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8. Bending Behavior of Unbonded Prestressed Concrete
Beams Prestressed with CFRP Rods

Nobuaki OTSUKI*
Kunio Y AMAMOTO**
Hidenori HAMADA**

Synopsis

CFRP (Carbon Fiber Reinforced Plastics) rods have almost equal tensile
strength and slightly higher relaxation compared with prestressing steel bars. Adding
to the above, CFRP rods are corrosion free even in marine environment, therefore,
they are very attractive to use as prestressing tendons of prestressed concrete
members at ports and harbours. Also, post-tensioning beams prestressed with CFRP
rods by unbonded system are considered to be advantageous as members for super-
structures of wharves. o

The purposes of this study are as follows:

(1) To evaluate the bending behavior of the unbonded prestressed concrete beams
prestressed with CFRP rods. There are two kinds of unbonded beams, namely, one of
them has joint, and the other has four joints (composed of 5 units).

(2) To assure the stability of effective prestress of these beams. )

In addition to the above, the authors proposed an improved method for the
cross sectional analysis after cracking, including the calculation of the ultimate
moments of the beams.

The results are shown below:

(1) The bending behavior of the beams prestressed with CFRP rods are very similar
to that of the beams prestressed with prestressing steel bars.

(2) The average of the ultimate moments of the precast block beams prestressed
with CFRP rods is nearly 5 percent smaller than that of the beams prestressed
with CFRP rods. In addition to this, the deflections of the precast block beams are
nearly twice as much as the deflections of the beams at the state of maximum loading.
(8)  The effective prestress of the precast block beams and the beams prestressed
with CFRP rods are stable at least untill 1 year old.

(4 By using the improved method, the ultimate moments of the unbonded pre-
stressed concrete beams can be calculated and the values are close enough to the
experimental data.

(5) It is concluded that the beams prestressed with CFRP rods can be designed
for bending.

Key Words: CFRP Rod, Unbond, Bending Behavior

* Chief of the Materials Laboratory, Structures Division.
** Member of the Materials Laboratory, Structures Division.
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HRBEAMES » » FXBHL, EHEBACLI-T2Y
7Y —1+%chd CFRP = o FIZRENELEA L 72, B
ABDEEFBAD 7 F €D Y AZE (£y FE) 1T,
B-151RTL5REHT3.6mm THY, o M X
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7o3% MHIEEE 4. 2m D=5 B & Uic, WAARE
it 100tf AUHEERBE Y AV e, RETFIHL, —6%
LTy 2RETEPRILD,

a) —HROBHFIR

—GROBHREL, VAP VAEANLOHNS 2
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PI-1 19.1 17.7 18.8
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7Y —TREIBOTARENEY 1 AZEREIE LI,
® WMOBHLE

BEPC BT 5BEMRBOT O EY 7 FRALH
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FHE| 9.3 9.9 3.1 3.35 DUBHRAENE, % X0BB ) ENRENE (F&
(¥ ; ton) 2V 2 )~ FCBIR DN RET DHE) ORREY
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ZRATHERD IS, BRORERTE
Xe=L1/Ji*(h/2—2P/(3Ec-€c1°b)
THbo ,
(c) DUhhRERR, EfiF= 7 ) — b B
B A WX HE
ZDORXHEDOEBKE x k15 08 h EVWHER,
BIVE— 2V FOHFHECHERL, FE-30C)LD
P=1/2Ec*¢cp*npz b
Mz=M+x/Li=1/3E;*€cp*b*npsi+ P+

(h/2—npz)

ThHbH, THID nps FLU e #RDB &
npz=3/2h—3Jx z/Ls
€cx=2P/(Ec*5-(3/2-h—3]x z/L1))

HEC KT 2 BEMEBE=2V 7Y — FOREIZ LB

TRELE ers 1T,

Eerz= Eco_ecx‘(npx_ h/z)/npz
=eeo—2P/(Ec*b+(3/2*h—3]kx/L1))
+Peh/(Eerb+(3/2+ h—3]k /LD

ORI BT HREMIE 2V 7Y - ORI LS

fPOZELE 4L 12 2=X b X2 I THEATHI L

IokdBh2, 22T X3 TH=2v2V -+ O T

HZ0 ETeBENDOEEHETOREETH S,

Xz

AL:F—‘S tezdX

Xi

=¢cp0*(Xo—X1)+2PL1/(3Ecb*Ji)*
LOG((3/2-h—3]x*X2/L1)/(3/2+h
—3J1*X1/L))+2Ph+ Li/(9Ec b+ Ji)*
A/Ch—2]k X2/ L)—1/(h—2]x* X1/ L1))
@) VUbRKRFEERA
BEMMEEBE=V27) — FOBEIC IB0TRELREIT
2ODET L DIeD, Thibb,
D #h (BEMOFIEY 1) O L Z0TLEL
by
eerp=(Pe—P)/(E¢* Ac)
2) HiFE—2 v X BOFARELE
ecrmz=MzY/(Ec+I;)=0
L oT, OFTERERE ecra 1T
eerz=(Pe—P)/(Ec* Ac)
Thd, LT, Db REETWHRIC KT % EE
B = 27 ) — F OBAC L5 HOELE ALk

(m
AL4:) fergd®
Xs

=(Pe—P)+(X1+X5)/(Ee* Ac)

ZCT, X REMEIOEZERECOREBET H B, Eic
Xy DETE, T2V 7 ) - rOOTHRM0OEL DB
s&n,

Pe/(Ac*E)+(P—Pe)/(Ac*E)—M+h+ X1/

QE;*I,*L1)=0

TERIh, X 1%

X1=h+Li/(6]x)
Eleh,

Pk, #EECRT 5 REMEBDO 2 7 Y — b Off

VLB RDIN, ChEDEXEHTHZ LTI
HHERECHIcDBREMMED 2 7 ) — b OBUE1L
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Alem P,
Alcb <«— Py

(8 2)

HE-4 B Ls2v 7Y - OEHEERL
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B ALY RDDHZ ENTED,

AL =4L+4Ls+ 4L+ 4L,
=eeor(L+X)—P-(X1+ Xs)/(Ec* Ac)
+2P+Li/(3E¢*b+Ji)+LOG((3/2-h—3]x*
X/ L)/ (3/2*h—3Jx* X1/ L)) +2P+h-L,-
Q/Ch—2]x*Xe/L1) — 1/Ch—2]x X2/ L))/
OEc b Ji)—ter (Li—X2)/2+ (V3  Ecotcr*
bP-(h—2]x)—3P>—~3E¢+€ci*b-P:(h
—2Jx*X2/L1)—3 P%/(6]k*Ec*b)—ec1*h*
(V3Ec+¢c1+b+P-(h—2]x)—3 P*—~/3E,-
o1 Pr(h—2]x~ Xo/ Li—3 P/ (12]1* P)
"'Ec'sclz'b'cznp_h)'(L"'Ll)/(4(Ec'5cl'
np-b—P))

ERTHELIAL I, PRIV np OBAKE LTER
hTuw3,

—%, BEHOREC X HHUE ALy 1k, KA X
%

ALp= (P—Po) ‘(L+Xa)/(Ep'Ap)

(2) BREZEEMOFIEAHOHE

BLBRBEMOIEY hXERTAH, T, fHe
BEbhlsREC IAEHBB 27 ) - MHERXELLRE
AL, ({1604 &R) 2 RH 3, HRI LCHETS,

(8) VDUPhFEEFR EfRGE2v27) - BER

B, #ife— v —EXMH

ZOFRE ST AR I BEMBEZE 7Y — MEA

F{bit 4L 13,

. .
4dLa= SL (ec—ec)dz=(ec—¢co)*(L—L1)
1

—C‘ééo
() DUHLhRBEFR EMZ=2v7) -+ BHER

H, 2ABXE
COFRC B AR LAEMRZ =V 2 Y — MEAR
B AL 12,

L
ALc2=S (eez—¢c0ddz
Ly
=—Li/(6]Jx*Ec*b)+
(v/3Ec+¢c1+b+ P-(h—2])—3P°

—~/3Egeeci-b P-(h—2]3+ X2/ Li)—3P%)
+(ec1/2—¢ec0) (11— X2)

ThHbd,
(o) DUBbIhRAFR EfG=2v27) - HE#R
B, #ABKRE
ORI ST AR L 5E{E= 7Y — MHEA
Z{biE dLes i3,

X2
ALc:i:S (ec—¢codd =
X,

=—2P+Li/(3Ec*b-J&)-LOG((h/2—]k* X2/
LD/(h/2—]Ji* X1/ L)) —eco* (Xo— X1)
Thb,
@) VUbhEkIEERR
COFEBE ST AR I 2EHEHZR =27 ) — A
BB 4L (2,
ALca=M-h-X\*/(4Ec-Ic» L)+ P-(Xi+Xs5)/
(Ac'Ec)_eco'(Xl+Xa)
THbo
BHERCHLIRFC I BERZ =V 7V~ FiEAR
B AL 3,
ALc=ALe+AdLes+ALea+ 4L
=M+ h-X*/(4Ec-I.- L)+ P-(Xi+ X:)/
(Ac*Ee)—2P+Ly/(3Ec*b+]Jx)-LOG ((h/2— ]k
* X2/ L)/ (h/2—]Jx* X1/ L1))—Ly/(6]x* Ec*b)
*(V3E;+¢cib*P-(h—2];)—3 P?
—/3Ec €c1°b*P-(H—2]* Xo/ L) —3 P?)
+eeri/2-(Li—X2)+ec*(L— L) —¢co*
(L+X,)

THbHo
BZEZEHEDO 2V 27 ) — t ORFIC X B HHLE
1Z3>7- B 0ME ALcy, dLem, ALcp % AL VTR
b0 {TE-4 X b, dLcu, dLem, dLey 12,
ALey=4Lc-(di—Zp)/Z,
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KEMEH - uAk3pk - TKHFHA

%1 HECHAWAEADE
Rk 217 CB-1 | CB-4 | CB-6 | CB-9
PI-1 | PI-2 | CI-1 | CI-2 ] . ] .
H B CB-3 | CB-5 | CB-8 | CB-10

2 v 7 ) — + OBKEGEHEX(X10%kef/cm?) 2.73 2.44 3.90 3.90

7 ) E b (em) 50 50 50 50

7 o & X (em) 40 40 40 40

LEEBEREMHEIX 4 (em) 7 7 7 7

FPBRBEEMHEL d (em) 20 20 — 20

TEREREHEZX 4 (em) 33 33 33 33

EBRFEEH OB EE Ay (cm?) 2.553 1. 960 1.470 1.960

REMOMERE E,(X10%egf/cm?) 2.05 1.56 1.56 1.56

2V 7 ) = OBERFROTER ca(X107) 1, 500 1,500 1, 500 1, 500

x % B ® H P (kgf) | 50,704 | 50,814 | 51,528 | 49,711 | 25,050 | 24,600 | 50,100 | 49, 000

TERREEMOWERISIES  Pmax (kg 29, 700 27,830 21, 460 28, 620

* ., Ep XERETH B,
- o - | L=Xe

°[oT | . l 2

T i

! D ; |

— cs e ]

JaN ' -
dl- nPi
L Enu=E2i T
npi[ ' da- Ty

; Ea

! e di-Re

Zj E3i=Ea; Ty
HE-5 EENMECRTREMEE= 27 ) — F ORI L 20 TRE(LE

=(Py—P/) LL/(Ep-4p) - ® P=A4Lc*Ep* Ay *((dr+ds+ds)

THB, 2T —3Zp)/(LL*Zp)+ P,
P/=P,/3, LL=L+X, LERIND, COREEHLT,

ThD, ki, Zp=A4L¢*Ep* Ap'+(di+dat+ds)/((P—Pp)-LL
P=pP+P+P, e @ +34Lc+Ep+Ap")

THd. EREEHDFIEY 1z, @RI D ZDZyHAWT, ZERERHDOFIEY NP, PP
Plzch’(dl_Zp)'(Ep’Ap,)/(Zp°LL)+Pe, ﬁl h *&béo % LG, —F&%Eﬁglﬁ O jJ Ps ﬁ:v
Fy=A4Lc*(dy—2Zp)*(Ep* Ap)/(Zp-LL)+ P, REHOWEBIEY MeELI L &, BABETAEL
Py=AL*(ds—Zp)+(Ep* Ap')/(Zp* LL)+ P, T, ZOBOMHFE— £~ %BEHIE TS,

------ ARV ATDEE %1 R T,

ThHHDT, QRIZRATIE

f£2-2
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CFRP =y FREEHE L7 v AV ¥ PC BOMITFHIR

PC BDET (OF%) 13, RUBE—BEHE L CTE

BTE3)

f1E-5 w3IBREHDOT7 v £V ¥ PCBEiwT, KX

hE, &, TOZBRREEMMEBED=2v2Y9 - tO0TX4

ZEOLM (HUR) 3, kAR THIh3,
AL,=Je0i(d1~nypz)/(de—npz)dl

=lim ‘; e2i*(dr—npi)/(da—npi) AL,
AL2=lim‘§ €952 4Ly

ALs= Iimé}l e2is (ds—npe)/(dz—npi)-AL;
Thr, LiAoT,
AL AL=lim 5 ear(dds—2np0)/
(de—npe)-4L;

ZCT,

dyt+ds=2d,

Tah, ERi

AL1+AL3=Iim‘§ €4 (Zdz—znpi)/(dz—npi) ‘4L
=2 -]im‘é eiz*(d2—npi)/(de—npi)-4L;

=2-Iim§l ) »
=2-4L,
EltD, XoT,
AL+ 4L,=2-4L,
LichoT,
AL+ 4L, +4Ls=3-4L;
ERTLENTE, EEHEOZV 7Y -t OTRE
HBRARD T, BHLRChbL20 TR0 KT
(hU'ED W BIBIRHER D 100, {RUEICTEItR
AR HITE, HB-5 RT3 BEMD PC ROk 71
RE (O, hardh) 3, ROMZBEROEEEDIL
PETEEZEL,
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