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The Influence of Geometric Initial Defects and Initial Stress

on Concrete-filled Steel Tubular Arch Bridge

CHEN Ruilin, LI Rui, XIE Xiaoyu

(Faculty of Civil Engineering and Mechanics, Kunming University of Science and Technology,
Kunming, Yunnan 650500, China)

Abstract: This paper aims to investigate the significant impacts of geometric initial defects and
initial stress on the internal forces and stresses of arch bridge structures with arch ring axis. Based
on actual engineering cases, four finite element models were established, which divided into two
groups. One group included two models that consider the influence of geometric initial defects of
the arch axis; The other group also included two models, considering the geometric initial defects
of the arch axis first and then simulating the effect of initial stress. Both groups compared the
internal forces and stresses of the arch bridge structure. The results show that geometric initial
defects have a small effect on the axial force of the arch ring, with an increase of less than 1%.
However, they have a significant impact on the bending moment and stress distribution of the arch
ring, especially at the top of the arch. At the arch top, the bending moment decreases by up to
91.31%, while at the arch base, it increases by 17.03%. Additionally, the concrete stress on the
arch base and upper edge increases by 23.19%, while the stress on the lower edge decreases by
51.95%. After considering the effect of initial stress, the distribution of internal forces in the arch
bridge significantly changes. The axial force at the arch base increases by 65.5%, and the
maximum bending moment of the arch ring decreases by 68.21%. The stress on the upper edge of
the arch ring section increases by up to 113.7%. Therefore, whether it is finite element modeling
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analysis or design during the actual construction phase, it is crucial to fully consider the influence

of geometric initial defects of the arch axis and accurately simulate the presence of initial stress

according to the actual construction sequence.

Keywords: bridges; concrete-filled steel tubular arch bridges; geometric initial defects; initial

stress; internal forces; finite element analysis; construction phase
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Fig.1 Bridge layout
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Fig.2 Finite element model of the bridge
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Fig.3 Suspender layout
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Fig.4 Geometric defect error of arch rib
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Table 1 Impact of initial geometric defects of arch axis on the internal forces of the arch rib

AN B AT UG B 2 18 TUAT R 4R B R
AT
HAKN  BHE/(KN-m)  HAAN BH/(KN-m)

HE 15 —17139.6 1264.4 —17246.8 1479.8
L/4 —14662.3 —8l11.1 —14782.9 —1064.2

WEHL BT —13 662.0 —1015.2 —13792.0 —88.2
3L/4 —14661.9 —761.8 —14783.8 —977.2

25 —171374 1254.9 —172259 1376.6
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Fig.5 Internal force values at key sections of arch rib considering geometric defects
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Table 2 Impact of initial arch axis defects on the stress of the dumbbell-shaped arch rib steel

tube MPa
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admin
当否？

L1n Qee
在Midas Civil中，在“时间依存特性”中设置混凝土收缩徐变参数后，从施工阶段模拟开始便会一直存在，因此是不可避免的。同时，钢管对混凝土本身具备约束效应，存在一定的压应变。因此混凝土自身的收缩徐变效应影响较小，可忽略。本文中保守考虑，固认为该地方应提及但不删除。
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Table 4 Internal force values of steel tubes and concrete at key sections

s,

TAHIRL T3 BHIRLT)
KRBT N
HiZJ/KN  SH/(KN-m)  BHAAN BH/(KN-m)

#1455  —5066.6 93.5 —8254.4 —536.9

L4 —4327.8 —266.1 —7052.8 69.9
BN HETH —4037.0 46.6 —6014.0 1349.3
3L/4 —4329.0 —223.6 —7098.3 —26.0
#e25 —5066.1 75.7 —8384.2 —600.8

#E1S  —122315 329.2 —9810.1 123.8

L4 —10446.3 679.0 —8475.9 —51.8

P TR HETR —9744.8 177.5 —8467.5 134.6
3L/4 —10450.4 582.1 —8431.2 —38.6

#E25  —122302 200.6 —9672.4 119.9

s 1S —17298.1 — —18 064.4 540.7
L/4 —14774.1 — —15528.7 —455.6
HET —13781.8 — —14481.5 2095.2
3L/4 —14779.4 — —15529.6 —391.5

#g25 —1729.3 — —18 056.6 227.4
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Table 5 Table of axial force increase and decrease at key sections %
MEHM ERREL &it
KEPEE A FI IR 1R
7 e bl e 7 e
BHE1S 295) 65.60 723 -20.1 4.43 —
A L4 (3L/4) 4 63.97 102 -19.3 -68.2 5.08 —
I 48.97 2795 -13.1 5.08 —
P BB M B 60.86 — - 184 — 4.86 —
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Fig.7 Internal force values at key sections of arch rib
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Fig.8 Stress curves of steel tubes and concrete at key sections
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Table 6 Stress values of steel tubes and concrete at key sections MPa
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L1n Qee
对于“竖直哑铃型”截面，在有限元中模拟截面时以中心点为单元点，且在结果分析中应力导出结果时，能够有效观察到的应力点即为“上管（下管）上（下）缘”部分的应力。考虑到混凝土应力无法直接从有限元分析结果中直接导出，因此近似取管内上下缘有效点的应力作为混凝土的应力值（施工过程中激活混凝土部分后考虑混凝土始终填满钢管内部）。本文混凝土应力值的选取为“钢管架设完毕”——“混凝土灌注完毕并生效”的前后施工阶段应力差值。
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