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Research progress on bond behavior between FRP bars and
concrete and improvement of constitutive model
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Abstract: In recent years, FRP (Fiber Reinforced Polymer) bars have been used more and more widely in
concrete structures instead of steel bars. Unlike the latter, FRP bars have the characteristics of anisotropy,
heterogeneity and different surface forms, which lead to the different bond mechanisms between FRP bars and
concrete. In order to fully understand the bond behavior, a database of 342 pull-out test specimens was set up.
The influence of various factors on the bond behavior was analyzed. The viewpoints that there was no consensus
were supplemented and discussed. The effects of high temperature, freeze-thaw cycle and electrolyte solution on
the bond behavior of FRP bars and concrete were also analyzed. In addition, the predictive accuracy of the
commonly used bond-slip constitutive models were checked. Based on the established test database, a new
expression of the rising section of the bond-slip constitutive model was set up.
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Fig. 1 Pull-out test
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Fig. 3 Axial tension test
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Fig.4 Bond stress components of FRP ribbed rebar
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Fig. 5 Relationship between compressive strength of

concrete and bond strength
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Fig. 7 Effect of FRP bar diameter on bond strength and slip
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BT k24 ] [26 1 BT 45 R & 8L FRP i A
[F) 2 1 T2 20T i M AR i U B S TR, A 9
Bl A ELAR 380, BT A 2R DR 2 FRP ARG 25 58
BB KBEAL . SCHk (24105 B B & AR
KN, 2 HURS 0 1Y FRP RS 45 5 B2 B3 3 B WA Dl
JIN T 3R T AT 2 2 2% RS 0 DA K 3 T A Ak 9 B 1Y
FRP ffj Kl 45 58 B F Bl B g A ot . HaX 5 Sk
(26 10056 25 SRR AF , SCHk[26 )b, Bl A2 19 38
2 THI 41 4 98 28 FUORG b LA K 3% 10 £F 4k 95 28 1) FRP A
Wt 235 5 3 2 B0 MY oF 4 A S A R, 3R A D A9 FRP
ARG 45 5 R S AR R B e, H A DG 5 S
BRA R, ARV 98 th A AR RPE S5, IR A DE S
AT PR R 2Z T 00 R 5 A T, DA T R A% 3 Ml 42
FRP ;5 1R BE £ =2 8] 0 RS 45 58 1% .

L AE P T — BT % o il e A R L an Bl 10



116

KR53 1

i o lad h PRI, & B CFRP i i) 32 Ea 3R E
KA BN BERP # ik 1F K £ % 4= BERP #
2k FF 2, 5% 2 H S BERP # 09 5t 0 { B 1L CFRP
/N o A B n B4 1 S FRP S5 IR EE - 2 R
K &5 B & AR T AR Ak el T BRI i it R S 36
TRBE L AR i R BEAG, > TR BE+ P2 48
T FRP 7 0 4l 5 68, FL 78 5l 1K — 2 i1 ol
R 2 T8 I BRI B ) 8

P —=—SCHR24TREED —e—SCHR241£T4E45%
—A—SCRR2AVT SRR
2| < 3CHRI26] i) —v— SCHRI261£T4R2L%
——SCHRI26 TSR
& 20
=
g( 18
%‘1’? 16
2.1l
12F \\‘
10

6 8l 1‘0 1‘2 1‘4 16
b EAZ/mm
9 REEAMEEMHELREENEIN

Fig. 9 Effect of FRP bar surface forms and diameter on

bond strength

.
10 fmBh FRP &
Fig. 10 Stiffened FRP bars

3.5 MEAHRHZM

T 5 A 25%F 36 4~ GFRP i 1 #E + h /08 56
PEAT IR A 5%, DL BERP A3 24 50 & B R AR i VR ¥ +
TR N R S8, 45 R W i %5 BFRP
A7 249 SRR R A 388, B4 3 A e R R o ph TR
B 4R IR A AR IR 0 B RY &5 5 B B A
BFRP i 24 o i B R GHIR 5E = O 4 J2 RS B 1) 384
T34 K, W 7% HE B 25 BERP Al 24 o0 FE & 0 189 Jon iij 434
K, Bl A AH X TR BB - O A 2 R A 3G g s )N,
117 o

3.6 EFWIE

3.6.1 B & I R 0 TR, FRP 7 Y R 45 i
JI 3 7 3% Ak A Rk Ak, FRP i £F 2 5P g L i
iR Ak, TR R B IR RS IR R L2 B K IR
BU L5 B BRI, TR B VR % R FRP A B 1 248
Jik 2 B0 22 55 2 6 TR BEE R FRP A A 32 fk i 7= AR

=
o]

. IS " »
FAROP K L) % 45 &
uf lia
2t 1,
£r 110 E
% 16 0.8 3&

g 144 06 &

12t ZE W
'/—'—*g;:lﬁ—v—:zd:l.ﬁ 04

10} —o—cld=2.2——cld=2.2

s s cld=3 ——cld=3 102

(I) 1 2 3
BERPAi I 41 R

11 MEAREEEHEEEREBENXR
Fig. 11 Relationship between lateral restraint degree and

bond strength and slip

N AN BN AP B | I (2 e K T A S
I, 2 i B GRS, i R FRP 5 5 IR BE - 2 [
K vERE R IB AL 2 EATRY LR AR . Ik, >
FRP fify 1 & 44 0 52 2 4 2 A I8 2 AR i R
4 h8 B2 A TR BE 4 o2 P O AR B R T ¢
T N FRP fify 5 41 5 30 58 b i B S 4, 5 20k 1F
Wi B RIR , e 2 4l 2 200 A RT, AR R,
SR B AR A 2 JRE L AT LA BRI
T B 22 4 P R Y A AR

F2 FRPHMBETHBKRE

Table 2 Thermal expansion coefficient of FRP bars and

concrete
P Ak 2 ¥/ (10705 C
Jrln)
GFRP CFRP AFRP TREE+
gk 6.0~10.0 —9.0~0.0 —6~—2 7.2~10.8
M 21.0~23.0  74.0~104.0  60.0~80.0 7.2~10.8

Solyom ™ HEAT T @ & T 45 B GFRP i 5 1R
e A 0B R A Y B 5 ) 3 5 A B IR
I T 3 A0 IR B B, 2R B80R B T GFRP i i - 18] 74 TR
HE 1 B BT B, X GFRP i 3% 10 p9 8 3 JE W A PR . AH
B, A T AR IR R, R AUR T GERP i il &
BeBT IR o YR T e = 165 (X R T B Ak T B IR
BE) (190 R N7 T 3% Ak T B W ) L300 “CH , Kl 45 5
FEr IR T 47% .69% .93%

B A% 5k B S PR Al U S GFRP i TR B 4 A8 1
SRR EE S Ellis Y85 T GFRP #i £ 4 i
T 100,200,400 CH it , R M 2| (22 °C) Y
BRAYTREE , SR IAR L, Z PR B T 96 %676 %6 .27 Y .

El-Gamal™/ % ., 5% 8 75 /& 1 v 1 i 8] X6 Rl 45
SR AT AR RS MR o B A A R R v R R [E) f b
i, GFRP 5 5 18 % 4 2 8] 1) Kl 45 5% B 126 7 FEAIK
M8 TE 100,200,300 B}, Fifl 5 %% 55 5 18] 7 384 o, Al



%24

kP E E.FRPH 5 R AL MR

R, W A E = X &in 117

SEBRE LT R M T B . 7E 350 CI, Kb 25 5 B 7E
2 hiF SR TS 52% , 16 3 h i B A oE— 2 F %,
7E100 °CF, 5% (25 C)AMH L, %52 1.2.3 hJ5 Y
R BR E WA T 4% 12% F119% , 78 200 ‘CF
Rl 45 o B 0 2R B 2] 13% . 15% M1 21% , £€ 300 °C
TR 1,23 h R 45 5 AR 43 i B ) 16 %%
26% F136% , i & 12 B o B i — B R 48 OE
J7 ik, LA BB IR ORI B 5 N TR SRS 0 R 45 5 B 45
KL= (D PR .

= 0.015AT v/¢ (1)
A IR R S50 AT S R R R = R
BT 22 (25 C<XAT<C325 °C) 52 N BRI o

S
S

S B g
i 93504t

E12 MEREHRE
Fig. 12 Bond strength loss

3.6.2 ARRAEIN  URRLAE XTS5 BTIR BE 25 R R
— AN B VRGP TR TR 4 B
TR BE 0 R OR R . 48 DT R O B I E fR R B
B IR BE T IR S K TR VR S5 B B, AR I K O AE
TR EE AL B = A v R, B 7= A2 A L ) Al e 2 R i
TREE+ P BURL SR, 3 BOR BE £ 2 1m0 A0 PR P
HE B E ECRY G, R a4k 2k & X FRP
A3 1 24 SRR AIG , [R] B YR R - BT PR i R A 2y B 2 B
iK™, JF B FRP 7 i #40 Ik R 508 TR g+, &b
TE VR 45 I (8] N I, FRP i 09 Wi 48 25 K TR Bk 1, 78
W 22 ] = A BE B . BE Ak oK AT LAY R R A
YW i v, K 43 1 R AR B8 58 50 09 VR D 1
5T RAYMEEAE T, S8 G H L, A FE AL
i 275 5 i

Fursa Z%%F 16 > GFRP i iR & ik F k47 1
RS PR B, R IAE —40~20 “CHYEE 18 WA BR
J5 k&SRB R & T i 50% . 1 Khanfour 842 %

P, b T R Bl E 2R R 19 BERP i A 23 ok A28 i 48 1 2k
B, I BB IEBR (—25~15 °C) A K2 16 3R U8
(100.,200) % 4l 25 55 B K i 48 ity ¥ 8% 42k 5% ) R K .
Alves 5“3 F GFRP iy 1R B + #4 0 78 5 82 f 97
IR %A T 56 & B0, R LA 20 08RG B> GERP ¥
EIRBE LRSS R R = T 0 40% . Bkl L, 2
TR T % Bl AE 2R %5 FRP 77 5 1R BE + ks &5 M e 1o
WEoE 45 RAFAER R 2257, X 0T BB 2 T M BHE RE A7
FE 25 S H SR TR A R I O 2 O TR IR 5 2%
fF o Hen Yan SN R TR BE PR )2 TR BE 25 5 i R
TG B XY 45 1 8 1 52 e, Y TR E - AR A 2 TR A
3 M E 4. 5d, 5 K 45 5 B M BR AR 1296 9 /b 31 B
IR 3% R Z5 /N T 14 % .

3.6.3 W E R YT R A B R BT
BF R 25 M e e AR Ak o TR BE 1 5 A (pH
290 12.5~13.5) , AN AL 2 41 B A B 149 i 3 A
AR B T & AR O T2 R B 2R
Yk, 5y — 7 1, K S T DL I A4 B B R £F k-
Jig I, B R 2 4, T BRI 9 K A R 8 Ak
PN R E R TNIOR (TR 7 B | | A R S )
T WK o A7 AE B, GFRP fif5 5 Ja TR B 1 B4 Al 45 1R
PR AR A5 5 i = 5, 7E JE S M IX TR 45 F R OR TT
G 2 3 B X PSR O fEFES ML IX . TR+
FL B VAT B8 23 A5 B v ER w0 IR R B S
15 4, Khanfour 2875 1 BERP f57 Al 25 i A 1 it
B, %2 BRI A B8 R 45 5 B AT S R B ) R
B T8 6 2 A AR R SRR . Altalmas 557%)
BERP ffi £ 2 £5 B A 55 v 52 5% 30,6090 d (K 45
SRE VAT TR . R MBS B P R 90 d e,
PR TR (ORGS0 B R B T 2506, T A 8 AE IR M B
5 v Bt R 45 5 R [ T 14% , tr o Al DL R 1 B
55, BERP # % £ FG : BR 55 5 i 50 J8k

4 ME-BRBAEE

FRP #fi FIE &E - 09 kG 45 M g & FRP fil 5 1R &
+ g 6% L W VE B9 A 4, FRP /37 5 1R BE £ iR 45—
R AR R R EZ A, 5 FRP A
TR IRV SR Zhne ) (B IR S AR LA
oot A E BV R ER

Malvar*"3& 7 [v] Bl A A 52 %) T 6 4 o
SR B R R AR R 1) GERP i A7 0F 5%, $2 1



118 T RExm¥y T FROPE

% 45 B

T —FRP 8 5 BE K 45— B AR, 0
2R T B A I B R 2 AR E HE AT R A A
]~ . Cosenza Z"/3 T K i ik 56 45 B & B, FRP i
B3R BE ARG 25 -1 B il 2R T AR AW Al — 4 L K P
B, B, g1 45 BPE B v (g KO B, JF A
R Bt B %, 7 46 A5 ) 9 MBPE #8335 4 FRP
ffi. Cosenza 58" TN K ZE L5 M 1T 5 X 75 ZERG 25—
WMLy LAB R I — R 48 FOR A RS 2 -

MR TR IR, B CMRBERY & Jh 2 ST
E A HORG 45 -3 R A M B Y, LU T 4% Y 2 )
(25 S B2 T ) BEORE A W e OB SRR B SE HTY
2 i 2R I 3 o R e e RO e T RS
Ve oK AR R R 2 AR AR TR 4y B
ARG S5 - R A MR RL R P 22 250 4 4 T Bk i B
Rk R 3 IM T AT AR &5 -1 A
F sl

®3 ERME-BBARGER

Table 3 Bond-slip constitutive models
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Fig. 13 Rising section of bond-slip constitutive model
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Fig. 14 Comparison between bond-slip constitutive

model fitting curves and test curves
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