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Study on Anti-overturning Reinforcement Structure and Design Method of
Single-pillar Pier Based on Strut-and-tie
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Abstract: The main manifestation of the overturning process of the bridge is the rigid body rotation of the
main girder, and the roll moment generated by the vehicle partial load and the anti-overturning moment
generated by dead weight of the main girder are the power and resistance of the lever. In order to improve the
anti-overturning stability of the single-pillar pier bridge structure and ensure that the bridge has sufficient anti-
overturning safety reserve in operation process, to avoid the main girder lateral overturning, and make the
girder reach a static equilibrium state, the anti-overturning moment should have sufficient resistance effect.
Based on the principle of leverage, a new type of anti-overturning reinforcement structure for single-pillar pier
based on strut-and-tie is proposed. This new type of reinforcement structure connects both sides of the main
girder web with bridge piers through steel tie rods. When the main girder tends to overturn, the strut-and-tie
effect is generated, which provides an additional reverse moment for the main girder with overturning

tendency to resist the overturning moment of the main girder, and improves the anti-overturning ability of the
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main girder is improved. Based on the mechanical principle of strut-and-tie effect, the calculation method of

anti-overturning stability coefficient of this structure type is established based on the current code formula.

The new reinforced structure has simple structure, clear stress, good reinforcement effect and convenient

design and construction. The engineering application examples show that (1) the reinforced structure can

increase the bridge anti-overturning stability factor by more than 1.5 times, the anti-overturning stability

coefficient is greatly increased, and the reinforcement effect is significant; (2) during the real bridge

monitoring, there is no obvious displacement mutation that caused the support to vacate, and the

displacements of the of the girder at both sides have not show a large contrast, and shows a consistent change

pattern. The monitoring result also verified the effectiveness and feasibility of the reinforced structure. The

reinforced structure and its design method can provide a reference for the reinforcement of similar bridge

structures.
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Fig. 1 Overall overturning of main girder of single-pillar

pier bridge
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Fig.2 Typical overturning process of single-pillar pier bridge
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Fig. 3 Mechanical principle of anti-overturning

reinforcement of single-pillar pier bridge
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Fig. 4 Anti-overturning reinforcement structure of

strut-and-tie
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Fig. 5 Mechanical diagram of anti-overturning

reinforcement structure
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Fig. 6 A bird’s eye view of interchange
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Fig. 7 Arrangement of cross-sections (unit; cm)
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Fig. 8 Layout of vehicle loads

ARG 2R e DU IR s ) 4oy 80 28 % A1
FITR S B B 32 04 L BT 22 42 AR 809/ TR A,
ANBET AL EER

®1 HMBREFHITEER

Tab.1 Calculation result of anti-overturning safety coefficient

Hr R4 PR/ m [EEES
5 AT 2 x18.454 1.263
55 BBk 17.8 +22 +17.9 1.147
9 C 18.7+23 +18.7 1.271
5 D I 18. 547 +18. 546 1.289
Eilloli 17.57 +17.57 0. 946
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Tab.2 Calculation result of anti-overturning safety coefficient

IBTERITRE Jon I iy JnE i L
AT 1.263 3.217 1.55
4 B Ik 1. 147 3.231 1.82
9 C I 1.271 3.269 1.57
55 D Bt 1.289 3.480 1.70
£ 0 0.946 2.939 2.11
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Tab.3 Calculation result of anti-overturning tie rod strength

HH CECON S VI
Sl 3 /kN 531.3 1500 R
PO LR RRA [ /KN 971.7 1178 W
IR IRE /KN 763. 1 1377 ey
HAR L SRR A%/ MPa 127.8 310 W
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Fig. 10 Layout of vertical displacement measuring points
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