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Figure 1 (Color online) Components and boundary conditions of the
mesoscale model.
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Figure 2 Constitutive model of CFRP bars and the bond-slip relation
curves. (a) Stress-strain curve of CFRP bars; (b) bond-slip relation curve
between CFRP bars and concrete.
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Table 1 Specimen parameters in test 1 [21]

bxh (mm) [ (mm) n il s (mm)
P 225x450 2100 - 12x12.7mm 100
FE 483x350 3810 020 12x12.7mm 100

A 483x350 - 0.20 - 100

a) b, h, YRR TEE . R EEANK T, e I b, s 2R 9
I
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Table 2 Specimen parameters in test 2 [17]

bxh (mm) ! (mm) n p (%) py (%)
7t 225x450 850 - 0.78 0.67
E 300x300 1500 0.30 1.00 0.63
Rl 300x450 - 0.30 - 0.84
a) p ABCIHZE, po, NBCHE R
%3 RKe3hRMms
Table 3 Specimen parameters in test 3 [48]
ZH HfE
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Table 4 Parameters adopted for model validation

ZH AR {54 ITZ

E, (GPa) 70 35.00 28.00

Re12Y £ (MPa) - 29.25 23.40
Ji (MPa) - 2.75 2.20

E, (GPa) 70 32.10 25.68

il £ (MPa) - 27.82 22.26
£, (MPa) - 2.84 2.27

E, (GPa) 70 30.20 24.16

R3™ £ (MPa) - 23.10 18.48
Ji (MPa) - 2.26 1.81

a) E, fo, fOX TR SRR | B SR AN U bR

5 BERK P AN S Y

Table 5 Parameters of joints in numerical tests

D (mm) bxh (mm) [(mm) py (%) p (%) py (%)
%180x300 675 0.6 0.8 0.2
250 ‘
B 250x250 1000 0.6 1.0 -
360600 1350 0.6 0.8 0.2
500 ‘
B 500500 2000 0.6 1.0 -
B 540900 2025 0.6 0.8 0.2
750
K 750x750 3000 0.6 1.0 -
B 720<1200 2700 0.6 0.8 0.2
1000 ‘
FE1000x1000 4000 0.6 1.0

a) DN BRBL, py, p, py o3 HIABCHEAS . 0 2 AL 26

# 6 CFRPiHI)I%Z 5"
Table 6 Mechanical parameters of CFRP bars

CFRP/H 257 E; (GPa) /. (MPa) &
W RS 115 1450 0.0126
i 7 115 580 0.0050

a) Eg, f,, &,70 B NCFRP ARG L f7 4 i B AN B FR 13 3%
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Figure 3 (Color online) Comparison between simulation results and experimental results. (a) Failure modes; (b) curve graphs.
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Figure 4 (Color online) Failure patterns of joints with different stirrup
ratios.
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Figure S (Color online) Failure patterns of joints of different sizes.
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Figure 7 (Color online) Load-displacement curves of joints.
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Figure 10 (Color online) Comparison of size effect between joints
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Table 7 Coefficients v, and d, under different conditions

Fic it 2% Vo dy
0.0% 8.86 318
0.4% 8.91 372
0.8% 8.8 423
1.2% 8.73 482
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Figure 11 (Color online) Fitting of Bazant’s size effect law to the
simulated values.
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Influence of stirrup ratio on size effect of shear strength of concrete
beam-column joints reinforced with CFRP bars

JIN Liu, WAN ShunYin, LI Dong, MIAO LiYue & DU Xiuli

Key Laboratory of Urban Security and Disaster Engineering, Beijing University of Technology, Beijing 100124, China

The shear failure behavior and the size effect of shear strength of carbon fiber-reinforced plastic (CFRP)-reinforced concrete beam-
column joints are investigated in this study. The finite element model for failure analysis of CFRP-reinforced concrete beam-column
joints was established using a mesoscale numerical method. The mesoscale failure mode and failure mechanism of geometrically
similar CFRP-reinforced concrete beam-column joints were studied, and the influence of CFRP-bar ratio on shear strength and size
effect law of joints was discussed. The simulation results show that the nominal shear strength of CFRP-reinforced concrete beam-
column joints has an obvious size effect, and the size effect of shear strength can be alleviated by increasing the CFRP-bar ratio. In
addition, it is found that the size effect of the nominal shear strength of concrete beam-column joints with CFRP bars is more obvious
than that of reinforced concrete (RC) beam-column joints. Based on the size effect law of nominal shear strength for RC beam-
column joints, considering the effect of stirrup ratio proposed in the previous work, along with the numerical test results in this study,
the size effect law was extended and established for the analysis of nominal shear strength of concrete beam-column joints with CFRP
bars.

CFRP-bar ratio, CFRP bars, beam-column joints, shear strength, size effect, mesoscale modeling
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