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A dynamic analysis was conducted to examine the dynamic response of steel pipe pile foundations deformed due to
liquefaction and liquefaction-induced lateral flow of the ground during the 1995 Hyogoken-Nambu earthquake by
using a soil-structure interaction system of simple spring-mass considering liquefaction based on the investigation
data. The residual deformation of piles caused by lateral flow of the ground due to liquefaction was also examined.
As a result, it was presumed that piles were damaged because large deformation of the ground took place at the base
boundary and the top surface of the liquefied “Masado” layer during the main phase of the earthquake. Still more, the
residual deformation was.found.to have occurred.on piles.by lateral flow of the ground.

Key Words : liquefaction, lateral flow, steel pipe pile, soil-pile-structure interaction, simplified method

1. ILBHIC

1995 FELUERFERE TN, SRV BRI THIT
BUWBRIREAED, 51T, WRILICHE S A FEhC
X0, WEMOREMIREEHEEE DT, I TN
BHEREOYE OB L FRIC DOV THENRE", AN
%, BNHRE D LITBREEERMTICNA, BEL
SHELANWT, HERREZMTHIC BRI L.

2. fREYOBEREDORE

MERGEH ORI EBRIZISEREN DD, BEWET
DOIEEINE & HRI00mTH . HEEPNI—Reh ek
> )— M, ZRASEED R ONIEREEEY T
H5. BN 7 —F D TEBETHD, &£7—F> T
16 A& £/ 134EDWMEN (d=4064mm, t=9.5mm,
L=27.5m) TXEINTWS. AT, 19684, HifE
%, 197FEIATONTIHY, L TISHSRORER-RY
BOENTNS. K-UIEORENIERRZRT. At
HSHIFFIERBERTH D, BEYEIIOMERE
WK ERBEEZ 5N5. #IEZNSGL-14mBEET
OFNAMABEN £ TETHS. GL-6~-TmLAFDOES
SmBEOE &+ ONEIZ0~15FE &/ & <HAIRED
AREMEOBVWETHS. X TEOWRILARELID,
N=20, DA=5%T020ETH D, BB THRRE N
7= F X+ OFREE RN & ABEEORBER S I2IFFE
ETH3.

3. BRMEERERBTIET IV

FromtEm OB 2, BIUOHEFRRERT S
728, FEEARETINAITEL D —H— FhEYRERR D
HBINERTEERLEY. TETIIVER-1ITRY. &
DETING, Wi—#EiER, BOHER, Bhibssah
5735, il - BEINIENTNOE S THESE
Aidhick > TRITNTWS. BB R &AM
FRTETIUEL TS, HilEh, HEERIZRICE
LU TIROTHIHRTE LT IR IE T T/ <, iRk
FCER L 7= BIROKFE D LRI K BESHBRE O LI
L7t b ZEBL T 5. @M ESRONERTA
TEFIUEL. i, BEMIONWTISRBORERT
EFIUEL, FERITEEE L.

Z O TR E BRI ER IO BEL TE A
B AR DREL, —KITEIS RS “FLIP” 0T
R, HEERIZRICASI L. GL-38~-1475mDE S
TEIMIRIEDEIREE DB BFE L. RMFXETD
G.L-34mOENHFIED 2 A S1HEE & U, SR ook

. BTG AIN33ME)IC M L 7=, SIBGHREEAY300m/sEA LD

TR S B2 2G.L-33. TmIC ASHIEA TI(E+FA
MLiz.

4. Hhilg S HDMERIEAE

-0 EEMS IR 515 5 N IR TONEEE R
RIE & BIRILB OBFRIUKE LRI 27T, O

-231-



.@7]_ | ,j;]

] . . ‘Velocity | Possibility | Division - o
Depth | Elevation . SPT N-Value Density | of shear of of soil unitm 2
6L m| xp.m Soil profile wave  JLi X layers S
. 10 20 30 40 50 | ‘(vm?) .(m/s) i N . _F_
B3 I G S : e o
] 1S “ 100 s - . - 2= -
AN ) . . =
| 0 ; Footing  Footing =
BV ) 170 O =
-1 =] Reclaimed 2 =~
n O] 10 = o
b 8ol Masado 160 O & s
-10] 1= = -
J Xt 200 O == - 3
4 -0 o -2 = "
= interaction )
i spring =
e Holocene . S
R silly clay 170 ) 16(? SS;::E =
~20 . pﬂe plle . = =5
EERR s Lamped -
- Saniwy The Pleisto mass =
cene 1.90 200 =
alternation 2e Rodking =
J 27 spring =3 )
of strata . 240 2: J
: K -t . 23 ]
sand & clay| 210 210 " Near field Free field
- 270
) 2.10 320

R REERES A

400 —— QObservation

- Effective stress analysis

0
-400
0 5 10 15 20 25 30
Time(s)
1 -
0 L /‘\r-"-l—v I : . |
0 5 10 15 20 25 30
Time (s) _
B2 3hFRONEERREOLE: LB TR O

BRI

21, AP AEOHBEARKED > S, AhitEEhs
FEHRICH L /-G L-1.5Sm TOEH 2 HHETRY.
FRITAEENT, BIIERRIC RS N A RIMELIE DR D&
UL S HRIBOHRE WV > T EHNERR TE TS,
B3I B S OWIORKIEE AR, IEREE, HA
WOT %, BERKE, XA, BXUWIOMITE
— A bMERY. T, HERETHSNNOER R
HRTRY. GL-6mLAFEDOE X B TIHARRRKEIX
BN DOBERELLEIC ER LU TWS, F/-#TFAK{AL
MN5G.L-6mE TOHBHMNHADOEWEHAZ DTN TIIE
AT T HIUBIRE L2 TS, TNHDIEMS,
FIEBIIGL6~15mIINT THRIRIEL =D D S HEFE
N5, MOEENI, SR OREEE—BL TWEH,
HIRMSA < TiIHA L D HEEIRRAEN. UK
EMDBMENC L DHEDHEEZ S5NS.
B-3ICHTE—A > PR DR E 722057 (8878)
ZBBICKELZRR (11.178), PEIEREIRKIZ
72 BHFA] (6.728) TR I BT E—A L b abht
TRY. FUTIZEEMET— A MR B A&

- EMOREERBITET )V

— A "GL4~8mE, GL-15mAi% TEEGHPIZRE
FHZEUTWS. IS OFESIIRIMUFD Lk & T
THY, FOREEROMEE—KTS. HiFfE—2A>
N DX EIZR R TIXRRIEEN OB b K E <72
T3, UKL, HERSOIMEEIAE VRS TIE
BRICEAOHEMEN, FOMTE—X > hEBITNE
W, INSOTEND, HOBRBEENRSNDHID
BT, HEEHOFESPIC, BWIRMLICERTAAER
I L DELTDDEEZ S5NS.

5. MhSERTICE T SHIDRPHIRRT

BBETNELTY 4 20 S—ERITRFET IO
EFINT L BB EERL -, B-4ZETNEZD
FERERT. SR THE SN ICRE AMMRIMEZ
HBEE OB ANMREE B, £ BIREBIZBELT
i3, WIRMEEERLTABRIMEE, BRI TOM
SRR ORBHIE D EUBHED1/100 & FHE L 720, /R {H
V3 AWM 2 2 Mindlin®D IR TRD =, i OZ (L
I ERUZEEHERINS (r—RA), T, BWiRME
[BOH ANHIE Z ‘D100, FDIFHDFORINE %
IR & UTe, #IRMEZE R U7 SR Ho
Kdlz (—2AB). iz, BAIHARSHIZREDORANMLE
ERAER (—21), BIRMEEO L& TIROMENEAL
DEKIZRBMR (r—R2) &L

r—ZA-1DEFA, HlFE—A > MILBH/NE Y, —
B, = AA2TIIKRERHMTFE—A> FAGL-6m&
GL-ISm{HAICRELTWS. F£/-, FERRITORYD
EHENEMA D Z & THERDEOITE— A > MIkE
<720, FHTr—RA-1 GTEINEERARD TR
TOE—X MIBORELES. INSOERIL, B
BRNTER & S W—BER L, HRINMEHA b OFID2T)

—-232—-



X o Pile- [P o — it : Pil Max
I gﬂ: S:aclurs’- s .+~ Ground | " Initial effective stress — E:,]E“ nﬂwes“gmn o Mai6.725)
——roun ——VFore water Pressure | J..... = = Moment Max(8.87s)
. . - . T L P.ore Water Pressure Pile ,m,esusmmng ______ e M i1 1)
0 o0 — ’ 0 0 0 —1r
7R T, Y
© .5 -5 — - : -5 5 ".' .5 . o
10 ff— - R L e . 0 = . -10 ¥
o A i
E 15— E -15 - E-15 | T 15 B s s p
~ [N = . N hagh ~. g 1
IR 2\ 2 < i
S O I e S
a =20 |— \ a -20 - r Q.-ZO a -20 { [a -20
<25 : - X { » 25 \ 25 : 25 -
a0 f 30 ( : 30 \ ' 30 |2 : . 30 :
: L A |
.35 — L — 35 : 35 L—n 35 e SEEa
0 200 400 600 0 002 004 006 0 20 40 60 0. 50 100 800 0 o800
Acceleration(cm/s/s) Shear Strain(%) -+ Effective Surss(kN/m’) . Relative Displacement(cm) Bending Moment(kN-m)

Excess Porc Water Pressure(kN/m’)

Moment Max (sec) : BIFEA > MBABONT (HEH)

Acc Max (sec) : HAFNBRESRARSOBIFE— A~ FiTh (Ei.@)

B3 ﬁ%ﬂﬁﬁﬁﬁﬁﬁmlﬁ%ﬁﬂi

=case A-1

—case A-1 | A e case B-1 =—case B-1
——case A-2 |  jea-e-. case A-1b case B-2 —case B-2
[ R case A-2b .

0 - m 7]
. -5 -5 / .|

—_
(=

(v, [==]
\ .
wn [~

=

‘\

°T
10 .
o

AMNAAANANANAANA "

<10 - - 10 AN
e (/e [ IN] ¢ s ||/
g -15 5 -15 " = 5
g l Sk 1 % 2 I (/
a a o (=} [a]
220 -20 - -20 20 _ -
25 25 .25 25
-30 - -30 : 30 L T30
20 0 20 40 60 80 -800 400 0 400 800 20 0 20 40 60 80 800 400 0 400 800
Displacemenl(cm) Bending Moment Displacement(cm) Bending Moment
of pile(kN-m) ' of pile(kN-m)
HRSIWAROMART £/ VD 1 R AR ARSI

B A £ =8 L SBTARTO MBS RS 2 BEHO LR BAROREING
E-4 BSEROBRRORES T

DT Z D& D72 BIIRERENEN TH B LEZS
N5, £z, y—AB2TE, BIMUEORMIZRPKE
DITEIHL TWB D0, FSHRTOBE &I13IER
CHEZIIAEEOKREIDOMITE—AL FELTWS.
—%, r—AB-1Ti3, VAN Z—FE LU TRALT
VB, BETDHHITE—A > MIr—2A-1 &30
DERI2D. ZOXDIT, WROERE, SHHREHRTT
HMUEETH, BAR4 OREEZET 5 & 38
LS, HIEBRHCHUCE C AR RN 23 d 52 &
ML TIIBEMEEZ SN,

6. BRLIC & HHEEDRDTREBORE

LA EDMSRISERRT T, K ErkEM a2 (e L7z

~b:FEADIENEMUISES

B ORVERITTIE, HBOPITIIA SRR IIRE
BY, HOBEEMEHETERN. MEEERNS
RO T AR A AT ONE BRI, RHSRE
OFEFTIT6~46mTH D, NI MEBETH>

o, BEEAY, EEETIREEEN S HEOLRD, & HED
RS HBOMERELS S UMRMUBEIOMFR, Bk
VA & DFEBEX & 7 DS TORSFHRENRD DBIR
RERELTND.

L/H =(25~100)x D, /H
D/DO = (1/2)5X/L

®»
)

D PFREESOEARE T 3 &, MERBHII18SmICB LT,
R 5106~124mBEN 7= K 0 IR I

--233-



—@— Evaluation (caseA)

------ Investigation Pile no.1

—@— Evaluation (caseA)

------ Investigation Pile no.14

Investigation Pile no.4 L .
e [nvestigation Pile no.18

e Investigation Pile no.15

0 T T T T > 4 0 T T ‘l
-5 -5
-10 -10
E E
s .
i 15 ::;' -15
[a] [}
-20 -20
-25 -25
-30 : -30
-20 0 20 40 60 80 20 0 20 40 60 80
106m from Quay Wall 124m from Quay Wall

Displacement(cm) Displacement(cm)

B-5 MSETRO/-ASTENIC KL DRBEN%
FR S B/IBESDNDITE

5. BEtHLR CTORGREIRId6a~36cmE7eD. I T
HHSETINELTOT 4 7 S—ITIsKBani-m
DETIEFHNT, Hich GEIHM) DOKELAHD,

HAES OREL /=510 TRO- IR LR DO/K TR
BRI EABUTH D E LT, BREAHTDZ EICE
DEOIBNTEER L. BO5NHOBRAEMDES S
MR ETERRE EDICE-SIORY. MTdsid,

BN SB/IES FROEMAMEIRT—BL TS, L
LORENS, FUIRIRILICK DIBEL, E5ic, R
ME100mEA LN THBIZHNH ST, #BERAHEAD
HWRBROHERENC X > TREEUAE L DD EHEES
hs.

7. B

1995ESLREIR BT SR AR T K U /- SRR A R ESEYIC
XU, HARILEEE U7l — i — s s s R AT,
WSFTEITY, BoN R ER SRR Rl
SHEMERENEY OHEFRRICDNWT, F/-rE0E
FEICDWTREILE. FORE, LITOZ Ehtbho
7=
O NF —E SR DAY — B0 — MRt R B AR
Hins, HEBOFEEFOMICGL-emiHEE, IREL
=¥ T EOEREFAHADG.L-15mic &5 — A
P REBZARELRMITE—A D MORET B EMN
brolz. TOMNBIIFIOEEREN SESN-EH
DAE—FL, HiOREIMRIRMLIC K VB80T E
BHRFICRAE L - mlEEAE W EE X S 3.

QAT T X N HIOREIRITD 55 S-S
A2 ME, BRRITORBRELS L, MEF
HEIIHERF ORI DO XET OFHBIZHZ T
HBEDDOMS T

ObREH s SHI100mBlE - R IR LIT K B RER
BTRESEAL . RENRII T O EEENICSH
D, HUIRHTRENC & DB AN OTRBEEHNED
EbDEEZSND. WERBEICEDW=RDHRENC
LB ORBEEM EFER X, NI TR
NTHOFIFRITICE D, MOBRBEERINIERET
&=

@ F X 136 LemfBEN ST E THML < I
WIEL7=. B, KRE<ERLUZIRMEFTHRE L 7=
S 5 IR LITEE R U 7= A OB A RN ORISR
L DEREERNE L.

B;EE: OB O—ERIGHBREFHREIGSICRIT 5N

7o BELEERT BT 2L - R TREBRRMIE AR D

FREITEDNTNS, BEOHL DRI =L

9. e, FTREROEBE EKROERICIISAERK

O H %R L TBEHORERLET.

S

1) e SEEZ, e — BN, RIS P A AR, SR PR
TGN 2 - SETERBRY ORISR, SB10ERZE
HEBTHS >R L, pp. 365-370, 1998, 11.

2)Mori, S., Ikeda, T., Takimoto, Y., Muto, M. and Tohaya, T.. Influence
of soil liquefaction on dynamic response of structure on pile
foundation, Proceedings of the 10th World Conference on
Earthquake Engineering, Madrid, ,pp. 1777-1780, 1992.

3) =k b IR A R R G 5, e e R, 7O, KRB, SO AR
HERIT & DB U 7NN DS H LIRS O
OB, HB10EI B AR T 2RI L, pp. 1757-1762,
1998.11.

4)lai, S., Matsunaga, Y. and Kameoka, T.: Strain Space Plasticity Model
for Cyclic Mobility, Soils and Foundations, Japan Geotechnical
Society, Vol. 32, No. 2, pp. 1-15,1992.

SRR AT TARREYI T BT S IR SR No21) K
DFSERSes, 55645, 1995.

6)Miwa,S., Tkeda, T. and Oh-Oka, H.: A study Seismic Behavior of
Liquefied Ground Using Strong Motion Records of the 1995
Hyogoke-Nambu Earthquake, the 12th World Conference on
Earthquake Engineering,, Auckland, January, 2000.

7T)Tokimatsu, K. and Asaka, Y.: Effects of Liquefaction-Induced
Ground Displacements on Pile Performance in the 1995Hyogoke-
Nambu Earthquake, Special Issue of Soils and Foundations, pp. 163-
177,1998.

8)Shamoto, Y., Zhang, J.-M. and Tokimatsu, K., Method for Evaluating
Residual Post-Liquefaction Ground Settlement and Horizontal
Displacement, Special Issue of Soils and Foundations, pp. 69-83,
1998.

—234—



