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SECTI ON 35 59 13.13

PRESTRESSED CONCRETE FENDER PI LI NG
04/ 06
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NOTE: This gui de specification covers the
requirenents for prestressed concrete fender piling.

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

Remove information and requirements not required in
respective project, whether or not brackets are
present.

Comrent s and suggestions on this guide specification
are wel cone and should be directed to the technica
proponent of the specification. A listing of
techni cal proponents, including their organization
desi gnation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS shoul d be subnmitted as
a Criteria Change Request (CCR

Rk Rk bk R R IR Rk I kS S S S R R R Rk kb S R R Rk kS I S b S I R o
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NOTE: The extent and | ocation of the work to be
acconpl i shed shoul d be indicated on the project

drawi ngs or included in the project specification
EE IR R I Sk I I I kS S O R R Sk kI kS R Rk kI S S kS kS

EE R R I R R I R I R I R R I R I R I R I R R R I R R R I R R I R

NOTE: Refer to NFESC TM 53-89-03, "Prestressed
Concrete Fender Piling User Data Package" for
details of these fender piles. The follow ng

i nformati on shall be shown on the draw ngs:

1. Locations and design | oads of piles.
2. Size, shape, and length of piles.
3. Locations, sizes, and nunber of | ongitudinal

ducts for prestressing steel. Unit stresses for
prestressing strands or wre.
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4. Details of reinforcement and tendons.
5. Soil data, where required

6. Enbednent depth.

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

PART 1 GENERAL

1.1 REFERENCES

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

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

Use the Reference Wzard's Check Reference feature
when you add a RID outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Also use the
Ref erence Wzard's Check Reference feature to update
the i ssue dates.

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

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

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

ACl | NTERNATI ONAL (ACl)
ACl 211.1 (1991; R 2009) Standard Practice for

Sel ecting Proportions for Nornal,
Heavywei ght, and Mass Concrete

ACl 212. 3R (2004) Chenical Adni xtures for Concrete
ACl 214R (2002) Recommended Practice for Evaluation
of Strength Test Results of Concrete
ACl 318M (2008) Metric Building Code Requirenents
for Structural Concrete and Conmentary
ACI SP-66 (2004) ACI Detailing Manua
AMERI CAN ASSCCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI Cl ALS
( AASHTO)
AASHTO M 182 (2005) Standard Specification for Burlap
Cloth Made from Jute or Kenaf and Cotton
Mat s
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AWS D1.

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM A

ASTM C

ASTM C

ASTM C

ASTM C

AVERI CAN VEELDI NG SOCI ETY ( AWS)

4/ D1. 4M

(2005; Errata 2005) Structural Welding
Code - Reinforcing Steel

ASTM | NTERNATI ONAL ( ASTM

153/ A 153M

307

416/ A 416M

501

53/ A 53M

563

563M

615/ A 615M

706/ A 706M

82/ A 82M

966/ A 966M

1240

136

143/ C 143M

150

(2005) Standard Specification for Zinc
Coating (Hot-Dip) on Iron and Steel
Har dwar e

(2007b) Standard Specification for Carbon
Steel Bolts and Studs, 60 000 PSI Tensile
Strength

(2006) Standard Specification for Steel
Strand, Uncoated Seven-Wre for
Prestressed Concrete

(2007) Standard Specification for
Hot - For med Wl ded and Seanl ess Car bon
Steel Structural Tubing

(2007) Standard Specification for Pipe,
Steel, Black and Hot-Di pped, Zinc-Coated,
Wl ded and Seanl ess

(2007a) Standard Specification for Carbon
and Alloy Steel Nuts

(2007) Standard Specification for Carbon
and Alloy Steel Nuts (Metric)

(2008b) Standard Specification for
Def ormed and Pl ai n Carbon-Steel Bars for
Concr et e Rei nforcenent

(2008a) Standard Specification for
Low Al |l oy Steel Deforned and Plain Bars
for Concrete Reinforcenent

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

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

(2005) Standard Specification for Silica
Fume Used in Cenentitious M xtures

(2006) Standard Test Method for Sieve
Anal ysis of Fine and Coarse Aggregates

(2008) Standard Test Method for Slump of
Hydraul i c- Cement Concrete

(2007) Standard Specification for Portland
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ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM C

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

171

172

309

31/ C 31M

311

33/ C 33M

39/ C 39M

494/ C 494M

595

618

989

1894

2240

256

4020

570

638

Cenent

(2007) Standard Specification for Sheet
Materials for Curing Concrete

(2008) Standard Practice for Sanpling
Freshly M xed Concrete

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

(2008b) Standard Practice for Mking and
Curing Concrete Test Specinmens in the Field

(2007) Sanpling and Testing Fly Ash or
Nat ural Pozzol ans for Use as a M neral
Adnmi xture in Portland-Cenent Concrete

(2008) Standard Specification for Concrete
Aggr egat es

(2005e1e2) Standard Test Method for
Conpressive Strength of Cylindrical
Concrete Speci nmens

(2008a) Standard Specification for
Chemi cal Admi xtures for Concrete

(2008a) Standard Specification for Bl ended
Hydraul i ¢ Cenents

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

(2009) Standard Specification for G ound
Granul ated Bl ast-Furnace Slag for Use in
Concrete and Mortars

(2008) Static and Kinetic Coefficients of
Friction of Plastic Filmand Sheeting

(2005) Standard Test Method for Rubber
Property - Duroneter Hardness

(2006el1) Determining the Izod Pendul um
| npact Resi stance of Plastics

(2005) U tra-Hi gh- Mol ecul ar - Wi ght
Pol yet hyl ene Ml di ng and Extrusion
Material s

(1998; R 2005) Standard Test Method for
Wat er Absorption of Plastics

(2008) Standard Test Method for Tensile
Properties of Plastics
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ASTM D 792 (2008) Density and Specific Gavity
(Relative Density) of Plastics by
Di spl acenent

ASTM F 844 (2007a) Washers, Steel, Plain (Flat),
Unhar dened for CGeneral Use

PRECAST/ PRESTRESSED CONCRETE | NSTI TUTE ( PCl)

PCI M\L-116 (1999) Manual for Quality Control for
Pl ants and Production of Structural
Precast Concrete Products

1.2 SUBM TTALS

R IR I S bk S b I S S O R kR Rk S bk S bk S b Rk S S bk b S S S

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

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

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

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

Choose the first bracketed itemfor Navy, Air Force
and NASA projects, or choose the second bracketed
itemfor Arny projects.

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

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

SD- 02 Shop Drawi ngs

Pil es
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1

Driving hel nets, capbl ocks, and pile cushions
SD- 05 Design Data
Concrete m x design

Submit a concrete mx design before concrete is placed, for each
type of concrete used for the piles.

SD- 06 Test Reports
Aggr egat es
Fl'y ash
Silica fume
Concrete
Submit concrete cylinder conpressive strength test results.
SD-07 Certificates
Precasting nanufacturer's quality control procedures
Suitability of pile driving equi pnent
Curing of piles]
Silica fune nmanufacturer's representative]
Prestressing steel
Portl and cenent
Concrete mix design
Rei nf orci ng stee
Rubbi ng surface]
Bolts, nuts, and washers
3 REQUI REMENTS
3.1 Piling Lengths and Quantity
Provi de prestressed pretensioned concrete piles. Base bids upon the
nunber, size, and length of piles as indicated. Adjustnents in the

contract price will not be nade for cutting off piles or for broken
damaged, or rejected piles.

.3.2 Pil es

Prepare in accordance with ACI SP-66. Indicate placement of reinforcenent
i ncluding tendons. Indicate |ocation of special enbedded or attached
lifting devices, enploynent of pick-up points, support points other than
pi ck-up points, and any other nethods of pick-up. [Provide certification

SECTION 35 59 13.13 Page 8



of a professional engineer registered in any jurisdiction, that |ayout and
details of reinforcenment and tendons conformwi th that shown on the
structural design draw ngs.]

1.3.3 Driving Hel mets, Capbl ocks, and Pile Cushions

Show details of driving helnmets, capblocks, and pile cushions. Submt 2
weeks prior to [test] pile installation

1.4  QUALITY ASSURANCE
1.4.1 Quality Control Procedures

Submit [ ] copies of precasting manufacturer's quality contro
procedures established in accordance with PCl M\L-116.

[1.4.1.1 Curing of Piles
Submit proposed materials and met hods.

11.4.2 Silica Fune Manufacturer's Representative
Provi de statenent that the manufacturer's representative will be present at
pl ant to ensure proper mx, including high range water reducer (HRWR), and
bat chi ng et hods.

1.4.3 Aggr egat es

Prior to pile fabrication, submt certified test reports for the follow ng
tests specified in ASTM C 33/ C 33N

a. Gading
b. Amount of material finer than 75 mcroneters No. 200 sieve
c. Oganic inpurities
d. Soundness
e. Cay lunps and friable particles
f. Coal and lignite
g. Weight of slag
h. Abrasion of coarse aggregate
i. Fineness nodul us
j. Reactive aggregates
k. Freezing and thaw ng
1.4.4 Fly Ash

Furnish fly ash test results performed within 6 nonths of submittal date.
Sanpling and testing shall be in accordance with ASTM C 311

SECTION 35 59 13.13 Page 9
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4.5 Silica Fune

Furnish silica fume test results perforned within 6 nonths of subnitta
date. Sanpling and testing shall be in accordance with ASTM C 311

.4.6 Portl and Cenent

Certification identifying cenent; brand name, type, mll location, quantity
to be used, size of lot represented by quality control sanple, |ot nunber,
and destination of shipnent.

4.7 Concrete M x Design

Certify, using a Governnent-approved i ndependent conmmercial testing

| aboratory, that proportioning of mix is in accordance with ACI 211.1 or
ACl 318N for specified strength and is based on aggregate data whi ch has
been deternined by |aboratory tests during |last 12 nonths.

PART 2 PRODUCTS

2.

2.

2.

1 MATERI ALS

1.1 Cenent

EZE IR R R R I I R R I I I R R R R R kS R R R I I R I I I R S O

NOTE: Insert type of cenment required. Except where
noderate or high sulfate resistance is required,
permt option for Type I, IIl, Ill, IP, or IS. For
noderate sul fate resi stance, specify Type IIl, |11,
IP(MS), or IS(MS) with a maxi numtrical cium

al umi nate content of 8 percent. For high sulfate
resi stance, specify Type IIl or V, with a maxi mum
trical ciumaluninate content of 5 percent.

R IR I S bk O bk I S kS I Sk kS Rk S bk S bk S b S R R Sk b S S Sk kS S S

ASTM C 150, [Type I, 1, or 1II] [___ ], or ASTM C 595, Type [IP(MS) or
IS(MS)] [ ] bl ended cenment except as nodified herein. The bl ended
cement shall consist of a mxture of ASTM C 150 cenent and one of the
following materials: ASTM C 618 pozzolan or fly ash, or ASTM C 989 ground
iron blast furnace slag. The pozzolan/fly ash content shall not exceed 25

percent by weight of the total cenentitious naterial. The ground iron
bl ast-furnace slag shall not exceed 50 percent by wei ght of tota
cementitious material. [Cenent shall have a maxi mumtrical ci um al uni nate

content of [5] [8] percent.]

1.2 \Wat er

Use potable water.

1.3 Aggr egat es

R IR I S bk O b I S S I S I Rk S S b S R Rk S b S S I bk b S bk R S

NOTE: For piles in areas where reactive aggregates
are found, provide for additional tests and
certification to ensure that reactive aggregates
will not be used. Wile not wholly conclusive,

pet r ographi ¢ exam nati on (ASTM C 295), chemical test
(ASTM C 28/ c 28MB), provide val uabl e indicators.

The nortar bar nethod (ASTM C 227), while nore

SECTION 35 59 13.13 Page 10



reliable, requires at least 6 nonths and preferably
one year to yield results. 1In areas where reactive
aggr egat es cannot be avoi ded, specify use of |ow

al kali cement. Service records of concrete nade
with these materials along with tests should be used
in evaluating these materials.

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

Rk Ik kb Sk R IR Rk kS kR R Ok R Rk kb R Rk Ik kb R R o

NOTE: Include nodification to ASTM C 33 when
reactive aggregates could be encountered. More

nodi fications may be required. Additional tests and
certifications may be required in the submitta

par agr aphs.

Rk Ik kR IR Rk Ik I o S S S S R AR I R R R kR Rk Sk kS I kb S S A R

ASTM C 33/ C 33N, except as nodified herein. Provide aggregate free from
any substance which may be deleteriously reactive with alkalies in cenent
in an anpbunt sufficient to cause excessive expansion of concrete]. Do not
m x, store in sanme stockpile, or use fine aggregates fromdifferent sources
of supply in same concrete m x or same structure w thout approval. Maxi num
coarse aggregate size shall be 19 mv 3/4 inch.

2.1. 4 Adm xt ures

Rk Ik Sk kR IR Rk I S S S I ARk Ik kb S R R Rk Ok S Rk Ik R

NOTE: For guidance in use of either water-reducing
adm xtures, set retarding adni xtures, or conbination
of admi xtures, refer to ACl 543R, "Reconmendati ons
for Design, Manufacture, and Installation of
Concrete Piles."

Rk Ik kb Sk R IR Rk kS ARk Ik Sk S R R Rk kR kR Ik S I SRRk ko b o

If required, ASTM C 494/ C 494V, [Type A] [Type B] and ASTM C 618, Type [N]
[F] [C. Do not use adm xtures containing chlorides.

2.1.5 M neral Adm xtures

2.1.5.1 Fl'y Ash and Pozzol an

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

NOTE: Fly ash, pozzol an, and slag cenent nay
produce uneven discoloration of the concrete during
the early stages of construction, depending upon the
type of curing provided. Fly ash or pozzol an
nmeeting the specified test results, which are nore
stringent than ASTM C 618, shoul d provi de acceptabl e
end results. Type C fly ash can be used as a

repl acenent for up to 40 percent of the cenment.
Types F and C fly ash increase durability of
concrete. Type F fly ash and slag are repl acenents
for sone sand and aggregates also adding to
durability.

EE R R I I R I I R I R R R I R I R I R I R R R I R I R R I R I R I R

ASTM C 618, Type N, F, or C, except that the maxi mum all owabl e | oss on
ignition shall be 6 percent for Types Nand F. Add with cenent. Fly ash
content shall not exceed 25 percent by weight of the total cenentitious
material .

SECTION 35 59 13.13 Page 11



2.1.5.2

2.

2.

2.

Silica Fune

R IR I S bk S bk kS S S Rk Sk S bk S S Rk I o S b Sk S S R Sk kR

NOTE:

Use silica fune concrete for marine

structures where | ow perneability and enhanced
durability are necessary. The silica fume and HRWR
addi tive should be fromthe sane nanufacturer.

Since this is fairly new technol ogy, the Contractor
and batch plant may need help fromthe

manuf act urer. Sel ect wei ght percentage based on
performance required.

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

Rk Ik kR IR Rk Ik I o S S S S R AR I R R R kR Rk Sk kS I kb S S A R

NOTE: Use for high durability and | ow
perneability. The initial cost of the concrete
wi |l increase, and supervision at the batch plant,

finishing, and curing is necessary. A HRWR nmust be
used with silica fume, the slunmp can be increased 50
to 125 mm 2 to 5 inches wi thout reducing strength.

Fi nishing may be nore difficult. Proper curing is
essential because there is a tendency for plastic
shri nkage cracki ng.

EZE IR R R R I I R R I I I R R R R R kS R R R I I R I I I R S O

ASTM C 1240, provide silica fume that is a by-product of silicon or

ferrosilicon production. Provide [5] [7] [10] percent by weight of the
total cenentitious material.

1.6 Prestressing Steel

Use seven-wire stress-relieved or lowrel axation strand conformng to

ASTM A 416/ A 416N with a guaranteed mninumultimte tensile strength of
1861 MPa 270 ksi. Use prestressing steel free of grease, oil, wax, paint,
soil, dirt, and loose rust. Do not use prestressing strands or wre having
ki nks, bends, or other defects.

1.7 Rei nf orci ng St eel

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

NOTE:

I f project has been designed for epoxy rebar,

add ASTM A 934/ A 934M "Epoxy- Coat ed Prefabricated

St eel

Rei nforcing Bars" in this paragraph and in the

par agraph entitled "References."

R IR I S bk S b kS O Rk S kS IR Sk S b R Rk S S bk b S Sk S S

[ASTM A 615/ A 615N [ASTM A 966/ A 966N [ ASTM A 966/ A 966N, G ade 60 or
ASTM A 706/ A 706N. Weld reinforcing steel in accordance with AWS D1.4/D1. 4.

1.8 Ties and Spirals

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

NOTE:

I f project has been designed for epoxy rebar,

add ASTM A 934/ A 934M "Epoxy- Coat ed Prefabricated

St eel

Rei nforcing Bars" in this paragraph and in the

par agraph entitled "References."

R IR I S bk S bk I S kS I I kS b S Rk S bk S bk S b S R R S bk b S S kS S
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Steel, ASTM A 82/ A 82l for spirals and ASTM A 615/ A 615l for ties.

.1.9 Pi pe Sl eeves

Use ASTM A 53/ A 53V, Grade B, or ASTM A 501 gal vani zed pi pe. Sleeves shal
be gal vani zed in accordance with ASTM A 153/ A 153NV with chromate wash. Do
not place gal vani zed pipe in contact with any prestressing or reinforcing
steel .

.1.10 Bolts, Nuts, and Washers

.1.10.1 Bolts

ASTM A 307, Grade A

.1.10.2 Nut s

ASTM A 563NASTM A 563, Grade A, hex style.

.1.10.3 Washer s

ASTM F 844.

.1.11 U trahi gh Mol ecul ar Wei ght Pol yet hyl ene (UHMAPE) Rubbi ng Surface
.1.1101 CGener al

a. Materials including additives shall be traceable by original |ot
nunber .

b. Materials used shall be FDA approved or otherw se harmess to
marine life.

c. Fabricated formshall be virgin resin.
.1.11.2 Resin

a. ASTM D 4020. Virgin resin shall be homopol yner of ethyl ene and
have an intrinsic viscosity (1V) between 22.0 and 28.0 dl/g.

b. No reprocessed resin shall be used.
c. Resin shall be oil and noisture free (0.2 percent wei ght maxinmunj.
.1.11.3 Conposition and Fabricated Form

a. Resin shall conprise a mninmm95.0 percent by wei ght
concentration in the formul ati on.

b. The finished formshall nmaintain ultraviolet stability for a
m ni mum of 25 years and be free of saltwater or petrol eum product
| eachabl e materi al s.

c. No unfused areas or |light patches greater than 300 microneters No.
50 sieve shall be in the final fabricated form

d. The fabricated formshall have the follow ng properties:

Density (ASTM D 792) 57.5-58.7 | b/cu.ft
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2.

2.

Tensile Strength (ASTM D 638)

Utimte, m ninmm 31.7 MPa
U timte Elongation, mninmm 250 percent
| mpact Strength (ASTM D 256)
Test Method A |zod Non- break for all five
determ nations in sanple
Har dness (ASTM D 2240), m ni num Shore D 65
Coefficient of Friction (ASTM D 1894)
Ki netic, maximm 0.13
Static, maxi num 0. 20
Wat er Absorption (ASTM D 570) Ni
Abrasion Index (relative to steel = 100),
maxi mum 10
Density (ASTM D 792) 0.92-0.94 g/cc
Tensile Strength (ASTM D 638)
Utimte, m ninmm 4600 ps
U timte Elongation, m ninmm 250 percent
| npact Strength (ASTM D 256)
Test Method A, 1zod Non- break for all five
determ nations in sanmple
Har dness (ASTM D 2240), m ni num Shore D 65
Coefficient of Friction (ASTM D 1894)
Ki netic, maximm 0.13
Static, maxinmm 0.20
Wat er Absorption (ASTM D 570) Ni
Abrasion Index (relative to steel = 100),
maxi mum 10

e. Color shall be bl ack
2 CONCRETE

2.1 Contract or- Furni shed Concrete M x Design

EE R I R R R R I R I R R R R I R I R R I R I R R I R R R R R I R

NOTE: Insert the specified conpressive strength,
f'c. Consider reducing average overstrength factor
to produce a nore economi cal concrete nix design
since these piles are not critical structura

el ements. ACI 318M nay be nodified for a specified
conpressive strength, f'c, over 35 MPa 5000 psi to
pernmit a required average conpressive strength,
f'cr, of f'c plus 4.8 MPa 700 psi. Concrete nay be
proportioned in accordance with ACI 214R for the
probability of 1 test in 10 falling below the

speci fied conpressive strength, f'c, if the mx
design reflects actual concrete plant standard

devi ations and the resulting production concrete
confornms to specified requirements. Do not use

I i ghtwei ght or fiber-reinforced concrete.

R IR I S bk O b I S S I S I Rk S S b S R Rk S b S S I bk b S bk R S

Concrete shall have a m ni mum specified conpressive strength, f'c, of
[ ] psi at 28 days. The mninmum cenent content shall be 354 kg/cu
nmeter 600 pounds per cubic yard of concrete. The design shall be prepared
in accordance with ACI 211.1 or ACI 318N. The m x design shall be based on
current materials previously evaluated by the concrete producer whose
establ i shed nethods of statistical quality control is in conformance with
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2.

2.

ACl 318N. In the absence of such data, the Contractor shall sanple and
test the aggregates for the design of concrete.

2.2 Concrete M x Design Proportioning

a. Water and cenent ratio shall be equal to or less than 0.40. |If
fly ash is used, the water and cenent ratio shall be calculated as
t he wei ght of water divided by the weight of cement plus 60
percent of the weight of fly ash. |If silica fune is used, the
wat er and cenent ratio shall be calcul ated as the weight of water
di vided by the weight of cenent plus the weight of silica fune.

b. Mxi mum aggregate size shall not exceed 19 mr 3/4 inch.

c. Air-entrainnment shall be 5 to 8 percent. Determne air void
structure in accordance with ACI 212.3R. Spacing factor shall be
less than 2.5 mr 0.01 inch, the specific surface area shall be
greater than 0.39 square neter per 0.000016 cubic neter 600 square
i nches per cubic inch of air void volune, and the nunber of air
voids per mm inch of traverse shall be significantly greater than
the nunerical value of the percentage of air in the concrete.

2.3 Trial M xtures

Trial m xtures having proportions and consi stencies of the proposed mix
design shall be made to docunment the Contractor's ability to produce
wor kabl e concrete which does not segregate or show excessive slunp |oss
characteristics.

.3 FABRI CATI ON OF PRETENSI ONED PI LES

Piles shall be pretensioned concrete piles. Wrknmanship shall conformto
standard comercial practice in prestressing plants.

.3.1 For maor k

Provide forms of nmetal, braced and stiffened agai nst deformation,
accurately constructed, watertight, and supported on unyiel ding casting
beds. Forns shall permt novenent of pile wi thout damage during rel ease of
the prestressing force. Make piles to dinensional tolerances in accordance
with PCl M\L-116 and as foll ows:

a. Length: 10 mmper 3 neters 3/8 inch per 10 feet.

b. Cross section: plus 13 nmto mnus 6 mr plus 1/2 inch to m nus
1/ 4 inch.

c. Deviation fromstraight Iines: not nore than 3 nmmper 3 neters
1/8 inch per 10 feet of Iength.

d. Pile head: plus or minus 6 mmper 0.30 neter 1/4 inch per foot of
head di nension fromtrue right angle plane. Surface
irregularities: plus or mnus 3 mr 1/8 inch

e. Location of reinforcing steel

(1) Main reinforcement: 3 to 6 mr 1/8 to 1/4 inch from position
desi gnated on draw ngs.
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(2) Spacing of spiral: plus or minus 13 mv 1/2 inch from
position designated on draw ngs.

f. Location of pipe sleeves fromtrue position: plus or mnus 10 nmv
3/ 8 inch.

2.3.2 Pr et ensi oni ng

Measure tension to which steel is to be pretensioned by jack pressure read
on a calibrated gage and verify by el ongation of steel. Use gage
calibrated within last 6 nonths by a | aboratory approved by Contracting
Oficer. Provide nmeans for neasuring el ongation of steel to nearest 3 M
1/8 inch. \When difference between results of measurement and gage reading
is nore than 5 percent, determ ne cause of discrepancy and correct. Gve
tensioning steel a uniformprestress prior to being brought to design
prestress. Induce sanme initial prestress in each unit when several units
of prestressing steel in a pile are stretched sinultaneously.

2.3.3 Cast i ng
2.3.3.1 Conveyi ng

Cl ean conveyi ng equi pnrent thoroughly before each run. Convey concrete from
mxer to forms as rapidly as practicable by nethods which will not cause
segregation or 1 oss of ingredients. Deposit concrete as nearly as
practicable to its final position. During placing, nmake any free vertica
drop of the concrete less than one neter 3 feet. Renove concrete which has
segregated in conveying or placing.

2.3.3.2 Pl aci ng and Casti ng

Rk Ik kb Sk R IR Rk kS ARk Ik Sk S R R Rk kR kR Ik S I SRRk ko b o

NOTE: Select chanfer required. Consult with |oca
producers. \Where project requires a large quantity
of piling, a specific value nay be specified,
otherw se, use a mninmumor a range of val ues.

EE IR R I R R I R I R I I O R R R R R I S R I Rk I I Rk I I R R O R O

Perform concrete casting within 3 days after pretensioning steel; however,
do not deposit concrete in forns until placenent of reinforcenent and
anchorages have been inspected and approved by pile manufacturer's quality
control representative. Produce each pile of dense concrete straight with
smooth surfaces with reinforcenent retained in its proper position during
fabrication. Use vibrator with heads smaller than the m ni nrum di stance

bet ween steel for pretensioning. Mke surface of pile ends perpendicul ar
to axis of pile. Chanfer, [a mnimumof 19 mr 3/4 inch,] [[___ ] mv inch,]
[ between 19 and 28 mm 3/4 and 1 1/8 inch,] ends of piles and corners of
square piles.

2.3.4 Curing of Piles
Cure piles using noist or accelerated curing.
2.3.4.1 Moi st Curing

a. |Inpervious sheeting: ASTM C 171; waterproof paper, clear or white
pol yet hyl ene sheeting, or polyethyl ene-coated burl ap

b. Pervious sheeting: AASHTO M 182.
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c. Liquid menbrane-form ng conpound: ASTM C 309, white pignented,
Type 2, Class B

2.3.4.2 Accel erated Curing

After placenent of concrete, noist cure for a period of 4 hours.

Accel erate curing until concrete has reached specified rel ease strength.
Encl ose casting bed for accelerated curing with a suitable enclosure.
During application of steamor heat, increase the air tenperature at a rate
not to exceed 15.6 degrees C 60 degrees F per hour. Cure at a maxi rum
tenmperature of 15.6 degrees C 160 degrees F until concrete has reached
specified release strength. Reduce tenperature at a rate not to exceed
15.6 degrees C 60 degrees F per hour until a tenperature of -7 degrees C 20
degrees F above anbient air tenperature is reached. After accel erated
curing, noist cure using either water or nmenbrane curing until a tota

accel erated and nmoist curing tinme of 72 hours is achieved.

2.3.5 Det ensi oni ng

Rk Ik kR IR Rk I ARk Ik kS R R Rk o R R Ik R I kI SRRk S b o

NOTE: Specify "release strength." Release strength
of 30 MPa 4000 psi (design strength of 35 MPa 5000
psi) or 0.8 of the 28 day design strength is
desirabl e; however, sone regions use 0.7 of the
design strength (25 MPa3500 psi for design strength
of 35 MPa 5000 psi). A mininumrelease strength of
0.6 of the design strength is required. Check with
| ocal pile manufacturers.

EE R I R I R R I R I R I R R I R I I R I R I R R R I R I R R R I R

Performrel easing of prestressed steel in pretensioned piles in such an
order that eccentricity of prestress will be mninmzed. Gadually release
tension in strands from anchorage. Detension after approval by pile
manufacturer's quality control representative. Performtransfer of
prestressing force when concrete has reached a m ni num conpressive strength
of [ ] MPa psi.

2.3.6 Mar ki ng

Mark pile to identify in-place inpact face. Marking shall be clearly
vi si bl e during driving.

2.4 PRODUCT QUALI TY CONTROL

Where piling is manufactured in a plant with an established quality contro
program as attested to by a current certification in the PCl Certification
Program for Quality Control, performproduct quality control procedures in
accordance with PCl M\L-116. Where piling is manufactured by specialists
or in plants not currently enrolled in the PCl Certification Programfor
Quality Control, set up a product quality control systemin accordance wth
PCI MNL-116 and perform concrete and aggregate quality control testing
usi ng an i ndependent conmercial testing |aboratory approved by the
Contracting O ficer in accordance with the foll ow ng.

2.4.1 Aggregate Tests

Take sanpl es of fine and coarse aggregate at the concrete batch plant and
test. Perform nechanical analysis (one test for each aggregate size) in
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accordance with ASTM C 136 including determ nation of the specific
gravity. Tabulate the results of the tests in accordance with
ASTM C 33/ C 33M.

2.4.2 Strength Tests

Sanpl e concrete in accordance with ASTM C 172 at the time the concrete is
deposited for each production line. Conpression tests shall conformto
met hods of ASTM C 39/ C 39V and ASTM C 31/ C 31N. Performslunp tests in
accordance with ASTM C 143/ C 143N. Mol d at |east six cylinders per day or
for every 15 cubic neter 20 cubic yards of concrete placed, whichever is
greater. Test two cylinders of the set at 7 days of 14 days, or at a tine
for establishing transfer of prestressing force (release strength) and
renoval of pile fromfornms. Performstrength tests 28 days after nolding
using the remaining cylinders of the set. Cure the cylinders in the same
manner as the piles and place at the point where the poorest curing
conditions are offered. This is the coolest point in the bed for steam
curing. Cylinders to be tested at 28 days shall be npist cured.

2.4.3 Changes in Proportions

If, after evaluation of strength test results, the conpressive strength is
| ess than the specified conpressive strength, make adjustnents in the
proportions and water content and changes in the tenperature, noisture, and
curing procedures as necessary to secure the specified strength. Submit
changes to the Contracting Officer in witing.

2.4.4 Conpressive Strength Test Results

Eval uate conpression test results at 28 days in accordance with ACl 214R
using a coefficient of variation of 10 percent. Evaluate the strength of
concrete by averaging the test results (two speci mens) of each set (four
speci mens) of standard cylinders tested at 28 days. Not nore than 10
percent of the individual specinens tested shall have an average
conpressive strength | ess than specified average conpressive strength.

PART 3 EXECUTI ON
3.1 PI LE DRI VI NG
3.1.1 Driving Piles

Piles shall not be driven until 100 percent of design strength has been
attained and until at |east 14 days after detensioning. Drive piles to the
indicated tip elevation and to the m ni rum enbednment depth shown on the
drawings. Pile driving shall be conducted as one continuous operation

The pile shall be driven until the resistance criterionis net. During the
initial driving and until the pile tip has penetrated beyond | ayers of very
soft soil or below the bottomof prejetted or prefornmed holes, use a
reduced rated driving energy of the hamrer of not nore than 20,235 Joul es
15, 000 f oot -pounds per blow or as otherwi se directed by the Contracting
Oficer, to prevent high tension-wave driving stresses which could danmage
the pile. Resistance criterion shall be 20 blows for 0.3 n one foot or

| ess. The Contracting Oficer may nodify the criteria based upon the
actual hanmer being used and its rated energy and its conpatibility as
verified by a pile test program |If a pile fails to reach the indicated
butt el evation or mnimum enbednent, the Contractor shall notify the
Contracting Oficer and performcorrective nmeasures as directed. Provide
hearing protection when noise |levels exceed 140 dB
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3.

1.2 Pile Driving Leads and Tenpl at es

Piles shall be driven with the hamer positioned in a fixed or sw nging
lead. "Free hamrer"” will not be permtted. Swinging |ead shall be used
only in conjunction with a tenplate systemto spot the piles.

.1.3 Install ation of Piles

Take care to avoid damage to piles during handling, when placing the pile
in leads, and during pile-driving operations. Inspect piles when
delivered, when in | eads i medi ately before driving, and after
installation. No visible cracks will be pernmitted. Notify the Contracting
Oficer of any visible cracks and performcorrective nmeasures as

di rected. Laterally support piles during driving, but allowrotation in

| eads. Take special care to maintain the pile orientation during driving.
Square the top of the pile to the longitudinal axis of the pile. Mintain
axial alignnent of pile hamtmmer with that of pile.

1.4 Tol erances in Driving

Drive piles with a variation of not nore than one percent fromvertical for
plunb piles. Mintain and check axial alignnent of pile and | eads at start
of pile driving and when the pile top is approximately 1.5 n 5 feet above
the indicated el evation. Mike internedi ate checks of pile alignnment if
there is evidence of pile drifting. |If subsurface conditions cause pile
drifting beyond the allowabl e axial alignnment tolerance, notify the
Contracting Oficer and performcorrective neasures as directed. Place
butts within 50 mm 2 inches of the |ocation indicated. Mani pul ati on of
pile within specified tolerances is permtted, but do not nanipulate piles
nore than one percent of their exposed | ength above the nudline. Check
piles for heave. Redrive, to the indicated elevation, piles found to be
heaved.

. 1.5 Jetting and Predrilling Holes

If predrilled holes are used, the dianeter of the hole shall not exceed the
di agonal dinension of the pile and the hole shall be kept open until the
pile is inserted and advanced to the bottom of the hole. Piles shall be
installed in holes inmediately after predrilling to mnimze the potentia
for sloughing and col |l apse of the hole. Jetting of the pile to obtain
penetration is pernmtted. Discontinue jetting or predrilled hole at a
depth of 1.5 m 5 feet fromthe indicated tip el evation, and achi eve the
remai ni ng penetration by driving. Before starting the driving of the fina
1.5 nm5 feet, firmy seat the piles in place by the application of a nunber
of reduced-energy hamrer blows. The Contractor shall arrange to provide an
anpl e supply of water at adequate pressure for effective jetting. The use
and details of jetting or predrilled holes shall be approved by the
Contracting Oficer.

.1.6 Splices

Splicing of piles is not pernitted.

1.7 Bui | dup

Bui | dups are not permtted.
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3.1.8 Pile Cutoffs

Cut off piles with a snmooth | evel cut using pneumatic tools, saw ng, or
ot her suitable nmethods approved by the Contracting O ficer. The use of
expl osives for cutting is not permtted.

3.1.9 Pat chi ng

a. Enbedded Lifting Loops. Provide a 25 mm one inch ninimm coni ca
depression around enbedded lifting loops. Cut off lifting | oops
at bottom of depression and patch depression with epoxy nortar.

b. Pile Butt. Apply 25 mr one inch thick |ayer of epoxy nortar cover
over exposed prestressing strand on pile butt after driving.

3.2 EQUI PMENT
3.2.1 Pi | e Hamrers

Furni sh a hammer having a capacity at |east equal to the hamer

manuf acturer's recomrendation for the total weight of pile and character of
subsurface material to be encountered. GCbtain the required driving energy
of the hanmer, except for diesel hammers, by use of a heavy ram and a short
stroke with | owinpact velocity. The pile hamrer shall be capabl e of
operating at a reduced energy level (1/2 to 2/3 of rated energy |evel)
during seating of the piles in preformed hol es and when driving through
soft or loose materials. The driving energy of the hamrer, at fina
driving, shall be not |ess than 40.650 Joul es 30,000 foot-pounds. At
final driving, operate the pile hamrer in accordance with the

manuf acturer's recommendation. At final driving, operate diesel-powered
hanmmers at the rate reconmended by the manufacturer for hard driving.

Mai ntai n sufficient pressure at the steam hamrer so that (1) for

doubl e-acti ng hamer, the number of blows per minute during and at the
conpletion of driving of a pile is equal approximately to that at which the
hamrer is rated; (2) for single-acting hammer, there is a full upward
stroke of the ram and (3) for differential-type hanmer, there is a slight
rise of the hammer base during each downward stroke

3.2.2 Driving Hel mets, Capbl ocks, and Pile Cushions

3.2.2.1 Driving Hel mets or Caps and Pil e Cushions

EE IR R R I R R I I R R I I O R R R R S S R Ik Rk S I I R R O O

NOTE: Insert mnimum and nmaxi mum t hi cknesses for
pil e cushion. An absolute mninumwould be 75 nmr 3
i nches and the actual required thickness woul d
depend upon pile | ength, hamer energy, design | oad,
required final penetration resistance, and character
of subsurface naterial to be encountered.

Ceneral ly thicker blocks are required for |onger
piles, larger hamrers, and harder driving. A wave
equation analysis is useful in deternm ning required
t hi cknesses for pile cushion. Mninumthickness is
to protect head of pile. Pile cushion should al so
have a maxi num t hi ckness to ensure effective
driving. Select when pile cushion is to be

replaced. It is generally reconmended that a new
pil e cushion be used at the start of driving of each
pile.
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Use a steel driving helnet or cap, including a pile cushion between top of
pile and driving helnet or cap, to prevent inpact danmage to pile. The
driving hel net or cap-and-pile cushion conbination shall be capabl e of
protecting the head of the pile, mninize energy absorption and

di ssipation, and transmt hanmer energy uniformy over the top of the

pile. The driving helmet or cap shall fit sufficiently | oose around the
top of the pile so that the pile may be free to rotate w thout binding
within the driving helmet. The Contractor shall denpbnstrate to the
satisfaction of the Contracting Oficer that the equi pnent to be used on
the project perforns the above function. The pile cushion shall be of

| ami nated construction using softwood boards with the grain parallel to the
end of the pile. The thickness of the pile cushion shall be 300 mr 12
inches mi nimum The cushion shall not be changed near the end of driving.
Repl ace the pile cushion when it has becone conpressed beyond two-thirds of
its original thickness, charred, or burned, or has beconme spongy or
deteriorated in any manner. Use new cushions for initial driving of each
pile. During redriving or restriking of piles, a used cushion assenbly
shal |l be used. The Contractor shall submt to the Contracting Oficer at

| east 2 weeks before the start of pile driving operations detail ed draw ngs
of the driving helnet and pile cushion to be used.

.2.2.2 Hamrer Cushi on or Capbl ock

Rk Ik Sk kR IR Rk I S S S I ARk Ik kb S R R Rk Ok S Rk Ik R

NOTE: Select either wood or alum num micarta

capbl ock. Delete inappropriate sentences. An

al um nuni m carta capbl ock i s reconmended because of
its consistent elastic properties and long life.

If final pile penetration resistance is based on a
wave equation analysis, the type capbl ock used
shoul d be the same as that used in the anal ysis.

R IR I S bk O bk I S kS I Sk kS Rk S bk S bk S b S R R Sk b S S Sk kS S S

Use a hammer cushion or capbl ock between driving hel net or cap and hamer
ram consi sting of [a solid hardwood bl ock with grain parallel to the pile
axis and enclosed in a close-fitting steel housing] [alum numand micarta
(or equal) discs stacked alternately in a steel housing]. Use steel plates
at top and bottom of capbl ock. [Replace wood capbl ock when it becones

hi ghly conpressed, charred or burned, or beconmes spongy or deteriorated in
any nmanner.] [Replace alumnumor nicarta discs that have becone damaged,
split, or deteriorated in any nanner.] [Do not replace wood capbl ock
during final driving of any pile.] Do not use snmall wood bl ocks, wood
chips, rope, or other materials that permt excessive |oss of hanmer energy.

.3 FI ELD QUALI TY CONTRCL
.3.1 Pil e Records

For each pile, keep a record of the nunber of blows required for each 0.30 m
foot of penetration and the nunber of blows for the last 150 mr 6 inch
penetration or fraction thereof. Include in the record the begi nning and
ending tines of each operation during driving of pile, type and size of the
hamrer used, rate of operation, stroke or equival ent stroke for diese

hamrer, type of driving helnmet, and type and di nensi on of the hammer

cushi on (capbl ock) and pile cushion used. Record re-tap data and any

unusual occurrence during driving of the pile. Include in the record
performance characteristics of jet punp, unassisted penetration of pile,
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jet-assisted penetration of pile, and tip elevation before driving and at
end of driving. Notify Contracting Oficer 10 days prior to driving of
piles. Submit conplete and accurate records of installed piles to
Contracting Oficer within 15 cal endar days after conpletion of the pile
driving. Make pile-driving records available to the Contracting O ficer at
the job site within 24 hours of each day's pile driving. A preprinted form
for recording pile driving data is included at the end of this section.
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Pl LE DRI VI NG LOG

CONTRACT NO. CONTRACT NAME
CONTRACTOR TYPE OF PILE
PI LE LOCATI ON PILE SIZE. BUTT/TIP: LENGTH_
GROUND ELEVATI ON CUT OFF ELEVATI ON
PILE TI P ELEVATI ON VERTICAL (__ ) BATTER 1 ON (_____ )
SPLI CES ELEVATI ON COVPANY
HAMVER: MAKE & MODEL W, RAM

STROKE RAM RATED ENERGY

DESCRI PTI ON & DI MENSI ONS OF DRI VI NG CAP
CUSHI ON MATERI ALS & THI CKNESS

I NSPECTOR

"DEPTH'" CCOLUWN OF PILE DRI VI NG RECORD REFERENCED TO
CUT- OFF ELEVATI ON
FI Nl SH FLOOR ELEVATI ON

TIME: START DRI VI NG FINSH DRIVING DRIVING TIME____
| NTERRUPTI ONS (TIME, TIP ELEV. & REASON)
JET PRESSURE & ELEVATI ONS

DRI VI NG RESI STANCE

DEPTH NO. OF DEPTH NO OF DEPTH NO. OF
M BLOWS M BLOWS M BLOWS
0 5.4 10.8  ____
0.3 5.7 1.1
0.6 6.0 11.4
0.9 6.3 1.7
1.2 6.6 12.0 _____
1.5 6.9 12.3
1.8 7.2 12.6
2.1 7.5 12.9
2.4 7.8 13.2
2.7 8.1 13.5
3.0 8.4 13.8
3.3 8.7 14.1
3.6 9.0 14.4
3.9 9.3 14.7
4.2 9.6 15.0  ____
4.5 9.9 15.3
4.8 10. 2 15.6  _____
5.1 10.5 15.9

SHEET 1 OF 2
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Pl LE DRI VI NG LOG

16. 2 23.1 2.7
16.5 23. 4 30.0 _____
16. 8 23.7 30.3
17.1 24.0 30.6
17. 4 24.3 30.9
17.7 24.6 31.2
18.0 24.9 31.5
18. 3 25.2 31.8
18.6 25.5 32.1
18.9 25.8 32.4
19. 2 26. 1 32.7
19.5 26. 4 33.0
19. 8 26.7 33.3
20. 1 27.0 33.6
20. 4 27.3 33.9
20.7 27.6 34.2
21.0 27.9 34.5
21.3 28. 2 34.8
21.6 28.5 3.1
21.9 28. 8 35.4
22.2 29.1 35.7
22.5 29. 4 36.0
8

22.

Driving resistance in blows per 25 mmfor last 0.30 m of penetration

DEPTH DEPTH

25mm__ 50nm___100mm___125mm___150nm___175mm___200mm__225nm__ 250mm__

275mm___ 300mm___
ELEV. ELEV.

RENMARKS

CUT OFF ELEVATION: FROM DRAW NG

TI P ELEVATI ON = GROUND ELEVATI ON - DRI VEN DEPTH =

DRI VEN LENGTH = CUT OFF ELEVATION - TI P ELEVATION =

CUT OFF LENGTH = PILE LENGTH - DRI VEN LENGTH =

SHEET 2 OF 2
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Pl LE DRI VI NG LOG

CONTRACT NO. CONTRACT NAME
CONTRACTOR TYPE OF PILE

PI LE LOCATI ON PILE SIZE. BUTT/TIP. LENGTH_
GROUND ELEVATI ON CUT OFF ELEVATI ON

PILE TI P ELEVATI ON VERTICAL (__ ) BATTER 1 ON (_____ )
SPLI CES ELEVATI ON COVPANY

HAMVER: MAKE & MODEL W, RAM

STROKE RAM RATED ENERGY

DESCRI PTI ON & DI MENSI ONS OF DRI VI NG CAP
CUSHI ON MATERI ALS & THI CKNESS

I NSPECTOR

"DEPTH' CCOLUWN OF PILE DRI VI NG RECORD REFERENCED TO
CUT- OFF ELEVATI ON
FI Nl SH FLOOR ELEVATI ON

TIME: START DRI VI NG FINSH DRIVING DRIVING TIME____
| NTERRUPTI ONS (TIME, TIP ELEV. & REASON)
JET PRESSURE & ELEVATI ONS

DRI VI NG RESI STANCE

DEPTH NO OF DEPTH NO OF DEPTH NO OF

FT. BLOWG FT. BLOWG FT. BLONG
0 o 18 R 36
1 o 19 o 3r
2 o 20 o 38
3 . 21 o 399
4 o 22 o 40
5 o 23 o 4@
6 o 24 R 42
7 o 25 o 43
8 o 26 o 4
9 . 27 . 45
10 o 28 o 46
11 o 29 o 47
12 o 30 R 48
13 o 31 o 49
14 o 32 o 50  ___
15 o 33 o 51
16 o 34 o 52 _
17 o 35 o 583.

SHEET 1 OF 2
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