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Table 1 Material properties

Kk E/GPa E(E)/GPa G,(G.)/GPa G,/GPa u, () Y pl(kg-cm™)
TREE+ 30 — 0.2 2500
| 210 — 0.3 7800
BREFAES A bR 138 8.3 6.9 3.6 0.33 0.37 1600
YA A SR 47.5 16 3 2.5 0.29 0.29 1900
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Fig. 1 Finite element model
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Fig. 2 Element coordinate system
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Fig. 3 Boundary conditions
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Fig. 4 The stress, strain and deformation of the unstrengthened and strengthened bridge
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Table 2 Effect of the quantities of the prepreg tape on the
properties of the strengthened bridge

TRl B T/ MPa Enal Yo dy/mm
0 340 1.13 21.09
2 136 0.50 18.72
3 101 0.37 17.38
5 81.7 0.27 15.96
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Table 3 Effect of the fiber orientation on the properties
of the strengthened bridge

A G/ MPa Sl Yo dp/mm
[0]. 81.7 0.27 15.96
[0/30]s 101 0.34 16.83
[0/45]s 106 0.35 17.09
[0/60]s 103 0.34 17.24
[0/90]s 89.7 0.30 17.37
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Table 4 Effect of the material type and the lay—up
sequence on the properties of the strengthened bridge

HZMERY  0../MPa Enal U dpmm
C/CICIC 81.7 0.2723 15.96
G/GIGIG 88.9 0.2965 18.61
CICIGIG 85.0 0.2833 16.91
CIGICIG 84.7 0.2824 16.93
CIGIGIC 84.5 0.2817 16.94
GICICIG 84.7 0.2823 16.96
GICIGIC 85.0 0.2833 16.98
GIGICIC 85.4 0.2848 17.02
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Finite element simulation of the RC bridge structure strengthened
with composites

XU Qinglin, ZENG Jingcheng, WU Zhihua, WU Binrui

College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China

Abstract The composite adhesive repairing and strengthening technology has many advantages such as fast fix speed, less weight gain,
high efficiency and reliability et al., which has become a new technology for repairing and strengthening the concrete structure. In this
study, the mechanical properties of the unstrengthened and strengthened RC bridge structures were analyzed and compared by using finite
element method (FEM). Besides, the effect of the quantities of the prepreg tape, the fiber orientation, the material type and the lay—up
sequence on the mechanical properties of the composites strengthened RC bridge structures were studied. The simulation results show that
the internal maximum stress, maximum strain and maximum deformation of the strengthened RC bridge structure decreased clearly, which
least can decreased by 60%, 56% and 11%, respectively, in comparison to the unstrengthened RC bridge structure. Furthermore, it is found
that the mechanical properties are obviously influenced by the quantities of the prepreg tape and the fiber orientation, but slightly
influenced by the material type and the lay—up sequence. The best reinforcement scheme is that lay—up material all adopt CFRP, 5 prepreg
tapes, [0]; lay—up angle. For this strengthened RC bridge structure, the maximum stress, maximum strain and maximum deformation of the
bridge is 81.7 MPa, 0.27% and 15.96 mm, respectively.

Keywords composite; strengthen; RC bridge; finite element method; mechanical property
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