gboooooooono 0220002002002

&

oddggggoooooog3pguoooooon

Oooo®P00o0o0o?o0000®0009

1) OO0 0OOOoOoOoOOoO0obOOoOoU0bOOO0 bDooboo
e-mail: uzuoka@civil.tohoku.ac.jp
2) OO0 OoOOooboobooooboooobog
e-mail: nsentoh@civil.tohoku.ac.jp
3) 000 0OoOOoOooboooooooboo Do
e-mail: yashima@cc.gifu-u.ac.jp
4 OO0 OOOoOooooboooobobooobn oooooo
e-mail: zhang-f@cive.gifu-u.ac.jp

o 0O

95 000000000000 0bO00b0000oo0b0obo0oooooobooboDooon
gbobgooooobobobobooooobuobobooooobobobooboooo
gbobgooooobobobobooooobuobobooooobobobooboooo
gboooooooboboobgoboobobobobobobobo 2000300000
gbooooooobobgobobo-bob-oboogooo2b0003000000o00a
gboobooboboob200030000b0booboooooooboooobooon
gboobgoooobooboboboboooobobobooooobobooboooboooo
gboooooooobooooooboobooboboobooboobobo

ooooooooooooooooooooooonnn

1.0000

199500 000000000000000000000000000 0000000000000
gboobooboboopHCOOODOODOOOODODOOODOODOODOODDODOODODOOO
gbooooooobobgoogobob 20000000010b0b0booobobo0ooooobon
000000000000 000000000000000D0000 P000 10000000000
gbooooobooboobooooobooboobobobobobobobooobobobobooooboon
gooooooobobgoooboboboboboboboboboooooobobooooboon
goooooboobooboooobooboobobobobobobobobooboboboo

psooooooobobobobobooooboOolboboboooboobDo0oooDooobobo
O00000D0000D00000 P002000000000000000000000000000O



00000 *0000000000000000000000000000000000000000
gboobobo20b00b0b0boboboboobobobDoboobooooooooboooooon
gooboboboboboboboboooooooooooooobobobooooboobobobo
goobobobobobobobobooooboooobooooooboobDooooDoboobOoDbo
goobooooobobobooooooooboboboooooboobOobOorlobo20b0000
goobobobobobobobooooooooobooooob 200b000b00b00bOoDbo
goo3fboboboboboboboboboobobobooboobooooooooboooooon
00000000000 0D0D00000 *00000000000000000000O0DOO0O0D000
2000300000000D0DOO3DO0OOODbOOOODOODLODOD 2000000000000
0000000000000 D00000D00000000000000000000ooooooon ©
goobobobobobobobobo 2000300000000 00O0ODO2000000DO
0000000000000 D000000000000000D00 FunaharaD ”0000000000
goobobobobobobobobooooooooboooooooboobDooooDoboobOoDbo
goobobobobobobobobooooooooboooooooboobDooooDoboobOoDbo
gboobobobobotbobobooooooooobooo 2000b0obooooboobobobo
gooogoo

goobobOob 200000 300000000 DOOOOOYSS OD0bO0bOOoOOOoOoOooDon
gobobobobobobobobooooooooobooooobobobooooboobobobo
goobobobobobobobobooooooooboooooooboobDooooDoboobOoDbo
goobobobobobobobobooobooooboo

200000008

goooo0oooooo0 ioboobobobobobobooboboo seoobobOoboooDon
gboboboboboboboboboooooooo 10bobobobooobooooOn 6mO
0000000 1000000000000000D Y00000000000000000000O0
gooboboobooboboD 1 smO0b0Oo0ooOoOo0oOoOobO0oOo0obO0oboOobOobOobobOoDbo
gooboboboboobooboboouooobobooouooooboobobobobobobo

0000000000 2000000000000000000000000ND Y00 20000
O0000O NolOOO No2ODOODOO 300000000 DOODODODOOOD NDO 100DODOO

4m 0 50 1

Displadément Distance %
0 2 Op m

001 0oooooo® 01 DO00O0oOoOooooooo®



0 ‘ ‘ ‘ 1
] T == 1 - T =
1 Fill 1 1 Fil -
5] (Bs) | [ 1 1 Bs)
1 1 1 Sand
_ 10 Sand | | 1 L
E | (Ay) ;1A } ]
= 1 {Sandy 1 1 PC pile D=400 Section for 2D analysis
‘g ] Sarjlfy 1 T it ] (Unit :mm) \ N-6 | N-7
015 1 . 3 {4 f.Ac) L g o0, oo —fcwe
(Ac) 1 1] b q g g g o]
10 e ©o o © I A A
:ooooo b oo No. 2 N No.1|| 8
20 55— I 7ﬂ ~
1 Gravelly 1 Gravelly 5 s o 8 8 S-6 S-7
| sand | sand o foici—1c le|
1 (Dg) No.1 1 1 (Dg) No.2 1 ] [ Bl [ Bl [ Bl
slod L T A B 4225 | 3750 | 3750 | 3750 | 3750 | 3450
01020304050 01020304050 ' ' : ’
N-value N-value 22675
02 ODOOOOoOoooooooooooobsobDOon 03 ODOoOooooosguoono

Large

Horizontal

Cracks  Reclaimed fill
(Bs)

Longitudial &

Horizontal
Crack

Failure
Horizontal Horizontal

Horizontal
Crack ~_|

\ Sand (As)

1L lL Sandy silt (Ac)

Pile S—7U PileN-7 TJ” Gravelly sand (Dg)

04 O0DOOOODOS8ODOOO

Ub00BsUOO0O0O0OO0O0D0O00D smUd0000000000000O00O0DOODODOODbOObOAsDOO
oboooooooboobAcOO0O0OD0OODOOODODgO0DOODODOOOOODOOOOOODOO
2mOd0 000

O0D000D0D00 Y00 30000000 RCO 3000 6x10000000380000000 PC
OAOD0ODODOD400mmO0 0000000 2000000 20mO00000 100000000
Oooo0ooogo42kNO00n01o0o0ogoooo2030o0ooooooooo

O00000D00 40000000000 30000000000 loemO0O000D0O00 0000
gboooooooboobooooboobooboboboboboboboboobobobobooooboon
oo0oo0oonbo 300 N7000 S70000e00D00DOO0DODOOOOOLOODOLOOOOODOOO
O000D000000000 Y00000000 4000000000000 s700000000
45mO0000000 AsOO0OD0OOOOO0OO0O OmOOO 30000000000 DOODOOOOODOOO



000000000000000 N7O00O000D0D000 AsOOO00O0 20000000000
0000000000000 D00000000000000000D0o0ooDoDoDDoDoDooooo
000000000000 Y"¥00000000000000000000000000000000
0000000000000 DD000000000o

3.0000ooodg

0000 OkaO P000000000000000 Okd¥000000000O0OO0OOOOOOODO
0200000 300000000000 LIQCAODOOOOODOODOOOOODOOOO200000
000000000000000000000000 up formulation'’0 0000000000000
0000000000000D00000000000000000

» 80,.].
piif ==~ —pb, =0 (1
J
k I b Looono.
y—[pfg” - axl;J_gu +Fp =0 (2)
w i

0000 p00000000000000000000,0000000005000000000
k000000, 000000000000 p/0000000¢& 0000000000 pOOOO
O00000000000000-00000K/000000000000000000OO0OOOD0
0000000000000 00000MDO0OEUO0O000D0D00D0N0N00N00NonoNoDooooo
0000000000000 D00000000000000000D000ooDoDoDDoDoDooooa
OO0 Newmark OB DO 0DD0DDDD0DO0OO000000000O 195000000000000000
00000000000000000000000000000000000000000 2900
0000000000000 D00000000000000000ooO

-1 0ogoooooon

. Fill Fill Sand Sandy silt | Gravelly sand
Name of soil profile (Bs_u) (Bs_I) (As) ( A};) (D;’)
Density p (t/m’) 2.00 2.00 2.00 1.70 2.00
Initial void ratio €y 0.4 0.4 0.4 1.4 0.5
Coefficient of permeability k (m/s) 3.0x10° 3.0x10° 3.0x10° 1.0x 107 2.0x10°
Compression index A 0.010 0.010 0.010 0.331 -
Swelling index K 0.001 0.001 0.001 0.043 -
Initial shear velocity V, (m/s) 130 200 250 120 230-350
Initial shear modulus ratio Gy/c', 1105 1483 1655 250 -
Failure stress ratio M; 1.27 1.30 1.37 1.23 1.30-1.48
Phase transformation stress ratio M, 0.91 0.91 0.91 1.03
Hardening parameter By 2500 3500 4500 55
For sandy soils
Control parameter of anisotropy Cy 2000 2000 2000
Reference strain parameter V. 0.002 0.002 0.010
Reference strain parameter Y, 0.005 0.020 0.100
Dilatancy parameter Dy 1.5 1.0 0.7
Dilatancy parameter n 1.5 4.0 4.0 - -
For cohesive soils
Viscoplastic parameter m', 14
Viscoplastic parameter Cy; (1/s) 5.5x10°
Viscoplastic parameter Cp, (1/s) 7.8x% 107
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ABSTRACT
The purpose of this study is to investigate the damage process of a group-pile foundation adjacent to a quay wall in a
reclaimed ground during the 1995 Hyogo-ken Nanbu earthquake. A five stories building supported by the foundation
tilted toward the sea due to the damage of the pile foundation. Sand boiling and large lateral flow of the liquefied
ground occurred around the building. Two-dimensional and three-dimensional effective-stress analyses with the soil-
pile-building system were preformed. The ground was assumed to consist of a cyclic elasto-plastic model for sand
and a cyclic elasto-viscoplastic model for clay. Both two-dimensional and three-dimensional analyses quantitatively
reproduced the observed deformation of damaged piles. The numerical results showed that an inertia force of the
building damaged the pile head, while a large horizontal deformation of the surrounding soil damaged the deeper

parts of the pile before the ground liquefied completely.

Key Words: liquefaction , lateral spreading, pile foundation, quay wall, effective stress analysis
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