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Seismic Landslide Hazard Maps in Ul-ju, Ul-san, Korea
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Abstract

Landslide damage comprise most part of the damages from the earthquake, and it only causes the
damage to lives and structures directly, but also cease the operation of social system by road or lifeline
failure. For these reasons, hazard assesment on the landslides has been recognized very important. And
hazard maps have been used to visualize the hazard of the landslide. In this study, as the first step for
application of hazard map to domestic cases, hazard maps are made for the Ul-joo, Ul-san, Korea,
where the Yang-san faults are located. For building hazard maps, the degree of hazard are evaluated
based on Newmark displacement, and the resulting maps are constructed by GIS technique. In hazard
assesment, maximum ground acceleration obtained from attenuation equation of wave propagation, and
design earthquake acceleration suggested by Ministry of construction, are used for acceleration term.
Hazard maps are made by GIS programs, Arc/Info and Arc/View, based on the digital maps and data
from lab tests and elastic wave surveys. The maps show the possible landslide regions significantly,

and the displacements of slide are proportional to the slope angles.

1. §&

AZE Azbe] BE FERED ALZ S ZAF Aldo] E HIHE 2UY ¥ oty dolrt ALY
g dotd £ gle Aot HAde A AYL Y £ e £P22 JHHA
o Iy ddiE 2HA A 4] #eHo B WAL, o ©E FHAH diHsisol ¥
g3t Aoz AT HAHE o= HEAA AGstE Aol s HAY ez Ao
B o2 Fejel Ayt G, Fe] T FF AR FAz A A A3
22 A% HA A F ATHEEL AAG Ade B 99 R FEA JHAHA e
FEE ooty ER, o)X ]l F9 715 FAA s AHMNLHE vfuAlH, o=
A HHAA 94, 4 A FEI APHA AdRg o S AEE ®@ol BuHI Ao 9
A% ol FE AW AT AR A ABE Bt APl Y AL FHI}= AL o
F FT8E doid, A AHAHYEE /MANHeE vElE WHeR AAREAZY HAo]
Ak

€ d7oME Abdel did AAAEAE A4 I A8 AT AJDAR dNE GER

» Ngdetz AF@FAaY FH® AT, tgnY
o ALUHE AFVANLY BTHE HADA
o EUR ATBAALY BHE 24, oK

-89 -



9

F2 939 Fud FALF: FA AL YAz o AAAYAEE FAsUT o AY
< 2 7

ARG EFZY Rl
2. ARAJA=E 24 7Y

A X wgars)e] A 4 71&9193Q0 “Earthquake Geotechnical Engineering”& 9 =jutg3d}
3o AA APl Aoz Uty FAY & U Ao diF AFANE FAFo A Py
&< XPste #HEe U@dsdfen ok A H2(1999. 3)9] WP= AEb & F(ground
motion), AtH e E<AFAH A (slope instability), 28131 A48} (soil liquefaction)e] g A= =
el B WEo] Mesoy Utk ZF AHgd didt APz sty 1 A= ue 35Fe
2 ERsded, 530 wold4E Ax A €83 28I BolXa $AH L zoiA L A
3 A= H7HE 75 ek o] HFdE ol AHZA FFd dst o 7= @y
9 HEAE AAH7IEE A8 ded, iy JUEE /HAE 35F FPSdAE FES
Tt AMR FHAZEe] #©A, AME AAG S RS E g S 58 VIFeE AHIEe
Hrpgtet o) AEE WEE uIToAME AlHY HE sFoz AW ASYES #Hrulsin
2 ATRE GIS 7|HE o433t FAse Wge] AEHT ik o] WEe Aol g A
d B7tE Newmark ®#e] o3 F33tc WHLZ, GIS 7|Yg ol &8t AA FAXAEA
FAAA FY @& eI ZN olFEy A& HAIE AF T

E A7 E oA AdFF By F A4 HFEis 2HE AL AAAPYAEE A
stgtt. Newmark W& T37] Hdlds QA &4 715 Ao s E, FEIIEE A}
A AAAAE, At AxAL E29 FA, 2832 AlH BA 59 A8/ "Wesig WA
H APEEg AAd7] A3t F 7 Py AFsgn. due Fojd ANAFEgG 14
Aol daf AR A HFHA & o]43d Hu AWtEEE i Pgelxn, g e A
ARFHolA AR A ANXAAEEE AF AHESE Wy, dENERY HHGASS
Newmark7} A ¢tdk W& ALE3te] A& 4 Ut Ao Ax AL ESFAE 2t 39
A AHAT g A ANAEH EFANAY B FA dHE o83 AP HYR
E Ao Al E FAXNEE 7184l 10mX10m 24 Ao o 22 HA=E A1
Ao AlE FHAlol digt dlolHE B HoR AT oY 7R AZ2RE HYs AAEY
I AFHE GIS 22399 Arc/Infosh Arc/ViewE ©] 83t X E4e] Lehgich

3. AAN ARese B

ARAAL Ar2Fol @ Frie AdS AL FHAE ol PN DHIFRI viHG
HAZIE7ISE o8 ¥Y & F71A B2z ojFoxth

31 ARz A FH 4

Aol 2B AQAe FRCE ARHUA FPPo] dojdrt. ZHALE Fs o
371 AAM e AAF dE FEE dolEst dasit a2y dNzdMe Z3 AREF
=7t 2o}l ZF 715 wolEst FAH YA ¥7] dEe] AJFASL IR FHIZd
G A2 AFHoet2RE FARE ZAPEE o83t FWEAM LA e FAEF
AR Z4 dolHE #F8 WAH. £ dTdAE FAHY BAYE ST ¥V A A
g Z44 oA wHAAd(Park et al, 1999)0] AAT Za4 g AHgaH o] ZHHL s
o AZ 2 Azt Fel uF FH A B4 AUEFH et wEdte 6F i
AR 74 2dd 712 stz ew 9rld FuxA AP} vjAde] 54 nesid o
H(H D3 e FAF AL AL

- 90 -



Inapmy = ¢+ ¢ R— InR 4 D
ck = &+ & (M—6) + & (M—6)° + & (M—6)3
A A AWIFEE (m/s?)
R: 24 Azgkm)
M: AR FE

9 Ao Re AL HGAYG oo Agloln, M& X7 FEE Uehdn 2 AFe|A:

Aol g vz B ol 10kmel EAVTYD AR, AW FEE 60, 65 70 Al 71X
g X839t 4714 A48 A9Aol 10kmE APo] HAY £ U= FaAelw, N 7T
2 60 FANe HEY 4 A: Hagolh E 1L 9 Ao HEHE ALRE Yed o)
o,

E 1 A4Y AEEHE Asg(Eed, 3, 1999)

8.459603 0.7562072 -0.05399793 0.01330123

-0.01427469 -0.0001049906

32 FMnTH 7|& HAXA &=
AEARFFA9NE FdEe] QAR HEEE g v gl o] o AAXNA sjar=
WG EFA wat AFFE71(50, 100, 200, 500, 1000, 2400:d)¢] 2% AT A4S (K 2), d7dA
o AITFYA, Do e FAAS Z(F 3), 2D AVZA(E 49 WE EXNENAS GE
5)7F ZREWE thg (4 2)e=RE AFQ
Ay = 2°1-G-g (4] 2)

Z: AWFA ) BE JYEAS

I AA7Ge] g& FAS

G: AWz Be FABHAF

g FENER

AFGA EFT AVzAL E 40 ©E BRI st S sigen, ojs

B HA &4
158, AEF7]7F 500, 1000, 240089 AA7NE/ME =8 2A8E 22 013g,

aestel WA 153
0.182g, 0.26g7} ©tl.

2 #¥z A%

A7) 50 100 200 50 1000 2400
HHE AF T 040 057 073 1 14 20
E 3 F9A%F

X &7 t "
FAA S, Z(gh) 0.11 007

-91 -



X 4. Ay EH
A% omol digt WE XA

Aesl

[gERe| 83 UMY -

® HEREEMS) | T3 T lowlioot | U1 T H ERIEKPA), S,
Ss Fexig 1500 24
S ek 760~ 1500

o =T EARX|gl

Sc o odeixul 360~760 > 50 > 100
So SHEFSH S Ab| B 180~360 15~50 50~ 100
Se elorst S AR g 1800) gt <15 < 50
S £ DS YW 2PsE A8

E 5 BXS4AF

Soil Type Sa Sa Sc Sp Se S¢

Site Coefficient 0.82 1.0 1.18 1.45 20 -

4. Newmark ¥ $] 2] A

Newmark & HAEANE ZAZ 714sd AFA FEAEE(@)7F FBIMEE( a )R
g A% EAZ £3e)7] AREna stYdd FAEA Y ¥AE T F, FENSERG
Z 7HEEd gt FEMETY Aal)-a)E F WU ALSY e AYE Fieq)
(29 D, FENSEEF EA ZAEste 330 EAY AYgYng 7Axe &£ L7450
ot Newmarke] ¥ & AAEANE ZA=Z 7tgste 2N Azige] HadE mestx
233, AAET oA aYdu #3 =F £ FTHE 2R Rie AYzddE BT
g XA ARALES] WEHE R F 3 £ Je Aoz delA AH(Makdishi, F. L &
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D, : ¥%(cm) a, : 3E}EE(m/D)
A - Ao A 9IS S (m/sD)

Newmark ¥ $& T87] $lsf ad FB/NEE a = FAAHANA dAgo] 10] &
Ao 283te 7t Eold, AlHY AHGAL(F)S o) &3l g A4 4T 2ol & § ¢
tH(Newmark(1965)).

a. = [(F, —1)sinalg (4 4)
a.: BHAEE F.: 3% 4u049 ¢3¢
a: AHE ABALG g %58 7M&x

Ao} Aol WeE A FoolA AP dPEe RE AU FRAROZ Ao A
dated, o) EEAAE WY AR AxE AMEY T A FAXNZ Yol FAEL A
stk Estg AMRAA AsEAEe NEDR AN SE Ao AAsAn. A ARt
¢ teel 454 5 6)2HH 4FAT

dz 348 F, = yhgina + ?a?xz (4 5
Es‘:}w:a=m+(1—;—;)-§%§ 4 6)
F,: 34 AuAg ¢ HaY
7 @932 Vet | EFSEAZ
Yo ! B9 ©HEY b EZY 4
PR e a A Az

At el S He7) YA e ANty ZEASFIE 2ROk s, £3] HEAAHE
TAm Fol7AR o AukFs} g A dolest gasth B ATFME aAT gAE 43
gt QA AFe] FANEHY BEHLE FHeH0 @4 #gA F (v, =360~ 760m/s)
2R o] x99 EZF 30m oW EHQY A¥E F 40 W} EFeH Sl

Hd At A= e dFA AAD AEE AdYstd NS H42AY A 2y =
HFHAE Awke BY gholl A c=10kN/m’, ¢=38" = AAAt

FEARY AHEE FIe A4 5 69 4F WF F U EZ FAE AR 7187,
Adz, ES AU Fd A8 AR, f4e HYE Astd 14 o3 2oz @
SEE AHHY 71718 ddHsR o H@Al 2B E o] f3Y AHAL Y. Exe %
A AL g A D 2ok @, 1€ 700 § el ERL EA%A gevn 1A
Yo EZ9 Ad F7E 25mE JHASHT. oWy dFdME ER Ad A4S 3m=2 s}
A&7 = 3] tH(Wiezcorek et al., 1985).

- — tana . . .
Dsoll 2.5 15 tan60° (lf a <170 ) (_] 7)
Dot + EF F7(m) a: Ade) Az

-93 -



5. 4N H4

A o AtAel AAAFGAERY FAol] o] FE FAXNEE TP Po] 1987dd FAT
Aoz 10X10me] 7242 FAHH Ut 2 dFoA AZAAHL Yste] ALEE slRAe 7
7] 20X20mZ FAATZRE Abd9 7| &7& YA 7Y £ AN AHAY A=A
= 4L Y314 GIS T2 Y Arc/Info, Arc/Viewd AHE5tgon A2 FHL 9
A F HFrhYHL dAM AYF T B HLaPm, ¢AE AR E AxAA
EFIAEE BF st ddd ARE ZF 4z A g YPsy HYE AAsge
o I ZAAE GIS T2y dHFeZN HEHA JEAEE Yt

AzAEY Z ol A ot Al ¥Y7 A9 YeyA gtk wetd e Ans
< 25 ZFAEY dig fgAEeltt. AMAZTRAA A AFF]) 500, 10008, 2400 o)
g A AA7EEE AL AYAEE 29 2- 49 zZon, AYAF 10kmol Wt AAF
E M=60, 65 708 H&F #F4ozRy de A ANurlsxe e AYNEE 19 5- 7

2000 0 2000 4000 Meters 2000 0 2000 4000 Meters
— J A i
28 2. APF7] 50009( amy =0.138) 29 3. AEF7] 1000 (a5, =0.182g)

2000 0 2000 4000 Meters 2000 0 2000 40‘00 Meters
3 4. AREF7] 24009 (2, =0.26g) 2y 5 AAFE M60, @9A2 R=10km

2000 0 2000 4000 Meters 2000 0 2000 4000 Meters
ad 6 AAFE M65, AYAZ R=10km 3¥ 7. AAFE M70, YA R=10km

- 94 -



Aol HEAEGN vded T5HA S HYrt dd A AHFe ofj$ 2 3
AR 2¥A G R WHIE A LAA Yol AHE H T3 2R gL Fd3
ATEZ £7 Ave Aot

A AP A 2ol YEbd AAE AP BAlY A AVMEEE W52 st TEZ A48
Y 8). ¥ 8 uEhd wps Zo] Ald ] W FAd] A& Est F5E AR, A
o BAF ARFE A JdEUD USe ¢ F ded 29 8 JEd ARE B9 Awsts
=9 Azl Z@fel W7t 50cm F2o olzeNE FASA Fiste A¥L molm Ut
Y 9ol S0cm WHZE BAsE AME FAGH At Ee] BAE JEURG. ¥ 994
2R JARAG0cm)7E gAste FALH ANtEEE A¥AHA BAS ALe € F e,
olgidt Ade FF AMAY BrHAe Folx AwstE e g A FAZ AA K&k
olg4E # 3U& Helrh

500 g
450
400 PGA(a)
E 350 | i——0130
= 300 |—=-0.182
¥ as0 —4—0.260
- i——0.418 (M=6.0)
e 200 i——0.611 (M=6.5)
< 150 \~—0.875 (M=7.0}
100
50

10 15 20 25 30 35
AtHe| HA} (degree)

a9 8 AR FA 2 Ao AwlEEe At w7

36
34
32
30
28
26

At el Z At (degree)

24
22

o0 & i : |
0.000 0.200 0.400 0.600 0.800 1.000
PGA (g)

29 9. AW WY 50cmel W@ Hel AWstEEe} AR Az B

- 95 -



6. 48

LUA £FAGE UAoZ Newmark HYE 71202 st AYES FrHtm GIS 71He
e AAYUANEE FHea de FeL 4L 2o

1) AQA AMRe] R e Ho AtE st 845 23 APRY FHALZte] 248 2A 44
sted, € @7 WY g9 3y, AARABATZG oY AurtE e Av]e Adaglel M o] 50cm
olde] Y FAT WY FVHE BRYe2AM, WY S0cmE A WYY ouE Zedn B #
At

2 UA EAFE0cm)el WASHE AHEY AAZe Ho AwlEEs) HYHA BAE B
Aoz vehgeh

I AAAYAEE 2 R2RE B AN A” % AY o] G TS HA3
g4 A g2 E2 =HMYIY FHY 2R B8E 9% J|2ARE ATIE 5 AR
wAgA Hee) BEle A8E duxtas] Xz Aok

#ngd
L Ego, B3d0999), “FA%H RAYE A48T AT, AeA AQeY B4E 2 9
4 HsEd AL ¥

2. AUTEFAIN, “WILAZ2ET 1, I

3. Atkinson, G. and D. Boore(1998), "Evaluation of models for earthquake source spectra in
eastern North America”, Bull. Seism. Soc. Am. 88

4. Ambraseys, N.N. and Menu, JM.(1988), "Earthquake-Induced Ground Displacements”, Soil
Dynamics and Earthquake Engineering, Vol. 16, pp. 985 -1006.

5. Jibson, R.W.(1993). “Predicting Earthquake-Induced Landslide Displacements Using
Newmark's Sliding Block Analysis®, Transportation Research Record 1411.

6. Jibson, Randall W., Harp, Edwin L. and Michael, John A.(1998), “A Method for Producing
Digital Probabilistic Seismic Landslide Hazard Maps: An Example form the Los Angeles,
California, Area”, USGS, Open-File Report 98-113.

7. Keefer, D.K.(1984), “Landslides caused by earthquakes”, Geological Society of America
Bulletin, v. 95, p. 406-421.

8. Makdishi, F. 1. and Seed, H. B.(1978), "Simplified procedure for estimating dam and
embankment earthquake induced deformations”, Journal of the Geotechnical Engineering
Division, ASCE, Vol.104, No. GT7, pp.849-867

- 96 -



