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Effective Stress Analyses Considering Pile Non-Linearity
on Liquefiable Ground

Koji Ito  Yozo Goto

Abstract

In recent years, the response characteristics of pile foundations on liquefiable ground have been subjects of
importance during strong earthquakes and post-liquefaction accompanying lateral ground spreading. This paper describes
a simple method of expressing pile non-linearity considering axia force fluctuation on pretensioned concrete piles and
analytical results for pile foundations actually damaged during the 1995 Hyogoken-Nanbu Earthquake. It is concluded
that the severe damage to pile foundations during this earthquake occurred on the upper and lower bounds between
liquefiable and non-liquefiable ground. The damage at these bounds was enlarged by the large ground displacement
accompanying accumulation of excess pore-water pressure before full liquefaction of the ground occurred and was
mainly affected by the ground displacement rather than the inertial effect of the foundations.

goooo

gbooboobooboobooooboobobbobooobobobobbobobooboooboPcObOO
goboootoboooooobooboooobooboooobDoobDOoDessbnoooooooooD
gboooobodobooboooboboobbooboboboboooboobobboobooboobobobooobo
gobooooooooooooooboobooboboobooobooobooboooboooob0bmoboooogoooo
goooobodoboobooobooboobooboboboboooboobobbobooboobobooboobo
goooooboobooboooboooboobobbobobooboobobbobooboobobooDo
obooboobooobooboobooboobobboo

01.00000 g2.000000000000

01950 10 17000gogoogoogooooooo
goboooboboooboboooobboooobooo
000000000000 00000000000
goboooboboooboboooobboooobooog
goboooboboooboboooobboooobooog
goboooboboooboboooobboooobooog
gobooobobooooo
gboooobooooooooboboooobpePec OO
goboooboboooboboooobbooooboo
gobooobobooooo
gobOoesoooobooooooooboooonbo
gobooobobooobob pcODbbOOO0ODDOO
goboooboboooboboooobboooobooog
goboooboboooboboooobboooobooog
goboooboboooboboooobbooooboo
gbobooobboooobooobboo
goboooboboooboboooobbooooboo
goboooboboooboboooobbooooboo
oobooooboooobooboooon

91

000000000000000000000000
O00PCODODODOOMOOOONONOOOOODN
O00000O0O0O0PHCOOOOOOO?000000
0000000000000
OPCOOOOOOOOOFg. 10000000000
0,000000000¢,000000000,00
O00000¢,0000MO00000000000000
0000000000000000
0000000000 O0000000Fig. 203 0
0000000O000O0o0o0O0,00,00000¢,0
¢ ,0000000000000000000000
000000000000 0000O00O, 0000
00000000000000000O00,00,0¢
,00¢.,0Fig.2030000000000000¢ 0
ooooooo@,o00)/(e 0 )0000000
000000,000000000000000000
0D,0000000000

OFig. 20300000000000PCO0O0000
0000000000000 00000000000



O000000000Noe.62 2001 OOOOO0DOO0O0O0O0OO0OO0O0O0OOOOOOOO

¢, 00/(@0-00)+0

- O,0-00(@00)200,
élm ___________ O U0 DO0DOO0O, Q000+,
it ! 1 0,00,000000000000 Ubheloooonooonon
= 0000 00000000000 ooooog
- 0 0,0000kO000000 e, 0000000000
SDcr"w 2 ooooog Oogo0o ooog
O [}
o ey g S
Ecle)! = <
O ‘D : = =
' 09 cr Py O >
O0¢ O (/m) S g .
O
o 0, ~
0 O Oo 0O
____________ 0000 (kN) 0000 (kN)

Fig. l00O00oOooogoooag
Characteristics of Skeleton Curve
and Hysteresis Loop

000000000000 0000000000¢0
oooooooo,0o0,0¢,0¢9,00000000
ooooooo0ooo0

g3.00000

oooboobOoesd 10 1yogogoooooo
0000000000000000000 99900
O000000D Fig- 40000
gobooobob400D000DO0O0000ODODOO
goboooboboooboboooobboooooog
oobooooboboooobooobboooobbooon
obooboooo49000b00b00oDobobonoo
gobooobobooooobo
gobooobobomboooobbooobooboooooboo
goo0 1wo7 cecndbbogobooooooooboo
oobooobobooobob18embOOO0O 36 ecmd
0000 w160 0000 /13000000000
O0000D00ODO Fig-. 5000000000000
0 15651kNO 0000000 11938kNOO O OO 3713
kNOO 2200 PCO Q@500 mm OOOO0O35 mOd0O
gobogao
goboooboboooboboooobboooobooo
gobooobobooobbo1imbbOOO0DOOO
gobooobobocco bboooobboooobooog
O0000OON. 30000000 Fig-600000
gobooobbooooe200bboooooooon
O000O00OOPSOOOODOBIOO Fig. 70000
pcoOO0O00O0OOO00ODObDODbDObOObObOObOODO
gobooobobooobobooooon

O

04.00000

O
goboooboboooboboopcOooobobOODnOO
gobooobobooobobooobboooooog

Fig. 200 00,0000
Relationship between Ultimate and
Cracking Moment and Axial Force

92

Fig. 30 Jo 0000
Relationship between Ultimate and
Cracking Curvature and Axial Force
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Location of Damaged Machine Foundation
and Adjacent Facilities
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Soil Profile and Damage of PC Pile
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Cracking Curvature and Axial Force
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