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Effect of Vertical Seismic Motion on Soil Liquefaction by Using Distinct Element Method
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The present paper deals with an effect of vertical seismic motion on soil liquefaction. A
new DEM program was proposed for this study by considering an effect of vertical motions

in the equation of motion. Detailed approaches of calculating the volume change of pores

and excessive pore water pressure were given. The results of simulation indicated that the

excess pore water pressure could rise in case of only vertical shaking. The numerical

simulation made it possible to explain microscopically an effect of vertical motion on soil
liquefaction. The results in this study agreed to those of the shaking table tests done by the

. authors.

Key Words : distinct element method, vertical seismic motion, soil liquefaction

1. BCHIC

1995 4F REEBHPME TiIMmA T 2 0 I HE
PNIKREZITHENE Ul s R-PbFTAFUF
L EDE DI THITIIBIRIEDRENEE ( ER X
N, COMBRETHHMBTH-/zd. LTH
BHIBEOHBEUNTIEEICKEN T, 20D
HETIE. HRELIZSWEIR T E XK
RIELIzZ ERHSNT VWS, ZhFEF T, SEOH
BIFERZILLETHAZRL TOEN-7DT, L
THHOAMBOBRRIRITTHEII DO TR
BXhTI b -7, €U T, ETFTHIBEHIKR
I IFERBERIZIHOEEDN T, L
L. CORBTEXEIERILLIERD 10&L
TIOKE ETENDHBD BRI SO DHE
ARIZFLEED TR ERAXIZEZ 1. T B,
KEBZKRER ETHRMO B &Itk - T &K
(EDVMBEXINADTIRIEVINEEZ T, TITL B
g D FR B EER 21T O L T END S M D kb
RIZTREEIRFLIER. ChETORL2DER
T3 KFEHICETEN M 5 Z LIk HIR1ED

RENMBEINEZ EXEREINTS Y, LML
—H T3, EeAERZ RO TRIRICRS 2HE L
TWAHESOWEICHEOTIE. ETED HBOHRIK
{LICHBERIZINVERER T ONTB 2,

BEITIL L TN RO BRI TR, R E
etk & LTHBEMAUEFLVEROTREITZIT-T
By, BRGEOEZ > E=FNVEROTETLICD
DERRNEZ, ETHRPNFOBSICEREELRIT
L. BRFOUTREER5 &R T, TORE.
RIBRNED UL D & U BRIGIZE 5 £ THEIRKR
KENERST B LIS, EREERTIE. O
EIBRBEMHDANDZ I ENTERL, TITE
WETIR. BHFOBZZTRIETE S2HIERE
(DEM) 2OV TLETE#G RO BRIITRIZTR
BEPSMNITHI EITLT,

DEM | Cundall iZ& » THREIN/ Y DEM I
FNFhOERIMER. RIEAOEIZHEN. EE
BTHOEGEETI I EERERIILT S, BEER
T LI EE AR EIC T 2 DEROED)
2B T D TH %, Hakuno and Tarumi
1% T DEM IRBUkDRENETFNVEZA LI %

— 543 —



UL’ L. Hakuno and Tarumi D707 3 AlZE T
3. EFBRESHHEREAINTOAE, 22
T. Cundall & Hakuno and Tarumi DHFFEZEII L
THOHMREMY ANHEFEEZREL. Th%
AOTLETEHIPOBIRIICRIZTTHRERTT 5.

2. ETEHERLUZCHERIE DEM 05 A

2.1 BRFOREEHER

-1 IcRd& 5. H3HAEE | E& r) i<
BT, dy & iFTOZEN X B’ ¥ BRASDOE
MR ET B, Ag; (ZEOEIEHF T Ar BN
MR THB, B-2 FBR i DERj ICEMTS
BEERLTS, EMRETIR

rtrt €, 2R n

PERAUL T B, ST R;id

Ry=yJ(x, %)t + (- ¥, @

Th 5o Eo. &, BEBOBRFRIA AL, K
BRERADS B ) HBEERT B2pD DT
H5B. LT, (n,y) RER i OPLOEETH 5,

¢, ARBHEDICEBTHEETEHE, EMS

DEZERZIRORXTEINS,
' sina,=—@,~y)/R, (3)
cos Zy=—(x,—x)/ Ry 4

At BRIICERRT B 2 DOERK i j MOER AR
IZEI SHEMEMDEINEZE Au, GE5{ HHE%EIE
ETB) . BEAMNCEU AHEMEMDOHNES: Ay,

(REEtAIY #EET3) EF5E. ZhoidkRA
THETE %,
Au=— (Au,— Bu) cosa,;— (Av— Av) sina, (5)
Au,= (Au— Au)sina;~ (Av,— Av) cos @+ (r, dg;
+r,4¢;) (6

H-3 38X &jOBRMETERTSANE 2D
DS (ERAmE. FRAE) IS TEHEETD
TERRLUTOS, BRI R ERTERED £
ERAETEAMA LOMERT A EICH 5,

Cundall 3EHNR (k) EHHESy VaRy b

(7)) #FFNCEELR Y ZOBHENNRIZR -1
IR & 75 Ar RO HENEMOEINE Ay, IZL
Bld BN de, ETEHDTH B, T, HlEF v
YaRy MIMSHERE AuyAr iIZHHIL T HEHEE
i Ad, FE L 5,

de,=k,Au, »

Ad,= 7,48u,/ At (®

1)
D N t+At
o m» yi+ 8v)

o ﬁi@

-1 EROFEAMHINE

Y
X

B-2 BERjVER: SHEMUIACEEOEMEN

CITIREMEEET 5,

B e+ A IZBOT. BERABICER T 2HHE
BH le,)] (oo EXHEEIA (d,] 40,03 RD KD
IKEIN %,

fe,] ,+a.= (e] ,+ 4e, (9)
(d.] ,+a.=4d, (10)
ST L], 3R s itk AYBRERELTH

%0
WFRDFRRAZEEZER L THRODTLER(9.
(10) ITRRD & 5 2 &E ) 6N 5,

le,] < 0 D&,
le,] ,= [4,]1 ,=0 an
FA4VE DR ZEDWO EHEHEE

I ab— ;T B7HIC, Hakuno and Tarumi (3FEM

BWNRZERAOBIEEREL % ZOFTH, 2

b ORFH., FICROIEREHEZ I 2 — b

TAHIDITRIEREIERE SR ETIVERWITN

— 544 —



BRoIENEINTIE, LI ->T. ZOBITT
BR -4 IZ7T &) IR S RETVER
WBRZ EITLT Y, 2 UT. BHERAEZHIRT S
HDIT1DDOEBEEMA
le,] > f DEE.
le,] = fia a2
Ell, TORBIZENT. 2 DOERMOERT
MIC(ER 3 2EMORBRO LS ICEHEXN S,
] .= le,d ,+ (4], a3
FIRRIC. ERTMICERT2HEFETEIEN
T& 5, HEHEAMIZEY 2BHERSPCHEETIND

BMBRRDO LD IZEEN S,
Ae, =k, Au, a9
4d,= p,Au/ At (15)

Besl e+ At 121 BRERA e,] .0 EHEHEIE
P {d) v aBRDEDICET I ENTE S,
le,] (+a,= [e] ,+ Ae, (16)
(d,] ,+a,=4d, an
IDEE, FIRRABEEL THRODT, RO
Hrmz oh b,
fe,] .= 0 A5,
le) = [4] ,=0 (18)
Fio. BRAMTIR — o OBEBANITES HIKE
LT,
| led, | >u [e], 25,
le,] ;= usign ([e,],, [e,] ) (19)
(4] =0 20
THb, I TLINFROBERMTH 3,
BERAE T, B 128133 2 DOEZRDOEAMN
A, (REHEDZEIEET S) BRAICLDFHE
T& 5,
(£, = led .+ [d], (21)

ER i KEMTIINTOERIIOVTH 1],
E[f] kv ohik. X FHEE Y AREICEIT S
71 FX,\ FY,PEF i OFLTODE—AV M M (K
BstE ) 2 E&LT5) BRATHETE %,

[x,] = 3 -[f,] cosa, - [f,] sina, +m(g +a,) (22)

[FY,l = Z(“[fn]z sina,; - [f:]z cosay; +ma, (23)

CARE DY (IAY (24)

LREFR I ICEMLULTOEIRTOERj IIO0T

ER BR
ks
M k, .
L e !
[
Ns
EgR J B J
(a) (®)

R—-3 HEMSICEITSHE B XRETIL

S ke — - =

/

#fir

M —4 HEAN-FRIIZET S IHREIERE R ETIV

DEHEELTHED. m 3BR i OHEB. g 3EH
MEE. a, & a, i TKFE. EFAIMEETH 5,
BERICERTAINEHRNTER TR ENTE L
DT, Bt TOANMEFEEA=— 21— bOE 25
AAROCTHEL. ROLHIZETIENTE 3B,

[&], =[FX:], /m; (25)
[ﬁi ]t =[F'Y, ]1 /m; (26)
[¢.] =[m,], /1, 27

ITLRERIOBHEE—X U MTH B,
B e+ A 1B AEE R ERXNERANEI &I
E->Ts READSKDBI ENTE B,

[li,. ]t+m=[ui], +[ﬁi ],+4, - At (28

[‘}i ]t+Az = [‘}i ]1 + [‘.ji ]1+At A : (29)

[¢i ]t+Al = [(0: ]t + [¢; ]1+At ) At (30)
ZzULT. K (28). (29 (30) o BER ¢ IZHIT B
EHHERZRDBZ ENTE B,

— 545 —



[4w;], =[&], - & €3))
[4vi], =[vi], -4 (32)
[40:], =[®:], -4 (33)

Ar BRI EICEDOHBZERVET I LITL-T,
1 EZEN DBIFRDEAIBEL KD 5N B,

2.2 [AmRoZE(E

RO ZRZFET 3.0, AROES %
KDOITF TSI, T H-5 ITR-T&LD
IERLF i DMBDOBLTF j,~j, 1K > THEN. 4 DD
RBROERIN T BIBEEFICET THAT 5,
MERBOSHEICH TR, BRi ORHOERNE
RIiREMLTOEANEIDEARBLIEICEST
RBREEZRDBZENTES, HIZE. MER10K
HERRREB=ZAFOEFI SBEOEEET W/
HDEZELL, ARIZL T, 2OMOREKRE (2~4)
LZAXOEBI SEBEOBRETIC Z&ITLY
RHDBZENTE S, EBOWRFICIIFHRANIA
DBHBDT. BFEINXERE e, BHD. £D
BMAZBEATELTHA EEX, BAROEREK
H3,

23 BEEBUKEETNV

Hakuno and Tarumi {3 DEM Z#)% T3 RMBUKE
EFNEHALK 9 BBUKIZEABER U/SO 3
Bk REENS, -6 ITFRTEDIT. 4 Wen
U 2ZhZhRER ¢ OmsE. k. BFEEKE
ET5B, ZDEE, Bk DKOVDTHE W, 18
FIEBUKE U 3R TEIN B,

ow= (W,—A4) /W, (34)
U,=E,* oW (3
SIT. ERKDHEBEFEHTH B,

IO EERBICB T W3 4, % 0LL. UR
0 TH5B, A, DEBNFIZERTINHEEBIC. B
FOBEICL > TEAT S, o, HAEROMRKR
KPBOERORRICBE L/ E &, TDRABUKIE
BERMUKE L5, EROEROMKR k LEED
BOBB I ICHNT. W kDS LI AKkD&E
ETBE, IKE U E UPROBRICIIFELLLS
EVIREBIZBOT. ROKDRD IO,

kT 7 e L (36)
E, W, -W E, W, +W
XS WHRD LI ITKE B,
, =A1'Wk —A W (37)
A, +4

K-5s ERiDRH DMK

2

K—-6 B ERBRKE
ERTROKEDRE [, EEET S &

Ul AT AT
Ew Wku,l
TdH 5,
Ay = We ‘Wi ETERE w = Ay Iy &1 A,
(4 +4p)
ENWX. Ou=K-4y-Iy (39

I T KRBEKRFE. Qui3kERTH 5,

X (39) REBKENLNERSLLIZEEZD 2K
DY N —RITH B, BH ¢ 121 2B k DKk
BRRO LI 5,

(W], = (W] —atZ K- Ay & (40)

CZTLRBET AT XTORMKDEFTH S,

— 546 —



UAHRTET I ENTEOT, -7 ITFT
LI UL >TEHELBNDER i IZEATHD
T. X HW. YHBEDNAF UX F UY,DRORT
HETX 3, '

FUX, =I:lz —-U,r; cosodo. = ~U r;(sinot, —sinoy)
4D
FUY, =j':lz —Upr; sinado. =U,r; (cosaL, — cosoL;)

(42)
ZORE., ABUKEPEAE2ZR TS E. K (22).
(23). (24) BROD LS ITBEIN 3,

[Fx.), = 3 (-lf, ] cost, +[£,] sine)) +mi(g +a,)

+Y(Fux])-pmie (43)

[Fr), = 3 (-{f.] sina, -[£,} cose +ma,

+> (ruyl) (44)

e =-r> sl (45)

SITC. LRERI BT EETDOHITNRTO
o452 EL. 0, 3KOEETH 3,

3. LTHORELER U BHEORE

ab—¥azv

FHRTIE 2 ETHRLAL DL Cundall ® DEM
7’05 L2 Hakuno and Tarumi O RIBUKETFILE
ALK HDIZ. L TEBHORELEEHHERIZWD
ANTEFEIT - 7o B2 DT> KR T, 2R
PHBIIKEEN 721 2 AN UIcBE . IKFBIDFT
BICRAE LIS OKEBIO K& XIE 0T, £ THE
Mz 52 Sk Db NBRIET 5 &0 H RN
BonT3 Y, BIFETOICHI-T. TD&LD
ERERAZ VI V- MBI EEENELS
M-8 ICXHEDBITTHOIBAFOMPERE %
FTo ZITiR. EROBERE=IaL—bFAET
EERHMELTOWBD T, itgE 7L EREOF
IR RN TH B & Ui, BITICEYT A5/
ZEBL. PHBETNVOBEROEERE L,

B o 7o BT, it OB IRILIC ETEIAN
RZTEELEEIRE T 57D, BRFIEHEP
T BBEIBBUKENR LR LT 0L I, BIRICA
WBENTEFND/NT A —F2RE LT, BifCAY
1RSSR =5 %FK-1 IIRT, BRFIEHEPT N

K-7 ERi AT 588 MEKE

0 1t 2 mm

M-8 SBITicRO-BRFOMPRE

LN REBHAER L D/NXITBEITHRE U BF
RIBBUKEN LA DTk D IT Uz, F /o, Al
A% 1.0X 10 Ssec ITRE LTz, BRIAEET T
BZEHEDHEER ENZD, —H TIEEHERME
PBAEN B, BEAAEEL LBEITE. HE
REHUBNIEONLWBENE LS, £I T, &
BERNTEA57EL . L bEEIRBLEL
IIRRTRBUER. JONEASDOEEZRL
B Eic Ut KRFEANMEREIZIRIE 200gal D E
Bk THD. HEHIZT 100Hz THB, ZORFT
DBEIRIRKEDRLEETIVE LT Martin 5D
LR CEFROV, JOHERETRANEE

— 547 —



D1 AR EIEBOTAROMMES KD KD
THOHMED SBFEBKEEZHEL TS, £
D1z, REENK & U ERBERIRAE D SHEEE
NRE L. BEMBUKED ERICRIZTHELFM
IKRFETEADT. BT TREHHERE/IEE
Lize 8B, BT 3L ICZD L) BIRBHDOE
A RRBIHITANMEED B 100Hz &
S0Hz DHFA TR EITO. RBBORNICL 518
BIRBUKED FRBIZOWTHEET-> T3,
EBOBHFIR 3IRTTHY. EFVDLHICH
TR FRALAN D B0, BHRFROKH
£, % 1.3%X10*m & U7z ¥y ERFEE k 12 0.02 cm/s.
2.0cm/s D 2 DDEERNTETZIT-c, EXME

DEEMEEEEAGE W & 2T Z W F D ERFRE AL,

BEREAOEMEBEEINEN & ZITKE WD EKRFRH
ZHO0AE, BEHRKLEXY TIKHIERICEME
IVERT A EZZ . KAl THRFMBUKEZ 0 EL
7o

3.1 ERDOMBRBICELTENRIITESE
9. LTEIBHBICED LS BEELRITS
NEHEIZENB720HIC. EFT/VHBEERMEL
TR ZITo1co COBIROERER -9 IZFRT,
ZORIZASED 100Hz DEZETHRIFZIT -1
BEIlh 2B OMKREOENAERLIHDT
Hb, D —RATRE-1IZFRTNIA—-S%H
WTWAD, BRIDTH 370 EBUKPEAIIEE
Uil ZORT. KFEGHEIMAHDHE TIIMK
N 001 BETHZNIFTERMALL TR NI &N
bbb, LU, KFENZ ETFTEIDMD 5 727k F
200gal+_EF 30gal. 7KF 200gal+ LT 60gal. 7K3F
200gal+ EF 90gal Dr—2%R5E, EDr—=x
IZHBEOT HKFEHEIMA DD — X & R TRRE
PRELBLLTHBZ E0bh b, REOELL
BRI ORRMOBEELAXCHERLTVLEI E
RHESNTNS 7, Licdi-T, LF#HEMZ
B EIZE- T, ERDPOMBENKECHL TS
eSS, BIMBICBOTRETHEMR 52 &I
Lo THRIRMEDBENKEXC B EEEX 505,

3.2 BEMBKEDOLAICETHMRRIZTE
-

WETREBEWZ R ICBITEIT-cd. D
T & T IV OIS EZ2 HRITETZ1T o
S TH 2D T, BIMEDERTH 5:8FE
BUKEICERT %, £—-1 I3/ A= %0
T IKFEEMASD. ETBEMANTEIUKFE LT

£-1 BTICAWINT X —%

NEEH (BH) k, 1.4x10% (N/m)
FyaRly MEE) 7, 5.2 (N + sec/m)
NREH (HAMD k, 3.5x10° (N/m)
Yy vaRy F(EAWD) 7| 1.3 (N-sec/m)
BOEE o 2.7x10° (kg/m®)
KOEE 0, 1.0x10° (kg/m®)
EERIR R 1.0
KoY IR E, 2.4x10* (N/n®)
BIKFRE k, 2.0%10% (cn/sec)
BKEH k, 2.0 (cn/sec)
ER& XA At 1.0x 107 (sec)
WRRIERTARRKD N e | 1.0 (M)
B F RO £, 1.3%x10" (m)
025
020 :_ ...... hu‘“*“‘-\;\‘ S “
e R o
& [
=
010 .
—— 73 200gal DB
-------- 7K 200gal + £ TF30gal
0051 ----- AFE00gal + & F60gal
------- 7k T200gal + k- F90gal
o'%%oo o.(;oz 0.604 o.&oe 0.1;08 0.010
B (s)

B-9 k¥, L TFAHNEORREDOLAL

FEARICEIT BT 1T 5720 &2 TOIKEAN
IEE 3 200gal. HREHEL 100Hz DIEEBTH .
ETFTADMEE R 90gal. #=EHEL 100Hz DIEREMT
H5bo

F9, 10 IZKF - ETFTREADICHT B8
XDENL L 2 ETOBEBEIKED BLAEETRT,
ZZTORMK A SR B (3K -8 ISR LALEET
HBo Flo. BHET ZMED SimtAL BBUKIC &
D, BERIBUKENFEE T Z0O T, BEBBKEL
R4 5 MR D B RIMOKE EDFHETEDL LT
W3, fILE B TOBFERBUKENSMLE A IZHXT
INE 2B DR, LB B AKEICE S MK
FEHICHRT AIHDTHAIENBERTHAEER
5N5, ZDBRIZ. INFE TIIT - L RIRILEER
DRERVEIC—HULTOBRI EXNBERT X,

DI, KFE. ETAIMEEORIEELED S
b 100Hz & 50Hz DIFEITDOVOTREFZET O, HREY
BT L AHBAFNI, ZDEEXDANMEEZE
NZh., KFE 200gal. ET 90gal TH 5B, R—1114

— 548 —



KFE - ETEBADBKIZE) AEHHOE XS
BERR/KEDO KA %79, 100Hz & 50Hz Dy
FRABUKEER S &, 50Hz DHNBERIBUKED
EEMWNEL B STHBEI ERDME, 2D EM
5. EEESKEOERRFICMD 2 O HRIBOE
HH2HY., BEEEAKEL ERZIERTES
EnZ b, EBROMETIIIREHN 5~10Hz TH
h, TOHFD 100Hz. 50Hz & HIZEY TR
e LU ETBHOREBED K & WO HHHEFE
BUKEOERICKE A EEZRIZTLEZ, 40T
RELIRBBEROTHEINET- 12 5% R
DBRBRBUKEICRIZTEEL X O ITH#MICRES
BUBENRD B, _

D XIT. KB 100Hz T/KFE 200gal DA, EF
90gal D&, K 200gal+ LT 90gal D 3 4r— X THE
AT -1 ENEFhDY — XA TOBRBEBKED
BAEEE 12 IZFRT . 20RO BFMBUKEZ
M—8IZTRT ADMBTOODTHS, MEH. Lt
TEMMIRICH O TIIAAO RFEIC 30 THREI R
KED EREMNR SN, FDHRII—FEDIRIE TIRE L
T30, ETMEED A& - T HBER/KE
WERT A EDERTE S, 2. KFE- LTH
EMRICHE 0T, 0.1 BEOBBEBUKEZKFE
HWINROFHE EHNRTREL L S>TNBD T, KFE
Bz L TE8AMA oA EREEKER EF LD
WD TRIBDINEZEZ ONBE, ZDI Ed 6. KFE
720 TREPHBI R LIEOBETH. KFEE)
W ETERMH B EICE D, BIRLT 3EE0E
Zoh3, ETm#EEIARMEKED LA
XPEMENRDHBENZ B,

B —13 (3/KFEEmMiREE. KFE - ET RN
BOKFOEREMMEEL TS, I TIRIREM
100Hz. 7K 200gal. ET 90gal TH 5, RENDIK
SREFOMBTHY., EIRIEEOAEXEEL
T3, AKFEBIMME & AT - LT REEMIRD HE
ZHANRBEFEEOHHITEOIRONS, BIFNE)
Z &It & 0 BREIBBUKENREET 5D T, IKFH
W ETEDSMb > e AWEERKELL-THD.
HFOBErAEL . ARMMKED LAR KX
{HBENZ B, B—-12 IZBWTKFBHDADIE
&, KE - LT REMROEEDFH S BFE IR
KED ERBNAEN - cDIZ. ETHEMZ I
PRFOHENREXLED . BREABKED EFZN
RBEXINIZNSITE VL B, B—-13 (a) DEF
t=0.001 BEIZHE T, BRIWEEDTHH. HFX
REEICIE B EMTXBIDIFEAEORFNIULT
LTHh. EELRENI EBDI S, ORI

—— /&% 100Hz+ ETF 100Hz
........ 7KE 50Hz+ £F 50Hz

BE BROKE(N/0%)

el ) ] L
0.00 0.02 0.04 0.06 0.08 0.10

B—-10 /K¥F + ETRFANKFORSMUBDOENIZE

i} 3 BFI UK E DR ZI B
50 r T
i T |

wf [ WEB| . L ]
CCE‘ L
=
H
~
&
&=
&
ol

8.00 0.(1)2 0.;)4 0.66 0.68 040
B (s)

X-11 ﬁﬁﬁ@ﬁpuﬁﬁ%ﬂﬂ@%ﬁE@ﬁ%E

50
—— /& 200galt ETF 90gal
wob| &FE 200gal0s  §
~ ko LF 90galos
NE :
g [
= 30 r
Ho|
% [
& 20}
o [
@ r 4
=) 10 |
0 A ; ' '
0.00 0.02 0.04 0.06 0.08 0.10

—-12 KFBEBAS. ETFEMAN. KT - ETFRE
ANERZ B 5 BRI ED LI

BOTHBRMBEUKES EF U, £0%K —13 (b).

(¢) WWRTEII. MNFOBENDALBBET
BEEBUKES LA T 5 E0Z 5, HFOER TR
WFE—DKERBIMROFHE LD KF - ETRE
MHROBADHNKE L . KRE/LEBH T RVF -

— 549 —



(a) 1=0.001 (s)

H,_,,__
vﬁ— =—’_—-
/
g"‘/
o (/f//
=
e _
/’ g
=

HKFEEIMAS (BVWEED. KFE - EFRIEEA
HE (BUVRED) O FORE

Bd—13

BEEBKED LRS5BT D ERBDN B,
FTHbLE. EFTED D - 72 50 BB REB/KED £
AVKRELNEBHDENZ 3,

4. B

KFRLTIE Cundall ® DEM 7’075 LEEIT,
Hakuno and Tarumi ORMRKETFINEZBAL. £TF
BB OBRICICRIZTHRERILT A7cHICET
BOEH RN EM O ANIHEFELEELS
RROZEREZFMICHET 2 &icd b Egk
ERTRBOES JENTEND - ETHIZLS

BERBKEDZEALZELZ B ENTEIL, T4
HE. ETEICE > THRFOEEDPE T ERHLZT
2RI L. BEOZEIZH > THEIRBUKEY L4
TEBBRERAT LI ENTE, ZOHR. h
¥ TERDATHERIN T L TEHRBOR R
WKRIFTHRAE VI 2 —va VICTHERTAZE
WNTEI, LIcD - T, BIMEFRIZTOBICLT
BHZER LTI S ROEEDH B 2 ENER
RICLDTREENT,
BRMCREEERBMICIRR BE0) ST BEER
DREIZFUD. EE IS A—FIORENREILE
COFBEBELTOA0. ETEHIRORIRILIIR
IZTHELHOSMITB2HICIZ. DEM BEMNL
FETHEEEZI SN S,

BE W

D €% Bt : ETHEH b o ik
IKRIZTHE I T 2 KRN R, ERAES
ER X, pp.47-55, 1996.

2) F —BR. Sk . BH #1995 £
RE RIS 5% X @A O
LEHICET 2 HRBEERR, TARERXREL,
No.549/1-37, pp.231-248, 1996.

3) Cundall, PA.: A Computer Model for Simulating
Progressive, Large Scale Movements in Blocky
Rock System, Symposium of ISRM, France,
Proceedings, Vol.2, pp.129-136, 1971.

4) Hakuno, M., Tarumi, Y.: A Granular Assembly
Simulation for the Seismic Liquefaction of Sand,
Proceedings of Japan Society of Civil Engineers,
No.398/1-10, pp.129-137, 1988.

5) Endi, Z.: Studies of Seismic Response of Vertical
Ground Motion and Its Effects on Soil Liquefaction
and Pipelines Buried in Saturated Sands, Doctoral
Thesis Submitted to Kanazawa University, pp.82-
101, 1997.

6) Martin, G.R., Finn, WD.L. and Seed, H.B.
Fundamentals of Liquefaction under Cyclic Loading,
Journal of the Geotechnical Engineering Division,
ASCE, Vol.101, No.GTS, pp.423-438, 1975.

7) Seed, H.B., Silver, M.L.: Settlement of Dry Sands
during Earthquakes, Journal of Soil Mechanics and
Foundation Division, ASCE, Vo0l.98, No.SM4,
pp-381-397, 1972.

(1999 4 B 238 %)

— 550 —



