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Flexural experiment of concrete beams reinforced with GFRP bars

WANG Yang, DONG Henglei, WANG Zhenyu

(School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: To reduce the crack width of concrete beams reinforced with glass-fiber reinforced polymer ( GFRP)
bars, this paper proposes a new type construction measure for FRP bars which is fabricated by inserting the GFRP
bars into the metal corrugated pipe and filling the interspace with high strength cement-base grouting materials. The
internal high-strength cement-based grouting material has good bonding performance with GFRP bars and
participates in the pulling, while the external metal bellows can restrain the expansion of internal cohesive cracks
and strengthen the bonding effect with concrete. Therefore, the crack width of concrete beams reinforced with
GFRP bars is reduced. To verify the feasibility, a monotonic loading flexural test was carried out on six beams
reinforced with steel bars, extruded GFRP bars, and the new type GFRP bars, respectively. The effects of
longitudinal bars on the crack distribution, average crack spacing, and crack width were investigated. The
experimental results show that the new type construction measure can reduce the crack width of beams in the
serviceability limit state and delay the appearance of the cracks along the bars compared with general extruded
GFRP bars. Besides, the beams treated with the new type construction measure met the code requirement of the
maximum crack width of 0. 5mm, while the ordinary concrete beams reinforced with GFRP bars did not. The failure
modes of beams reinforced with GFRP bars began with concrete crush in compressive zone,and the final destruction
were the rupture of longitudinal FRP bars. The flexural capacity of beams reinforced with GFRP bars was higher
than that of RC beams and expressed the good deformability before final destruction, in which the average deflection
span ratio approximately reached 1/56.
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21 4E 3% 5 &5 & A Bl (fiber reinforced polymer,
FRP) fif 2 A 42 o iy ok T J6g 1oh S5 08 050, B FRP A AE
SRy AT AL L, AT A SR S A IR EE A5

IS EHEA: 2018 -04 - 16

HEWH: BKESH AR (2017YFC0703001)

EEEN: £ F(1995—) L W AF A
TRFEN9T—) 5B, #4824 S0

BE1EE . 32T, thenyuwang@ hit. edu. cn

DRI 197 5 ot 5 S A R K P Rl A L {H FRP A A 3
PR, S IREE - B ES TERE A UL ZEM A ,
FECFRP iR GE 1+ 52 A9 BT R OE E A FRARES
il FRP i ECARAL 2 , 257 A .

FURTE A AN X FRP fii R G 1 352 25 PR RE Y
WKL 5 a3 R 5 22 8RS
FEF NS LG B B 14 5 THIE. Flgabbas %) %
B - 7EAH [R] HE A R, 5 18 B0 9 1R BE £ (reinforced



<24 - /E S N = B A N I ¢

%50 &

concrete, RC) JEAYREETT e 5], V- P R 48 (a] FE
ORI, T FRP #5524 2448 Wi B2 80K, FRP fiij 1Y
B 1) IR B S R W) R4 4 9 1) = B2 [N R 5 Saikia 2511
RIWFFE 2 BH . GFRP ( glass-fiber reinforced polymer) ffj
TR BE T B2 10 de R 4 9 B P ) 1 A R RO E A 805
EL-Nemr % i1 S IS5 1] LL S22 Iy S AT
RO FRP 5 5 IR B 00 B 4 Pk s A
SESH) AFRP ( aramid-fiber reinforced polymer) #fj iR
#2325, [FRE 2 B FRP IR EE - R IER
{1 P I B 4 4 5 3 3 KA ) 5 G P 22 45
GFRP/ L4 5 b ] TR Bk + 2, i o8 Hipt ¢
HRER ) R R 8% S8 2 TR k.

SCHRL 14 J PSRBT, FRP A i s iR 5 12 ¢
HE VW )N, IR BE T PURR S H 25 MPa 1
JNE] 70 MPa i), 2L4E 55 B2 98/ )N 80% Aty , 2t A
e AERIREE - 2 52 R R4 . b
GFRP fifj 1R &€ 1 G2 2L 4% 4od T 00 () R, AR SCH ) —Fh
B GFRP YAty i I =0, UL IR 1. S ey o /K e Ak
HEHELS GFRP 3L [m] 2 5 52 50, S 4 i P 88
AR N R R4 AL 0 R R, T R S IR BE - 1R
Z5VERL, 98y GFRP TR Bk 1 BRI 2448 95 5. S ik
AT AT M, %I B A7 L GFRP ffj LA K Hi &L GFRP f
() 6 AR SCERTT e 1 B ] fin 852 25 00, 1 B 4%
TSRS RS I 5 A AR BROIR 28T 2288 0 A P24
LG R) P LA K-8 2455 B T 1 52 R AR

SIRVEE

FRP 2\
\
e R K Y S R

B 1 #E GFRP HHHEHETE
Fig. 1 Diagram of the new type construction measure for GFRP
bars
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Tab.1 Test beam reinforcement parameters

ENiELRE ENI A U BC A B
G-12 0.31 2 ¢ 12 GFRP
GT-12 0.32 2 ¢ 12 GFRP #4y 45
GQ-12 0.32 2 ¢ 12 GFRP &+ £%
G-16 0.56 2 ¢ 16 GFRP
GT-16 0.58 2 ¢ 16 GFRP #4354
RC - 16 0.56 2 ¢ 16 HRB400
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Fig. 2 Extruded GFRP bars and the new type construction
measure for GFRP longitudinal bars
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Tab.2 Mechanical properties of reinforced bars

VeS| d/mm E/GPa  f;,/MPa e/ %
- 12 49.8 947 2.13
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Tab. 3

Comparison between GFRP reinforcement ratio and

balanced reinforcement ratio of tested beams

P/ P

R pi/ %

CSA) ACIe] GBI
G-12 0.31 0.88 1.04 0.82
GT-12 0.32 0.91 1.07 0.85
GQ-12 0.32 0.91 1.07 0.85
G-16 0.56 1.38 1.61 1.29
GT-16 0.58 1.41 1.66 1.32
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Fig.4 Moment-midspan deflection curves of specimens
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Tab.4  Flexural capacity and deformation capacity of tested beams
. M, En i’ M, 5xp” Mo pre Mypo/ Mg/ A/mm A/mm A/mm
(kN = 'm) 107° csattl et Gl (kN-m) (kN :m)

G-12 78.3 3212 1.09 1.05 1.14 17.8 94.1 1.04 71.3 107.8
GT-12 79.8 2 840 1.14 1.12 1.19 18.7 100.9 0.96 73.0 115.0
GQ-12 80.1 3178 1.15 1.12 1.19 20.8 100. 6 0.99 61.7 108.9

G-16 95.5 3214 0.96 1.03 0.95 20.1 126.8 1.05 51.2 90.2
GT -16 103.8 3639 1.09 1.18 1.06 20.5 111.9 1.05 62.7 120.9
RC-16 76.9 2 168 18.0 77.4 0.70 35.5 123.1
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Tab. 5

Comparison between test results and prediction of

average crack spacing and average crack width

Y 4% G-12 GI-12 GQ-12 G-16 GT-16
My, CSAL] 0.97 1.02 1.13 1.09 1.11
Mepe Ac1l®) 0,94 0.98  1.09  1.05 1.08
fepy/ 0-3M, 531.00 273.00 327.00 715.00  777.00
10°¢  0.4M, 930.00 458.00 668.00 1292.00 1111.00
o,/ 0-3M, 314.30 346.70 344.90 218.10  224.30
MPa  0.4M, 411.20 428.90 426.00 305.00  311.60
gy O3M. 0.3 036 0.3 0.25 0.25
Ju 0.4M, 043 0.45  0.45  0.34 0.30
Lypy/ 0-3M, 293.00 296.00 278.00 250.00  249.00
mm  0.4M, 293.00 296.00 199.00 188.00  150.00
Lype/mm GBI 205.00 225.00 225.00 249.00  266.00
hapy 03, 143 132 124 LOI 0.94
Love 0.4M, 1.43 1.32  0.88  0.76 0.56
Onpy/ 0-3M, 035 0.06 0.08 0.27 0.18
mm  0.4M,  0.66 0.28  0.24  0.36 0.31
o/ 0-3M, 034 042  0.42  0.21 0.23
mm  0.4M,  0.71 0.83 0.8  0.57 0.65
onpy O3M. 102 014 019 130 0.78
@upe  0.4M, 093  0.34 029  0.63 0.48
0.3M, 0.35 0.37 0.37 0.20 0.20

v 0.4M, 0.53  0.55 0.55 0.41 0.43
0.3M, 0.22  0.03 0.05 0.27 0.18

Vew 0.4M, 0.32 0.13 0.17 0.35 0.37
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Fig.8 Diagram of cross section internal force analysis
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Tab.6  Maximum crack width and crack vertical distribution
height
O RBEETERE/mm (F r))  ZUGER [B] 3 A 15/ mm
P R E g7

0.3M, 0.4M,
0.3M, 0.4M, 0.3M, 0.4M,

G-12 0.59 1.13 0.86 1.76 217 309 328
GT-12 0.12 0.50 1.04 2.06 68 110 257
GQ-12 0.15 0.53 1.04 2.06 219 239 306
G-16 0.59 0.80 0.52 1.42 218 313 327
GT-16 0.32 0.75 0.58 1.62 132 298 323
RC-16 0.09 0.10 0.06 0.07 129 204 204
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