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SECTION 03 31 30

MARI NE CONCRETE
02/ 19

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This guide specification covers the
requirenents for reinforced concrete exposed to

mari ne and chloride environnments for projects with
no specific requirenents for service |life design

In addition, use this guide specification for
projects with concrete exposed to weather in

| ocations with Environnmental Severity
Classifications (ESC) of C4 and C5 and where deicing
salts are used on the structure. See UFC 1-200-01
for deternmination of the ESC for project |ocations.

Thi s gui de specification provides prescriptive
requi renents for marine concrete. It contains
specific requirenents for quality control (actions
taken by the Contractor) and quality assurance
(actions that may be taken by the Governnent). This
gui de specification is for projects where service
life nodeling is not required or deened benefi ci al
by the Governnent. |If it is determ ned that
concrete service |life nodeling is required, then
Section 03 31 29 MARI NE CONCRETE W TH SERVI CE LI FE
MODELI NG shoul d be used.

Thi s gui de specification should be considered for
projects that nmeet the follow ng conditions:

o] Required service life: equal to or less than 60
years; and

o] Vol une of concrete works: equal to or less than
10, 000 cubic yard; and

o] Monet ary construction value of the entire
project: equal to or less than $15M and

o] Service life nmodeling is not required by the
Gover nrent .

Q her criteria to consider when eval uating the
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applicability of service life design include:

o] Mssion Criticality based on the M ssion
Dependency | ndex (MDI) Score. For exanple, a M
score between 1 to 54 should assess if service life
nodeling is beneficial. WMD scores greater than 54
shoul d i ncorporate service |ife nodeling unless
there is a specific determ nation made by the

Gover nment not to.

o] Consequences of failure: UFC 3-301-01 Risk
Categories I, Il, or IlIl should assess if service
life nodeling is beneficial. Higher risk categories
shoul d i ncorporate service |ife nodeling unless
there is a specific determ nati on made by the
CGoveernnment not to.

The criteria listed above are provided as gui dance
to the specifier as to the applicability of this
gui de specification. Specific project
characteristics should be eval uated and the deci sion
to inplement service life nmodeling will ultimtely
depend upon the project specific requirenents and
the deternination of the Omer, Engineer of Record,
and/ or Contracting O ficer.

Adhere to UFC 1-300-02 Unified Facilities CGuide
Speci fications (UFGS) Format Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenents by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

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

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Devel opnment team of this section considered
the International Green Construction Code, which is
"the first nodel code that includes sustainability
neasures for the entire construction project and its
site - fromdesign through construction, certificate
of occupancy and beyond. The new code is expected
to make buil dings nore efficient, reduce waste, and
have a positive inmpact on health, safety, and
conmunity wel fare. ™
http://ww.iccsafe.org/cs/igcc/ pages/ defaul t. aspx

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

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The follow ng information shall be shown on
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t he project draw ngs:
1. Design assunptions.

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

3. Material strengths used in design, f'c.

4. Yield strength of reinforcement required 414 nPa
60, 000 psi or other grade as avail abl e.

5. Details of concrete sections, show ng
di nrensi ons, reinforcenent cover, and required camnber.

6. Joint details, showi ng |ocations and di nensions.

7. Details and locations of critical construction
joints, including water stop |ocations and splices,
keys, and dowels when required, and |ocation of
fiber-reinforced concrete el enents.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

PART 1 GENERAL

1.1 REFERENCES

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

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
thi s paragraph by organization, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RID) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project

speci fication when you choose to reconcile
references in the publish print process.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

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

AMERI CAN ASSCCI ATI ON OF STATE H GHWAY AND TRANSPORTATI ON OFFI CI ALS

(AASHTO)
AASHTO M 182 (2005; R 2017) Standard Specification for
Burlap doth Made from Jute or Kenaf and
Cotton Mats
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AASHTO R 80 (2017) Standard Practice for Determ ning
the Reactivity of Concrete Aggregates and
Sel ecting Appropriate Measures for
Preventing Del eterious Expansion in New
Concrete Construction

AASHTO T 358 (2017) Standard Met hod of Test for Surface
Resi stivity Indication of Concrete's
Ability to Resist Chloride lon Penetration

AMERI CAN CONCRETE | NSTI TUTE (ACI)
ACl 117 (2010; Errata 2011) Specifications for

Tol erances for Concrete Construction and
Material s and Conment ary

ACl 121R (2008) Cuide for Concrete Construction
Quality Systens in Confornmance with |1SO
9001

ACl 201.2R (2016) Cuide to Durable Concrete

ACl 211.1 (1991; R 2009) Standard Practice for

Sel ecting Proportions for Nornal,
Heavywei ght and Mass Concrete

ACl 214R (2011) Evaluation of Strength Test Results
of Concrete
ACl 301 (2016) Specifications for Structural
Concrete
ACl 301M (2016) Metric Specifications for
Structural Concrete
ACl 304.2R (2017) Quide to Placing Concrete by
Punpi ng Met hods
ACl 304R (2000; R 2009) Cuide for Measuring,
M xi ng, Transporting, and Placing Concrete
ACl 305R (2020) Guide to Hot Wat her Concreting
ACl 306R (2016) Guide to Cold Weat her Concreting
ACl 308.1 (2011) Specification for Curing Concrete
ACl 309R (2005) Cuide for Consolidation of Concrete
ACl 311.4R (2005) Quide for Concrete Inspection
ACl 318 (2019; R 2022) Building Code Requirenents

for Structural Concrete (ACI 318-19) and
Commentary (ACI 318R-19)

ACl 318M (2014; ERTA 2015) Buil ding Code

Requi renents for Structural Concrete &
Comment ary
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ACl 347R

ACl SP-2

ACl SP-15

ACl SP-66

(2014; Errata 1 2017) Guide to For mwork
for Concrete

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

(2011) Field Reference Manual: Standard
Specifications for Structural Concrete AC
301-05 with Selected ACI References

(2004) ACI Detailing Manual

AMERI CAN VELDI NG SOCI ETY ( AW5)

AWS D1. 4/ DL1. 4M

(2011) Structural Wl ding Code -
Rei nf orci ng St eel

APA - THE ENG NEERED WOOD ASSOCI ATI ON (APA)

APA PS 1

(2009) Structural Plywood (with Typical
APA Tr ademar ks)

ASTM | NTERNATI ONAL ( ASTM

ASTM A276/ A276M

ASTM A416/ A416M

ASTM A615/ A615M

ASTM A706/ A706M

ASTM A767/ A767M

ASTM A882/ A882M

ASTM A886/ AB86M

ASTM A934/ A934M

ASTM A955/ A955M

(2023) Standard Specification for
Stainl ess Steel Bars and Shapes

(2018) Standard Specification for
Low Rel axati on, Seven-Wre for
Prestressed Concrete

(2022) Standard Specification for Deforned
and Pl ain Carbon-Steel Bars for Concrete
Rei nf or cenent

(2022a) Standard Specification for
Low Al l oy Steel Defornmed and Plain Bars
for Concrete Reinforcenent

(2016) Standard Specification for
Zi nc- Coat ed (Gal vani zed) Steel Bars for
Concret e Rei nforcemnent

(2020) Standard Specification for Filled
Epoxy- Coat ed Seven-Wre Prestressing Steel
Strand

(2017) Standard Specification for Steel
Strand, | ndented, Seven-Wre
Stress-Relieved for Prestressed Concrete

(2022) Standard Specification for
Epoxy- Coat ed Prefabricated Steel
Rei nforci ng Bars

(2020c) Standard Specification for
Def ormed and Pl ain Stainl ess-Steel Bars
for Concrete Reinforcenent
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ASTM A1035/ A1035M

ASTM A1055/ A1055M

ASTM A1064/ A1064M

ASTM C31/ C31M

ASTM C33/ C33M

ASTM C39/ C39M

ASTM C42/ CA2M

ASTM C78/ C78M

ASTM C94/ C94M

ASTM C138/ C138M

ASTM C143/ Cl143M

ASTM C150/ C150M

ASTM C157/ C157M

ASTM C171

ASTM C172/ C172M

ASTM C173/ C173M

ASTM C192/ C192M

(2023a) Standard Specification for
Def ormed and Pl ai n, Low carbon, Chroni um
Steel Bars for Concrete Rei nforcement

(2022) Standard Specification for Zinc and
Epoxy Dual Coated Steel Reinforcing Bars

(2022) Standard Specification for

Car bon-Steel Wre and Wl ded Wre

Rei nforcenent, Plain and Deforned, for
Concrete

(2023) Standard Practice for Maki ng and
Curing Concrete Test Specinens in the Field

(2023) Standard Specification for Concrete
Aggr egat es

(2023) Standard Test Method for
Conpressive Strength of Cylindrical
Concrete Speci nens

(2020) Standard Test Method for otaining
and Testing Drilled Cores and Sawed Beans
of Concrete

(2022) Standard Test Method for Fl exural
Strength of Concrete (Using Sinple Beam
wi t h Third-Poi nt Loadi ng)

(2023) Standard Specification for
Ready- M xed Concrete

(2023) Standard Test Method for Density
(Unit Weight), Yield, and Air Content
(Gravinetric) of Concrete

(2020) Standard Test Method for Slump of
Hydr aul i c- Cerent Concrete

(2022) Standard Specification for Portland
Cenent

(2017) Standard Test Method for Length
Change of Hardened Hydraulic-Cenment Mortar
and Concrete

(2020) Standard Specification for Sheet
Materials for Curing Concrete

(2017) Standard Practice for Sanpling
Freshly M xed Concrete

(2023) Standard Test Method for Air
Content of Freshly M xed Concrete by the
Vol unetric Met hod

(2019) Standard Practice for Mking and
Curing Concrete Test Specinmens in the
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ASTM C231/ C231M

ASTM C260/ C260M

ASTM C294

ASTM C295/ C295M

ASTM C309

ASTM C311/ C311M

ASTM C457/ CA57M

ASTM C469/ C469M

ASTM C494/ C494M

ASTM C496/ C496M

ASTM C595/ C595M

ASTM C618

ASTM C666/ C666M

ASTM C805/ C805M

ASTM C920

ASTM C989/ C989M

ASTM C1017/ C1017M

Laborat ory

(2022) Standard Test Method for Air
Content of Freshly M xed Concrete by the
Pressure Met hod

(2010a; R 2016) Standard Specification for
Air-Entrai ning Adm xtures for Concrete

(2012; R 2017) Standard Descriptive
Nonencl ature for Constituents of Concrete
Aggr egat es

(2019) Standard Guide for Petrographic
Exam nati on of Aggregates for Concrete

(2019) Standard Specification for Liquid
Menbr ane- For mi ng Conpounds for Curing
Concrete

(2022) Standard Test Methods for Sanpling
and Testing Fly Ash or Natural Pozzol ans
for Use in Portland-Cenent Concrete

(2023) Standard Test Method for
M croscopi cal Deternmination of Paraneters
of the Air-Void Systemin Hardened Concrete

(2022) Standard Test Method for Static
Modul us of Elasticity and Poi sson's Ratio
of Concrete in Conpression

(2019; E 2022) Standard Specification for
Cheni cal Adm xtures for Concrete

(2017) Standard Test Method for Splitting
Tensile Strength of Cylindrical Concrete
Speci nmens

(2023) Standard Specification for Bl ended
Hydraul i c Cenents

(2023; E 2023) Standard Specification for
Coal Fly Ash and Raw or Cal ci ned Natural
Pozzol an for Use in Concrete

(2015) Resistance of Concrete to Rapid
Freezi ng and Thaw ng

(2018) Standard Test Method for Rebound
Nurmber of Hardened Concrete

(2018) Standard Specification for
El astoneric Joint Seal ants

(2022) Standard Specification for Slag
Cenment for Use in Concrete and Mrtars

(2013; E 2015) Standard Specification for
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ASTM C1064/ C1064M

ASTM C1074

ASTM C1077

ASTM C1107/ C1107M

ASTM C1152/ C1152M

ASTM C1157/ C1157M

ASTM C1202

ASTM C1231/ C1231M

ASTM C1240

ASTM C1260

ASTM C1567

ASTM C1602/ C1602M

ASTM C1610/ C1610M

ASTM C1611/ C1611M

ASTM C1621/ C1621M

Chemical Adm xtures for Use in Producing
Fl owi ng Concrete

(2023) Standard Test Method for
Tenmperature of Freshly M xed
Hydraul i c- Cemrent Concrete

(2019) Standard Practice for Estimating
Concrete Strength by the Maturity Method

(2017) Standard Practice for Agencies
Testing Concrete and Concrete Aggregates
for Use in Construction and Criteria for
Testing Agency Eval uation

(2020) Standard Specification for Packaged
Dry, Hydraulic-Cement G out (Nonshrink)

(2020) Standard Test Method for
Aci d- Sol uble Chloride in Mrtar and
Concrete

(2023) Standard Performance Specification
for Hydraulic Cenent

(2022; E 2022) Standard Test Method for
El ectrical Indication of Concrete's
Ability to Resist Chloride lon Penetration

(2023) Standard Practice for Use of
Unbonded Caps in Determnation of
Conpressive Strength of Hardened Concrete
Cylinders

(2020) Standard Specification for Silica
Fume Used in Cenentitious M xtures

(2023) Standard Test Method for Potential
Al kali Reactivity of Aggregates
(Mortar-Bar Met hod)

(2023) Standard Test Method for Potential
Al kali-Silica Reactivity of Conbinations
of Cenmentitious Materials and Aggregate
(Accel erated Mortar-Bar Met hod)

(2022) Standard Specification for M xing
Water Used in Production of Hydraulic
Cenment Concrete

(2021) Standard Test Method for Static
Segregation of Self-Consolidating Concrete
Usi ng Col umm Techni que

(2021) Standard Test Method for Slunmp Fl ow
of Sel f-Consolidating Concrete

(2017; R 2023) Standard Test Method for
Passing Ability of Self-Consolidating
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Concrete by J-Ring

ASTM D75/ D75M (2019) Standard Practice for Sanpling
Aggr egat es

ASTM D512 (2012) Chloride lon in Water

ASTM D516 (2016) Standard Test Method for Sulfate

lon in Water

ASTM D1179 (2016) Standard Test Methods for Fluoride
lon in Water

ASTM D1751 (2018) Standard Specification for
Pref ormed Expansion Joint Filler for
Concrete Paving and Structural
Construction (Nonextrudi ng and Resilient
Bi t um nous Types)

ASTM D1752 (2018) Standard Specification for
Pref ormed Sponge Rubber, Cork and Recycl ed
PVC Expansion Joint Fillers for Concrete
Pavi ng and Structural Construction

ASTM D3867 (2016) Standard Test Methods for
Nitrite-Nitrate in Water

ASTM D6690 (2015) Standard Specification for Joint
and Crack Seal ants, Hot Applied, for
Concrete and Asphalt Pavenents

ASTM E329 (2023) Standard Specification for Agencies
Engaged in Construction |Inspection,
Testing, or Special |Inspection

CONCRETE REI NFORCI NG STEEL | NSTI TUTE ( CRSI)
CRS|I 10MsP (2018) Manual of Standard Practice
U S. ARMY CORPS OF ENG NEERS ( USACE)

CCE CRD-C 39 (1981) Test Method for Coefficient of
Li near Thernmal Expansion of Concrete

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

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

U S. GENERAL SERVI CES ADM NI STRATI ON ( GSA)
FS SS-S-200 (Rev E; Notice 1; Notice 2) Seal ant,
Joi nt, Two- Component, Jet-Bl ast - Resi stant,

Col d- Applied, for Portland Cenment Concrete
Pavenent
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1

2

DEFI NI TI ONS

" At nospheric zone" is any portion of the waterfront structure above
t he splash zone

"Buried zone" is any portion of the structure permanently buried in
soil .

"Cementitious material" 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.

"Concrete Systent is the termdescribing a structural el enment
conpri sed of concrete, reinforcing steel and concrete cover.

"Design strength" (f'c) is the specified conpressive strength of
concrete at tinme(s) specified by Contracting Officer to neet

structural design criteria. Typical duration is 28 days; however, the
Contracting O ficer and Engi neer of Record are encouraged to consider
specifying strength at 56 or 90 days. For concrete m xtures

contai ning 35 percent fly ash or nore, the duration shall be a mninum
of 56 days.

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

"Hi gh-volume fly ash concrete" has a mninumof 35 percent Class F fly
ash as a partial replacenment to portland cenent.

“"Marine concrete" is all concrete that will be in contact with
seawat er or brackish water, tidal variations, splash, or spray from
water in navigable waterways. Piles driven on |and that extend bel ow
the water table that contains saltwater or brackish water shall be
designed as narine concrete. Conmponents of a marine structure that
are pernanently buried in soil shall be considered narine concrete.
In addition, structures nay need to be designed using these criteria
even though they are not adjacent to the waterfront. For exanple,
structures | ocated several hundred yards fromthe waterfront often
deteriorate prematurely due to salt spray and salt fog brought to the
structure by prevailing winds. An assessment of existing structures
near the construction site can be an excellent indicator for the

Engi neer of Record and Omer to decide if the proposed structure
shoul d follow the guidelines for nmarine concrete.

"Mass Concrete" is any concrete systemthat approaches a maxi mum
tenmperature of 70 degrees C 158 degrees F within the first 72 hours of
placenent. In addition, it includes all concrete elenents with a
section thickness of 1 neter 3 feet or nore regardl ess of tenperature.

"M xture proportioning” is the process of designing concrete m xture
proportions to enable it to neet the strength, durability and
constructability requirements and of the project while mininzing the
initial and life-cycle cost.

"M xture proportions" are the nasses or vol unmes of individua

i ngredients used to make a unit measure (cubic yard or neter) of
concrete.
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"Pozzolan" is a siliceous or siliceous and al umi nous material, which
initself possesses little or no cenentitious value but will, in
finely divided formand in the presence of npisture, chenically react
wi th cal ci um hydroxi de at ordinary tenperatures to form conpounds
possessi ng cenentitious properties.

"Process control sanpling" is sanpling and testing conducted by the
Contractor to nonitor the quality of materials or processes. Process
control sanmpling is intended to indicate the quality of materials at
critical steps in production that allow intervention prior to using a
material on the project.

"Quality Acceptance Limt" (QAL) is the linmting value of a test

result that indicates acceptable material quality. Quality acceptance
limts are based on design criteria that may be either upper-bound
limts where smaller values indicate acceptable material, such as D,;
or lower-bound Iimts where | arger val ues indicate acceptable
material, such as conpressive strength.

"Quality acceptance sanpling"” is sanpling and testing conducted by the
Contractor, or an independent testing agency, to evaluate the quality
of materials used on the project. Quality acceptance sanpling is
conducted at regular intervals identified as "lots" to represent the
quality of that portion of the material used in the project.

"Requi red conpressive strength" (f'c) is the mean conpressive strength
of concrete required to nmeet structural criteria. The required
strength is the nean concrete strength for tests of properly batched
concrete at the age specified herein

"Service life" is the Owmer's stated expectation for the nunber of
years that the structure will function wi thout needi ng nmajor concrete
rehabilitation. A service life of 75 years for pile supported piers,
wharves and bridges is a reasonable objective. Service life is
defined as the nunber of years before nmajor restoration is necessary
gi ven mni mal mai ntenance to the structure during its life. Mjor
restoration is defined as extensive areas that require extensive
repairs using a jack hanmmer or other destructive neans to prepare the
concrete for rehabilitation. Service |ife is further defined as the
summation of the corrosion initiation period (Ti) and the corrosion
propagation period (Tp) for a given concrete system

"Service Life Mddeling" in the context of this docunent refers to a
net hodol ogy to predict the length of tine in service at which a
defined |l evel of deterioration will occur. Service life nodeling is
not required in this specification

"Splash zone" is the portion of the structure just above the tida
zone. This portion of the structure is predominantly dry, but is
likely to intermttently wet by wave action and wind driven spray.
For the purposes of this specification, the splash zone is defined as
fol |l ows:

(1) for locations protected by seawalls or otherw se sheltered from
open-ocean waves, the 2 neters 6 feet area just above the tida
zone;

(2) for unprotected |locations, the 6 nmeters 20 feet area just above
the tidal zone
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"Subnerged zone" is defined as the subnerged portion of the

structure. For the purposes of this specification, any el ement or
portion thereof that is |ocated bel ow Mean Lower Low Water (MLLW. In
areas with minimal tides, it would be defined as that portion of the
el ement bel ow Mean Sea Level (MBL).

"Suppl enental Corrosion Protection"” includes (but is not linited to)
f usi on- bonded epoxy-coated steel reinforcing, galvanized stee
reinforcing, stainless reinforcing, corrosion inhibitors, barrier
coatings to the concrete surface, and cathodic protection

"Suppl enentary cenenting naterials" (SCM include coal fly ash,
granul at ed bl ast-furnace slag, natural or cal cined pozzol ans, and
ultra-fine coal ash when used in such proportions to replace the
portland cement that result in considerable inprovenment to
sustainability, durability and in some cases a reduction in initial
cost.

"Test Section" is a slab or wall separate fromthe nmain structure and
constructed prior to main construction as an all inclusive
denonstrati on of nethods and materials. The adequacy of the Test
Section rmust be approved by the owner's representative prior to
construction of the project.

"Tidal zone" is defined as the portion of the structure regularly
wetted by wave action. For the purposes of this specification, any

el ement or portion thereof that is |ocated between Mean Lower Low
Water (MLLW and Mean Hi gher Hi gh Water (MHHW is in the tidal zone.
In areas with mininal tides, this would be defined as the area | ocated
bet ween Mean Sea Level (MSL) and Mean High Water (MHW.

SUBM TTALS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Review Submittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and corresponding subnitta

items in the text, to reflect only the submttals
required for the project. The CGuide Specification
techni cal editors have classified those itens that
requi re Governnent approval, due to their conplexity
or criticality, with a "G" GCenerally, other
submittal items can be reviewed by the Contractor's
Quality Control System Only add a "G' to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arny projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO'" for District Ofice

(Engi neering Division or other organization in the
District Ofice); "AO" for Area Ofice; "RO for
Resident Ofice; and "PO'" for Project Ofice. Codes
following the "G' typically are not used for Navy
and Air Force projects.
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The "S" classification indicates subnittals required
as proof of conpliance for sustainability Guiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PROCEDURES.

Choose the first bracketed itemfor Navy and Air

Force projects, or choose the second bracketed item
for Arny projects.

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

Covernment approval is required for submittals with a "G' or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Government.] Subnmit the following in
accordance with Section 01 33 00 SUBM TTAL PROCEDURES:
SD-01 Preconstruction Submttals
Concrete Curing Pl an
Concrete Qualification Program C[, [
Concrete Quality Control Program C[, [ 11
Concrete Placenent and Conpaction
Concrete Pumpi ng
Curing Concrete El enents
For m Renoval Schedul e
Laboratory Qalifications; C, [ 11
Quality Control Personnel Qualifications; C, [ 11
SD- 02 Shop Drawi ngs
Construction and Expansion Joints; C[, |
For maor k
Precast Elenents; C[, [ 11
Reinforcing Steel; ¢, |
Repr oductions of contract draw ngs are unacceptabl e.
SD- 03 Product Data
Adm xtures; C, [ 11
Air Entraining; ¢, |

Aggregates; G, [ 11
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Corrosion Inhibitors; C[, |
Joint Filler

Joi nt Seal ants

Materials for Curing Concrete

Material Safety Data Sheets

Mechani cal Rei nforcing Bar Connectors; C[, [_ 11
Non- Shri nk G out

Preformed Joint Filler

Prestressing Steel; ¢, [ 11
Reinforcing Bars; C, [_ 11

Rei nf orcenment and Protective Coating; C[, |
Rei nf or cement Supports

Seal er - Har dener

WAt er st ops

Wl ded Wre Fabric

SD- 04 Sanpl es

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

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

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

Mass Concrete Mock-up

Test Section
SD- 05 Design Data

Concrete M xture Requirenents; G, [_ 11

M xt ure Desi gns

Mass Concrete Tenperature Control Plans; G, [ 11
SD- 06 Test Reports

Mass Concrete Mock-up

Air Entraining

Aggr egat es

Adm xt ur es
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Cenent
Concrete M xture Proportions
Concrete Test Reports
Fresh Concrete Properties
Har dened Concrete Properties
Mechani cal Rei nforcing Bar Connectors
Rei nforci ng Bars
Rei nf orcement and Protective Coating
Silica Funme
Suppl ementary Cenenting Materials
Wat er
SD-07 Certificates
Admi xt ur es
Cenentitious Materials
Cenentitious Material MIIl Certificates
Fiel d Testing Technician and Testing Agency
SD- 08 Manufacturer's Instructions
Coat i ngs
SD-11 Cl oseout Submittals
Aggr egat e Moi sture Content
Aggr egat e Sanpli ng
Concrete Test Reports
Quality Control Charts
Daily I nspection Reports
Qual ity Team Meeti ngs
Sanpl i ng Logs
4 MODI FI CATI ON OF REFERENCES
Acconplish work in accordance with AClI publications except as nodified
herein. Consider the advisory or recommended provisions to be nmandatory,
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
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"Architect/Engineer" to nmean the Contracting O ficer
1.5 DELI VERY, PLACI NG STORAGE, AND HANDLI NG OF CONCRETE

Fol l ow ACI 301N ACI 301, ACI 304R, and ASTM A934/ A934N requirenents and
recomendati ons. Do not deliver concrete until vapor barrier, forns,

rei nforcement, enbedded itens, and chanfer strips are in place and ready
for concrete placenment. Store reinforcenment of different sizes and shapes
in separate piles or racks rai sed above the ground. Protect materials
from contam nants such as grease, oil, and dirt. Ensure materials can be
accurately identified after bundles are broken and tags renoved.

1.6 CONCRETE QUALI TY CONTRCL

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The goal is to provide quality concrete with
the specified concrete cover to protect the steel
whi ch provides the primary protection nechani sm
agai nst chemcal deterioration and corrosion related
damage. Al other corrosion protection strategies
are considered to be supplenmental and include (but
are not limted to): barrier coatings to the
concrete surface, fusion-bonded epoxy-coated steel
corrosion inhibitors, galvanized, stainless, MVFX
Z-bar reinforcing and cathodic protection. Al of
whi ch may provide sonme |ife extension but by how
much is difficult to predict on a nunerical basis
for real structures exposed to chloride
environnents. |If the available materials in the
regi on of the project are inadequate to neet the
requi renents for shrinkage, conpressive strength,
constructability and service life then the
Contractor shall prepare a recomrendation for review
by the agency's Subject Matter Expert in Concrete
Mat eri al s and approval by the Contracting Oficer
and Engi neer of Record on a case-by-case basis to
use suppl enental corrosion protection to neet

proj ect requirenents.

VWere they are available, specify only ACl certified
personnel . Check the American Concrete Institute
(ACl) website for local availability:

https://ww. concrete.org/certification.

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

The objective of the concrete quality control program is for the
Contractor to outline the procedures that will be used to construct a
structure that will neet the project criteria. The Contractor shal
devel op and subnmit for approval a concrete quality control programin
accordance with the guidelines of ACI 121R and as specified herein. The
pl an shall include approved | aboratories. The Contractor shall provide
direct oversight for the concrete qualification programinclusive of
associ ated sanmpling and testing. |If concrete cylinders tested during
production indi cate i nadequate strength, excessive chloride ion
penetration, or inadequate mixing, then the owner may require the
Contractor to extract concrete core sanples fromthe hardened concrete for
anal ysis at Contractor's expense to assure that the quality of the
concrete as placed and cured will satisfy the project criteria.
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Devel op and submit for approval a concrete quality control programin
accordance with the guidelines of ACI 121R. Maintain a copy of ACH SP-15
and CRSI 10NMSP at the project site.

.6.1 Quality Control Personne

The contractor shall submt for approval an organi zational chart defining
the quality control hierarchy, the responsibilities of the various
positions, including the names and qualifications of the individuals in

t hose positions.

Submit Anerican Concrete Institute certification for the follow ng:
a. CQC personnel responsible for inspection of concrete operations.

b. Lead Foreman or Journeyman of the Concrete Placing, Finishing, and
Curing Crews.

c. Field Testing Technicians: ACI Concrete Field Testing Technician
G ade |I.

d. Laboratory Testing Technicians: ACI Concrete Strength Testing
Techni ci an and Laboratory Testing Technician, Gade | or II.

e. Petrographer: Bachel or of Science degree in geology or petrography,
trained in petrographi c exani nation of concrete aggregate according to
ASTM C294 and ASTM C295/ C295N and trained in identification of the
specific del eterious processes and tests identified in this
specification. Resume shall detail the education, training and
experience related to the project-specific test nethods and
del eterious naterials and shall be subnitted at | east 20 days before
petrographic and del eterious materials exam nation is to comrence.

f. Concrete Batch Plant Operator: National Ready M x Concrete Association
(NRMCA) Pl ant Manager Certification at the Plant Manager |evel.

.6.1.1 Qual ity Manager Qualifications

The quality manager shall hold a current |icense as a professiona
engineer in a U S. state or territory with experience on at |east five
simlar projects. Evidence of extraordi nary proven experience nay be
considered by the Contracting Oficer as sufficient to act as the Quality
Manager .

.6.1.2 Fiel d Testing Technician and Testing Agency

Submit data on qualifications of proposed testing agency and technicians
for approval by the Contracting Oficer prior to performng testing on
concrete.

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

b. Testing agencies that performtesting services on reinforcing steel
shal | neet the requirenents of ASTM E329.
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c. Testing agencies that performtesting services on concrete materials
shal | neet the requirenents of ASTM CL077.

6.2 Laboratory Qualifications for Concrete Qualification Testing

The concrete testing |laboratory shall have the necessary equi pnent and
experience to acconplish required testing. The |laboratory shall neet the
requi renents of ASTM C1077, and be Cement and Concrete Reference
Laboratory (CCRL) inspected.

.6.3 Laboratory Accreditation

Laboratory and testing facilities shall be provided by and at the expense
of the Contractor. The laboratories performng the tests shall be
accredited in accordance with ASTM C1077, including ASTM C78/ C78N and
ASTM C1260. The accreditation shall be current and shall include the
requi red test methods, as specified.

a. Aggregate Testing and M x Proportioning: Aggregate testing and m xture
proportioning studies shall be perfornmed by an accredited | aboratory
and under the direction of a licensed/registered civil engineer in a
U S. state or territory, who shall sign all reports and designs.

b. Acceptance Testing: Furnish all materials, labor, and facilities
required for nolding, curing, testing, and protecting test specinens
at the site and in the laboratory. Furnish and maintain boxes or
other facilities suitable for storing and curing the specinmens at the
site while in the nold within the tenperature range stipul ated by
ASTM C31/ C31M.

c. Contractor Quality Control: Al sanpling and testing shall be
perfornmed by an approved, onsite, independent, accredited |aboratory.

.7 CONCRETE DURABI LI TY

7.1 Concrete M xture Proportions

At | east 60 days prior to concrete placenent, submit concrete mxture
proportions, ingredient material certificates and test data, and trial
batch test data for each class of concrete proposed for use on the
project. Subnmittal shall clearly indicate where each m xture will be used
when nore than one mixture design is submtted. Obtain approval from
Contracting O ficer prior to placenent.

. 7.2 Concrete Design Requirenents

Proportion concrete mxtures to nmeet the requirenments listed in Table 1 in
accordance with the procedures outlined in ACI 201.2R and ACl 211.1.

The m xture proportions for concrete shall be devel oped by the Contractor
to produce the required conmpressive strength (f'c), drying shrinkage,
durability, and constructability. The amount of cenentitious material in
the m xture can be mnimzed as long as the concrete still neets the

m xture design requirenments for durability and strength.

The m xture proportions and Water-Cenentitious Materials Ratio for marine
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 placenment, conpaction into the fornms and around
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rei nforcement w thout segregation or bleeding. The requirenents for
durability specified in Table 1 and Table 2 bel ow shall be incorporated in
the m xture proportions.

The use of silica fume is discouraged. Silica fume shall only be used for
OCONUS (outside continental United States) projects where Cass F fly ash
and ground granul ated bl ast furnace (G&F) slag are not avail able, and

when approved by the Contracting Officer. |f needed, the m xture may
contain a maxi mum of 7 percent silica fume by nass of total cenenting
material. Concrete m xtures containing any percentage of silica fune

shal |l be evaluated at every [76.5] cubic meters ([100] cubic yards) of
concrete for the first [382.3] cubic nmeters ([500] cubic yards), then
every [382.3] cubic neters ([500] cubic yards ) thereafter to ensure that
the silica fume is properly dispersed in hardened concrete sanples. A
qualified | aboratory shall mcroscopically exam ne a sectioned sanple and
docunent the results. Provide at the Contractor's expense the services of
a manufacturer's technical representative, experienced in mxing,
proportioning, placenent procedures, and curing of concrete containing

silica fune.

The concrete mxture shall contain one of the CCM SCM listed in Table 3
or a linear conbination thereof. The m ni mum anmount of portland cenent is

50 percent of the total mass of cenentitious material

Air content: Concrete shall be air entrained and shall conformto the air
limts specified in ACl 301NV ACI 301 for exposure and the aggregate size
used and tested in accordance with ASTM C231/C231N. The average spaci ng
factor for three consecutive tests shall not exceed 0.008 in with no

i ndi vi dual test exceeding 0.010 in as determ ned by ASTM C457/ CA57N

Variations outside the linmts specified shall not be reason to reject the
concrete in locations not subject to freeze-thaw conditions.

Sl unp: The concrete nmixture shall be proportioned to have,

ASTM C143/ C143N when adm xtures that affect slunmp are not
ASTM C494/ CA94lN, Type F or G admixture is used, the slump after the

used.

at the point of
deposit, a maxi num slunp of 100 mm 4 inches as deterni ned by

VWhere an

addition of the adm xture shall not exceed 200 mr 8 inches. Slunp
tol erances shall conply with the requirenents of AC 117.
Table 1 - Concrete Design Requirenments
Prescriptive requirenents M nimum | Maxi num

ASTM C666/ C666M Met hod A Durability Factor at 300 cycles 90 -
Concrete ASTM C157/ C157M Dryi ng Shrinkage percent, at 28 days - 0. 05
except for high volunme fly ash (HVFA) at 56 days. per cent
Initial acid-soluble chloride content in cast-in-place concrete per - 0.10
ASTM C1152/ C1152M percent/ cenent
Initial acid-soluble chloride content in prestressed concrete - 0. 08
determ ned following ASTM C1152/ C1152M percent/cenent
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Table 1 - Concrete Design Requirenments

Prescriptive requirenents M ni mum | Maxi num
Average spacing factor for three specinmen follow ng ASTM CA57/ CA57M -- 0. 008
i nch with no
val ue
greater
t han
0.010
Chloride ion penetrability ASTM C1202 at 56 days, Coul onbs -- 1000
Alternatively to ASTM C1202, the concrete surface resistivity 20 --
AASHTO T 358 at 56 days can be neasured, kohmcm

Table 2 - Concrete Quality Requirenents

Zone Exposure Condition Maxi mum
W CM
Subrer ged zone, (a) Directly exposed to salt water 0. 40
Ti dal Spl ash Zone
(b) Subject to severe abrasion 0. 40
At nospheri c Zone (a) Directly exposed to nmarine atnosphere 0. 40
(b) Protected fromdirect exposure to 0. 45

mari ne at nosphere

Buri ed Zone (a) Permanently buried in soil 0. 40

Table 3 - Supplenentary Cenenting Material Requirenents

SCM M ni mum Cont ent

Class N Pozzolan or Cass F Fly Ash 30 percent
Si O, plus Al ,0p plus Fe,O; > 65 percent or where exposed to
sul phates as defined in ACI 318 Table 4.2.1

Class N Pozzolan or Cass F Fly Ash 25 percent
Si O, plus Al ,0y plus Fe,O; greater than 70 percent

Class N Pozzolan or Cass F Fly Ash 20 percent
Si O, plus Al ,0y plus Fe,O; greater than 80 percent

Class N Pozzolan or Cass F Fly Ash 15 percent
Si O, plus Al ,0y plus Fe,O; greater than 90 percent
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Table 3 - Supplenentary Cenenting Material Requirenents

Utra fine fly ash/Pozzol an 7 percent

Ground granul ated bl ast-furnace sl ag 40 percent

1

1

1

7.3 Concrete M xture Qualifications
7.3.1 Previ ously Approved Concrete M xtures

For identical concrete m xtures previously approved for use within the
past 18 nmonths, the previous mxture qualification submttal may be
re-submitted without further trial batch testing if acconpani ed by:

a. A copy of the prior approvals indicating the project nane, project
nunmber, and | ocation

b. Ingredient material test data conducted within 12 nonths of the
subm ttal date.

c. Copies of the previously approved trial batch test data.

d. A log containing at |least 15 sequential test results with the
cal cul ated mean and standard devi ati on of the production concrete for
air content, and conpressive strength.

If the Contractor changes material type, class, sources, or suppliers;

chem cal composition; and/or mx proportions, the Contractor shall provide
a witten opinion of the significance of the change(s). The change(s) my
require additional testing at the discretion of the Contracting Officer in
consultation with the agency's Subject Matter Expert in Concrete Materials.

7.3.2 New Concrete M xtures

a. Subnit conplete ingredient material test data, including applicable
reference specifications. Submit additional data regardi ng concrete
aggregates if the source of aggregate changes.

b. Submit copies of test reports by independent test lab conforming to
ASTM C1077 showi ng that the m xture has been successfully tested to
produce concrete with the properties specified and that mxture will
be suitable for the job conditions as described. Test reports shal
be submitted along with the concrete m xture proportions. Cbtain
approval before concrete placenent.

c. Test a mininmumof one trial batch of production concrete. |f batching
facilities are |located such that the haul-tinme will exceed 30 ni nutes,
a sinmulated haul tinme shall be included in the trial batch

(1) Test and report fresh concrete property tests of each trial batch
as follows:

(a) Slunp in accordance with ASTM C143/ C143N

(b) Air content in accordance with ASTM C231/ C231N or
ASTM C173/ C173M.

(c) Unit weight in accordance with ASTM C138/ C138N
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7.

4

4.

(d) Tenperature in accordance with ASTM CL064/ C1L064M.

(2) Cast specinmens, test, and report hardened concrete property tests
of each trial batch as foll ows:

(a) Conpressive strength at 3, 7, 28, 56 and 90 days in accordance
with ASTM C39/ C39N. Use of unbonded caps in accordance with
ASTM C1231/ C1231N is permtted.

(b) Drying shrinkage.

(c) Tensile strength (if required).

(d) Freeze-thaw durability factor (if required) shall be

determ ned as the mean of six test specinens conprised of at |east
two speci nens cast from each batch

(e) Initial chloride ion content.

(f) Spacing factor in accordance with ASTM C457/ CA57N

(g) Chloride ion penetrability in accordance with ASTM C1202.

(3) Moist cure concrete intended for cast-in-place applications in
accordance with the standard noist curing conditions described in
ASTM C192/ C192N unl ess otherw se specified. Mist cure concrete
i ntended for precast applications in the manner proposed for use
on the project.

For concrete nixtures that are proposed to contain corrosion

i nhibitors, the Contractor shall submit the chloride ion penetration

val ues fromat |east one batch of the mixture with and wi thout the

adm xture maki ng appropriate adjustnents to mmintain constant water to

cenentitious materials ratio. The purpose is to establish a

correlation with respect to an adjusted value for production chloride

i on penetration.

Concrete Qualification Program

1 Fresh Concrete Properties

Air Content: The mixture shall be proportioned and tested for
qual i fication.

Sl unp: The mxture shall be proportioned and tested for qualification
Sel f-Consol i dati ng Concrete: Wien self-consolidating concrete is
proposed for use, the mixture shall be proportioned and tested for
qual i fication using:

(1) ASTM C1611/C1611N slunp flow shall not be greater than 610 mr 24
inches, with visual stability index not greater than 1.

(2) ASTM C1621/C1621N Passing ability using the J-ring. Spread within
25 mr 1 inch less than the slunp flow

(3) Passing ability using the L-Box between 4 and 8 seconds
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(4) ASTM C1610/ C1610N, static segregation shall be less than 4.0
percent.

process control sanpling, the slunp flowlimt as deternined by

ASTM C1611/ C1611V shall be no greater than 610 mr 24 inches and the visua
stability index limt shall be no greater than 1.0.

d.

Underwat er concrete: Wen the concrete is intended for placenent under
water using the trenmi e technique, the concrete shall be proportioned
to be cohesive and flow with mnimal segregation. Viscosity nodifying
adm xtures are permtted for underwater concrete. Proportioning

gui dance in ACI 304R shall be considered. Concrete mixtures shall be
qualified for trem e placenent nethods based on a trial placenent
approved by the Contracting Oficer

1.7.4.2 Har dened Concrete Properties

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

NOTE: Navy waterfront structures typically take a
year or nore to conplete. Wth tine all concrete
continues to gain strength. The Engi neer of Record
is encouraged to design the structural elenents

based on the conpressive strength that will be
achieved at 56 or 90 days rather than at 28 days.
Doing so will better allow the Contractor to devel op

and pl ace concrete mxtures with | ess portland
cenent. Excessive use of cenent |eads to nore
cracks and shorter-lived structures. Enbracing this
approach will result in structures that are |ess
expensi ve, greener and nore sustai nabl e.
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a.

Conpressive Strength: The structural engineer shall specify the

m ni mum conpressive strength results at [28] [56] days. Determnine
conpressive strength (f'cr) for qualification of concrete m xtures and
for quality acceptance testing. A conpressive strength test result is
defined as the nean of three properly conducted tests on 100 by 200 nmw
4 by 8 inch cylinders in accordance with ASTM C39/C39N. Alternatively
and for concrete m xtures containing a maxi num si ze aggregate greater
than 25.4 mm 1 inch, a strength test result shall be defined as the
mean of two properly conducted 28-day tests on 150 by 300 mr 6 by 12
inch cylindrical specinmens in accordance with ASTM C39/C39N. In
addi ti on:

(1) Specified Conpressive Strength: For structural concrete el enents
exposed in a marine environnment, the mninum specified [28] [56]
day design strength is denoted as (f'c). Strength of concrete
contai ning 35 percent or nore fly ash shall be specified at a
m ni mum of 56 days.

(2) Required Average Strength: The concrete shall be proportioned such
that the mni mumrequired average conpressive strength (f'cr)
exceeds the specified design strength (f'c) as per ACI 301N ACI 301

(3) The average conpressive strength may not exceed the specified
strength at the sane age by nore than 20 percent unless approved
by the Engi neer of Record.

(4) Strength of any individual concrete placenment shall be considered
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satisfactory if both the follow ng requirenents are net:

(a) The arithnetic mean of any three consecutive |ot strength
tests is between 1.0 and 1.2 f'c, and;

(b) No individual strength test result is less than 0.90 f'c.

(5) In the event that a placenment is represented by single sanpling
lot, strength shall be considered satisfactory if either

(a) The nmean of the initial test is between 1.0 and 1.2 f'c, or

(b) The nmean of the initial test and retest is between 1.0 and 1.2
f'c, and neither strength test result is less than 0.90 f'c.

(6) For underwater concrete, cast conpressive strength sanples by
pl aci ng concrete in four 5-gallon buckets bel ow water using
simlar placement as the project. Permanently mark buckets as "3
days," "7 days," "[28] [56] days," and "Extra." Include date and
station. Provide specinen sets at every [76.5 cubic neters] [100
cubi c yards] of concrete for the first [382.3 cubic nmeters] [500
cubic yards], then every [382.3 cubic neters] [500 cubic yards]
thereafter with a mni num of one set per day of underwater
concrete placenent.

(a) Retrieve buckets at specified intervals and extract three
cores fromeach bucket. Conduct conpressive strength test in
accordance with ASTM C42/ C42N

(b) Strength of underwater concrete shall be satisfactory if the
conpressive strength result fromextracted cores at the age of the
specified strength is between 0.85 and 1.2 f'c with no individua
strength test result less than 0.75 f'c.

Dryi ng Shrinkage: Determ ne drying shrinkage for qualification of
concrete mxtures prior to the fabrication of the Test Section and
from sanpl es made during the fabrication of the Test Section (see the
paragraph TEST SECTION). No test results shall exceed the linmits in
Table 1. A drying shrinkage test result shall be the mean val ue from
three or nore individual specinens constituting a test set. |If an

i ndi vi dual speci men's nmeasurenents deviate fromthe nean val ue by nore
than 0.009 percent |ength change, the speci nen's neasurenents shall be
di scarded and a new average established. Casting nore than three
speci mens for each set is permtted. Test procedures and test

speci mens shall conformto the follow ng:

Dryi ng shrinkage specinmens, typically 75 by 75 by 285.8 mm 3 by 3 by
11.25 inch prisns for 25.4 nm 1 i nchnmaxi num si ze aggregate or snall er,
shal |l be fabricated, cured, dried, and nmeasured at 28 days in the
manner delineated in ASTM C157/ C157N. M xtures contai ning 50 percent
or nore supplementary cenmenting materials shall meet the shrinkage
criteria at 56 days.

Tensile strength: Determine splitting-tensile strength of concrete
only for qualification of concrete mxtures. Determ ne and report the
splitting-tensile strength result of each class of concrete in
accordance with ASTM C496/ CA96lv as the mean of three properly
conducted tests at the age specified for f'c and again at 90-days age
for information only.
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Freeze-thaw durability: Determ ne the freeze-thaw durability factor of
concrete for qualification of concrete mxtures, if required by
environnental conditions. Determne and report the freeze-thaw
durability factor of each class of concrete in accordance with

ASTM C666/ C666v Method-A.  Start testing after [28] days of noi st
curing. The mininum acceptable durability factor shall be as per
Tabl e 1.

Acid Soluble Chloride lon Content: Determ ne the chloride ion content
only for qualification of concrete m xtures. Deternmi ne acid soluble
chloride ion content in accordance with ASTM C1152/ C1152N. The limts
for allowabl e aci d-sol uble chloride ion concentrations in hardened
concrete are listed in Table 1

Chloride lon Penetrability: Deternmine the resistance of concrete to

t he penetration of chloride ions in accordance with ASTM C1202 during
the prequalification phase. The average of three sanmples shall neet
the imt specified Table 1

1.7.4.3 Suppl erent al Corrosion Protection

1

Requi renents for the use of supplenental corrosion protection, if any,
shal | be indicated on the plans.

7.

a.

5

Mass Concrete Tenperature Control Plans

Thirty days mnimumprior to concrete placenent, submt for approval a
mass concrete tenperature control plan that includes:

(1) Location and identification of tenperature nonitoring sensors.

(2) Product data for automated tenperature sensors and recordi ng
equi prent .

(3) Cooling pipe layout diagramwith sizes and materials, if used.
(4) Proposed insulation materials and associ ated R-val ues.
(5) Anticipated formrenoval schedule and curing procedures.

(6) Maxi mum al | owabl e concrete placenent tenperature for the range of
antici pated anbi ent tenperatures based on thernal nodeling.

(7) Monitoring procedures and contingency plans.

Concrete placenent tenperature shall be based on results of thernma
nodel i ng for the elenent incorporating: the heat of hydration and
specific heat capacity for the concrete m xture, solar gain, and heat
transfer to the environnment through formwrk, insulation, and cooling
t echni ques.

Mass concrete tenperature control shall be nonitored using automated
tenperature recordi ng devices that allow w rel ess transm ssion of data
to an on-site host conputer for real-time nonitoring of tenperatures.

Tenperature control sensor |ayout for each placenent shall be provided
with individual sensor ID identified.
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M ni mum sensor requirenents include at |east two sensors for each
pl acenent |ocated as foll ows:

(1) The geonetric center of the el ement cross-section
(2) Wthin 76.2 mr 3 inches of the side forms at m d-hei ght.

(3) Wthin 76.2 mr 3 inches of the top surface located directly above
the center sensors.

(4) Wthin 76.2 mr 3 inches fromthe top corner at the intersection of
side forms.

(5) Anbient tenperature sensors placed in a shaded | ocation

Procedures for installing, protecting sensors during placenment, and
testing sensors a mninumof 24 hours prior to concrete placenent

shall be provided. Initiate sensor recording at |east 2 hours prior
to placenment. Verify function of all sensors prior to and upon

conpl etion of concrete placing operations. Provide additional sensors
for placenents greater than 305.8 cubic neters 400 cubic yards at each
| ocati on.

Submit procedures for controlling concrete tenperatures within the
following limts:

(1) Maxi mum tenperature shall be |less than 70 degrees C 158 degrees F.

(2) Maxi mum tenperature differential between the nean of all
functioning center sensor tenperatures to any individual surface
or corner sensor shall be |l ess than 20 degrees C 36 degrees F

(3) Tenperature control procedures shall remain in effect until the
differential between the ambient |ow tenperature and mean of al
functioning center sensor tenperatures is |less than 20 degrees C
36 degrees F.

(4) An additional submttal shall be provided for the Contracting
Oficer's approval in the event the Contractor fails to control
tenmperatures within the limts listed above. The submttal shal
i ncl ude docunentation of any cracks that devel op, identify
revisions to control procedures to prevent future cracking, and
procedures to seal or otherwi se nmitigate defects.

Mass Concrete Mock-up: For concrete m xtures intended for mass
concrete, cast thirty-one 100 by 200 mm 4 by 8 inch cylinder specinens
i n accordance with ASTM C192/ C192l, three 75 by 75 by 285.8 nm 3 by 3
by 11.25 inch concrete prisns in accordance with ASTM C157/ C1l57V, and
at | east one sem -adi abatic cube froma trial batch

The sem adiabatic cube shall have a m ni mum di mensi on of 3 feet per
side, and shall be insulated all sides with a nminimum R-val ue of 30.
Install pairs of thernocouples at the center of mass, the niddle of
each side, the top surface, and the top corner. Automatically record
the tenperature of each sensor hourly for one week. Additional cubes
may be cast to calibrate active cooling system performance.

(1) Conduct conpressive strength devel opment testing at 3, 7, [28]
[56], and 90 days age using three speci nens per age in accordance
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wi th ASTM C39/ C39l, and devel op a conpressive strength prediction
equation for the concrete mixture in accordance with ASTM CL074.

(2) Conduct tensile strength tests at 3, 7, [28] [56], and 90 days on
two speci nens per age in accordance with ASTM C496/ C496l, and
develop a tensile strength prediction equation for the concrete
m xture in accordance with ASTM C1074.

(3) Conduct elastic nodulus tests at 3, 7, [28] [56], and 90 days on
two speci nens per age in accordance with ASTM C469/ C469l, and
devel op an el astic nmodul us prediction equation for the concrete
m xture in accordance with ASTM CL074.

Conduct coefficient of thermal expansion testing in accordance with
COE CRD-C 39 after 28 days of npist curing. Test specimens in a saturated
condi tion.

Report all test results and predictive equations in the nock-up
submittal. The predictive equations nay be used by the Contractor to
establish the duration of tenperature control and formrenoval based on
the all owabl e tenperature differential between the concrete core and
anbi ent | ow tenperature.

.8  CONCRETE
.8.1 Dr awi ngs

Fabricati on Drawi ngs for concrete formwrk, reinforcement materials,
precast elements, wall forns, and bul khead forms nust indicate concrete
pressure cal culations with both |live and dead | oads, along with materia
types. Provide design calculations by a registered Cvil or Structura
Engi neer for the formwrk.

.8.1.1 For mnor k

Prior to commenci ng work, submit drawi ngs for approval show ng details of
formmrk including, but not linmted to: joints, supports, studding and
shoring, and sequence of formand shoring renmoval. Reproductions of
contract drawi ngs are unacceptabl e.

Desi gn, fabricate, erect, support, brace, and maintain formwrk so that it
i s capabl e of supporting without failure all vertical and |l ateral |oads
that may reasonably be anticipated to be applied to the formwork.

ACl 347R. Include design cal culations indicating arrangenent of fornmns,

si zes, species, and grades of supports (lumber), panels, and rel ated
conponents. |Indicate placenment schedule, construction, and | ocation and
net hod of forming control joints. |Include |ocations of inserts, pipe
wor k, conduit, sleeves, and other enbedded itenms. Furnish draw ngs and
descriptions of shoring and reshori ng net hods proposed for slabs, beans,
and ot her horizontal concrete nenbers.

.8.1.2 Rei nforci ng Stee

ACl SP-66. Provide bending and cutting diagrans, assenbly diagrans,
splicing placenent and |aps of bars, shapes, dinmensions, and details of
bar reinforcing, accessories, and concrete cover. Do not scal e di mensions
fromstructural drawings to determ ne I engths of reinforcing bars. Only
conpl ete drawi ngs wi Il be accepted.
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1.8.1.3 Precast El enments

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Modify requirenments based on the scope of the
proj ect.
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Submit drawi ngs and design cal cul ations indicating conplete information
for the fabrication, handling, and erection of the precast elenents.
Drawi ngs shall not be reproductions of contract draw ngs.

1.8.1. 4 Joints

Submit a plan indicating the type and | ocation of each construction
joint. Final joint |locations are subject to Governnent approval.

1.8.2 Pre-Construction Submttals
1.8.2.1 Curing Concrete El enents

Submit proposed materials and nethods for curing concrete el enents.
1.8.2.2 Concrete Curing Plan

Submit proposed materials, nmethods, and duration for curing and cooling
concrete elenents in accordance with ACI 308.1

M ni mum noi st curing duration shall be seven days.

Begin curing i mediately after placenent. Protect concrete from premature
drying, excessively hot tenperatures, and nechanical injury; and naintain

m ni mal noisture loss at a relatively constant tenperature for the period

necessary for hydration of the cenent and hardening of the concrete. The

material s and nmethods of curing are subject to approval by the Contracting
Oficer.

1.8.2.3 Form Renpval Schedul e

Submit schedule for formrenoval indicating elenment and m ni mum | engt h of
time for formrenoval. Submt technical literature of form ng material or
liner, formrelease agent, formties, and gasketing to prevent |eakage at
formand construction joints. Provide a full description of naterials and
net hods to be used to patch formtie holes.

1.8.2.4 Concrete Placenent and Conpaction

a. Subnit technical literature for equi pmrent and nmethods proposed for use
in placing concrete. |nclude concrete punping or conveying equi pnent
i ncluding type, size and material for pipe, valve characteristics, and
t he maxi mum | ength 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
vi brating and conpacting concrete. Submttal shall include technica
literature describing the equi pnent including vibrator diameter,
| 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 sinmlar information relative to the proposed
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conpacting screed or other nethod to ensure dense placenent.
1.8.2.5 Concrete Report

Provide a Report inclusive of materials and net hods used, test results,
and the field test strength (fcr) for concrete that shows conpliance with
the structural and durability requirenents.

1.8.2.6 Coat i ngs

Coatings are considered to be "suppl emental Corrosion Projection”.
Surface preparation and installation of any coatings on concrete shall be
conducted in strict conpliance with witten manufacturer instructions.
Submit the product data and witten manufacturer instructions. A

manuf acturer representative shall train installers, witness initial
installation, and certify that the installation was conducted in
accordance with the instructions.

1.8.2.7 Preconstruction Testing of Materials

Al sanmpling and testing shall be perfornmed by, and at the expense of, the
Contractor. Use an approved comrercial |aboratory or, for cenentitious
materi al s and chem cal adm xtures, a | aboratory maintained by the

manuf acturer of the material. No material shall be used until notice of
acceptance has been given. The Contractor will not be entitled to any
addi ti onal paynment or extension of tinme due to failure of any naterial to
nmeet project requirenents, or for any additional sanpling or testing
required. Additional tests may be perforned by the Government at the

di scretion of the Contracting O ficer; such Government testing will not
relieve the Contractor of any testing responsibilities.

1.8.2.8 Material Safety Data Sheets
Submit Material Safety Data Sheets (SDS) for all materials that are
regul ated for hazardous health effects. Prom nently post the SDS at the
construction site

1.8.2.9 M xt ure Desi gns
Provide a detailed report of materials and methods used, test results, and
the field test strength (fcr) for marine concrete required to neet
structural and durability requirenents.

1.8.3 Sanpl i ng

The Contractor shall be responsible for conducting concrete production
process control sanpling and testing in conpliance with this specification

1.8.3.1 I ngredi ent Material Sanpling

a. Cenentitious material mll certificates and test reports shall be
provi ded for each shipnment. Record the date delivered and quantity of
material represented by the certificate.

b. Conduct and | og aggregate noisture content at a mni mum frequency of
twice daily for each day's production. Use of npisture sensors in
storage bins is recomrended practice, but does not satisfy this
requi renent.
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c. Aggregate sanpling for gradation and dry-rodded unit weight shall be
conducted for each 100 tons delivered for use on the project, or
portion thereof.

1.8.4 Reporting
1.8.4.1 Daily | nspection Reports

Contractor shall prepare daily inspection reports for all inspection
activities such as base preparation, formwrk preparation, reinforcenment
installation, concrete placenent |og, and tenperature control activities.
Submit sanple forns and describe the procedure used to organi ze, archive,
and retrieve inspection records in the Quality Program subnittal

1.8.4.2 Sanpl i ng Logs

Contractor shall nmaintain a concrete placenent |og as an el ectronic
spreadsheet or database identifying each placenent date, placenent

| ocati on, volume of concrete, batch ticket nunmbers, |ot identification
code, fresh concrete properties, conpressive strength results, transport
properties, inspection coments, and acceptance status. Contractor shal
provide/transnit the concrete testing log to the Contracting O ficer
weekly. The Contractor shall provide copies of supporting docunents for
any pl acenent requested by the Contracting O ficer imediately upon
request.

1.8.4.3 Quality Control Data

The Contractor shall prepare, maintain, and report separate quality
control charts illustrating the slunp, tenperature, plastic air content,
conpressive strength, and chloride ion penetration test results for each
| ot of each concrete mxture used on the project.

1.8.4.4 Qual ity Team Meeti ngs

The contractor shall conduct regular quality control team neetings to
review plans for future placenents, review test results, and di scuss

di spensati on of non-conformng materials. The quality team shall include
the Contractor's quality manager, the project manager, the project
superintendent, the Contracting Oficer, and representatives of the
testing agency and concrete producer, or approved substitutes. It is
recommended that the neetings be held on a weekly or bi-weekly basis
during the service life nmodeling submttal phases and then nonthly, as the
construction progresses. The transition fromthe weekly or bi-weekly
neetings to the monthly nmeetings shall be with the Contracting Oficer's
approval .

The Contractor shall prepare quality control team neeting mnutes for each
neeting. The minutes shall include the date of each neeting, attendees,
key discussion points, findings, reconmendations, assigned tasks, assigned
personnel, task conpletion dates, and status of each task.

1.8.4.5 Non- conform ng material s

The exact | ocation of non-conform ng concrete as placed shall be
identified and the Contracting O ficer and Engi neer of Record shall be
notified inmediately. There are numerous possible indicators that the
as-pl aced concrete is non-conformng including (but not limted to)
excessi ve conpressive strength, inadequate conpressive strength, excessive
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slunp, chloride ions penetration out of Iimts, excessive voids and
honeyconbi ng, and concrete delivery records that indicate excessive tine
bet ween m xi ng and pl acement and/or excessive water was added to the

m xture during delivery and placenent. Any of these indicators alone are
sufficient reason for the Contracting Oficer to request additiona
sanpling, testing, and service life nodeling to quantify the concrete
properties. |If justified, cores may be extracted for testing, and an

i nvestigation into the cause for non-conformance shall be conducted. The
i nvestigation may include statistical analysis of the test data coll ected
to date; appropriateness of the pre-defined QAL based on statistica

anal ysis of production data; the inmpact of the non-conforning material on
the structure strength and/or service life; and recommendati ons for
concrete production process inprovenents, mtigation, or renediation, as
appropri ate.

I nvestigations into non-conformng materials shall be conducted at the
Contractor's expense. The Contractor shall be responsible for the

i nvestigation and shall nmake witten recomendations to adequately
nmtigate or renedi ate the non-conform ng material. The Contracting

O ficer may accept, accept with reduced paynent, require mtigation, or
requi re renoval and replacement of non-conform ng material at no
addi ti onal cost to the Government.

.8.5 Test Reports

Concrete Test Reports shall be identified by a sequential report
identification code. Each report shall identify the placenment date,

pl acenent | ocation, weather, nane of testing technician, tinme of sanpling,
batch ticket nunber, fresh concrete test results, and hardened concrete
test results.

.8.5.1 Concrete M xture Requirenments

a. Subnit copies of test reports conformng to ASTM CLO77 showi ng that
the m xture has been successfully tested to produce concrete with the
properties specified and that m xture will be suitable for the job
conditions. Test reports shall be subnitted along with the concrete
m xture proportions. Gbtain approval before concrete placenent.

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 rel evant properties.

.8.5.2 Suppl ementary Cenenting Materials

Submit test results in accordance with ASTM C618 and the physical and
chem cal analysis in accordance with applicable ASTM standards such as
ASTM C311/ C311N for fly ash. Submt test results perforned within 6
nonths of subnittal date. Update this report during construction as
necessary to assure that the supplementary cenmenting materials used on the
projects nmeets the ASTMcriteria and the report on file is never ol der
than 6 nont hs.

.8.5.2.1 Ground Granul ated Bl ast - Furnace Sl ag
Submit test results in accordance with ASTM C989/ C989N for ground

granul ated bl ast-furnace slag. Submt test results performed within 6
nmont hs of subnittal date. Update this report during construction as
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necessary to assure that the report on file is never older than 6 nonths.
.8.5.2.2 Utra Fine Fly Ash or Pozzol an

Submit test results in accordance with ASTM C618 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 m crons.
c. The sumSiC, plus Al ,C; plus Fe,C shall be greater than 77 percent.

Submit test results performed within 6 months of submittal date. Update
this report during construction as necessary to assure that the report on
file is never older than 6 nonths.

.8.5.3 Silica Fune

Submit test results in accordance with ASTM C1240 for silica fume. Data
shal | be based upon tests perforned within 6 nonths of submittal. Update
this report during construction as necessary to assure that the report on
file is never older than 6 nonths.

.8.5.4 Aggr egat es

Aggr egat e sanpl es shall be obtained in accordance with ASTM D75/ D75V and
shal |l be representative of the materials to be used for the project.

Submit test results for aggregate quality in accordance with ASTM C33/ C33N
and the conbi ned gradation curve proposed for use in the work and used in
the m xture qualification, and ASTM C295/ C295VN for results of petrographic
exam nation. Confirmthat the potential for alkali-silica reaction are
within allowable limts by conducting tests in accordance with ASTM C1260.
Submit results of all tests during progress of the work in tabular and
graphi cal form as noted above, describing the cumul ative conbi ned
aggregat e gradi ng and the percent of the conbined aggregate retained on
each sieve. Submit test results perfornmed within 12 nonths of subnmitta
dat e.

.8.5.5 Adm xt ur es

Submit test results in accordance with ASTM C494/ CA94N and

ASTM C1017/ C1017M or concrete admi xtures, ASTM C260/ C260N for
air-entraining adm xture, and manufacturer's literature and test reports
for corrosion inhibitors and anti-washout adm xture. Submitted data shal
be based upon tests perforned within 6 nonths of submittal. Submt
certified copies of test results for the specific lots or batches to be
used on the project. Test results shall be not nore than 6 nmonths old
prior to use in the work. Chemical adm xtures that have been in storage
at the project site for longer than 6 nonths or that has been subjected to
freezing will be retested at the expense of the Contractor.

.8.5.6 Portl and Cenent
Portl and cenment[, ground granul ated bl ast furnace (G&BF) slag,][ and
pozzolan] will be accepted on the basis of manufacturer's certification of

conpl i ance, acconpanied by mll test reports showing that the material in
each shipnent neets the requirements of the specification under which it
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is furnished. MII test reports shall be no nore than 1 nonth old, prior
to use in the work. No cementitious nmaterial shall be used until notice
of acceptance has been given by the Contracting Officer. Cenentitious
material may be subjected to check testing by the Government from sanples
obtained at the mll, at transfer points, or at the project site. |If
tests prove that a cenentitious nmaterial that has been delivered is
unsatisfactory, it shall be pronptly renoved at Contractor's expense from
the site of the work. Cenentitious naterial that has not been used within
6 nonths after testing shall be retested at the Contractor's expense and
shall be rejected if test results are not satisfactory. Submt test
results in accordance with ASTM C150/ C150N portland cement and/ or

ASTM C595/ C595 and ASTM C1157/ C1157N for bl ended cenent.

1.8.5.7 Testing During Construction

During construction, the Contractor is responsible for sanpling and
testing aggregates, cenentitious materials, and concrete as specified
herein. The Governnent will sanple and test concrete and ingredient
materials as considered appropriate. Provide facilities and |abor as nay
be necessary for procurenent of representative test sanples. Testing by
the Government will in no way relieve the Contractor of the specified
testing requiremnents.

1.8.5.8 Test Section

a. Horizontal Placenents. No nore than 90 days prior to construction
construct a Test Section 3048 nm by 3048 nm by 203.2 mr 10 by 10 feet
by 8 inches thick near the job site, but not as part of the
structure. The Test Section shall neet all specification requirenments
and be acceptable to the Contracting Officer in all respects,
including but not Iimted to delivery tine, placenent, consolidation
curing and surface texture. Use the Test Section to devel op and
denonstrate to the satisfaction of the Contracting Oficer the
proposed techni ques of m xing, hauling, placing, consolidating,
finishing, curing, initial saw cutting, start-up procedures, testing
net hods, plant operations, and the preparation of the construction
joints. The nixing plant shall be operated and equi pnent cali brated
prior to start of placing the Test Section. Use the same equi pnent,
materials, and construction techniques on the Test Section as will be
used in all subsequent work. Concrete production, placing,
consol i dating, curing, construction of joints, and all testing shal
be in accordance with applicable provisions of this specification. At
a mnimumof three days after conpletion of the Test Section, extract
a sufficient nunber of concrete cores 100 by 200 nmr 4 by 8 inch to
conduct tests to evaluate strength, air void spacing factor
honpgeneity, consolidation, segregation, and chloride ion penetration
properties. Test Results that are unacceptable Test Section will
necessitate construction of an additional Test Section at no
addi tional cost to the Government

b. Vertical Placenents. No nmore than 90 days prior to construction
construct a Test Section that represents the vertical placenents, (if
applicable) near the job site, but not as part of the structure. Test
Section shall neet all specification requirements and bei ng acceptabl e
to the Contracting Oficer in all respects, including but not limted
to delivery tine, placenent, consolidation, curing and surface
texture. Use the Test Section to devel op and denobnstrate to the
sati sfaction of the Contracting O ficer the proposed techni ques of
m xi ng, hauling, placing, consolidating, finishing, curing, initial
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saw cutting, start-up procedures, testing methods, plant operations,
and the preparation of the construction joints. The m xing pl ant
shal | be operated and equi pnent calibrated prior to start of placing
the Test Section. Use the sane equi pnent, materials, and construction
techni ques on the Test Section as will be used in all subsequent

wor k. Concrete production, placing, consolidating, curing,
construction of joints, and all testing shall be in accordance with
applicable provisions of this specification. At a mnimmof three
days after conpletion of the Test Section, extract a sufficient nunmber
of concrete cores to evaluate strength, air void spacing factor
honobgeneity, consolidation, segregation, and chloride ion penetration
properties. |If any of the test results are unacceptable, the
Contracting O ficer nay require that a new Test Section be
acconpl i shed at no additional cost to the Government.

1.8.5.9 Acceptability of Work

The materials and the structure itself will be accepted on the basis of
tests nade by the Contractor and shall be in conpliance with the criteria
herein. The Governnent may nake check tests at its expense to validate
the results of the Contractor's testing. Testing perforned by the
Government will in no way relieve the Contractor fromthe specified
testing requirements.

PART 2 PRODUCTS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Delete any reference to any products that are
not to be used on the project. Coordinate al

product requirenents with the appropriate agency's
Contracting Oficer.

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

2.1 CEMENTI TI QUS MATERI ALS

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

NOTE: Edit these paragraphs as appropriate for the
particul ar project. @Guidance for use of
cenentitious materials should be sought fromthe
agency's Subject Matter Expert in Concrete
Materials. Consideration should be given to the use
of fly ash or G&BF slag for partial replacenent of
portland cenent up to 50 percent. Type |Il cenent

shoul d not be specifi ed.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Suppl enentary Cenentitious Materials (SCM

When granul ated slag, coal fly ash, and natura
pozzol ans are used as cenmenting materials for
repl acenent of portland cenent in a concrete

m xture, and if by doing so the sustainability,
durability and the initial cost of the concrete
nm xture show consi derabl e i nprovenent then these
materials are called "supplenentary cenmentitious
mat eri al s" (SCM .

The Engi neer of Record is encouraged to specify the
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use of suppl enentary cenenting materials. For
exanpl e, 50 percent replacenent of the portland
cenent using Cass F fly ash has been successfully
denonstrated to offer the required conpressive
strength (f'cr), drying shrinkage, |ower
pernmeability, constructability, and the potential to
acconplish a structure with the design service life
whi | e being | ess expensive with a smaller carbon
footprint.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Cenentitious materials shall be portland cenent or cenent blended with
suppl enentary cenenting materials. New subnittals are required when the
cenentitious nmaterials change sources or types.

The Contractor shall provide cenmentitious materials meeting the

requi renents of the applicable specification, and as nodified herein
Provide mill certificates and test results conducted w thin six-nonths of
the submittal date as part of the concrete mxture qualification submttal

Provi de a single manufacturer of cenentitious material for each type of
cenent and suppl enentary cenenting materials supplied to the project.

1.1 Portl and Cenent

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

NOTE: Use Type Il or Type V cenent in project

| ocations with Environnmental Severity

Gl assifications (ESC) of C3 thru C5 or where deicing
salts are used on the structure. See UFC 1-200-01
for deternination of ESC for project |ocations.

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

Provi de portland cement conformng to ASTM CL150/ C150N, Type [I] [I1] [V],
low al kali [including false set requirenents] with tri-cal cium al um nates
(C3A) content less than 10 percent and a naxi mum cenent-al kali content of
0. 80 percent Na2Ce (sodium oxi de equivalent). Type IIl cenment shall be
used only with concurrence of the agency's Subject Matter Expert in
Concrete Materials. Wen HVFA mxtures are specified, they should be

bl ended with Type Il portland cement. HVFA is required instead of using
Type V cenent in high-sulfate areas. Low alkali cenent nay be required if
t he proposed aggregates are found to be expansive.

ASTM C150/ C150N cenents shall be conbined with suppl enentary cenenting
materials in the concrete m xture.

1.2 Bl ended Cements

Bl ended cenent shall conformto ASTM C595/ C595l, Type IP or IS, including
the optional requirement for nortar expansion [and sul fate soundness] and
consi st of a mxture of ASTM C150/ C150N Type |, or Type Il cenent and a
suppl enentary cenenting material. The slag added to the Type IS bl end
shal | be ASTM C989/ C989lN ground granul ated bl ast-furnace slag. The
pozzol an added to the Type |IP blend shall be ASTM C618 C ass F and shal
be interground with the cenent clinker. The manufacturer shall state in
witing that the anbunt of pozzolan in the finished cement will not vary
nore than plus or mnus 5 mass percent of the finished cenent from
lot-to-lot or within a lot. The percentage and type of mneral adm xture
used in the blend shall not change fromthat submitted for the aggregate
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eval uation and ni xture proportioning.
2.1.3 Pozzol an

2.1.3.1 Fly Ash

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

NOTE: Cdass Cfly ash is not permtted.

Use loss on ignition not exceeding 3 percent for
frost areas to reduce carbon interference with air
entrai ni ng admi xture.

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

Fly ash shall conformto ASTM C618, dass F, including the optional
requirenents for uniformty and effectiveness in controlling Alkali-Silica
reaction and shall have a I oss on ignition not exceeding [3][6] percent.
Class F fly ash for use in mtigating Alkali-Silica Reactivity shall have
a Calcium Oxide (CaO) content of less than 8 percent and a total

equi val ent alkali content less than 1.5 percent. Add with cenent.

2.1.3.2 Raw or Cal ci ned Natural Pozzol an

Nat ural pozzol an shall be raw or cal cined and conformto ASTM C618, C ass
N, including the optional requirenents for uniformty and effectiveness in
controlling Alkali-Silica reaction and shall have a | oss on ignition not
exceeding 3 percent. Cass N pozzolan for use in mtigating Alkali-Silica
Reactivity shall have a Cal cium Oxi de (CaO) content of |ess than 13
percent and total equival ent alkali content |ess than 3 percent.

2.1.3.3 Utra Fine Fly Ash and Utra Fine Pozzol an

Utra Fine Fly Ash (UFFA) and U tra Fine Pozzolan (UFP) shall conformto
ASTM C618, Cass F or N, and the foll owi ng additional requirenents:

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

b. The average particle size shall not exceed 6 m crons.
c. The sumof SI2 + Al2G3 + Fe2@3 shall be greater than 77 percent.
2.1. 4 Ground Granul ated Bl ast - Furnace (GGEBF) Sl ag

Ground Granul ated Bl ast-Furnace Slag shall conformto ASTM C989/ C989l,
[Gade 100 or Grade 120]. Add with cement.

2.1.5 Silica Funme

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

NOTE: Silica Fume shall only be used for OCONUS
projects where Cass F fly ash and GEBF sl ag are not
avai | abl e, and when approved by the Contracting
Oficer. Guidance for use of silica fune should be
sought fromthe agency's Subject Matter Expert in

Concrete Materi al s.
EE IR I b R S I I I I IR I I I IR I I R S R I I I I R I R I I R R I I I I I I R R I S I S b E b I IR I R I R I S I I b b I b b I b I

Silica fune shall conformto ASTM C1240, including the optional limts on
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reactivity with cenent alkalis. Silica funme may be furnished as a dry,
densified material or as slurry. Proper mxing is essential to acconplish
proper distribution of the silica fune and avoi d aggl onerated silica fune,
which can react with the alkali in the cement resulting in premature and
ext ensi ve concrete damage. Supervision at the batch plant, finishing, and
curing is essential. Provide at the Contractor's expense the services of
a manufacturer's technical representative, experienced in mxing,
proportioning, placenent procedures, and curing of concrete containing
silica funme. This representative rmust be present on the project prior to
and during at least the first 4 days of concrete production and pl acenent
using silica fune. A H gh Range Water Reducer (HRWR) shall be used with
silica fune. Finishing may be nore difficult. Proper curing is essential
because there is a tendency for plastic shrinkage cracking.

2.1.6 Suppl emrentary Cenentitious Materials (SCM Content

The concrete mx shall always contain supplementary cenmenting materials
whet her or not the aggregates are found to be reactive in accordance with
t he paragraph AGGREGATES. Concrete mixtures shall be designed and
proportioned to nmeet the requirenents for strength, constructability,
shrinkage, and durability.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: This specification requires that the
structural requirements (f'c) be net and concrete
strength is between 1.0 f'c and 1.2 f'c. |If the
prequalified nmixture as approved by the Engi neer of
Record shoul d produce a hi gher design strength
(fcr), that strength shall be used instead of f'c.
Maintain required wcmratio regardl ess of strength
requi renents.

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

2.2 AGCREGATES

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

NOTE: The | argest possible aggregate size that
neets the nom nal naxi mum size requirements of AC
318 should be used. Larger aggregates permt a

| eaner m xture with | ow paste content while

mai nt ai ni ng workability.

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

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

NOTE: In some tropical |ocations where standard
aggregate such as gravel or manufactured aggregates
are not readily available, the use of cora

aggregate is acceptable. The specific gravity of
any coralline material nmust not be |ess than 2.40.
Speci fy coral aggregates with higher specific
gravity wherever available. Wsh aggregates dredged
fromthe ocean or |agoons with fresh water to renove
as much salt as possible. Include bracketed

par agraph where coral will be used as an aggregate.

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

Conply with ASTM C33/ C33l O ass 4S, except as nodified herein

The quantities to be retained on each sieve may be adjusted only where
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avai | abl e aggregates are el ongated or slivered and cause interference with
mx mobility, or avail abl e aggregate gradations do not conply with the
18-8 requirement. Wen necessary to satisfy |ocal conditions and when
permtted, the conbi ned aggregate percentages may be changed to not nore
than 22 percent nor |less than 6 percent retai ned on any individual sieve.
The conbi ned aggregates in the mixture (coarse, internediate, and fine)
shall be well graded with no nore than 18 percent nor |ess than 8 percent
of the conbi ned aggregate retained on any individual sieve, unless

sati sfactory perfornmance can be denonstrated. The 300 mcronmeters No. 50
sieve may have |l ess than 8 percent retained; sieves finer than 300

m croneters No. 50 shall have |less than 8 percent retained, and the
coarsest sieve nay have |less than 8 percent retained. Use internediate
sizes for blending where necessary, to provide a well graded conbi ned
aggregat e.

a. Provide gradation of individual aggregate sizes using standard
concrete aggregate sieves including 37.5 mr 1-1/2 inches, 25 mr one
inch, 19 mr 3/4 inch, 12.5 mr 1/2 inch, 9.5 mr 3/8 inch, 4.75 mr No. 4,
2.36 mr No. 8, 1.18 mm No. 16, 600 microneters No. 30, 300 microneters
No. 50, and 150 nmicrometers No. 100.

b. Provide aggregates for exposed concrete from one source. Aggregate
reactivity shall be limted per the paragraph AGGREGATES. Provide
aggregate containing no deleterious nmaterial properties as identified
by ASTM C295/ C295M.

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

d. Aggregate tests shall be conducted within 6 nmonths fromthe date of
concrete mxture subnittal

e. Provide ASTM C1260 or ASTM C1567 test results conducted with 6 nonths
of the submittal date showi ng the proposed coarse and fine aggregates
are either: innocuous to alkali silica reaction; or that reactivity
has been mitigated by the proposed cenmentitious nmaterials as nodified
herein. Maxi nrum al | owabl e expansion is 0.08 percent at 14 days per
ASTM C1260. If this is not nmet, then naxi mum al | owabl e expansi on for
t he proposed concrete nixture/s shall be 0.08 percent at 14 days per
ASTM C1567. Al'l aggregate sources shall be tested. Also, provide
docunent ati on that the aggregate has no history of chemn cal
deterioration in concrete. Fine and coarse aggregates to be used in
all concrete shall be evaluated and tested for al kali-aggregate
reactivity. Both coarse aggregate size groups shall be tested.

f. Should the test data indicate a potential risk of alkali-aggregate
reaction, the aggregate(s) shall be rejected or procedures from
AASHTO R 80 shall be foll owed.

[ g Coral may be used as a coarse aggregate when conventional concrete
aggregate is not available. Coral aggregate must be washed to
elimnate chloride ions fromthe aggregate. Specific gravity of cora
must be at |east 2.40.

12.3  WATER
Water shall conmply with the requirements of ASTM C94/ C94N and

ASTM C1602/ C1602l, except that the chloride and sulfate Iimts as tested
in accordance with ASTM D512 and ASTM D516 shall not exceed 500 parts per
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mllion chloride ion and not nore than 1000 parts per mllion of sulfate
ion as SO4. Water shall be free frominjurious anbunts of oils, acids,

al kalis, salts, and organic materials. \Were non-potable water or water
fromreprocessed concrete is proposed for use in the work, submit results
of tests in accordance with ASTM C1602/ C1602N. Submt test results in
accordance with ASTM D512 and ASTM D516.

2.4  ADM XTURES

a. Provide certifications that chem cal adm xtures conply with the
requi renents shown in Table 4 and are conpatible with each other. Use
adm xtures in accordance with manufacturer's recomendati ons, as
appropriate for the climatic conditions and constructi on needs.

b. Do not use cal ciumchloride or adm xtures containing chloride ion

content in nmore than trace anmounts frominpurities in adm xture

i ngredients or potable water. Provide nmaxi mum concentrations of
corrosion-inducing chem cals as shown in Table 4. For concrete that
may be in contact with prestressing steel tendons, the concentration
shal | not exceed 60 percent of the limts given in Table 4. For the
concentration in grout for prestressing ducts, do not exceed 25
percent of the limts in Table 4.

Table 4 - Limts on Corrosion-Inducing Chemcals

Chemi cal * Limts, Percent** Test Met hod
Chl ori des 0.10 ASTM D512
Fl uori des 0.10 ASTM D1179
Nitrates 0.17 ASTM D3867

* Limts refer to water-soluble chemcals

** Limts are expressed as a percentage of the mass of the total
cenmentitious materials.

c. Provide anti-washout or viscosity nodifying adm xtures for underwater
concrete placenent. Provide certification that the adm xture is
conpatible with the cenentitious materials and other chem ca
adm xtures in the proposed concrete mxture. The anti-washout or
vi scosity nodi fying adm xture shall require approval by the
Contracting O ficer and have a proven record of perfornance with a
m ni mum of five simlar projects. Test per COE CRD-C 61 to deternine
cunmul ati ve mass | oss shall be performed once for each 267.6 cubic
nmeters 350 cubic yards of underwater concrete and results subnmitted to
Contracting O ficer for approval prior to continued use.

d. The total alkali contribution of chem cal adm xtures shall not
i ncrease the total sodi um oxi de equival ent content of the concrete
m xture by nmore than 0.3 kg/nB 0.5 | b/yd3.
2.4.1 Ar Entraining

Provide air entraining adm xtures conformng to ASTM C260/ C260M
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2.

2.

4.2 Accel erating

ASTM CA494/ CA94l, Type C.

. 4.3 Ret ar di ng

ASTM CA94/ C494l, Type B, D, or G

.4.4  \Water Reducing

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

NOTE: The use of high range water reducers can be
used to reduce the water-cenentitious materials
rati o which will produce a nore dense concrete
matrix and i nmprove resistance to chloride ion

penetration In the concrete.
B R R R R

ASTM CA94/ CA94N, Type A, E, or F.

H gh Range Water Reducer (HRWR) shall be ASTM C494/ C4A94N, Type F and
ASTM C1017/ C1017M.

.4.5 Corrosion Inhibitors

Corrosion inhibitors are considered "suppl enental corrosion projection”
I f used, adjust the quantity of concrete mxing water for the mass of
water in the adm xture. Accelerating and set adjusted versions are
acceptabl e Concrete setting tine and m xture workability shall be

eval uat ed

.5 NON- SHRI NK GROUT

ASTM C1107/ C1107N

.6 MATERI ALS FOR FORMS

Provi de wood, plywood, or steel. Use plywod or steel forns where a
snooth formfinish is required. Lunber shall be square edged or

t ongue- and- gr oove boards, free of raised grain, knotholes, or other
surface defects.

Pl ywood: APA PS 1, B-B concrete form panels or better. Steel form
surfaces shall not contain irregularities, dents, or sags.

6.1 Form Ti es and Form Faci ng Materi al

a. Provide a formtie systemthat does not |eave nmild 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 and some of the high water-cenentitious materials
rati o surface paste that may be trapped in pockets between the form
and the concrete. Maxinmumreuse is three tinmes. Provide forms with a
formtreatnment to prevent bond of the concrete to the fornms. Use a
controlled perneability formliner in strict accordance with the
manuf acturer's recomrendati ons.

SECTION 03 31 30 Page 44



2.

2.

2

7 REI NFORCEMENT

7.1 Prestressing Stee

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

NOTE: Use prestressing in fender and bearing piles
and deck soffits wherever possible. Post-tensioning
of pile caps and decks is reconmrended where
feasible. Do not mx coated prestressing strands
and plain prestressing strands. This will produce a
| arge corrosion cell between the plain strand and
any defect in the coated strand.

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

Use seven-wire stress-relieved or lowrelaxation strand conformng to
ASTM A416/ A416l, Grade 270. Use of indented seven-wire stress-relieved or
| owrel axati on strand conform ng to ASTM A882/ A882lN, Grade 270; or
epoxy-filled seven-wire stress-relieved or |owrelaxation strand
conform ng to ASTM A886/ A886l, Grade 270 shall be permitted in lieu of
prestressing steel conformng to ASTM A416/ A416lv. Use prestressing stee
free of grease, oil, wax, paint, soil, dirt, and | oose rust. Do not use
prestressing strands or w re having kinks, bends, or other defects.

. 7.2 Rei nforci ng Bars

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: It is intended that plain steel rebar with
specified concrete cover of 75 mr 3.0 inches shal
normal Iy be specified according to applicable codes.

ASTM A706/ A706M bars are nmainly used in seismc
design or for welding. Do not mx coated rebar and
plain reinforcing bars. This may produce a | arge
corrosion cell between the plain bar and any defect
in the coated bar.

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

AClI 301N ACI 301 unless otherw se specified and shall neet the design
yield strength and ductility requirements. Deformed reinforcing bars
neeting the requirements of ASTM A615/ A615N with the bars marked A, G ade
ASTM A276/ A276lv stainl ess steel bars; ASTM A767/ A767N Cl ass 1 gal vani zed,;
prefabricated epoxy coated, ASTM A934/ A934l; ASTM A955/ A955N st ai nl ess
steel bars; ASTM A1035/ A1035NV MVFX2 bars; ASTM A1055/ A1055N Z bars;

ASTM A706/ A706lv; or other approved reinforcing material shall be permtted
for use in the cast-in-place concrete system

The reinforcing selected shall match the structural properties of the
reinforcing specified. Alternative reinforcing bars shall have sinlar
structural properties to the specified reinforcing and may be used with
the Contracting Oficer's approval.

.7.2.1 Rei nf orcement and Protective Coating

I f applicable, provide coating manufacturer's and coating applicator's
test data sheets certifying that applied coating neets the requirenents of
the concrete system specified on the Pl ans.
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2.7.3 Mechani cal Rei nforci ng Bar Connectors
ACl 301N ACI 301. Provide 125 percent mininumyield strength of the
rei nforcement bar. Coat connectors in accordance with the requirements of
t he reinforcing bars.

2.7.4 Wlded Wre Fabric

Conply with ASTM A1064/ A1064N carbon steel. Provide flat sheets of wel ded
wire fabric for slabs and toppings.

2.7.5 Wre

Conply with ASTM A1064/ A1064N car bon st eel
2.8 ACCESSORY MATERI ALS
2.8.1 Pol yvi nyl chl ori de Wt er st ops

CCE CRD-C 572.
2.8.2 Materials for Curing Concrete
2.8.2.1 | mper vi ous Sheeti ng

ASTM C171; waterproof paper, clear or white polyethyl ene sheeting, or
pol yet hyl ene- coat ed burl ap.

2.8.2.2 Per vi ous Sheeti ng

AASHTO M 182 or carpet covering the free surface and kept continuously wet
t hr oughout the curing period.

2.8.2.3 Li qui d Menbr ane- For m ng Conpound
Conply with ASTM C309, white-pignmented, Type 2, Cass B

2.8.3 Li quid Chem cal Seal er-Hardener Conpound
Provi de magnesi um fl uosilicate conpound whi ch when m xed 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 adhesion of
resilient flooring, tile, paint, roofing, waterproofing, or other nateria
applied to concrete.

2.8.4 Expansi on/ Contraction Joint Filler

Conply with ASTM D1751 or ASTM D1752, 13 nm 1/2 inch thick unless
ot herwi se i ndi cat ed.

2.8.5 Joi nt Seal ants

2.8.5.1 Hori zont al Surf aces

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

NOTE: For horizontal surfaces subject to jet fuel
specify section 32 01 19.61 SEALING OF JONTS IN
Rl G D PAVEMENT.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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2.

Hori zontal surfaces are defined as all surfaces with a 3 percent naximm
sl ope. ASTM D6690 or ASTM C920, Type M d ass 25, Use T.

8.5.2 Vertical Surfaces

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

NOTE: Specify ASTM C920 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.

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

Vertical surfaces are defined as all surfaces with a slope greater than 3
percent. ASTM C920, Type M G ade NS, Cass 25, Use T. FS SS-S-200, no
sag.

PART 3 EXECUTI ON

3.

3.

1 FORMS

a. 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 times.
Reuse may be further Iimted by the Contracting Oficer if it is found
that the pores of the plywood are clogged with paste so that the wood
does not absorb air and sonme of the high water-cenentitious materials
rati o paste that may be trapped in pockets between the form and the
concrete.

b. Comply with ACI 301N ACI 301. Concrete for footings nmay be placed in
excavations wi thout forms upon inspection and approval by the
Contracting O ficer. Excavation width shall be a mnimumof 100 nm 4
inches greater than indicated. Set forns rigidly, nmortar-tight, and
true to line and grade. Chanfer above grade exposed joints, edges,
and external corners of concrete 20 nm 0.75 inch unl ess otherw se
i ndi cated. Forns subnerged in water shall be watertight.

c. Patch formtie holes with a no shrink patching material in accordance
with the manufacturer's recomendati ons and subject to approval.

1.1 Coat i ng

Bef ore concrete placenent, coat the contact surfaces of forms with a no
staining nmneral oil, no staining formcoating conpound, or two coats of
nitrocellulose lacquer. Do not use mneral oil on forms for surfaces to
whi ch adhesive, paint, or other finish material is to be applied.

1.2 Renoval of Forms and Supports

After placing concrete, forns shall remain in place for the tinme periods
specified in ACl 347R, except for concrete placed underwater, forns shal
remain in place a mnimum of 48 hours. Prevent concrete damage during
form renoval
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3.1.2.1 Speci al Requirenents for Reduced Tinme Period

Forms may be renoved earlier than specified if ASTM C39/ C39lV test results
of field-cured sanples froma representative portion of the structure or
ot her approved and calibrated non-destructive testing techniques show t hat
the concrete has reached a m ni nrum of 85 percent of the design strength.

. 1.3 Reshori ng

Do not allow construction |oads to exceed the superinposed |oad that the
structural nenmber, with necessary suppl enental support, is capable of
carrying safely and wi thout danage. Reshore concrete el enments where forns
are renmoved prior to the specified time period. Do not pernit elenents to
defl ect or accept | oads during formstripping or reshoring. Forns on
colums, walls, or other |oad-bearing nenbers nay be stripped after 2 days
if loads are not applied to the menbers. After forms are renoved, sl abs
and beans over 3 neters 10 feet in span and cantilevers over 1.2 neters 4
feet shall be reshored for the remmi nder of the specified time period in
accordance with paragraph REMOVAL OF FORVS AND SUPPORTS. Perform
reshoring operations to prevent subjecting concrete nenbers to overl oads,
eccentric | oading, or reverse bending. Reshoring elenments shall have the
same | oad-carry capabilities as original shoring and shall be spaced
simlar to original shoring. Firmy secure and brace reshoring el enents
to provide solid bearing and support.

.2 PLACI NG REI NFORCEMENT AND M SCELLANEQUS MATERI ALS

ACl 301N ACI 301. Renove rust, scale, oil, grease, clay, or foreign
substances fromreinforcing that woul d reduce the epoxy coating bond from
reinforcing. Do not tack weld. |Inspect and verify proper reinforcenent
grade, quantity, spacing, and clearance requirenents prior to concrete

pl acenent. Inspect placed steel reinforcing for coating damage prior to
pl aci ng concrete. Repair all visible damage.

2.1 Coat ed Rei nf orcing

If coated reinforcenent is used, record coating | ot on each shipping
notice and carefully identify and retag bar bundl es from bendi ng pl ant.
Provi de systens for handling coated bars that have padded contact areas,
nylon slings, etc., to keep bars free of dirt and grit. Carefully handle
and install bars to nmnimze job site patching including lifting and
supporting bundl ed coated bars with strong back, multiple supports, or
platformbridge to prevent saggi ng and abrasion. Wen possible, assenble
reinforcement as tied cages prior to final placenent into the forns.
Bundl i ng bands shall be padded where in contact with bars. Do not drop or
drag bars or bundles. Store coated bars both in shop and in field,
aboveground, on wooden or padded cribbing with adequate protective

bl ocki ng between | ayers. Schedul e deliveries of 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 w th opaque polyethyl ene sheeting or other suitable
equi val ent protective materi al

I nspect for defects and provide required repairs prior to assenbly. After
assenbly, reinspect and provide final repairs. Excessive nicks and
scrapes that expose steel shall be cause for rejection

a. |Imediately prior to application of the patching material, any rust
and debonded coating shall be manually renpved fromthe reinforcenent
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3.

3.

by suitable techni ques enpl oyi ng devices such as wire brushes and
enery paper. Care shall be exercised during this surface preparation
so that the 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

mat eri al

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

c. Allow adequate tine for the patching naterials to cure in accordance
with the manufacturer's recomendati on prior to concrete placenent.

d. Rinse placed reinforcing bars with ASTM C1602/ C1602N conpliant water
to renmove chloride contam nation prior to placing concrete.

2.2 Rei nf or cement Supports

Pl ace reinforcenent and secure with non-corrodi ble chairs, spacers, and
hangers. Metal hangers may be used, but shall be of sinmlar material to
the reinforcing. Support reinforcenent on the ground with concrete or
ot her non-corrodible material, having a conpressive strength equal to or
greater than the concrete being placed and having perneability equal or

| ess than the concrete being placed.

Coat ed reinforcing bars supported fromformwrk shall rest on coated wire
bar supports, or on bar supports made of dielectric material or other
acceptable material. Wre bar supports shall be coated with dielectric
material, conpatible with concrete, for a m nimumdi stance of 50 nm 2

i nches fromthe point of contact with the coated reinforcing bars.

Rei nforcing bars used as support bars shall be coated with the sane
material as the reinforcing. Spreader bars, where used, shall be coated.
Non- coat ed conbi nati on bar clips and spreaders used in construction wth
coated reinforcing bars shall be nade corrosion resistant or coated with
dielectric material. Coated bars shall be tied with plastic-coated tie
wire or other materials acceptable to the Contracting O ficer

. 2.3 Splicing

As indicated. For splices not indicated, comply with ACI 301NV ACI 301

Do not splice at points of maxi numstress. Overlap welded wire fabric the
spacing of the cross wires, plus 50 mm 2 inches. Wl ded splices shal
conply with AWS D1.4/D1. 4V and be approved prior to use.

.2.4 Fut ure Bondi ng

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

i nstall ed.

2.5 Cover

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

NOTE: Uniform high quality concrete cover over the
steel reinforcement is critically inportant for

long-termdurability.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O
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Provi de concrete cover thickness as shown on the Plans. |f no concrete
cover is specified, as a mnimum conply with ACI 318N ACI 318 for
concrete cover over the steel reinforcement. Use ACI 117 to determ ne
al l owabl e tol erances for the placement of the steel.

. 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 placenent. Plunb anchor bolts and check
| ocation and elevation. Tenporarily fill voids in sleeves with readily
renovabl e nmaterial to prevent the entry of concrete. Electrically isolate
exposed steel work and its anchor systens fromthe prinary stee
reinforcement with at least 50 nr 2 inches of concrete. Coat exposed
steel work to reduce corrosion. Take particular care to ensure agai nst
corrosion on edges and horizontal surfaces. Use epoxy coatings for
protection of carbon steel plates and fittings.

2.7 Construction Joints

Locate joints to least inmpair strength. Continue reinforcenent across
joints unless otherwi se indicated. Final joint locations are subject to
Cover nrent approval or substantiating calculations fromthe Contractor.

. 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 prefornmed joint filler material. Conpletely fill joints
exposed to weather with joint filler material and joint sealant. Do not
extend reinforcenent or other enbedded netal itens bonded to the concrete
t hrough 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 erstop Splices

Fusion weld in the field.

.2.10 Pits and Trenches

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

ASTM C94/ C94N, ACI 301NV ACI 301, and ACI 304R, except as nodified herein
Bat chi ng equi pnent 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.
Furni sh mandatory batch tickets inmprinted with mx identification, batch
size, batch design and neasured wei ghts, npoisture in the aggregates, and
time batched for each |oad of ready mix concrete. Wen a pozzolan is

bat ched cunul atively with the cenent, it shall be batched after the cenent
has entered the wei ght hopper
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3.1 Measuri ng

Make neasurements at intervals as specified in paragraphs SAWMPLI NG and
TESTI NG

Adj ust batch proportions to replicate the m xture design using nethods
provided in the approved quality assurance plan. Base the adjustnents 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

Conply with ASTM C94/ C94N and ACI 301N ACI 301. If tinme of discharge
exceeds time required by ASTM C94/ C94l, submit a request along with
description of precautions to be taken

.3.3 Transporting

Conply with ACI 304R.

.4 PLACI NG CONCRETE

Conply with ACI 304R and ACI 304.2R. Place concrete as soon as
practicable after the forms and the rei nforcenent have been inspected and
approved. Do not place concrete when weat her conditions prevent proper
pl acenent and consolidation; in uncovered areas during periods of
precipitation; or in standing water. Prior to placing concrete, renmove
dirt, construction debris, water, snow, and ice fromwi thin the forns.
Deposit concrete as close as practicable to the final position in the
forms. Do not exceed a free vertical drop of one n 3 feet fromthe point
of discharge. Place concrete in one continuous operation fromone end of
the structure towards the other or lifts for vertical construction
Position grade stakes on 6 m 20 foot centers maxi num for exterior slabs.

.4.1 Vi bration

EE R R R S I R R I R R I R S R R R S R R R S I R I R I R R R R R S R 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 dation of concrete.

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

Conply with the requirenments of ACI 309R [and ASTM A934/ A934N for
epoxy-coated bar] using vibrators with a mnimum frequency of 9000

vi brations per mnute (VPM. Use only high cycle or high frequency
vibrators. Motor-in-head 60 cycle vibrators nay not be used. For walls
and deep beans, use a mninmmof two vibrators with the first to nelt down
the m xture and the second to thoroughly consolidate the mass. Provide a
spare vibrator at the casting site whenever concrete is placed. Place
concrete in 500 mm 18 inch maxi mumvertical lifts. Insert and wthdraw

vi brators approximately 500 mr 18 inches apart. Penetrate at |east 200 nmmv
8 inches into the previously placed Iift with the vibrator when nore than
one |ift 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.
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For slab construction, use vibrating screeds designed to consolidate the
full depth of the concrete. Where beans 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.

.4.2 Col d Weat her

Conply with ACI 306R. Do not allow concrete tenperature to decrease bel ow
10 degrees C 50 degrees F. (Obtain approval prior to placing concrete when
anbient tenperature is below 4 degrees C 40 degrees F or when concrete is
likely to be subjected to freezing tenperatures within 24 hours.

Pl acenent of concrete shall be halted whenever the anbient tenperature
drops bel ow 5 degrees C 40 degrees F. Wen the anbient tenperature is

| ess than 10 degrees C 50 degrees F the tenperature of the concrete when
pl aced shall be not |ess than 10 degrees C 50 degrees F or nore than 25
degrees C 75 degrees F. Heating of the mxing water or aggregates nay be
necessary to regul ate the concrete placing tenperature. An accelerating
adm xture may be used when the anbient tenperature is below 10 degrees C
50 degrees F. Covering and other neans shall be provided for maintaining
the concrete at a tenmperature of at |least 10 degrees C 50 degrees F for

not less than 7 days after placing, and at a tenperature above freezing
for the remai nder of the curing period.

.4.3 Hot Weat her

Comply with ACI 305R. Maintain required concrete tenperature using Figure
2.1.5, "Effect of Concrete Tenperatures, Relative Hum dity, and W nd

Vel ocity on the Rate of Evaporation of Surface Misture From Concrete" in
ACl 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. |If
necessary, cool ingredients before mxing or use other suitable neans to
control concrete tenperature and prevent rapid drying of newly 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 permit curing without danage. |f the evaporation rate exceeds 0.5 kg
per square neter 0.1 pound of water per square foot per hour, fog spray

t he exposed concrete surfaces until active noist curing is applied.
Provi de water hoses, pipes, spraying equi prent, and water hauling

equi prent, where job site is renmbte to water source, to maintain a noist
concrete surface throughout the curing period. Provide burlap cover or
other suitable, perneable nmaterial with fog spray or continuous wetting of
t he concrete when weat her conditions prevent the use of either liquid
nmenbrane curing conpound or inpervious sheets. For vertical surfaces,
protect forms fromdirect sunlight and add water to top of structure once
concrete is set.

4.4 Prevention of Plastic Shrinkage Cracking

During weather with low hunidity, and particularly with high tenperature
and appreci able wind, devel op and institute neasures to prevent plastic
shrinkage cracks from devel oping. |If plastic shrinkage cracking occurs,
halt further placenent of concrete until protective neasures are in place
to prevent further cracking. Periods of high potential for plastic

shri nkage cracki ng can be anticipated by use of Figure 2.1.5 of ACI 305R.
In addition to the protective neasures concrete placenent shall be further
protected by erecting shades and wi ndbreaks and by applying fog sprays of
wat er, the addition of nmonomol ecular films, or wet covering. Wen such
water treatnment is stopped, curing procedures shall be imediately
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conmenced. The nethods and naterials to renove or repair areas affected
by plastic shrinkage cracks shall be suggested by the Contractor, reviewed
by the agency's Subject Matter Expert in Concrete Materials, and approved
by the Contracting Oficer. Cracks shall never be troweled over or filled
with cement slurry.

.4.5 Mass Concrete

Al mass concrete elenents shall be placed per the requirenents of the
Mass Concrete Temperature Control Pl an.

.4.6 Depositing Concrete Under Water

ACl 301N ACI 301 nethods and equi prrent used shall prevent the washing of
the cenent fromthe mxture, mnimze the formation of |aitance, prevent
the flow of water through the concrete before it has hardened, and

m ni m ze disturbance to the previously placed concrete. Tremes, if used,
shall be watertight and sufficiently large to pernmit a free flow of
concrete. Keep the discharge end continuously subnerged in fresh
concrete. Keep the shaft full of concrete to a level well above the water
surface. Discharge and spread the concrete by raising the treme to
maintain a uniformflow. Place concrete without interruption until the
top of the fresh concrete is at the required height.

.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 nmm 0.25 inch nmaxi num depth, or
ot herwi se defective areas. Provide edges perpendicular to the surface and
patch with non-shrink grout. Patch tie holes and defects when the forns
are removed. Concrete with extensive honeyconb including exposed stee

rei nforcement, cold joints, entrapped debris, separated aggregate, or

ot her defects that affect the serviceability or structural strength wll
be rejected, unless correction of defects is approved. Cbtain approval of
corrective action prior to repair. The surface of the concrete shall not
vary nore than the allowabl e tol erances of ACI 347R. Exposed surfaces
shal |l be uniformin appearance and finished to a snooth form finish unless
ot herwi se i ndi cat ed.

.5.2 For med Surfaces

.5.2.1 Tol erances

Conply with ACI 117 and as indicated.

.5.2.2 As- Cast Rough Form

Provide for surfaces not exposed to public view Patch holes and defects
and | evel abrupt irregularities. Renove or rub off fins and other
projections exceeding 6 mr 0.25 inch in height.

.5.2.3 As- Cast Form

Provide formfacing material producing a snmooth, hard, uniformtexture on
the concrete. Arrange facing material in an orderly and symretrica

manner and keep seans to a practical mninum Support forms as necessary
to neet required tol erances. Material with raised grain, torn surfaces,

SECTION 03 31 30 Page 53



wor n edges, patches, dents, or other defects that will inpair the texture
of the concrete surface shall not be used. Patch tie holes and defects
and conpletely renove fins.

.6 FI Nl SHES FOR HORI ZONTAL CONCRETE SURFACES
.6.1 Fi ni sh

Conply with ACI 301N ACI 301. Place, consolidate, and i medi ately strike
of f concrete to obtain proper contour, grade, and el evation before

bl eedwat er appears. Permit concrete to attain a set sufficient for
floating and supporting the weight of the finisher and equipnment. |f

bl eedwater is present prior to floating the surface, drag excess water off
or renove by absorption with porous naterials. Do not use dry cenent to
absorb bl eedwat er.

.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 |l evel ed, the surface shall be roughened with stiff brushes of
rakes before final set.

.6.1.2 Fl oat ed

Exterior slabs where not otherw se specified. After the concrete has been
pl aced, consolidated, struck off, and |leveled, do not work the concrete
further, until ready for floating. Wether 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 pernit the operation

.6.1.3 Br oonmed

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

.6.1.4 Pavement

Screed the concrete with a tenpl ate advanced with a conbi ned | ongitudina
and crosswi se notion. Miintain a slight surplus of concrete ahead of the
tenplate. After screeding, float the concrete longitudinally. Use a
strai ghtedge to check slope and fl atness; correct and refl oat as
necessary. OCbtain final finish by a burlap drag. Drag a strip of clean
wet burlap from 900 to 3000 mm wi de and 600 nm |l onger 3 to 10 feet wide
and 2 feet longer than the pavenent 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.

.6.1.5 Concrete Toppi ngs Pl acenment

Renove dirt, laitance, and | oose aggregate by neans of a stiff wre
broom Keep the base wet for a period of 12 hours preceding the
application of the topping. Renpbve excess water prior to the topping
pl acenent. Do not allow tenperature differential between the conpleted
base and the topping to exceed 6 degrees C 10 degrees F at the tine of
pl acing. Place the topping and finish as specified for pavenent.
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7 CURI NG AND PROTECTI ON

Conply with ACI 301N ACI 301 and ACI 308.1 unless otherw se specified.
Prevent concrete fromdrying by msting surface of concrete. Begin curing
i mediately following final set. Avoid damage to concrete fromvibration
created by blasting, pile driving, nmovenment of equipnment 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 oil stains. Do
not allow concrete to dry out fromtine of placement until the expiration
of the specified curing period. Do not use nenbrane-form ng conpound on
surfaces where appearance woul d be objectionable, on any surface to be
pai nted, 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 period, provide another curing procedure
specified herein for the remaining portion of the curing period. Provide
noi st curing for those areas receiving liquid chenical sealer-hardener or
epoxy coati ng.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: When the use of alkali-reactive aggregates is
permtted, add the follow ng paragraph

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

Furni sh ASTM C39/ C39N test results to verify the anticipated rate of
strength devel opnent for the proposed concrete design mxture. Submt an
i ncreased curing period and mnimumtinme to strip formwrk based upon the
reduced rate of strength devel opnent.

.7.1 Wet Curi ng

Wet cure marine concrete using ASTM CL602/ C1602N conpliant water for a

m ni mum of 7 days. Do not allow construction |oads to exceed the
superinposed | oad that the structural nenber, with necessary suppl enental
support, is capable of carrying in current condition safely and wi thout
damage.

Leaving the forns in place for seven days is a suitable alternative to wet
curing.

.7.1.1 Pondi ng or | mrersion

Continually imrerse the concrete throughout the seven-day curing period.
Water shall 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, increase 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 i nches over adjacent sheeting.
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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 or 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 mnimum Provide sheeting not |ess than 450 nm 18 i nches
wi der than the concrete surface to be cured. Secure edges and transverse
laps to formclosed joints. Repair torn or damaged sheeting or provide
new sheeting. Cover or wap colums, walls, and other vertical structura
elements fromthe top down with inpervious sheeting; overlap and
continuously tape sheeting joints; and introduce sufficient water to soak
the entire surface prior to conpletely encl osing.

.7.2 Li qui d Menmbrane- Formi ng Curing Conpound

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Stay in place forms and noist curing are the
preferred nethod for curing concrete. Use of a
liquid nenbrane-formnming curing conpound is only
permtted when approved by the Contracting O ficer

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

Seal or cover joint openings prior to application of curing conpound.
Prevent curing compound fromentering the joint. Apply in accordance wth
t he recomendati ons of the nmanufacturer inmediately after any water sheen
that may devel op after finishing has disappeared fromthe concrete
surface. Provide and naintain conpound 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 Humidity, 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

.7.2.1 Application

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

.7.2.2 Protection of Treated Surfaces
Prohi bit pedestrian and vehicular traffic and ot her 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 damage.
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7.3 Li quid Chem cal Seal er-Hardener

Apply the seal er-hardener in accordance with manufacturer's
recomendati 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 m nimum of 30 days. Apply a nminimmof two coats
of seal er-hardener

7.4 Curing Periods

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

NOTE: Add the following if concrete will be
underwater: [Cure |and-cast elenments for a m ninum

of 7 days prior to subnerging].
EE IR R I Sk S S I S S S R R Rk I I S kS R R Rk I S Rk I S I R Sk I O

Moi st cure concrete using ASTM C1602/ C1602N conpliant water for a mni num
of 7 days. Continue additional curing for a total period of 21 days.
Begin curing i mediately after placenent. Protect concrete from premature
drying, excessively hot temperatures, and mechanical injury; and maintain
m ni mal noisture loss at a relatively constant tenperature for the period
necessary for hydration of the cenent and hardening of the concrete. The
material s and nethods of curing shall be subject to approval by the
Contracting Oficer.

8 FI ELD QUALI TY CONTRCL

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

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

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

8.1 Fresh Concrete Properties

For each concrete nixture, the Contractor shall take sanples in accordance
with ASTM C172/ CL72N, test and record the slunp, and tenperature. |f the
sl unp deviates fromthe previous batch by nore than 25.4 mm 1 inch, air
content shall also be determ ned. Adjustnent of air content and/or slunp
with chem cal admixture is permitted provided the water to cenmentitious
material ratio is not exceeded.

.8.1.1 Sl unmp Tests

ASTM C143/ C143N. Take concrete sanples during concrete placenent. The
maxi mum sl unp may be increased as specified with the addition of an
approved hi gh range water reducing (HRAR) admi xture provided that the

wat er-cementitious ratio is not exceeded. Performtests at comrencenent

of concrete placenent, when test cylinders are nade, and for each batch
(mninum or every 40 cubic neters 50 cubic yards (maxi nun) of concrete

I f concrete does not pass slunp test, adjust using a HRAR and test every
concrete batch until two consecutive batches meet slunp w thout adjustnent.

3.8.1.2 Tenperature Tests

a. Test the concrete delivered and the concrete in the forms. 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
(mninmm or every 40 cubic neters 50 cubic yards (maxi nunjy of
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concrete, until the specified tenperature i s obtained, and whenever
test cylinders and slunp tests are nade.

b. Determne tenmperature of each concrete sanple in accordance with
ASTM C1064/ C1064N. Tenperatures must conply with the Concrete
Tenperature Control Plans.

3.8.1.3 Air Content Tests

ASTM C231/ C231N or ASTM C173/C173N. Performtests at conmencenent of
concrete placenent each day, when test cylinders are made, and if slunp
test varies by nore than 25.4 nmr 1 inch fromprevious results or concrete
does not pass slunp test.

3.8.1.4 Unit Weight Test

ASTM C138/ C138l. Take concrete sanples during concrete placenent.
Performtests at commencenent of concrete placenent, when test cylinders
are nade, and for each batch (mninmun) or every 38.2 cubic neters 50 cubic
yards(maxi mum) of concrete.

3.8.2 Har dened Concrete Properties
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NOTE: The Engi neer of Record nust specify the
frequency of testing during the construction phase.
Sufficient testing must be done to maintain
confidence that the concrete, as delivered and

pl aced, remains consistent. For exanple: sanple and
test every 75 cubic neters 100 cubic yards for the
first 382 cubic neters 500 cubic yards, then every
382 cubic nmeters 500 cubic yards once confidence is
established in uniformty. However, this is only a
gui del i ne, and the owner and Engi neer of Record
shoul d agree on the frequency of sanpling as best
suits the particulars of each project and budget.

For exanple, a sanpling interval for a new pier my
be as foll ows:

During the first week of casting piles
During the second week of casing piles

M dway through the casting of all piles
During the final week of casting piles

At the first pile cap and every tenth bent
t hereafter

o During the two first concrete deck pours
o During the final concrete deck pour
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Sanpl e and test each lot at [75] cubic nmeters [100] cubic yards for the
first [382] cubic nmeters [500] cubic yards, then every [382] cubic neters
[ 500] cubic yards thereafter.

Cast and cure specinmens in accordance with ASTM CL72/ Cl72VN, ASTM C31/C31N
and applicable requirenents of ACI 305R and ACI 306R.

For each lot, record the date and tine sanpled, the batch ticket code,
cylinder ID code the location of placenent, total volune of concrete
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represented by the sample, and fresh concrete properties; ASTM Cl143/ Cl143N
for slunmp or ASTM C1611/C1611N for slunp flow and visual stability index
(VSl), ASTM C231/C231N for air content, ASTM C1064/Cl064lN for tenperature,
and ASTM C138/ CL138N unit wei ght.

For each | ot sanple, cast twelve 150 by 300 nmr 6 by 12 inch cylinder

speci mens for strength and three 100 by 200 nmm 4 by 8 inch cylinder

speci mens for chloride ion penetration testing. These cylinders shall be
wr apped conpletely with slightly danped paper towels with water only. The
wr apped cylinders shall be placed in either a vacuum package or doubl e

| ayers of sealed plastic bags. Package cylinders to prevent damage and
ship to the approved testing |aboratory.

In the event quality acceptance test results and retest results fail to
nmeet the quality acceptance criteria, the entire |lot shall be considered
non-conform ng material, refer to the paragraph REPAIR, REHABI LI TATI ON and
REMOVAL.

3.8.2.1 Conpressive Strength Tests
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NOTE: When the sane mx design is used for nultiple
el ements such as sl abs, beans, and walls, the design
el ement type nmay be specified in addition to the mx
design to better identify deficient concrete.

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

ACl 214R tests for strength - conduct strength tests of concrete during
construction in accordance with the foll owi ng procedures:

a. Test cylinders in accordance with ASTM C39/ C39N. Test three cylinders
at 3 days, three cylinders at 7 days, and three cylinders at the age
when the conpressive strength requirenent was specified. Hold the
remai ning three cylinders in storage. |If one specinmen in a test shows
evi dence of inproper sanpling, nmolding or testing, discard the
speci men and consider the strength of the remaining cylinder to be the
test result. |If nore than one speci nen shows excess defects, the
Contracting O ficer nay allow the entire test to be discarded. Test
results shall not exceed the specified conpressive strength by nore
than 20 percent for the age specified.

b. If the average strength test results are |l ess than the specified
strength (f'c) extract three core sanples fromthe structure in
accordance with ASTM C42/ C42l, fromthe area that correlates to the
low test results. These extracted cores shall not contain stee
reinforcing. Repair core holes with non-shrink grout. WMatch col or
and finish of adjacent concrete. For concrete not neeting strength
criteria, the Contractor shall prepare a renediation strategy for the
review by the Contracting Oficer.

c. Strength test reports shall be provided within 7 days of test
conpl eti on.

3.8.2.2 Chl oride lon Penetration Test
Test cylinder concrete for chloride ion penetration at 56 days. Concrete
representative of the tested concrete with values greater than the quality

accept ance values determned in Table 1, will require retesting using
spare samples. |If the retest exceeds the quality acceptance limt, this
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shal |l be grounds to stop concrete placenent and to review quality control
i ssues.

.8.2.3 Chloride Ion Concentration

Conply with ACI 318l Table 1. Determ ne water soluble chloride ion
concentration. Performtest once for each m x design

.8.2.4 Anti - WAshout Adm xture

Conply with COE CRD-C 61. Determne cumul ative nmass |oss. Performtest
once for each 267.6 cubic neters 350 cubic yards of underwater concrete.

.8.2.5 Non- Destructive Tests

Use of a rebound hammer to obtain data on the strength of the concrete
surface shall be in accordance with ASTM C805/ C805N. Test results from
t he rebound hanmer and ot her non-destructive testing nay be hel pful in
sel ecting areas to extract concrete cores for destructive testing.

.8.3 Core Sanpl es and Conpressive Strength Testing
ontain and test cores in accordance with ASTM C42/ CA2MV.

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

hum dity less than 60 percent) for 7 days before testing and test dry.

O herwi se, test the cores, after npisture conditioning, in accordance wth
ASTM C42/ CA2MN.

Acceptance criteria for cylinder conpressive strength are provided in
par agr aph ACCEPTANCE OF CONCRETE STRENGTH.

Take at |least three representative cores fromeach nmenber or area of
concrete in place that is considered potentially strength deficient.
Impair the strength of the structure as little as possible. |f, before
testing, extracted cores show evidence of having been danaged subsequent
to or during renoval 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 Officer will evaluate and validate core tests in
accordance with the specified procedures.

.8.4  Acceptance of Concrete Strength
.8.4.1 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. Wen the averages of
all sets of three consecutive conpressive strength test results are
between 1.0 and 1.2 tinmes the field test strength (fcr), and no individua
strength test falls below fcr by nore 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.
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3.8.4.2 Non- Destructive Tests

Non- destructive tests may be used when pernmitted to eval uate concrete
where standard nol ded and cured cylinders have yielded results not mneeting
the criteria.

3.8.4.3 Extracted Core Tests

VWhen the average conpressive strengths of the representative cores are
between 0.85 fcr and 1.2 fcr and if no single core is less than 0.75 fecr
the strength of concrete is satisfactory.

3.8.5 I nspection
ACl 311.4R. Inspect concrete placed under water with qualified divers.
3.9 REPAI R, REHABI LI TATI ON AND REMOVAL

Bef ore the Oaner accepts the structure and final paynent is nade the
Contractor shall inspect the structure for cracks, damage, and substandard
concrete placenents that nay adversely affect the service life of the
structure. A report docunmenting these defects shall be prepared that

i ncl udes reconmendati ons for repair, renoval and/or renediation which

will be reviewed by the agency's Subject Matter Expert in Concrete
Materials and submitted to the Contracting O ficer for approval before any
corrective work i s acconpli shed.

3.9.1 Crack Repair

Prior to final acceptance, all cracks in excess of 0.50 mr 0.02 inches

wi de shall be docunented and repaired. The proposed nethod and materials
to repair the cracks shall be submitted to the Contracting O ficer for
approval. The proposal shall address the anpbunt of novenent expected in
the crack due to tenperature changes and | oadi ng.

3.9.2 Repai r of Wak Surfaces

Weak surfaces are defined as nortar-rich, rain-damaged, uncured, or
cont ai ni ng exposed voids or deleterious materials. Concrete surfaces with
weak surfaces less than 6 mr 1/4 inch thick shall be dianmpond ground to
renove the weak surface. Surfaces containing weak surfaces greater than 6
nr 1/4 inch thick shall be renoved and replaced or mitigated in a manner
acceptable to the Contracting Oficer

3.9.3 Failure of Quality Assurance Test Results
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NOTE: Test results acconplished on concrete sanpl es
during concrete production that fall short of the
acceptance criteria alert the Contractor to

somet hing in the production and pl acenent process
that has drifted out of calibration or that an error
has been made. The goal is to track down the
probl em and correct it as quickly as possible.

Unl ess the concrete producer nakes a large error in
batching or in placing, the chance that hardened
concrete needs to be rempved is renote. Renoval and

repl acenent is a last resort.
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Proposed mitigation efforts by the Contractor to restore the origina
design intent shall be reviewed by the agency's Subject Matter Expert in
Concrete Materials and approved by the Contracting O ficer prior to

pr oceedi ng.

-- End of Section --
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