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Seismic response analysis of large- size caisson quay wall
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Abstract  During the 1995 Great Hanshin earthquake, many quay walls of caisson type were damaged in Kobe Port area of Japan, In order to identify the
failure mechanism of the caisson quay wall, the effective stress analysis is performed in the paper in which the soil- structure— liquid interaction has been
considered. The constitutive model used in this study is a multiple shear mechanism type in strain space and can take into account the effect of rotation of
principal stress axis directions. The earthquake accelerograms recorded at a depth of 32m at the Port island during the 1995 Great Hanshin earthquake are
used as input bedrock motion. The horizontal and vertical residual displacements on the top of caisson obtained from the numerical calculation are 3. 41m
and 1. 56m, respectively, and the seaward prone angle is 3. 2 degree. The computational results are in good agreement with the measured. The analysis al
so indicates that liquefaction in the reclaimed soil and excess pore water pressure generated in the backfilled sand have a significant effect on the perfor
mance of caissons. In addition, the effect of soil improvement on the seismic behavior of caisson is discussed in the paper.
Key words caisson structure, effective stress analysis, seismic liquefaction, residual deformation.
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Fig. 1 The damage and cross section of a caisson
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Fig.2 Schematic figure for multiple shear mechanism
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Fig.3 Finite elemen mesh
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Fig. 5 Computed cyclic behavior of backfilled sand
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Fig. 4 Liquefaction resistance curves
Fig. 6 Input earthquake motions
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Table 1  Parameters used in calculation
= Y G, K, g, 01-’ g; kS5
e (tf/ m?) (MPa) ( M Pa) (kPa) () () 5 w,  pi P2 |
¥4 1.7 73.47 191. 76 63 30
b 1.8 57.15 149. 17 106 37 28 0.005, 5.5, 0.6, 0.6, 2.30
[m] 33 - 1.8 77. 80 203. 04 63 36 28 0.005, 6.0, 0.5, 0.8, 2.43
T Je e 2.0 205.80  573.14 98 40
S E A 2.0 180. 00 470. 88 98 40
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Fig. 7  Distribution of computed residual deformation
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Distribution of computed residual deformation vector
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Fig.9 Distribution of computed excess pore water pressure ratio

150 100
wod e | >
- 1 & so s
< 50 vt 17
@ T T T T ° I
o -s0 -1:?“;11;.50 -200-250 ° _:";.kl’a e
(a) B R (b) 35
E10  HHEREHEHEE

Fig. 10 Predicted effective stress path
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Fig. 11

Distribution of residual deformation vector ( case 2)
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Table 2 The computed results affected by excess pore water pressure
i é'.L-',a'-.-‘._123 firf(m) 4.’-'.'4"}.1.'1_1 16 7 f£(m) 855 °)
ACF EHAE] KF alE B
1 3.41 1.56 2.42 1.56 3.15
i 2 1.57 0. 64 1.08 0.64 1.56
3 2.35 1.20 1.91 1.20 1.40
K 2.28 0.82 1.42 0.82 2.73
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Fig. 12 The area of soil improvement
*3 MELBYRITHEER

Table 3 Computed result for soil improvement

4543123 {7 (m) £ 53116 frf(m)

o WUR (%)
KF G| KF e B

0.00 3.41 1.56 2.42 1.56 3.15

19.0  2.48 1.24 1.99 1.24 1.87

26.0 2.29 1. 15 1.72 1.05 1. 60

46.0 2.23 1. 14 1. 71 1.04 1. 54
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