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Risk evaluation of the earthquake triggered landslide on the land reclamation slope
by three dimensional instability analysis of simplified RBSM
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Abstract

The report discusses the methodology of the landslide risk evaluation of the earthquake triggered slope movement at the artifi-
cial land reclamation area. The two case studies are used to evaluate the adaptability of this method. One is the case of Takama-
chi New Residential area damaged by Mid Niigata Earthquake 2004 and the other is Tsurugaya New town damaged by the
Miyagi-oki Earthquake 1978.

Recently, artificial land reclamation by civil earthwork in slope areas has been widely developed in and around urbanized area.
Some area such as the valley filled with reclaimed soil is relatively weak compared with cut portion. In spite of the weakness of
the ground, there were poor techniques of the evaluation of slope instability.

The authors have developed the risk evaluation technique titled “Three dimensional slope stability analysis based on the simpli-
fied RBSM” to apply to the artificial land reclamation area. This has the advantage of not only being simple but also including the
earthquake force and direction of seismic wave for calculation. Thus, the technique will be used to get the spatial distribution of
the degree of Safety Factor (Fs).

The Fs value distributions in the two case studies are evaluated by the analyses (Fig.8 and 9) and well explain the real distri-
butions of the slope damages (Fig.7 to 10).

Key words : artificial land reclamation slope, three dimensional slope stability analysis, RBSM, risk evaluation, earthquake dis-
aster

MXEF

BREEEFE BT, MBICE > THIRY) RPHEL EORRBPEEIET LI LDEL, TNOLORAEIHTLER
JERI RO ATRD SN T WD, FAIZINSOERRETFIEZ T 5 Fi L L THBRBSM = KIGi TR 3 X ) k2 % L7z,
COFER, BHRNOMBENE ZOHMEER LB RET, FMERE L COPRER EoR/INEERG (Fsfl) 21552
ENTED, ZOFHIZOWT, ThETOMEWRED ) B, 20044EHEBBEO ST H# &, 19784E = IRIE MM IE TOR » 4
Hh D BB E % b LAHERMGE %2 AR, MO TRWHBEPE O (7 ~10)0 SO L5, BFHEIC X D ERERM
BOZYEEIR L7z,
X—7—F  ATHERE, ZRTREHEN, RBSM, GREFM HMEXE

FANE

v N7 — 27 OFFER OISR SSRGS T

18R MR R 2 & oo N TS T, MR
% EOBWERIIZ E D R WARREET, H5E), #Hdx
D, PG EOMA RMIEKEPEL L, TS HEEK
FEDHH, L) DIFHESCH TR ITEEOHERET
HUMOBRIH L THREDORENKRE L 2D EHEL,
72, NWBWEORNPLLNOTH L7720, NTHE
TR OFETFMOEERIIEAB L TETVH E VR 5,
N F CHEITR O N TR AR 350 2 RHEEE OFF
i FEEICDO VT, EHAMICT X o TI9784E 5 3 I 4 b
B2, 19934EGIFEI AR, 19954F fe)d L e FF M 58 72 & TG
N7 — 7 WEPZ S, BEAATHES, =2—-J )V
* i corresponding author
a) W7 FNvFr//ay—
Advantechnology Co., Ltd.
T980-0013  EIRILANG T T R XAERBE1-4-8F 4 > = > ¥ 3 Y ERFE1202%
1-4-8-1202, Kakyouin, Aobaku, sendai, 980-0013 Japan
HALSEBER 2 Hae 2 TR H A A2 B
Department of Faculty of Liberal Arts, Touhokugakuin Univ., Japan.
EBRFE T Y AT LFHFA v 2EF
Department of Art and Technology, Hosei Univ., Japan.

TOABR AR AF e LA eI T B Lo 8 g
Department of Urban and Environmental Engineering, Kyoto Univ., Japan.

o o

o

J. of the Jpn. Landslide Soc., Vol.43, No.5 251 (2007)

Wa", NSO EIZE 5T, BHOEEIIZOWT
X, &R W) LELE (D) oW /D A0 R
B EMTRY)EHPELILENEL DI LR,
AL EFEFNCE T 2 BIRROAIR AR EN TV 5, 7272
L, 2NSOFHEIEIFEARMICNEET VTR BV 2
5, B#oNTFHEFIVHEREEZD LIZ, ROFKILRH
BN EEBICEMEEE 223 TER . 72, HE
FTREZL=Zy POHEPHERET ST Y7 THIHE W
IR A HEDHL Y JLd ALEN R - TL b,

fi)s, #FH#F S, WERIERETV (RBSM) %MW,
IR IZBWCBEMROBE FiMEZ ML T2 LR
CEHET 5 2 & TEALMBZRITCEEFRITFEIZON
THIZEL CT& 72 COFETRIRDVEE G2, kK
HEE U GEARER, M5, NIREEEA) %@
BN H- 2 5 720 TERITHR A R & W BT 7OV I I
TE, $72, W7 2HOBH NS - EOFHEDOAKTRE
fliL) %dDT, HEROZRICEEMRNT & HA_FIEOZ



TSR, EREZ, rANEE, A1 44 0 iTSYRBSM = KICRRATERTIT 3™~ 0 1135 2 JHT o 72 Mo Bl b i o b A 5 il

WEETH 5,

G, ZOFEFEEEELRTVIY XL ELTHY,
EHICERITCOIREI TR 2 AITWICTAE S, 2
NEREY B UFHET 5 2 & THufg & P Ay (% 58 B2 S FAl
TAHFEEZHICHEL: (22T, Thz=2XkTR
TRHT RV MEEEHT S)e TOFETIE, BEOR
WHITEE AL EETH 4%, #Hlid 512 72> THIEE
RICBIFETAT L, 7T = EOREDXGT%
HET 2LE TRV,

C OF % HVC20044EFE IR B I B v TR
o N T Hb g4 B 05580 & 7z K v v T [T 3t o0 o 2 451
WDV TRAT & A 7RG R, bRl & PR SRS
EOBTHD TEWHBEMEZ R L7, 72, 19784 ¥k
EL i 3R D 4 B I HL B 12D T MU & oo B
H—HER L. MwTlE, ThoDBITTFEZRTE
EHIT, RN EIHE NS o 2 E T O AT RIS D W
THRATHLDTH S,

2. ZREHITHE TN E@E
2.1 EEOFIE
TRICICBVTIE, Wt - &L 2 &g R
AT e, PSR 2 FIRo e, B %lT
FNCEAL S TIRDAREL B 5T WK ERET
HRENET LT D, T2, ZRouZEMEHE 0% & fiF
MEEiic oW TIRESIZX o T, GISEHWAFTHER LY
PREENTVDEY, FOSDOFETIE, N—RAL L DHME
MEGFE L CHovlandiEZ HWTBY), Tr5haE
o CTRANEEFEL 5T M E Z2MHEITHET S
bOTH D, i, SRIOMEFHFIIAS LK, =K
TCZERFINCREEFMEZ T 5 DD TH A, AT Hi
FAEFTOHTRY - PBEORERT Iy V& —
KT 2 13 LAE Y TN OERIAMEITH Y,
BT BT L CHARMIC R R BATEI A T 5 2 LA
F L, $7/2, SEHVZRBSMTIE, T EAT—D
DOERH FICH ARETIZEDHIIZH > TH—2D%R4
RLMHFELEV, T4bbH, RBSMZzHWAZ LT
By OFEICE LTI Ly e &9, 7205
REMZRBICMVEL LN TELRELD D, K-
1A B E T 5 ZROCHATERTE 37X Y 1L O R O i
NEX -2, K- 3 2Z0FHHEBENZRT,
RFHETIE, GISH Ex HWTHRET TR E &R HED
XY Fifi L2 Wgdx, dyTHEIL, ZOH T AH0ICIHI
Kl S GERED, FHEESS @ERE) oms %
bz, F7WrAE AR E R, R, WNHEBEEHEA)
EH 2L, ZRTCERERTEIT) T ENTE S,
K- 1078 =R &I ICEROCETERI XY 7
BIZiX, RKELDIFTIODATF Y THD D, mAD A
Fv 7 (stepl) &, #S2adl (X, V) Z28E520H
FoOREIRVHORLERE (X, Y, Zr) EbI47T
VL, CORNEEREZRDLLDTHA, BB, Ir

GISTF—4~—2fE Ak
(o7 B - FARDERTRMERROWE)

Y

| ML 7, c. ) DRE I
Y = Ymin+(j -1) -dy

+ i=1,j=1
\ REE Fs =000 (RHEW

HSL>LIDFOLER(X, V)
> BRE PO ERX, Y, Zr) E4ER J

X = Xmin+( i-1) -dx
(RATAYADRE)

Rmin = Zr- Zc

Rmax =Zr- Zb
Rmin< R< Rmax

‘} {BL RIF dz THMT2LDET B,

Zr, RDERE

Fto, ZAIRREIRS . ZOIERETRS
M ARBSME RTRE T XYM

HFL (1L IOREFD
TOFs&m/Mm

| HILCL B BFs,. Ry ZORE l

step

NO
NSA(L) EBSETORES ~YED
REE(Fs JELBTS

[ HILE ) )DRMNREEFEDHRE l

step I

NO

PETAN

R—1 ZREHAITHEIANEEOFE7O—
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method
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Fig. 2 Spatial slip surface image of the three dimensional
spherical surface slide trial model
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Fig. 10 Real damage distributions of the Tsurugaya New town and the Fs value

EWHH 5, KERTOHRERROWEDOAZL S
FTHERBMEZ BE CEBL, L V#EELZDEHEORE
RHEOREICHT 2782 AR TITS T EAER
EEZERTVA. $72, WTROLEIZHED B HERER
WIBEAEFEAEDORIE D FHlC I3 EE 27 727 4 —TH b
LEZLNLDT, TNHDOMEbMAEARLZ LAE
HEEZ b

E

ARIFFE D HBIFHNT T TR — & DI - I5BRIC
BOTHITAR) ZLSREZHOMETEM X v N—Th 5
WEEHAN 2 vy v POBAILK, T2 ) BEo
ATHME B, BB KBt e WS, SEit s
FT ORI —IKD 4 IITI3Z KA THT, T3XExB- 72
T 72, BB, GIST— 7 HEICB W THIbSEBRE RS
OH—RIRIZE, 2L OTHEE WV, TR
HLET,

SE

1) &I, TG, SEsE—, DREZ (2004) @ HIFERHC
B KEBEEHE RO EL T, #5XD, Vol. 40,
No.5, pp.29—39.

2) &I, SFREGHE (2002) o BB SR, BT, 200p.
3) PrPNHUME, ISR, FIRSEA (2003) 1 AREEHRE V76
DRV BT, HARFHE TS ah i L5 &5 U,

Vol.8, No.2, pp.567—570.

4)

5)

6)

7)

8)

9)

10)

11

~

12)

13)

14)

B SEE, FrivBIEE, KVEA = (2005) @ = RocHRE %€ MR
WZxt3 % il G B LA BRAEAT EE O BH3E, #i97X D, Vol. 42,
No.5, pp.9—17.
Iz, TLREEER, #FSC, =8 (2002) D GISE E v 7
AN E F 725 L = R0 22 RN % s AT 5 2 03 %,
4 & ¥, vol.50, No.5, pp.23—25.
PRILEFE, KRIFME (2005) © Frig LB RIZ B 1) % B
bk E DA - WFgE, PRL164E B R R HAM K 4% B5 SR 4%
TF 7% =5 F 22 B 22 45, http : //bousainagaokaut.ac.jp/pages2/
summary/pdf/1608. pdf, 4p.
(b T XUETHE T H AW (2004) © HUlERA O Hk: L fF
i, GhHufE T 4%4%, 889p.
BPIGEOR (1995) @ B FICB I 23 XY BEE 0 J =45 (1%
). #WIDY, Vol.32, No.2, pp.17-25.
P, bEEIR, FIEEM (1975) [ EHRNREREORE L
HusE A B, WS EHEATFZE T RS, vol. 14, No.4, pp.67—
117.
ALK Rt AR 3. (1979) & 19784 B Uk ik
HFRICPE S HAEHIR & SEEICOWT, Fb RSP U 2
A A B EWFEA SRS, No. 80, pp.1-97.
EHRERL, EARFA (1978) © 19784 6 H ekt hiZic By
5 EAMAIC X 2R AMAEE O E, BEHTIIZE, $£55,
pp. 103 —114.
() H ARS8 (1980)  19784E 5 S I i i 78 8 & 3R Ao s,
() H A RS 25, 908p.
HASBRA, FYERkE, HEE (1978) @ REEHOEHIER & i
BRE 1978 E R I RO EA L LT, REHT
Wrge, #5%, pp.115-131.
GDH AR TR 22450 (2004) @ TPRIGERE =BT
I O f B B SFAMG T 925 B 56 e OV G B BE RRAM SE s a5 38 - Bk
EHS, GHHAMT XY F%, 162p.

(RfseA+20064F 4 H14H, EARZH20064 9 A19H)

J. of the Jpn. Landslide Soc., Vol.43, No.5 258 (2007)



