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Fig. 1 Plan diagram of the large cross-sea cable-stayed bridge (Unit:m)
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Fig. 3 Schematic diagram of main girder section (Unit:cm)
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Fig. 4 Finite element model of cable-stayed bridge with base equivalent spring restraint
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Table 1 Table of material properties for each part of cable-stayed bridge
SR AR bk R B R
SR AL TR v , S5 R AL , AL v ,
E(N/m*) (kg/m") E(N/m") (kg/m”)
P 3. 00E+10 0.2 2. 5E+03 Fi 3.55E+10 0.2 2. 0E+03
KA 3. 00E+15 0.2 2.5E+03 10 il i 2 2.10E+11 0.3 2. 6E+04
TR 3.55E+10 0.2 2.5E+03 LR T AR 2. 10E+16 0.3 1. 0E+00
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Table 3 The first second-order self-oscillation frequencies

and test frequencies of bridge tower structures
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Fig. 6 Schematic diagram of foundation scouring process
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Table 4 Dynamic response of bridge towers with different scour depths under wave loads
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Table 5 Dynamic response of bridge towers with different scour depths under wind loads

i R B (m) RIS (ND HIEEH (N » m)
(m) 4 ME Y52 wKME T ME ¥r 2 PN 4 E Y5 2 PN
0 1. 28E0 2. 22E-1 1. 84E0 3.61E7 6. 36E6 5. 18E7 1. 03E10 1. 79E9 1. 43E10
4 1. 29E0 2. 26E-1 1. 86E0 3. 64E7 6. 43E6 5. 25E7 1. 04E10 1. 81E9 1. 44E10
8 1. 30E0 2. 32E-1 1. 94E0 3. 70E7 6. 49E6 5. 38E7 1. 05E10 1. 82E9 1. 49E10
12 1. 33E0 2. 34E-1 2. 04E0 3. 72E7 6. 55E6 5. 79E7 1. 06E10 1. 83E9 1. 56E10

x6 R-REEERTARERRERER NN
Table 6 Dynamic response of bridge towers with different scour depths under wind-waves loads
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Fig. 7 Effect of different scouring depths on the dynamic response of bridge towers
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Table 7 Load effect of different scour depths under wave loads
IR BT T3 (ND FEIRZHE (N« m)
R R BE (m)
B {E ¥15 2% RRMHE FH ¥ % ISP
0 6. 04E+07 3. 02E+07 1. 27TE+08 2. 37TE+09 1. 11E+09 4. 87E+09
4 6. 08E+07 3. 03E+07 1. 28E+08 2. 49E+09 1. 22E+09 5. 55E+09
8 6. 19E+07 3. 04E+07 1. 29E+08 2. 70E+09 1. 47E+09 6. 53E+09
12 6. 29E+07 3. 14E+07 1. 31E+08 2. 83E+09 1. 60E+09 6. 81E+09
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Table 8 Dynamic response of different scour depths under wave loads

AT B (m) AL B (m)
R R B (m)
- H{E 07 2% PN - {H ¥ 2% RAMH
0 5. 21E-02 2. 36E-02 1. 03E-01 1. 91E-02 1. 12E-02 4. 80E-02
4 6. 02E-02 2.90E-02 1. 36E-01 2. 04E-02 1. 13E-02 4. 98E-02
8 6. 94E-02 4. 04E-02 1. 75E-01 2. 39E-02 1. 33E-02 6. 16E-02
12 8. 06E-02 5. 10E-02 2. 08E-01 3. 09E-02 1. 78E-02 7.81E-02
x99 REHERTARE R RRE 3 F1 06 K
Table 9 Dynamic response of different scour depths under wind loads
FEJEFT 1 (ND HJEEH (N » m)
R R B (m)
T {E Y5 2 SN Rkl Y52 PN
0 6. 20E+07 8. 03E+06 8. 49E-+07 1. 22E+10 1. 38E+09 1. 63E+10
4 6. 29E+07 8. 52E-+06 8. 52E-+07 1. 23E+10 1. 57E+09 1. 64E+10
8 6. 44E+07 8. 84E+07 8. 5TE+07 1. 24E+10 1. 68E+09 1.65E+10
12 6. 49E+07 9. 38E+07 8. 7T1E+07 1. 25E+10 1. 69E+09 1. 68E+10
F 10 RIFHAER T AR HRR E3h 7108 5
Table 10 Dynamic response of different scour depths under wind loads
R BT (m) P i (m)
(m) T Yo7 2 PN T ¥ {H W5 % PN
0 3. 75E-01 4. 32E-02 4. 95E-01 8. 14E-+00 1. 15E+00 9. 89E-+00
4 3. 79E-01 4. 66E-02 4. 97E-01 8. 15E+00 1. 16E400 9. 91E+00
8 3.90E-01 5. 11E-02 5. 24E-01 8. 27TE-+00 1. 22E+00 9. 94E+01
12 4. 17E-01 5.43E-02 5. 64E-01 8. 43E+00 1. 24E+00 1. 09E+01
xR 11 R GRIERAT AR M RR B E
Table 11 Load effects of different scour depths under the action of wind and waves
FEJE BT 1 (ND FERBH (N » m)
R R JEE (m)
T8 ¥yo5 2% KAl M ¥75 2% IEFNIE]
0 1. 14E+08 2. 82E+07 1. 73E+08 1. 37E+10 1. 80E+09 1. 77E+10
4 1. 15E+08 2. 94E-+07 1. 76E+08 1. 38E+10 1. 85E+09 1. 78E+10
8 1. 16E+08 3. 15E+07 1. 78E+08 1. 39E+10 1. 94E+09 1. 81E+10
12 1. 17E+08 3. 16E+07 1. 79E+08 1. 41E+10 2. 16E+09 1. 82E+10
xR 12 RGRERAT AR M RR E 3h 06 s
Table 12 Dynamic response of different scour depths under the action of wind and waves
FETALES (m) 5 i # (m)
i B (m)
4 E Y52 RRME 4 ME Y52 RRME
0 3.96E-01 5.52E-02 5. 29E-01 8. 14E+00 1. 16E400 9. 89E-+00
4 4. 07E-01 5.72E-02 5.42E-01 8. 15E+00 1. 17E+00 9. 92E+00
8 4. 39E-01 6. 36E-02 5.53E-01 8. 27TE-+00 1. 30E+00 9. 95E+00
12 4. 54E-01 7.00E-02 5. 99E-01 8. 43E-+00 1. 31E+00 1. 09E+01
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Dynamic effects for full-bridge with different scour depths under combined action of wind and wave
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Fig. 9 Dynamic effects for full-bridge structures with different scour depths
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Analysis of the Effect of Local Foundation Scouring on
the Structural Dynamic Effect of a Cable-Stayed
Bridge Across The Sea

ZHOU Daocheng'?,ZHANG Bo’, QIAO Dongsheng’

(1. Northeast Forestry University,School of Civil Engineering, Harbin 150040, China;
2. Harbin Institute of Technology,Key Lab of Structural Engineering Disaster &
Control, Ministry of Education, Harbin 150090, China;

3. Housing and Urban Rural Construction Affairs Service Center,Department of
Infrastructure Engineering Jinpu New District,Dalian 116602, China;

4. Dalian University of Technology,State Key Lab of Coastal &

Offshore Engineering,Dalian 116024 ,China)

Abstract: The foundation scour reduces the restraining effect of the foundation on the bridge foundation,re-
sulting in the reduction of the lateral bearing capacity of the bridge foundation. For the cross-sea bridge, the
dynamic effect of foundation scour on the bridge structure is more significant, thus affecting the safety of
the structure. In this paper,the maximum possible local scouring depth of the foundation is first calculated
to make the simulated foundation scouring condition conform to the actual project. Then,the m-method is
adopted to calculate the stiffness value of the foundation soil spring and establish an elastic restraint model
that reflects the restraint of the foundation soil on the bridge foundation,thus setting up the finite element
model of the bridge with regard to the foundation scouring. On this basis, taking Qiongzhou Strait cross-sea
highway and railway dual-purpose cable-stayed bridge as an example,the effect of foundation scour on the
dynamic effect of cross-sea cable-stayed bridges under the action of wind and waves is analyzed,and the in-
fluence law of the local scour depth of the foundation on the dynamic effect of the structure is deter-
mined. The maximum scour depth of 12m is considered to increase the displacement of the top of the
tower by 14. 65 % , mainly because the foundation scours reduces the restraint effect of the foundation
soil on the bridge foundation, resulting in the reduction of the lateral bearing capacity of the bridge foun-
dation. Therefore, for the cross-sea cable-stayed bridge without foundation soil treatment, the detection
and monitoring of foundation scour should be strengthened or the preventive maintenance and reinforce-
ment treatment of foundation soil should be done in advance to ensure the safe operation of the bridge
structure.

Keywords : Sea-crossing cable-stayed bridge; wind and wave loads;dynamic effect;local scour of foundation;
the M-method
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