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Abstract

Carbon fiber reinforced polymer (CFRP) strengthened concrete structures may be under harsh
and changing environmental conditions including temperature cycles. In order to investigate the
bonding performance of CFRP and concrete under temperature cycles, a total of 36 concrete
prisms bonded with CFRP were tested. Firstly, three techniques named externally bonded (EB),
hybrid bonding (HB) and externally bonded reinforcement on grooves (EBG), were used to attach
CFRP sheets to the surface of concrete prism specimens. Then 27 of the specimens were subjected
to temperature cycles of —20°C~60°C and constant relative humidity of 60%. After 50, 100 and 150
temperature cycles, these specimens were tested using the single-lap shear test method at am-
bient conditions. The remaining 9 specimens were tested using the single-lap shear test method
after curing used as reference ones. The test results show that with the increase of the tempera-
ture cycles, the ultimate bond load of CFRP and concrete decreases. Moreover, temperature cycles
affect the ultimate bearing capacity of EBG bonded specimens significantly. After 150 temperature
cycles, the ultimate bond load of this specimen is reduced by 50.30%.
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1. 518

HAG, RABRLT4E 44 (Carbon fiber reinforced polymer, CFRP) N [E14 i i e+ 4546 453 31 32 v 1]
[2] [3] [4]o MRAEHAN ) CFRP N VREE - S5 A5 AT ZINE BB XME T, B2 RIS ®IKiR
TEIREIR AR . OF SCERBT 7T REH: CFRP 0[] JRORS 774t 5 56 B2 o 5 0 52 00 ot v 52 B S Bk 34,
60°CH, HprdysRfE (N E IR FH 60% [5] [6], XFHhexmi AR EAEH T CFRP HiR&: L2 [AIf %
ZEVERE . CFRP S5iREE L 2 1A Bh 45 MERE ML 252 CFRP i &R Uk 4 45 Ky ] SE PR i N 2K, [ AT 9T
N G E ARG HAE T CFRP SR EE L2 (B )RG5 YEREHE T TS, B T — @MWt R . S
JBEE[TIEFE T IR FENE I E XS CFRP-IR&E LA AL 5 ERe s, K. BE&ERET &, CFRP-IRALL
FHMFE AR RGBS, HYERBRAETE R BB LIRS + 20°CYE I . Manuel F1 Hugo [8]%f
CFRP Jin &l VR 5t 1+ 324 M IR AE A R (—10°C F 12 /iF, 10°CF 12 /NENAEER 10,000 AN/IN i (1 6 25 14 B
BT THEAL, RN DR FEEH 5 A R 0 T B, HLRIR YY) R AR FE VR EE 52 2 . Gamage [9] [10]55 A
T 20°C~50° CIEMIEEMEH T, 245t 1800 h. 2250 h J5X} CFRP 5kt Zh 4t Reftsim . W 545
K. Gt = RIEIEFEH 2250 h J5, CFRP AR Nk A FFK 4] 20%; 205t 1800 h A1 2250 h [ &K
TEMER G, CFRP SR L S & 459 B o mIBEAS 1 22%A1 24%. A/ [11]J 50 5 1 iR BEE PR O E
TR 5B DL K CFRP AR %8 JE 5t i RIR G A E F J5 CFRP SiREE L Bh S MERE s, S5 R R I BEIR
FEFEIR IR EIG AN, ST e K BY R 73 T 1 K
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HAT, X RIRIEHAER N CFRP SiRE LR A MEREA U A IR, B T 32 s IEFAME R J5 CFRP
HIRE LR AR SR AW RO VERE . TREE LSRN FA L, ARRIEIMEM G CFRP SR A L2
PERERUA MR IR . DRI, R IR IR F G 8 B MR R — 20 L. I, ARSOEIUE KR
TEH . AE CFRP MERA A FEH A SH, RS RRIEIHERE CFRP 5k R 45 M At alie
WEFT, WIEE A CFRP i &40 i e bt M AR A PPl S 2%

2.1. R S5HE

ARPARI IR T 12 s, A 34, 3t 36 M. RIS HON SRR G PR RN [E 2%
Mo Bl 5 L EESHE 1 Por. WlfF9 5+ EB. HB. EBG FRohlilli CFRP 1175 207 BN i
kil (externally bonded, EB). ¥ & ¥4 (hybrid bonding, HB) A2 714k i (externally bonded reinforcement on
grooves, EBG), {45 i (8 7R s RIRIE A AL & — A m IR AR 1) 12 he

Table 1. Parameters and results of the test

F 1 HESHRER

ENGR TR T SRR T Py/kN
EBO 0 8.14
EB50 50 7.74
EB
EB100 100 8.13
EB150 150 7.73
HBO 0 18.17
HB50 50 16.09
HB
HB100 100 14.93
HB150 150 15.24
EBGO 0 18.77
EBG50 50 16.37
EBG
EBG100 100 14.61
EBG150 150 9.32

T TR R R PyOAIERES .

FIE I S B BTIR Bk E A AR B, RS9 150 mm x 150 mm x 300 mm (&1 1), FrE&f: N I59 28 K
J& » R CFRP —THIFT 5P, FHNNEI % . AFRK CFRP 75 30522 TF /i = 1) EB i fF:
FR IR B LT 4 P A 6145 52 YR = 45 M e R AR ) [12] 00 B« IR BR T 4%, A5kt 2% T AN 28 3B 467
PR 4 iz IR BT J5 161 CFRP A, Rl TR i e fh ST, FEAE N AT W EE 40 mm MIHERI4 B .
2) HB ik : MR E R BT WA L, TS L E AR E MR, JE4E NIEAE; Rl CFRP AT 1R
i), KRR IR R TR AR IR IR R EIAF] 90% L Iy, RN RERE,  IF AR T X I R i
705 N-m 15 . 3) EBG {4 FIHFFFEHLLER: &5 XN I 2 %A i ds, K/ 200 mm x 5 mm x 5 mm,
[EEE A 20 mm, IR I5TR U [ 22 % 15\ AE Py B 3 5 VR - R 10755 )5 BRI CFRP . CFRP fif4
NEFEHR 0.167 mm, &N 50 mm, Fh&EKE N 200 mm.
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Figure 1. Test specimens and position of strain gauges

Bl A TERNERTE

2.2. HRI1ERE

NI R HAERE L, FEAE mgmemaprem ey =1:0.41:1.08:2.29; /K¥e KM 32.5 23 B R
EhKVE, dHE BRI RARED, KLEORR ] 0~20 mm &SR R4, HERASE A 1540 kg/m®; IR EE
PUE 5 5 R FH 1K 150 mm (b o 37 75 ik B, &40 3 A, Sl VR ¢ - 28 d 37 7 MR B R 5 Dl 31.5
MPa.

BRI TR 1 CFRP AR R s R SR PR 7 A= sk | 08 CFRP A, HPihisdfEh
3488 MPa, Sf1ER R 244 GPa, iK% 1.6%. K H TLS-503 RAUGKLF4EMNE L HIK, brhistfE 43.7
MPa, ZFi#PERE N 2612 MPa, K% N 1.54%.

2.3. EIKREIR

TR0 K SRR B 5 9 TEMIBS0 mRIR A #1250 4% I BE 4% il Y 5 —-40°C~150°C, i 4% il
FEFELE 0.5°C LA, JRFEFEHITUE N 30%~98%. RIGHFIANT, o s R R ERKRI-20C, A&
JE B R S AP SRR AR PR A Y, SRS R A YA R BE TR B 60% AR, F2 R 1] 2 e K IR
W AT IR FNIRERE-20C; 2 /MiFE, WEFAEZE 60°CHEER 4 /N 54 2 /)
I 5 A8 A IR BE B 2220 C HFER 4 /NEE, L — ANREEEIM A N S RIS IR AE P SR FE A ] 2 P
7N

24. BHEIALE

A2 S GREIAMEM )G, WERIRIEA L, 2208 K%) 24 h Je o Bk 4T ey ulls .
B IR A AN 280 B ] 3 Fross, B 8 N 48 S N r 28, EL AR
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Figure 2. High and low temperature cycling program
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Figure 3. Schematic diagram of single-shear test setup
3. BERIGRE

3. WIE RS
3.1 REMREWIFLE

ANE CFRP K77 A, HBR I R R AL /N, AR R T B B s far
KEVEERT ) 60% /A I, CFRP A1 & HANELL R A gk 22 0 (5 far 201 90% e 4 I, CFRP
Ak K, Gkt g R B IE (AT AR, CFRP A E KA R, R RAERRIIR. R&
EKIRIEFME F ¥ EBG i &4 T CFRP il If, FHAbRTA W 2R, B4 CFRP & [F] 5

T JE AR BRI TR, BRI EAUR, BRI 4.

(b) HB 44
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Figure 4. Failure pattern of test specimens
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HHEE P 4 KRB e A R SR IR A PR B » EB R i &R CFRP A R IHR A & Z AR 5 mm
JE R EE T, BhEE XIREE LRI KA EIAR EBG il i & B SRR VAR AL CFRP A 5 ik k5 4
FIE, ZHaEXIRELREMINAT, REME RS,

3.2. CFRP T S

WA A B 1R B (K] 1)#3 3] CFRP Aii RLAS /3 AT AN 1] 5 P, Hor EBG 101 7R B 4 AH 7] 25
E54b CFRP i B AREY[E]— A7 B Ak 3 ANNAR F-FHAME. HE 5 AR : ANEEREERRES, CFRP
AR AR S AR AR B, . INERBIH, NARERN, 2R4Es%s L 11 IX 5k, CFRP Ai{XAEZ) 20%M) %45
KREE A =2 T AR s Nk PR AT 20 7000, SIARE B W0, A4 S AR 21X ) B e
J&: BEAE T EIRIIN,  SEIE Nk i R SURIBE I, S EH CFRP A5 R &E 2 A1 R R AR s

XL 5(a)~(f) kI, EB, HB, EBG itff&id 150 IRE(REEIA LG, WEMEIER T, ndm
CFRP A (1 S AS B T [, A 20 6 82 7736 BEAR /N, 3% B s IR A 1R FH RS T 280 45l 1 A 283
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Figure 5. Strain distribution along CFRP strip
[ 5. CFRP & 5276

SR . IX AT BEAE BT BT AN [ A AE v IR A AR R PR Pk BE PRI T 2 CFRP 27 [ /) 4% i
REJI NI, 5 EB, EBG WAL, HB InE 77 i -4 [ 5 7 i/ F mT AW R4 i CFRP 2715 1 ) 4% i
BEJT, MR EAEAR . HB Wi 8m N A2 W] 5 KT EB 5 EBG R4Sl I in#im v 4z .

3.3. WRPRFRLETTEL

6 4 T AN CFRP A4 5 A R IR G A VE X% CFRP 5 R & 4= 8 PR 6 45 1 # it o . 1] 6\
LA B S RIEEIR RE N, ST 0 [ 77 202 5 1 AR B 20 4 r ek B2 PR ke 35 . (H2, EB R
R 86 45 17 5 B 5 T EE A A B I PR I E AN B R, 207 150 IR SRR E R LU, HoA PR 2645 fr 4k e
K2 R IEIAE AR FAK T 5.0%, 1 HB {285 150 WX S RIRIE PR o Hb R 26 45 fa 2 PR T
16.1%. EBG i\ A R 25 25 fir 2t o o IR A 3R U B0 im 22 P 2 PRI A EBG R 448 )7 50 ¥k 100 X .
150 R RIRIE R I, FER PR B 254 2000 IR 1 12.9%. 22.2%. 50.30%.
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Figure 6. Ultimate bonding load
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EBG Xt AR PR AL S5 i K20 1 1.3 15, £ W HB M EBG £ AH 3% T CFRP SRkt 245 1k
fE. (ER (IR IEFME IS8 T XM B BCR, 5 EB WRIFAHEL, 150 IR RIEMEHE TG HB ik 1F R
g m 7 97%, 1 EBG iR I PR B &5 i A g i/ 1 20% 75 4
AT R RN B m IR, BARTR A SR AR LN K, (HR RS IRZE R TR

R, BURGSE, WAL CFRP-REE LB MERE 51k . EBG WM i T 3R VAR Py 3l 1 SR g, AT
BT RZEEEMFGT, R T CFRP F M MRIE[13], HAARRF&E &5 EB 0 B4 m, H
FEMF ERIRIEHMER J5, EBG W IRF 42K %) FIEE R . HB il IRIR B 4R 8 F B R Z
FEEE N T, WEFFETY) IR CFRP SiREE L (A EESE Ty %, H.LL CFRP SRkt BEHE )+ [14]. HB
W T XHEAT N A AER, MfiXt CFRP Aijiihn 1777, 3607 CFRP SiRE LB, S8R
FREGSE AR E I8 EB A B3N . B S RIEIE IR I EOE N, HARIR B4R 2 T Eas, HEH
EBG i ff T FEREFERA L .

4, g5ig

1) AN[F CFRP AEME 77 A EE S5 4 i W IG5 38 Rk A2 1 RIS, EB il h RIS iRy, gk
X VR e - R TH L8, 1 EBG i B RV R ik CFRP A 5 SE A B8, 3645 X R e LR v
A, RIZHEEHAZ).

2) EAREAEE A S8 F 45 s CFRP A7 AR KIlE N R, 1 H S50 CFRP A & 5 /)
JEREAR N, BRAR T BhSS A BEA5 K . X CFRP ARfitiin & /17T LA /5 CFRP 447417 8 fit& ik e /1,
HB a1 76 W R 285 45 17 4804 R I8 CFRP A1 S48 B kT EB 5 EBG .

3) B EGIRIEH EIG N, CFRP 5R %A PR & 4 i i 2 F (G % . EBG {47 50 X, 100
A 150 K (IR AG I J5 ,  FEAR PR R 45 1 2 70 0l FEAIK 1 12.9%. 22.2%H1 50.3%

4) HB.EBG AR 1] DI %4 CFRP SR &t L IR 45 ML Be, (H S IR G P E F I 55 11X Fh 8 80k «
Wi~ HB. EBG il R4 ff #k Lk EB il fF gy 7 K2 1.3 fi%. 150 IR IKIRIGFAEH G HB ik {4 1)
PREL ATk L EB SRS T 97%, 11 EBG W R B 45 i AR 5 7 20% 22 44
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