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Experimental study and finite element analysis on flexural behavior
of diaphragm wall reinforced with GFRP bars
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Abstract; In order to understand the flexural behavior of diaphragm wall reinforced with GFRP bars, flexural tests
were carried out on concrete slabs reinforced with GFRP bars and steel bars, respectively. The deformation process and
failure mode of specimens were examined. Through comparison and analysis of deflection, cracking load, ultimate load
and strain of concrete between two types of concrete slabs, it is found that the force-deformation curve of concrete slab
reinforced with GFRP bars can be divided into two stages. The strain distributions of both types of slabs essentially
complied with the plane section assumption before concrete cracks. However, the deflection of concrete slab reinforced
with GFRP bars increases much faster after cracking than that of concrete slab reinforced with steel bars, and the
increment speed changes very little. The cracking loads of both types of slabs are very close, while the ultimate load of
concrete slab reinforced with GFRP bars is 1.2 times of that of concrete slab reinforced with steel bars. Based on the
test results, finite element models are established for concrete slabs with different GFRP reinforcement ratios.
Parameter analysis shows that the flexural rigidity of concrete slab reinforced with GFRP bars increases with the
reinforcement ratio after cracking.
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Fig.1  Test set-up
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Table 1 Basic parameters of specimens

RIS JUATRSY/mm IRBERIRESG  FOARNE Z I3 e (RS ST I
A-1,A-2,A-3 2300 x 1000 x 150 C30 GFRP i ¢ 10@ 100, XL 0.5% b 6@200, XL
B-1,B-2,B-3 2300 x 1000 x 150 C30 555 HRB335 2¢d 10@ 100, XLH  0.5% HPB235 2 6@200 , XL

%2 GFRP HHHhZFEeESH
Table 2 Mechanical parameters of GFRP bars

B d/mm AR A, /mm® HEA d, /mm PRI £, /MPa W BR 5% T, /kN PR E, /GPa

6 33.23 6.35 825 27 40. 8

10 84.32 9.53 760 64 40. 8

3 WATIEARSE EFIGTR 38 B A
Table 3 Measured yield and ultimate strength of steel bars
A2 d /mm Jf RSER 2 5/ MPa BURLIRE 52 {8 MPa
S 1 LR 2 SEIAE 3 FHIME S 1 LR 2 LA 3 FIME
6 300 300 295 298 400 405 400 402
10 395 390 390 392 545 535 530 537
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Table 4 Measured compressive strength of concrete

SCMME 1/MPa SCII{E 2/MPa SEWAE 3/MPa  “FYJ{E/MPa

34.2 33.8 34.6 34.2
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Fig.3  M/M -f curve of concrete slab reinforced
with GFRP bars
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Fig.4  M/M -f curve of concrete slab reinforced

with steel bars
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Fig.5 Failure of concrete slab reinforced with

GFRP bars (specimen A-1)
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Fig.6 Failure of concrete slab reinforced with

steel bars (specimen B-3)
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Fig.7 Measured M-f curves of slabs reinforced
with GFRP bars
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Fig. 8 Measured M-f curves of concrete slabs

reinforced with steel bars
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Fig.9 Comparison of measured M-f curves of slabs

reinforced with GFRP bars and steel bars
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Table 5 Measured data and theoretical values of cracking and ultimate moment

FFHAEHE M, /kN - m

ENEE A

(S - BEIR(E) / SEDIME

e BRASHE M, /kN +m

(SO - BEEME) / FHE

SeME HHE(E S HHE(E
A-1 14.0 15.2 -8.57% 65.3 70.5 -7.96%
A2 11. 8 15.2 -28.81% 59.2 70.5 -19.09%
A3 14.2 15.2 -7.04% 61.5 70.5 -14.63%
B-1 13.2 15.9 -20.45% 44.3 33.5 24.38%
B-2 17.2 15.9 7.56% 55.1 33.5 39.20%
B-3 17.5 15.9 9. 14% 53.3 33.5 37.15%
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Finite element model
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Fig. 12 Simulated and measured M-f curves of slabs
reinforced with GFRP bars and steel bars (p =0.5% )
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Table 6 Moments and corresponding deflections of concrete slabs reinforced with different GFRP reinforcement ratios

p =0.25% p =0.35% p =0.50% p =1.00%
pIE=1 e B B Eyi £73:2 Eyi HRIE R HRIE
M /kN +m f/mm M /kN +m f/mm M /kN -m f/mm M /kN -m f/mm
Pl Eep 12.2 0. 59 12.3 0.59 12.5 0.59 13.5 0.58
%ggﬁiﬁﬂzﬁ_‘}ﬁ;%%iggﬁ 15.4 17. 85 15.4 15.45 18.3 12. 15 18.6 6.90
5 30kN - m 30.0 43. 65 30.0 38.19 30.0 25.71 30.0 15.20
5 40kN - m 40.0 60. 71 40.0 53.09 40.0 35.83 40.0 21.49
4R SOKN +m 50.0 71.71 50.0 67.98 50.0 45.95 50.0 27.78
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Fig. 13 Simulated M-f curves of concrete slabs
reinforced with GFRP bars
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