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PRESTRESSED PILES

FDOﬁ % Will Potter (2018), Fiber-Reinforced Polymer (FRP) Development for FDOT Structural Applications 5
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PRESTRESSED PILES

Halls River Bridge (Homosassa, FL)

CFRP Prestressed Square Pile

FDO‘I--Kr ) % Will Potter (2018), Fiber-Reinforced Polymer (FRP) Development for FDOT Structural Applications 6
P — o ]



PRESTRESSED PILES

Halls River Bridge (Homosassa, FL)
CFRP Prestressed Sheet Pile
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PRESTRESSED PILES

CFRP
Prestressed
Sheet Pile

FDO‘I-.{r ) % Will Potter (2018), Fiber-Reinforced Polymer (FRP) Development for FDOT Structural Applications 8



PRESTRESSED PILES

FDOT Standard Plans, FY 2020-21

455-101 Square CFRP and SS Prestressed Concrete Piles - Typical Details
and Notes

455-102 Square CFRP and SS Prestressed Concrete Pile Splices
(/455-112 12" Square CFRP and SS Prestressed Concrete Pile \\l
|| 455-114 14" Square CFRP and SS Prestressed Concrete Pile :
| 455-118 18" Square CFRP and SS Prestressed Concrete Pile |
: 455-124 24" Square CFRP and SS Prestressed Concrete Pile I
\\455-130 30" Square CFRP and SS Prestressed Concrete Pile 4"
I’ 455-154 54" Precast/Post-Tensioned CFRP and SS Concrete Cylinder Pile :
i’ 455-160 60" Prestressed CFRP and SS Concrete Cylinder Pile X

455-400 Precast Concrete Sheet Pile Wall (Conventional)
! 455-440 Precast Concrete Sheet Pile Wall (CFRP/GFRP & HSSS/GFRP) |

FDOTiS % [FDOT Standard Plans, FY 2020-21]



https://www.fdot.gov/design/standardplans/current/default.shtm#Bridges

PRESTRESSED PILES

Square Pile
e.g. 18"

]8”

/ \
9o  ° 9 3" Cover
_ s d (Typ.)
= i _ |02 @ cFRP Strand
Spiral Ties

\@

\, /

See Alternate /
Strand Patterns

SECTION A-A
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£ @ 6" pitch,
5 Turas @ 1" Pitch 5 Turns @ 1" Pitch *
Spiral Tie p° |- . 16 Turns @ 3" Pitch . 6" Ritch 16 Twrng @ 3 Piteh ; -| i R
Spacing T :\
A PO
] E<
g FJ\:T 4~ No. 8 CFRP Rars
) ) o M :[ CFRP Bars H TFull Lengthg
- i .l'n‘r-—-I
1.2 * Strand Spiral Ties A ~ ¢ 3 Chamfe )
0.2° 0 CFRP 51 51 T ¥« 3 chamfer (Typ.) SECTION D-D
(e Non-Drlvabie Unforeseen Reinforced Precast Pife Buitd-Up Detail)
ELEVATION
5W Spiral Ties
¢ See Note 4 on lndex 455-102
N 3 Cover
" A Tyl
-
rt< § Pile
P Fla
ALTERNATE STRAND PATTERNS i !
12 - 06" 0, CFRP 7-Strand, at 34 kips 9 - No. 6 | Prestressing
12 = 1" @, CFRP Single-Strand, at 33 kips CFRP Bars N Slrands
i Pile
SECTION E-E
(See Drivable Prestressed Precast Splice Detail)
P Cover
{Typ)
0.2 ¢ CFRP Strand Spiral Ties
Spiral Ties
3 Cover
Typ.l
. _r(. Pife
SECTION A-A ? o . &~ No 6 CFAP Bars
NOTES! !
1. Wark this Index with Index 455-101 - Typical Details and Notes for ¢ - N, I
Squa FRP & & { ;”‘r, Hars
Square CFRP & e Pile 5¢ b b . Strands
2. Any of the given Strand Pallerns may be utilized i Piie
The strands shall be Jocated as follows: SECTION F-F
(See Drivable Preplapned Prestressed Precast Splice Detail)
concrete ssction of the pife CFRP PILE SPLICE REINFORCEMENT DETAILS
CFRP PRESTRESSED PILE DETAILS
LAST = DESCAIPTION: . N N o . . )
nevision |3 FDOT) Fy 2020-21 18" SQUARE CFRP & 88 PRESTRESSED INDEX SWEET
1701416 |& — STANDARD PLANS CONCRETE PILE 455-118 lof 2
L3

[FDOT Standard Plans, Index 455-118]
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PRESTRESSED PILES

FDOT Standard Plans Instructions (SPI), FY 2020-21
Index 455-101 Series Square CFRP & SS Prestressed Concrete Piles

Design Assumptions and Limitations

« Standard piles are designed to have 1000 psi uniform compression after
prestress losses without any applied loads to offset tensile stresses that occur

during typical driving.

« The piles are designed to have 0.0 psi tension using a load factor of 1.5 times
the pile self weight during pick-up, storage and transportation

FDOTQ) Tﬁ [FDOT Standard Plans, Instructions, Index 455-101] 11
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PRESTRESSED PILES

Square Pile

* Clear cover cc
« Concrete compressive strength f.

« CFRP ultimate strength f¢,,

* CFRP effective prestressing stress f;. (after losses)

h .
Af total = 2 Api

FooT\ §y

Apy =4 - Ay
Afp = 2 Ay
Az = Ag,
Ary = Agq

12



PRESTRESSED PILES
Square Pile: Under Prestressing Force Only

] T3 fce

—>T4 €ce —

Af totar * fre  Aftotal * f
ZTi =C At total * fre = Ac* Jee fee = : O/;l E= 0;2 £
C




PRESTRESSED PILES
Square Pile: Under Prestressing Force Only

- Af,total ) ffe
fce T hz

Adjust jacking force until satisfy

fee = 1000 psi uniform compression at time of installation

[FDOT Standard Plans Instructions, FY 2020-21
Index 455-101 Series Square CFRP & SS Prestressed Concrete Piles]

FooT\ Gy
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PRESTRESSED PILES

> (C)

SCU, gC

(T)

CFRP Concrete

FooT iy 15



PRESTRESSED PILES
Square Pile: P-M diagram

Assume a compression depth ¢

________ Je fee . ForesTfuTfe  few o &fe

_ e 1 T
Sfl l Cl f1 ﬁl CI 4 —> 1 C

_____________________ /gf”efZ'TZ
—_— €3, . Ef3 / . — T3 p Ie
— €f 4,1 i —» T, :
Under Under Additional Eri = Ere + Efi ,

Prestressing  Compression Load C =0.85(aq f/)(BLc)h

Force Only  p with eccentricity e

fri = Eréri < fru
T; = Ay fi

FDOT\) Gy 16




PRESTRESSED PILES
Square Pile: P-M diagram

Assume a compression depth ¢

€fe  Ece Ecres — €cu — €ce Ecu
S O
d
A - A Do l
% 2 e O e N I A N VA
h d4 3 ________________________________ | ____ __________ 7Z ___g_f:g_l______ —_ _ " T T T _______fig_______________ I_ ____________
. —_— €f3,1 Ef3 Z
------------------------------- —_— €fal Efa
Under Under Additional Efi = Efe T Efi
c c . —g Prestressing  Compression Load
cres  ccu I I cu ce F O | . ..
= c=—_ ¢ orce Only P with eccentricity e
Cc Cc Ecu
Ecu — Ece )
/ —=—Ltlc)—d;
€cres €fi l ¢ —d; ( Ecu l

— l —
r > gfi,l - gc,res c' — (Scu - gce)

PR Eyy — &
c C dl ( cu cec)
gcu

FDoT iy 17




PRESTRESSED PILES
Square Pile: P-M diagram Balanced Condition

Assume a compression depth ¢

€fe  Ece €cres — €cu — €ce Ecu
S S
d
N R T T T e
I 2 s S PO N N (N ER——— 78
h 4 ________________________________ | ____ __________ 7/_‘ ___g_f:g_l___________._________________fig_______________l_ ____________
. —_— €f3,1 Ef3 Z
-------------------------------  — Efal €fa Efq = Ery
Under Under Additional €ri = Efe T Efi)
£ Prestressing  Compression Load
€c,res Ecu G A A F Onl . . .
— = ¢ = C orce Only P with eccentricity e
Cc Cc €cu
&E
g (c,resc>_di
8c,res _ gfi,l P ¢ L _ c Ecu
C' = Y dl > fi,l c,res C’ c,res ( Sc,res . )
€cu

FDOT\) Gy 16



PRESTRESSED PILES
Square Pile: P-M diagram € = (@ f)(Br R

Assume a compression depth ¢ Ti =Apifri Jri = Er & < fru
B a f¢
AN T Y, Y a __________________________________________________________________
dZI e P CI — 5! C h
I dy B T e IR \ /2
---------------------------- — T, e
_______________________________ > T
h pyc h h h h
re=w=c(z3-55)-1(3-a)-n(3- ) +n(e-3) +n(e-3)
ZTi=C+P —_— P,M e ot QP, M

FDOT\) Gy 19



Cylinder Pile

The first 66” cylinder pile cast
Harry Nice Bridge replacement. These
pile have CFCC strand and spiral and
exceed 200’ in length. Pile produced
from Cape Charles plant (June 2020)

FooT\ §y

PRESTRESSED PILES

Spiral Tie 1" 24 Turns

42 Tur

ns @ & Pitch

42 Turns @ 2° Pitch

24 Turns

Spacing
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Head or ’ ‘ |
Tip [ |— Head
Il|||ll HH i AQInE IR NANNRRERRE III’II|III
“The 45" @ Vaid in the plle shall L 312 @ Vent Holes at I4-10 10-2
a f Head and Tip of Pile
ELEVATION
L
"
[
[ T NOTES
1
lozu ? .560 s
2-POINT SUPPORT
Structures Plans for (ocations where the use
i_ 0.7¢ L i h is required.
3
[ I I — .
| I o .‘45-'_?_ 0.355L t 0.3550 T_u 145t | Tie Down and
- 1-POINT PICK-UP ! TSupport Points
3-POINT SUPPORT D FRP: Meet the requirements af ﬂpe’-(.‘.‘n'ﬂfll)ﬂ Section 932,
L0200, 0580 L 0200 f L ) & Strands
| ] | | | teel: Seven-wire HS55, UNS 532205
f of
[ ———F—tpickup [ [ I I I |
| L | Points Aol goe21 * 02621 t 0.262L ?a.m?l 7 gE
r 1 L T T T T T (] or carbon ste
he pile
2-POINT PICK-UP 4-POINT SUPPORT 5 e e
PILE PICK-UP DETAILS STORAGE AND TRANSPORTATION SUPPORT DETAILS o or Epoxy Mortar must meet
or,
b Use & Type AB Epoxy
S = . surfaces. .
% : TABLE OF MAXIMUM PILE PICK-UP AND B Slices: Resume pile driving
SUPPORT LENGTHS 6. Mark piles & the pick-up peints to indicate the proper points for attaching handling lines.
for the Maximum Pile Length | Required Storage and | Pick-Up
(Feet) Transportation Detail Detail
122 2, 3. or 4 point 1 Paint
74 2, 3 or 4 point 2 Paint
LasT 2| DESCRIFTION: i
revision |5 FDOT!) FY 2020-21 60" PRESTRESSED CFRP & 55 CONCRETE WoEX SHEET
11/01/16 |3 e STANDARD PLANS CYLINDER PILE 455-160 Tof 3
]

[FDOT Standard Plans, Index 455-160]
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https://www.fdot.gov/design/standardplans/current/default.shtm#Bridges

Cylinder Pile
e.g. 60”

60" @

PRESTRESSED PILES

No. 3 Bars or 0.3" @ CFRP
Strand Spiral Ties

36 ~ CFRP Strands
@ Equal Spaces

Cover (Typ.)

Spliced Presiressed Pile Section

SRS

&0 B

wrface

Roughen ins.
of &0 @ Pite to
amplitude for Spliced
Pile Section

7

Clased No. 4 CFRP
CFRP Strand Ties @ |

36

24 — No. 6 CFRP Bars

SECTION A-A

ALTERNATE STRAND PATTERNS

fig

Strand

0. 6 CFAP Bars

@& Equal Spaces

2 Min
Covar (Typ)

Caver (Tya.}

CFRP Strands

@ Equal Spaces

Inside Pile Wall

Full epasy

compound jeint

3 Bars or 0.3 @ CFRFP

Spiral Ties

I'-a Min,
Lap Splice

-G @ Vaid

No. 4 Bars ar D3 @

Tles

36 — CFAP Strands
@ Equal Spaces

SECTION B-B

= S 0.5 @, CFRP 5i and, at 39 kips

i F 06" 0. CFRP 7-Strand, at 40 kips

; [™~— Cutside Pile Wall

DETAIL “A"
_ | concrete Seal
= g
DRIVABLE UNFORESEEN FIELD SPLICE DETAIL
(Cast in Place Plug)
CFRP PRESTRESSED PILE DETAILS
L 2| DESCRIPTION:

Revision g FDOT) FY 2020-21 60" PRESTRESSED CFRP & 85 CONCRETE moex | sweer
0101716 5 “ STANDARD PLANS CYLINDER PILE 455-160| 2of 3

FDoT Ty

[FDOT Standard Plans, Index 455-160]
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https://www.fdot.gov/design/standardplans/current/default.shtm#Bridges

PRESTRESSED PILES

Cylinder Pile

4{ P
» Concrete compressive strength £/ i

» CFRP ultimate strength f7,,

» CFRP effective prestressing stress f;. (after losses)

7
D Af,total = Z Afi /\1:/
Ap1 = Ay
D = 2R, g
Afz = Apr §
Ary = Agq . |
5 p

FooT iy 22



PRESTRESSED PILES
Cylinder Pile: Under Prestressing Force Only

_>T1 _ ffe

—_— — T, e =&

D = 2R, < C !
— — T3 fce

— Ece — =

€fe T4 " EC

Ece
A total 'f A ,total .f
zTi =C Af,total 'ffe = Ac * fee fee = ! 0: Z = n.(fROZa_ sze)

C 0 i

FooT iy 23



PRESTRESSED PILES
Cylinder Pile: Under Prestressing Force Only

- Af,total ) ffe
(R, % — R;?)

fee

Adjust jacking force until satisfy

fee = 1000 psi uniform compression at time of installation

[FDOT Standard Plans Instructions, FY 2020-21
Index 455-101 Series Square CFRP & SS Prestressed Concrete Piles]

FDOTi 5 Eﬂi [FDOT Standard Plans Instructions, Index 455-101]
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PRESTRESSED PILES
Cylinder Pile: P-M diagram

Assume a compression depth ¢

Efql €f4 —> T,
Under Under Additional Efi = Efe T &fiy
Prestressing Compression Load ffi — Ef Efi < ffu

Force Only  p with eccentricity e

FDoT iy 25



PRESTRESSED PILES

| by |
E | few 5
___________________ fcy < —_— 1] yﬁ C
79/0 .............................. - T,
—» 13 ple
____________________________________ __> T4<:

e.g. parabolic

o zgc €c ‘

e.g. Thorenfeldt model

., nlec/eld)
Je=Je 17 (ec/eL)™

Cc
L C=1] Dby fo, d
When R,— Ri <y <R,+R,, ¥ =¥~ (R,— R Jo y ey 4

b, =2+R. 2—(R, —vy)2—2{R.%2 — (R, — yi)?
y \/ 0 ( 0 y) \/ i ( i yl) _ foc(by .fcy .y) dy
Otherwise b, =2\/R02—(R0—y)2 y = C

FooT iy 26



PRESTRESSED PILES

! b y !

e.g. parabolic

1

5 i

! 1

: I

: & (& ? i

1 — ! 2_ R 1

c= by fyd S <£é> i

= y I 1

When R, —Ri <y <R,+R;,, y;=Y—(R,—Ri) o 7 ie-g- Thorenfeldt model i
: ! n(e./g; i

by =2yJR,% — (R, —¥)* — 2y/R;% — (R, — yi)? ~ foc(by fey +v)dy i fo=f! (&c/¢c) — i

. y = C | n—1+(e./¢&.) !
Otherwise b, = 2\/RO2 — (R, —y)? e ;

FooT iy 27



PRESTRESSED PILES
Cylinder Pile: P-M diagram

Assume a compression zone depth ¢

D=2R0

Pe =M = C(Ro -y) - Tl(Ro —dq) — Tz(Ro —dy) + T5(d3 — Ro) + Ty(dy — Ro)

ETL-=C+P — P,M $=075 > @P,@M

FDoT iy 28




PRESTRESSED PILES

Factored Axial Resistance
For compressive components symmetrical about both principal axes

Pr — ¢Pn FRP does NOT have
compressive strength

Spiral reinforcement P, = 0.85[kcfc’(Ag — App — Apf) — Apf(fpe — Epecu)]

Tie reinforcement = 0.80(k.f/(Ay — Are — Aps) — Apr(fre — Epecy)]

[Replaced steel (s) with CFRP (), f,, with f,,,]

— 0.85 when f; < 10 ksi
¢ 10.85—0.02(f) —10) = 0.75 when f; > 10 ksi

FDOTB % [AASHTO LRFD-8 Specifications 5.6.4.4] 29
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PRESTRESSED PILES

P-M Interaction Diagram

* Pure compression
* Pure tension

* Pure bending

» Balanced condition

e Zero tension

FDoT Ty

CFRP Rupture

P, (pure tension

I

HY Cer

SSRNA

Mp, .o € -0
(e s
| s
| ~t {
— I E at!| ..,
- ] (Y, [— I
" — |
| }
(P M, e)
o,

)
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5. PRESTRESSED PILES

5.1 Review Questions: Fundamentals

FDOT TRANSPORTATION CULLEN COLLEGE of ENGINEERING
——

Florida Department of UNIVERSITYof HOUSTON



REVIEW QUESTIONS

5.1.1) When constructing a P-M diagram for a CFRP prestressed piles,
the balance points refers to: ?

a. The point at which the CFRP yields and concrete crushes
b. The point at which the CFRP ruptures and concrete crushes
c. The point at which the CFRP yields before concrete crushes

d. The point at which the concrete crushes, but the CFRP has not ruptured

FDoT iy 33



REVIEW QUESTIONS
P-M diagram: Balanced Condition

€fe  Ece Ecres = Ecu — Ece Ecu
| | dZI ... ( ) —_ C'I 7€f1,1 Cl €f1 =
A IR A— /| I /8f21 v 2 T
3 T A | e BT — e —
——————————————————————————————— — Efa,l €fa €fa = Efy
Under Under Additional Efi = Efe T Eriy

Prestressing Compression Load
Force Only  p with eccentricity e

FDOT\) Gy 34



REVIEW QUESTIONS

5.1.1) When constructing a P-M diagram for a CFRP prestressed piles,
the balance points refers to: ?

a. The point at which the CFRP yields and concrete crushes

b. The point at which the CFRP ruptures and concrete crushes

c. The point at which the CFRP yields before concrete crushes

d. The point at which the concrete crushes, but the CFRP has not ruptured

FooT iy 3



REVIEW QUESTIONS

5.1.2) For FDOT 455-101 Series Square CFRP Prestressed Concrete
Piles, which of the below statement(s) is/are TRUE?

a. Prestressed piles are designed to have 1000 psi uniform compression after
prestress losses without any applied loads to offset tensile stresses that occur
during typical driving

b. Prestressed piles are designed to have 0.0 psi tension using a load factor of 1.5
times the pile self weight during pick-up, storage and transportation

c. Both (a) and (b)

d. None of above

FooT iy 3




REVIEW QUESTIONS

FDOT Standard Plans Instructions (SPI), FY 2020-21
Index 455-101 Series Square CFRP & SS Prestressed Concrete Piles

Design Assumptions and Limitations

« Standard piles are designed to have 1000 psi uniform compression after
prestress losses without any applied loads to offset tensile stresses that occur

during typical driving.

« The piles are designed to have 0.0 psi tension using a load factor of 1.5 times
the pile self weight during pick-up, storage and transportation

FDOTQ) Tﬁ [FDOT Standard Plans, Instructions, Index 455-101] 37
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REVIEW QUESTIONS

5.1.2) For FDOT 455-101 Series Square CFRP Prestressed Concrete
Piles, which of the below statement(s) is/are TRUE?

a. Prestressed piles are designed to have 1000 psi uniform compression after
prestress losses without any applied loads to offset tensile stresses that occur
during typical driving

b. Prestressed piles are designed to have 0.0 psi tension using a load factor of 1.5
times the pile self weight during pick-up, storage and transportation

c. Both (a) and (b)

d. None of above

FooT iy a8




REVIEW QUESTIONS

5.1.3) Which of below P-M diagram is for a CFRP prestressed concrete
pile?

(a) (b)

FDoT Ty

39



FDoT Ty

REVIEW QUESTIONS

CFRP Rupture
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REVIEW QUESTIONS

5.1.3) Which of below P-M diagram is for a CFRP prestressed concrete
pile?

@ (b)
FooT)

41



5.1.4)

REVIEW QUESTIONS

spiral ties should be used in CFRP prestressed piles?

a. CFRP

b. Steel

FooT\ §y
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5.1.4)

REVIEW QUESTIONS

spiral ties should be used in CFRP prestressed piles?

FooT\ §y
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5. PRESTRESSED PILES

5.2 Design Example: Square Pile -18"x18"

Florida Department of UNIVERSITYof HOUSTON

FDOT TRANSPORTATION CULLEN COLLEGE Of ENGINEERING
P Department of C




DESIGN EXAMPLE: SQUARE PILE

Geometry Concrete CFRP strand
1 f'. = 6Kksi D, =0.61in
= f'ci = 4 Kksi A, =0.179 in®
E. = 4557 ksi E; = 22,480 ksi
. — E,; = 3987 ksi fou = 370 ksi
" ) a; = 0.85
b=h=18in CFRP wire
cover = 3 in pr=0.75 Dyire = 0.2 in
A, = 323 in?
I, = 8748 in*

FDOT\) Gy "



DESIGN EXAMPLE: SQUARE PILE

FDOT Standard Plans Instructions (SPI), FY 2020-21
Index 455-101 Series Square CFRP & SS Prestressed Concrete Piles

« Standard piles are designed to have 1000 psi uniform compression after prestress
losses without any applied loads to offset tensile stresses that occur during typical

driving.

Jacking force P; is adjusted (trial and error) to satisfy this requirement

P; = 32 kip

A : . .
foo = f'“’;i‘z’ Jre _ 1.02 ksi OK fpj = 179 Kksi < fpj1imic = 0.70f5, = 259 ksi  OK

FDOTi} % [FDOT Standard Plans, Instructions, Index 455-101] 46
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DESIGN EXAMPLE: SQUARE PILE

Total Prestress Losses

Elastic shortening Afpgs = 6.707 Ksi

Long-Term Losses  Af,.r = (Afpsk + Afpcr + Aprl)id + (Afpsp + Afpep + Dfpra — AfpSS)df = 34.757 ksi

Loss due to temperature change (Assume 0 in this example)  Afpryg =0

Total prestressloss  Af,r = Afpes + Afprr + Afpry = 41.463 ksi (23.2%)

Effective prestress after all losses

fre = 137 ksi < fyeimic = 0.65f,, = 241ksi  OK

FooT iy a7



DESIGN EXAMPLE: SQUARE PILE

> (C)

SCU, gC

(T)

CFRP Concrete

FDoT iy 4




DESIGN EXAMPLE: SQUARE PILE

Summary of Stresses

Design tensile strength  fpu = 370 ksi

Jacking stress  f,; = 179 ksi

Effective prestress at time of pile installation fpei = 154 ksi
Concrete stress (compression) at time of installation femstau = 1.02 ksi
Final effective prestress in prestressing CFRP cables ~ fpe = 137 ksi

Concrete stress (compression) at final time fce = 0.913 ksi

FooT iy



DESIGN EXAMPLE: SQUARE PILE

Summary of Strains

Concrete crushing strain &, = 0.003

CFRP strand rupture strain Epy = 0.016

Strain in prestressing strand at final time due to prestress force gpe = 0.00611
Strain in concrete at final time due to prestress force €ce = 0.0002

Remainder of strain in prestressing CFRP until rupture  €prest = 0.010

Remainder of strain in concrete until crushing Ecrest = 0.0028

FooT iy



DESIGN EXAMPLE: SQUARE PILE

Square Pile: P-M diagram C = (ay f)(BL A
Assume a compression zone depth ¢ Ti =Apifri Jri = Er & < fru
B ay fe
N T Y, Y a ''''''''''''''''''''''''''''''''''''''''''''''''''
dzl e B1 CI — I C h
I dy B T e IR \ /2
---------------------------- — T, e
_______________________________ > Tia
pe=m=c(2-B (2 a)or(2oa)+m(ay-2) 47, (a, -2
e=M=C0{og-—7 )" hls-d |- la{5—dz |+ I3{ds—5 |+ 4] ds =5
ZTi=C+P —_— P,M e ot QP, M

FDOT\) Gy 51



DESIGN EXAMPLE: SQUARE PILE

Square Pile:

_ Concrete Compression Depth Prestressing CFRP stress
P-M dlagram C fri frz frs fra
0 0 1 2 3
0 3.31 0 146 220 295| 370
1 3.32 1 1451 220 294 | 369
2 3.33 2 1451 220 294 | 368
3 3.34 3 1451 219 293| 367
4 3.35 4 1451 219 292| 366
5 3.36 5 145] 218 292| 365
6 3.37 6 1441 218 291| 365
7 | 3.38|in ff=| 7 144| 217| 291| 364 ki
8 3.39 8 1441 217 290| 363
9 3.4 9 1441 217 289| 362
10 3.41 10 144 216| 289 361
11 3.42 11 1431 216 288| 360
12 3.43 12 1431 215 287| 359
13 3.44 13 1431 215 287| 359
14 3.45 14 1431 214 286| 358
15 15 1431 214| 286
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DESIGN EXAMPLE: SQUARE PILE

Square Pile: P-M diagram

0 0 0 | 1500 | I I

0 | 2482 o | -326 0o | 225 1438

1 2.49 1 -324 1 225

2 2.498 2 | -322 2 | 225 1000k -

3 2.505 3 -320 3 | 225

4 | 2.513 4 | -318 4 | 226

5 2.52 5 | -316 5 | 226

6 | 2527 6 | -315 6 | 226 kip 00 ]
aa=( 7 2.535| -in P=1 7 -313| “kip M=| 7 226 | kip-ft —

8 | 2.542 8 | -311 8 | 226

9 2.55 9 | -309 9 | 226 o .

10 | 2.558 10 | -307 10 | 226

11 | 2.565 11 | -306 11 | 227

12 | 2.572 12 | -304 12 | 227 - 326 500 . . .

13 2.58 13 | -302 13 | 227 0 100 200 300 400

14 | 2.588 14 | -300 14 | 227 11 M 332

15 15 15 (kip- £t)
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DESIGN EXAMPLE: SQUARE PILE

1500y

Square Pile:
P,- M, diagram
OP, - ®M_ diagram

FooT\ Gy

1000}

1

kip
OP
kip

500

— 500

100 200 300
M. oM

1 -

(kip-fo)  kip- ft

400
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5. PRESTRESSED PILES

5.3 Design Example: Sheet Pile - 12"x30"

R oy § 1 £

=

FDOT TRANSPORTATION CULLEN COLLEGE of ENGINEERING
——

Florida Department of UNIVERSITYof HOUSTON



DESIGN EXAMPLE: SHEET PILE

Geometry Concrete CFRP strand
f'. = 6Kksi D, = 0.6in
f.; = 4 ksi Ayr = 0.179 in?
E. = 4557 ksi E, = 22,480 ksi
) 30" _
| Tl E.; = 3987 ksi fpu = 370 ksi
b =30in a; = 0.85 |
h=121in GFRP stirrup
cover = 3 in b1 =0.75 D;rrp = 0.5 in
Ay = 359 in?
I, = 4320 in*
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DESIGN EXAMPLE: SHEET PILE

Assume jacking force P; = 0.70P, = 46.34 Kip

fo; = 259 ksi

This requirement does NOT apply to Sheet Piles

FDOT Standard Plans Instructions (SPI), FY 2020-21
Index 455-101 Series Square CFRP & SS Prestressed Concrete Piles

« Standard piles are designed to have 1000 psi uniform compression after prestress losses
without any applied loads to offset tensile stresses that occur during typical driving.
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DESIGN EXAMPLE: SHEET PILE

Total Prestress Losses

Elastic shortening Afpgs = 5.825 Kksi

Long-Term Losses  Af,.r = (Afpsk + Afpcr + Aprl)id + (Afpsp + Afpep + Dfpra — AfpSS)df = 47.689 ksi

Loss due to temperature change (Assume 0 in this example)  Afpryg =0

Total prestress loss  Af,r = Afpps + Afprr + Afpry = 53.514 ksi (20.7%)

Effective prestress after all losses

fre = 205 ksi < fyeimic = 0.65f,, = 241ksi  OK
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DESIGN EXAMPLE: SHEET PILE

Summary of Stresses

Design tensile strength  fpu = 370 ksi

Jacking stress  f,; = 259 ksi

Effective prestress at time of pile installation ~ fpe: = 230 ksi
Concrete stress (compression) at time of installation feinstan = 0.918 ksi
Final effective prestress in prestressing CFRP cables ~ fpe = 205 Ksi

Concrete stress (compression) at final time fce = 0.819 ksi

FooT iy
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DESIGN EXAMPLE: SHEET PILE

> (C)

gcu gC

(T)

Concrete
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DESIGN EXAMPLE: SHEET PILE

Summary of Strains

Concrete crushing strain &, = 0.003

CFRP strand rupture strain Epy = 0.016

Strain in prestressing strand at final time due to prestress force gpe = 0.00914
Strain in concrete at final time due to prestress force €ce = 0.000180

Remainder of strain in prestressing CFRP until rupture  €p,rest = 0.00732

Remainder of strain in concrete until crushing Ecrest = 0.00282

FooT iy
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DESIGN EXAMPLE: SHEET PILE

Sheet Pile: P-M diagram C = (ay f)(B1 O)h

Assume a compression zone depth ¢ Ti =Apifri Jri = Er & < fru

A
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DESIGN EXAMPLE: SHEET PILE

Sheet Plile:
P-M diagram

CC =

Compression zone depth ¢

Top row CFRP stress fr;

/ Bottom row CFRP stress fr;

]

1

2.43

2.44

2.45

2.46

2.47

2.48

2.49

2.5] 1

2.51

Wla ||| &M=

2.52

=
=

2.53

(S
[,

2.54

=
Pt

2.55

=
o

2.56

=
I

2.57

=
(%3]

0 247 370
1 247| 369
2 247| 368
3 246| 367
=i 246| 366
5 245| 365
b 245| 364
7 244| 363
8 244| 362
9 244| 361
10 243| 361
11 243| 360
12 242| 359
13 242| 358
14 242| 357
15 241

kst

FooT\ Gy
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DESIGN EXAMPLE: SHEET PILE

Sheet Pile: P-M diagram

0 0 0
0 | 1.822 0 | -163 0 | 134 2000 | |
1 1.83 1 | -161 1 | 135
2 | 1.837 2 | -159 > | 135
3 | 1.845 3 | -157 3 | 135
4 | 1852 4 | -154 4 | 136
5 1.86 5 | -152 5 | 136
6 | 1.867 6 | -150 6 | 136
aa=| 7 1.875| - P=1 7 -14g| ‘kip  M=[ 7 137| -kip-ft
8 | 1.882 8 | -146 8 | 137
9 1.89 9 | -144 9 | 137
10 | 1.897 10 | -142 10 | 138
11 | 1.905 11 | -140 11 | 138
12 [ 1.912 12 | -138 12 | 138 _ | |
13 1.92 13 | -136 13 | 139 - 3007 100 200
14 | 1.927 14 | -134 14 | 139 M
15 15 15 (kip- ft)
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DESIGN EXAMPLE: SHEET PILE

Sheet Pile:
P,- M, diagram
OP, - ®M_ diagram

FooT\ Gy

1500

1000]

— 500

100 200
M, M,
(kip-ft)  kip-fi
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