval being contingent upon particul ar

m xture control as described in the Contractor's Quality Control Plan

2.1. 4 Curing Materials
2.1.4.1 Menbr ane- For mi ng Curing Conpound

The menbrane-form ng curing conpound shall conformto ASTM C 309, Type 2,
except a styrene acrylate or chlorinated rubber conpound neeting Class B
requi renents shall be used for surfaces that are to be painted or are to
recei ve bitum nous roofing, or waterproofing, or floors that are to receive
adhesi ve applications of resilient flooring. The curing conpound sel ected
shal |l be conpatible with any subsequent paint, roofing, coating, or
flooring specified. Nonpignented conpound shall contain a fugitive dye and
shal | have the reflective requirements in ASTM C 309 wai ved

2.1.4.2 Burl ap
Burl ap used for curing shall conformto COE CRD C 318.
2.1.5 \Vater
Water for mixing and curing shall be fresh, clean, potable, and free of

i njurious ampunts of oil, acid, salt, or alkali, except that nonpotable
water may be used if it neets the requirenments of COE CRD C 400
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1.6 Nonshri nk G out

Nonshrink grout shall conformto ASTM C 1107 and shall be a comerci al
formul ation suitable for the application proposed.

1.7 Lat ex Bondi ng Conpound

Lat ex bondi ng conpound agents for bonding fresh to hardened concrete shall
conformto ASTM C 1059.

.1.8 Epoxy Resin

Epoxy resin for use in repairs shall conformto ASTM C 881, Type Ill, G ade
I or II.

.2 CONCRETE M XTURE PROPCRTI ONI NG

2.1 Quality of Mxture

For each portion of the structure, mxture proportions shall be selected so
that the strength and WC requirenents listed in paragraph DESI GN
REQUI REMENTS are net.

. 2.2 Nom nal Maxi mum Si ze Coar se Aggregate

Nom nal maxi mum si ze coarse aggregate shall be 37.5 nmexcept 19.0 mMm

nom nal maxi mum si ze coarse aggregate shall be used when any of the
followi ng conditions exist: the narrowest dinmension between sides of forns
is less than 190 mm the depth of the slab is less than 100 nm or the

m ni mum cl ear spaci ng between reinforcing is | ess than 55 mm

.2.3 Ai r Content

Air content as delivered to the forns and as determ ned by ASTM C 231 shall
be between 4 and 7 percent except that when the nom nal maxi num size coarse
aggregate is 19.0 mm it shall be between 4-1/2 and 7-1/2 percent.

. 2.4 Sl unp

The slunp shall be determ ned in accordance with ASTM C 143/ C 143M and
shall be within the range of 25 nmto 100 nm \Where placenent by punp is
approved, the slunp shall not exceed 150 nm

.2.5 Concrete Proportioning

Trial batches and testing requirenments for various qualities of concrete
specified shall be the responsibility of the Contractor. Sanples of
aggregates shall be obtained in accordance with the requirenents of ASTM D
75. Sanples of materials other than aggregate shall be representative of

t hose proposed for the project and shall be acconpani ed by the
manufacturer's test reports indicating conpliance with applicable specified
requirenents. Trial mxtures having proportions, consistencies, and air
content suitable for the work shall be nmde based on nethodol ogy descri bed
in ACI 211.1, using at least three different water-cenent ratios, which
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wi || produce a range of strength enconpassing those required for the work.
The maxi mum wat er-cenent rati os required in paragraph MAXI MUM WATER- CEMENT
RATIO will be converted to a weight ratio of water to cement plus pozzol an
by mass, as described in ACl 211.1. |If pozzolan is used in the concrete

m xture, the mnimum pozzol an content shall be 15 percent of the tota
cenentitious material. Trial mxtures shall be proportioned for nmaximum
permtted slunp and air content with due consideration to the approved
conveyi ng and placement method. The tenperature of concrete in each tria
batch shall be reported. For each water-cenment ratio, at |east three test
cylinders for each test age shall be nmade and cured in accordance with ASTM
C 192/ C 192M They shall be tested at 7 days and at the design age
specified in paragraph DESI GN REQUI REMENTS i n accordance with ASTM C 39/C
39M Fromthese test results, a curve will be plotted show ng the

rel ati onshi p between water-cenent rati o and strength.

2.2.6 Requi red Average Conpressive Strength

In neeting the strength requirenents specified in paragraph CONCRETE
STRENGTH, the selected m xture proportion shall produce a required average
conpressive strength f'cr exceeding the specified strength f'c by the
armount i ndi cated bel ow.

2.2.6.1 Aver age Conpressive Strength from Test Records

Where a concrete production facility has test records, a standard devi ation
shal |l be established in accordance with the applicable provisions of ACI 214.
Test records fromwhich a standard deviation is cal cul ated shall represent

materials, quality control procedures, and conditions simlar to those
expected, shall represent concrete produced to neet a specified strength or
strengths (f'c) within 6.89 MPa of that specified for proposed work, and
shal | consist of at |east 30 consecutive tests. A strength test shall be
the average of the strengths of two cylinders nmade fromthe sanme sanpl e of
concrete and tested at 28 days or at another test age designated for

determ nation of f'c.

Requi red average conpressive strength f'cr used as the basis for selection
of concrete proportions shall be the larger of the equations that follow
using the standard devi ati on as determ ned above:

' 1. 34S

=f'c +
=f'c + 2.335 - 3.45 MPa

Where S = standard devi ation

Where a concrete production facility does not have test records neeting the
requi renents above but does have a record based on 15 to 29 consecutive
tests, a standard deviation shall be established as the product of the

cal cul at ed standard deviation and a nodification factor fromthe foll ow ng
t abl e:
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MODI FI CATI ON FACTOR
FOR STANDARD DEVI ATI ON

NUVBER OF TESTS* Use tabul ati on in paragraph
| ess than 15 DETERM NI NG REQUI RED AVERAGE STRENGTH
15 1.16
20 1.08
25 1.03
30 or nore 1.00

*I nterpolate for internediate nunbers of tests.
2.2.6.2 Aver age Conpressive Strength without Previous Test Records
When a concrete production facility does not have sufficient field strength
test records for calculation of the standard deviation, the required
average strength fcr shall be determ ned as foll ows:
If the specified conpressive strength f'c is |l ess than 20.7 MPa,
f'er = f'c + 6.89 MPa
If the specified conpressive strength f'c is 20.7 to 34.5 MPa,
f'er = f'c + 8.27 MPa
If the specified conpressive strength f'c is over 34.5 MPa,
f'er = f'c + 9.65 MPa
PART 3 EXECUTI ON
3.1 EQU PVENT

3.1.1 Capacity

The batching, m xing, conveying, and placing equi pnent shall have a
capacity of at |east 100 cubic nmeters per hour

3.1. 2 Bat ch Pl ant

Batch plant shall conformto the requirenments of NRMCA CPMB 100 and as
speci fied; however, rating plates attached to batch plant equi pnent are not
required.

3.1.2.1 Bat chi ng Equi pnment

The batching controls shall be, sem autonatic. The sem automatic batching
system shall be provided with interlocks such that the discharge device
cannot be actuated until the indicated material is within the applicable
tol erance. The batching system shall be equi pped with an accurate recorder
or recorders that neet the requirenents of NRMCA CPMB 100. Separate bins
or conpartments shall be provided for each size group of aggregate and
cenent, and pozzol an. Aggregates shall be weighed either in separate weigh
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batchers with individual scales or cunulatively in one weigh batcher on one
scale. Aggregate shall not be weighed in the sane batcher with cenent or
pozzolan. |f both cenent and pozzol an are used, they may be bat ched

cunul atively provided that the portland cenent is batched first. |If
nmeasured by mass, the mass of the water shall not be wei ghed cunul atively
wi th anot her ingredient. Water batcher filling and discharging val ves
shall be so interlocked that the discharge val ve cannot be opened before
the filling valve is fully closed. An accurate nechani cal device for
nmeasuri ng and di spensi ng each adm xture shall be provided. Each di spenser
shall be interlocked with the batching and di schargi ng operation of the
wat er so that each adm xture is separately batched and di scharged
automatically in a manner to obtain uniformdistribution throughout the
batch in the specified mxing period. Adm xtures shall not be conbined
prior to introduction in water. The plant shall be arranged so as to
facilitate the inspection of all operations at all tines. Suitable
facilities shall be provided for obtaining representative sanples of
aggregates fromeach bin or conpartnent. Al filling ports for
cenentitious materials bins or silos shall be clearly narked with a

per manent sign stating the contents.

3.1.2.2 Scal es

The equi pnent for batching by nass shall conformto the applicable

requi renents of NI ST HB 44, except that the accuracy shall be plus or mnus
0.2 percent of scale capacity. The Contractor shall provide standard test
wei ghts and any other auxiliary equi pnent required for checking the
operating performance of each scale or other neasuring devices. Tests
shal |l be nade at the frequency required in paragraph TESTS AND | NSPECTI ONS
and in the presence of a government inspector

3.1.2.3 Bat chi ng Tol erances

a. Weighing Tol erances
PERCENT OF REQUI RED

MATERI AL MASS
Cenentitious nmaterials Oto plus 2
Aggr egat e plus or mnus 2
Wat er plus or mnus 1
Chemi cal adm xture Oto plus 6

b. Volumetric Tol erances - For volunetric batching equi pnent, the
followi ng tol erances shall apply to the required volune of naterial
bei ng bat ched:

Water: ........ ... .. Plus or minus 1 percent.
Chemi cal adm xtures: ........ Zero to plus 6 percent.

3.1.2.4 Mbi sture Control
The plant shall be capabl e of ready adjustment to conpensate for the
varyi ng noi sture content of the aggregates and to change the nmasses of the

materi als being batched. An electric nmoisture neter conplying with the
provi sions of COE CRD-C 143 shall be provided for nmeasuring noisture in the
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fine aggregate. The sensing el enent shall be arranged so that the
nmeasurenent is nmade near the batcher charging gate of the sand bin or in
t he sand bat cher.

3.1.3 Concrete M xers

The concrete mxers shall not be charged in excess of the capacity
recommended by the manufacturer. The mxers shall be operated at the drum
or m xing bl ade speed designated by the manufacturer. The nixers shall be
mai ntai ned in satisfactory operating condition, and the m xer druns shal

be kept free of hardened concrete. Should any nixer at any tinme produce
unsatisfactory results, its use shall be pronptly discontinued until it is
repaired.

3.1.3.1 Stationary M xers

Concrete plant mxers shall be tilting, nontilting, horizontal-shaft,
vertical -shaft, or pugm |l and shall be provided with an acceptabl e device
to lock the discharge nechanismuntil the required mxing tinme has el apsed.
The mxing time and uniformty shall conformto all the requirenents in
ASTM C 94/ C 94M applicable to central -m xed concrete.

3.1.3.2 Truck M xers

Truck m xers, the mxing of concrete therein, and concrete uniformty shal
conformto the requirenents of ASTM C 94/C 94M A truck m xer may be used
either for conplete nmixing (transit-m xed) or to finish the partial mxing
done in a stationary mxer (shrink-mxed). Each truck shall be equi pped
with two counters fromwhich it will be possible to determ ne the nunber of
revol utions at m xing speed and the number of revolutions at agitating
speed.

3.1. 4 Conveyi ng Equi prment
The conveyi ng equi pnent shall conformto the follow ng requirenents.
3.1.4.1 Bucket s

The interior hopper slope shall be not |ess than 58 degrees fromthe

hori zontal, the m ni num di nensi on of the clear gate opening shall be at

| east five tines the nom nal maxi mum size aggregate, and the area of the
gat e opening shall not be less than 0.2 square neter. The nmaxi mum

di mensi on of the gate opening shall not be greater than tw ce the m ni num
di mensi on. The bucket gates shall be essentially grout tight when cl osed
and may be manual |y, pneunatically, or hydraulically operated except that
buckets larger than 1.5 cubic nmeters shall not be nmanually operated. The
desi gn of the bucket shall provide neans for positive regulation of the
amount and rate of deposit of concrete in each dunping position

3.1.4.2 Transfer Hoppers
Concrete may be charged into nonagitating hoppers for transfer to other

conveyi ng devices. Transfer hoppers shall be capable of receiving concrete
directly fromdelivery vehicles and have coni cal -shaped di scharge features.
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The transfer hopper shall be equipped with a hydraulically operated gate
and with a means of external vibration to effect conplete discharge.
Concrete shall not be held in nonagitating transfer hoppers nore than 30
m nut es.

3.1.4.3 Trucks

Truck m xers operating at agitating speed or truck agitators used for
transporting plant-m xed concrete shall conformto the requirenents of ASTM
C 94/C 94M Nonagi tating equi pment nay be used for transporting

pl ant-m xed concrete over a snooth road when the hauling tine is less than
15 minutes. Bodies of nonagitating equi pnent shall be smooth, watertight,
nmetal containers specifically designed to transport concrete, shaped with
rounded corners to minimze segregation, and equi pped with gates that wll
permt positive control of the discharge of the concrete.

3.1.4.4 Chut es

When concrete can be placed directly froma truck m xer, agitator, or
nonagi tating equi pnent, the chutes attached to this equi pnent by the
manuf acturer nmay be used. A discharge deflector shall be used when
required by the Contracting Officer. Separate chutes and other simlar
equi pnment will not be pernitted for conveying concrete.

3.1.4.5 Belt Conveyors

Belt conveyors shall be designed and operated to assure a uniformfl ow of
concrete frommxer to final place of deposit w thout segregation of
ingredients or loss of nortar and shall be provided with positive neans for
preventing segregation of the concrete at the transfer points and the point
of placing. Belt conveyors shall be constructed such that the idler
spaci ng shall not exceed 900 mm The belt speed shall be a m nimumof 90 m
per minute and a maxi rum of 230 mper mnute. |If concrete is to be placed
t hrough installed horizontal or sloping reinforcing bars, the conveyor

shal | di scharge concrete into a pipe or el ephant trunk that is |ong enough
to extend through the reinforcing bars.

3.1.4.6 Concrete Punps

Concrete may be conveyed by positive displacenment punp when approved. The
punpi ng equi pnent shall be piston or squeeze pressure. The pipeline shal
be rigid steel pipe or heavy-duty flexible hose. The inside dianeter of
the pipe shall be at least three tines the nom nal maxi num size coarse
aggregate in the concrete mxture to be punped but not |ess than 100 mm

Al umi num pi pe shall not be used.

3.1.5 Vibrators
Vi brators of the proper size, frequency, and anplitude shall be used for

the type of work being performed in conformance with the foll ow ng
requi renents:
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HEAD DI AMETER FREQUENCY AMPLI TUDE

APPLI| CATI ON nmm VPM nmm
Thin wall's, beans, etc. 32 to 64 9,000 to 13, 500 0.5to 1.0
Ceneral construction 50 to 88 8,000 to 12, 000 0.6 to 1.2

The frequency and anplitude shall be determ ned in accordance with COE
CRD- C 521.

3.2 PREPARATI ON FOR PLACI NG
3.2.1 Enbedded | tens

Bef ore pl acement of concrete, care shall be taken to determ ne that al
enbedded itens are firmy and securely fastened in place as indicated on
the drawi ngs, or required. Enbedded itens shall be free of oil and other
foreign matter such as | oose coatings or rust, paint, and scale. The
enbeddi ng of wood in concrete will be pernitted only when specifically

aut hori zed or directed. Voids in sleeves, inserts, and anchor slots shal
be filled tenporarily with readily renovable nmaterials to prevent the entry
of concrete into voids. Wlding, including tack welding, will not be
permtted on enbedded nmetals within 600 nmm of the surface of the concrete.

3.2.2 Concrete on Earth Foundati ons

Earth surfaces upon which concrete is to be placed shall be clean, danp,
and free fromdebris, frost, ice, and standing or running water. Prior to
pl acenent of concrete, the earth foundation shall have been satisfactorily
conpacted in accordance with Section 02300 EARTHWORK.

3.2.3 Concrete on Rock Foundati ons

Rock surfaces upon which concrete is to be placed shall be clean, free from
oil, standing or running water, ice, mud, drumy rock, coating, debris, and
| oose, sem detached, or unsound fragnents. Joints in rock shall be cleaned
to a satisfactory depth, as determ ned by the Contracting Officer, and to
firmrock on the sides. |Imediately before the concrete is placed, al

rock surfaces shall be cleaned thoroughly by the use of air-water jets or
sandbl asting as described in paragraph CONSTRUCTI ON JO NT TREATMENT. Al
rock surfaces shall be kept continuously wet for at |east 24 hours

i mediately prior to placing concrete thereon. All approxi mtely

hori zontal surfaces shall be covered, inmediately before the concrete is
placed, with a |ayer of nortar proportioned simlar to that in the concrete
m xture. The nortar shall be covered with concrete before the tinme of
initial setting of the nortar.

3.2.4 Construction Joint Treat ment
Construction joint treatnment shall conformto the follow ng requirenents.
3.2.4.1 Joint Preparation

Concrete surfaces to which additional concrete is to be bonded shall be
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prepared for receiving the next lift or adjacent concrete by cleaning with
either air-water cutting, sandblasting, high-pressure water jet, or other

approved nethod. Air-water cutting will not be pernmtted on forned
surfaces or surfaces congested with reinforcing steel. Regardless of the
net hod used, the resulting surfaces shall be free fromall |aitance and

inferior concrete so that clean, well bonded coarse aggregate is exposed
uniformy throughout the lift surface. The edges of the coarse aggregate
shall not be undercut. The surface shall be washed clean again as the | ast
operation prior to placing the next |lift. There shall be no standi ng water
on the surface upon which concrete is placed.

3.2.4.2 Air-Water Cutting

Air-water cutting of a construction joint shall be perfornmed at the proper
time and only on horizontal construction joints. The air pressure used in
the jet shall be 620 to 760 kPa, and the water pressure shall be just
sufficient to bring the water into effective influence of the air pressure.
When approved by the Contracting Officer, a retarder conplying with the
requi renents of COE CRD-C 94 nmay be applied to the surface of the lift to
prolong the period of time during which air-water cutting is effective.
Prior to receiving approval, the Contractor shall furnish sanples of the
material to be used and shall denobnstrate the nmethod to be used in
applications. After cutting, the surface shall be washed and rinsed as
long as there is any trace of cloudi ness of the wash water. \Where
necessary to renove accunul ated | aitance, coatings, stains, debris, and
other foreign material, high-pressure water jet or sandblasting will be
required as the | ast operation before placing the next lift.

3.2.4.3 H gh- Pressure Water Jet

A stream of water under a pressure of not |ess than 20.7 MPa may be used

for cleaning. |Its use shall be delayed until the concrete is sufficiently
hard so that only the surface skin or nmortar is renoved and there is no
undercutting of coarse-aggregate particles. |If the water jet is incapable

of a satisfactory cleaning, the surface shall be cleaned by sandbl asti ng.
3.2.4.4 Wt Sandbl asting

This method may be used when the concrete has reached sufficient strength

to prevent undercutting of the coarse aggregate particles. The surface of

the concrete shall then be washed thoroughly to renove all | oose materials.
3.2.4.5 \Waste D sposa

The nmet hod used in disposing of waste water enployed in cutting, washing,

and rinsing of concrete surfaces shall be such that the waste water does

not stain, discolor, or affect exposed surfaces of the structures, or

damage t he environnment of the project area. The nmethod of disposal shal

be subject to approval.

3.3 PLACI NG

3.3.1 Pl aci ng Procedures
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The surfaces of horizontal construction joints shall be kept continuously
wet for the first 12 hours during the 24-hour period prior to placing
concrete. Surfaces nay be danpened i medi ately before placenent if
necessary. Concrete placenent will not be permtted when, in the opinion
of the Contracting Oficer, weather conditions prevent proper placenent and
consolidation. Concrete shall be deposited as close as possible to its
final position in the forns and, in so depositing, there shall be no
vertical drop greater than 1.5 m except where suitable equipnent is
provided to prevent segregation and where specifically authorized.
Depositing of the concrete shall be so regulated that it nay be effectively
consolidated in horizontal |layers 600 nmor less in thickness with a

m ni mum of | ateral novenent. The anmount deposited in each | ocation shal

be that which can be readily and thoroughly consolidated. Sufficient

pl aci ng capacity shall be provided so that concrete placenent can be kept
plastic and free of cold joints while concrete is being placed. Concrete
shal |l be placed by nethods that will prevent segregation or |oss of
ingredients. Any concrete transferred from one conveyi ng device to another
shal | be passed through a hopper that is conical in shape. The concrete
shal |l not be dropped vertically nore than 1.5 m except where a properly
desi gned and si zed el ephant truck with rigid drop chute bottomsection is
provided to prevent segregation and where specifically authorized. 1In no
case will concrete be discharged to free-fall through reinforcing bars.

3.3.2 Pl acenent by Punp

When concrete is to be placed by punp, the nonmi nal maxi num si ze coarse
aggregate shall not be reduced to accommpbdate the punps. The distance to
be punped shall not exceed limts recomended by the punp manufacturer

The concrete shall be supplied to the concrete punp continuously. Wen
punping is conpleted, concrete remaining in the pipeline shall be ejected
wi t hout contam nation of concrete in place. After each operation

equi pnrent shal |l be thoroughly cl eaned, and flushing water shall be wasted
outside of the fornms. Gout used to lubricate the punping equi pnent at the
begi nning of the placenent will not be incorporated into the placenent.

3.3.3 Tinme Interval Between M xing and Pl aci ng

Concrete shall be placed within 30 mnutes after discharge into

nonagi tating equi pnent. \When concrete is truck-m xed or when a truck m xer
or agitator is used for transporting concrete m xed by a concrete pl ant

m xer, the concrete shall be delivered to the site of the work, and

di scharge shall be conpleted within 1-1/2 hours or before the drum has
revol ved 300 revol utions, whichever conmes first after the introduction of
the m xing water to the cement and aggregates or the introduction of the
cenent to the aggregates. When the Iength of haul nakes it inmpossible to
deliver truck-m xed concrete within these tinme limts, batching of cenent
and a portion of the m xing water shall be delayed until the truck mxer is
at or near the construction site.

3.3.4 Col d- Weat her Pl aci ng
When col d-weat her placing of concrete is likely to be subjected to freezing

tenperatures before the expiration of the curing period, it shall be placed
in accordance with procedures previously subnmtted in accordance with
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par agraph SUBM TTALS. The anbient tenperature of the space adjacent to the
concrete placenment and surfaces to receive concrete shall be above 0
degrees C. The placing tenperature of the concrete having a m ni num

di mension | ess than 300 mm shall be between 12 and 24 degrees C when
nmeasured in accordance with ASTM C 1064/ C 1064M The pl aci ng tenperature
of the concrete having a m ni mrum di nensi on greater than 300 nmm shal |l be
between 10 and 20 degrees C. Heating of the m xing water or aggregates
will be required to regulate the concrete-placing tenperatures. Materials
entering the mxer shall be free fromice, snow, or frozen lunps. Salt,
chemicals, or other materials shall not be mxed with the concrete to
prevent freezing.

3.3.5 Hot - Weat her Pl aci ng

Concrete shall be properly placed and finished with procedures previously
submitted in accordance wi th paragraph SUBM TTALS. The concrete-pl acing
tenperature shall not exceed 30 degrees C when neasured in accordance with
ASTM C 1064/ C 1064M Cooling of the mi xing water and aggregates, or both,
may be required to obtain an adequate placing tenperature. A retarder
neeting the requirenents of paragraph WATER- REDUCI NG OR RETARDI NG ADM XTURE
may be used to facilitate placing and finishing. Steel forns and

rei nforcement shall be cooled prior to concrete placenent when stee
tenperatures are greater than 50 degrees C. Conveying and pl acing

equi pnment shall be cooled if necessary to mmintain proper concrete-placing
t emper at ure.

3.3.6 Consol i dati on

I mredi ately after placenent, each |ayer of concrete, including flow ng
concrete, shall be consolidated by internal vibrating equipnent. Vibrators
shall not be used to transport concrete within the forns. Hand spadi ng may
be required, if necessary, with internal vibrating along forned surfaces
permanently exposed to view. Formor surface vibrators shall not be used
unl ess specifically approved. The vibrator shall be inserted vertically at
uni form spaci ng over the entire area of placenment. The distance between
insertions shall be approximately 1-1/2 tinmes the radius of action of the
vibrator. The vibrator shall penetrate rapidly to the bottom of the |ayer
and at least 150 mminto the precedi ng unhardened layer if such exists. It
shall be held stationary until the concrete is consolidated and then

wi t hdrawn sl owly.

3.4 FI NI SHI NG

The anbi ent tenperature of spaces adjacent to surfaces being finished shal
be not less than 5 degrees C. In hot weather when the rate of evaporation
of surface moisture, as determ ned by use of Figure 2.1.5 of ACl 305R, may
reasonably be expected to exceed 1.0 kil ogram per square neter per hour
Provi sions for w ndbreaks, shading, fog spraying, or wet covering with a
light-colored material shall be nade in advance of placenent, and such
protective neasures shall be taken as quickly as finishing operations will
allow. Al unforned surfaces that are not to be covered by additiona

concrete or backfill shall have a float finish. Additional finishing shal
be as specified below and shall be true to the elevation shown in the
drawi ngs. Surfaces to receive additional concrete or backfill shall be
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brought to the el evati on shown on the drawi ngs and left true and regul ar
Exterior surfaces shall be sloped for drai nage unl ess ot herwi se shown in
the drawing or as directed. Joints shall be carefully made with a jointing
or edging tool. The finished surfaces shall be protected fromstains or
abrasions. Gate tanpers or jitterbugs shall not be used.

3.4.1 Unf or med Surfaces
3.4.1.1 Fl oat Fini sh

Surfaces shall be screeded and darbied or bullfloated to bring the surface
to the required finish level with no coarse aggregate visible. No water
cenent, or nortar shall be added to the surface during the finishing
operation. The concrete, while still green but sufficiently hardened to
bear a man's wei ght without deep inprint, shall be floated to a true and
even plane. Floating may be perforned by use of suitable hand floats or
power -driven equi pnent. Hand floats shall be made of nagnesi um or al um num

3.4.1.2 Trowel Finish

A trowel finish shall be applied to the top of channel walls. Concrete
surfaces shall be finished with a float finish, and after surface noisture
has di sappeared, the surface shall be troweled to a snooth, even, dense
finish free from bl em shes including trowel marks.

3.4.1.3 Br oom Fi ni sh

A broom finish shall be applied to the face and surfaces of concrete
channel inverts, and sidewalls. The concrete surface shall be screeded and
floated finish plane with no coarse aggregate visible. After surface

noi sture di sappears, the surface shall be brooned or brushed screeded and
fine hair-broomor fiber bristle brushed in a direction transverse to that
of the channel centerline for all invert side slope areas, or as directed.

3.4.2 For ned Surfaces

Unl ess another finish is specified, surfaces shall be left with the texture
i nparted by the forns except that defective surfaces shall be repaired as
descri bed in paragraph FORMED SURFACE REPAI R

Uni formcolor of the concrete shall be naintai ned by use of only one

m xture w thout changes in nmaterials or proportions for any structure or
portion of structure that is exposed to view or on which a special finish
is required. The form panels used to produce the finish shall be orderly
in arrangenent. Forns shall not be reused if there is any evidence of
surface wear or defects that would inpair the quality of the surface.

3.4.3 Forned Surface Repair
After renoval of forms, all ridges, lips, and bul ges on surfaces
permanent |y exposed shall be renpbved. All repairs shall be conpleted

within 48 hours after formrenoval

3.4.3.1 Cl ass A Finishes
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Surfaces listed in Section 03101 FORMAMORK FOR CONCRETE and as shown to have
class A finishes shall have surface defects repaired as follows: defective
areas, voids, and honeyconbs snaller than 10,000 square millinmeters in area
and | ess than 13 nm deep and bug hol es exceeding 13 mmin dianeter shall be
chi pped and filled with dry-packed nortar. Holes left by renpval of tie
rods shall be reamed and filled with dry-packed nortar as specified in

par agr aph MATERI AL AND PROCEDURE FOR REPAIRS. Defective and unsound
concrete areas |larger than described shall be defined by 13 nmm deep
dovetailed saw cuts in a rectangular pattern with lines parallel to the
formwrk, the defective concrete renoved by chipping, and the void repaired
with replacenent concrete. The prepared area shall be brush-coated with an
epoxy resin neeting the requirements of paragraph EPOXY RESIN, a | atex
bondi ng agent neeting the requirenents of paragraph LATEX BONDI NG COVPOUND
or a neat cenent grout after danpening the area with water. The void shal
be filled with replacenent concrete in accordance w th paragraph MATERI AL
AND PROCEDURE FOR REPAI RS

3.4.3.2 Cl ass D Finish

Surfaces listed in Section 03101 FORMAMORK FOR CONCRETE and as shown to have
class D finish shall have surface defects repaired as foll ows: defective
areas, voids, and honeyconbs greater than 30,000 square mllinmeters in area
or nore than 50 mm deep shall be defined by 13 nm deep dovetailed saw cuts
in a rectangular pattern, the defective concrete renmoved by chipping and
the void repaired with replacenent concrete. The prepared area shall be
brush-coated with an epoxy resin neeting the requirenents of paragraph
EPOXY RESIN, a | atex bondi ng agent neeting the requirenments of paragraph
LATEX BONDI NG COMPOUND, or a neat cenent grout after danpening the area
with water. The void shall be filled with replacenent concrete in
accordance with paragraph MATERI AL AND PROCEDURE FOR REPAI RS

3.4.3.3 Mat erial and Procedure for Repairs

The cenent used in the dry-packed nortar or replacenent concrete shall be a
bl end of the cenent used for production of project concrete and white
portland cenent properly proportioned so that the final color of the nortar
or concrete will match adjacent concrete. Trial batches shall be used to
determ ne the proportions required to natch colors. Dry-packed nortar
shal | consist of one part cenent to two and one-half parts fine aggregate.
The fine aggregate shall be that used for production of project concrete.
The nortar shall be reni xed over a period of at |east 30 minutes wthout
addition of water until it obtains the stiffest consistency that wll
permt placing. Mortar shall be thoroughly conpacted into the prepared
void by tanping, rodding, ramm ng, etc. and struck off to natch adjacent
concrete. Replacenment concrete shall be produced using project naterials
and shall be proportioned by the Contracting Officer. It shall be

t horoughly conpacted into the prepared void by internal vibration, tanping,
roddi ng, ranmng, etc. and shall be struck off and finished to match

adj acent concrete. Forns shall be used to confine the concrete. [If an
expandi ng agent is used in the repair concrete, the repair shall be

t horoughly confined on all sides including the top surface. Metal tools
shall not be used to finish permanently exposed surfaces. The repaired
areas shall be cured for 7 days. The tenperature of the in situ concrete,
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adj acent air, and replacenent nortar or concrete shall be above 5 degrees C
during placenent, finishing, and curing. Qher nmethods and materials for
repair may be used only when approved in witing by the Contracting
Oficer. Repairs of the so called "plaster-type" will not be permtted.

3.5 CURI NG AND PROTECTI ON
3.5.1 Dur ati on
Concrete shall be cured by an approved nethod for a period of 7 days.

I mredi ately after placenent, concrete shall be protected from prenmature
drying, extrenes in tenperatures, rapid tenperature change, and nechani ca
damage. Al nmmterials and equi prent needed for adequate curing and
protection shall be avail able and at the placenent site prior to the start
of concrete placenent. Concrete shall be protected fromthe danmagi ng
effects of rain for 12 hours and fromflowi ng water for 14 days. No fire
or excessive heat including welding shall be permtted near or in direct
contact with concrete or concrete enbednents at any tine.

Text

3.5.2 Moi st Curing

Moi st-cured concrete shall be maintained continuously, not periodically,
wet for the entire curing period. |If water or curing materials stain or

di scol or concrete surfaces that are to be permanently exposed, they shal

be cl eaned as required in paragraph APPEARANCE. Where wooden form
sheathing is left in place during curing, the sheathing shall be kept wet
at all tines. Were steel forns are left in place during curing, the forns
shal |l be carefully broken | oose fromthe hardened concrete and curing water
continuously applied into the void so as to continuously saturate the
entire concrete surface. Horizontal surfaces nay be noist cured by

pondi ng, by covering with a m ni mum uni formthi ckness of 50 mm of
continuously saturated sand, or by covering wth saturated nonstaining
burlap or cotton mats. Horizontal construction joints nay be allowed to
dry for 12 hours inmrediately prior to the placing of the following lift.

3.5.3 Menbr ane- For mi ng Curing Conpound
Concrete may be cured with an approved nenbrane-fornm ng curing conpound in
lieu of mpist curing except that nenmbrane curing will not be permitted on
any surface containing protruding steel reinforcenent.

3.5.3.1 Pi gnent ed Curing Conpound
A pignented curing conpound neeting the requirenents of the above paragraph
MEMBRANE- FORM NG CURI NG COVPOUND may be used on surfaces that will not be
exposed to view when the project is conpleted.

3.5.3.2 Nonpi gnment ed Curing Conpound
A nonpi gnented curing conpound containing a fugitive dye may be used on

surfaces that will be exposed to view when the project is conpleted.
Concrete cured with nonpignented curing conpound nust be shaded fromthe
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sun for the first 3 days when the anbient tenperature is 32 degrees C or
hi gher.

3.5.3.3 Application

The curing compound shall be applied to forned surfaces i mediately after
the forns are renoved and prior to any patching or other surface treatnment
except the cleaning of |oose sand, nortar, and debris fromthe surface.

The surfaces shall be thoroughly npistened with water, and the curing
conpound applied as soon as free water disappears. The curing conpound
shal |l be applied to unformed surfaces as soon as free water has di sappeared
and bl eedi ng has stopped. The curing conpound shall be applied in a

t wo- coat continuous operation by approved notorized power-spraying

equi pnment operating at a mni mum pressure of 500 kPa, at a uniform coverage
of not nore than 10 square neters per liter for each coat, and the second
coat shall be applied perpendicular to the first coat. Concrete surfaces

t hat have been subjected to rainfall within 3 hours after curing conpound
has been applied shall be resprayed by the method and at the coverage
specified. Al concrete surfaces on which the curing conpound has been
appl i ed shall be adequately protected for the duration of the entire curing
peri od from pedestrian and vehicular traffic and fromany ot her cause that
will disrupt the continuity of the curing nenbrane

3.5.4 Evapor ati on Ret ar dant

Sheet curing shall not be used on vertical or near-vertical surfaces. All
surfaces shall be thoroughly wetted and be conpletely covered with

wat er pr oof paper or pol yethyl ene-coated burl ap having the burlap thoroughly
wat er - saturated before placing. Covering shall be laid with Iight-col ored
side up. Covering shall be |apped not |ess than 300 nm and securely

wei ght ed down or shall be | apped not |ess than 100 mmand taped to forma
continuous cover with conmpletely closed joints. The sheet shall be

wei ghted to prevent displacenment so that it remains in contact with the
concrete during the specified | ength of curing. Coverings shall be fol ded
down over exposed edges of slabs and secured by approved neans. Sheets
shall be imediately repaired or replaced if tears or holes appear during
the curing period.

3.5.5 Col d-Weat her Curing and Protection

When the daily outdoor |low tenperature is |ess than O degrees C, the
tenperature of the concrete shall be nmaintained above 5 degrees C for the

first 7 days after placing. In addition, during the period of protection
renoval, the air tenperature adjacent to the concrete surfaces shall be
controlled so that concrete near the surface will not be subjected to a

tenperature differential of nore than 15 degrees C as deternined by
observati on of anbient and concrete tenperatures indicated by suitable
tenperatures measuring devices furnished by the Governnent as required and
installed adjacent to the concrete surface and 50 mminside the surface of
the concrete. The installation of the thernoneters shall be nade by the
Contractor at such |locations as may be directed.

3.6 SETTI NG OF POSTS, BASE PLATES, AND BEARI NG PLATES
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3.

3.

6.1 Setting of Posts and Pl ates

After being plunmbed and properly positioned, posts, colum base pl ates,
bearing plates for beans and sinilar structural nenbers, and nmachinery and
equi pnment base plates shall be provided with full bearing with nonshrink
grout. The space between the top of concrete or nasonry-bearing surface
and the bottomof the plate shall be approximately 1/24 of the width of the
plate, but not less than 13 mmfor plates | ess than 300 mmwi de. Concrete

surfaces shall be rough, clean, and free of o0il, grease, and laitance, and
they shall be danp. Metal surfaces shall be clean and free of oil, grease,
and rust.

.6.2 Nonshrink Grout Application

Nonshrink grout shall conformto the requirenents of paragraph NONSHRI NK
GRQUT. Water content shall be the minimumthat will provide a flowable

m xture and fill the space to be grouted w thout segregation, bleeding, or
reducti on of strength.

.6.2.1 M xi ng and Pl aci ng of Nonshrink Grout

M xi ng and pl acing shall be in conformance with the naterial nmanufacturer's
instructions and as specified. |Ingredients shall be thoroughly dry-m xed
before adding water. After adding water, the batch shall be mxed for 3

m nutes. Batches shall be of size to allow continuous placenent of freshly
m xed grout. Gout not used within 30 nminutes after mxing shall be

di scarded. The space between the top of the concrete or nasonry-bearing
surface and the plate shall be filled solid with the grout. Forns shall be
of wood or other equally suitable nmaterial for retaining the grout and
shal | be renoved after the grout has set. |If grade "A" grout as specified
in ASTM C 1107 is used, all surfaces shall be forned to provide restraint.
The placed grout shall be worked to elimnate voids; however, overworking
and breakdown of the initial set shall be avoided. G out shall not be
retenpered or subjected to vibration fromany source. Were clearances are
unusual ly small, placenent shall be under pressure with a grout punp.
Tenperature of the grout, and of surfaces receiving the grout, shall be

mai ntai ned at 20 to 30 degrees C until after setting.

.6.2.2 Treat ment of Exposed Surfaces

After the grout has set, those types containing netallic aggregate shal
have t he exposed surfaces cut back 25 mmand i medi ately covered with a
parge coat of nortar proportioned by nmass of one part portland cenent, two
parts sand, and sufficient water to nake the m xture placeable. The parge
coat shall have a smooth, dense finish. The exposed surface of other types
of nonshrink grout shall have a snooth, dense finish.

.6.2.3 Curing

Grout and parge coats shall be cured in confornance wth paragraph CURI NG
AND PROTECTI ON

7 TESTS AND | NSPECTI ONS
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3.

3.

Tests and i nspections shall conformto the followi ng requirenents. Test
Results and I nspection Reports are to be subnitted to the Governnment as
required.

7.1 Cener al

The Contractor shall performthe inspections and tests described bel ow,
and, based upon the results of these inspections and tests, he shall take
the action required and submt reports as required. Wen, in the opinion
of the Contracting Officer, the concreting operation is out of control
concrete placenent shall cease. The laboratory performng the tests shal
be on site and shall conformw th ASTM C 1077. The individuals who sanple
and test concrete or the constituents of concrete as required in this
specification shall have denpbnstrated a know edge and ability to perform

t he necessary test procedures equivalent to the AClI mni num gui delines for
certification of Concrete Field Testing Technicians, Grade I. The

i ndi viduals who performthe inspection of concrete construction shall have
denonstrated a know edge and ability equivalent to the ACI m ni num
guidelines for certification of Concrete Transportati on Construction

I nspector (CTCl). The Governnent will inspect the |aboratory, equipnent,
and test procedures prior to start of concreting operations and at | east
once per year thereafter for conformance with ASTM C 1077.

7.2 Testing and | nspection Requirenents
7.2.1 Fi ne Aggregate

a. Gading - At |east once during each shift when the concrete pl ant
is operating, there shall be one sieve analysis and fineness nodul us
determ nation in accordance with ASTM C 136 and COE CRD-C 104 for the
fine aggregate or for each size range of fine aggregate if it is
batched in nore than one size or classification. The location at which
sanpl es are taken may be selected by the Contractor as the nopst

advant ageous for control. However, the Contractor is responsible for
delivering fine aggregate to the mxer within specification limts.

b. Corrective Action for Fine Aggregate G ading - Wen the anpount
passing on any sieve is outside the specification limts, the fine
aggregate shall be inmmediately resanpled and retested. |If there is
another failure on any sieve, the fact shall inmediately be reported to
the Contracting O ficer.

c. Misture Content Testing - Wien in the opinion of the Contracting
Oficer the electric noisture neter is not operating satisfactorily,
there shall be at least four tests for npoisture content in accordance
with ASTM C 566 during each 8-hour period of nixing plant operation.
The tines for the tests shall be selected randomy w thin the 8-hour
period. An additional test shall be nade whenever the slunp is shown
to be out of control or excessive variation in workability is reported
by the placing foreman. When the electric noisture neter is operating
satisfactorily, at least two direct nmeasurenents of npisture content
shal | be nmade per week to check the calibration of the neter. The
results of tests for noisture content shall be used to adjust the added
water in the control of the batch plant.
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3.7.

3.7.

2.

2.

d. Miisture Content Corrective Action - \Wienever the noisture content
of the fine aggregate changes by 0.5 percent or nore, the scale
settings for the fine-aggregate batcher and water batcher shall be
adjusted (directly or by neans of a npisture conpensation device) if
necessary to naintain the specified slunp.

2 Coar se Aggregate

a. Gading - At |east once during each shift in which the concrete
plant is operating, there shall be a sieve analysis in accordance with
ASTM C 136 for each size of coarse aggregate. The location at which
sanpl es are taken may be selected by the Contractor as the nost

advant ageous for production control. However, the Contractor shall be
responsi ble for delivering the aggregate to the mxer within
specification limts. A test record of sanples of aggregate taken at
the sane | ocations shall show the results of the current test as well
as the average results of the five nost recent tests including the
current test. The Contractor nay adopt limts for control which are
coarser than the specification linits for sanples taken at |ocations
other than as delivered to the nmxer to allow for degradation during
handl i ng.

b. Corrective Action for Grading - Wen the anpbunt passing any sieve
is outside the specification lints, the coarse aggregate shall be

i medi ately resanpled and retested. |If the second sanple fails on any
sieve, that fact shall be reported to the Contracting Oficer. Were
two consecutive averages of five tests are outside specification
limts, the operation shall be considered out of control and shall be
reported to the Contracting Officer. Concreting shall be stopped and
i medi ate steps shall be taken to correct the grading.

c. Coarse Aggregate Moisture Content - A test for noisture content of
each size group of coarse aggregate shall be nmade at | east tw ce per
week. When two consecutive readings for snallest size coarse aggregate
differ by nore than 1.0 percent, frequency of testing shall be
increased to that specified above for fine aggregate, until the
difference falls below 1.0 percent.

d. Coarse Aggregate Moisture Corrective Action - Wienever the noisture
content of any size of coarse aggregate changes by 0.5 percent or nore,
the scale setting for the coarse aggregate batcher and the water

bat cher shall be adjusted if necessary to maintain the specified slunp.

3 Qual ity of Aggregates

a. Frequency of Quality Tests - Thirty days prior to the start of
concrete placenent the Contractor shall performall tests for aggregate
quality listed below. In addition, after the start of concrete

pl acenent, the Contractor shall performtests for aggregate quality in
accordance with the frequency schedul e shown bel ow. Sanples tested
after the start of concrete placenent shall be taken immediately prior
to entering the concrete m xer
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FREQUENCY
FI NE COARSE
PROPERTY AGCREGATE AGCREGATE TEST
Specific Gavity Every 3 nonths Every 3 nonths ASTM C 127
ASTM C 128
Absor ption Every 3 nonths Every 3 nonths ASTM C 127
ASTM C 128
I mpurities Every 3 nonths Not applicable ASTM C 40
ASTM C 87

b. Corrective Action for Aggregate Quality - If the result of a
quality test fails to neet the requirenents for quality i mediately
prior to start of concrete placenent, production procedures or
materials shall be changed and additional tests shall be perforned
until the naterial neets the quality requirenents prior to proceedi ng
with either m xture proportioning studies or starting concrete

pl acenent. After concrete placenent conmences, whenever the result of
atest for quality fails the requirenents, the test shall be rerun
imediately. |If the second test fails the quality requirenent, the
fact shall be reported to the Contracting Oficer and i medi ate steps
taken to rectify the situation.

3.7.2.4 Scal es

a. Weighing Accuracy - The accuracy of the scales shall be checked by
test weights prior to start of concrete operations and at | east once
every 3 nonths for confornmance with the applicable requirenents of

par agr aph BATCHI NG EQUI PMENT. Such tests shall also be nmade as

di rected whenever there are variations in properties of the fresh
concrete that could result frombatching errors

b. Batching and Recording Accuracy - Once a week the accuracy of each
bat chi ng and recordi ng device shall be checked during a wei ghing
operation by noting and recording the required weight, recorded wei ght,
and the actual weight batched. The Contractor shall confirmthat the
calibration devices described in paragraph BATCH PLANT for checking the
accuracy of dispensed adm xtures are operating properly.

c. Scales Corrective Action - Wen either the weighing accuracy or

bat chi ng accuracy does not conply with specification requirenents, the
pl ant shall not be operated until necessary adjustnments or repairs have
been nade. Discrepancies in recording accuracies shall be corrected

i medi at el y.

3.7.2.5 Bat ch- Pl ant Control

The neasurenent of all constituent nmaterials including cementitious
materials, each size of aggregate, water, and adm xtures shall be
continuously controlled. The aggregate wei ghts and amount of added water
shal | be adjusted as necessary to conpensate for free noisture in the
aggregates. The anmpunt of air-entraining agent shall be adjusted to
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control air content within specified limts. A report shall be prepared

i ndi cating type and source of cenent used, type and source of pozzolan or
sl ag used, ampount and source of adm xtures used, aggregate source, the
requi red aggregate and water weights per cubic neter, amount of water as
free noisture in each size of aggregate, and the batch aggregate and water
wei ghts per cubic neter for each class of concrete batched during plant
operation.

3.7.2.6 Concrete M xture

a. Air Content Testing - Air content tests shall be nmade when test
specinens are fabricated. |In addition, at |least two tests for air
content shall be nade on randomly sel ected batches of each separate
concrete m xture produced during each 8-hour period of concrete
production. Additional tests shall be nade when excessive variation in
workability is reported by the placing foreman or Governnent quality
assurance representative. Tests shall be made in accordance with ASTM
C 231. Test results shall be plotted on control charts which shall at
all times be readily available to the Governnment. Copies of the
current control charts shall be kept in the field by the Contractor's
quality control representatives and results plotted as tests are nmde.
When a single test result reaches either the upper or |ower action
limt a second test shall imediately be nade. The results of the two
tests shall be averaged and this average used as the air content of the
batch to plot on both the control chart for air content and the control
chart for range, and for determ ning the need for any renedial action
The result of each test, or average as noted in the previous sentence,
shall be plotted on a separate chart for each nixture on which an
"average line" is set at the mdpoint of the specified air content
range from paragraph AIR CONTENT. An upper warning limt and a | ower
warning limt line shall be set 1.0 percentage point above and bel ow
the average line. An upper action limt and a |lower action limt |ine
shal | be set 1.5 percentage points above and bel ow t he average li ne,
respectively. The range between each two consecutive tests shall be
plotted on a control chart for range where an upper warning limt is
set at 2.0 percentage points and up upper action limt is set at 3.0
percentage points. Sanples for air content nay be taken at the m xer
however, the Contractor is responsible for delivering the concrete to
the placenent site at the stipulated air content. |If the Contractor's
materials or transportati on nethods cause air content |oss between the
m xer and the placenent, correlation sanples shall be taken at the

pl acenent site as required by the Contracting Officer and the air
content at the mixer controlled as directed.

b. Air Content Corrective Action - Wenever points on the control
chart for percent air reach either warning limt, an adjustnent shal

i medi ately be nade in the anpbunt of air-entraining adm xture batched.
As soon as is practical after each adjustnent, another test shall be
made to verify the result of the adjustnent. Whenever a point on the
control chart range reaches the warning limt, the adm xture dispenser
shal|l be recalibrated to ensure that it is operating accurately and

wi th good reproducibility. Wenever a point on either control chart
reaches an action lint line, the air content shall be considered out
of control and the concreting operation shall imediately be halted
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until the air content is under control. Additional air content tests
shal | be nmade when concreting is restarted. Al this shall be at no
extra cost to the Governnent.

c. Slunp Testing - In addition to slunp tests which shall be nade when
test specinens are fabricated, at |east four slunp tests shall be nade
on randomly sel ected batches in accordance with ASTM C 143/ C 143M for
each separate concrete m xture produced during each 8-hour or |ess
peri od of concrete production each day. Also, additional tests shal
be nmade when excessive variation in workability is reported by the
pl acing foreman or Governnent's quality assurance representative. Test
results shall be plotted on control charts which shall at all times be
readily available to the Governnent. Copies of the current control
charts shall be kept in the field by the Contractor's quality control
representatives and results plotted as tests are nade. Wen a single
slunmp test reaches or goes beyond either the upper or |ower action
limt, a second test shall inmmediately be nade on the sanme batch of
concrete. The results of the two tests shall be averaged and this
average used as the slunp of the batch to plot on both the control
chart for percent air and the chart for range, and for deternining the
need for any renedial action. An upper warning limt shall be set at
13 mm bel ow t he maxi num al | owabl e sl unp on separate control charts for
percent air used for each type of m xture as specified in paragraph
SLUWP, and an upper action limt line and |lower action limt |ine shal
be set at the maxi num and nini mum al | owabl e sl unps, respectively, as
specified in the sane paragraph. The range between each consecutive
slunmp test for each type of nmixture shall be plotted on a single
control chart for range on which an upper action limt is set at 50 mm
Sanpl es for slunp shall be taken at the m xer, however, the Contractor
is responsible for delivering the concrete to the placenent site at the
stipulated slunp. [If the Contractor's materials or transportation
nmet hods cause slunp | oss between m xer and the placenent, correlation
sanpl es shall be taken at the placenent site as required by the
Contracting O ficer and the slunp at the nmixer controlled as directed.

d. Slunp Corrective Action - \Wenever points on the control chart for
slunmp reach the upper warning limt, an adjustnent shall be i mediately
made in the batch weights of water and fine aggregate. The adjustnents
are to be nade so that the total water content does not exceed that
anmount al | owed by the nmaxi num W C specified, based upon aggregates
which are in a saturated surface-dry condition. Wen a single slunp
reaches the upper or lower action limt, no further concrete shall be
delivered to the placing site until proper adjustnents have been nmde.

I medi ately after each adjustnent, another test shall be nade to verify
the correctness of the adjustnent. Wenever two consecutive slunp
tests, nmamde during a period when there was no adjustnment of batch

wei ght's, produce a point on the control chart for range at or above the

upper action limt, the concreting operation shall inmediately be
halted and the Contractor shall take appropriate steps to bring the
sl unmp under control. Al so, additional slunp tests shall be nmde as

directed. Al this shall be at no additional cost to the Governnent.

e. Tenperature - The tenperature of the concrete shall be neasured
when conpressive strength speci nens are fabricated. Measurenent shal
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be in accordance with ASTM C 1064/ C 1064M The tenperature shall be
reported along with the conpressive strength data.

f. Conpressive-Strength Specinens - At | east one set of test specinens
shal | be nmade each day on each different concrete m xture placed during
the day. Additional sets of test cylinders shall be nade, as directed
by the Contracting O ficer, when the m xture proportions are changed or
when | ow strengths have been detected. A random sanpling plan shall be
devel oped by the Contractor and approved by the Contracting Oficer
prior to the start of construction. The plan shall assure that
sanpling is done in a conpletely random and unbi ased manner. A set of
test specinmens for concrete with a 28-day specified strength per

par agr aph DESI GN REQUI REMENTS shal | consist of four cylinders, two to
be tested at 7 days and two at 28 days. A set of test specinens for
concrete with a 90-day strength per specified paragraph DESI GN

REQUI REMENTS shal | consist of six cylinders, two tested at 7 days, two
at 28 days, and two at 90 days. Test specinens shall be nol ded and
cured in accordance with ASTM C 31/C 31M and tested in accordance with
ASTM C 39/C 39M Al l conpressive-strength tests shall be reported
iMmediately to the Contracting Oficer. Quality control charts shal

be kept for individual strength tests, noving average for strength, and
novi ng average for range for each mixture. The charts shall be sinmlar
to those found in ACl 214.

3.7.2.7 I nspection Before Placing

Foundation or construction joints, forms, and enbedded itens shall be

i nspected for quality by the Contractor in sufficient tinme prior to each
concrete placenent to certify to the Contracting Oficer that they are
ready to receive concrete. The results of each inspection shall be
reported in witing.

3.7.2.8 Pl aci ng

3.7.

2.

a. Placing Inspection - The placing forenan shall supervise al

pl aci ng operations, shall deternmine that the correct quality of
concrete or grout is placed in each location as directed and shall be
responsi bl e for measuring and recording concrete tenperatures and

anbi ent tenperature hourly during placing operations, weather
conditions, tine of placenent, yardage placed, and nethod of placenent.

b. Placing Corrective Action - The placing foreman shall not pernit
bat ching and placing to begin until he has verified that an adequate
nunber of vibrators in working order and with conpetent operators are
avai l able. Placing shall not be continued if any pile of concrete is
i nadequately consolidated. |If any batch of concrete fails to neet the
tenperature requirenents, inmediate steps shall be taken to inprove
tenperature controls.

9 Vi brators
a. Vibrator Testing and Use - The frequency and anplitude of each

vi brator shall be determned in accordance with COE CRD-C 521 prior to
initial use and at |east once a nonth when concrete is being placed.
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Addi tional tests shall be nade as directed when a vibrator does not
appear to be adequately consolidating the concrete. The frequency
shal |l be determined at the sane tine the vibrator is operating in
concrete with the tachonmeter held agai nst the upper end of the vibrator
head whil e al nost subnmerged and just before the vibrator is wthdrawn
fromthe concrete. The anplitude shall be deternmined with the head
vibrating in air. Two neasurenents shall be taken, one near the tip
and anot her near the upper end of the vibrator head and these results
averaged. The nmake, nodel, type, and size of the vibrator and
frequency and anplitude results shall be reported in witing.

b. Vibrator Corrective Action - Any vibrator not neeting the
requi renents of paragraph VI BRATORS shall be i mediately renoved from
service and repaired or replaced.

3.7.2.10 Curing

a. Mist-Curing Inspections - At |east once each shift, and once per
day on nonwork days an inspection shall be nade of all areas subject to
noi st curing. The surface noisture condition shall be noted and
recorded.

b. Mist-Curing Corrective Action - Wen a daily inspection report
lists an area of inadequate curing, inmediate corrective action shal
be taken, and the required curing period for such areas shall be

ext ended by one (1) day.

c. Menbrane-Curing Inspection - No curing conpound shall be applied
until the Contractor's authorized representative has verified that the
conpound is properly mxed and ready for spraying. At the end of each
operation, he shall estimate the quantity of conpound used by

neasur enent of the container and the area of concrete surface covered
and conpute the rate of coverage in square neters per liter. He shal
not e whet her or not coverage is uniform

d. Menbrane-Curing Corrective Action - Wien the coverage rate of the
curing conpound is less than that specified or when the coverage is not
uniform the entire surface shall be sprayed again.

e. Sheet-Curing Inspection - At |east once each shift and once per day
on nonwork days, an inspection shall be made of all areas being cured
using material sheets. The condition of the covering and the tightness
of the laps and tapes shall be noted and recorded.

f. Sheet-Curing Corrective Action - Wen a daily inspection report
lists any tears, holes, or laps or joints that are not conpletely
closed, the tears and holes shall pronptly be repaired or the sheets
repl aced, the joints closed, and the required curing period for those
areas shall be extended by one (1) day.

3.7.2.11 Col d-Weat her Protection and Seal ed I nsul ati on Curing
At | east once each shift and once per day on nonwork days, an inspection

shal |l be nade of all areas subject to col d-weather protection. The
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protection systemshall be inspected for holes, tears, unsealed joints, or
ot her deficiencies that could result in damage to the concrete. Speci al
attention shall be taken at edges, corners, and thin sections. Any
deficiencies shall be noted, corrected, and reported.

3.7.2.12 Col d- Weat her Protection Corrective Action

When a daily inspection report lists any holes, tears, unsealed joints, or
ot her deficiencies, the deficiency shall be corrected i nmediately and the
peri od of protection extended 1 day.

3.7.2.13 M xer Uniformty

a. Stationary Mxers - Prior to the start of concrete placing and once
every 6 nonths when concrete is being placed, or once for every 57,000
cubic neters of concrete placed, whichever results in the |ongest tine
interval, uniformty of concrete mxing shall be determined in
accordance with ASTM C 94/ C 94M

b. Truck Mxers - Prior to the start of concrete placing and at | east
once every 6 nonths when concrete is being placed, uniformty of
concrete shall be deternmined in accordance with ASTM C 94/ C 94M The
truck mxers shall be selected randomy for testing. Wen satisfactory
performance is found in one truck mxer, the performance of nixers of
substantially the sane design and condition of the bl ades may be
regarded as satisfactory.

3.7.2.14 M xer Uniformty Corrective Action

When a mixer fails to nmeet mxer uniformty requirenents, either the m xer
shal |l be renoved from service on the work, the mxing tine shall be

i ncreased, batching sequence changed, batch size reduced, or adjustnents
shall be nade to the mixer until conpliance is achieved.

3.7.3 Reports

Al results of tests or inspections conducted shall be reported informally
as they are conpleted and in witing daily. A weekly report shall be
prepared for the updating of control charts covering the entire period from
the start of the construction season through the current week. During

peri ods of col d-weather protection, reports of pertinent tenperatures shal
be made daily. These requirenments do not relieve the Contractor of the
obligation to report certain failures imediately as required in precedi ng
par agraphs. Such reports of failures and the action taken shall be
confirmed in witing in the routine reports. The Contracting Oficer has
the right to examine all test and inspection records.

-- End of Section --
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SECTI ON 03360

ROLLER- COVPACTED CONCRETE ( RCC)

PART 1 GENERAL

1.

1 REFERENCES

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by basic
desi gnation only.

ACl | NTERNATI ONAL (ACl)

ACl 305R (1999) Hot Weat her Concreting
ACl 347R (1994; R 1999) Guide to Formwork for
Concrete

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM C 33 (1999ael) Concrete Aggregates

ASTM C 70 (1994) Surface Misture in Fine Aggregate

ASTM C 117 (1995) Materials Finer Than 75 m croneter
(No. 200) Sieve in Mneral Aggregates by
Washi ng

ASTM C 131 (1996) Resistance to Degradation of

Smal | - Si ze Coarse Aggregate by Abrasion
and I npact in the Los Angel es Machi ne

ASTM C 136 (1996a) Sieve Anal ysis of Fine and Coarse
Aggr egat es
ASTM C 150 (1999a) Portl and Cenent
ASTM C 171 (1997a) Sheet Materials for Curing Concrete
ASTM C 172 (1999) Sanpling Freshly M xed Concrete
ASTM C 174/ C 174M (1997) Measuring Thi ckness of Concrete
El ements Using Drilled Concrete Cores
ASTM C 494/ C 494M (1999a) Chenical Adnmi xtures for Concrete
ASTM C 566 (1997) Total Evaporabl e Mi sture Content

of Aggregate by Drying

ASTM C 618 (2000) Coal Fly Ash and Raw or Cal ci ned

SECTI ON 03360 Page 5



F-1 AND F-2 DEBRI'S BASI NS AND CHANNELS W)2B0008

ASTM C 881

ASTM C 1040

ASTM C 1064/ C 1064M

ASTM D 1557

ASTM D 4318

ASTM D 4791

ASTM E 329

Nat ural Pozzol an for Use as a M neral
Adm xture in Concrete

(1999) Epoxy- Resi n-Base Bondi ng Systens
for Concrete

(1993; R 2000) Density of Unhardened and
Har dened Concrete in Place by Nucl ear
Met hods

(1999) Tenperature of Freshly M xed
Portl and Cenent Concrete

(2000) Laboratory Conpaction
Characteristics of Soil Using Mdified
Effort (56,000 ft-Ibf/cu. ft. (2,700
KN-nfcu.m))

(2000) Liquid Limt, Plastic Limt, and
Plasticity Index of Soils

(1999) Flat Particles, Elongated
Particles, or Flat and El ongated Particles
i n Coarse Aggregate

(2000b) Agenci es Engaged in the Testing
and/ or Inspection of Materials Used in
Construction

U S. ARMY CORPS OF ENG NEERS (USACE)

COE CRD-C 53

COE CRD-C 55

COE CRD-C 100

COE CRD-C 143

COE CRD-C 318

COE CRD- C 400

Ref (1996) Standard Met hod for Consi stency
and Density of Roller-Conpacted Concrete
Using a Vibrating Tabl es

(1992) Test Method for Wthin-Batch
Uniformty of Freshly M xed Concrete

(1975) Method of Sanpling Concrete
Aggr egat e and Aggr egate Sources, and
Sel ection of Material for Testing

(1962) Specifications for Meters for

Aut omatic I ndication of Misture in Fine
Aggregat e

(1979) doth, Burlap, Jute (or Kenaf)

(1963) Requirenments for Water for Use in
M xi ng or Curing Concrete

NATI ONAL | NSTI TUTE OF STANDARDS AND TECHNOLOGY (NI ST)

NI ST HB 44

(1997) NI ST Handbook 44: Specifications,
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Tol erances, and ot her Techni cal
Requirenments for Wi ghing and Measuri ng
Devi ces

NATI ONAL READY- M XED CONCRETE ASSCCI ATI ON ( NRMCA)
NRMCA CPMB 100 (1996) Concrete Pl ant Standards

STATE OF NEVADA DEPARTMENT OF TRANSPORTATI ON (NDOT) MATERI ALS
TESTI NG DI VI SI ON

NDOT T230C (Rev C) Method of Test For Determining the
Percent of Fractured Faces

1.2  GOVERNMENT TESTI NG AND STUDI ES
1.2.1 Preconstruction Testing and M xture-Proportioning Studies
1.2.1.1 Aggregate Sanpling and Testing

Materials to be used for production of aggregates may be obtai ned from
on-site or off-site sources. The CONTRACTOR is responsible for selecting
the source of naterials such that all specified physical properties are net
by the sel ected source(s).

Sanpl es from any source sel ected, whether off-site or on-site, consisting
of not less than 150 kil ograns (300 pounds) of aggregate, and taken under

t he supervision of the Contracting Oficer in accordance with COE CRD-C 100,
shal |l be delivered to a Governnent-selected nmaterials testing | aboratory
(locally) within 90 days after Notice to Proceed. Sanpling, shipnent, and
testing of sanples shall be at the Contractor's expense. At |east 10 days
will be required to conplete evaluation of the aggregates. Al quality
assurance testing will be performed by the Governnent in accordance with

t he applicable COE CRD-C or ASTMtest nethods. Aggregates shall neet al
speci fied physical properties as described in paragraph AGGREGATES

Addi tional test and anal yses of aggregates nmay be nade by the Governnent at
the discretion of the Contracting Officer. Quality assurance testing of
aggregates by the Government does not relieve the Contractor of quality
control requirenents.

1.2.1.2 Cenentitious Materials

At | east 45 days in advance of submtting sanples for m xture proportioning
studies, the Contractor shall notify the Contracting O ficer of the source,
brand name, type, and quantity of all materials (other than aggregates) to
be used in the manufacture of RCC. The Contractor shall assist the
Contracting O ficer in obtaining sanples of each naterial. Sanpling and
testing as determ ned appropriate will be perforned by and at the expense
of the Governnent. Sanples of representative naterials will be delivered
to the address listed in paragraph MATERI ALS FOR RCC M XTURE- PROPORTI ONI NG
STUDI ES at the Contractor's expense. |If cenent or fly ash is to be

obtai ned fromnore than one source, the notification shall state the
estimated amount of cenent or fly ash to be obtained fromeach source and

t he proposed schedul e of shipnments. When pozzolan other than fly ash is
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used, it shall be from one source.
1.2.1.3 MATERI ALS FOR RCC M XTURE- PROPORTI ONI NG STUDI ES

At | east 60 days in advance of the tine when placing of RCC is expected to
begi n, sanples of representative materials proposed for this project and
neeting all the requirenents of this specification shall be delivered to
the | aboratory |listed below by the Contractor at his expense.

US Arny Engi neer Waterways Experinment Station
Concrete and Materials Branch, Building 6000
CGeot echni cal and Structures Laboratory

3909 Halls Ferry Road

Vi cksburg, MS 39180-6199

Sanpl es of aggregates shall be taken under the supervision of the
Contracting O ficer in accordance with COE CRD-C 100, acconpani ed by test
reports indicating conformance with grading and quality requirenents
speci fied. Sanples of materials other than aggregates shall be
representative of those proposed for the project and shall be submtted
acconpani ed by manufacturer's test reports indicating conpliance with
applicabl e specified requirenents. Quantities of materials required shal
be as foll ows:

MATERI AL QUANTI TY
Conposi te Aggregate 4,500 kgs
Cenent 900 kgs
Pozzol an 550 kgs
Washed Concrete Sand 750 kgs
M xture-proportioning studies will be made by the Government at its expense

1.2.2 TESTI NG DURI NG CONSTRUCT!I ON BY THE GOVERNVENT
1.2.2.1 Cener a

The Governnment will sanple and test cenmentitious materials, aggregates, and
RCC during construction as considered appropriate to determnine conpliance
with the specifications. The Contractor shall provide equi pnent and | abor
as may be necessary for procurenent of representative test sanples.

Sanpl es of aggregates will be obtained at the point of batching in
accordance with COE CRD-C 100. Consistency of the RCC will be determ ned
by the Governnent using the nodified Vebe apparatus in accordance with

par agr aph CONSI STENCY OF RCC. Conpression test specinens of batch RCC m x
will be nade and tested by the Governnent. Density of the conpacted RCC
wi || be checked by the Governnent as considered appropriate

1.2.2.2 Aggr egat es Sanpling and Testing
Testing perforned by the Government will not relieve the Contractor of his
responsibility for testing under paragraph CONTRACTOR QUALI TY CONTROL.

During construction, aggregates will be sanpled for acceptance testing as
delivered to the m xer to determ ne conpliance with specification
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provi sions. The Contractor shall provide necessary equi pnent and | abor for
t he ready procurenent of representative sanples under Government
supervision. The Governnent will test such sanples at its expense using

t he specified COE CRD-C and ASTM net hods.

1.2.2.3 Cenentitious Materials

Cenent or pozzolan will be sanpled at the mll, shipping point, or site of
the work by the Governnent. Sanpling and testing, as determ ned
appropriate will be perfornmed by and at the expense of the Governnent. |If

tests prove that a nmaterial which has been delivered is unsatisfactory, it
shall be promptly renoved fromthe site of the work. Cenentitious
materials that have not been used within 6 nmonths after being tested will
be retested by the Governnent at the expense of the Contractor when
directed by the Contracting Oficer

1.2.2. 4 Cenent Sources

Sanpl es of cenment will be taken at the project site or cenent-producing
plant by the Contracting Officer for testing at the expense of the
Government. A copy of the mll tests fromthe cement manufacturer shall be
furnished for each lot. No cenent shall be used until notice has been
given by the Contracting Oficer that test results are satisfactory. 1In
the event of failure, the cenent nmay be resanpled and tested at the request
of the Contractor and at the Contractor's expense. The fill gate or gates
of the sanpled bin will be seal ed and kept sealed until shipment fromthe
bin has been conpleted. Sealing of the fill gate or gates and of
conveyances used in shipnment will be done by or under the supervision of
the Governnment. Conveyances will not be accepted at the site of the work
unl ess received with all seals intact. |If tested cenent is rehandl ed at
transfer points, the extra cost of inspection will be at the Contractor's
expense. The cost of testing cement will be at the Contractor's expense
and will be deducted from paynents due the Contractor at a rate of $1,750
per test.

1.2.2.5 Pozzol an Sour ces

Sanpl es of pozzolan will be taken at the project site by the Contracting
Oficer for testing at the expense of the Governnent. A copy of the test
results fromthe pozzol an nanufacturer shall be furnished for each |ot.
Al sampling and testing will be perforned by and at the expense of the
Government. Release for shipnent and approval for use will be based on
conpliance with 7-day |inme-pozzolan strength requirenments and ot her
physical, chenmical, and uniformty requirenments for which tests can be
conpleted by the time the 7-day |inme-pozzolan strength test is conpleted.
Rel ease for shi pment and approval for use on this basis will be contingent
on continuing conpliance with the other requirenents of the specifications.
If test results of a bin fail, the contents may be resanpled and tested at
the Contractor's expense. The Governnent will supervise or performthe
unseal i ng and resealing of bins and shipping conveyances. |If tested
pozzolan is rehandl ed at transfer points, the extra cost of inspection wll
be at the Contractor's expense. The cost of testing pozzolan will be at
the Contractor's expense at a rate of $1,650 per test. The anount wll be
deducted from paynent to the Contractor
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1.3 CONSTRUCT!I ON TOLERANCES
1.3.1 Cener a

The RCC shall be constructed to the lines and grades indicated on the
drawi ngs. Level and grade tol erance neasurenents of RCC shall be made as
soon as possible after finishing. Wen forns are used, the neasurenents
shal |l be nade prior to renoval.

1.3.2 Tol erance for Spillway Structure

a. The thickness of conpacted lifts of RCC shall be within plus or
m nus 25 mm of that specified.

b. The allowable variation of the elevation of the surfaces of RCC
lifts upon which subsequent RCC is placed shall be mnus zero (0) and
plus 25 mm (in any direction) fromthe design el evation.

c. The variation froma straight line for RCC forned faces shall not
exceed 75 mmin 30 neters or 25 mmin 10 neters.

1.3.3 Tol erance for Upstream Sl ope Protection

a. Surface Snoothness - After the conpletion of the final rolling of
RCC, the conpacted surface shall be tested with a 3.05 m strai ght edge.
Measurements will be nade transverse and |longitudinal to the RCC
conpacted surface at equal distances not to exceed 10 neters. The
conpacted surfaces fromboth transverse and | ongitudi nal directions
shal |l show no deviation in excess of 25 nmm

b. Thickness - The thickness of conpacted lifts of RCC shall be within
plus or mnus 25 mmof that specified. Deficiency in the thickness
wi || be evaluated as described in paragraph TH CKNESS EVALUATI ON.

1.4 SUBM TTALS

CGovernment approval is required for submttals with a "G' designation;
submittals not having a "G' designation are for infornmation only. Wen
used, a designation following the "G' designation identifies the office
that will reviewthe submttal for the Governnent. The "RE" designates
that the Resident Ofice will review the submttal for the Governnent. The
followi ng shall be subnmitted in accordance with Section 01330 SUBM TTAL
PROCEDURES:

SD-01 Preconstruction Subnmittals
Batch Plant; G RE
Details and data on the concrete plant shall be submitted 60 days prior to
pl ant assenbly for review by the Contracting O ficer for conformance with

t he requirenents of paragraph BATCH PLANT. Final acceptance of any piece
of plant is subject to satisfactory perfornmance during operations.
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M xers; G RE.

Details and data on the m xing plant including manufacturer's literature on
the cenentitious material and aggregate feed equi pnent, water controls, pug
mll mxers (plant type and capacity), and |layout plan showi ng that the
equi pment neets all specified requirenents, shall be submitted 30 days
prior to plant assenbly for review and approval by the Contracting Oficer
for conformance with the requirenents of paragraph M XERS.

Transporting and Conveyi ng Equi pnent.

Spr eadi ng Equi pnent .

Conpacti on Equi prent; G RE.
A listing of the equi pnent proposed for transporting, handling, depositing,
spreadi ng, and conpacting the RCC shall be submtted for review by the
Contracting O ficer 30 days before concrete placenment begins. The data

subm tted shall include site drawi ngs or sketches with |ocations of
equi pnment and pl acenent site.

Nucl ear Density Gauge.
A description of the nuclear density gauge apparatus proposed for use
i ncludi ng manufacturer's literature and the | atest manufacturer's
calibration results of the nuclear density gauge shall be submitted for
review by the Contracting O ficer 30 days prior to use.

SD-07 Certificates

Aggregate and RCC Production; G RE
Descriptions and details for all nethods and operations proposed for
aggregate and RCC operations including daily and weekly production rates,

shall be submtted for review and approval for confornance with
speci fications.

Joint C eanup and Waste Di sposal.
The nmet hod and equi pnrent proposed for joint cleanup and waste di sposal
shall be submtted for review by the Contracting O ficer before concrete
pl acenent begins for conformance wi th paragraph JO NTS.

CQuring; G RE
The curing nedia and nmethods to be used shall be submitted for reviewto
the Contracting O ficer before concrete placenent begins for confornmance
wi t h paragraph CURI NG AND PROTECTI ON.

Col d- Weat her Pl acenent.
When concrete is to be placed under col d-weather conditions, a description

of the naterials and nethods proposed for protection of the concrete
neeting the requirenents of paragraph COLD- WEATHER PROTECTI ON, shall be
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furnished to the Contracting Officer for review 5 days in advance of
antici pated need date.

Hot - Weat her Pl acenent .

When concrete is to be placed under hot-weather conditions, a description
of the nmaterials and nethods proposed for protection of the concrete
neeting the requirenents of paragraph HOT- WVEATHER PROTECTI ON, shal |l be
furnished to the Contracting Officer for review 5 days in advance of
antici pated need date.

Vertical Facings.

Details of the Contractors construction nethods and equi pnent shall be
submitted for review within 60 days after Notice to Proceed.

Nucl ear Density Gauge Qperator; G RE

Copies of pernmits and |licenses for gauge operation; copies of certification
of training for all operators shall be submtted for review and approval by
the Contracting O ficer.

Cenentitious Materials; G RE.

Cenentitious materials including cement and pozzolan, will be accepted on
the basis of the manufacturer's certification of conpliance, acconpanied by
mll test reports that naterials neet the requirenents of the specification
under which they are furnished. No cenentitious naterials shall be used
until notice of acceptance has been given by the Contracting Oficer
Cenentitious materials will be subject to check testing from sanpl es
obtained at the source, at transfer points, or at the project site, as
schedul ed by the Contracting O ficer, and such sanpling will be by or under
t he supervision of the Governnent at its expense.

SD- 11 d oseout Subnittals
Waybi | I's and Delivery Tickets; G RE
Copi es of waybills or delivery tickets for cementitious material during the
progress of the work shall be submitted for review and approval. Before
the final payment is allowed, waybills and certified delivery tickets shal
be furnished for all cenentitious material used in the construction
1.5 MATERI AL DELI VERY, STORAGE, AND HANDLI NG
1.5.1 Cenentitious Materials

1.5.1.1 Transportation

When bul k cenent or pozzolan is not unloaded fromprinary carriers directly
into weat her-tight hoppers at the batching plant, transportation fromthe

rail head, mll, or internmedi ate storage to the batching plant shall be
acconpl i shed i n adequately designed weather-tight trucks, conveyors, or
other means that will protect the material from exposure to noisture.
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5.1.2 St or age

Cenentitious materials shall be furnished in bulk. |mmediately upon
receipt at the site of the work, all cenentitious materials shall be stored
in a dry, weather-tight, and properly ventilated structure. Al storage
facilities shall permt easy access for inspection and identification
Sufficient materials shall be in storage for at |east two operating days to
sustain continuous operation of the mxing plant while the RCC is being
placed. In order that cenent may not becone unduly aged after delivery,
the Contractor shall use any cenent that has been stored at the site for 60
days or nore before using cenent of |esser age.

5.2 Aggr egat e Storage

Aggregate shall be stored, in free-draining stockpiles, adjacent to the
batch plant and in such a nanner as to prevent the inclusion of foreign
materials in the aggregate. Aggregate shall remain in free-draining
storage for at |least 24 hours imediately prior to use. Sufficient
aggregate shall be maintained at the site at all tines to permt continuous
uni nterrupted RCC pl acenent.

PART 2 PRODUCTS

2.

2.

2.

1 CEMENTI TI QUS MATERI ALS
1.1 Port| and Cenent

Portl and cenment shall conformto ASTM C 150, Type V, |ow alkali.

.1.2 Pozzol an

Pozzol an shall conformto ASTM C 618, Class F, with loss on ignition
limted to 6 percent.

. 1.3 Tenperature of Cenentitious Materials

The tenperature of the cenmentitious materials as delivered to the site
shal | not exceed 65 degrees C.

.2 ADM XTURES

Al chem cal adm xtures furnished as liquids shall be in a solution of
suitable viscosity and dilution for field use as determ ned by the
Contracting O ficer.

2.1 Wat er - Reduci ng Admi xture (WRA)

A VWRA shall neet the requirements of ASTM C 494/ C 494M Type B or D. The
adm xture may be added to the concrete mixture only when its use is
approved or directed and after m xture proportioning studies.

3 CURI NG MATERI ALS
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3.1 Burl ap

Burl ap shall conformto CCE CRD-C 318.

. 3.2 Sheet i ng

Wat er pr oof sheeting shall be white waterproof paper or white opaque
pol yet hyl ene filmconformng to ASTM C 171.

.4 WATER

Water for washi ng aggregates and for nixing and curing RCC shall be free
frominjurious amounts of oil, acid, salt, alkali, organic matter, or other
del eterious substances and shall conply with COE CRD C 400.

.5 EPOXY RESI N

Epoxy resins for use in repairs shall conformto ASTM C 881, Type II1,
Gade | or I1.

.6 AGGREGATES

.6.1 Source of Materials for Aggregate and RCC Production

Borrow materials for production of RCC aggregates nmay be obtained fromthe
requi red excavation or fromoff-site sources. The contractor shall nake
all arrangements, and secure all necessary pernits for the procurenent,
furnishing and transporting aggregates fromoff-site sources.

.6.2 Particl e Shape

The shape of the particles of the fine aggregate and of the coarse
aggregate shall be generally spherical or cubical. The quantity of flat
and el ongated particles at a length-to-width or width-to-thickness ratio
greater than 3 in the separated size groups of coarse aggregate, as defined
and determ ned by ASTM D 4791, shall not exceed 25 percent in any size

group.

.6.3 Del et eri ous Subst ances

The maxi mum plasticity i ndex for RCC aggregate materials shall be limted
to 3 when determ ned in accordance with ASTM D 4318.

.6.4 Resi stance to Abrasion

Coarse aggregate, used in production of RCC, shall not show nore than 45
percent | oss after 500 revol utions when tested in accordance with ASTM C 131.

.6.5 Fractured Faces

Coarse aggregate, used in production of RCC, will have a m ni mum 50 percent
fractured faces when tested in accordance with NDOT T230C.

.6.6 Aggregate Gradation
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Aggregate sanples will be prepared for RCC m x design studies. The
CGovernment will use the specified gradations for use in preparation of
m xture proportioning studies.

2.6.6.1 RCC G adati on
The aggregate to be used for RCC construction, when tested in accordance

with ASTM C 117 and ASTM C 136, shall conformto the gradation indicated
bel ow.

Standard Sieve Size Percent Passi ng by Wi ght
25 mm 100
19 mm 90 - 100
4.75 mm 35 - 65
1.18 mm 20 - 40
0. 075 mm 5 - 12

2.7 M XTURE PROPORTI ONI NG
2.7.1 Conposition

RCC mi xture will be proportioned by the Contracting Oficer. RCC shall be
conposed of cenentitious materials, water, and aggregates and possibly

adm xtures. The cenmentitious material shall be portland cenent, or
portland cenment in conbination with pozzolan. Adm xtures shall not be used
unl ess denmonstrated by the Contractor to be beneficial, approved in
witing, and used in the m xture proportioning studies.

2.7.2 Proportions

The proportions of all materials entering the RCC, as determ ned fromthe

m xture proportioning studies, will be furnished to the Contractor by the
Contracting O ficer. The mixture proportions will be changed as necessary
by the Governnent. Adjustnents will be nade to the batch weights including

cenent, pozzolan, and water to nmmintain the necessary consistency to
prevent segregation within the RCC and allow full conpaction as determ ned.
Frequent changes to the batch wei ghts shall be considered usual and can be
expected to occur frequently during the course of each day's placenent
dependi ng on such variables as humdity, wind velocity, tenperature, and
cloud cover. Such changes will be as directed. The Contractor will be
responsi ble for adjusting the aggregate wei ghts to conpensate for changes
i n aggregate noisture contents.

2.7.3 Cenentitious Material Content

The total cementitious material content of the RCC will range from an
approxi mate m ni rum of 180 to an approxi mate maxi num of 250 kil ograns per
cubic nmeter, expressed as equival ent portland cement content (by absol ute
vol une). Pozzolan, if used, will be proportioned to approximtely thirty
percent by absolute volune of the total cenmentitious naterial
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2.

7.4 Consi stency of RCC

The Contracting Officer will determine at the placenent site on a
continui ng basis the proper consistency necessary for adequate hauling,
spreadi ng, and conpacting and will direct all necessary changes to achi eve
t he proper RCC consistency. Changes will be directed based on visual

exam nation of the RCC during the spreadi ng and conpacti on process and on
the Vebe tine when it varies outside the range considered ideal for
conpaction, as deternined by the Governnent using the nodified Vebe
apparatus, in accordance with COE CRD C 53.

. 8 STOCKPI LI NG OF MATERI AL

Whet her obtained fromthe required excavation or off-site conmercia
sources, aggregates shall not be transported directly to the m xing plant.
The aggregates shall be stockpiled on firmground drained and | evel ed, free
of debris, trash, organic materials, and other objectionable or deleterious

material. Stockpiles shall be constructed in |ayers not exceeding 1 neter
in thickness. Ranmps fornmed for the construction of stockpiles shall be
made of the sane material as that being stockpiled, and will be considered

a part of the stockpile. Aggregates taken fromthe stockpile for RCC
production shall be renoved fromthe stockpile in such a nmanner that
material fromseveral |ayers of the stockpile are conbined in each sanple
and the gradation of the aggregate obtained is representative of that used
in the mx design tests.

.9 BEDDI NG MORTAR

.9.1 Cener al

Bedding nortar is to be used for achieving bond between RCC |ifts as

i ndicated in paragraph JONTS. No surfaces to receive a bedding nortar
shal |l be covered with RCC until the prepared surface has been inspected and
approved by the Contracting Oficer's Representative. |In no case will the
beddi ng nortar be allowed to dry fromthe sun and w nd.

.9.2 Beddi ng Mortar M X

The bedding nortar m x design will be devel oped by the Governnent and will
conformto the foll owi ng general requirenments. Aggregate for beddi ng
nortar shall conformto the requirements of ASTM C 33, for washed concrete
sand.

Par anet er

Sl unp 200-250 mm
Cenent Cont ent 250- 500 kg/n?

M ni mum Conpr essive Strength 20 MPa (28 days)

PART 3 EXECUTI ON

3.

1 EQU PMENT
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3.1.1 Capacity

The concrete plant, conveying, placing, conpaction, and cl eanup systens
shal |l have a capacity of at |east 100 cubic neters per hour

3.1.2 Concrete Pl ant
The concrete plant shall be a batch or a continuous m xing plant.
3.1.2.1 Locati on

The concrete plant shall be |ocated at the site of the work, subject to the
approval of the Contracting Oficer. Approval of the location of the
concrete plant does not relieve the Contractor of the responsibility for

pl acenent of the concrete plant if location interferes with construction
wor k, including production of material sources, or other necessary

eart hwor k.

3.1.2.2 Bins and Sil os

Separate bins, conpartnents, or silos shall be provided for each
classification of aggregate and for each of the cenentitious materials.

The conpartnents shall be of anple size and so constructed that the various
materials will be naintained separately under all working conditions. All
conpartnents containing bul k cement or pozzol an shall be separated from
each other by a free-draining air space. The cement and pozzol an bins
shal | be equipped with filters which allow air passage but preclude the
venting of cenent or pozzolan into the atnosphere. Al filling ports shal
be clearly marked with a pernmanent sign stating the contents.

3.1.2.3 Bat ch Pl ant
The batch plant requirenents should neet the follow ng requirenents.

a. Batchers - Aggregate shall be weighed in separate wei gh batchers

wi th individual scales or nay be batched cunul atively. Bulk cenent and
other cenentitious materials shall each be weighed on a separate scale
in a separate wei gh batcher. Water shall be neasured by wei ght or by
volume. It shall not be weighed or neasured cunulatively w th anot her
ingredient. Ice shall be neasured separately by weight. Adnixtures
shal | be batched separately and shall be batched by wei ght or by vol une
in accordance with the nmanufacturer's recomendati ons.

b. Water Batcher - A suitable water-neasuring and batchi ng device
shal | be provided that will be capabl e of measuring and batching the

m xing water within the specified tol erances for each batch. The
mechani sm for delivering water to the mxers shall be free froml eakage
when the valves are closed. The filling and di scharge val ves for the
wat er batcher shall be so interlocked that the di scharge val ve cannot
be opened before the filling valve is fully closed. Wen a water neter
is used, a suitable strainer shall be provided ahead of the netering
devi ce.

c. Adm xture Dispensers - A separate batcher or dispenser shall be
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provided for the admi xture. The plant shall be equipped with the
necessary calibration devices that will permt conveni ent checking of

t he accuracy of the dispensed volune of the particular adm xture. The
bat chi ng or dispensing devices shall be capable of repetitively
controlling the batching of the admi xtures to the accuracy specified.
Piping for liquid adm xtures shall be free from |l eaks and properly

val ved to prevent backflow or siphoning. The dispensing system shal

i nclude a device or devices that shall detect and indicate the presence
or absence of the adnixture or provide a conveni ent neans of visually
observing the adm xture in the process of being batched or discharged.
The system shall be capabl e of ready adjustnment to permt varying the
gquantity of adm xture to be batched. The di spenser shall be
interlocked with the batching and di scharge operati ons so that each

adm xture is added separately to the batch in solution in a separate
portion of the mxing water in a manner to ensure uniformdistribution
of the adm xtures throughout the batch during the required m xing

peri od. Storage and handling of adm xtures shall be in accordance with
t he manufacturer's reconmendati ons.

c. Misture Control - The plant shall be capabl e of ready adjustnent
to conmpensate for the varying noisture content of the aggregates and to
change the masses of the naterials being batched. A noisture neter
conplying with the provisions of COE CRD-C 143 shall be provided for
nmeasurenent of noisture in the fine aggregate. The sensing el enent
shal | be arranged so that the neasurenent is made near the batcher
charging gate of the fine aggregate bin.

d. Scales - Adequate facilities shall be provided for the accurate
nmeasur enent and control of each of the naterials entering each batch of
RCC. The wei ghing equi pnent and controls shall conformto the
applicable requirenments of N ST HB 44, except that the accuracy shal

be within 0.2 percent of the scale capacity. The Contractor shal
provi de standard test wei ghts and any ot her auxiliary equi prent
required for checking the operating performance of each scale or other
measuri ng device. Each weighing unit shall include a visible indicator
that shall indicate the scale |load at all stages of the weighing
operation and shall show the scale in balance at zero |oad. The

wei ghi ng equi pnent shall be arranged so that the concrete plant
operator can conveniently observe the indicators.

e. Operation and Accuracy - The wei ghing operation of each nmateri al
shall conformto requirements of NRMCA CPMB 100. The wei gh batchers
shal | be so constructed and arranged that the sequence and tim ng of
bat cher di scharge gates can be controlled to produce a ribboning and

m xi ng of the aggregates, water, adm xtures, and cenentitious naterials
as the materials pass through the chargi ng hopper into the nixer. The
pl ant shall include provisions to facilitate the inspection of al
operations at all tines. Delivery of materials fromthe batching

equi pnent shall be within the following linmts of accuracy:

PERCENT OF
MATERI AL REQUI RED MASS
Cenentitious materials ......... ... .. . ... 0 to +2
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PERCENT OF
MATERI AL REQUI RED MASS
LA L 1
Each individual aggregate size group...................... 2
Chemical admixtures ......... ... .. 0Oto +6

When water and chem cal adm xtures are neasured by vol une, they shall neet
the sane tol erance percent as stated in the chart.

f. Interlocks - Batchers and m xers shall be interl ocked so that:

(1) The charging device of each batcher cannot be actuated unti
all scales have returned to zero balance within plus or mnus 0.2
percent of the scale capacity and each volunetric device has reset
to start or has signaled enpty.

(2) The charging device of each batcher cannot be actuated if the
di scharge device is open

(3) The discharge device of each batcher cannot be actuated if
the chargi ng device is open

(4) The discharge device of each batcher cannot be actuated unti
the indicated material is within the allowabl e tol erances.

(5) Adm xtures are batched autonmatically and separately with the
wat er .

(6) The mixers cannot be discharged until the required m xing
time has el apsed.

. Recorder - An accurate recorder or recorders shall be provided and
shall conformto the follow ng detailed requirenents:

(1) The recorder shall produce a graphical or digital record on a
single visible chart or tape of the weight or volune of each
material in the batchers at the conclusion of the batching cycle.
The record shall be produced prior to delivery of the materials to
the m xer. After the batchers have been di scharged, the recorder
shal |l show the return to enpty condition

(2) A graphical recording or digital printout unit shall be
conpl etely housed in a single cabinet that shall be capable of
bei ng | ocked.

(3) The chart or tape shall be so marked that each batch nmay be
permanently identified and so that variations in batch weights of
each type of batch can be readily observed. The chart or tape
shal|l be easily interpreted in increments not exceeding 0.5
percent of each batch wei ght.

(4) The chart or tape shall show tine of day at intervals of not
nore than 15 ni nutes.
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(5) The recorder chart or tape shall beconme the property of the
CGover nnent .

(6) The recorder shall be placed in a position convenient for
observation by the concrete plant operator and the Governnent
i nspector.

(7) The recorded wei ghts or vol unes when conpared to the weights
or volunmes actually batched shall be accurate within plus or m nus
2 percent.

h. Batch Counters - The plant shall include devices for automatically
counting the total nunber of batches of all concrete batched and the
nunber of batches of each preset m xture.

i. Batch Plant Trial Operation - Not |less than 7 days prior to
commencenent of placing the test sections, a test of the batching and
m xi ng plant shall be made in the presence of a representative of the
Contracting O ficer to check operational adequacy. The nunber of
full-scale concrete batches required to be produced in trial runs shal
be as directed, will not exceed 20, and shall be proportioned as
directed by the Contracting Oficer. Al RCC produced in these tests
shal | be wasted or used for purposes other than inclusion in structures
covered by this specification. Al deficiencies found in plant
operation shall be corrected to the satisfaction of the Contracting

O ficer prior to the start of RCC placing operations. No separate
paynment will be nmade to the Contractor for |labor or naterials required
by provisions of this paragraph. Mxer uniformty testing, in
accordance with paragraph CONTRACTOR QUALI TY CONTRCL, will be perforned
by the governnent near the end of this trial operation period. The
Contractor shall notify the Contracting Officer of the trial operation
not less than 7 days prior to the start of the trial operation

j. Protection - The weighing, indicating, recording, and control

equi pnent shall be protected agai nst exposure to dust, noisture, and
vibration so that there is no interference with proper operation of the
equi pnent .

3.1.2.4 Conti nuous M xi ng Pl ant

A continuous mxing plant(s) shall be capabl e of producing RCC of the sane
quality and uniformty as would be produced in a conventional batch plant
and shall be capabl e of producing a uniformcontinuous product (at both
maxi mum and m ni mum production rates) that is mxed so that conplete
intermingling of all ingredients occurs w thout balling, segregation, and
wet or dry portions.

a. Operation and Accuracy - An electronic control systemshall be
provided. The control systemshall have the capability of changi ng

m xtures instantaneously, neasuring the noisture in the conbined
aggregate entering the m xer, producing any of the nixtures at a
variable rate, and tracking a m xture change to a hopper or a conveyor
system The control panel shall display for each ingredient the
designed fornul a val ues and the instantaneous percentage val ues and
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shal |l record the instantaneous values at a preset tine interval or on
demand with a nultiple copy printer/recorder. The recorder shall note
formul a changes and shall print total quantities of each ingredient and
total anmounts produced on command. There shall be wei ghing devices
(belt scale or other) for continuous weighing of individual ingredients
and total ingredients. The plant control shall not require nmanual
devices to adjust the material flow The plant shall be capabl e of
total nanual control operation for a single product at a linmted
production for short-tine durations in the event of loss of electronic
control. The electronic control systemshall incorporate nodul ar

repl aceabl e conponents to reduce down tine in the event of control
system nal function. An inventory shall be naintai ned of such

repl aceabl e conponents. The bin for the conbi ned aggregate shall have
a device that nonitors its noisture content i mediately prior to

di spensing into the nmixing plant dispensing system The accuracy of
the plant dispensing systenms shall be within the following lints:

Cenentitious Materials............................ 0 to +2 percent
At Bl 1 percent
AQOr BQat & . . 2 percent
Adm Xt UM ES .. e 0 to +6 percent

The continuous feeders for each of the ingredients shall be calibrated as
per the manufacturer's specifications. Devices and tools shall be

mai ntai ned at the plant |ocation to check the feeder's calibration at the
Contracting O ficer's request. A technician shall be provided that is
skilled in calibration of the feed devices and the maintenance and repair
of the plant control system The technician shall be available within 30
m nutes notice during all schedul ed pl ant operations. The technician could
be one or nore of the Contractor's personnel

b. Cenent, Pozzol an, and Aggregate Feed - Cenent, pozzolan, and
aggregates shall be uniformy, continuously, and sinultaneously fed (at
the proper ratios and quantity for the mxture required) into the nixer
by belt, auger, vane feeder, or other acceptable nethod. The feed bins
or silos for each ingredient shall be kept sufficiently full and shal
be of sufficient size to ensure a uniformflow at a constant rate for a
specific mxture. The feed bins shall have a | ow 1l evel indicator that
both warns the operator and can shut the plant down if insufficient
material is available for a uniformand continuous fl ow.

c. Water and Adm xture Dispensers - The |iquid-dispensing devices
shal | be capable of netering and di spensing within the specified
requirenents. The liquid valves shall be free fromleakage in the

cl osed position. The dispensers shall have attachnents and/or be
installed in such a manner that will permt conveni ent checking of
their accuracy. Plunbing shall be | eak-free and properly valved to
prevent backfl ow and si phoning. The dispenser shall be interlocked
with the electronic plant control and shall warn the operator and shut
down the plant if insufficient liquid is available. Separate nozzles
for each liquid shall be properly located at the mixer to assure
uniformdistribution of each liquid to the materials entering the m xer

d. Continuous M xer(s) - The continuous nixer(s) shall have proper
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3.

1

3

i ntroduction of ingredients as specified by the manufacturer and shal
not be charged in excess of the manufacturer's recomended capacity.

M xer(s) shall be capable of conmbining the materials into a uniform
honbgeneous m xture and of discharging this nixture w thout

segregation. The mi xer(s) shall operate at the bl ade speed desi gnat ed
by the manufacturer and shall be capable of changing retention tine of
the ingredients in the mxer. This should be acconplished by nmanual ly
resetting the mxer(s) blade angles. Mxing tine (ingredient retention
time in the mxer) shall be predicated upon the uniformty,

honogeneity, and consistency of the resultant m xture. Sanples for
uniformty testing shall be taken at 2-minute intervals and tested as
per COE CRD-C 55 and paragraph M XER UNI FORM TY REQUI REMENTS. The

m xer(s) shall be naintained in satisfactory operating condition and

m xer bl ades shall be kept free of hardened RCC. Should m xer(s) at
any time produce unsatisfactory results, its use shall be pronptly

di scontinued until it is repaired. Suitable facilities shall be

provi ded for obtaining representative sanples of concrete for testing.
Al'l necessary platforns, shelters, tools, |abor, and equi pnent shall be
provi ded for obtaining sanpl es.

e. Segregation - A neans shall be used to reduce and mnim ze
segregation and waste which woul d otherwi se result fromthe conti nuous
stream of RCC being fed into the batch haul devices (dunp trucks,

etc.). The equipnent shall retain the RCC between tracks or ot her
means of transport to prevent the need for stopping the mxer. These
devices could include, but not be limted to, a discharge hopper having
a capacity of at least 20 netric ton. The hopper shall be equi pped
with dunmp gates to assure rapid and conpl ete di scharge wi thout
segregati on.

f. Trial operation - Not less than 7 days prior to comrencenent of
concrete placing, a test of the plant shall be nade in the presence of
a representative of the Contracting Oficer to check operationa
adequacy. The nunber of cubic neters required to be produced in trial
runs shall be as directed, but will not exceed 100 cubic meters. Al
RCC produced in these tests shall be wasted or used for purposes other
than inclusion in structures covered by this specification. Al
deficiencies found in plant operation shall be corrected to the
satisfaction of the Contracting Officer prior to the start of RCC

pl aci ng operations. Mxer uniformty tests will be perforned by the
Government near the end of this trial period. No separate paynent will
be made to the Contractor for |abor or materials required by provisions
of this paragraph. The Contractor shall notify the Contracting Oficer
of the trial operation not |less than 7 days prior to the start of the
trial operation.

g. Protection - The wei ghing, indicating, recording, and control

equi pnent shall be protected agai nst exposure to dust, noisture, and
vibration so that there is no interference with proper operation of the
equi pnent .

M xers

M xers shall be stationary mxers or pugm ||l mxers. Mxers may be batch
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or continuous mxing. Each nixer shall conbine the materials into a

uni form m xture and discharge this mxture without segregation. M xers
shal |l not be charged in excess of the capacity recommended by the

manuf acturer on the nanmeplate. Excessive overm xing requiring additions of
water will not be permitted. The mxers shall be nmaintained in

sati sfactory operating condition, and m xer drunms shall be kept free of
hardened RCC. M xer bl ades or paddles shall be replaced when worn down
nore than 10 percent of their depth when conpared with the manufacturer's
di mensi on for new bl ades. Should any m xer at any tinme produce
unsatisfactory results, its use shall be pronptly discontinued until it is
repaired or replaced.

3.1.3.1 Pugn |l M xers

A batch or continuous mxing twin-shaft pugm |l mxer shall be capabl e of
produci ng RCC of the sane quality and uniformty as would be produced in a
conventional plant that neets all the requirenments of these specification
Al pugm |l mxers shall neet the requirenments of paragraph CONTI NUOUS

M XI NG PLANT.

3.1.3.2 M xer Uniformty Requirenents

Al mxers shall be tested by the Governnment in accordance with this

par agraph and in accordance with COE CRD-C 55. When regular testing is
perfornmed, the RCC shall nmeet the Iimts of any three of the four
applicable uniformty requirenments. Wen abbreviated testing is perforned,
the RCC shall neet only those requirenents |isted for abbreviated testing.
The initial mxer evaluation test shall be a regular test and shall be
perfornmed prior to the start of RCC placenent. Regular testing shal
consist of performing all tests on three batches of RCC. The range for
regul ar testing shall be the average of the ranges of the three batches.
Abbrevi ated testing shall consist of performng the required tests on a
single batch of RCC. The range for abbreviated testing shall be the range
for one batch. M xer evaluations shall be perforned by the Governnent.
The Contractor shall provide |abor and equi pnent as directed by the
Contracting O ficer to assist the Governnent in perfornmng the tests.

ABBREVI ATED
REGULAR TESTS TESTS
ALLOMABLE ALLOMABLE
MAXI MUM RANGE FOR MAXI MUM
RANGE
PARAMETER AVERAGE OF 3 BATCHES FOR 1 BATCH
Coar se aggregate, percent 6.0 6.0
Conpressive strength at 7 days 10.0 10.0
Water content, percent 1.5 1.5
Consi stency, nodified Vebe, second 7.0 --
A regular test will be perforned before RCC production begins and when the
Contractor requests a reduced mxing tinme. An abbreviated test shall be
perfornmed every 3 nonths when RCC is being placed. If a mxer fails the
abbreviated test, a regular test will be perfornmed. Cost of testing when
the Contractor requests a reduced mxing tine will be paid by the
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Contractor.
3.1. 4 Sanpl i ng RCC

The Contractor shall provide equiprent and | abor for obtaining
representative sanples of RCC in accordance with ASTM C 172 for Contractor
quality control and Governnent quality assurance testing.

3.1.5 Sanpl i ng Aggregat es

Suitable facilities shall be provided for readily obtaining representative
sanpl es of aggregates for test purposes inmrediately prior to the nmaterial
entering the m xer.

3.1.6 Transporting and Conveyi ng Equi pnent

The transporting and conveyi ng equi pnent shall conformto the follow ng
requi renents.

The concrete m xtures (RCC, bedding nortar, and any other concrete that
will interface with the RCC) shall be conveyed fromthe plant mxer(s) to
pl acenent as rapidly and as continuously as practical by nethods which
limt segregation, contam nation, and surface drying. The RCC shall be
conveyed fromthe mxing plant to the structure by neans of nmin-line
conveyor, end-dunp truck, or a conbination thereof.

3.1.6.1 Belt Conveyors

Belt conveyors shall be designed and operated to assure a uniformfl ow of
RCC fromm xer to final place pf deposit wi thout segregation of ingredients
and shall be provided with positive nmeans for preventing segregati on of the
RCC at transfer points and the point of placing. The NVSA required in

m xture proportions furnished by the Government will not be changed to
accommodate the belt w dth.

3.1.6.2 WaybilI's and Delivery Tickets

Copi es of waybills or delivery tickets for cementitious material during the
progress of the work shall be submitted for review and approval. Before
the final payment is allowed, waybills and certified delivery tickets shal
be furnished for all cenentitious material used in the construction

3.1.7 Spr eadi ng Equi pnment
The spreadi ng equi pnent shall conformto the follow ng requirenents:

The prinmary spreadi ng procedure shall be acconplished by track dozer

A front-end | oader with operator shall be available to assist with
deposition of RCC as needed in confined areas. The equi pment shall be
mai ntai ned i n good operating condition. The equi pnent shall not |eak
or drip oil, grease, or other visible contam nants onto the RCC
surface. Al equipnment used for spreading that | eaves the surface of
the structure for mmi ntenance or repairs or, for any other reason, nust
be cl eaned of all contam nants by an approved nethod before returning
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to the structure surface. Under no conditions shall a dozer or other
tracked vehicle be operated on other than fresh unconpacted RCC except
to facilitate startup operations for each lift and by approved
procedures.

3.1.8 Conpacti on Equi prent
The conpaction equi pnment shall conformto the follow ng requirenents.
3.1.8.1 Primary Rollers

Sel f-propelled vibratory rollers shall be used for prinary rolling and
shal | be double-drum They shall transmt a dynamic inpact to the surface
t hrough a snooth steel drum by means of revol ving wei ghts, eccentric
shafts, or other equival ent nethods. The conpactor shall have a m ni num
gross mass of 9,000 kg and shall produce a m ni rum dynanic force of 60,000
N mof drumwi dth. The operating frequency shall be variable in the
approxi nate range of 1,700 to 3,000 cycles per mnute. The anplitude shal
be adjustable between 0.4 and 1.0 nm The roller shall be capable of ful
conpaction in both forward and reverse directions. The roller shall be
operated at speeds not exceeding 0.7 m's. Wthin the range of the
operating capability of the equi pnent, the Contracting O ficer may direct
or approve variations to the frequency, anplitude, and speed of operation
which result in the specified density at the fastest production rate.

3.1.8.2 Smal | Vibratory Rollers

Smal | vibratory rollers shall be used to conpact the RCC where the |arger
vibratory rollers specified above cannot maneuver. The rollers shal

conpact the RCC to the required density and shall be so denmonstrated during
construction of the test sections. Small vibratory rollers cannot conpact
the RCC to the sane density and thickness as the primary rollers;

therefore, when snmall rollers are used, total I[ift thickness of the RCC
layer or lift shall be reduced to not over 150 nm unconpacted thickness to
permt adequate conpaction. Rollers shall have i ndependent speed and

vi bration controls and shall be capable of a wi de range of speed

adj ust ment s.

3.1.8.3 Tanpers (Ramrers)

The tanpers shall conpact the RCC to the required density and shall be so
denonstrated during construction of the test sections. Tanpers cannot
conpact the RCC to the sane density and thickness as the primary rollers;

t herefore, when tanpers are used, thickness of each RCC | ayer that is to be
conpacted shall be reduced to not nore than 150 nm unconpacted thickness to
assure adequate conpacti on.

3.1.8.4 O her Mtorized Equi prent

Al'l other equiprment necessary for the successful conpletion of RCC
production, but not previously discussed within these specfications (or
determ ned to be necessary during the course of the work), shall be
approved prior to actual use. Such equipnent shall not result in any
damage to the RCC, shall be naintained in good operating condition, and
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shal | be operated by skilled contractor-provi ded personnel
3.1.9 Nucl ear Density Gauge

Tests to deternmine the density of the conpacted RCC shall be nade by the
Contractor using a single-probe nuclear density gauge supplied by the
Contractor. The nuclear density gauge shall meet the applicable

requi renents of ASTM C 1040. The gauge shall be capabl e of taking readings
al ong a horizontal path between the probes at 50-mmincrenments from50 mm
fromthe surface to 250 nm bel ow the surface. The gauge and nucl ear
density gauge operator shall be made available to the Governnment unti
conpletion of all RCC production at no additional cost. The Contractor
shall obtain all permts and certifications for the equi pment and the
oper at ors.

3.1.10 Cal i bration

Nucl ear gauge shall have been factory calibrated within 6 nonths of RCC

pl acenent. The Contractor shall construct, at no additional costs to the
CGovernnment, one (1) calibration test block using RCC materials and
proportions representative of those to be used during construction. The

bl ock shall be fabricated before the test sections construction begins.

The bl ock size shall be a mni mumof 450 mm by 450 mm by the naxi mum

t hi ckness of one lift, plus 25 mm The bl ock shall be conpacted between 98
and 100 percent of the maxi mum wet density, which will be determ ned by the
Contractor in accordance with ASTM D 1557. The noi sture content of the RCC
used to fabricate the block may be increased just enough to facilitate
conpaction of the mxture, as long as the proportions of the dry materials
remai n constant and the required density is achieved. The block shall be
neasured and wei ghed to determ ne the actual density (unit weight) and
shal |l be used to check the calibration of the nuclear density gauge. After
drilling a hole in the block to accommpdat e the nucl ear density gauge
probe, three full depth nuclear density gauge tests shall be perforned in
the direct transm ssion node and the results averaged. This average

nucl ear density gauge readi ng shall be conpared with the neasured unit

wei ght of the block and the difference used as a correction factor for al
readi ngs taken that day. Al measuring and wei ghing of the test bl ock and
all calibration checking of the density gauge shall be perfornmed in the
presence of a representative of the Contracting Officer. Calibration
checks of the density gauge shall be made at the begi nning of construction
every day. Gauge calibration constants shall be adjusted for perfornmance
on the block at least 7 days prior to the evaluation of test sections. The
Contractor shall remedy any inconsistencies in gauge perfornmance prior to
the start of RCC placenent. The block shall be used each day before

pl acing begins to calibrate the full-depth readi ngs of the nuclear density
gauges used by the Contractor and the Governnent. The calibration bl ock
shal |l be available for use by the Governnent as needed.

3.2  SUBGRADE PREPARATI ON
Previously constructed underlying material shall be conditioned as
specified in Section 02300 EARTHWORK. The exi sting subgrade, other than

specified fills, shall be scarified, conditioned to optinum noisture
content, and conpacted to at |east 90 percent of maxi numdensity in
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accordance with ASTM D 1557 for a depth of least 300 mm |In all cases
prior to placing RCC, deficiencies in the underlying nmaterial shall be
corrected, and the surface shall be cleaned and noi stened, as directed.
The surface of the underlying material will be approved by the Contracting
Oficer.

3.3 PREPARATI ON FOR PLACI NG
3.3.1 Pl aci ng Schedul e

Before starting RCC production, a detailed schedule shall be submtted

i ndicating i ntended daily and weekly production rates that, when foll owed,
wi Il neet the begi nning and endi ng specified RCC producti on dates. After
initiation of RCC production, the Contractor's schedul e shall be updated
and adjusted on a weekly basis for the duration of the RCC placenent. |If
it becones apparent for any reason that the Contractor is not pursuing a
schedule that will neet the specified RCC production dates, actions
necessary to increase the production rate shall be taken so that production
is once again on schedule. Also, if not back on schedul e, the Government
reserves the right at this time to direct the Contractor, at no additiona
cost to the Governnent, to increase the amount and size of crews and

equi pnent .

3.3.2 Aggr egat e Producti on Schedul e

Aggregate production and initial stockpiling shall begin and shall be
produci ng acceptable material by not |ater than 60 days in advance of the
time when placenent of the RCC test sections is expected to begin. At

| east 25 percent of the RCC aggregates necessary for the conpleted RCC
construction shall be manufactured and stockpiled prior to start of

pl acenent of RCC

3.3.3 RCC Test Secti ons
3.3.3.1 Cener a

Prior to placenent of any RCC, the Contractor shall construct a test
section for the spillway structure horizontal lifts and a test section for
the upstream sl ope protection at the job site. The purpose of the two test
sections is to denonstrate the suitability of the Contractor's equiprent,
net hods, and personnel. The two test sections shall each consist of not

| ess than two adjacent |anes, at least 30 neters in length. The test
section for the spillway horizontal structure shall be constructed to at

| east the depth of 6 Iifts. The test section for the upstream sl ope
protection shall be constructed to at least the depth of two lifts. In
each of the test sections the |lane width shall be 3.5 neters. Each of the
test sections shall contain at |east one fresh |ongitudinal construction
joint, one cold transverse joint, one |longitudinal cold construction joint
whi ch has stood overni ght before conpletion, and one surface to be treated
wi th bedding nortar. The sites of the test sections shall be approved by
the Contracting Oficer, and the Contractor shall remain responsible for
ensuring that work and schedul es are not affected by the selection of the
test sites. After evaluation and assessnent of the test sections by the
Contracting Oficer, the Contractor shall dispose of the test sections in
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an approved nanner. Under no circunstances shall the test sections be

i ncorporated into or become a part of the permanent RCC structures. The
date of the test sections construction shall be provided at least 7 days in
advance.

3.3.3.2 Test Sections Requirenents

The test sections shall denonstrate sustained plant production rates, and
bat chi ng, m xing, transporting, spreading, conpaction procedures, curing
and preparation of construction joints. It shall also denonstrate the
vertical face construction nmethod al ong one side (fornmed), the sl oped face
construction nethod al ong another side (unformed), procedures for
foundati on preparation, procedures for placenment of bedding nmortar, rolling
pattern, joint preparation, rolling nethod for both fresh and cold
construction joints, start-up and finishing procedures, testing nethods,
and plant operations. Variable anplitudes of the roller shall be used as
approved in different areas to identify the optimumanplitude. Rolling
pattern of the vibratory roller nmay be varied as approved to determ ne the
best pattern. Variations in mxture proportions other than water shall be
made if directed. The test sections shall be placed in portions as
directed by the Governnent. Additionally, at l|east three (3) nucl ear gauge
readings at the last Iift of each of the test sections shall be provided
from points selected by the Governnment. The Contractor shall vary the

wat er content, as necessary, to arrive at the appropriate content, subject
to the approval of the Contracting Oficer's Representative. The m xing
pl ant shall be operated and calibrated prior to placing the test sections.
The Contractor shall use the sanme equi prent, materials, and construction
techni ques on the test sections as will be used in all subsequent work.

3.3.3.3 Eval uati on of Test Sections

The Contractor shall not begin RCC operations for the main structure until
testing and eval uations by the Governnent have been conpleted, and it has
been denpbnstrated to the satisfaction of the Contracting O ficer that al
specification requirements were net. Follow ng conpletion of test sections
construction, ten (10) cal endar days shall be allowed for testing and
evaluation. |f the Contractor does not neet requirenents as specified, an
additional test sections or sections shall be constructed at no additiona
cost to the Governnment. Test sections unacceptable to the Contracting

O ficer shall be renmoved at the Contractor's expense. The Contractor shal
provide six (6) 152.4 mmdianeter cores by full depth of the Ilift thickness
to the Government from points selected in the test sections by the
CGovernment 7 days after conpletion of the test sections. Six (6)

addi ti onal cores shall be provided by the Contractor 28 days after

conpl etion of the test sections.

3.3.4  \Weat her
I f unusual adverse weather, such as heavy rain, severe cold, high w nds,
heavy snow, etc., occurs or is forecast to occur during placenent, the

pl acenent operation shall be suspended until conditions inprove.

3.3.4.1 Pl aci ng During Cold Wat her
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Col d- Weat her Pl acenent - Pl acenent shall be discontinued when the air
tenperature reaches 5 degrees C and is falling and shall not be resuned
until the air tenperature reaches 2 degrees C and is rising. No RCC shal
be placed on any surface containing frost or frozen material. Provision
shal |l be nade to protect the RCC fromfreezing during the specified curing
period. M xing water and/or aggregates shall be heated, as necessary, to
produce RCC having a tenperature between 10 degrees C and 30 degrees C as
pl aced. Methods and equi pnent for heating shall be as approved. The
aggregates shall be free of ice, snow, and frozen |unps before entering the
m xer. Covering and other neans shall be provided for maintaining the RCC
at a tenperature of at l|east 10 degrees C for not |less than 72 hours after
pl acing and at a tenperature above freezing for the remai nder of the curing
peri od. RCC danmaged by freezing shall be renpbved and repl aced as directed.

3.3.4.2 Pl acing During Rain

RCC shall not be placed during rainfall of 5 mmhr or nore. During periods
of lesser rainfall, placenent of RCC may continue if, in the opinion of the
Contracting O ficer, no danage to the RCCis occurring. Wrk shal

conmmence only after excess free surface water and contani nated paste or RCC
have been renoved and the surface has gai ned sufficient strength (no |ess
than 4 hours after the RCC pl acenent was suspended) to prevent rutting,
punping, interm xing of rainwater with the RCC, or other damage to the RCC.
When the RCC surface has been contam nated or danmaged in any nmanner, the
RCC surface shall be washed to break up and renove | aitance and/or nud-1like
coatings fromthe surface. Any undercut coarse aggregate shall be renoved.
Al waste shall be renpved and di sposed of in an approved nmanner.

3.3.4.3 Pl aci ng During Hot Weat her

Hot - Weat her Pl acement - During periods of hot weather when the nmaxi mum
daily air tenperature is likely to exceed 30 degrees C, or when the

conbi nati on of anbient conditions will produce evaporation rates of 1.0
kg/sq mhr or nore, when calculated in accordance with Figure 2.1.5 of AC
305R; the follow ng precautions shall be taken. The underlying nateria
shal |l be sprinkled with water i medi ately before placing the RCC. The RCC
shal |l be placed at the cool est tenperature practicable, and in no case
shal |l the tenperature of the RCC when placed exceed 32 degrees C. The
aggregates and/or m xi ng water shall be cool ed as necessary. The finished
surfaces of the newy laid RCC shall be kept damp by applying a waterfog or
mst, not streans of water, with approved spraying equi pment until the RCC
is covered by the curing medium Wen heat or wind is deterni ned excessive
by the Contracting O ficer, the Contractor shall inmrediately take such
addi ti onal measures as necessary to protect the RCC surface. Such neasures
shal | consist of wind screens, nore effective fog sprays, and sinilar
nmeasures conmencing i nmedi ately after placenment. |If these nmeasures are not
ef fective, placenent shall be inmredi ately stopped until satisfactory

condi tions exist.

3.3.5 Surface Preparation
3.3.5.1 d eani ng

Al lift surfaces including RCC or bedding nortar shall be cleaned prior to
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pl aci ng any additional concrete thereon. After cleaning, bedding nortar is
to be used specifically for achieving bond between different types of
concrete elimnating and preventing segregation or voids along nmargins or
RCC pl acements. No surfaces to receive bedding nortar shall be covered
with RCC until the prepared surfaces have been approved by a Contracting
Oficer's Representative. All surfaces upon which RCC or any beddi ng
nortar is placed shall be noist (but contain no visible free water). Prior
to placing RCC, the surface shall be clean and free of |oose, or unkeyed
rock; all nmud and silt accunul ati ons; |aitance; puddles or ponds of free
surface water; coatings; and any other detrinental naterials.

Hi gh-pressure water jetting, and/or wet sandbl asting, followed by mld

hi gh-vol ume, | ow pressure washing, shall be used on all hardened RCC
surface (cold joints) as necessary for the renoval of |aitance, coatings,
stains, or other difficult-to-renbve contam nants. Hi gh-vol une

| ow pressure water washing and/ or water jetting may be used for renoval of
| oose materials.

3.3.5.2 H gh- Vol une Low Pressure Washi ng

Washi ng of | oose nmaterials can be acconplished wi th high-vol une

| ow pressure water washing and/or air water jetting using equi pnent of
simlar design to that used in |large-scal e foundation cl eanups. The
air-water jets shall have 40-mm nozzles, a water supply of at least 2 L/s,
and conpressed air at the jet of 550 to 850 kPa. The | ow pressure water
jets shall have 25-nmm nozzles available and a capacity of at least 13 L/s
for truck-nounted devices.

3.3.5.3 H gh- Pressure Water Jet
A stream of water under a pressure of not |ess than 10.3 MPa for RCC shal
be used for cleaning all cold joint surfaces, or surfaces with |aitance,
nortar coatings, stains, or other difficult-to-renbve contam nants. There

shal |l be no undercutting of coarse-size aggregates. Aggregate particles
that are undercut shall be renoved.

3.3.5.4 Wt Sandbl asti ng
This method may be used when the RCC has reached sufficient strength to
prevent undercutting of coarse aggregate particles. Wt sandbl asting shal
be continued until all accunul ated |aitance, coatings, stain, or other
difficult-to-renove contam nants are renoved. Wt sandbl asti ng nay be used
inlieu of or in conbination with the high-pressure water jet.

3.3.5.5 \Waste Disposa
Any waste water enployed in cutting, washing, and rinsing of RCC surfaces,
and any other surface water shall not stain, or affect exposed surfaces of
the structure(s) or danage the environment of the project area.

3.4 PLACI NG

3.4.1 Pr ocedur es

Pl acenent of RCC shall be of such depth that when conpacted, the surface
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will conformwi th cross section, grade, and contour indicated. Each lift
shall be conpleted in its entirety across the full surface of the nass.

Pl acing of mixture shall be as nearly continuous as possible, with an

absol ute m ni nrum of stops and starts; speed of placing shall be controlled,
to permit proper rolling. The timng of placenment shall be controlled so
that RCC ni xtures shall be placed and rolled within the time limt
specified in paragraph COWACTION. Pl acing shall be discontinued during
rain except for light msts which do not cause interni xing of cenent and
water slurry on the surface. Placing shall be done in a pattern so that
curing water from previous placenments will not pose a runoff problemon the
fresh surface. The contractor shall use care to mininize the production of
cold joints.

3.4.2 Li ft Pl acenent

RCC shall be placed in successive horizontal lifts for the spillway
structure. RCC for the upstream slope protection shall be placed in an up
and down fashi on al ong the slope face.

3.4.3 Li ft Thi ckness

The Iift thickness after final conpaction by the vibratory roller shall not
exceed 300 mm for the spillway structure and 150 mm for the upstream sl ope.

3.4.4 Beddi ng Mortar
3.4.4.1 Cenera

The bedding nortar shall be applied to the existing surface follow ng any
required cleanup. The bedding nortar shall be applied not nmore than 15

m nut es ahead of RCC pl acenent, unless otherw se approved. The beddi ng
nortar shall be used between different RCC placenments where cold joints
occur, and at other locations as directed or as shown in the drawi ngs. The
beddi ng nortar shall have an average thickness after application of between
6 and 12 nm and shall cover 100 percent of the |lift area. Consolidation of
the bedding nortar will not be required. Serrated rakes creating snal

wi ndrows of nortar or other approved devices shall be used for nortar
application. Placing tenperature of the nortar shall not exceed 30 degrees
C when neasured in accordance with ASTM C 1064/ C 1064M

3.4.4.2 Tinme Interval Between M xing and Pl aci ng

Beddi ng nortar shall be placed within 30 mnutes after discharge into
nonagi tating equi pnent. \When nortar is truck-m xed or when a truck m xer
or agitator is used for transporting nortar m xed by a concrete plant

m xer, the nortar shall be delivered to the site, and discharge shall be
conpleted within 1.5 hours after batching.

3.4.5 Deposi ting, Spreading, and Rem xing
After the RCC has been deposited, the RCC shall be spread by dozers into
hori zontal |ayers, approxinmately 150 mmthick, that will, after final

conpaction of the several layers by the vibratory roller, result in the
specified lift thickness. During the spreading process, the dozer
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operators shall continuously work the RCC surfaces with the dozer blade in
a manner to rem x any RCC that may contain pockets of segregated nmateria

and to conpact the material. A front-end |oader with operator shall be
avail able to assist with depositing and spreadi ng RCC as needed in confined
areas, and at other |ocations approved or directed. |In no case shall the

RCC, or bedding nortar be allowed to dry. Under no conditions shall a
dozer or other tracked vehicle be operated on other than fresh unconpacted
RCC except at the start of each |lift placenment to facilitate startup
operations, and then only by an approved procedure. No RCC shall be pl aced
on a previous lift which has not net specification. Unacceptable materia
shal | be renoved

3.5 COVWPACTI ON

After spreading and working with the dozers, the top surface of each lift
shal |l be conpacted with a self-propelled double-drumvibratory roller
operating in the vibratory node as are required to obtain the m ni mum
conpaction specified. A round trip over the sane material shall count as
two passes (i.e., frompoint Ato point B and return to point A by the sane
route is two passes). Rolling shall begin within 10 minutes of spreading
and, except for fresh joints, rolling shall be conpleted within 45 nmi nutes
of start of mxing, except during hot or dry weather conditions, as

descri bed in paragraph Placing During Hot Weather. |In hot or dry weather,
rolling shall begin within 5 m nutes of spreading, and except for joints,
rolling shall be conpleted within 30 m nutes of start of mxing. Delays in
rolling freshly laid mxture will not be pernitted. Rollers shall not be
operated in the vibratory node when not noving. The frequency and
anplitude of vibration shall be varied, as needed or directed, within the
range specified in paragraph EQUI PMENT. Surfaces of roller druns shall be
kept clean at all tines. At no tinme shall water be added during conpaction
operations to the unconpacted RCC mixture. |If in the opinion of the
Contracting O ficer, the surface of a layer of RCC has been rutted or
conpacted unduly by hauling equi pnent so as to reduce the effectiveness of
conpaction by the specified rollers, the Contractor will be required to
scarify such surfaces as directed prior to conpacting with the specified
rollers. At the start of conpaction, the m xture shall be in a uniform

| oose condition throughout its full depth. Conpaction of each |ayer shal
be done in such a nanner as to produce a dense surface.

3.5.1 Opt i num Conpaction Density (OCD) Determ nation
3.5.1.1 Gener a

The Opti mum Conpaction Density (OCD) will be determ ned during placenent of
denonstration sections using the supplied mx design and Contractor
suppl i ed aggregates, materials, and equi pnent. The OCD nethod will be used
to determ ne the requirenent for achieving mnimmdensity. Al OCD
determ nations shall be perforned by the Contractor in the presence of the
Contracting O ficer. The OCDwll be invalid if material proportions,

i ncluding water, are outside the designated ranges. OCD denpnstration
strip conpaction will comence no later than 10 m nutes after mxing of the
RCC. Upon conpl etion of the OCD denpnstration section the Governnent shal
provide the Contractor with procedural placenent requirenments and the
Contractor shall proceed with RCC production placenent.
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3.5.1.2 Det ermi nati on of OCD

The OCD value will be deternmi ned during placenent of RCC denpnstration
section. The density of the RCC shall be determned for every one (1) or
two (2) passes of conpaction equi pment, concurrently on the sane
denonstration section in 2 |ocations. Conpaction shall continue until the
change in density decreases significantly. The OCD shall be the average
maxi mum recorded density. A variation in OCD fromthe two |ocations of

nore than 32 kgs/n? shal | invalidate the test and require that another test
set be perforned. The nunber of roller passes to achieve OCD shall be a
gui de to the equi pment operators of the required conpacti on necessary to
achi eve OCD.

3.5.2 Requi red Conpaction Density

RCC | ayers shall be conpacted to at |east 98 percent of the Optinmm
Conpaction Density (OCD).

3.5.3 Density Deternination of Conpacted RCC

Density shall be measured using a nucl ear density nmeter in accordance with
ASTM C 1040. RCC density val ue deterninations shall be made throughout the
course of RCC placenment to assure that the RCC is conpacted to a mini num 98
percent of the OCD and detect segregation and/or voids throughout the RCC
Conpact ed RCC which indicates soft or yielding materials shall be tested

i medi ately with the nuclear meter for noisture and density. |f test
results confirmthat the RCC npoisture content exceeds that specified, the
soft or yielding area(s) will be removed and repl aced by the Contractor at
no additional cost to the CGovernnent.

3.5.4 Operation of Rollers and Tanpers

Speed of rollers shall be slow enough at all tinmes to avoid displacenent of
the RCC but in no case nore than 2.5 knihr. Displacenent of RCC resulting
fromreversing direction of roller or fromany other cause shall be

i medi ately corrected. Alternate passes of the roller shall be varied
slightly in length and shall overlap sufficiently to provide full coverage
over the surface. Additional rollers shall be furnished if RCC density
specified is not attained and/or if placing operations are getting ahead of
rolling. In no case shall the Contractor allow placing operations be
altered without approval of the Contracting Oficer's Representative.

Pl aces inaccessible to large vibratory rollers shall be thoroughly
conpacted with wal k-behind rollers and hand-tanpers to the required
density, using nultiple thin lifts, as necessary. Additional field density
tests shall be nmade for those areas by the Contractor and may al so be nade
by the Governnent.

3.5.5 Rolling Pattern
Rol ling shall comrence at the outer edge of the lane or lift abutting
ei ther a bul khead, previously conmpacted RCC, or a construction joint. On

subsequent adjacent lane or lift, rolling shall begin at the outer edge.
The first pass al ong each edge shall extend to within approximately 450 nm
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of the edge except as otherwi se approved or directed. |If there will be a
subsequent | ane placed along an edge and the joint will be constructed as a
"fresh" joint, the roller shall go no closer to the outer edge until the
subsequent lane is placed. |If there will be a subsequent |ane and the
joint will be treated as a "cold" construction joint, or if the edge wll
be the final edge of the RCC, the outer 450 nmshall be rolled after
rolling of the center of the lane. |If the edge abuts a previously placed

strip, either as a "fresh" joint or as a "cold" joint, the unconpacted
joint area shall be rolled after the center of the lane. This joint area
shal | be given additional passes of the vibratory roller, as necessary, to
produce the specified conpaction in the joint area. Approved
hand- fi ni shi ng operations shall be used as necessary to produce a tight
surface at the joint. The rolling pattern shall be used consistently

t hr oughout producti on.

3.6 JANTS

Joints shall be perpendicular to the finished grade of the RCC. Joints
shal | be straight and continuous fromedge to edge. Construction joints
shal |l be nade to ensure continuity in snmoothness and grade between ol d and
new sections of RCC, as specified hereinafter. Al joints shall have the
sanme texture, full-depth density, and snmpoot hness as specified for other
sections. Regardless of age, contact surfaces of previously constructed
strips that have becone coated with dust, sand, or other objectionable
materi al shall be cleaned by brushing or cut back with approved power saw,
as directed. Joints of the successive |lift shall be staggered not |ess
than 450 nmaway fromthe joints of the preceding lift, nor shall the joint
be repetitive in position in every other |ift.

3.6.1 Lift Joints

The entire RCC shall be placed with sufficient continuity so that it
hardens and acts as one nonolithic structure w thout discontinuous joints
or potential planes of separation. Al |ift joints shall be kept clean
uncont am nated, free from ponded water, and continuously noist until

pl acenent of the succeedi ng RCC

3.6.1.1 Lift Placed Wthin 4 Hours

Regular lift-joint treatnment and mai ntenance applies to subsequent lifts
pl aced within 4 hours of the previous lift and shall include:

a. Maintaining 100 percent of each conpacted lift-joint surface
continuously noist by application of water.

b. If necessary, renoving all |oose contanm nants or deteriorated RCC
by | ow pressure washing and vacuum ng, air-jetting, or by the nethods
and procedures in paragraph SURFACE PREPARATI ON

c. During periods of hot weather as defined in paragraph PLACI NG
DURI NG HOT WEATHER, the tine period for regular Iift joint treatnent
shal | be reduced to 2 hours. After 2 hours, the requirenents of
paragraph Lift Placed Wthin 4-8 Hours shall apply.
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3.6.1.2 Lift Placed Wthin 4-8 Hours

When pl acement of the overlying Iift does not occur within 4 hours the
surface prior to RCC placenent shall be treated by air-water cutting.

a. The air pressure used in the jet shall be 620 to 760 kPa (90 to 110
psi), and the water pressure shall be just sufficient to bring the
water into effective influence of the air pressure. After cutting, the
surface shall be washed and rinsed until the wash water is no | onger
cloudy. Surfaces shall be inspected and approved by the Contracting
Oficer.

b. During periods of hot weather as defined in paragraph Pl acing
During Hot Weather, the tine period shall be reduced to 4 hours. After
4 hours the requirenents of paragraph Lift Placed More Than 8 Hours
shal | apply.

3.6.1.3 Lift Placed More Than 8 Hours

When pl acement of the overlying Iift does not occur within 8 hours the
surface prior to placenent shall be treated by air-water cutting as

i ndicated in paragraph Lift Placed Wthin 4-8 Hours and/or by the nethods
and procedures in paragraph SURFACE PREPARATION. Following this initia
preparation the cold-joint surface shall be kept continuously noist until
the application of a bedding nortar. During periods of hot weather as
defined in paragraph Placing During Hot Weather, the tine period shall be
reduced to 4-hours.

3.6.2 Longi tudi nal Construction Joints

Any construction joints in which the edge of the initial strip has exceeded
the tine requirenments given in paragraph JO NTS shall be considered "cold
joints" and shall be trinmmed by cutting back into the conplete lift to form
a full-depth vertical face and the excess material renmoved. This vertica
face shall be danpened before the placenment of the fresh | ane begins.

3.6.3 Transverse Construction Joints

When a transverse construction joint is required, the roller shall pass
over the end of the freshly placed RCC. In these cases, the previously

pl aced materials shall be cut to full depth of the lift, and the excess
material renoved. Transverse joints may al so be forned by using bul kheads
and forns to provide a full-depth vertical face. This vertical face shal
be danpened before the placenent of the fresh |ift begins. Wen necessary,
the fresh mxture shall be hand finished at the joints. Additional rolling
shal |l be used to assure that specified full-depth density and surface
finish is attained.

3.6.4 Joi nt C eanup and Waste Di sposa
The nmet hod and equi pnrent proposed for joint cleanup and waste di sposa

shall be submtted for review by the Contracting O ficer before concrete
pl acenent begi ns.
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3.

3.

7 CURI NG AND PROTECTI ON
7.1 Cener al

Tenporarily exposed surfaces of RCC that will be in contact with succeeding
| ayers of RCC shall be kept continuously noist by npist curing nethod
descri bed hereinafter until placenent of the subsequent |ayer. Curing of
per manent |y exposed surfaces shall begin imrediately after conpaction and
shal |l continue for at |east 14 days. Wen wood or netal forns are left in
pl ace during curing, the forns shall be kept continuously wet. RCC shal
be cured and protected fromprenature drying, extremes in tenperature,
rapi d tenperature change, freezing, nechanical danage and exposure to rain
or flowing water. The Contractor shall have all equi pnent needed for
adequate curing and protection on hand and ready to install before actua
pl acenent begins. The curing nmethod used shall be approved by the
Contracting O ficer. The RCC shall be protected fromthe danmagi ng effects
of rain for 12 hours and flowi ng water for 14 days.

. 7.2 Moi st Curing

RCC wi Il be mpist cured by nmmintaining all surfaces continuously, not
periodically, wet for the duration of the entire curing period. Water for
curing shall conply with the requirenents of paragraph: WATER. If water is

used which stains or discolors RCC surfaces which are to be pernmanently
exposed, the surfaces shall be cleaned to the satisfaction of the
Contracting O ficer. Horizontal surfaces may be cured by covering with a
m ni mum uni form t hi ckness of 150 nm of continuously saturated sand.
Tenporarily exposed surfaces shall not be cured by saturated sand.

. 7.3 Truck Applications

Water trucks shall be used, as necessary, to keep surfaces noist at al
times until a sprinkler system wet burlap covering, or final curing nethod
is inmplemented. The water truck shall be suppl emented, as necessary, by

m sts from hand-hel d hoses. The truck operator shall be positioned so he
is capabl e of seeing the spray at all tinmes. The spray shall be capabl e of
easy direction, either by attachment to the front of the truck so it can be
directed by steering the truck or by other approved neans. Al spray
nozzl es both on the trucks and the hand hel d hoses shall be of a type that
produces a true fog spray w thout any concentrated streanms of water. The
m st shall not be applied in a channelized or pressurized manner that in

any way erodes the surface of the RCC. It shall also be applied at a rate
whi ch does not cause ponding at the surface. Trucks shall not be all owed
to drop visible oil or other contam nants on the surface. |f trucks nust

| eave the surface, the tires shall be washed free of dirt or other foreign
material before returning to the surface. Water truck wheel |oads shal

not exceed 2,000 kg and shall be such that no cracking or other damage to
the RCC i s caused.

. 7.4 Sprinkl er System

An approved sprinkler system consisting of pipe lines and rotating or other
approved type of sprinklers nay be used. Sprinklers shall deliver a fine
m st of water and shall not cause any erosion to the surface of the RCC
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The sprinkler systemshall cover all portions of the RCC surface, and keep
the surface wet at all tines.

3.7.5 Burl ap

Burl ap covers shall consist of two or nore |layers of burlap having a

conbi ned wei ght of 4,736 gm per square neter in a dry condition. Burlap
shal |l be either new or shall have been used only for curing RCC or
conventional portland cenment concrete. Burlap strips shall have a | ength
after shrinkage of at |east 300 mm greater than necessary to cover the
entire width and edges of the RCC. Mats shall overlap each other at | east
150 mm Mats shall be thoroughly wetted before placing and shall be kept
continuously wet and in intimate contact with the surface and edges of the
area for the entire specified curing period.

3.7.6 Cure Water Runoff Control

Any water applied to the surface of the RCC or burlap during curing that is
in excess of the anbunt needed to keep the surface of the RCC conti nuously
wet shall be controlled fromrunning onto the subgrade or underlying

mat eri al and causi ng pondi ng on the subgrade or saturation of the subgrade
or underlying materi al

3.7. 7 Prot ecti on of RCC

After final rolling of the RCC, no vehicular traffic, except for
pneurmatic-tired water spray trucks or other curing equi pnment havi ng whee

| oads not exceeding 2,000 kg shall be permitted on the RCC until the end of
the curing period. No traffic or equipnent shall be allowed on the surface
that will cause any danage to the surface. Plastic sheeting neeting the
requi renents of ASTM C 171 shall be provided and kept readily available to
cover RCC less than 12 hours old if rainfall occurs.

3.8 VERTICAL FACI NGS FOR RCC CONSTRUCTI ON

The vertical faces of the RCC structure are to be constructed using a form
simlar to conventional concrete forns as shown and specified in the

drawi ngs. The vertical facings systemshall be denonstrated on (one side
of ) each of the RCC test sections.

3.8.1 Forns for Vertical Facing

Vertical facings shall be as shown in the drawings. The contract draw ngs
are based on designs whereby all vertical and near-vertical faces are
constructed at the sane tine and placenent rate of each RCClift. The

desi gn and engi neering of the formwrk, as well as its construction, shal
be the responsibility of the Contractor. The formmork shall be designed
for loads, lateral pressure, and allowable stresses in accordance with AC
347R.  Forns shall have sufficient strength to withstand the pressure
resulting from placenent and vibration of the RCC and shall have sufficient
rigidity to maintain specified tolerances. Vertical formwrk shall be
constructed such that forns are full wall height and shall be left in place
(mninumtinme to be denonstrated during test sections) for all vertica
layers/lift of RCC. The required sequence of construction operations after
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all forns and surface preparations have been approved is: place the
unconpacted RCC (at the specified Iift thickness) at full w dth against the
forms; using dozer action, spread each thin RCC | ayer abutting agai nst the
fornms, conpact the RCC using the vibratory roller except the step edge
shal | be conpacted with a hand-held tanper. Extrene care shall be taken to
assure all tinme restrictions are net and to prevent the occurrence of any
openwor k, honeyconbing, or voids at the forned RCC surface. The
Contractor's construction techni ques and equi pnent used including form
anchor capability, and el apsed tine for formstripping shall be

sati sfactorily denonstrated during construction of the test sections.

3.9 FI NI SHI NG SURFACE

After conpaction to the required lines and grades as shown in the draw ngs,
RCC final surfaces shall be smooth and uniform and shall be free of surface
pitting, voids or indentations, pocknarks, check cracking, segregation or
rock pockets, aggregate drag marks, areas | oosened by construction
operations, and areas where fines have been washed away during curing
process that are greater than 12.5 mmin depth. Al holes left in the RCC
as a result of nuclear density testing in the upstreamslope face and in
the last |ift of the spillway shall be filled by the Contractor with a
cenent grout, as directed. Additionally, all holes fromthe renoval of
fornstakes shall be filled with grout.

3.10 DEFECTI VE AREAS AND SURFACES

M xtures that beconme contanmi nated or are defective shall be renoved. Skin
patching of an area that has been rolled will not be permtted. Defective
surfaces including spalls, excessive rock pockets, voids in the RCC
surfaces (both horizontal and vertical surfaces), or in such areas describe
i n paragaph FI Nl SHI NG SURFACE shall be repaired in accordance with

par agr aph SURFACE REPAIR.  No additional paynent will be nade to the
Contractor for the repair or for the renoval of the defective areas and
surf aces.

3.10.1 Surface Repair

Hori zontal surface and vertical (forned) surface shall have surface defects
repaired as follows: defective areas, spalls, and voids shall be chipped,
cl eaned, epoxy-coated, and filled with dry-packed nortar. Spalled areas
shal | be prepared by dovetailed saw cut (in a rectangular pattern) to a

m ni mum depth of 25 mmor to such depth to expose a sound RCC surface at a
m ni mum di stance of 25 nm outside the farthest edge of the spall. The
prepared areas shall be brush-coated with an epoxy resin neeting the

requi renents of paragraph EPOXY RESIN. All holes or voids left in the RCC
as a result of form stakes renoval shall be filled imediately with a
cenent grout, as directed.

3.10.2 Mat erial and Procedure for Repair
The cenent used in the dry-packed nortar shall be a blend of the cenment
used for production of RCC and white portland cenent properly proportioned

so that the final color of the nortar will match adjacent RCC. Trial
bat ches shall be used to determ ne the proportions required to match
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colors. Dry-packed nortar shall consist of one part cenent to two and
one-hal f parts fine aggregate. The fine aggregate shall neet the grading
and quality requirements of ASTM C 33. The nortar shall be reni xed over a
period of at least 30 mnutes without addition of water until it obtains
the stiffest consistency that will permt placing. Mortar shall be

t horoughly conpacted into the prepared areas by tanping, rodding, etc. and
struck off to natch adjacent RCC. The repaired areas shall be cured for 7
days. Qher nethods and naterials for repair nay be used only when
approved in witing by the Contracting Oficer

3.11 CONTRACTOR QUALI TY CONTROL
3.11.1 Cener a

The Contractor shall performthe inspection and tests as described bel ow,
and based upon the results of these inspections and tests, he shall take
the action required and submt reports as required. Wen, in the opinion
of the Contracting Officer, the RCC operation is out of control, RCC

pl acenent shall cease. The |aboratory performng the tests shall conform
to ASTM E 329. Any test results requested by the Governnent for review
shal |l be provided to the Governnent i mediately, and all results of every
test by the Contractor shall be furnished to the Government on a daily
basis, not later than the day after the test or inspection is nade.
Verification tests of materials and RCC, if made by the Government, shal
in no way relieve the Contractor fromthe testing requirenents specified
her ei n.

3.11.2 Testing and | nspection Requirenents
3.11. 2.1 Calibration of Mxing Plant

a. Batch-Mxing Plants: Accuracy of the batching equi pnent shall be
checked for each type of cenentitious naterial and aggregate at the
begi nni ng of operations and at |east once for every 10 shifts in the
presence of the Contracting Oficer. Such checks shall also be made
whenever there are variations in properties of the fresh RCC which
could be the result of batching errors. Standard test weights accurate
to plus or mnus 0.1 percent shall be provided for checking plant

scal es.

b. Continuous-M xing Plants: Accuracy of proportioning of the

conti nuous-m xi ng plant shall be checked for each cenmentitious naterial
every day at the beginning of operations and for aggregate at the

begi nni ng of construction and after every 10 shifts. The accuracy of
proportioning shall be checked by sinultaneously securing tinmed sanpl es
of the cenentitious naterials and the aggregate as they are fed to the
m xer and wei ghi ng each as appropri ate.

c. Mxing Tine: Mxing tine of the pug mll shall be checked at the
direction of the Governnment. Unless otherw se required, determ nation
of mixing tine shall be by weight nethod using the follow ng fornul a:

M xing tinme in seconds = pug nill dead capacity in kg/pug m |l output

in kg per second
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3.11.2.2 Qual ity of Aggregates

a. Frequency of Quality Tests - Prior to submitting sanples for

m xture proportioning studies, the Contractor shall performthe tests
for specific gravity, friable particles, soft particles, and other
tests as specified in paragraph AGGREGATES. In addition, after the
start of RCC placenent, the Contractor shall performtests for
aggregate quality during RCC construction or aggregate production

Tests for quality shall be perfornmed at |east once for each 4,000 cubic
nmeters of placed RCC or produced aggregate and otherw se when there nay
be a visual change in the aggregate.

b. Corrective Action for Aggregate Quality - If the result of a
quality tests fail to neet the requirenents during submttal of sanples
for m xture-proportioning studies, production procedures or materials
shal | be changed and additional tests shall be performed until the
material meets the specified requirenents prior to proceeding with the
m xture-proportioning studies. |f the aggregates still fail the tests,
the fact shall be reported to the Contracting Oficer and i nmedi ate
steps shall be taken to rectify the situation

3.11. 2.3 Aggregate Moisture Tests

a. Frequency of Tests - There shall be at |east two tests for noisture
content tests in accordance with ASTM C 566 or ASTM C 70 during each
shift of mxing plant operation. The times for the tests shall be

sel ected randomy within each shift. Additional tests shall be nade
whenever excessive variation in workability is reported by the placing
f or eman.

b. Corrective Action for Misture Tests - Wien npi sture content
determ nations indicate a change in water entering the mx with the
aggregates, the placenent forenan shall be notified to check if a
correspondi ng adjustnent in water added at the mixer is necessary to
obt ai n adequat e conpacti on and neet consistency requirements at the
pl acenent site.

3.11.2. 4 Si eve Anal ysis

a. Gading - Before starting work, at |east one sanple of aggregate shal
be tested in accordance with ASTM C 136 and ASTM C 117. The aggregate
shall not be used unless results verify that the aggregate conplies with
the specified gradation and tol erances. After the initial test, a mninmm
of one analysis shall be performed for each 400 cubic neters or portion

t hereof of RCC nmmterial placed each shift. The location at which sanples
are taken may be selected by the Contractor as the npbst advantageous for
production control. However, the Contractor shall be responsible for
delivering the aggregate to the mxer within specification limts.

b. Corrective Action for Grading - Wen deficiences in grading are

found, the rate of testing shall be increased as directed. Wen two
consecutive tests show the aggregate to be deficient in grading, the
m xi ng operation shall be stopped until acceptable material is
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furnished for delivery to the nixer
3.11. 2.5 Scal es

a. Weighing Accuracy - The accuracy of the scales shall be checked by
test weights at |east once a nonth for confornance with the applicable
requi renents of paragraphs BATCH PLANT and CONTI NUOUS M XI NG PLANT.
Such tests shall al so be made as directed whenever there are variations
in properties of the fresh RCC that could result from batching errors.

b. Batching and Recording Accuracy - Once a week the accuracy of each
bat chi ng and recordi ng device shall be checked during a wei ghing
operation by noting and recording the required weight, recorded wei ght,
and the actual weight batched. The Contractor shall confirmthat the
calibration devices described in paragraph BATCH PLANT are operating
properly. |If a continuous mxing plant is provided, the accuracy and
operation of all feeding and dispensing units shall be checked before
the start of operation each day.

c. Scales Corrective Action - Wen the wei ghing accuracy or batching
accuracy does not conply with specification requirenents, the plant
shal | not be operated until necessary adjustnments or repairs have been
made. Discrepancies in recording accuraci es shall be corrected

i medi at el y.

3.11.2.6 M xi ng Plant Contro

The neasurenent of all constituent nmaterials including cementitious
materials, aggregate, and water shall be continuously controlled. The
aggregat e wei ght and anount of added water shall be adjusted as necessary
to conmpensate for free noisture in the aggregates. A report shall be
prepared indicating type and source of cenent used, type and source of
pozzol an used, and aggregate source, during plant operation

3.11. 2.7 Field Density

a. Testing and Checking - Density shall be deternined for each 150
square neters of conpleted lift, with a calibrated nuclear density
gauge in accordance with ASTM C 1040. Additional tests shall be nmde,
as directed, particularly during start-up and when problens with
attaining the required density occur. Field density tests shall be
perfornmed as soon as possible, but within 30 mnutes, after the
conpletion of vibratory rolling. Each test performed in the spillway
structure shall include readings taken at increnental depths of 50 nm
to depth of 250 mm In the upstream sl ope, density tests shall include
readi ngs taken at increnental depths of 50 mfmmto depth of 100 nm Only
t he deepest reading shall be used to evaluate the density. Both wet
and dry densities shall be reported, and all individual readi ngs shal
be reported; however, only the wet density shall be used for

eval uati on.

b. Action Required - Whenever the nucl ear gauge indicates density |ess

than the specified density, a retest shall be made. |If the retest
i ndi cates unacceptabl e density, the Contracting Officer's
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Representative shall be notified, additional rolling shall be

i medi ately provided, and a determ nation shall be made as to whet her
the I ower density resulted frominsufficient passes of the roller or a
change in the mx properties. |If the m x properties have changed,

adj ustments such as increasing or decreasing the noisture content shal
be made at the batch plant. |If the problem persists, the Contracting
O ficer may adjust the proportions of aggregates, cenent, and/or
pozzolan. |If the lower density is the result of inconplete rolling,
the operator shall be notified and the Contracting Oficer nmay require
renoval of the inconpletely conpacted material at no cost to the

CGover nment .

3.11.2.8 Moi sture Tests of RCC M x

a. Testing and Checking - Misture content of the RCC mi x shall be
determ ned each tinme a density reading is taken with a calibrated

nucl ear gauge. The nucl ear gauge shall be set to backscatter node when
determ ning noisture content. The calibration of the nuclear gauge
shal|l be verified to oven dry naterials at |east once per five (5)
shifts.

b. Corrective Action - The placing foreman shall continuously nonitor
t he apparent effectiveness of conpaction equi pment froma visua
standpoi nt, and shall notify the m xing plant whenever the m x becones
too dry or too wet. \Whenever npisture content tests indicate a change
fromwhat has been established as the optinum batchi ng and pl aci ng

noi sture for nmaxi mum density and efficiency of conpaction equi pnent, an
adjustnent shall be nade in the m x water added at the mi xing plant and
t he adj ustnent shall be noted.

3.11.2.9 Coring Speci nens

Al'l cores shall becone the property of the Government and nay be tested for
strength deternination or other properties as consi dered appropriate.
Refilling of core holes shall be perforned with portland cenment nortar,
using materials and procedures directed.

a. Upstream Slope - Cores shall be drilled by the Contractor from
points in the RCC to deternine thickness within 7 days after placenent.
A mninmumof two cores per days placenent will be taken from | ocations
selected in a random fashion by the Contracting Officer. Cores shal

be 150 nm di aneter and shall be obtained for the full depth of RCC

pl acenent .

b. Spillway Structure - Cores shall be drilled by the Contractor at

| ocations selected by the Contracting Officer. A mninumof one core
per days placenent will be taken or as specified by the Contracting
Oficer. Cores shall be 150 mm di aneter and shall be obtained for the
full depth of RCC placenent.

3.11.2.10 Thi ckness Eval uati on
The thickness of the RCC will be determ ned by the Governnment on the basis

of measurenments nmade on cores drilled by the Contractor fromlocations
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outlined in paragraph CONTRACTOR QUALI TY CONTROL. Measurenents of

i ndi vidual cores will be perforned in accordance with ASTM C 174/ C 174M
When the neasurenent of any core indicates that the RCCis deficient in

t hi ckness by 25 mmor nore, additional cores shall be drilled by the
Contractor at 8 mintervals, on all sides of the deficient core until the
cores indicate that the deficiency in thickness is less than 25 nm |If
after the measurenent of the additional cores still indicate a deficiency
in thickness of 25 mmor nore, the areas represented by those cores shal
be renpbved and replaced with RCC of the specified thickness at no
additional cost to the Government. |f the Contractor believes that the
cores and neasurenent taken are not sufficient to indicate fairly the
actual thickness of the RCC, additional cores shall be taken and will be
nmeasured provided the Contractor shall bear the extra cost of drilling the
cores.

3.11.2. 11 I nspection Before Placing

Construction joints and other horizontal surfaces shall be inspected by the
Contractor in sufficient tinme prior to the next lift placement to certify
to the Contracting Oficer that they are ready to receive RCC. The results
of each inspection shall be reported in witing. The inspection of the
lift surfaces of the RCC will be a continuing activity and shall be
acconpl i shed i n accordance with paragraphs SURFACE PREPARATI ON and JO NTS.

3.11.2.12 I nspection During Placing

a. Inspection - The Contractor shall provide full tinme supervision of
all placing operations to insure that the correct quality of RCC or
beddi ng nortar are perforned in accordance with the contract. During
pl aci ng operations, the quality control staff shall neasure and record
RCC tenperatures in accordance with ASTM C 1064/ C 1064M anbi ent
tenperature hourly, record weather conditions, tine of placenent,

vol ume pl aced, and nethod of placenent.

b. Cold-Wather Placing - At |east once during each shift, an

i nspection shall be nade of all areas subject to col d-weat her
protection. Deficiencies shall be noted. During renoval of
protection, the RCC tenperature and anbient tenperature shall be
nmeasured at | east hourly.

c. Hot-Weather Placing - Wien the maxinmumdaily air is likely to
exceed 30 degrees C, the Contractor shall take and record the
tenperature of the m xture at 30-m nute intervals during hot-weat her
pl acenent. The surface of the subgrade or RCC shall be inspected to
assure that it is sprinkled with water i mmedi ately before the next

| ayer of RCC is placed and any deficiencies noted.

d. Corrective Action - The placing foreman shall not pernit RCC
placing to begin until he has verified that necessary equi pment are al
in working order and with conpetent operators. Placing shall not be
continued if any lift of RCCis not fully conpacted.

e. Tenperature Protection - The Contracting O ficer shall be notified
whenever the RCC tenperature during the period of protection or
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protection renoval fails to conply with the specifications, and

i medi ate steps shall be taken to correct the situation. Regardless of
t he ambi ent tenperature, when the tenperature of the RCC m xture
exceeds 32 degrees C, mixing and placing shall be stopped and the
Contracting O ficer notified.

3.11.2.13 Curing I nspection

a. Mist Curing Inspections - At least twice each shift, and tw ce per
day on nonwork days an inspection shall be nade of all areas subject to
noi st curing. The surface noisture condition shall be noted and
recorded.

b. Mist Curing Corrective Action - Wien a daily inspection report
lists an area of inadequate curing, inmediate corrective action shal
be taken, and the required curing period for those areas shall be
ext ended by one day.

3.11.2. 14 Col d- Weat her and Hot - Weat her Protection

At | east once each shift and once per day on nonwork days an inspection
shal |l be nade of all areas subject to col d-weather or hot-weat her
protection. Any deficiencies shall be noted, corrected, and reported.

3.11.2.15 Col d- Weat her and Hot - Weat her Protection Corrective Action

When a daily inspection report lists deficiencies, the deficiency shall be
corrected i mMmediately and the period of protection extended for one day.

3.11.3 Reports

Al results of tests conducted at the project site shall be reported daily
and shall be delivered to a designated representative of the Contracting
Oficer. During periods of cold weather protection, reports of pertinent
tenperatures shall be nade daily. These requirenents do not relieve the
Contractor of the obligation to report certain failures inmediately as
required in precedi ng paragraphs. Such reports of failure and the action
taken shall be confirmed in witing in the routine reports. The
Contracting Oficer has the right to examine all Contractor quality control
records at any tine.

-- End of Section --
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