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Fig. 1 Details of a gravity wharf (unit; m) Fig.2 Computation model of a gravity wharf (static) (unit; m)
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Tab.1 Geomechanical parameters and fluid and liquefaction parameters for soil liquefaction analysis

_— 7t<j@ JF;&*BZ ) ﬁmﬁﬁ AL MR NEEM/ éé%i& LB BEL S
R py/ (10°kg -m™)  E/ MPa C / kPa () K/ (em+s™h) n D
b MC 1.95 12 0.3 4.5 34 - - - -
L MC 1.85 16 0.33 41 17 1.0x107° 0.45 0.05 -
D,=25% ,
B MC 1.95 38 0.28 0 38 1.0x107? 0.45 0.05 C,=2.432,
C,=0.164
D,=25%,
[l Y AD 4 MC 1.95 38 0.28 0 38 1.0x1073 0.45 0.05 C,=2.432,
C,=0.164
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Fig.3 Initial effective stress nephogram and initial pore pressure nephogram (unit; Pa)
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Tab.2 Excessive pore pressure ratio of the backfill soil at landside of the wharf structure acted by earthquake
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Fig. 6  Excessive pore pressure ratio time history of the backfill soil at landside of the wharf structure
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Tab.3  Failure criterion of the gravity wharf
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Tab.4  Structural performance levels
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Fig.8 Caisson displacement time history corresponding to different acceleration peaks
x5 AREEMEERMEAXDLAMABE
Tab.5 Gravity wharf displacements corresponding to different acceleration peaks
T3 BE e (E IKRFALES wy/ m KFWF u/ m UM% uy/ m BRVE d/ H WA B
0.035¢ 0.026 0.006 0.002 0.2% PR T
0.055¢ 0.049 0.013 0.008 0.4% R T
0.070g 0.065 0.019 0.012 0.5% T
0.100g 0.114 0.044 0.032 1.0% A1
0.150g 0.170 0.081 0.091 1.4% A1
0.200g 0.330 0.130 0.110 2.8% B
0.300g 0.450 0.130 0.190 3.8% BE
0.400¢g 0.780 0.170 0.330 6.5% BE
0.510g 0.930 0.120 0.390 7.8% I
0.620g 1.100 0.150 0.450 9.2% I
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Ground liquefaction and deformation of gravity wharves by
action of earthquake

HAN Shi, GONG Jin-xin, ZHANG Yan-qing
( The State Key Laboratory of Coastal and Offshore Engineering , Dalian University of Technology, Dalian 116024 ,
China)

Abstract: The single-level seismic design method proposed in current seismic design code of wharf structures can
not reflect the seismic performance of structures under different seismic intensities. In this paper, the seismic
responses of the gravity wharf and ground under different seismic loading are analyzed by using the finite difference
software FLLAC 3D, and the excessive pore water pressure and excessive pore pressure ratio of ground as well as the
pier displacement are predicted. The performance-based design criteria provided in the Seismic Design Guidelines
for Port Structures proposed by associations are adopted to estimate the seismic response of the gravity wharf. The
gravity wharf structure and ground subjected to small seismic loading damage slightly according to the analysis. For
the same gravity wharf structure and ground subjected to stronger seismic loading, the excessive pore pressure ratio
of replacement sand at the bottom of a caisson increases with small magnitude, and the replacement sand is not
liquefied ; the excessive pore pressure ratio of backfill soil at landside of the wharf structure increases remarkably ;
after peak acceleration it increases to 0.2g, the backfill soil in different locations is liquefied ; and due to the rapid

increase of horizontal and vertical displacements, the caissons show damage to different extents.

Key words: gravity wharf; seismic design; liquefaction; excessive pore pressure ratio; displacement
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