RIHRELATBFFEFTHR  No. 73 2009

BN HBITIC &K DRIRIEHBO S >0 HED L TEE
o ' - O B
Effective stress simulation on the tank settlement during liquefaction

Shunichi Higuchi Koji Ito

Abstract

This research focuses on the influence of earthquake motion characteristics, such as acceleration
magnitude and duration, on the damages of tank foundations due to liquefaction. This influence is not taken
into account on the design and performance of the foundation at present. Numerical simulation basing on the
effective stress theory is performed against the centrifuge test result, which was performed to investigate actual
phenomena of tank settlement during liquefaction. Settlement model of liquefied sandy ground, by which the
influence of the characteristics of the earthquake motion can be assessed, is newly introduced to the dynamic
effective stress program “EFECT”. Followings were found by this research. 1) Settlement process of the tank
as well as the excess pore pressure dissipation of the ground can be simulated. 2) Influence of the earthquake
motion characteristics can be reflected on the magnitude of the tank settlement.
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Schematic drawing of stress—volumetric strain
relations during consolidation, liquefaction

and re—consolidation process
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Comparison of volumetric strain due to liquefaction calculated by each model

Model Modified model (Sento model) EFECT (Original model) '
0.434C. d C 1 14
de, = 24%4C. _dp go = Co L 1dp
l+eg p+p; l+eo fp, 24p
Total volumetric strain dg, : Volumetric strain de,, : Volumetric strain

c

ey : Void ratio

P; : New parameter

C : Compression index

P : Mean effective stress

v
CC : Compression index
ey : Void ratio

P : Mean effective stress
Po : Initial effective stress

P, : Atmospheric pressure (= 98kPa)

oo OB oo G L1
Total volumetric strain l+ey ptp; l+eg VP4 2 \/;
After liquefaction
(Sum of p=0 through po) _ C. |0910(p0 + Pij B C, Po
l+eg p l1+e \ p,
Volumetric strain calculated 1N
with assumption of 51 (Z;-_:llooi(sza;) 1 (P,=98kPa)

p=98kPa
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Outline of the centrifuge model ground
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Ground settlement (Tested and calculated)

Case 1 | 2 3 | 4
Inout motion Port Island Akita
P (Inland) (Plate boundary)
Max. Acc. (Gal) 482 200 311 160
Tested (cm) 29 12 32 17
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lated —
odifie . . . .
(cm) Modified 16.9 10.8 14.6 12.1
I 0 — Centrifuge — EFECT(Original) — EFECT(Modified) ‘
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Relation between the axial strain and the number of

loading cycle of the specimen
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Conditions of centrifuge tests and component of tank

settlement by shake events

Case 1 2
Motion Port Island Akita
Max. Acc. (Gal) 925 671
Duration (s) 20 80
Tank A B C A B C
Tankoverburden |,y | 55 | 200 | 100 | 50 | 200
o vt (kPa)
After
Settle shake 48 38 59 135 59 105
ment After
(cm) re-conso 79 68 102 151 78* | 182*
lidation

* Final settlement is derived by after-measurement.

Tank A Tank B Tank C
o ,=100kPa o ,=50kPa 0 ,=200kPa
_8m N S
S am 12m ‘ N
Boundary
12m H : Fix
V : Free
76 m
Fig. 13 mIMEHER L I 2L —T 3 VBTV

Simulation model for the centrifuge test
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Influence of the ground width against the tank width

in terms of tank settlement
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Soil parameters for effective stress analysis

Void ratio ) 0.87
. 1.20

Dilatancy parameter

u 0.21
Friction angle or 40°
Compression index C. 0.0150
Stiffening parameter ks 0.0006
Poisson ratio for soil v 0.33
skeleton
Permeability (cm/s) k 1.2x10°

a 16
Parameter for Sento model

b 0.2

Table 5 MFtr—2—&

Variation of parameter studies

Case (6] [ S
Parameters Original Cc=0.0075 a=9
model
Void ratio

C'-D’: Re-consolidation
path in case of pi'(c’)> pi'(c)

C-D’: Re-consolidation

Inv X
path in case of Cc'<Cc

Vo

Vo'
D

—P Stress
pi(c) p+p;  In(’+p) P PIC)  p+p;

(a) CcDZEH) (b) pi(C)DEE)
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Variation of stress—volumetric strain relations

during re—consolidation process
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Tank settlement calculated by the effective stress

analysis
Input motion : Port Island
Case
Calculated (cm) Tested
Tank o c S (cm)
A 142 71 87 79
B 152 41 69 68
C 115 82 93 102
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Deformation of the ground after shake event
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