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SECTI ON 03 31 29

MARI NE CONCRETE
02/ 10
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NOTE: This gui de specification covers the
requi renents for cast-in-place new concrete
construction subject to exposure in marine
envi ronnent .

Edit this guide specification for project specific
requi renents by addi ng, deleting, or revising text.
For bracketed itens, choose applicable itens(s) or
insert appropriate information

Renmove information and requirenents not required in
respective project, whether or not brackets are
present.

Comment s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of

Techni cal Proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnmitted as
a Criteria Change Request (CCR)
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NOTE: For concrete not exposed to marine
environnent, use Section 03 30 00 CAST-1 N PLACE
CONCRETE.
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NOTE: The followi ng information shall be shown on
t he project draw ngs:

1. Loading assunptions.

2. Assuned tenperature range when tenperature
stresses are a factor in design

3. Material strengths used in design, f'c.
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4. Yield strength of reinforcement required (40, 000
and 60,000 psi grades are avail abl e).

5. Details of concrete sections, show ng
di mensi ons, reinforcenent cover, and required canber.

6. Joint details, showing |ocations and di nensi ons.

7. Details and locations of critical construction
joints, including waterstop |ocations and splices,
keys, and dowel s when required, and |ocation of
fiber-reinforced concrete el enents.
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PART 1 GENERAL

1.1 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
this paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard's Check Reference feature
when you add a RID outside of the Section's

Ref erence Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
the i ssue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project
speci ficati on when you choose to reconcile

references in the publish print process.
ER R IR I I 2 R R R R R I I I R R R R I I R R R R I I R R R R I I I R R R I I I R O I I I R R R R I I I I

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

ACl | NTERNATI ONAL (ACl)
ACl 117 (2006) Specifications for Tol erances for

Concrete Construction and Materials and
Coment ary

ACl 121R (2008) Cuide for Concrete Construction
Quality Systens in Confornmance with | SO
9001

ACl 201. 2R (2008; R 2001) Guide to Durable Concrete

ACl 211.1 (1991; R 2009) Standard Practice for

Sel ecting Proportions for Nornmal,
Heavywei ght and Mass Concrete
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AC

ACl

AC

ACl

AC

ACl

AC

AC

ACI

AC

ACI

AC

ACI

AC

AASHTO M 182

AWS DL. 4/ D1. 4M

ASTM A 185/ A 185M

ASTM A 416/ A 416M

214R

301

304. 2R

304R

305R

306.1

308R

309R

311. 4R

318M

347

SP-15

SP-2

SP- 66

AVERI CAN ASSOCI ATI ON OF
( AASHTO)

(2002; Errata 2005) Evaluation of Strength
Test Results of Concrete

(2005; Errata 2008) Specifications for
Structural Concrete

(1996; R 2008) Placing Concrete by Punping
Met hods

(2000; R 2009) Guide for Measuring,
M xi ng, Transporting, and Placing Concrete

(1999; Errata 2006) Specification for Hot
Weat her Concreting

(1990; R 2002) Standard Specification for
Col d Weat her Concreting

(2001; R 2008) Cuide to Curing Concrete
(2005) Cuide for Consolidation of Concrete
(2005) Cuide for Concrete Inspection
(2008; Errata 2008; Errata 2009; Errata
2010) Buil di ng Code Requirenents for
Structural Concrete & Commentary

(2004) Guide to Formwrk for Concrete
(2005) Field Reference Manual: Standard
Specifications for Structural Concrete AC

301-05 with Sel ected ACI References

(2007; Abstract: 10th Edition) AClI Manua
of Concrete Inspection

(2004) AClI Detailing Manua
STATE H GHWAY AND TRANSPORTATI ON OFFI Cl ALS
(2005) Standard Specification for Burlap

Cloth Made from Jute or Kenaf and Cotton
Mat s

AMERI CAN VELDI NG SCCI ETY ( AW5)

(2005) Structural Wl ding Code -
Rei nforcing Stee

ASTM | NTERNATI ONAL ( ASTM

(2007) Standard Specification for Stee
Wl ded Wre Reinforcenent, Plain, for
Concrete

(2006) Standard Specification for Stee
Strand, Uncoated Seven-Wre for
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ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

496/ A 496M

497/ A 497M

615/ A 615M

706/ A 706M

82/ A 82M

934/ A 934M

966/ A 966M

1017/ C 1017M

1064/ C 1064M

1077

1107/ C 1107M

1116/ C 1116M

1157/ C 1157M

1202

1218/ C 1218M

1240

Prestressed Concrete

(2007) Standard Specification for Steel
Wre, Deforned, for Concrete Reinforcenent

(2007) Standard Specification for Steel
Wl ded Wre Reinforcenent, Deforned, for
Concrete

(2009b) Standard Specification for
Def ormed and Pl ai n Carbon-Steel Bars for
Concrete Rei nforcenment

(2009b) Standard Specification for
Low Al l oy Steel Deforned and Plain Bars
for Concrete Reinforcenent

(2007) Standard Specification for Steel
Wre, Plain, for Concrete Reinforcenent

(2007) Standard Specification for
Epoxy- Coat ed Prefabricated Steel
Rei nforci ng Bars

(2008) Standard Test Method for Magnetic
Particle Examination of Steel Forgings
Using Alternating Current

(2007) Standard Specification for Chem cal
Adm xtures for Use in Produci ng Fl owi ng
Concrete

(2008) Standard Test Method for
Tenperature of Freshly M xed
Hydraul i c- Cenent Concrete

(2009b) Standard Practice for Laboratories
Testing Concrete and Concrete Aggregates
for Use in Construction and Criteria for
Laborat ory Eval uation

(2008) Standard Specification for Packaged
Dry, Hydraulic-Cenment Grout (Nonshrink)

(2009) Standard Specification for
Fi ber - Rei nforced Concrete

(2009) Standard Specification for
Hydraul i ¢ Cenent

(2009) Standard Test Method for Electrical
I ndication of Concrete's Ability to Resist
Chloride lon Penetration

(1999; R 2008) Standard Specification for

Wat er-Sol ubl e Chloride in Murtar and
Concrete

(2005) Standard Specification for Silica
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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

1260

138/ C 138M

143/ C 143M

150/ C 150M

1567

157/ C 157M

171

172

173/ C 173M

231

260

295

309

31/ C 31M

33/ C 33M

39/ C 39M

Fune Used in Cenentitious M xtures

(2007) Standard Test Method for Potential
Al kali Reactivity of Aggregates
(Mortar-Bar Met hod)

(2009) Standard Test Method for Density
("Unit Weight"), Yield, and Air Content
(Gravinetric) of Concrete

(2009) Standard Test Method for Slunmp of
Hydraul i c- Cenent Concrete

(2009) Standard Specification for Portland
Cenent

(2008) Standard Test Method for Potential
Al kali-Silica Reactivity of Conbinations
of Cementitious Materials and Aggregate
(Accel erated Mortar-Bar Met hod)

(2008) Standard Test Method for Length
Change of Hardened Hydraulic-Cenent Mortar
and Concrete

(2007) Standard Specification for Sheet
Materials for Curing Concrete

(2008) Standard Practice for Sanpling
Freshly M xed Concrete

(2009) Standard Test Method for Air
Content of Freshly Mxed Concrete by the
Vol unetric Met hod

(2009a) Standard Test Method for Air
Content of Freshly M xed Concrete by the
Pressure Met hod

(2006) Standard Specification for
Ai r-Entraining Adm xtures for Concrete

(2008) Petrographi c Exani nation of
Aggregates for Concrete

(2007) Standard Specification for Liquid
Menbr ane- For mi ng Conpounds for Curing
Concrete

(2009) Standard Practice for Making and
Curing Concrete Test Specinmens in the Field

(2008) Standard Specification for Concrete
Aggr egat es

(2009a) Standard Test Method for
Conpressive Strength of Cylindrical
Concrete Speci nens

SECTION 03 31 29 Page 9



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 D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

42/ C 42M

469

494/ C 494M

496/ C 496M

595/ C 595M

597

618

642

805/ C 805M

881/ C 881M

920

94/ C 94M

989

1179

1190

1339

1751

1752

3867

(2004) Standard Test Method for btaining
and Testing Drilled Cores and Sawed Beans
of Concrete

(2002e1) Static Mddulus of Elasticity and
Poi sson's Ratio of Concrete in Conpression

(2008a) Standard Specification for
Chem cal Adm xtures for Concrete

(2004e1) Standard Test Method for
Splitting Tensile Strength of Cylindrical
Concrete Speci nmens

(2009) Standard Specification for Bl ended
Hydraul ic Cenents

(2009) Pul se Velocity Through Concrete

(2008a) Standard Specification for Coal
Fl'y Ash and Raw or Cal ci ned Nat ural
Pozzol an for Use in Concrete

(2006) Density, Absorption, and Voids in
Har dened Concrete

(2008) Rebound Number of Hardened Concrete

(2002) Standard Specification for
Epoxy- Resi n- Base Bondi ng Systens for
Concrete

(2008) Standard Specification for
El ast oneric Joint Seal ants

(2009a) Standard Specification for
Ready- M xed Concrete

(2009a) Standard Specification for Slag
Cenent for Use in Concrete and Mortars

(2004) Fluoride lon in Water

(1997) Standard Specification for Concrete
Joint Sealer, Hot-Applied Elastic Type

(1984) Sulfite lon in Water

(2004; R 2008) Standard Specification for
Pref ormed Expansion Joint Filler for
Concrete Paving and Structural
Construction (Nonextrudi ng and Resilient
Bi t um nous Types)

(2004a; R 2008) Standard Specification for
Pref ormed Sponge Rubber Cork and Recycl ed
PVC Expansi on

(2009) Nitrite-Nitrate in Water
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ASTM D 512 (2004) Chloride lon in \Water
ASTM D 516 (2007) Sulfate lon in Water

ASTM E 329 (2009) Standard Specification for Agencies
Engaged in the Testing and/or |nspection
of Materials Used in Construction

U S. ARMY CORPS OF ENG NEERS ( USACE)

CCE CRD-C 572 (1974) Corps of Engi neers Specifications
for Polyvinyl chl ori de Wat erstops

CCE CRD-C 61 (1989A) Test Method for Determ ning the
Resi stance of Freshly M xed Concrete to
Washing Qut in Water

U. S. GENERAL SERVI CES ADM NI STRATI ON ( GSA)

FS SS-S-1614 (Rev A; Am 1) Seal ants,
Joi nt, Jet - Fuel - Resi stant, Hot-Applied, for
Portland Cenent and Tar Concrete Pavenents

FS SS-S-200 (Rev E; Am 2) Seal ant, Joint,
Two- Conponent, Jet - Bl ast - Resi st ant,
Col d- Applied, for Portland Cenment Concrete
Pavenent

.2 DEFI NI TI ONS

a. "Blending size" is an aggregate that conplies with the quality
requi renents in ASTM C 33/ C 33l and paragraph entitled "Aggregates" and
as nodified herein and can be bl ended with coarse and fi ne aggregate to
produce a well graded conbi ned gradi ng.

b. "Cenentitious naterial" as used herein shall include portland cenent
and any pozzolanic material such as fly ash, natural pozzol ans, ground
granul ated bl ast-furnace slag and silica fune.

c. "Design strength" (f'c) is the specified conpressive strength of
concrete to neet structural design criteria.

d. "Marine concrete" is that concrete that will be in contact with or
subj ect to subnersion, tidal variations, splash, or spray fromwater in
navi gabl e wat er ways.

e. "Mxture proportioning"” is a description of the proportions of a
concrete mixture that were selected to enable it to neet the
performance durability requirements, constructability requirenments, and
the initial and life-cycle cost goals.

f. "Mxture proportions” is the concrete supplier's by-nass proportions to
replicate the m xture design.

g. "Pozzolan" is a silicious or silicious and al um nous material, which in
itself possesses little or no cementitious value but will, in finely
divided formand in the presence of npoisture, chemcally react with
cal ci um hydroxi de at ordinary tenmperatures to form conmpounds possessi ng

SECTION 03 31 29 Page 11
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3

cenentitious properties.

"Field test strength" (fcr) is the required conpressive strength of
concrete to neet structural and durability criteria. Determne (fcr)
during nixture proportioning process.

"Service life" is the functional target perfornmance expectation for the
various reinforced concrete elenents. This has been defined as 75
years before major restoration with mnimal maintenance. Mjor
restoration is defined as repairs requiring jack hamrering or other
destructive neans of concrete repair preparation. Service life will be
det erm ned by STADI UMR nodel i ng net hods described in Section 2.1.3.

"Exposure Conditions" is the environnental exposures that will be used
in the nodeling for each concrete el ement based on anticipated marine
condi tions.

"Durability Mddeling" refers to a methodol ogy using STADI UME sof t war e
and analysis that predicts the tinme before chloride ion contam nation
will reach a level that is likely to result in the initiation of stee
corrosion. Fromthis, certain assunptions are nade to predict the tine
to first major rehabilitation.

"Transport property testing or determ nations" refer to the four
testing procedures that characterize the concrete. These properties

are used as input data for STADI UNE.  The four tests are: pore sol ution
extraction, porosity, ion mgration and noisture transport coefficient
(drying test). The first three test nethod results are conbined to
devel op the lonic Diffusion Coefficient.

SUBM TTALS

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

NOTE: Review submttal description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list to reflect only the subnmttals
required for the project. Submittals should be kept
to the mninumrequired for adequate quality control

A“G following a subnmittal itemindicates that the
submittal requires Governnent approval. Sone
submittals are already marked with a “G'. Only
delete an existing “G' if the subnittal itemis not
conpl ex and can be reviewed through the Contractor’s
Quality Control system Only add a “G if the
submittal is sufficiently inportant or conplex in
context of the project.

For submittals requiring Government approval on Arny
projects, a code of up to three characters within
the submittal tags nay be used following the "G
designation to indicate the approving authority.
Codes for Arny projects using the Resident
Managenment System (RMB) are: "AE" for
Architect-Engineer; "DO' for District Ofice

(Engi neering Division or other organization in the
District OOfice); "AO for Area Ofice; "RO' for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy,

SECTION 03 31 29 Page 12
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Air Force, and NASA projects.
Choose the first bracketed itemfor Navy, Air Force

and NASA projects, or choose the second bracketed
itemfor Arny projects.

EE R R R S R I R R I R S R R R R O S R R I R R R R O R R R

Covernment approval is required for submittals with a "G designation;
submittals not having a "G' designation are [for Contractor Quality Control
approval .][for information only. Wen used, a designation follow ng the
"G' designation identifies the office that will review the submttal for
the Governnment.] The followi ng shall be submitted in accordance with
Section 01 33 00 SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs

Reinforcing steel[; G[; G [_____ 1]

For mwor k

Construction joints

Reproductions of contract draw ngs are unacceptabl e.
SD- 03 Product Data

WAt er st ops

Materials for curing concrete

Joi nt seal ants

Joint filler

Epoxy bondi ng conpound

Synthetic reinforcing fibers

Epoxy coati ngs

Non-shri nk grout

Seal er - har dener

Preformed joint filler

Rei nf or cenent supports

SD- 04 Sanpl es

Rk Ik kR R IR R R Sk S ke S O R AR Rk R R Rk O o O O R R R IR R I S b I Rk o

NOTE: \Where flat surface finishing is inportant,
provide a sanple installation to train the crew

EE R R R S I R I R I R I R S R R R R O S R R I R R R R R S R R R O

Slab finish sanple]

SD- 05 Design Data

SECTION 03 31 29 Page 13
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M xture design[; Cl[; G [___ 11

Predicted Durability report[; G [___ 11
SD-06 Test Reports

Durability Mdeling (Using STAD UMW)

Concrete m xture proportions

Fl'y ash

Nat ural pozzol an

Ground granul ated bl ast-furnace sl ag

Utra fine fly ash or pozzol an

Silica fune]

Aggr egat es

Admi Xt ur es

Fi ber-reinforced concrete]

Cenent

Wat er

Rei nforcenment and protective coating[; CI[; G [___ 11
SD-07 Certificates

Curing concrete el enents]

Form renoval schedul e]

Concrete placenent and conpacti on

Silica fune nanufacturer's supplier representative]

Qual ity assurance (include durability performance nonitoring
results

Field testing technician and testing agency

M xt ure desi gns
4  MODI FI CATI ON OF REFERENCES
Acconplish work in accordance with ACI publications except as nodified
herein. Consider the advisory or recommended provisions to be mandatory,
as though the word "shall" had been substituted for the words "shoul d" or
"could" or "may," wherever they appear. Interpret reference to the

"Building Oficial," the "Structural Engineer," and the
"Architect/Engineer" to mean the Contracting Oficer.
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5 DELI VERY, STORAGE, AND HANDLI NG

Do not deliver concrete until vapor barrier, forms, reinforcement, enbedded
itens, and chanfer strips are in place and ready for concrete placenent.

ACl 301 and ASTM A 934/ A 934l for job site storage of materials. Store

rei nforcenent of different sizes and shapes in separate piles or racks

rai sed above the ground. Protect materials from contaninants such as
grease, oil, and dirt. Ensure materials can be accurately identified after
bundl es are broken and tags renoved.

.6 CONCRETE

.6.1 Concrete M xture Design

Rk Ik kb I IR R R I kO e S R R ARk Rk R Rk O ok O O kR SRR I b R R R o

NOTE: Preference is for concrete mixtures to not
include silica fume as a nmeans to achi eve
durability. However, when deemed necessary by the
Engi neer and Contracting Officer in order to attain
specific strength criteria, it is acceptable.
Tai |l ori ng throughout specification section is
required.

EE R R R S I R R I R I R S R R R R R S R R I R R R R R R R R O

At | east 30 days prior to concrete placenent, submit proportions for a
concrete mxture for each strength and type of concrete. Subnmt a conplete
list of materials including type; brand; source and amount of cenent,
aggregate, fly ash, (or slag pozzolans), [silica fune,] ground sl ag,

pol ypropyl ene fibers, anti-washout and ot her adm xtures for underwater
concreting, corrosion inhibitors; and applicable reference specifications.
Subnit additional data regarding concrete aggregates if the source of
aggregate changes. Submittal shall clearly indicate where each nixture

will be used when nore than one nix design is submitted. An identica
concrete mxture previously approved within the past 12 nonths by the
[ ] Division, Naval Facilities Engineering Conmand, nay be used without
further approval, if copies of the previous approval and aggregate, fly

ash, [silica fume,] and pozzolan test results are submtted. The approva
of aggregate, fly ash, [silica fume,] and pozzol an[, and pol ypropyl ene
fibers] tests results shall have been within 6 nonths of submttal date.

ot ai n acknow edgenment of receipt prior to concrete placenment. The mxture
shal | be prepared by an accredited | aboratory experienced in this field and
under the direction of a |icensed/registered civil engineer, who shall sign
all reports and designs. Refer to Section 01 45 00.00 10 01 45 00.00 20
01 45 00.00 40 QUALI TY CONTROL.

6.1.1 Concrete Durability Performance

R R R I R I I R I I R R R I R R I R I R R I S R R R R R I R O O O

NOTE: Predictive durability nodeling is not
necessarily required. It is the responsibility of
the Navy to work with the Engi neer of Record to
determne if nodeling is appropriate for the
project. Naval Facilities Engineering Conmand
(NAVFAC ESC) is working with ACI to develop an

i ndustry standard for predictive nodeling that wll
all ow other nodels to performto the Navy's
expectations. Until those standards are deli neated,
it is the experience of NAVFAC ESC that STADI UM® can
provide useful input to the design teamregarding
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the selection of materials and the design m xture
with respect to predicting the performance life of
the concrete for both cracked and uncracked concrete
el ement s.

Tailoring tags are incorporated throughout. I|f
STADIUM is not required, turn the tailoring off.
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To ensure durability, include mninmm supplenentary cenentitious materials
as indicated in 2.1.2.e. Alternatively, conduct predictive nodeling using

STADI UN® software for each maj or concrete elenment. The STADI UNE resul ts
shall show that the concrete m xture design provides a m ninmum 75-year

service life. Subnmit the STADI UM® report on Predicted Durability with the
concrete m xture design.

1.6.2 Dr awi ngs
1.6.2.1 Rei nforcing Stee

ACl SP-66. Provide bending and cutting di agrams, assenbly di agrarns,
splicing placenent and | aps of bars, shapes, dinensions, and details of bar
rei nforcing, accessories, and concrete cover. Do not scal e dinensions from
structural drawings to determine | engths of reinforcing bars. Only

conpl ete drawings will be accepted.

1.6.2.2 For mnor k

ACl 347. Include design calculations indicating arrangenent of fornms,
sizes and grades of supports (lunber), panels, and rel ated conponents.

I ndi cate pl acement schedul e, construction, and |ocation and met hod of
form ng control joints. Include |locations of inserts, pipework, conduit,
sl eeves, and other enbedded items. Furnish draw ngs and descri ptions of
shoring and reshoring nethods proposed for slabs, beans, and other

hori zontal concrete nenbers.

1.6.3 Certificates

1.6.3.1 Curing Concrete Elenents
Submit proposed nmaterials and nethods for curing concrete el enents.

1.6.3.2 For m Renpval Schedul e
Submit schedule for formrenoval indicating element and m ni mum | ength of
time for formrenoval. Submt technical literature of formng material or
liner, formrelease agent, formties, and gasketing to prevent |eakage at
formand construction joints. Provide a full description of nmaterials and
net hods to be used to patch formtie holes.

1.6.3.3 Concrete Placenent and Conpaction

a. Subnit technical literature for equi pnrent and methods proposed for use
in placing concrete. |nclude punping or conveying equi pnment including
type, size and material for pipe, valve characteristics, and the
maxi mum | engt h and hei ght concrete will be punped. No adjustnments

shall be nade to the m xture design to facilitate punping.

b. Submt technical literature for equi pnent and net hods proposed for
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vi brating and conpacting concrete. Submittal shall include technica
literature describing the equipnent including vibrator diamneter

| engt h, frequency, anplitude, centrifugal force, and manufacturer's
description of the radius of influence under |oad. Were flat work is
to be cast, provide sinilar information relative to the proposed
conpacting screed or other nethod to ensure dense placenent.

[1.6.3.4 Silica Fune Manufacturer's Supplier Representative

Provide statenent that the manufacturer's supplier representative wll be
present at batch plant to ensure proper mxture, including high range water
reducer, and batching nethods. [Representative to attend and advi se at
finishing of sanple slab.]

11.6.3.5 Qual ity Assurance

EE R R R S I R R R O I R R R R O S R R I R I R R R R R R R

NOTE: Coordinate with Section 01 45 00.00 10
01 45 00.00 20 01 45 00.00 40 QUALITY CONTROL.
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Devel op and submt for approval a quality control plan in accordance with
the guidelines of ACI 121R and as specified herein. The plan shall include
pl ans for the concrete supplier, the reinforcing steel supplier, and
installer and address aspects of the m x design, materials, and workmanship
that may affect the ultinmate performance of the structure to neet the
operational objectives for the defined service live of 75 years. Miintain
a copy of ACI SP-15 and CRSI Manual of Practice at the project site.

1.6.3.6 Fiel d Testing Technician and Testing Agency

Subnmit data on qualifications of proposed testing agency and technicians
for approval by the Contracting O ficer prior to perform ng any work.

a. Wrk on concrete under this contract shall be perforned by an AC
Concrete Field Testing Technician Grade 1 qualified in accordance with
AClI SP-2 or equivalent. Equivalent certification prograns shal
i nclude requirenents for witten and performance exani nations as
stipulated in AClI SP-2.

b. Testing agencies that performtesting services on reinforcing steel
shal |l neet the requirenents of ASTM E 329.

c. Testing agencies that performtesting services on concrete materials
shal |l neet the requirenents of ASTM C 1077.

d. Testing agencies or engineering conpanies that characterize the

transport properties of the concrete or conduct STADI UV® anal ysi s shal
be pre-approved by the Contracting Oficer and Naval Facilities
Engi neeri ng Conmand.

1.6.3.7 M xt ure Desi gns
Provide a detailed report of materials and nmethods used, test results, and

the field test strength (fcr) for marine concrete required to
neetstructural and durability requirenents.
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6.4 Test Reports
6.4.1 Concrete M xture Proportions

a. Subnit copies of test reports by independent test |abs conformng to
ASTM C 1077 showi ng that the m xture has been successfully tested to
produce concrete with the properties specified and that mixture will be
suitable for the job conditions. Test reports shall be submtted al ong
with the concrete mxture proportions. Cbtain approval before concrete
pl acenment .

b. Fully describe the processes and net hodol ogy whereby m xture
proportions were devel oped and tested and how proportions will be
adj usted during progress of the work to achieve, as closely as
possi bl e, the designated |evels of relevant properties.

.6.4.2 Transport Properties

Test specinmens for characterizing the transport properties shall be a

m ni mum of 28 days ol d and sanples shall be representative of the concrete
for each structural elenment. The Contracting O ficer and Naval Facilities
Engi neeri ng Command shall approve the proposed nethod for obtaining
representative concrete specinens for testing. A brief descriptionis
provi ded bel ow.

a. Pore Solution Extraction and Chenical Analysis. This method covers the
procedure to obtain the pore solution from hardened cenentitious
materials for use in long-termdurability and mgration test
simul ati ons. The chem cal conposition of the pore solution is a

requi red paraneter to performmulti-ionic sinulations using STADI UMVE.
This test nethod is not yet adopted by ASTM or AASHTO, as such the
net hodol ogy is provided in Appendi x A

b. Porosity. Total porosity shall be determ ned in accordance with
ASTM C 642 on concrete.

c. lon Mgration. This test nethod covers an experinental procedure used
to evaluate the diffusion coefficient of ionic species in cenentitious
materials. This test nethod is a nodified version of the ASTM C 1202
standard test procedures. This test nmethod is not yet adopted by ASTM
as such the nethodol ogy is provided in Appendi x A

d. Drying Test. This test nethod is used to deternmine the drying rate of
cenentitious materials by neasuring the mass | oss due to evaporation
and noi sture transport in speci nens exposed to constant tenperature and
relative hum dity environments. This test nethod is not yet adopted by
ASTM or AASHTQO, as such the methodol ogy is provided in Appendi x A

.6.4.3 Fly Ash and Natural Pozzol an

Submit test results in accordance with ASTM C 618. Submt test results
performed within 6 nonths of submittal date.

.6.4.4 G ound G anul ated Bl ast-Furnace Sl ag

Submit test results in accordance with ASTM C 989 for ground granul ated
bl ast-furnace slag. Subnmit test results performed within 6 nonths of
submittal date.
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1.6.4.5 Utra Fine Fly Ash or Pozzol an

Submit test results in accordance with ASTM C 618 as a Class F fly ash or
Class N pozzolan with the follow ng additional requirenents:

a. The strength activity index at 28 days shall be at |east 95 percent of
the control.

b. The average particle size shall not exceed 6 mcrons.

c. The sum SiC, plus Al ,C; plus Fe,C; shall be greater than 77 percent.

Submit test results performed within 6 nmonths of submittal date.
[1.6.4.6 Silica Fune

Submit test results in accordance with ASTM C 1240 for silica fune. Dat a
shal | be based upon tests perforned within 6 nonths of submittal.]

1.6.4.7 Aggr egat es

Submit test results for aggregate quality in accordance with ASTM C 33/ C 33N,
and t he conbi ned gradati on curve proposed for use in the work and used in
the mixture qualification, and ASTM C 295 for results of petrographic

exam nation. Were there is potential for alkali-silica reaction, provide
results of tests conducted in accordance with ASTM C 1260. Submit results
of all tests during progress of the work in tabular and graphical form as
not ed above, describing the curmul ati ve conbi ned aggregate grading and the
percent of the conbined aggregate retained on each sieve.

1.6.4.8 Admi xt ures
Subnmit test results in accordance with ASTM C 494/ C 494N and
ASTM C 1017/ C 1017V for concrete adm xtures, ASTM C 260 for air-entraining
agent, and manufacturer's literature and test reports for corrosion
i nhi bitor and anti-washout adm xture. Subnitted data shall be based upon
tests performed within 6 nonths of submittal.

[1.6.4.9 Fi ber - Rei nforced Concrete

Test to determine flexural toughness index is met, in accordance with
ASTM C 1116/ C 1116MN.

11.6.4.10  Cenent
Submit test results in accordance with ASTM C 150/ C 150N portl and cenent
and/ or ASTM C 595/ C 595N and ASTM C 1157/ C 1157V for bl ended cenent.
Subnmit current nil| data.
1.6.4.11 \Water
Submit test results in accordance with ASTM D 512 and ASTM D 516.
[1.6.4.12 Rei nf orcenent and Protective Coating

Provi de coating manufacturer's and coating applicator's test data sheets
certifying that applied coating neets the requirements of ASTM A 934/ A 934.
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]1.6.5 Fi el d Sanpl es
1.6.5.1 Sl ab Finish Sanmpl e

Install mnimumof 3 by 3 nm 10 by 10 foot slab. Finish as required by
specification. [Silica fume manufacturer's supplier representative wll
attend and advi se.]

[1.6.5.2 Underwat er Concrete Sanple

Pl ace concrete in four 5 gallon buckets bel ow water. Pernanently nmark as "7
days," "14 days," "28 days," and "Extra." Include date and station.
Provi de speci nen sets at every 150 lineal feet of seawall [__
m ni mum of of one set per day of underwater concrete placement. Retrieve
speci mens at specified intervals. Extract 100 mm di aneter by 250 mr 4 inch
di anmeter by 10 inch long core and test in accordance with ASTM C 39/ C 39N

] PART 2 PRODUCTS
2.1 CONCRETE

2.1.1 Strength

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

NOTE: Abrasion is defined as an action where
concrete surfaces are exposed to wear. This may be
due to attrition by sliding, scraping, inpact, or
cavi tation.
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NOTE: \Where severe abrasion due to ice, pebbles,
sand, or silt is expected, the specified concrete
conpressive strength shall be at |east 42 MPa 6000
psi . \Were severe surface degradation of the
concrete is expected to occur, additional protection
can be achi eved by use of concrete aggregates having
equal or higher hardness than the abrading materi al
or by the provision of suitable coatings or surface
treatments. The specified concrete cover over

rei nforcement in regions subjected to severe
abrasi on shall be increased to allow for the
anticipation |l oss of concrete due to abrasion

unless it is docunented that adequate protective
nmeasures have been taken. The nixture proportioning
work shall consider the use of silica fune to
enhance abrasion resistance.

EE R R R S I R R I R R R S R R R R R S R R I R I R R R R R R R R

ACl 201.2R and ACI 211.1. For structural elenents to be exposed in a
mari ne environment, adjust the concrete 28-day design strength to produce
concrete of mnimumdesign strength (f'c) of 35 MPa 5000 psi. [For

el enents subject to severe abrasion, the m ninumdesign strength (f'c)
shal | be adjusted to 42 MPa 6000 psi.]

The mi ni mum required average conpressive strength (f'cr) shall exceed the
specified design strength (f'c) as per AC 301

Speci al Note: The conpressive strength resulting fromconcrete m xtures
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neeting the project durability requirenments nay exceed the required
structural conpressive strength.

2.1.2 Contract or- Furni shed M xture Proportions

EE R R R S R I R R I R S R R R R O S R R I R R R R O R R R

NOTE: This specification requires that the
structural requirements (f'c) be net. But that, if
the prequalified mixture should produce a higher
strength (fcr), that strength should govern

Maintain required wc and wcmratio despite

strength requirenents.
EE SRR I Ik S b O S S S I O R R R Rk S I S kS I I R SR Ik I S I O R Sk I I O S

a. Strength. Strength requirenents shall be based on 28-day conpressive
strength determ ned on 150 by 300 mm 6 by 12 inch cylindrical specinens
in accordance with ASTM C 39/ C 39V. The specified conpressive strength
of the concrete (f'c) for each portion of the structure shall neet the
requirenents in the contract docunents.

b. The m xture proportions and Water-Cenentitious Materials Ratio for
mari ne concrete shall be devel oped by the Contractor to produce the
design strength (f'c) and to provide durability, workability, and
m xture consistency to facilitate placenent, conpaction into the forns
and around rei nforcenent wi thout segregation or bleeding. The
requi renents for durability consideration specified in Table 1 and

subparagraph "i" below shall be incorporated in the m xture proportions.
Table 1 - Concrete Quality Requirenents
M ni mum M ni mum
quantity of quantity of
cenentitious portl and
Exposur e Maxi mum rmateri al cenent
Zone Condi tion W CM kg/ n8 kg/ n3
Subrer ged (1) (a) Directly 0. 40 400 300
Tidal (2) exposed to salt
Spl ash (3) wat er
(b) Subject to 0. 40 400 300
severe abrasion
At mospheric (4) (a) Directly 0. 40 400 300
exposed to
mari ne
at nosphere
(b) Protected 0. 45 360 300

from direct
exposure to
mari ne

at nosphere
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Table 1 - Concrete Quality Requirenents

M ni mum M ni mum
quantity of quantity of
cenentitious portl and
Exposure Maxi mum materi al cenent
Zone Condi tion W CM | b/ yd3 | b/ yd3
Subner ged (1) (a) Directly 0. 40 675 505
Tidal (2) exposed to salt
Spl ash (3) wat er
(b) Subject to 0. 40 675 505
severe abrasion
At mospheric (4) (a) Directly 0. 40 675 505
exposed to
mari ne
at nosphere
(b) Protected 0. 45 607 505

from direct
exposure to
mari ne

at nosphere

c. One nechanismof material deterioration that results in cracking is the
formati on of expansive conpounds forned either by aggregate reactivity
to cement alkali or by chem cal reactions between el enents of seawater
and the hydrated cenment paste. As such, the selection of aggregates
(coarse and fine) shall present a low risk to produci ng expansive
by- products due to chemcal reactions. Maximum al | owabl e expansion is
0.08 percent at 14 days per ASTM C 1260. If this is not net, then
maxi mum al | owabl e expansi on for the proposed concrete m xture/s shal
be 0.08 percent at 14 days per ASTM C 1567. Al aggregate sources shal
be tested. Al so, provide docunmentation that the aggregate has no
hi story of chemical deterioration in concrete. Al data shall be no
nore than 90 days old at the tine of submttal

d. Shrinkage Limts of Mxture Designs. Drying shrinkage of concrete for
m xture design trial batches at 21 days of age shall not exceed 0.04
percent based on the averaged results fromthree or nore speci nens
constituting a test set; however, the results from any individua
specimen fromthe trial batches which are | ess than the shrinkage val ue
obt ai ned by subtracting 0.009 percent shrinkage fromthe average shal
be di scarded and a new average established. Test procedures and test
speci nens shall conformto the follow ng:

The "Dryi ng Shrinkage" specinmen shall be fabricated, cured, dried and
nmeasured in the manner outlined in ASTM C 157/ C 157V and nodified as
fol | ows:

Speci nens shall be renoved from nol ds at an age of 23 hours plus or

m nus 1 hour after trial batching, shall be placed inmediately in
linme-saturated water at 23 degrees C 73 degrees F plus or minus 0.5
degrees C 1 degrees F for at least 30 m nutes, and shall be measured
within 30 minutes thereafter to deternmine original |length, then
subnerged in linme-saturated water at 23 degrees C 73 degrees F plus or
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m nus 2 degrees C 3 degrees F.

Measurenent to determ ne expansi on expressed as a percentage of
original length shall be nade at age 7 days. This length at age 7 days
shal |l be the base length for drying shrinkage cal cul ati ons. Speci nens
then shall be stored inmediately in a humdity control room maintained
at 23 degrees C 73 degrees F plus or minus 2 degrees C 3 degrees F and
50 percent plus or minus 4 percent relative hunidity for the remai nder
of the test.

Measurenent to determ ne shrinkage as a percentage of base | ength shal
be made and reported separately for concrete age of 7, 14, 21, and 49
days.

Suppl emrental Cenentitious Materials Content. The concrete m xture shal
contain one of the supplenental cenentitious materials |isted bel ow, or
a linear combination thereof. Alternatively, conduct predictive

nodel i ng usi ng STADI UN® sof t war e.

M ni mum Maxi mum
Suppl enmentary Cenentitious Mteri al Cont ent Cont ent
C ass N Pozzolan or Class For CFly
Ash
Sic, + AlL,C + Fe,C; > 65 percent 30 percent 40 percent
SiC + A LG + Fe,C; > 70 percent 25 percent 40 percent
SiC + ALC + Fe,C; > 80 percent 20 percent 40 percent
Sic, + Al,C; + Fe,C; > 90 percent 15 percent 40 percent
Utra fine fly ash/Pozzol an 7 percent 16 percent
Ground granul ated bl ast-furnace sl ag 40 percent 50 percent
Silica fune 7 percent 8 percent

The maxi mum mass of fly ash, natural pozzol ans, ground granul ated

bl ast-furnace slag, or silica fume that is included in the cal culation
of water-to-cenmentitious materials ratio shall not exceed the follow ng
limts:

(1) Fly ash shall not be used for nore than 40 percent by nass of the
cementitious material. The fly ash and ot her pozzol ans present in
a Type IP or | PMblended cenent, ASTM C 595/ C 595V, shall be
i ncluded in the cal cul ated percentage.

(2) The weight of ground granul ated bl ast-furnace slag conforning to
ASTM C 989 shall not exceed 50 percent of the weight of cenent.
The slag used in manufacture of a Type IS or | SM bl ended hydraulic
cement conforming to ASTM C 595/ C 595l shall be included in the
cal cul ated percentage. Higher percentage of ground granul at ed
bl ast-furnace slag nmay be used if tests are nade using actual job
materials to ascertain the early and | ater age strengths and
durability perfornmance specified, and the use is approved by the
Contracting O ficer

(3) The maximumsilica funme content shall not exceed 8 percent by
mass of the cementitious material. The silica fume shal
originate fromthe manufacture of silicon netal and ferro-silicon
all oys. A high-range water reducer shall be used with silica fune
for proper dispersion of the silica fume. Several factors affect
t he proper dispersion of condensed silica fume. The Contractor is
responsi ble to assure that cured concrete does not contain
undi spersed clunps of silica fune that nay undergo chem ca
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2.

reaction in the concrete.]

(4) The mni mum anmount of portland cenment is 50 percent of the total
mass of cementitious material

g. Air Content. Concrete that will be subject to destructive exposure
(other than | oading and wear in a passive environnent) such as freezing
and thawi ng, severe weathering, or deicing chem cals shall be air
entrained and shall conformto the air limts specified in ACI 301
Variations outside the limts specified shall not be reason to reject
the concrete in locations not subject to freeze-thaw conditions.

h. Slunp. The concrete mxture shall be proportioned to have, at the
poi nt of deposit, a maxi mum slunp of 100 mr 4 inches as determ ned by
ASTM C 143/ C 143N. \Where an ASTM C 494/ C 494N, Type F or G adm xture
is used, the slunp after the addition of the adm xture shall be no |ess
than 150 mr 6 i nches nor greater than 200 nm 8 inches. Slunp
tol erances shall conmply with the requirenments of AC 117.

i. Chloride lon Penetration. To ensure the durability of concrete in a
mari ne environment, concrete shall be proportioned to provide a rapid
indication of its resistance to the penetration of chloride ions, per
ASTM C 1202, of below 3,000 coul onbs for concrete specinens tested at
56 days.

j. Representative sanples of the concrete mxture shall be tested in the
| aboratory to characterize the transport properties for predictive

nodel i ng usi ng STADI UM® sof t war e

1.3 Durabi lity Modeling
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NOTE: Concrete sanpling of the conpleted structure
allows the Navy to test the in-place concrete for
long-termdurability characteristics. Use of

nurmeri cal nodeling predicts the ultimte perfornance
life of the concrete and shall conformto the
specified design life. This enhances the Navy's
confidence in obtaining durable concrete. As such
it is highly recommended that every significant
structure enploy this nethod. The Navy and the

Engi neer shall determine if this approach is
appl i cabl e.

Rk Rk b Sk R R R R Sk S Sk O S R SR S Sk Sk S S R R O Sk kS S I S Rk S O

Currently the Navy recogni zes only one nunerical nodeling nethod for
predicting the perfornance |ife of marine concrete structures. The

software is called STADIUMY. The nost current version of STAD UME shall be
used. The use of predictive nodeling is a tool to be used with engineering
judgrment to aid in the design, material selection and construction nethods
to produce a durable structure

a. Scope. Each structural elenment shall be nodel ed, such as piles,
cast-in-place concrete and prefabricated concrete. Structural elenents
shall be nodel ed for the worse case exposure zone, e.g. the inter-tida
zone for piles, splash zone for under deck and atnospheric zone for the
top deck.

b. Exposure Conditions. The exposure conditions for the purpose of
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predictive nodeling for this project are divided into two degrees of
seawat er exposure. There will be a severe and noderate exposure
scenario applied to durability nodeling of the various concrete

el ement s.

Severe Exposure Condition (inmersed and tidal zone):

Tenper at ur e: 26 degrees C 79 degrees F Constant

Rel ati ve Humi dity Conbi nation/variation: 100 percent to 76 percent
Seawat er Chenical Content (Salinity = 30 percent):

Mbder at e Exposure Condition (splash zone):

Tenper at ur e: 26 degrees C 79 degrees F Constant

Rel ative Hunmi dity Conbination/variation: 90 percent to 76 percent
Seawat er Chenical Content (Salinity = 20 percent):

Low Exposure Condition (airborne seawater):

Tenper at ur e: 26 degrees C 79 degrees F Constant
Rel ative Humi dity Conbi nation/variation: 76 percent
Seawat er Chemnical Content (Salinity = 10 percent)

Seawat er Chem cal Content:

Salinity: 30 percent 20 percent 10 percent
Na: 9,182 ppm 6,122 ppm 3,060 ppm
K: 253 ppm 169 ppm 84 ppm
So,: 2,305 ppm 1,537 ppm 768 ppm
Ca: 349 ppm 232 ppm 116 ppm
My: 1,106 ppm 739 ppm 369 ppm
(O 16, 599 ppm 11,072 ppm 5,534 ppm

Exposure Condition by Concrete El enent:

Cai ssons: Severe

Precast Keys: Severe

Precast Cover Sl abs: Severe

Precast Cai sson Toe Protection Slabs: Severe

CIP Retrofit Overlay Slabs inside Caissons: Severe
Cl P Cope Wall and West End Wall: Severe

Uility Trench at Wharf Face/ Waterside Crane Beam  Severe
Counterfort Walls and Closure Walls: NModerate

Rei nforced Concrete Pavenent: Severe

Piles, Pile Caps, and Landsi de Crane Beans: Moderate
Landside Wility Trenches: Mboderate

Wharf Deck: Mbderate

Slab on ground: Low

Anal ysis. The STADI UME sof t war e predicts the chloride ion profile as a
function of depth, time and exposure. One nust then nake assunptions
as to howlong it will take before corrosion of the steel will result
in cracks and spalling that requires major repair of the el enent.

These assunptions are a function of several factors, e.g. inportance of
the el enment, structural redundancy, type of steel selected and depth of
concrete cover. Thus for any given elenent, exposure condition and
concrete m xture, one can predict if the structure will neet the
expected 75-year service life.

Additional Criteria for Durability Modeling
(1) Concrete Cover. Assune the concrete cover as the design

concrete cover mnus the allowable cover tol erance as defined by
ACI 117.
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(2) lonic Diffusion Coefficient (1DC) Variation Allowance. The ionic
di ffusion coefficient is determ ned by conbining the results from
the ion migration test, porosity test, and pore solution chem stry
results. Modeling for service life will incorporate an inflating
factor of 15 percent to the |1DC

(3) Misture Diffusion Coefficient (MDC) Variance Allowance.
Modeling for service life will incorporate an inflating factor of
15 percent to the NMDC

(4) Corrosion Threshold. The assuned chloride ion content, at the
reinforcing steel depth, necessary to initiate corrosion is 0.05
percent by mass of concrete for uncoated (black) reinforcing bars.

(5) Propagation Tinme. The corrosion propagation tinme is assuned to
be 10 years for black steel reinforcement. This requires the
concrete systemto have a predicted tine until breach of corrosion
threshol d of 65 years for the design 75-year service life
requirenent.

e. Contact Information. The STADI UM® nodel i ng contact information is:

Naval Facilities Engineering Services Center

1100 23rd Avenue

Port Hueneme, CA 93043

Attention: Douglas Burke, P.E Code ESC63

Phone: (805) 982-1055

Emai | :  Dougl as. bur ke@avy. mi |

NAVFAC ESC approves of transport testing |aboratories as indicated
in 1.6.3.6

2.2 MATERI ALS

2.2.1 Cenent

E Rk bk S kR I O O S R O

NOTE: Acceptable types of cenent are as foll ows:

ASTM C 150/ C 150M ASTM C 595/ C 595M

Port | and Bl ended
Type |1 Type | P(MB) or For general use in construction
Type | S( M) where concrete i s exposed to
Type |1 (LA nmoderate sulfate or alkali action or
Type Il (LH) where noderate heat of hydration is
required. ASTM C 595/ C 595M
(bl ended hydraulic cenments):
add the suffix M5 or MH where
ei ther noderate sulfate
resi stance or noderate heat of
hydration, respectively, is
required.
Type |11 None For use when high early strength
is required

Modi fy paragraph and specify either 50 percent Type
I, 1P(M5) or IS(MS) cenment with 50 percent ground
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granul ated bl ast-furnace slag, 75 percent Type ||
IP(MS) or IS(M5) cement with 25 percent Class F fly
ash. Require cenent to neet chemcal requirenments
of ASTM C 150/ C 150M Table 2 for equival ent

al kal i es when using al kali-reactive aggregates.

EE R R R I I R R R I I O R R R O R R R I R R I O R I O

ASTM C 150/ C 150N, Type Il and/or ASTM C 595/ C 595k, Type | P(M5) or | S(MS)
and ASTM C 1157/ C 1157V, Type M bl ended cenent except as nodified herein.
A Type |l or blended-hydraulic cenent is appropriate for exposure to
seawater to resist "noderate sulfate attack" and should have a trical cium
alum nate (C3A) content of 6 to 8 percent. A maxi mum cenent-al kali content
of 0.60 percent Na,O (sodi um oxi de)equivalent is recommended to avoid
deterioration caused by ASR. The use of Type | cenment is not acceptable in
a marine environment. Cenents narked Type |/1|l may be used provided that
they conply with all criteria for ASTM C 150/ C 150N Type |1 or

bl ended- hydraulic cenents |isted above. Bl ended cenents shall consist of a
m xture of ASTM C 150/ C 150N cenent and one of the follow ng material s:
ASTM C 618 pozzolan or fly ash, or ASTM C 989 ground granul at ed

bl ast-furnace slag. Use one manufacturer for each type of cenent, ground
slag, fly ash, and pozzol an.

2.2.1.1 Fly Ash and Pozzol an

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

NOTE: Fly ash, pozzol an, and slag cenent may
produce uneven discol oration of the concrete during
the early stages of construction, dependi ng upon the
type of curing provided. Fly ash or pozzol an
neeting the specified test results, which are nore
stringent than ASTM C 618, shoul d provi de acceptable
end results. Type F fly ash and slag are

repl acenents for sone sand and aggregates al so
adding to durability.

A maxi mum |l oss on ignition of 3 percent is
recomended to prevent loss of air entrainment. |f
Class Cis used, it is required that it contains a
sum Si G, plus Fe,C; plus Al ,C; of 65 percent or

hi gher.

EE R R R S I R I R I R I R S R R R R R O S R R I R R R R R S R R R R

ASTM C 618, Type N, F, or C, except that the maxi mum all owabl e | oss on
ignition shall be 3[6]percent and total alkalis (sum of sodium and

pot assi um oxi des) shoul d not exceed 3 percent. Cass C ash should have a
sum of silicon dioxide, alum num oxide and iron oxide equal to or greater
than 65 percent. Add with cenent.

2.2.1.2 Ground Granul at ed Bl ast - Furnace Sl ag
ASTM C 989, G ade 120.

[2.2.1.3 Silica Fune

Rk Rk kR IR R R Sk O kb S O I AR R R R Rk O ok O O R IR I bk S A R

NOTE: Use silica fume concrete for narine
structures where strength requirenents can only be
attained with its use. The silica funme and hi gh
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range wat er reduci ng adni xture should be fromthe
same manufacturer. Sel ect wei ght percentage based
on performance required.

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEEREEEREEEEEEREEEEEEEEEEEEEEREEEEEEREEEEEESE]

EE R R R S R I R R I R S R R R R O S R R I R R R R O R R R

NOTE: The initial cost of the concrete will

i ncrease, and supervision at the batch plant,
finishing, and curing is necessary. A HRWR shall be
used with silica fune. The slunp can be increased
50 to 125 mr 2 to 5 inches wi thout reducing
strength. Finishing nmay be nore difficult. Proper
curing is essential because there is a tendency for
pl astic shrinkage cracking.

Rk Ik kb I IR R R I kO e S R R ARk Rk R Rk O ok O O kR SRR I b R R R o

ASTM C 1240. ]
2.2.2 Wat er

Water shall conmply with the requirements of ASTM C 94/ C 94l and the
chloride and sulfate limts in accordance with ASTM D 512 and ASTM D 516.

M xi ng water shall not contain nore than 500 parts per nillion of chlorides
as C and not nmore than 1000 parts per million of sulfates as SC,. Water
shall be free frominjurious anounts of oils, acids, alkalies, salts, and
organic materials. Were water fromreprocessed concrete is proposed for
use in the work, submt results of tests to verify that the treatment has
negat ed adverse effects of deleterious nmaterials.

2.2.3 Aggr egat es

ASTM C 33/ C 33N, except as nodified herein.

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: The quantities to be retained on each sieve
may be adj usted only where avail abl e aggregates are
el ongated or slivered and cause interference with

m x mobility, or avail abl e aggregate gradations do
not conply with the 18-8 requirenment. Wen
necessary to satisfy local conditions and when
pernmtted, the conbi ned aggregate percentages may be
changed to not nore than 22 percent nor |ess than 6
percent retained on any individual sieve.

Rk Ik kR IR R R O kO e O O I A Rk R R O Rk Ik I kS O O R R o

a. The conbined aggregates in the mxture (coarse, fine, and bl ending
sizes) shall be well graded fromthe coarsest to the finest with not
nore than 18[22] percent nor |ess than 8 percent, unless otherw se
permtted, of the conbined aggregate retained on any individual sieve
with the exceptions that the 300 micrometers No. 50 may have | ess than
8 percent retained, sieves finer than 300 microneters No. 50 shall have
| ess than 8 percent retained, and the coarsest sieve may have | ess than
8 percent retained. Use blending sizes where necessary, to provide a
wel | graded combi ned aggregate. Reports of individual aggregates shal
i ncl ude standard concrete aggregate sieve sizes including 37.5 nmr 1-1/2
i nches, 25 mr one inch, 19 mm 3/4 inch, 12.5 mr 1/2 inch, 9.5 mr 3/8
inch, 4.75 mr No. 4, 2.36 nmr No. 8, 1.18 mr No. 16, 600 m croneters No.
30, 300 micronmeters No. 50, and 150 microneters No. 100
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2.

2.

4

Provi de aggregates for exposed concrete from one source. Aggregate
reactivity shall be limted per paragraph 2.1.2. Provide aggregate
containing no deleterious nmaterial properties as identified by
ASTM C 295.

Where a size designation is indicated, that designation indicates the
nom nal maxi mum si ze of the coarse aggregate.

Current data is required. Current data neans data shall be not nore
than 180 days fromthe date of concrete m xture subnittal

Mari ne aggregate may be used when conforming to ASTM C 33/C 33V and if
it originates fromthe up-current side of the |and mass and it has been
washed by the fresh water so that the total chloride and sulfate
content of the concrete m xture does not exceed the linits defined
her ei n.

Nonshri nk G out

ASTM C 1107/ C 1107M.

2.2.5 Adm xt ures

a. Provide chenical admi xtures that conply with the requirenments shown
bel ow and i n accordance with manufacturer's recomendati ons, and
appropriate for the climatic conditions and the construction needs. Do
not use calciumchloride or adm xtures containing chlorides from ot her
than inpurities fromadm xture ingredients.

b. Provide maxi mum concentrations of corrosion-inducing chenicals as shown
in Table 2 below. For concrete that may be in contact with
prestressing steel tendons, the concentration shall not exceed 60
percent of the limts given in Table 2. For the concentration in grout
for prestressing ducts, do not exceed 25 percent of the limts in Table
2.

Table 2 - Limts on Corrosion-Inducing Chem cals

Cheni cal * Limts, Percent** Test Met hod
Chl ori des 0.10 ASTM D 512
Fl uori des 0.10 ASTM D 1179
Sul phi tes 0.13 ASTM D 1339
Nitrates 0.17 ASTM D 3867

Limts refer to water-soluble chenicals

** Limts are expressed as a percentage of the mass of the tota

cenentitious materials.

c. Provide anti-washout adm xtures for underwater placenent with a proven
record of performance and conpatible with the chosen cenent.

d. The total alkali content shall not increase the total sodi um oxide

equi val ent al kali content of the concrete by nmore than 0.3 kg/n8 0.5
[ b/ yd3.
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[2.2.5.1 Air Entraining Adm xture

Provide air entraining adm xtures conformng to ASTM C 260. Provide the
adm xture of such a type and dosage that the total air content in the

har dened concrete can be readily maintained at 5.5 percent plus/minus 1.5
percent unl ess naxi mum aggregate size is greater than 37.5 mr 1-1/2 inches.
Then the total air content shall be lowered to 4.0 percent plus/nminus 1.5
percent. Variation outside these ranges shall not be reason to reject the
concrete batch in regions not subject to freeze-thaw conditions.

12.2.5.2 Accel erating
ASTM C 494/ C 494N, Type C.
2.2.5.3 Ret ar di ng
ASTM C 494/ C 494N, Type B, D, or G
2.2.5.4 \Water Reducing
ASTM C 494/ C 494N, Type A, E, or F
2.2.5.5 H gh Range Water Reducer (HRWR)
ASTM C 494/ C 494N, Type F and ASTM C 1017/ C 1017V
[2.2.5.6 Corrosion I nhibitor Adm xture

Corrosion inhibitor shall be 30 percent water solution of calciumnitrite.
Allow for the free water in the adm xture within the total water in
concrete mxture. Accelerating and set adjusted versions are acceptable,
however, the concrete set tinme effects and mixture workability shall be
consi dered. Refer to adm xture manufacturer reconmrendations for dosage for
chloride protection |evels.]

2.2.6 Materials for Forms

Provi de wood, plywood, or steel. Use plywod or steel fornms where a snooth
formfinish is required. Lunber shall be square edged or tongue-and-groove
boards, free of raised grain, knotholes, or other surface defects.

Pl ywood: PS-1, B-B concrete formpanels or better. Steel formsurfaces
shall not contain irregularities, dents, or sags.

2.2.6.1 Form Ti es and Form Facing Materia

a. Provide a formtie systemthat does not leave mld steel after
break-of f or renoval any closer than 50 nm 2 inches fromthe exposed
surface. Do not use wire alone. Formties and accessories shall not
reduce the effective cover of the reinforcenent.

b. Formfacing material shall be structural plywod or other material that
can absorb air trapped in pockets between the formand the concrete and
sonme of the high water-cenentitious nmaterials ratio surface paste.

Maxi mum use is three tines. Provide forns with a formtreatnent to
prevent bond of the concrete to the form

c. As an alternate to using an absorptive wood form contact face as a form

liner, use a Controlled Perneability Forminer in strict accordance
with the manufacturer's recomendati ons.
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2.2.7 Rei nf or cenent

2.2.7.1 Prestressing Stee

R I I S S S I I R I S I R R S S S S
NOTE: Use prestressing in fender and bearing piles,
deck soffits, and wherever possible. Poststressing
of pile caps and decks is recomended where feasible.

IR R R R E R RS EEEEEREEEEEEEEEREEEREREEEREEEREEEREEREREEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Use seven-wire stress-relieved or lowrelaxation strand conformng to
ASTM A 416/ A 416, Grade 270. Use prestressing steel free of grease, oil

wax, paint, soil, dirt, and loose rust. Do not use prestressing strands or
wi re havi ng kinks, bends, or other defects.

2.2.7.2 Rei nforci ng Bars

EE IR R R I R R I I R R R I I O R R R R Ok S R R R R R I R I I O R O

NOTE: ASTM A 706/ A 706M bars are nmainly used in
seism c design or for welding.

IR R R R SRR EEEEEREEEEEEREEEREEEREREEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

EE R R R S R I R I R R R R R R R R S I R R I R I R R R S R R R R

NOTE: Do not mix coated rebar and plain reinforcing

bars. This will produce a |large corrosion cel
bet ween the plain bar and any defect in the coated
bar .

EE R R R S I R R I R I R I R S R R R R S R R I R I R R R R R R

ACl 301 unl ess otherwi se specified. ASTM A 615/ A 615V and ASTM A 966/ A 966M
with the bars marked A, Grade [40] [60]; or ASTM A 966/ A 966l with the bars
marked R, Grade [50] [60]. [ASTM A 706/ A 706N.] [Prefabricated epoxy
coated, ASTM A 934/ A 934N. Do not use uncoated reinforcing steel.]

2.2.7.3 Mechani cal Rei nforci ng Bar Connectors

ACl 301. Provide 125 percent mininumyield strength of the reinforcenent
bar. Coat connectors in accordance with the same requirenments as
rei nforcing bars.

2.2.7.4 Wel ded Wre Fabric

ASTM A 185/ A 185N or ASTM A 497/ A 497N. Provide flat sheets of welded wire
fabric for slabs and toppings.

2.2.7.5 Wre
ASTM A 82/ A 82Iv or ASTM A 496/ A 496N

[2.2.7.6 Fi ber - Rei nforced Concrete

EE R R R S I R I R R I R S R I R R R S R I R I R R R R R S R R R O

NOTE: Only use fiber reinforcenent when approved by
the designer. Fiber reinforcing is used to help:
control cracking due to drying shrinkage and thermal
expansi on/ contraction; reduce perneability; and

i ncrease inpact capacity; shatter resistance,
abrasi on resistance, and toughness. Fi ber
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reinforcing will not: control cracking due to
structural stresses; significantly increase
strength; control curling or creeping; justify
reduci ng structural nenbers; elimnate contro
joints; or replace any nonent or structural stee
reinforcement. Include flexural toughness tests
when synthetic reinforcenent fibers are used to

i ncrease toughness and when justified by size and

i mportance of job, but not when fibers are used only

to control shrinkage cracking. Include technica
representati ve when warranted by size and i nportance
of job.

EE R R R I R R I I R R R I I R R R Ok S R R I R I R I O R O

Provide fiber-reinforced concrete in accordance with ASTM C 1116/ C 1116,
Type |11, synthetic fiber-reinforced concrete, and as follows. Synthetic
reinforcing fibers shall be 100 percent virgin polypropylene fibrillated
fibers. Fibers shall have a specific gravity of 0.9, a mininumtensile
strength of 480 MPa 70 ksi, graded per manufacturer, and specifically
manuf actured to an optinum gradation for use as concrete secondary
reinforcement. A mnimumof 2.6 kg of fibers per cubic neter 1.5 pounds of
fibers per cubic yard of concrete shall be used. Fibers shall be added at
the batch plant. [Toughness indices shall meet requirenents for
performance Level 1.] [Provide the services of a qualified technica
representative to instruct the concrete supplier in proper batching and

m xi ng of materials to be provided.]

1]2.2.8 Pol yvi nyl chl ori de Wat er st ops

2.

2

CCE CRD-C 572.

2.9 Materials for Curing Concrete

.2.9.1 | mper vi ous Sheeti ng

ASTM C 171; waterproof paper, clear or white pol yethyl ene sheeting, or
pol yet hyl ene-coat ed burl ap.

.2.9.2 Per vi ous Sheeti ng

AASHTO M 182.

.2.9.3 Li qui d Menbr ane- For mi ng Conpound

ASTM C 309, white-pignented, Type 2, Class B

.2.10 Li quid Chem cal Seal er-Hardener Conpound

Provi de magnesi um fl uosilicate conmpound which when mixed with water seals
and hardens the surface of the concrete. Do not use on exterior slabs
exposed to freezing conditions. Conpound shall not reduce the adhesi on of
resilient flooring, tile, paint, roofing, waterproofing, or other materia
applied to concrete.

.2.11 Expansi on/ Contraction Joint Filler

ASTM D 1751 or ASTM D 1752, 13 mx 1/2 inch thick[, unless otherw se
i ndi cated. ]
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2.2.12 Joi nt Seal ants

2.2.12.1 Hori zontal Surfaces, 3 Percent Slope, Mxinmm

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O

NOTE: For horizontal surfaces subject to jet fuel
specify FS SS-S-1614.

Rk Rk kR IR R R I kO ke S O R AR Rk R R R Rk O ok O I R R I O I b R R o

ASTM D 1190 or ASTM C 920, Type M Cass 25, Use T.

2.2.12.2 Vertical Surfaces Greater Than 3 Percent Sl ope

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

NOTE: Specify ASTM C 920 for vertical surfaces
greater than 3 percent slope and not subject to jet
fuel, gasoline, fuel oil, etc. For vertica

surfaces greater than 3 percent slope and subject to
jet fuel, specify FS SS-S-200, no sag.

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

ASTM C 920, Type M Grade NS, Class 25, Use T. [FS SS-S-1614] [FS SS-S-200
no sagj.

2.2.13 Epoxy Bondi ng Conpound

ASTM C 881/ C 881N. Provide Type | for bondi ng hardened concrete to

har dened concrete; Type Il for bonding freshly m xed concrete to hardened
concrete; and Type Ill as a binder in epoxy nortar or concrete, or for use
in bonding skid-resistant materials to hardened concrete. Provide G ade 1
or 2 for horizontal surfaces and Grade 3 for vertical surfaces. Provide
Class Aif placenment tenperature is below 4 degrees C 40 degrees F; Class B
if placement tenperature is between 4 and 16 degrees C 40 and 60 degrees F
or Class Cif placenent tenperature is above 16 degrees C 60 degrees F

[2.2.14 Dovetail Anchor Sl ot

Provi de preformed netal slot approximately 25 by 25 mr one by one inch
m ni mum 22 gage gal vani zed steel. Coordinate size and throat opening with
dovetail anchors. Provide with renovable filler material.]

PART 3 EXECUTI ON
3.1 FORMS

a. ACl 301. [Concrete for footings may be placed in excavations without
forms upon inspection and approval by the Contracting Oficer
Excavation width shall be a m ninmum of 100 mr 4 inches greater than
indicated.] Set fornms nortar-tight and true to line and grade.
Chanf er above grade exposed joints, edges, and external corners of
concrete 20 nmmr 0.75 inch unless otherw se indicated. Forns subnerged
in water shall be watertight.

b. Provide formmrk with clean-out openings to permt inspection and
renoval of debris. Formmork shall be gasketed or otherw se rendered
sufficiently tight to prevent |eakage of paste or grout under heavy,
hi gh-frequency vibration. Use a release agent that does not cause
surface dusting. Limt reuse of plywod to no nore than three tinmes.
Reuse may be further Iimted by the Contracting Officer if it is found
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that the pores of the plywood are clogged with paste to the degree that
t he wood does not absorb the air or the high water-cenentitious
materials ratio concrete surface.

c. Patch formtie holes with a nonshrink patching material in accordance
with the manufacturer's recomendati ons and subject to approval.

3.1.1 Coat i ng

Bef ore concrete placenent, coat the contact surfaces of forms with a
nonstai ning mneral oil, nonstaining formcoating conpound, or two coats of
nitrocel lul ose lacquer. Do not use mneral oil on forms for surfaces to
whi ch adhesive, paint, or other finish material is to be applied.

3.1.2 Renoval of Forms and Supports

After placing concrete, forns shall remain in place for the tinme periods
specified in ACl 347, except for concrete placed underwater, forns shal
remain in place 48 hours. Prevent concrete damage during formrenoval.

3.1.2.1 Speci al Requirenents for Reduced Tinme Period

Forms may be renoved earlier than specified if ASTM C 39/C 39N test results
of field-cured sanples froma representative portion of the structure or

ot her approved and calibrated non-destructive testing techni ques show t hat
the concrete has reached a m ni mum of 85 percent of the design strength.

3.1.3 Reshori ng

Do not allow construction |oads to exceed the superinposed | oad which the
structural nenber, with necessary supplenental support, is capable of
carrying safely and w thout danmage. Reshore concrete el enments where forns
are renoved prior to the specified time period. Do not pernit elenments to
defl ect or accept loads during formstripping or reshoring. Forns on
columms, walls, or other |oad-bearing nmenbers may be stripped after 2 days
if loads are not applied to the nmenbers. After forns are renoved, slabs
and beans over 3 neters 10 feet in span and cantilevers over 1.2 neters 4
feet shall be reshored for the remai nder of the specified tine period in
accordance wit paragraph entitled "Renoval of Fornms and Supports.” Perform
reshoring operations to prevent subjecting concrete nenbers to overl oads,
eccentric | oading, or reverse bending. Reshoring elenents shall have the
sanme | oad-carry capabilities as original shoring and shall be spaced
simlar to original shoring. Firmy secure and brace reshoring elenments to
provi de solid bearing and support.

3.2 PLACI NG REI NFORCEMENT AND M SCELLANEOQUS MATERI ALS

ACl 301. Renopbve rust, scale, oil, grease, clay, or foreign substances from
rei nforcing that woul d reduce the epoxy coating bond fromreinforcing. Do
not tack weld. Inspect placed steel reinforcing for coating damage prior

to placing concrete. Repair all visible damage.
[3.2.1 Epoxy Coat ed Rei nforcing

Shall meet the requirements of ASTM A 934/ A 934l incl udi ng Appendi x X2,
"CQuidelines for Job Site Practices" except as otherw se specified herein.
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A

2.1.1 Epoxy Coated Reinforcing Steel Delivery, Handling, and Storage

Record coating | ot on each shipping notice and carefully identify and retag
bar bundl es from bending plant. Provide systens for handling coated bars
whi ch have padded contact areas, nylon slings, etc., all free of dirt and
grit. Lift bundled coated bars with strong back, nultiple supports, or
platformbridge to prevent saggi ng and abrasion. Bundling bands shall be
padded where in contact with bars. Do not drop or drag bars or bundl es.
Store coated bars both in shop and in field, aboveground, on wooden or
padded cri bbing. Space the dunnage cl ose enough to prevent excessive
sags. Stack large quantities of straight bars with adequate protective
bl ocki ng between | ayers. Schedule deliveries of epoxy coated bars to the
job site to avoid the need for long termstorage. Protect fromdirect
sunlight and weather. Bars to be stored |onger than 12 hours at the job
site shall be covered wi th opaque pol yethyl ene sheeting or other suitable
equi val ent protective materi al

.2.1.2 Epoxy Coated Steel Reinforcing Steel Placenent and Coating Repair

Carefully handle and install bars to minimze job site patching. Use the
same precautions as described above for delivery, handling, and storage
when placing coated reinforcenent. Do not drag bars over other bars or
over abrasive surfaces. Keep bar free of dirt and grit. \When possible,
assenbl e reinforcenment as tied cages prior to final placenent into the
forns. Support assenbl ed cages on padded supports. It is not expected
that coated bars, when in final position ready for concrete placenent, wll
be completely free of damaged areas; however, excessive nicks and scrapes
whi ch expose steel will be cause for rejection. Criteria for defects which
require repair and for those that do not require repair are as indicated.

I nspect for defects and provide required repairs prior to assenbly. After
assenbly, reinspect and provide final repairs.

a. |Imediately prior to application of the patching material, any rust and
debonded coating shall be manually renoved fromthe reinforcenent by
sui tabl e techni ques enpl oyi ng devi ces such as wire brushes and enery
paper. Care shall be exercised during this surface preparation so that
t he danaged areas are not enlarged nore than necessary to acconplish
the repair. Damaged areas shall be clean of dirt, debris, oil, and
simlar materials prior to application of the patching material

b. Repair and patching shall be done in accordance with the patching
materi al manufacturer's reconmendati ons. These reconmendati ons,
including cure times, shall be available at the job site at all tinmes.

c. Allow adequate time for the patching materials to cure in accordance
with the manufacturer's recomendation prior to concrete placenent.

d. Rinse placed reinforcing bars with fresh water to renove chloride
contami nation prior to placing concrete.

. 2.2 Rei nf or cement Supports

Pl ace rei nforcenent and secure with noncorrodible chairs, spacers, or netal
hangers. Support reinforcenent on the ground with concrete or other
noncorrodi bl e material, having a conpressive strength equal to or greater
than the concrete being placed and having a perneability equal or |ess than
the concrete being placed. [For zinc-coated reinforcement, use gal vani zed
supports or supports coated with dielectric material.]
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[ ASTM A 934/ A 934N. Epoxy-coated reinforcing bars supported from for mwork
shall rest on coated wire bar supports, or on bar supports nade of
dielectric material or other acceptable material. Wre bar supports shal
be coated with dielectric material, conpatible with concrete, for a mnimum
di stance of 50 mm 2 inches fromthe point of contact with the epoxy-coated
reinforcing bars. Reinforcing bars used as support bars shall be epoxy
coated. Spreader bars, where used, shall be epoxy coated. Proprietary
combi nation bar clips and spreaders used in construction with epoxy-coated
rei nforcing bars shall be made corrosion resistant or coated with
dielectric material. Epoxy-coated bars shall be tied with plastic-coated
tie wire; or other materials acceptable to the Contracting O ficer.]

3.2.3 Splicing

As indicated. For splices not indicated, ACI 301. Do not splice at points
of maxi mum stress. Overlap welded wire fabric the spacing of the cross
wires, plus 50 mm 2 inches. [AWS D1.4/D1.4N. Wl ded splices shall be
approved prior to use.]

[3.2.4 Fut ure Bondi ng

Pl ug exposed, threaded, nechanical reinforcenent bar connectors with a
greased bolt. Bolt threads shall match the connector. Countersink the
connector in the concrete. Calk the depression after the bolt is
installed.]

3.2.5 Cover

Uniform high quality concrete cover over the steel reinforcenent is
critically inportant for long-termdurability. The cover to the principa
rei nforcing bars shall be as shown, but not less than 2 tinmes the nonina
maxi mum aggregate size nor less than 1.5 times the effective dianmeter of
the reinforcing bars. ACI 117 shall be used for tol erances of concrete
cover.

3.2.6 Setting M scell aneous Material and Prestress Anchorages

Pl ace and secure anchors, bolts, pipe sleeves, conduits, and other such
items in position before concrete placement. Plunb anchor bolts and check
| ocation and elevation. Tenporarily fill voids in sleeves with readily
renovabl e material to prevent the entry of concrete. Electrically isolate
exposed steel work and its anchor systens fromthe primary stee
reinforcement with at least 50 mr 2 inches of concrete. Coat exposed stee
work to reduce corrosion. Take particular care to ensure against corrosion
on edges and horizontal surfaces. Use epoxy coatings for protection of
carbon steel plates and fittings.

3.2.7 Construction Joints
Locate joints to least impair strength. Continue reinforcenent across
joints unless otherw se indicated. Final joint |ocations are subject to
Gover nrent approval or substantiating calculations fromthe Contractor.
3.2.8 Expansi on Joints and Contraction Joints
Provi de expansion joint at edges of interior floor slabs on grade abutting
vertical surfaces, and as indicated. Make expansion joints 13 mr 1/2 inch

wi de unl ess indicated otherwise. Fill expansion joints not exposed to
weat her with preforned joint filler material. Conpletely fill joints
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exposed to weather with joint filler material and joint sealant. Do not
extend reinforcement or other enbedded netal itens bonded to the concrete
through any expansion joint unless an expansion sleeve is used. Place
contraction joints, either forned or saw cut or cut with a jointing tool,
to the indicated depth after the surface has been finished. Sawed joints
shal |l be conpleted within 4 to 12 hours after concrete placenent. Protect
joints fromintrusion of foreign matter

. 2.9 Wat er st op Splices

Fusion weld in the field.

.2.10 Pits and Trenches

Pl ace bottoms and walls nmonolithically or provide waterstops and keys.
.3 BATCHI NG MEASURI NG M XING AND TRANSPORTI NG CONCRETE

ASTM C 94/ C 94N, ACI 301, and ACI 304R, except as nodified herein

Bat chi ng equi prent shall be such that the concrete ingredients are
consistently measured within the follow ng tol erances: 1 percent for cenent
and water, 2 percent for aggregate, and 3 percent for adm xtures. Furnish
nmandatory batch tickets inmprinted with m x identification, batch size,

bat ch desi gn and neasured weights, noisture in the aggregates, and tine
batched for each | oad of ready m x concrete. Wen a pozzolan is batched
curmul atively with the cenent, it shall be batched after the cement has
entered the wei ght hopper.

. 3.1 Measuri ng

Make neasurements at intervals as specified in paragraphs entitled
"Sanpling" and "Testing."

Adj ust batch proportions to replicate the m xture desi gn usi ng net hods
provided in the approved quality assurance plan. Base the adjustnments on
results of tests of materials at the batch plant for use in the work.
Maintain a full record of adjustments and the basis for each.

.3.2 M xi ng

EE R R R S I R R R O I R R R R R S R R I R R R S R R S R R

NOTE: For SOUTHWESTNAVFACENGCOM projects |ocated a
t Marine Corps Base, Canp Pendl eton, California,
delete the first bracketed sentence.

Rk Rk Rk R R IR R R Sk O O e S O R AR Rk R Rk O kO I R IR R I b I Rk I o

ASTM C 94/ C 94N and ACI 301. Machine nmix concrete. Begin nmixing within 30
m nutes after the cenent has been added to the aggregates. [Place concrete
within 90 minutes of either addition of nmixing water to cenent and
aggregates or addition of cenent to aggregates if the air tenmperature is

| ess than 29 degrees C 85 degrees F.] Reduce mixing tinme and pl ace
concrete within 60 mnutes if the air tenperature is greater than 29
degrees C 85 degrees F except as follows: if set retarding adm xture is
used and slunp requirenents can be net, limt for placing concrete nmay
remain at 90 minutes. [If time of discharge exceeds tinme required by
ASTM C 94/ C 94N, submit a request along with description of precautions to
be taken.] [If the entrained air content falls below the specified limt,
add a sufficient quantity of adm xture to bring the entrained air content
within the specified limts.] Dissolve adm xtures in the m xing water and
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mx in the drumto uniformy distribute the adm xture throughout the batch

3.3.3

Transporting

Transport concrete fromthe mxer to the forns as rapidly as practicable.
Prevent segregation or |oss of ingredients. C ean transporting equi pnent
t horoughly before each batch. Do not use alum num pi pe or chutes. Renpve
concrete which has segregated in transporting and di spose of as directed.

3.4

PLACI NG CONCRETE

EE R R R S I R I R I R I O I R R R I R S R R I R R R R R S R R R

NOTE: \When necessary to deposit concrete under
wat er, add the follow ng paragraph:

"Depositing Concrete Under Water

ACl 301 nethods and equi pnrent used shall prevent the
washi ng of the cenment fromthe mxture, nminimze the
formation of laitance, prevent the flow of water

t hrough the concrete before it has hardened, and

m ni m ze disturbance to the previously placed
concrete. Do not deposit concrete in running
water[, seawater,] or in water tenperatures bel ow 2
degrees C 35 degrees F. Tremes, if used, shall be
watertight and sufficiently large to permt a free
flow of concrete. Keep the discharge end
continuously subnmerged in fresh concrete. Keep the
shaft full of concrete to a |level well above the

wat er surface. Discharge and spread the concrete by
raising the treme to maintain a uniformfl ow

Pl ace concrete without interruption until the top of
the fresh concrete is at the required height."

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

Pl ace concrete as soon as practicable after the forms and the

rei nforcement have been inspected and approved. Do not place concrete when
weat her conditions prevent proper placement and consolidation; in uncovered
areas during periods of precipitation; or in standing water. Prior to

pl acing concrete, renove dirt, construction debris, water, snow, and ice
fromwithin the forns. Deposit concrete as close as practicable to the

fina

position in the forms. Do not exceed a free vertical drop of one m 3

feet fromthe point of discharge. Place concrete in one continuous
operation fromone end of the structure towards the other or lifts for

vertica

construction. Position grade stakes on 6 m 20 foot centers

maxi mum for exterior sl abs.

3.4.1

Vi bration

Rk bk bk R IR R R Sk O O e S R S AR Rk R R Rk I ok O kI R R I O b I R

NOTE: The requirenent for vibrator spacing shall be
considered in the reinforcing steel design by the
engi neer of record. ACH SP-66 requires that bar
bundl i ng be done by the design engineer. It is very
i mportant to provide space for placenent and
consol i dati on of concrete.

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

Conply with the requirenments of ACI 309R and ASTM A 934/ A 934N usi ng
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vibrators with a mininum frequency of 9000 vi brations per ninute (VPM.

Use only high cycle or high frequency vibrators. Mdtor-in-head 60 cycle

vi brators may not be used. For walls and deep beans, use a m ni mum of two
vibrators with the first to nmelt down the m xture and the second to
thoroughly consolidate the nmass. Provide a spare vibrator at the casting
site whenever concrete is placed. Place concrete in 500 mm 18 inch maxi mum
vertical lifts. |Insert and withdraw vi brators approxi mtely 500 mrl8
inches apart. Penetrate at |least 200 mm 8 inches into the previously
placed lift with the vibrator when nmore than one Iift is required. Extract
the vibrator using a series of up and down notions to drive the trapped air
out of the concrete and from between the concrete and the forns.

For slab construction use vibrating screeds designed to consolidate the
full depth of the concrete. Were beanms and sl abs intersect, use an
internal vibrator to consolidate the beam Do not vibrate concrete placed
with anti-washout adm xtures. Vibrators shall be equi pped with rubber

vi brat or heads.

[3.4.2 Punpi ng

Rk Rk R IR R R I kO AR Rk R Rk kO kO I IR I O I bk S A R R

NOTE: Punping requires careful attention to mxture
desi gns and punpi ng procedures. Allow punpi ng when
ot her neans of placenent will be inpractical or
expensi ve.

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

ACl 304R and ACI 304.2R. Punping shall not result in separation or |oss of
materials nor cause interruptions sufficient to permt |oss of plasticity
bet ween successive increnments. Loss of slunp in punping equi prent shal

not exceed 50 mm 2 inches. Do not use pipe nade of al um num or al um num
alloy. Avoid rapid changes in pipe sizes. Limt maxi numsize of coarse
aggregate to 33 percent of the diameter of the pipe. Maxinmum size of well
rounded aggregate shall be limted to 40 percent of the pipe dianeter.

Take sanmples for testing at both the point of delivery to the punp and at
the di scharge end.

13.4.3 Col d Weat her

ACl 306.1. Do not allow concrete tenperature to decrease bel ow 10 degrees C
50 degrees F. Obtain approval prior to placing concrete when anbient
tenmperature is bel ow 4 degrees C 40 degrees F or when concrete is likely to
be subjected to freezing tenperatures within 24 hours. Cover concrete and
provi de sufficient heat to maintain 10 degrees C 50 degrees F ninimm
adj acent to both the formwrk and the structure while curing. Lint the
rate of cooling to 3 degrees C 5 degrees F in any one hour and 10 degrees C
50 degrees F per 24 hours after heat application.

3.4.4 Hot Weat her

ACl 305R. Maintain required concrete tenperature using Figure 2.1.5,
"Effect of Concrete Tenperatures, Relative Humdity, and Wnd Vel ocity on
the Rate of Evaporation of Surface Mdisture From Concrete" in AClI 305R to
prevent the evaporation rate from exceedi ng one kg per square neter 0.2
pound of water per square foot of exposed concrete per hour. Coo

i ngredients before mxing or use other suitable means to control concrete
tenperature and prevent rapid drying of newy placed concrete. Shade the
fresh concrete as soon as possible after placing. Start curing when the
surface of the fresh concrete is sufficiently hard to pernit curing wthout
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damage. |f the evaporation rate exceeds 0.5 kg per square neter 0.1 pound

of water per square foot per hour, fog spray the exposed concrete surfaces
until active moist curing is applied.Provide water hoses, pipes, spraying

equi pnent, and water hauling equi prent, where job site is renote to water

source, to maintain a noist concrete surface throughout the curing period.
Provi de burlap cover or other suitable, perneable material with fog spray

or continuous wetting of the concrete when weather conditions prevent the

use of either liquid menbrane curing conmpound or inpervious sheets. For

vertical surfaces, protect forms fromdirect sunlight and add water to top
of structure once concrete is set.

.4.5 Depositing Concrete Under Water

ACl 301 nethods and equi prent used shall prevent the washing of the cenent
fromthe mxture, mnimze the formation of |aitance, prevent the flow of
wat er through the concrete before it has hardened, and m nim ze di sturbance
to the previously placed concrete. Tremies, if used, shall be watertight
and sufficiently large to permt a free flow of concrete. Keep the

di scharge end continuously subnerged in fresh concrete. Keep the shaft ful
of concrete to a level well above the water surface. Di scharge and spread
the concrete by raising the tremie to maintain a uniformflow Place
concrete without interruption until the top of the fresh concrete is at the
requi red hei ght.

.5 SURFACE FI Nl SHES EXCEPT FLOOR, SLAB, AND PAVEMENT
.5.1 Def ect s

Repair forned surfaces by renoving mnor honeyconbs, pits greater than 600
square mr one square inch surface area or 6 nm 0.25 i nch maxi mum depth, or
ot herwi se defective areas. Provide edges perpendicular to the surface and
patch with nonshrink grout. Patch tie holes and defects when the forns are
renoved. Concrete with extensive honeyconb includi ng exposed stee
reinforcenent, cold joints, entrapped debris, separated aggregate, or other
defects which affect the serviceability or structural strength will be
rejected, unless correction of defects is approved. btain approval of
corrective action prior to repair. The surface of the concrete shall not
vary nore than the allowabl e tol erances of ACI 347. Exposed surfaces shal
be uniformin appearance and finished to a smpoth formfinish unless

ot herwi se i ndi cat ed.

[3.5.2 Not Agai nst Forns (Top of Walls)

Fi ni sh surfaces not otherw se specified with wood floats to even surfaces,
and match adj acent fini shes.

13.5.3 Formed Surfaces

3.5.3.1 Tol er ances

ACl 117 and as i ndi cated.

3.5.3.2 As- Cast Rough Form

Provide for surfaces not exposed to public view Patch holes and defects
and | evel abrupt irregularities. Renobve or rub off fins and other
proj ections exceeding 6 mm 0.25 inch in height.
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3.5.3.3 As- Cast Form

Provide form facing material producing a smooth, hard, uniformtexture on
the concrete. Arrange facing material in an orderly and symmetrical manner
and keep seans to a practical nminimum Support forns as necessary to neet
required tol erances. Material with raised grain, torn surfaces, worn
edges, patches, dents, or other defects which will inpair the texture of
the concrete surface shall not be used. Patch tie holes and defects and
compl etely renove fins.

3.5.4 [ ] Finish

EE R R R I R R I I R R R I I R R R Ok S R R I R I R I O R O

NOTE: Add information where special type of finish
is desired. Refer to ACl 301 for information on
snoot h rubbed finish, grout cleaned finish, cork
floated finish, and exposed aggregate. Areas
requiring special finish should be clearly

i ndi cated. Coordinate with the specifications.

Rk Ik Sk kR IR R R Ik O R R Rk Rk S R R R O O kS I O I S

Provide concrete indicated with a | ] finish as follows: [__ ].

[3.5.5 Surface Finish Sanpl es

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

NOTE: | nclude when either job conplexity or
aesthetics justify the additional cost associated
wi th these requirenents.

EE R R R S I R I R I I R R S R R R R R R S R R I R I R R R R S R R R

Provide a mninmumof three sanple concrete panels for each finish for each
m x design, one by one m 75 mr 3 by 3 feet, 3 inches thick. Use the
approved concrete mx design(s). Provide sanple panels on-site at

| ocations directed. Once approved, each set of panels shall be
representative of each of the finishes specified and shall be
representative of the worknmanship and finish required. Do not renove or
destroy sanples until directed by the Contracting Oficer.

]13.6 FI Nl SHES FOR HORI ZONTAL CONCRETE SURFACES
3.6.1 Fi ni sh

ACl 301. Place, consolidate, and imedi ately strike off concrete to obtain
proper contour, grade, and el evation before bl eedwater appears. Permt
concrete to attain a set sufficient for floating and supporting the wei ght
of the finisher and equi pment. |If bleedwater is present prior to floating
the surface, drag excess water off or renobve by absorption wth porous
materials. Do not use dry cenent to absorb bl eedwater.

3.6.1.1 Scr at ched
Use for surfaces intended to receive bonded applied cenentitious
applications. After the concrete has been placed, consolidated, struck

of f, and | evel ed, the surface shall be roughened with stiff brushes of
rakes before final set.
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3.6.1.2 Fl oat ed

[Exterior slabs where not otherw se specified.] After the concrete has
been pl aced, consolidated, struck off, and | eveled, do not work the
concrete further, until ready for floating. Whether floating with a wood,
magnesi um or conposite hand float, with a bl aded power trowel equipped
with float shoes, or with a powered disc, float shall begin when the
surface has stiffened sufficiently to permt the operation.

[3.6.1.3 Concrete Containing Silica Fune

Fi ni sh using nagnesium fl oats or darbies. [Finish using techniques
denonstrated in the sanple installation.]]

3.6.1. 4 Br oonmred

Performa floated finish, then draw a broomor burlap belt across the
surface to produce a coarse scored texture. Pernt surface to harden
sufficiently to retain the scoring or ridges. Broomtransverse to traffic
or at right angles to the slope of the slab.

3.6.1.5 Pavenent

Screed the concrete with a tenpl ate advanced with a conbi ned | ongitudi na
and crosswi se notion. Mintain a slight surplus of concrete ahead of the
tenpl ate. After screeding, float the concrete longitudinally. Use a

strai ghtedge to check sl ope and flatness; correct and refl oat as

necessary. Cbtain final finish by [belting. Lay belt flat on the concrete
surface and advance with a sawi ng notion; continue until a uniform but

gritty nonslip surface is obtained.] [a burlap drag. Drag a strip of
clean, wet burlap from 900 to 3000 nm w de and 600 mm | onger 3 to 10 feet
wi de and 2 feet |onger than the paverment wi dth across the slab . Produce a

fine, granular, sandy textured surface w thout disfiguring marks.] Round
edges and joints with an edger having a radius of 3 mr 1/8 inch

3.6.1.6 Concrete Toppi ngs Pl acenment

Renove dirt, laitance, and | oose aggregate by nmeans of a stiff wire broom
Keep the base wet for a period of 12 hours preceeding the application of
the topping. Renove excess water prior to the topping placenent. Do not
all ow tenmperature differential between the conpleted base and the topping
to exceed 6 degrees C 10 degrees F at the tinme of placing. Place the
toppi ng and finish as specified for pavenent.

3.7 CURI NG AND PROTECTI ON

EE R I R R S I R I R R I R R R R R R R R S R R I R R R S R R R R R O

NOTE: When the use of alkali-reactive aggregates is
pernmitted, add paragraph entitled "Additional Curing
When Using Al kali-Reactive Aggregates" as foll ows:

"Furnish ASTM C 39/C 39M test results to verify the
anticipated rate of strength devel opnent for the
proposed concrete design mxture. Submit an

i ncreased curing period and minimumtine to strip
formwor k based upon the reduced rate of strength
devel opnent . "

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS
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3.

a. ACl 301 and ACI 308R unl ess otherw se specified. Prevent concrete from
drying by msting surface of concrete. Begin curing inmediately
following final set. Avoid damage to concrete fromvibration created
by blasting, pile driving, novenent of equipnent in the vicinity,

di sturbance of formmork or protruding reinforcenment, by rain or running
wat er, adverse weather conditions, and any other activity resulting in
ground vibrations. Protect concrete frominjurious action by sun

rain, flowi ng water, frost, nechanical injury, tire marks, and oi
stains. Do not allow concrete to dry out fromtinme of placenent unti
the expiration of the specified curing period. Do not use

menbr ane-form ng conpound on surfaces where appearance woul d be

obj ectionabl e, on any surface to be painted, where coverings are to be
bonded to the concrete , or on concrete to which other concrete is to
be bonded. |If forns are renoved prior to the expiration of the curing
peri od, provide another curing procedure specified herein for the

remai ning portion of the curing period. Provide noist curing for those
areas receiving liquid chem cal seal er-hardener or epoxy coating. [For
concrete slabs or wi de beans containing silica fume, fog spray and
install wind breaks to ensure 100 percent relative humdity until wet
curing is started.]

b. Wet cure marine concrete using potable water for a mninumof 7 days.
Do not allow construction |oads to exceed the superinposed | oad which
the structural nenber, wi th necessary suppl enmental support, is capable
of carrying safely and w t hout danage.

7.1 Moi st Curi ng

Renove water w thout erosion or danage to the structure.

.7.1.1 Pondi ng or | nmersion

Continually imrerse the concrete throughout the curing period. Wter shal
not be 11 degrees C 20 degrees F less than the tenperature of the
concrete. For tenperatures between 4 and 10 degrees C 40 and 50 degrees F
i ncrease the curing period by 50 percent.

.7.1.2 Fog Spraying or Sprinkling

Apply water uniformy and continuously throughout the curing period. For
tenmperatures between 4 and 10 degrees C 40 and 50 degrees F, increase the
curing period by 50 percent.

.7.1.3 Per vi ous Sheeti ng

Conpl etely cover surface and edges of the concrete with two thicknesses of
wet sheeting. Overlap sheeting 150 mr 6 inches over adjacent sheeting.
Sheeting shall be at least as long as the width of the surface to be
cured. During application, do not drag the sheeting over the finished
concrete nor over sheeting already placed. Wt sheeting thoroughly and
keep continuously wet throughout the curing period.

.7.1.4 | mper vi ous Sheeti ng

Wet the entire exposed surface of the concrete thoroughly with a fine spray
of water and cover with inpervious sheeting throughout the curing period.
Lay sheeting directly on the concrete surface and overl ap edges 300 mr 12
inches minimum Provide sheeting not |ess than 450 mr 18 inches wi der than
the concrete surface to be cured. Secure edges and transverse |aps to form
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closed joints. Repair torn or danaged sheeting or provi de new sheeting.
Cover or wap colums, walls, and other vertical structural elenents from
the top down with inpervious sheeting; overlap and continuously tape
sheeting joints; and introduce sufficient water to soak the entire surface
prior to conpletely enclosing.

[3.7.2 Li qui d Menbrane- Formi ng Curing Conpound

Rk bk b R IR R R O kO b S O R Rk Rk R ok O S O R R R Ik kS I O I b Rk R

NOTE: Mbist curing is the preferred nethod for
curing concrete. Use of a liquid nenbrane-formng
curing conpound is only pernmitted when approved by
the Contracting O ficer

Rk Ik kR IR R R Sk O e S R R AR R Rk Rk O o O Rk S I O O R o A

Seal or cover joint openings prior to application of curing conpound.
Prevent curing conmpound fromentering the joint. Apply in accordance with
the recomendations of the manufacturer imediately after any water sheen
whi ch may devel op after finishing has di sappeared fromthe concrete
surface. Provide and mai ntain compound on the concrete surface throughout
the curing period. Do not use this method of curing where the use of
Figure 2 .1.5, "effect of Concrete Tenperatures, Relative Humdity, and
Wnd Velocity on the Rate of Evaporation of Surface Misture From Concrete"
in ACI 305R indicates that hot weather conditions will cause an evaporation
rate exceedi ng one kg pf water per square neter per hour 0.2 pound of water
per square foot per hour.

3.7.2.1 Application

Mechani cal |y agitate curing conmpound thoroughly during use. Use approved
power - sprayi ng equi pnent to uniformy apply two coats of conpound in a
continuous operation. The total coverage for the two coats shall be 5
square mneters maxi mum per L 200 square feet maxi num per gall on of undil uted
conmpound unl ess ot herwi se recommended by the manufacturer's witten
instructions. The conpound shall forma uniform continuous, coherent film
that will not check, crack, or peel. |Imediately apply an additional coat
of conmpound to areas where the filmis defective. Respray concrete
surfaces subjected to rainfall within 3 hours after the curing conmpound
appl i cati on.

3.7.2.2 Protection of Treated Surfaces

Prohi bit pedestrian and vehicular traffic and other sources of abrasion at
| east 72 hours after conpound application. Mintain continuity of the
coating for the entire curing period and i medi ately repair any danage.

1[3.7.3 Li quid Chem cal Seal er-Hardener

Apply the seal er-hardener in accordance with nmanufacturer's
recomrendati ons. Seal or cover joints and openings in which joint seal ant
is to be applied as required by the joint sealant manufacturer. The

seal er-hardener shall not be applied until the concrete has been noi st
cured and has aged for a mninmumof 30 days. Apply a mninumof two coats
of seal er-hardener.

13.7.4 Curing Periods

IR R R R R R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEREEEEREEEEEEEEEEEEEREEEEEEREEEEEERS

NOTE: Add the following if concrete will be under
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water: [Cure structures subnmerged in fresh water
for a mnimum of 12 hours prior to submerging. Cure
structures subnerged in seawater for a mninumof 7
days prior to subnerging.]

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O

Moi st cure concrete using potable water for a mnimmof 7 days. Continue
additional curing for a total period of 21 days. Begin curing inmrediately
after placenment. Protect concrete frompremature drying, excessively hot
tenmperatures, and nmechanical injury; and nmaintain mninmal noisture | oss at
a relatively constant tenperature for the period necessary for hydration of
the cenent and hardening of the concrete. The materials and net hods of
curing shall be subject to approval by the Contracting Oficer.

[3.7.5 Requi renents for Type II1, H gh-Early-Strength Portland Cenent

The curing periods shall be not |ess than one-fourth of those specified for
portland cenent, but in no case less than 72 hours.]

3.8 FI ELD QUALI TY CONTRCL

Field quality control is the responsibility of the Contractor. Al plastic
concrete properties are to be nonitored and controlled to neet the
Contractor's constructability demands. There are field quality contro
requi rements for conpressive strength and durability. These are also the
responsibility of the Contractor.

Acceptance criteria for cylinder conpressive strength are provided in
3.8.3.3.

Acceptance criteria for durability are described for evaluated m xes in
3.8.1. Field concrete durability acceptance criteria is provided in 3.8.3.5.

IR R R R E R RS EEEEEREEEEEEREEEREEEREREEEREEEREEEREEEEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Consider the size and conplexity of job to
deternmine if all tests are required.

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

3.8.1 Eval uati on of M xture Designs

a. The adequacy of the mixture design to produce the m ni mrum specified
strength and durability shall be confirnmed by testing field batches,
casting concrete in a slab and a wall at the job using job materials,
equi prent, and personnel, and testing the hardened concrete as
descri bed herein. The slab shall be at least 2.5 m 8 feet square and
have thickness of at |east 200 mr 8 inches. The wall shall be 2.5 m 8
feet long, 1.5 m 4 feet high, and at |east 200 mr 8 inches thick.

Sl unmp shall not exceed the slunp proposed for the work. Mist cure the
castings for 7 days.

b. Test the fresh concrete as foll ows:
(1) Slump in accordance with ASTM C 143/ C 143M.
(2) Ar content in accordance with ASTM C 231 or ASTM C 173/ C 173MN.
(3) Unit weight in accordance with ASTM C 138/ C 138\.

(4) For strength, cast nineteen 150 by 300 nmr 6 by 12 inch cylinders
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in accordance with ASTM C 31/ C 31M.

(5) For durability and transport property testing, cast ten 100 by
200 mr 4 by 8 inch cylinders in accordance with ASTM C 31/ C 31M.
Fol l ow cl osely the meki ng, handling, and curing/storing
requirenents

Special handling will be necessary for shipnents of transport
property specinmens. These cylinders shall be wapped conpletely
with slightly danp paper towels with spring water only. The

wr apped cylinders shall be placed in either a vacuum package or
doubl e I ayers of sealed plastic bags. Package cylinders to
prevent danage and ship priority nail to an approved testing

| aboratory as described in 1.6.3.6.d.

Test cylinders cast under subparagraph b above as foll ows:

For unit weight and strength, 150 by 300 mm 6 by 12 inch cylinders:

(1) Measure and wei gh each specinmen to determne unit weight as they
are stripped fromthe nolds.

(2) Two at each age of 24 hours and 3 and 7 days in accordance with
ASTM C 39/ C 39M.

(3) Three at each age of 28, 56, and 90 days in accordance wth
ASTM C 39/ C 39M.

(4) Two at each age of 28 and 90 days in accordance with
ASTM C 496/ C 496M.

For durability and transport properties, 100 by 200 nm 4 by 8 inch
Cylinders:

(1) Test three cylinders at 28 days of curing for all transport
properties as defined in 1.6.4.2. Test all properties in
duplicate. These properties will be used as base properties for
acceptance of the concrete m xture and for conparison during
future quality assurance testing/eval uations on test cylinders.

(2) Test three cylinders at 90 days of curing for all transport
properties as defined in 1.6.4.2. Test all properties in
duplicate. These properties will be used as base properties for
acceptance of the concrete m xture and for conparison during
future quality assurance testing/eval uations on test cylinders.

(3) A STADI UM® nodel i ng anal ysis using the average cylinder transport
properties determ ned at 28 and 90 days of noist curing, in the
eval uation of concrete mxtures along with the criteria listed in
2.1.3 will determ ne the predicted service life performance of the
concrete mxture. This will be conpared to the 75-year required

service life as stated in 1.2. If the cylinder analysis fails to
nmeet the service life requirement of 75 years, the concrete
m xture will be rejected.

Take 100 mr 4 inch cores fromeach the wall and the slab in accordance
with ASTM C 42/ C 42N. Those to be tested at 7 days or earlier age
shall be drilled on the test date and tested as cored. Those to be
tested at |ater ages shall be drilled in adequate tine for wet curing
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bef ore testing.

Special handling will be necessary for shipnents of transport
property specinmens. These cores shall be wapped conpletely with
slightly danped paper towels with spring water only. The w apped
cores shall be placed in either a vacuum package or double | ayers
of seal ed plastic bags. Package cores to prevent damage and ship
priority mail to an approved testing conpany.

Take twenty-two cores fromeach and test as foll ows:

(1) Two cores: Static nodulus of elasticity in accordance wth
ASTM C 469 at age 28 days.

(2) Two cores: Specific gravity, absorption, and voids in concrete
in accordance with ASTM C 642.

(3) Three cores: Resistance to chloride ion penetration in
accordance with ASTM C 1202 at ages 28 and 90 days.

(4) Conpressive strength in accordance with ASTM C 39/ C 39N

two cores at 24 hours
one core at 3 days

two cores at 7 days
three cores at 28 days
two cores at 90 days
five spare cores

Take an additional ten cores fromeach and test as foll ows:

(1) Three cores: Test concrete cores for all transport property as
defined in 1.6.4.2. at 28 days. Test all properties in
duplicate. These properties will be used as base properties for
acceptance of the concrete mixture and for conparison during
future quality assurance testing/evaluations on test cores.

(2) Three cores: Test concrete cores for all transport property as
defined in 1.6.4.2. at 90 days. Test all properties in
duplicate. These properties will be used as base properties for
acceptance of the concrete mixture and for conparison during
future quality assurance testing/evaluations on test cores.

(3) A STADI UME nodel i ng anal ysis using the average core transport
properties determ ned at 28 and 90 days of noist curing, in the
eval uation of concrete mixtures along with the criteria listed in

2.1.3 will determne the predicted service |life perfornmance of the
concrete mxture. This will be conpared to the 75-year required
service life as stated in 1.2. If the core analysis fails to neet

the service life requirement of 75 years, the concrete mxture
will be rejected.

(4) four spare cores

Sanpling and determi nation of water soluble chloride ion content in
accordance with ASTM C 1218/ C 1218N. Maxi num wat er sol ubl e chl ori de
ion concentrations in hardened concrete at ages from 28 to 42 days
contributed fromthe ingredients including water, aggregates,
cenentitious materials, and adm xtures shall not exceed the limts of
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Tabl e 3 bel ow.
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NOTE: For epoxy or zinc-coated reinforcing bars,
the linits in Table 3 nmay be nore restrictive than
necessary. \Were appropriate, submt alternative
solutions with supporting technical literature for
revi ew.
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Table 3 - Maxi mum Chl oride lon Content for Corrosion Protection

Maxi mum wat er sol ubl e
chloride ion (Cl) in concrete,

Type of Menber percent by wei ght of cenent
Prestressed concrete 0.06
Rei nf orced concrete exposed to 0.08
chloride in service
Rei nforced concrete that will be 0. 15
dry or protected from noisture
in service
O her reinforced concrete construction 0. 30

f. Submt test results for evaluation and acceptance.
3.8.2 Sanpl i ng

a. ASTM C 172. Collect sanples of fresh concrete to performtests
specified. ASTM C 31/C 31N for nmaking test specinmens.

b. Sanple concrete on a random basi s except where a batch appears to be
deficient and the test can be used to verify the observed deviation
Identify sanples so taken in a manner that they can be distingui shed
fromother sanples. GCbtain six 150 by 300 mr 6 by 12 inch and six 100
by 200 mr 4 by 8 inch cylinder sanples for each 75 cubic neters 100
cubic yards, or fraction thereof, of each design mxture of concrete
pl aced in any one day. Wen the total quantity of concrete with a
given design mixture is less than 38.2 cubic nmeters 50 cubic yards, the
strength tests nmay be waived by the Contracting Oficer, if in his
j udgrment, adequate evidence of satisfactory strength is provided.

Durability performance will be neasured constantly throughout the
project. Special handling will be necessary for shipnents of transport
property speci mens. These cylinders shall be wapping conpletely with
slightly danped paper towels with spring water only. The w apped
cylinders shall be placed in either a vacuum package or double |ayers
of seal ed plastic bags. Package cylinders to prevent danmage and ship
priority mail to an approved testing |aboratory as described in
1.6.3.6.d.

3.8.3 Testing
3.8.3.1 Sl unmp Tests

ASTM C 143/ C 143N. Take concrete sanples during concrete placenent. The
maxi mum sl unp nmay be increased as specified with the addition of an
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approved hi gh range water reducing (HRAR) admi xture provided that the

wat er-cenentitious ratio is not exceeded. Performtests at comencenent of
concrete placenent, when test cylinders are made, and for each batch
(mnimun) or every 8 cubic nmeters 10 cubic yards (maxi mum) of concrete.

3.8.3.2 Tenperature Tests

a. Test the concrete delivered and the concrete in the forns. Perform
tests in hot or cold weather conditions below 10 degrees C and above 27
degrees C bel ow 50 degrees F and above 80 degrees F for each batch
(mninum or every 8 cubic neters 10 cubic yards (maxi mum) of concrete
until the specified tenperature i s obtained, and whenever test
cylinders and slunp tests are nade.

b. Determine tenperature of each conposite sanple in accordance with
ASTM C 1064/ C 1064N. When the average of the highest and | owest
tenperature during the period frommnidnight to mdnight is expected to
drop below 4 degrees C 40 degrees F for nore than 3 successive days,
concrete shall be delivered to nmeet the follow ng mninumtenperature
at the tinme of placenent:

(1) 13 degrees C 55 degrees F for sections |ess than 300 nr 12 inches
in the | east dinension

(2) 10 degrees C 50 degrees F for sections 300 to 900 nm 12 to 36
inches in the |east dinmension

(3) 7 degrees C 45 degrees F for sections 900 to 1800 nm 36 to 72
inches in the | east dinension

(4) 4 degrees C 40 degrees F for sections greater than 1800 mr 72
i nches in the | east dinension

c. The mininumrequirenents nmay be term nated when tenperatures above 10
degrees C 50 degrees F occur during nore than half of any 24 hour
duration. The tenperature of concrete at time of placenent shall not
exceed 30 degrees C 90 degrees F

3.8.3.3 Conpressive Strength Tests
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NOTE: When the sane nix design is used for nultiple
el enents such as slabs, beams, and walls, the design
el ement type may be specified in lieu of or in
addition to the mx design to better identify
deficient concrete.
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ACl 214R tests for strength - conduct strength tests of concrete during
construction in accordance with the follow ng procedures:

a. Mld and cure six 150 by 300 nr 6 by 12 inch cylinders fromeach sanple
taken in accordance with ASTM C 31/ C 31N. Prevent evaporation and | oss
of water fromthe specinen.

b. Test cylinders in accordance with ASTM C 39/ C 39N. Test one cylinder
at 3 days, two cylinders at 7 days, two cylinders at 28 days, and hold
one cylinder in reserve. The conpressive strength test results for
acceptance shall be the average of the conpressive strengths fromthe
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two speci nens tested at 28 days. |If one specinen in a test shows

evi dence of inproper sanpling, molding or testing, discard the specinmen
and consider the strength of the remaining cylinder to be the test
result. |If both specinens in a test show any defects, the Contracting
Oficer may allow the entire test to be discarded

C. If the average of any three consecutive strength test results is |ess
than the specified strength (f'c) or the mininumtest strength (fcr)
for durability, whichever is higher, by nore the 3 MPa 500 psi, take a
m ni mum of three core sanples in accordance with ASTM C 42/ C 42N, from
the in-place work represented by the low test results. Locations
represented by erratic core strengths shall be retested. Renobve
concrete not neeting strength criteria and provi de new acceptabl e
concrete. Repair core holes with nonshrink grout. Match col or and
finish of adjacent concrete.

d. Strength test reports shall include location in the work where the
batch represented by a test was deposited, batch ticket nunber, tine
bat ched and sanpl ed, slunp, air content (where specified), mxture and
anbi ent tenperature, unit weight, and water added on the job. Reports
of strength tests shall include detailed information of storage and
curing of specinens prior to testing.

e. Final reports shall be provided within 7 days of test conpletion
[3.8.3.4 Air Content

ASTM C 173/ C 173N or ASTM C 231 for nornmal wei ght concrete. Make air

content tests on sanples fromthe first three batches in the placenent and
until three consecutive batches have air contents within the range of the
specified air content, at which tine test every fifth batch. Mintain this
test frequency until a batch is not within the specified range at which
time resume testing of each batch until three consecutive batches have air
contents within the specified range. Perform additional tests as necessary
for control. Take air content tests from planned conposite sanples or from
sanpl es taken in accordance with ASTM C 172 at the point of concrete

pl acenent .

13.8.3.5 Durability Tests

Test cylinder concrete for all transport properties as defined in 1.6.4.2
at 28 days. The determined ionic diffusion coefficient (1DC) and the

noi sture diffusion coefficient (MDC) shall both be within 15 percent of the
| DC and MDC val ues determined in 3.8.1. Concrete representative of the
tested concrete with I DC and MDC val ues greater than those deternmined in

3.8.1 will require a STADI UM® nodel analysis. |f the nodel ed service life,
as defined in 1.2, is less than the required 75 years, this shall be
grounds to stop concrete placenent and to review quality control issues.

[3.8.3.6 Chloride Ion Concentration
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NOTE: Include only when justified by size of job or
when quality of concrete is questionable.
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ACI 318lN. Determine water soluble chloride ion concentration. Perform
test once for each nix design. The limts for average chloride ion content
are provided in Table 3 in paragraph 3.8.1.
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1[3.8.3.7 Anti - Washout Admi xture

COE CRD-C 61. Determne cumul ative mass | oss. Performtest once for each
350 cubi ¢ yards of underwater concrete.

13.8.3.8 Non- Destructive Tests

Non- destructive tests - use of the rebound hamer in accordance with
ASTM C 805/ C 805, ASTM C 597, or other non-destructive processes may be
permtted by the Contracting Oficer in evaluating the uniformty and
relative concrete strength in place, or for selecting areas to be cored.

Eval uate and validate test results conducted on properly calibrated
equi prent in accordance with standard ASTM procedures indicated.

3.8.4 Core Sanpl es and Conpressive Strength Testing
otain and test cores in accordance with ASTM C 42/ C 42N

If concrete in the structure is dry under service conditions, air dry cores
(tenperature 16 to 27 degrees C 60 to 80 degrees F, relative humdity |ess
than 60 percent) for 7 days before testing and test dry. O herw se, test

the cores, after mpoisture conditioning, in accordance with ASTM C 42/ C 42N

Acceptance criteria for cylinder compressive strength are provided in
subpart 3.8.5 Acceptance of Concrete Strength.

Take at least three representative cores fromeach nenber or area of
concrete in place that is considered potentially strength deficient. Inpair
the strength of the structure as little as possible. If, before testing,
cores show evidence of having been damaged subsequent to or during renova
fromthe structure, take replacenent cores.

Fill core holes with | ow slunp concrete or nortar of a strength equal to or
greater than the original concrete.

The Contracting Ofice will evaluate and validate core tests in accordance
with the specified procedures.

3.8.5 Acceptance of Concrete Strength
3.8.5.1 St andard Mol ded and Cured Strength Speci nens

The acceptance of concrete strengths shall be based on averages of results
fromthree consecutive conpressive strength tests. When the averages of

all sets of three consecutive conpressive strength test results, equal or
exceed the field test strength (fcr), and no individual strength test falls
bel ow fcr by nmore than 3.45 MPa 500 psi, the strength of the concrete is
satisfactory. These criteria also apply when accel erated strength testing
is specified unless another basis for acceptance is specified.

3.8.5.2 Non- Destructive Tests
Non-destructive tests nmay be used when pernmitted to evaluate concrete

where standard nol ded and cured cylinders have yielded results not meeting
the criteria.
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3.8.5.3 Core Tests

When the average conpressive strengths of the representative cores are
equal to at | east 85 percent of the required field test strength (fcr), and
if no single core is less than 75 percent of the required field test
strength (fcr), the strength of concrete is satisfactory.

3.8.6 | nspecti on

ACl 311.4R. Inspect concrete placed under water with qualified

engi neer/di vers.
-- End of Section --
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