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Deformation analysis method of FRP bar/concrete tension members by

considering tension stiffening effect

FAN Xinglang" , HUANG Junchao' , WU Xi*, ZHOU Xinzhu'
(1. College of Civil Engineering, Zhejiang University of Technology, Hangzhou 310023, China;
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Abstract: The tension stiffening effect is the premise of accurate evaluation of the deformation and crack width of
fiber reinforced polymer composite (FRP) bar/concrete members. An analytical method for determining the de-
formation of FRP bar/concrete tension member was proposed. A simplified four-linear model based on the modi-
fied Eligehausen model (modified BPE model) was presented. The distribution of stress, displacement of FRP bars
and concrete and the distribution of bond force, slip between bars and concrete were established. By combining
with the cracking criterion of concrete, an algorithm for the deformation of FRP reinforced tensive ties at different
loading stages was proposed. After verification by comparing with experimental data in the literature, the effects of
different parameters on the tension stiffening were analyzed. Parametric analysis results indicate that concrete
strength and reinforcement ratio of FRP bars have a minor impact on the tension stiffening effect. However, the
elastic modulus of FRP bars dominates the tension stiffening behavior of FRP reinforced concrete tensile elements.
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Fig.4 Quadrilinear bond-slip model
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Fig.5 Internal forces for uniaxial loading of fiber reinforced polymer

(FRP) bars/concrete tensile specimen ((a) Uniaxial tensile member;
(b) Free body of tensile member; (c) Internal stress resultant in concrete;

(d) Internal stress resultant in FRP bar)
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Fig. 6 Distribution of bond stress of FRP bars/concrete at elastic stage
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at hardening stage
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Fig. 8 Distribution of bond stress of FRP bars/concrete at softening stage
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Fig.9 Distribution of bond stress of FRP bars/concrete at frictional stage
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Fig. 10 Cracking process of a FRP bars/concrete tensile specimen
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Table1 Geometric and material parameters of FRP bars/concrete axial tensile specimens

Reference Specimen 2L/mm b/mm h/mm d/mm

f{/MPa  fi/MPa E./GPa f/MPa E,/GPa ¢/mm ¢f/mm

13-170 1200 170 170 13.7 48.1 1.8 27.4 770 37.6 0.29 2.83
[12] 16-170 1200 170 170 16.9 46.6 2.6 34.6 1030 41.7 0.29 2.83
19-170 1200 170 170 19.1 56.2 2.1 33.3 637 40.8 0.29 2.83
21] C30-12A-100(1) 1 000 100 100 13.0 37.7 2.8 34.8 983 50.3 0.29 2.83
C85-16C-100(1) 1 000 100 100 20.0 116.4 4.1 54.1 1236 63.8 1.50 10.00
C50/13/100 1500 100 100 12.7 52.0 2.9 36.2 792 42.9 1.50 10.00
[22] C50/19/150 1300 150 150 19.1 52.0 2.9 36.2 715 41.9 1.50 10.00
C90/19/150 1300 200 200 19.1 91.0 5.2 48.3 715 41.9 1.50 10.00

Notes: 2L—Effective length of specimens; b, h—Width and height of cross sections, respectively; d—Perimeter of FRP bars; f!—

Compressive strength of concrete; fi—Tensile strength of concrete; E., E,—Elastic modulus of concrete and FRP bars, respectively;

fiu—Ultimate tensile strength of FRP bars; ¢}, ss—Maximum slip in hardening stage and softening stage, respectively.
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ity e il i 2 B U 7 12 o Harajli 858 v 9 240
WA 5 0& T 78 A5 il 18] BE A9 20 2 6,=0.15¢,
6,=0.35c0, 63=c0, Tmax=2.75/f"c, 71 =0.35Tmax,
a=0.3, . coy ZBTE A Al s £ B A
MR BE L PURSR L . 2 A VRGN A ¥ B, Har-

%2 BPE #HEFMZL-BBSY
Table 2 Bond-slip parameters for BPE model

Parameter Rough surface and medium Smooth surface and medium Rough surface and low Rough surface and high
strength concrete strength concrete strength concrete strength concrete

a 0.25 0.16 0.39 0.12

¢1/mm 0.29 0.42 0.61 0.24

&2/mm 0.76 2.54 1.18 0.37

d3/mm 2.83 4.23 3.74 3.79

Tmax/MPa 0.93 0.50 0.78 3.13

Notes: «—A constant which controls initial nonlinear curvature; §;, 62, 53— Maximum slip at nonlinear ascent stage, constant maximum

bond stress stage and linear descent stage, respectively; Tm,x— Maximum bond stress.
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