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Seismic vulnerability analysis of vertical
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Abstract: In order to study the seismic vulnerability of pile-supported wharf structure, taking a vertical pile-
supported wharf as the research object and considering the influence of the site, seismic spectrum characteristics and
the uncertainty of ground motion intensity, we establish a dynamic nonlinear numerical model of structure-foundation
soil coupling of vertical pile-supported wharf by using the geotechnical finite element software of Midas GTS NX.
Selecting the maximum strain of pile foundation in soil as the damage index, we obtain the seismic vulnerability
curves and the corresponding damage state probability based on the the incremental dynamic analysis method. The
analysis results show that when peak ground acceleration is less than 0.80g, the wharf structure is mainly in mild
damage state or moderate damage state, otherwise the probability of serious damage basically exceeds 50% and the
structure will lose operational capacity. Based on the vulnerability analysis of pile foundation damage in foundation
soil, the influence of earthquake on the vertical pile-supported wharf is described from macroscopic and quantitative
point of view, which can provide reference for seismic design and disaster prevention prediction of vertical pile-

supported wharf.
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Fig. 1 The cross section of pile-supported wharf structure.
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Table 1 Main physical parameters of structure and soil

ok bR I m BV S kPa RE / (KN-m™) AN FEERJI/kPa BEEES/(O)
TREE+ () — 3.00 x 107 24. 50 0.15 2% 10° 47
TRV £ OR & R ) 1.3~4.3 3.45x 107 25.00 0.18 2% 10° 47
Yo prm -1.0~2.7 1.00 X 10° 15.20 0.33 7 40
A2 -12.8~1.7 2.10%x 10° 20. 00 0.30 7 41
D -10.0~3.5 1.37 x 10* 13.24 0.33 7 36
SIERSY ity -13.7~-10.0 4.55x% 10" 15.20 0.35 9 30
fEEE 2+ -19.8~-13.7 2.50 x 10° 17. 65 0.31 25 30
X2 -29.8~-19.8 3.57 % 10° 19.12 0.32 15 38
ffiZeh 1 -35.7~-29.8 8.72 % 10° 20. 10 0.27 40 31
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Fig. 2 Drucker-Prager constitutive model.
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Table 2 Damage state classification

WIRES bk HETH +W
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Table 3 Damage quantification index
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Fig. 3 Maximum strain distribution of pile.
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Table 4 Seismic demand statistics

PGA XM WEREE ERRE
0. 052 -6.772 6 0.393 8 0.3787
0. 10g -6.772 6 0.3797 0.3422
0. 20g ~5.746 5 0.3303 0.3189
0. 30g ~5.4609 0.290 1 0.2789
0. 40g -5.249 1 0.250 1 0.2404
0. 50g -5.0792 0.261 4 0.2421
0. 60g -4.9216 0.3291 0.296 6
0.70g -4.762'5 0.401 1 0.348 8
0. 80g -4.5409 0.449 4 0.3824
0. 90g -4.3579 0.456 8 0.3785
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Fig.5 Regression analysis.
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Table 5 Exceeding probability distribution

PGA PL, PL, PL,
0.05g 0. 003 0. 000 0. 000
0. 10g 0. 048 0. 005 0. 000
0. 20g 0.213 0. 041 0. 005
0.30g 0. 437 0. 136 0. 028
0. 40g 0. 563 0.217 0. 056
0.50g 0.724 0. 364 0.124
0. 60g 0. 835 0.514 0.219
0.70g 0. 905 0. 644 0. 329
0. 80g 0.954 0.771 0.473
0.90g 0. 985 0. 888 0. 658
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Fig. 6 Seismic fragility curves of vertical pile-supported wharf.
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