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Fig.1 Design of specimens
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Tab.1 Parameters of specimens

W45 it T DR 45 4 B (mm) AR 15 DORG 45 K (mm) JK 2 JEE JEE (mm)

M-150-2A g 150 200 2

M-150-2B i 150 200 2
F-100-2 9% 55 100 200 2
F-200-2 9% 55 200 200 2
F-150-1 9 55 150 200 1
F-150-3 9 55 150 200 3
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Tab. 2 Mechanical properties of materials

#1 K K56 H K 56
ET AL 95a 2461 MPa
panyii:
ﬁ%ﬁ'ﬁﬁ ZRIBPERR | 165X 10° MPa
(Sika-S512)
i & 1.71%
oo B 31.7 MPa
y % e
R B PR 2627 MPa
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Tab.3 Main test results
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Fig. 4 CFRP strain distribution of specimens with different adhesive thickness under fatigue
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B 52T Fak 2 Atk BE 2k 5mm. 25mm 25 037 B AL (1 FRP 3 48 Bl 5% 55 U500 hin i) 48 4k,
oL, IS AT LUE L FER PR 5 5 % 597 L ik F-150-1 7EHE N4 5mm 4b i) FRP A8 A — B
R KL B S 2 100 J5 YR 55 L A b FRP R AR A7 5 2 42 i 6 K 0 B K FJE 100 5 IR 9% 95 5
[V, BE N2k 25mm AL RS FRP N2 FE 100 J5 IR faf A6 F0 5t i 30 17 B i35 K. 52 M b il F-
150-3 FE 2 9% 97 0% PR b B vkl &5 S a7 07 A8 38 K 30 o AN B 8L il T4 F-150-3 FEBE N4 5mm &b 1Y
A N AR E 1R 2 CH AR TR 455 3 8 5Co) L (D) H F-150-3 ££ 5mm &by FRP R 28 K 5 T
A F-150-1 . fH PR A8 A5 £k ] B 58 A, F-150-3 < H 30 1 570 DRG 25 B4 45 & e 51 2 i) FRP Nij A% & 3%
R R T AP AP o MR . XN R PR A RS 2 JRE R A R A A R G I TN L AR TR g T B R BT
VLHCHOAE 21 0 7 9 B8 T B 38 5 4 07 g 48 v A B 92 55 5 43 5 RS RN 45 1R AL s, B T, m) 3 Sk TR A AL N )
A3 A R AN A5 058 Ak A R . R 4 ) 2 T A A X 5 K K T o i R R 5 A T ) T 9 57 4 e
A BB B 7, Mall S8 A 24 Kk 4 51 9% 57 S S0 K 3 3R AR A B MK 1 7K S B i J2 TR B Y A5 Ak
X 952 55 S S0 H T A 25 (10 5 W A AT L 220 5 YRk 435 S % 57 2L S0 R B B B KT B 9 57 280 T
R 5 e ) P ) 38 g S s R A S AR SO S e — 3K
2.2 FEKEXAEMEESEENZNE
WE ATk, AR IA SCHk TP EE X R 25 K BE 5 FRP ORG 45 5 9% 55 M B8 18] (19 AF 56PE T 2 i F 5 36 3



%2 W MESE . CFRP-IRBE 4 7 10k, 45 B9 9% 55 1 8 1l 06 F 5% 195

A BRI 2 1 4538 6 3K 4 B Bizindavyi 58 . Mazumdar Y Fl Meneghetti ZE0 S #IA ) L 1 K
R A5 I B 2| AL 1T 5 R B Y R 1 5 1 Ferreira 505 Y. M. Jen 5 35 H kG 45 5L 1T B4 9% 55 M fig
R 25K B 10 38 i IS s Nigro S50 MTA R YR 45 K B 5 4 S0RN 45 4 5 M 25 A8 K9 97 1 26 i 28 6F
Rl 45 5L T 5 B2 (52 e ] DL 2 A SIS v, 0 B S TRDRG 25 4K B B iR B KL S5 % S5 PR RE R T T B AL
6 4ffi2s 17 200 J3 U9 55 96 P03k B v O TRDRG 45 4 B R AE BE N 4805 15mm ., 35mm &b (% FRP 1 4% , LA
W2 L TR 2598 55 4500 1 K e

10kN 20kN
250 - 600
00
200 3
M ~ 400
& = 300
100 I — o
= a5 L — B 200
100
0 0
0 25 50 75 100 125 150 175 200 225 0 25 50 75 100 125 150 175 200 225
R IR CT IR TEER I TT V)
—— F-100-2(EE 2 MA% 5 35mm) —e— F-200-2(85 2 In#% 56 35mm) —a— F-100-2(18 2 N4 5535mm) —a= F-200-2(8E 2 ni%535mm)
(a) (b)
10kN 20kN
450 1000
400 ; ; 900
350 800
_ 300 ~ 100
L 250 5 600
= 150 = 300
50 100
0 o — . .
0 25 50 75 100 125 150 175 200 225 0 25 50 75 100 125 150 175 200 225
IRER T IR) TR BT I
—— F-100-2(/F & NA% 5 15mm)  —m—= F-200-2(F &5 i1 44 %5 1 Smm) —— F-100-2(5E & INZEAT15mm)  —=— F-200-2(8 & 455 1 5mm)

(c) (d)

Pl 6 % 45 A1 Rk B b AS AR 45 4 BE IR 1y CFRP 3 25 725 1k
Fig. 6 CFRP strain versus number of cycles for specimens with different bond length

MIEL 6 AT LI 7R 200 T3 U9 55 08 BR ok B2 i F F-100-2 ) FRP R A28 AR B0 B 2% BR 4] 5
TR 55 FRP N A8 H B — 263k 2l A1 CRT B H il S 1 22 5 1R , =2 J5 98 55 B P BE N 4% %% 15mm Fl 35mm
Ab B FRP R AR FEA R B 18 K . 5 2 M L L3R F-200-2 /9 FRP Ry A8 W) i 25 98 5 YR 5004 Jn 52
P T A B AR AL ARG 2 T IRPE IR i R R, F-200-2 7 FEE AN 20 15mm 4 A5 FRP W A8 H BT
3 R B AN 485 35mm Ab g FRP R A% 38 A7 X6 W 38 K, 2 BH 32 B B 5L T 458003 949 Jed R T I o 28k S
15mm FFF3E s 2498 95 50 JT W LAJR BE 4855 15mm A1 35mm i FRP R A8 & 80 5 25 32 w80 . 18 BA RG &5 40
Bttt B 15mm 4b & B F 35mm &b ;100 7 IRIE 575 . A i) FRP R A8 AR (R 2% . R 4l 24 S 50 0l
R 254 B R a1 B B 9% 57 B i S 30 T BRI FRP AR 36K 33X A A] BE X N BT 3 4 9 55
P 5 BAURR A0 5 T 00 i A R, OC T RE 25 4 B 0 AL TR 45 9% 55 PR RE 52 e AR B K S E S R T
J it — 25 5T .
2.3 EFREAFTHEBRNK

TEJE F5 6 PRt B op L R ) 0 2 T8 B a1 i e 2% — FRP fnas g Bt L iniEl 7 pros . IWEHh A LA
995 100 T ik F-150-1 1 F-150-3 (145 K ¥ #4H 5304 0. 098mm F1 0. 136mm, Fifi % i 2 )5
JE B3 O T A e R P 8 U R 3 150 P i SRR R K L IR 5 M EE RN AR R R )RR, B
P 55 YR I 3 F-150-1 04 f 88 — 5 8% 1l e R 238 520 W7 0k /) , A TR 285 T B2 3 I A1 22 00 3% ¥ A 1k



196 O N (2014 4F) 55 29 %

8 B TR A F-150-3 114 £ % — i B Y 2 A% 3 U R ) BB 08748 Al 5 2o o WA () 9 982 57 fiF 21 T I
J2 R /N PR FRP-IRBE 4R 245 5 i B 1 — 8 R B it D 1B A 5 22 AR PO SR R B R R A B
TR 25 0t 52 55 5 R IR AL BOR W18 . (B4 Hh B0 i 40— T B8 il 4 vb o Ja 3 3 (el ol 2k 1) 5 A T %
MR B BLG X A e i TR IR e b LVDT 2R a8 B0 B o 2% i 2.

23 4 21
/ d
20
17 :
B i — A A
Z ) — B WOOOKHF S ., —B u‘;IOl]ntlTiZﬁqu.
i—' —C {100 000 HIH S —C 550 0O
" —D 250 000K i3 = ——D $i250 000 i 5
11 4 —— E 1500 0005 {5 ——E 7500 000 HiF
——F i1 000 000 i 9 ——F 51 000 000 #i 5
8
5 . v . . . 5 T T "
0 0.02 0.04 0.06 0.08 0.1 0 0.05 0.1 0.15
BRAG H € IR 25 8 BT B (mm) BLSO RS I AR B (mm)
(a) F-150-1 (b) F-150-3

B 7 TR B2 TR i i FRP in 2k s fir 4% — 18 6 il &
Fig. 7 Curves of load versus slip of specimens with different adhesive thickness

2.4 EEFEHBIARNM

P55 200 T3 « A 92 57 A8 R R AR IR L 88 I XA A T # 0 nRE E R BRil {4 F-100-2
A BE Y TR B 1 W A B0 s i B A A e A B R A At i A 9 55 1 (0 B R 2K H O FRP 3 89 R
mE 8 . HohE#EifF M-150-2B AP A9 55 150 7F F-150-3 . F-150-1 (19 34 25 i IR K A= 78 12 50 K 45
X5 0 — AR M-150-2A R T oK P Bk 2F 4 A A 22 24 o AR 12000 K 45 X, 3490 89 8 0K & AR 7R AR il 30 X
9 95 AF F-200-2 7EBCHE T 0k £F 4- A7 B2 L9 B9 45 0 DA SR e A 1 AR il 46 45 DX B 3R, an il 9
TN o R A IR A UL B A A ) TR R T S 4 R S &k AR — TR A B R R IR 2
SEHFIT A W Z TR EE L IR 8 IR . X B IR BE B P o B O I T S 2 AR R A 4T 2 AR DRt A T
Tl A S P AR IR BE b R R R IR A R BOR A T R AE R BN . AU E R I E R 5 Nigrol™ |
Yun' Fl Al-Rousan™ 45 38 56 45 KA A

{8 FRP FE BT Bl 9 %951k F-200-2 MR TE 50
Fig. 8 Debonding between CFRP and concrete Fig. 9 Failure mode of specimen F-200-2

W3R 3 FoR &5 TS5 E I I R 45 K R R A4 F-200-2(200mm) 9 1% B fif 4835 3] 58. 5kN,
PR AR 0 2 DX e AT A 2 (F 2 ) B AR AR R A R A I R 5 X, IR B v, CFRP AR 45 T
CFRP i i) B 5 29 0, & A R ZUREIR , Fl Bt 2 BF 7 (1 5 i), & s A% IR A CFRP A3 (9 1, T &l 9 B
A 45 4 B A/ AR AF F-100-2 B H% BR 17 4% 0 44. 5kN, I H 3085 & A 7R i B0 K 45 X, K 45 K JE h
200mm 432t 25 04 A% B £ 8 AH X RE 45 K B8 100mm B3 EE 36 n T 31% . AN FRP B M 5188+ 2



L PHEAF . CEFRP-1RBE 1 FUTHDRG 45 A4 52 55 1 BE I S DT 52 197

()7 76 26 A SORE 45 K 3 - SRl 45 4 B /N T 3K — K 32 A AR Rl 285 7 48 ) RS &5 1 B 98 R T 4 e 5 2 M
BERE S ARRERG S K B R A4k, MRS Chen& Teng A2, 2 A5 i F CFRP i 197 %50k 45 K B2
214, 5mm., K I CFRP A SEFRoRE 45K B 100mm B A% 200mm B, R 25 7K 3% Ty B 2 36 K, B
SRAEWY 55 i B BT FRP R AR B & 35 A8 46, 2 it FRP-JR#E + A1 AT GEA7 7F — & I RG 253R 1k, (A
9% 57 Ja W00 25 RO R 85 KB B R A T 9% 57 5 TR 25 7K 2 Ak B RN 4 K B /NI
PF. 15— R AT 1E K 5 88K T RORS 5 4 B2 100 S PR Rk 235 1 88 o 3 TR 45 90 97 Pk B A B2 i)

Gy A0 R 3mm IR F-150-3 B4 BR faf %38 1] 58kN, 32 78 K F 2 Ry Imm #9114
F-150-1(40kN) . X 5 9% 57 10560 b ULl 21 1) 30 52— B0 11 )2 I8 5 45 R It 9 97 5 1S 17 % T Al 445 R fh A
AN, XA LA Y A )Z 5 K 4 FRP-TRE ks 85 A i 09 9% 55 PEfiE . Tamura 28 AU 0N
i 2 A 0 vl e S R o M 22 DR 1 B N T 34 10 . Lopez-Gonzalez %5 I A 78 #8346 vh B8 K i 2
JEL B A ) B TR ) FE AT, DT T B e A B AT 2, B S AR SO A — B, BT 10 # e T 55 ) R R
5 rp R 2 K A ) T Y 45 0 )2 JE R ] A9k 1 #E 20kN T 40N B FRP W AE (9 43 A i . AU 10
ATLLVE 2 R BB/ (Tmm) YR FRP AR 5K — 26, 2551 SCE 5,3 — B E N I3 ) T IR 2 S
JE /NS 9 9 1] A A A TR Ak Sy B

20kN 40kN

==F-150-1 ——F-150-1

=&~=F-150-3 =8-F-150-3

P10

0 25 50 75 100 125 150 0 25 a0 74 100 125 150

A B 6 1 53 A (mm) IS 1 H A 6 92 i (mm)

H 1 l ) @ 6@ ©® @O @ I §] ) @ d @ @O © @© @6 m
%

.....

B 10 955 5 b O R R & BE KR Y CFRP Rz 48 73 A7

Fig. 10 CFRP strain distribution of specimens with different adhesive thickness after fatigue loading
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Experimental Study of CFRP-concrete
Interfacial Bonding Fatigue Behavior

PENG Hui'?, WANG Bo', ZHANG Jian-ren'?, LI Shu-lin'
(1. School of Civil Engineering and Architecture, Changsha University of Science &. Technology, Changsha 410114; Hunan, China;
2. Ministry of Education Key Laboratory of Safety Control of Bridge Engineering. Changsha University of Science &. Technology,
Changsha 410114, Hunan, China)

Abstract: Externally bonded FRP is an important technology for concrete structure reinforcement.
However, the current study of fatigue behavior of externally bonded FRP for reinforced concrete
structure is not sufficient, in particular, there is more lacking of the study of fatigue degradation and
failure mode of FRP-concrete bonded interface. Total 6 double shear specimens, including 2 for static
loading test and 4 for fatigue loading test, were manufactured, the effect of bonding length and
adhesive layer thickness on the fatigue performance of FRP-concrete bonding interface was studied. By
analyzing FRDP strain distribution variation along the bonding length during fatigue cycle process and
static loading process after fatigue loading, the fatigue degradation of FRP-concrete bonded interface
and the post fatigue behavior were discussed under the conditions of different bonding lengths and
different adhesive layer thickness. It is concluded from experimental results that the bonding interface
between adhesive resin layer and concrete is a weak link of fatigue debonding failure. With the
increase of adhesive layer thickness, the development of damage accumulation induced by cyclic load
decreases obviously, and the bond capacity after fatigue process increases. The bond deterioration
between FRP and concrete becomes more significant when bond length increases. However, due to
the experimental bonding length is less than the effective bonding length, static carrying capacity of
longer bonding interface is still greater than that of shorter bonding interface after fatigue.

Keywords: fiber reinforced polymer; concrete; interfacial bond; fatigue loading; degradation



