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A liquefaction potential map of a wide area is very useful for evaluating risk of liquefaction for
the dwelling houses. In this study, the liquefaction potential map is developed by overlaying three
maps including a PGV (Peak Ground Velocity) map, a liquefaction map from the past earthquakes
and a land classification map. The damage ratio of the dwelling houses are evaluated as a production
of three results which are the liquefaction susceptibility by the PGV at the ground surface and the
ratio of liquefaction area in grid cells of 30 arc-seconds latitude X 45 arc-seconds longitude and the
damage ratio of the dwelling houses in a liquefaction area from the past earthquakes. The prediction
of this evaluation procedure shows a good agreement with the damage ratio of the dwelling houses

for the 1987 Chiba-ken Toho-oki Earthquake.
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I.1Xx C & I

AR DRI E 1L, $BBH 72 & O L&), B, MTERERRLEDTIA T T4 VxR E
KRR G2 2130, — OB THLEY IR L ICE KX EEL 525, 20 X5 REEEO
D, IRMED Y 27 24BET 5 Z 21X, BELr, #EFEL~L, fiRL~rondiic
BNThH, MRRAVBEETHL LEXLND.

AT, TH5LEBRELSEX, BEHOE D L2000, BEFIEEZEEL, HLn
R D IRRACSERRE PRI FEDE Z FITONWTIRET S L &b, 1983 4 H AU T HH &,
1987 - FLERA G HIZE, 1995 4R ILd IR HERHIEE, 2000 4 S HURFEHHIAR, 2004 4R8I IR ik
HIZE, 2007 FHTE IR P B 22 S K 2RI OF AR L gk A A L, HEERS
RO - WTE 7R & OBIRAIEE - AT L T, REERR L LICMMIER T — 2 ZHW BT L
WRALSERREE 3 L OV ER O TRITFIEORET - B 21T o7 (ILAIE Y, 2009).

II. BEFEOBBELREFEONE

1. BEFEOERE

JEIR O WRACSERRE TR FAEICDOWTIL, EERBREREHEE (2006) 12XV FEMICED £
EDOHNTND, KESE2ODOFEEHTLN, R—V VI TF—FREOMET—4% ZHWT,
R REEED N T A =2 R EIICEREL TTH Fike, MRS T —% ZHWDFIET
HDH. I TIEHREOHE - FEELBRARD.

a) WHERAT—22RAWVSFEDOHE - BE

WHIE X5y 7 — % Vv 5 FikiE, Kotoda, Wakamatsu and Midorikawa (1988) 1 X - TH"E
4, Midorikawa and Wakamatsu (1988) 12 X - THRIRAL 233842 9~ 2 B D Hh 3% g K E FE 0348
EEINTWD, 0%, 3 - 21 - F5 (1993) 1, EEHEBROSE 3 RHSXE (9 1km
X1km:lkm A v ¥ = &MES) OMMER ST — % & AW CGRIMEERE 2 TH13 5 FiE i
RLTWD., ZOFEEL, RIRIELOTWEHIEX 73 Z L AITHRIRIE 3384 3 2 IR e AGE E D B
EEFE NRREBEOBRELTFHIL TnD., E, ZOWIXOTFIERN, BEE THRIFEXS
ERWIEBOWBRACERE FRHTEE L THVWLRTNS, ZOFETHW SRR KHEEIC
DOWTIHE, #6 - 211 (1993 a) F KOk - 211 (1993b) 12XV, 1km A v ¥ = OEHIEK
ORI S EHEZHEE L, REFY S KEEDN SR E R R R EEEE 2 HET S
itk v, HEEERER SR T T AR I 00 oK B 1T 5% T R IR R B R T 2 T A b
BT, MEBREKEEZHETOFEPRESNLTND,

SeEE IR R R DARE, BT DX o3 2 IO T HRRAGSE R BE 0 P RIE 1L, [ 7B SR 7R Sk 5K
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AEO(1999) ITkV, LUV 2HIEBENICHIETE D L OICHESINTWDS, E£7, lkmA vy =
EHEEEROMHMIE X 21E, T0t%, ERS (2005) 12X ViE—AIcEE S, THAROMHIE -
WgEFO A~y 7)) ELTHIT SR Tn5,

b) FRIEIZ & BIEEDEMEET BIFE

WIZ, WRIIC X 5 IO B E T HITFEICOW T, BEEBREREHERE (2006) 12X
VIRV ELDHENTND, R (REEY) xR L LciRRIbIC & 2 Mgk ERORERMNLD
?D L LTI, Tablel ®ZEFE1R (2003) 35 XU Table 2 OHJefh 3 (2005) 3T H4L5.

7z, WRILIC X B RSO ETFRITFEICRB N TIE, A vy a Wi —IciRib g4
THEFEZONZNZ LD, A vy affho L OBRENRIILIEEST SO0 2R THIRILE
BRERETL20P@EFTH S, ZORRILEREERICOWTIE, HEERBRERE M (2006)
DI OBEDWETRFEOEHICHLIRRLNTWD A, FEE (1997) OREMmAEE AV S
TW5. ZOff% Table 3 127”7435, 1964 EFIHHUE ORI FHIE & IHPRICFHI DA 5
HHEhTna.

Table 1. Proposed damage ratio of dwelling houses in the liquefaction area by Aichi Prefecture (2003).

Congglil(c)gon Damage ratio of wooden houses References of
Earthquake Data
Severe damage (%) | Moderate damage (%)
Built before 1954 13.0 13.0 1923 Kanto Eq.
Built between s
1955 and 1970 11.0 15.0 1964 Niigata Eq.
Built after 1971 9.0 21.0 1983 Nihonkai-Chubu Eq.
Table 2. Proposed damage ratio of dwelling Table 3. Proposed area ratio of the generating liquefaction
houses in the liquefaction area by CDPC by Tokyo Metropolitan Government (1997).
(2005).
Potential of Area ratio of
Damage ratio of Liquefaction (P, Value) |generating liquefaction (%)
Construction wooden houses P =0 0
Period p) %) L
Severe damage (% 0<P, <5 9
Built before 1960 13.3 5< P, <15 5
Built after 1961 9.6 15 < P, 18

2. REFEOME

AT TIRET D THFEIREMINZ TSR & T 5720, MMEXS 7 —% 2105 Fik
DEZF BT L. BEFIEICEIT 2RRICAERE RO 2L Ficord, £, &7 u—
% Fig. 1 I 7.
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Fig. 1. Flowchart of this study.

OEEMELREL, MR TOMBEESM LTRSS,

Q% A v v a THHIEX ST —4 & PRI HER 2 SRR ER 2 TFHIT 5.

QUL FET D & PRIL Ioific BT, WIRLEER 2T 5.

@HRACFE A HIF T I 1T DR ER AT 5.

ORI AR, RRICEFEERS L OMEBRELP SAEEHEER L2 TN TS, (D=09XQXD)
AWFZETIE, OOMEHOFRIZEEETFEZHAY, QB XUV OWTIREFEEZRATNS,

Flz, @IZOWTILEFOHEICRIT 2IRIRIEF AR OB ERICESWTREL 2.

II. REFZEDHM

1. BRIEREEET—4

BRILSERREE FRIFEORENC B 7c > T, EDOHE TORRILFEEFF & £ DR O HES)
o3, KGR A BHE X 73 0 STEHDO T —F PR L 25, £, @BEOFEMERICONT,
TR 7R R FE AR PR S N TV D FHIOFEZIT 72 & 25, BAMPHHEICEATS
IARFROFEREE (LARFR, 1986) &, FRRPEMEOFMS (2006) Tk 5 AR
PR MBI DV ZNE 2R DOWCIRILFEAEFPH ZFHE L TWD Z L33 h > 7c. Fig. 2 ITHHE IR gl
BOWMCIE LR 2R LTc, 2B, BAEPHEMED LARELHTHAREE (1986) THRRILZE
AFIPH & STV D FREFZWIHE DS ARFREIE, 13& A EIIRIEBFEEL THRNZ & H
O, HRRIEFEAHBICZORN & E LT,

Fio, FRRPEHEICENTE, FRS (2006) 1ICBWT, HRRIFEAETEHO 5 BEIRHLO
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HlEgix, WRIERRL 28OS0 RRIE L2 b D TH D LIEH SN TWD Iz, KOG
SRS — & L LT TRV SR L 72, &6, FBERPEETIE, TAKED~ F—
VORI OTRRILEEE S A L0, FoMEIET —2IcgEhTn5,

2. HWEBATOHETE
ABFFETIE, BAMEDEHE LB R EMEOMER A2 HEE L 2. #ESHE LT, &

ED IR T OWRACERE TRFET—RICHNO N TV I REREEZ TRITHZ L &L

7. TZTE, BFRRPEHEOHBEEIHHEEREREIC OV TR,

AMETIE, WEBNEENZED D Z L P LU TOHETHERRKEEZRDT,

DOFEJRE 7 /13 Hikima & Koketsu (2005) % 7z,

QB KEHVFHEARFZEFTIC X 2 88 IR il B o BB 7 — % (K-NET, KiKnet) £V, EJ&
Wil 2> & O FSEFEREAS 150 km AN OB ZHHI L, ACE 2 5 @ 5 BRKIEHE 2K &
J5 DN %77y L CHIFR RO E & R 7z,

QB D AVS 30 % PS MRIERE R D EH L, #5211 (1994) »HHEMH L = REHE D1
TEE ARV TERL T, SE#EE Vs=600 m/sec fH24 & T O AR KHE ZHEE L 72,

@B R OBEMERARHE LY, ZZHMEICEZ VE 1km A v ¥ =2 O RKH W%ﬁmht
HEE DO FIEIL, BEKBHZEIRF SRR 7 R 7 b U — X 0 A8 47z Simple Kriging 512 &
NEIT v 7T A “rasmo” EFEAL 7z,

G S (2005) 1T L DM E S DOT—4 ZHNT, BES (2005) O AVS 30 & X5
OB, BIORRM - 211 (1994) 12 X Y REHEEOEIEE ARV 2k, £ 1km A v =

DEMRRKRHE L ARV 2 b IR AR E 2 T L 72, Fig. 3 1HT IS IRkt 58 o i & fe K
WESMGXZRL T,

- Area of Liquefaction ﬂ

o Points of Liquefaction

Fig. 2. Liquefaction area at Niigata-ken Chuetsu earth-  Fig.3. Estimation of the PGV at Niigata-ken Chu-
quake within the Niigata prefecture. etsu earthquake within the Niigata prefecture by
the mesh numbers in the parentheses.
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3. BRLEHEAMMHE RS T—2 DR
WCRACFEM A BHIE X 73 7 — 2 1%, DS (2005) © 1km A v ¥ 2 OB S5, IR
LRt B X 7> 7 — & Z2ERR L 72,

. BRRIEREEDFRFE

A AU HIE & HR R PR IC DWW, HEEEh A, IR A FEEH 3 X ONECIRAL 34 A
MHITZX 3D 3 D0OF—2 ZHE L. 22T, IMEBEROTFROZDIc 2 3 DDF—
ZrERAEDYE, RIAEHET -2 2L TFO X 51 L TERL 72.

ORI FEAEHE T — 2 25, 1km A v ¥ aNORKIEBEEOFELZHET D, bTFrTH 1
km A v ¥ a NICHOIRER ARG TN TWIIE, TOA v Y 2 3BRIEFEEA v 2 b
T5.

QHEL 72 1km A v ¥ 2 BT OHERFKREEZFIFAL T, 1km A v ¥ 2 ORRILFEEDOH D
A MR IR REERNCER T 5.

SOF Y, WRIEFEART, HEEMEREED 5 cm/sec T & OEPHICH DIHEIT, T DOEPH
WD A v ¥ 2Bk T 2 HRAEDBEFER D D72 < e 1 ETUL LRSI NIc A v v 2ok
ELTEERELE., UEOTF—2ZRWT, MREKHEE LRRIIEA OBEMFR % Fig. 4 IR L T,
IHIE, BEHEORE - 21 - B (1993) %, BLY, ToHIIEkHEWV TR S AZEL
FEBG SR SR EERR (1999) DWRILHIE ) —=2 Vv =a 7 MR\ T, [l - BB XA
HUZDOWTIH, WIREF A O RTREME DS IEF TN E LT D 2 &b b 2L o 2 HITE X 5
3R R LRI T E DGR EZ R LI b D TH D, MFRRIHE L BRI FE A& DBIRICD
WTIE, UFofm»zH 5.

OMIBRREAHENKEL RDIZERRILOFET D A v v 2B E RIRIFEAER) TAEL<
5.

100%

80%

60%

40%

—0— 1983 Nihonkai-Chubu Eq.
—@— 2004 Niigata-ken Chuetsu Eq.
==~ Both Earthquakes
O% I 1 I I I I I
0 20 40 60 80 100 120 140
PGV(m/sec)

20%

Liquefaction Generating Ratio(%)

Fig. 4. The relationship between the liquefaction generating ratio and PGV without the geomorphologic
classifications of mountain, hill and terrace.
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ORI DI A LR 6 5 M Fe e SR EE 1L, 15~20 cm/sec F2E T, 15 em/sec PAF THIRAL 2338 4=
2 AIREPEIXIE R I S,

O LT AR, HFRE RS 15 cm/sec 0> 5 80 cm/sec FEE F TIHIFIZHFF ML, 80
cm/sec F2ELL_ETIX 100% 12TVl & 72> T B,
X0, WIRMEBERO PR T TIE, Tabled [RTEEEA v v 2 2EE L 2 3 2O

AR SN —TERAL, ROBZFICESERICRERO TR ZRD 7.

O ZF I /R EE & RRACIEAER OBIRI, FEHETM A O RIERR AR BEZ W TREIER 5
HTERED.

O Z I AH LD 15 em/sec AT TITRRAGITFAE L 720,
KHLER DA DONRT A =45 (CFEHOfE, BEHERZE) 13, Tabled OIRRILFIREME I NV—F T LT,
2HIBZ G L CMRERKEENOBRRICBELEDO T —F ZHVWTRELEICL Y kDT,
Fig. 5 lCIRILFE AR O TRIA Z/R L T2,

{P(PGV) =0 (PGV < 15)
P(PGV) = o((In(PGV)—2)/8) (15 < PGV)

P(PGV) R A=

PGV HFREKHEE (cm/sec)

) D EYETEH S AT AL

L, 1 In(PGV) DWBER X OHEHE(R (Table 4 2R)

Table 4. Parameters of the formula [1] between the liquefaction generation ratio and PGV.

Possibility of Engineering Geomorphologic In(PGV) |In(PGV)
Liquefaction Rank Classification Ave. L | STD ¢

- Filled land (FL)

- Gently slope at the end of dunes (GS)

- Lowland between sand dunes (LS)

- Abandoned river channels (RC)

+ Adjacent meshes at the engineering geomorphologic
classification of the Natural levee, Marine sand and
gravel bars, Back marsh, Delta and coastal lowland,
Reclaimed land, Sand dune

Group 1 3. 561 0. 393

- Natural levee (NL)

- Marine sand and gravel bars (GB)
- Back marsh (BM)

- Delta and coastal lowland (DL)
Group 2 - Reclaimed land (RL) 3.722 0. 402
- Delta type valley bottom lowland (DV)
- Alluvial fan with gently slope (FG)
*Exclude Groupl Classification meshes

- Sand dune (SD)

- Alluvial fan type valley bottom lowland (FV)
- Alluvial fan with steep slope (FS)

*Exclude Groupl Classification meshes

Group 3 4.014 0. 469
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100%

80% [

60% [

® Groupl Investigated Data

A Group2 Investigated Data
40% |
B Group3 Investigated Data

Liquefaction Generating Ratio(%)

= — Group Regression Curve
0% r — Group2 Regression Curve
— Group3 Regression Curve
0% ' '
0 20 40 60 80 100 120 140
PGV(m/sec)

Fig. 5. The estimation formula of the three geomorphologic classifications groups between the lique-
faction generating ratio and PGV.

5. BRRILEBEDFRFE
ZIZTHE, WIRMEDFE L 1km A v ¥ 2 BT DIMCEREOEES (MEmER) 2MH

WX 5T —% ZAWTTRIT 2 FEERET 2.
WORIEFERIZONWTIE, 1km A v ¥ aDIRER EDOT —F RNz b, k(b

FIEEPEIC X0 DL IR 5 7 v — T RN PRIFEZRE L. —05, MRS 03/

MY - HEHZRBEBIIRRY, 2R ENORRICERERIIP RV E DD LEZOND. 2D

W, AT, WRMEEERIITE RS e 0EERBM LI bD L5,

DL 2 MBITHONT, IRLFEAGER, HEBDM, MMERSOERGDOET —F L E i
HFRIC X DB 50m A v ¥ 2 fEm T — 4 B LN 100m HHFIHT—4  (E-EEEH -
V105 A v v 2 THIFIH T — %) ZHWTEBET —% Z/ER L 2.

QORI AT — 2 L 50m A v ¥ aT—FOEREDLEEITV, £50m A v ¥ 2DOHl
SRR AERPFICE EN TV IR E I PEHEL, FENIHEITRREIEAE S, &%
RV AT ALIERER S & LT, 2O, KBOT—ZI1ZOWTIE, 100m A v ¥ 2t
HFRIH T — % 2V TR 7o, ICIRMBTEREERIE, 1km A v ¥ = BAL THROIRIG 3 A Hh S 5 &
WCRILIEF AR D 50m A v & 2 B2 HER L, RGBT 2R ECTER L TR 72,
B K 53 DWCRICEFERIC OV TIE, B ARWEPEHIEE & 908 R Pl B oL 7 —
% (Fig. 6) 1M T, HEITIE L T O MR TOBRILE TR T — # CBEER ROk R 78 &
LR TERE LT, Table 5 IZFRE L 72 14 OFHIIE XX 72 B OWRRIAC AR 2R L Tz,



WHIBIX 737 — & Z IO T RIS O WARA L fE R Pl i > T 45

'A 2004 Nigta-ken Chuetsu Eq Table. 5. Proposed the area ratio of the gene-
20% © 1983 Nihon-kai Chubu Eq rating liquefaction in each geomorphologic
A .
® B Both Earthquakes ® classifications by this study.
18% .
— ° B 1987 Chiba-ken Toho-oki Eq. Engineering Geomorphologic Area Ratio of
Q\i 16% A 1995 Hyogo-ken Nanbu Eq. ClaAssl(lcauon Generating Liquefaction (%)
g Alluvial fan type 39%
B=] @ valley bottom lowland (FV) ’
2 14% Delta
< f elt 3%
[ . valley bottom lowland (DV)
2 12% - All
st uvial fan with steep slope 19%
™ ® (FS) ’
g 10% + Alluvial fan with gently slope 19
s u (FG) )
5}
(q;) 8% Natural levee (NL) 10%
% (]
2 6% @ ® Back marsh (BM) 3%
g Abandoned river channels o,
ﬁ 4% ' (RC) 25%
5 l . A - (The J: S ) 10%
o st) 10%
< 2% Delta and (coas)tal lowland ¢ Japan Sea coas ’
DL.
0% A . a . (The Pacific Sea coast) 2%
(FV) (DV) (FG) (NL) (BM) (RC) (DL) (GB) (GS) (LS) (SD) (RL) (FL) Marine sand and gravel bars o
Engineering Geomorphologic Classification (see Tables.) Gently slope at the end of 15%
dunes (GS) °
Fig.6. The area ratio of the generating liquefaction in each geo- Lowland between sand dunes 5%
morphologic classifications. Sand dune (SD) o
Reclaimed land (RL) 15%
Filled land (FL) 20%

6. BREREMFZOEFEHEROFAUFE

HOIREFE A IR DL ERICONTIE, BEOWEMEIC L 2EEWER (2FRB LU
BE) OEICESVWTRELL., AWTEEHREROEHT — 7 2o T, AAREHHHED
HH (1986~1998) 1CXL 2 1HZ L ORREFERET —ZIcONWT, FEUTRRIEAFE LR
B BRI GUCHHIE X 3 BN F B ER 285 L7z, 2000 4 SEUREEHITE TiL, ITEBIgET —
& (ANFEM - /MEL - i (2002)) 2RI LT, WRIBIEENRAE L LZHEE4HBBS L OE
WA OFEEHEERLER L7z, £/, LERFEHME T, HE - k- BE (1999) 1
FRETNOMRBIFEHEROFEREZ2EICL T, WIRMEEENRRKE WX OERZHEG L 2.
S 51T 2007 FEFR IR PBP IR ICOWTI, & - B - g5K (2007) 1T X D MR T OB
X3 L LA O FEY EREHEGTL 2.

T OEEWERITONTIE, FICES ST ARWESTHIOHEENL B 12 B 5 5 Hill ©
X, ORI XY HIRIRILIEAIC XD EBWERPFE N2 &, BEEROEWIC K o TEMRX
OEMMBERY, FEHFHERICENTDZEPEEIND T L5 Table6 IZRT X 5 ITK S
L7z,

7z, EEEMORPICONWTIL, BEEEEOLER E2SEB IR 21TV, BAHNRKSH
EREELNEWI G EEL, [HEEASMAICIIV 131970 FLRTICE T o FE, T

DAMFEITERVY) 1X 1971 EUBRICETONIETE LT L L LT,
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Table 6. Proposed damage ratio of dwelling houses in the liquefaction area by this study.

Th ¢ Damage Ratio of Wooden Houses
ae cases o Foundation of Houses Severe damage |Moderate damage| Reference of Earthquake Data
Liquefaction
(%) (%)
Weak Foundation for earthquakes 45 45 1983 Nihon-kai Chubu Eq.
(Built before 1970) (At lowland between sand dunes)
N 1995 Hyogo-ken Nanbu Eq.
Filled Land and the (At Ashiya-Hama)
Region of Lateral
Flow with . 2000 Tottori-ken Seibu Eq.
Liquefaction Strong Foundation for earthquakes 5 65 (At Abehikona-Danchi and
(Built after 1971) . .
Tomimasu-Danchi)
2007 Niigata-ken Chuetsu-oki Eq.
(At Yamamoto-Danchi)
Weak Foundation for earthquakes 25 2% 1983 Nihon-kai Chubu Eq.
(Built before 1970) (At Sand dunes)
Expect above
regions
Strong Foundation for earthquakes 1 20 2007 Niigata-ken Chuetsu-oki Eq.
(Built after 1971) (At Hashiba region)

AWFETHONTF LT TO D THS.

OBUE E TIT DI TR D o To IR 72 IR 38 AL S & IR B 43 A 6 K UMM X 43 & GIS
ETHEAGDY, FEREWICHME X S T — % & W RIRR 2RI X 2 gl T F s
ZREH L T2,

Oz K 73 & A Te IR ORRAL fERR EE T RN OW TR BT FE LR E L, #MHEX 2B
RACF AR LRI B 2 3 &8 THRIRML G EE 2 H eI PRI 2 FE 23 L.

O IME 5. THRE L R LEFER L, PLELZME S FECBWTHMAEGDLETHHATELE
ALY AR

BE AUIEIL, MBERRHAMEEICLOMETNRFEOBRE L TEML L. AR

OFOHR T, ) B ERFEEHERIZE AT O K-NET, KiK-net O E TR L O () B 2 b iy
WFZERT - BEVE ISR BEI O X 7 A 0BG HFE AR H ST TWRZEEE L. £z, KBFZEIE,

EERREREHMENICGRE SNRTERES (RE - HRNFLER, HEHR, HHE
Hig) OEADPKBENTWEY, Z 2L TS L £,

x

TR e , 2003, ZEENRHGEMEE - R RS GE TRIT A E — Tk 14 FER -, 12, 3-
47.
HEAKIT, 1986~1992. 1983 4F H A LR 12 35 15 2 BK FH IR 28 8 713 g A X D MRS IR S R E U T A3 D 52

BB DMAENIZE (AN 60 FEH S~ Ak 3 FEHE).

E e
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