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Research on Improving Bearing Capacity of Full-Scale Prestressed Concrete
Small Box Girders

HUANG Jianyun', GAO Linli*, LIU Zufeng’, MA Jinku',MA Ming”", WANG Xiaoguang’
(1. Ningxia Jiaotou Expressway Management Co., Ltd., Yinchuan, Ningxia 750001, China;
2. CCCC First Highway Consultants Co., Ltd., Xi’an, Shaanxi 710075, China)

Abstract: To solve the problems of lacking comparative research on the improvement effects of different
reinforcement methods when formulating reinforcement schemes for prestressed concrete small box girders and
that existing bearing capacity improvement tests mostly focus on scale models with insufficient reliability of
results, full-scale model tests and numerical simulation analysis of five 30 m span prestressed concrete small
box girders with different joint reinforcement measures were conducted in this paper. Finite element models for
two single reinforcement measures were established, and the improvement effects of different reinforcement
methods on the bearing capacity of prestressed concrete small box girders were studied. The results indicate
that compared with the unreinforced test girders, the damage ranges of all strengthened girders decrease, and
their ultimate bearing capacities are improved to a certain extent. In terms of joint reinforcement measures, the
joint reinforcement measure of pasting steel plates on webs, thickening bottom plates, and adding prestress has
good effects in all aspects. The mid-span deflection decreases by about 42.7%; the structural stiffness increases
by about 23%; the concrete stress decreases by about 28.6%; the cracking load increases by about 64.71%, and
the ultimate bearing capacity increases by about 40%. Among the effects of single reinforcement measures, the
measure of thickening the bottom plate (adding prestress) has good effects in reducing mid-span deflection,
improving structural stiffness, reducing mid-span concrete stress, improving cracking load, inhibiting crack
development, and improving ultimate bearing capacity. The test and simulation analysis results in this paper can

provide a certain reference for the subsequent reinforcement reconstruction and bearing capacity improvement
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of similar bridges.

Keywords: bridge engineering; prestressed concrete small box girders; bearing capacity improvement; joint

reinforcement; full-scale model tests; numerical simulation
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Figure 1 Typical cross-sectional dimensions of box

girders (unit: mm)
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Table 1 Reinforcement schemes of test girders
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Figure 3 Schematic diagram of reinforcement test scheme for bearing capacity improvement of test girders (unit: mm)
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Figure 5 Schematic diagram of measuring point layout
for test small box girders (unit: mm)
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Table 2 Staged loading of test girders
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Figure 6 Load-deflection curves of test girders
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Figure 7 Stiffness—load curves of test girders
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Figure 8 Load-strain curves of test girders and strain distribution curves of mid-span section along beam height
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Figure 9 Schematic diagram of crack development
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Figure 10 Plastic damage constitutive model of C50 concrete
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Figure 12 Load-deflection comparison curves of

small box girders
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Table 6 Ultimate bearing capacities of test girders
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