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Centrifuge Tests for Caisson Type Quay Wall and Buried Pipeline
under the Influence of Lateral Flows during Liquefaction.

Kiyoshi Sato  Takashi Matsuda

Abstract

A dynamic centrifuge test was carried out to investigate the seismic behavior of buried a pipeline due to
lateral flows caused by liquefaction. The model of the centrifuge test, which was performed under a centrifugal
acceleration of 30g, consisted of a caisson type quay wall, an upper unliquefable layer, a lower liquefable layer
and a high-pressure gas tube with an outer diameter of 600mm in prototype scale including a 90-degree bent
part. Lateral flow induced by deformation of the quay wall caused a large deformation of the model pipe up to
plastic strain level. Furthermore, a simulation analysis was performed to verify the applicability of a dynamic
effective stress FEM method "EFECT," and to elucidate the precise behavior of lateral flow such as distribution
of earth pressure on the quay wall.
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Side View of OBAYAHSI Centrifuge
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Side View of Shaking Table

gbobooobobooboboooobooboboooo
gbobooobobooboboooobooboboooo
gboboobooobobobobobooobooboboaooboo
gboboobooobobobobobooobooboboaooboo
gboboobooobobobobobooobooboboaooboo
gbobooboobooobibiooooobooboobo
gooOoCOOoOoOoOOoO0OoOooOoooooooooTable
2000000000DO0O0ODOO

g3.00ogo

3.100000

gboboboooobooboboooboobooboooo
gbobooobobooboboooobooboboooo
gboboobooobobobobobooobooboboaooboo
gboboobooobobobobobooobooboboaooboo
gboboobooobobobobobooobooboboaooboo
gboboobooobobobobobooobooboboaooboo
gboboobooobobobobobooobooboboaooboo
00000000000 00®00000000000
gboboooboboobobooooboboboooo
obobooobo2000000000000 200 40%0
gboboooboboobobooooboboboooo
obdmn ODO00O00O0O0OODOOOOOOODOODOO

34

Table 100000 COOOOODOO
Specifications of OBAYASHI Centrifuge

oo oo oo
oooooo 7.01m
ooood 700tonf*g

oooooo 7tonf
oooao
oooo ooooooo 3tonf
O oooooo L2.2mx W2.2m
oooao
ooooooog L2.2mx W1.07m
oooad 2.5m
ooooo ooooool
ooooooo 50g
ooo
ooooo 120tonf

Table 2000 0000ONgOOOCODOODO
Similitude Law at Ng

00 00 ooo
0o L N
00 0 1
ooo £ 1
ooo a N
00 v 1
00 d N
00 o 1
00 D 1
00 t N
ooo F N

gboboooooboOoecomdOO15mm DOODOODOO
gbobooooboobobooooboboboooo
030000000

3.200000

OFig. 30000000001/300000000000
000000000000 000 00 190cmx0 80cmxC
D60cn0 000000000000 00O00DO0000
0000000000 000000000000000
0000000000 000000000000000
0000000000 000000000000000
0 GL-16cn0 00 04.8n0 0000000000 OO0
0000000000 000000000000000
0000000000 000000000000000
0000000 O0040en(12m)00 22em(6.6m)0 0 00 O
00000000000000Sm 000000000
0000000000000000016en(4.8m)000
000000800000 00O7%O000000O000
0008000000000 00000004MI000
001g 0000000000002%00000000
00000000000000030g 00000000
00000008.1x10%n/s 000000000000
000000000000000000T Table 30800
0D00O0O000Table 4000000000000



000000000ON.e30000000000000000000O0000000O00

0000000 D=20mm(600mmCT] O O 0.5mm(15mm)C O
63cn(18.9m0 0000900000000 0000 R=3D0
0000 LO0OO00O0O0O0000O22m0001.5m
00000000O000STKMIADOOOO000000
0D00O00000.5m 000000000000000
0000000000000000000000000
00000001.640000000.3%00000000
0D03.8y0000000.50000000000000
0D00O00006en(l.8m)0000000063cm OO0
0000000000000 0000000Mm OCFig.
300000000000010ecn OO0O0O00O0O0O0
000000000000 0000000000000
OD0O01loen000000000C00000CO0O0000
000000000000 0000000000000
000000000000 0000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000 000000000Dn
1[000]000000000000002[000]02
0o0o0o0oo

330000000000
OO0O0060Hz(2Hz)30O DO OO ODOODOI112.2g9
(400GalJ 0D O0O00O0O0OFIg. 40000 O0ODOOO
OOO0O010403caldOO0O020442cal D0 O00OOCOOO
ooooO0obil.3ksec DOODOOOOOOODOOOO
obooboooo
gboboobooboboooooobooooboooobooooo
gboboboboobooboobobooboooooobooo
OO00OFrig.30 00000000000 OODOODOODOO
gboboboboobooboobobooboooooobooo
gboboboboobooboobobooboooooobooo
gboboboboobooboobobooboooooobooo
obobooooboooooobobobooobooog

o4.00000000

4.100000

OFig. 500D00CO00ODOOODOOOODOOODODOOO
gboboboboobooboobobooboooooobooo
gboboooooboobobobobobobooooobodg
gboboboboobooboobobooboooooobooo
gboboboboobooboobobooboooooobooo
gboboboboobooboobobooboooooobooo
gboboboboobooboobobooboooooobooo
gbobobooooooio7.amgnbOO0D206.4m000
obooooboboboooooosowooooooon
oboboobooooooooboobobo
gboboobooobobooboooobooobooooobooo
gboboboboobooboobooobooooobooo

()OOooooooooooooomO

40cm(12

.0)

190cm(57.0)

10cm(3.0.
000000001 [000]0 onG,0)

oooooo

80cm(24.0)

109cn(32.7)

Oooooo0Oo002 00014 10cm(3.0)

oooooo

6cn(1.8) 22cm(6.6)

37cm(11.1)  16cm(4.8

80cm(24.0)

95cm(28.5) "20cm(6.0) 22cm(6.6)

>~ ooo = 0000 opOoOoonO

1000

37cm(11.1)  16cm(4.8

Fig. 30000000000D00ODOO 10000 20
Schematic of the Models

Table 30800000000
Keisa No.8 Properties

00000 6s(g/cm®) | 2.650 | 000 00D, (mm) 0.250
000000e 1.403 | 50%0 0 O Dy, (mm) 0.134
000000ey, 0.705 R
Table ADO0OOOOO0O
Soil Parameters of the Tests

oad oooad ogooad

o4 (t/m%) (%) oo (cm/s)

goooooo 1.38(00) 70 0.92 e
googooo 1.74(00) 26 1.22 8.1x 1072

oooooo 2.16

oobo0oboooOooooooooOoOoooOnO vgboooooo

0 8007

O 4007
O E
-400*:

-8001 ‘
0 5

10

15

Fig. 40000000000 20
Input Motion (Case2)

35

(sec) 20



000000000ON.e30000000000000000000O0000000O00

ooo1[ooo ] 23.6¢cm (7.1m)
o,

SN Ry N NN
RN,

X ﬁ /y YR
ooo2[ooo ] 21.3em (6,4m)
S U O BN

ORI R RS -
¥ Y N A AN

Fig.5000000000O0O
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Earth Pressure along the Wall (EP-03)
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Residual Deformation of Straight Pipes
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