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Fatigue performance of steel anchor box in cable-stayed bridges
considering joint action of vehicle and temperature

under vortex-induced vibration of stay cable

ZHU Zhiwen', YAN Shuang', DING Wangxing’, LIAO Yuan®
(1.Department of Civil and Intelligent Construction Engineering, Shantou University, Shantou 515063, China;

2.Hubei Communications Planning and Design Institute Co., Ltd., Wuhan 430051, China)

Abstract: In order to evaluate the fatigue performance of the steel anchor box (SAB) when its stay cable experiences large-ampli-
tude vortex-induced vibration (VIV) under in-service condition, continuous monitoring was conducted on a long-span cable-stayed
bridge. The acceleration of the stay cable undergoing VIV and the stress at the SAB details were measured. The characteristic of
stay cable vibration, as well as the stress at the SAB details due to VIV of the stay cable, vehicles loading, and thermal effects,
were investigated in both time and frequency domains. Hence the loading mechanisms of VIV, vehicle loading, and thermal effects
on the SAB were discussed. Based on the nominal stress method, the fatigue performance of the SAB under the joint action of
VIV, vehicle loads and thermal effects were evaluated. The results show that the significant vibration of stay cable, characterized
by the high-order multimode VIV, dominated by in-plane vibration with peak frequencies between the fifth and the seventeenth
modes, occurring within a mean wind speed range of 2 m/s to 9 m/s, with observed maximum in-plane peak acceleration of 25 m/s’.
Thermal effects significantly contribute to the maximum stress range at the SAB details, although they only generate one stress cy-
cle per day. Compared to the thermal action, the stress range generated by the passage of vehicles is relatively low, but trucks pro-
duce a large number of loading cycles. The inertial force generated by VIV of the stay cable applies very low stress to the SAB,
making its effects on stress and fatigue negligible. It is concluded that the fatigue evaluation of the steel anchor box should consider

the thermal effects. However, even when considering the combined effects of VIV loading, thermal effects and vehicle loading,
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the fatigue life at the critical details of the SAB—specifically the deck-side welds of the upper and lower plates to the outer web, as

well as both weld ends of the bearing plate to the outer web of the steel box girder—exceeds 100 years. Therefore, the fatigue per-

formance of the SAB under in-service conditions meets the bridge design requirements, even with large-amplitude VIV of the stay

cable.

Keywords: stay cable; fatigue; vortex-induced vibration; steel anchor box; truck loading; thermal action
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Fig. 1 Elevation layout of bridge and test location (Unit: m)
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Fig. 2 Layout of cross section of steel box girder (Unit: cm)




270 & & T

S

%38 %

" R R e T AR R AR R T AR A/ S0 A
SR LR, e P TR R AR AR A 1) 5 A SR A
TR 4, /SN A T S AR T 23901 5 T AR
JE BRI R He AROAR 42, rh RO b B T 1 9 A4 B 5 4
i FE 2 W1, A9 A0 A LA S -2 Bk 5 32 0 9 05 30O R R
RO gy 0, b AR A TOUAR R AR R R T A
e T2 SR AE

SEHE B UL K B, AL B LN R i TBO1 S fE R
(DLIEL 1, J5 Fr 2z D9k 3 4 R ) A8 20K S T K i)
IE M B AR Sl . AR B LS E e
v (EAE AN AT N2 TR BRI Fi R 45 =
Boan e VR, Hrp s s R 0 MR 0 1 3 i 5
A I A

F1 KEHNZRERSH

Tab.1 Basic parameters of test stay cable
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Tab.2 Basic parameters of steel anchor box
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Fig. 11 Time-frequency plots of acceleration and stress when stay cable without vortex-induced vibration
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Fig. 12 Time-frequency plots of acceleration and stress at details of steel anchor box when stay cable with vortex-induced vibration
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Fig. 13 7-day measured stress time-history of fatigue critical details of steel anchor box
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Fig. 14 7-day measured stress spectrum of fatigue critical details of steel anchor box
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