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Two-dimensional effective stress analysis of gravity type quay wall
regarding liquefaction of backfill ground during an earthquake
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SUMMARY: A large scale test gravity type of quay wall with insufficient seismic resistance was constructed in the
Port of Kushiro, Hokkaido. When the test quay wall was strongly shaken by the 2003 Tokachi-oki earthquake, the
backfill ground was partly liquefied with sand boiling. In this paper, the dynamic behavior of gravity type quay wall
is analyzed by means of two-dimensional effective stress nonlinear finite element method with liquefied backfill
ground. The dynamic behaviors were calculated both for the liquefaction area and non-liquefaction area. And the
calculated values in this site are verified with the observed behavior in the project. Also, the effect of the liquefaction
in the backfill ground on the deformation of gravity type quay walls is discussed.
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Fig. 3 Acceleration of the backfill ground surface
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Table 1  Property of materials Table 2 Parameter of materials
A B C D
Bfl 1 1.6 80 5
m | Kgm® Pa Pa degree m/s Bf2 1 1.6 40 5
Bfl 1.8 1940 27930[ 65170 40.9| 4.90E-05]  0.46 SCP 1 15 90 1
B2 | 94 2040  29370] 68530 31.1[490E-05] 046 Asll 1 15 50 1
SCP| 94 1730 56050| 130783 36| 4.00E-04 0.46 Asl-2 3 15 30 1
Bfgll 9.1 2000 101000 200492 35| 1.00E-03[ 045
Bfg2l 4.6 2140 101000 200492 35| 1.00E-03[ 0.45 o Q)
Bff 15 2000 180000 357313 35| 1.00E-03[ 0.45
Asl-1| 23] 1840[ 225000 624056 40.6| 9.00E-06] 046 STADAS
Asl-2 2 1840 225000] 624056 40.6| 1.00E-05]  0.46
As2 15 1840 225000] 624056 44| 1.00E-05]  0.45
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Fig.5 Displacement of analytical mesh; (a)treated area, (b)untreated area
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Shear stress t vs. strain y relationship at the backfill ground
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Fig. 6 Shear stress t vs. strain vy relationship

@
(Bf2)
Fig. 6
6cm g
-0.5m (tpl, upl)
-4.5m (tp3, up3)
15 25 25 38
Fig. 6 -0.5m
25 38
-4.5 25 38

-516-



12

Time History of External Forces to Caisson by FEM
rec. at 04:50 03/09/26
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Fig. 7 Time history of external forces on caisson;
(a) calculated, (b) observed

The relation between Displacement and Base shear force by FEM
rec. at 04:50 03/09/26
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Fig. 8 Relation between displacement and base shear force;
(a) calculated, (b) observed
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