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Application of NonLinear Spectral Stochastic Finite Element Method
to Surface Earthquake Fault Problems
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For the safety of civil structures, it is required to predict the possibility of ground surface
deformation caused by a surface earthquake fault. In order to provide quantitative estimate of
hazards due to surface earthquake fault, the authors have been developing a numerical simulator
based on the NonLinear Spectral Stochastic Finite Element Method. In this paper, we report the
current state of the simulator. We calculated the ground surface deformation caused by Nojima
fault and Chulungpu fault and examined numerical results qualitatively and quantitatively in
the meaning of character and probability by comparing with the real data based on trench
investigation. The numerical result is consistent with the real data based on trench investigation
in the meaning of configuration of shear bands and amount of the base slip at which the shear

bands appear on the surface.
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48m, BE 12m & L7 EFINERICIE, L 2F
REOREICEDE, MIBNEZELL TEADER
ICRHIEN Aug = 0.10[mm], Aus = 0.17[mm] 2, &
AT T ZEDBNEMELTMATYE, & 250 X
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Table.3 BEFHNTE OBMEMITICH WEZ/NT A—F

mean Young modulus [KN/m?] - 20000
density [g/cm’] 1.6
Poisson ratio 0.25
friction angle {deg] 40
cohesion [kN/mz] 35
initial compressive strength [kN/m?] 150
initial tensile strength [KN/m’] 32
standard deviation of Young modulus [%) 30
correlation length of Young modulus [m] 1.0

Ty TETIEToR. LENoT, 250 A5 TOBRET,
EE O NEROBEFEHFRMMER, AU; = 2.50[cm],
AUs = 4.33[cm] &725.

4.3 BIRETNOHEDME

REFERE, MD~BEII EBMrSHBRINTNHS
ZEMS, YOUREZBPBILSOIHRET) 28E(C
Wbrz. Ei, PINMLIMEOEEENMKRL T, ¥
PHIZBIRT B/NT A—F —% ¢ = 35kPa], ¢ = 40[deg]
EL7. ¢ DfER, REKBORES BN SRS
CERERLEBLDOTHS. £, ERWICLB ML
SFEEOR ) hS, REFSEITHBD S S Lk
HHEIGEVHB TS A ENI Mo FIT, %k
ERENOEHATOY > FROFEDEEREL (M
BV NOREBINAD D) R, Y TRON M o
Z 30[% ICRELK. £z, E22HATOVYITRD
5 DEENE < (BIZMB N 5 LD LB E HAR)
WD, YU ROMBEER % 1m) IKBRELEZ. AW
TIN5 A—4 % Table.3 ICHMT 5,

4.4 BFERLER

AT 4.2 i, 4.3 TR LB ETIVICH LT, NL-
SSFEM ZRWEHRDFERZBET S, HBRIIBWLT,
ROZIHEZRICERL 2.

(1) ENLSSVOEBTNEMRTHNITHREICHE
PEGET S5 Dm), HRE TOWEDOEZEME Wm],
EEAMMEEEKL, >3alb—2aORUNERE
75, .

(2) ERERERNT, MRMBWEERESEIER
BUORKEZ LTS HAREMERIET S.

Fig.9, Fig.103Theh, A LOTHER U DO
INTRED B KB AMO T B OFEIE & ERERZED ST
DEERLIZODTHS. Figd &0, THEGM UM
2.5[cm] <5 WA SHFKELE TRARARENRBAELL
BB, MREBISBREAWOTHEBHEHROR
BALEIIWEOAMED 5 1.0[m] ATEBENMETH B
TEMNFMB. EiZFiglo L0, BRAEAMOTHE
LR T SD R EL 2o T3, BHRKTAKOTH

FEE D LS BRI IR B L T A4, g
METINDAY a2 SPNEORNEDHTHD, TDH
WL TR ERBRNTOLENDS.

KiIZ, ¥alb—ra THLHENEEBBRREER
BT 5. EEAR, EhsnoRBThE
(MR THNUSHERE ICHIEVEET 50 Dim], HRE
TOWBOEEME Wm), TH%. Figll lZBWT,
HEHSEOARTNEME D % (1) TRLTWSMR,
NPV FRECE > TN RBEREDER
TOITNETHS. BERT TR, ERTHEMEN
4.0[cm]~ 4.5[cm] 278> B IZ IR T WIE S E S %
BREIoK. I, REKBOEE D 3.3 ~ 3.8]%)
THY, BEOHMBETTNEROBERITICL 5%
3.4.678) THRERBKRDEENBON TS, £, %
ETOWMBEOEEMSE Wim] IBL T, FIERERS
BOBIERMUSSENIZRSTED, ZE5HEED
AS# (Dip-angle) %% 60[deg] DBED, BEFEOWBE
TIVERCEMEMITIC L D5 & RIS RS R 3468 &
ol EBONLFRAETIE, HERELIIEBHL
EWEOThEANETOE MR LI TRTEN
BEoTWielens, INEERL TEBORENM
E% 1.4[m] ML

Fig111C, BiRMR LT OEEMMEZRY. WHRE
i, (RAEEPRTORRKEAMOTA) > 2.5[%]
L7, BEBOTNEMA 3.5~4.0[cm] BE THIRK U
BYEAHBR T SRHEREANH D, 4.5[cm) U ETIRIZE
HERICHRIMBBAHET 2, LWIHRTHS. b
VOFRETRRE NCRERKEBOERBTOTNEN
1.2[m) THHIEME, ¥Ial— FINHIEHER -
DWHENBAELZZLICEATHEZ NGNS, b
L FREORETIE, RBRIShREICHENERED,
ZTOBERIVANT B ENTETREZDE EHE
HEZSTNTEWEI > ThHiEERRENTNS. &
DZENSY, RAKBOEHTOTNE 1.2[m] i,
HRHBE B AR T BICRBRICKLTHHEES
THETH-> I ENGN5B.

BFESWTE SRk, HRERMTRERER T T IV OMITIC
BHEEH ST FRNRIL BB, BROMENS
A—%, ZTUTHEBOWBEMICE L THENRED
FIMNBEINEZENETOENDS. £z, REHK
B HBERORRBET N EMWZI &L, HiREE
STETCEBNFREEZBALAIEINENTH 2T
EHHEMTED. LML, 3ELFERk, REHBEICHE
BETNEANTVSLULE, KEKEGOWEERARE
DyIab—a iB3RANHLZ EZENTHY,
WEHREBSE - PRANCBALTE, NXFARUYIR
T4 ETOREDIORIBRUANVETHDLE
sl THL.
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Table.4 EFIHNE BRREDHMX TOEUT -5 &

BEsE & OE R s,
Chelungpu SSFEM
D [m] (13) 0.040~0.045
W [m] 1.4 1.2

2 ( +) shows the maximum dislocation of real fault.

1 13 / (
> osf > osf
2 El 0 1 2 2 E) 0 1 2
x U=0.0fcm] x U=25cm]
1 1 / /
> osf > o0s
ENTON, 5 e o %%p =
2 El 0 1 2 2 -1 0 1 2 |
% U=1.0[cm] x U=35[cm] £
1 13
> os| > osfp
E 0 T 2 2 Bl ] 1 2
x U=2.0fcm] x U=5.0cm]
Mean

Fig.9 EFIHEE TOMBRMBEE DOF R (Mean).

5. ¥&oH

REGBOFMEZRVAAEBERETINEBET
BT EMTERVWIUE, EROKBERZERICT Ia
L—F9BZLEARTETHD. INERRETSE,
YIalb—Yalilio THREINLEHBERRONS
A—INEREE BRFIC—HL TV I EEFEHICE
5. ZOEBAELTIE, PLFRAEICEDL, BR
PHMENTA—%, ZLTEEOHBEAMICEL Tk
BHNBEEDOT—INREINZENETFS5NS. L
MWLEBNS, BINEIToTO L THEELRS, X
MBHENENZGHCTOBROME/NT A—F I
TAHE®R (FIC N R EOHBER) SRENRORS
nNTtwa. EERZEE - TACEL T, REHEE
D BERBEDIIAL—Ta il BEEZED
5ETH, Ihnbk, MERMEBKNENENZEHRT
DS HRLHMBBFEROEMNPBRLAEETHLENVNZS.
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