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Mechanical behavior for anchorage zone of cable-stayed bridge with
group aggregation anchor system
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Abstract; To analyze the stress safety and shear force-transferring mechanism between steel and concrete in cable-
stayed bridge with group aggregation anchor system, which is a new architecture of the cable-stayed bridge, a finite
element model of anchorage zone was established by ABAQUS software based on an actual bridge project. The
loading and boundary conditions of the sectional model were determined according to the equivalent beam element
model. The stress distributions of the concrete pylon and steel box girder under three load cases were studied.
According to the analysis of stress and displacement of the interface between concrete pylon and steel box girder,
the force-transferring mechanical performances with different levels of pre-tension loss and friction coefficients were
investigated deeply. The analysis results show that the shear force at the end of the steel girder is mainly undertaken
by friction in design load case, indicating there is no relative sliding between the concrete pylon and steel box girder
with enough safety margin. When the pre-tension loss reaches 60% or the friction coefficient of interface reduces to
0.2, the critical friction state is achieved and relative sliding is increased, which makes the structure unsafe.
Keywords: cable-stayed bridge; group aggregation; cable-pylon anchorage zone; shear studs; equivalent beam
element model
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Fig.1 Cross-section of the bridge cable-pylon
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Fig.2 Elevation drawing of the bridge
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Fig.3 Finite element model of cable-pylon anchorage
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Fig.4 Connection of concrete pylon and steel box girder
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Tab.2  Stayed cable forces N/mm’
5 (P T 1 RV TH3
NSC1 20.27 23.40 39.78
NSC2 17.00 22.44 38.15
NSC3 19.38 30.83 52.58
NMC1 18.18 21.66 36.82
NMC2 15.69 20.35 34.60
NMC3 15.71 21.23 36.09
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Fig.5 Equivalent beam element model
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Fig.6 Loading and boundary conditions of sectional model
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Tab.3 Loading and boundary conditions of sectional model

TH Fy /KN Fy/kN M, /(kN+m) F,/kN  Fyo/kN Mu/(kN+m)  Fy/kN Ma/(kN+m)  F,/kN M/(kN - m)
T# 1 5876.1 207003.6 5015360  5876.1 207 003.6  501536.0 469320  788409.8  46932.0 788 409.8
TH2 71143 2311758 5685569 11891.2  258507.3  619553.8  52371.8  884773.1 565255 9711113
THL3 120943 3929989 966 546.7 20215.1 4394624 10532415  89032.0 15041143  96093.4 1650 889.2
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Tab.4 Max normal stress of cable-pylon MPa
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Fig.7 S11 stress contour of cable-pylon under case 2
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Fig.8 Von Mises stress contour of plates of steel box girder
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Tab.5 Max Von Mises stress of steel box girder =~ MPa
iR SRR
THL WA RRRR RN BERRAR
’ T I IE
T#H 1 101.0 878 75.2 43.6 200.6 108.1
TH 2 139.1  99.0 81.5 47.9 200.0 115.8
TH3 2369 1720 101.4 79.5 201.7 186.8
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Tab.6 Max Von Mises stress of connectors MPa
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Fig.9 Von Mises stress contour of shear studs under case 2
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Fig.10  Von Mises stress contour of bolt under case 2, before and
after the cable force
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Fig.11  Extraction position of the stress
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Fig.12  Shear stress-height curves of pylon
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Fig.13  Displacement-height curves of pylon and shear studs
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Fig.15  Relative slippage of pylon and steel box girder with

different prestress loss
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