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ABSTRACT

KEYWORDS

Purpose: Recently, the ground subsidence has caused social problem, because it occurred

life and economic damage.

Ground collapse,

Variation of Ground

Method: Ground subsidence is different from a sink hole. Ground subsidence occurred

cavities from loss of by groundwater flow, surface layer is
and expansion.

Results: According to the survey, the caused of ground subsidence are classified as

water level,
collapsed due to relaxation

Groundwater flow by

numerical analysis

ground cavities, surrounding ground relaxation and pipe joint failure.

Conclution: Cavities of ground is mainly caused by cavities

formed by rainfall induced

infiltration of the heavy rainfall, loss of soil due to rise and fall of ground water level

and repeated sewage runoff.
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42 Sl YaE (sinkhole) 5 AWNFE L AsHAYo] AAT ANEAL SF}L Yk 4R AAYA

AT HUE 8 SARE 258 BARIAA ol A2 1lm AZ L2me) HHE 280 WSS, 2014 88N

ALERA 42E5 B2 52 FRNA T o4 42E, FF ROV BHAE 5 97k FFha ek S

ABEE A Bo] MYE SRHAA] AugEo] A% WAUTHE Hol A B4 smar ozt 217 H3) AR 375
7] o

T ITHKim, 2015). AFF(2012) o wEw =AY e S5} 20109 =0l 4357, 20129 50 6897,
2013 EeE 8450 0.2 vl F718kaL glow, oleld FAIE B 3718 A0 odua olrk, AurEs Yshe o
b AgloE sk ot 2 BNl B 22, 4 SEERE 5 ASANE £4] o3 24, F2 g
sl mw M B4 S0 o3 WA 5 A 7bA A5t 7P el WA 0 %eld Urk(ung et al, 1999).
NE55 FH A FAUE 254 B4 WY JAEe ASH A8 5 BEAAN BY U0 AF 454 WER
AN 01 sl A5 ASk] AYAS RAFAL, EAAWNA A7 BT SRFEE F2 FHFED 3
o % EAREA o5 BT Yovl, o] WE Fopol WA WA st MEA EAFUE Aste] A7

Aol ARk BAY, AFEe] Aol AZe] FE, FHEA S ANE EAS FrEeta Aok Aol HA B2 19
Aol M= Asprdzol AL, F-A $7F BEo2 AvSo] Ak rt FAHE WY, w2 TAES Hole =A4A
AXe 5o FE3 At Eo] Bot dUHoR 1 ol Aske Astel] wE APadd mEHo 9l

otz sl B == ARk

webd, o] EEAAL o] @ BAIE Aol alstn tlg el 918, ARFAL A A5e] A
B¢ #9A4HY AFE FPs] ABHL FHFHAL

73wistol wet A o] EADE R EHA ggo] Aska Azt
E‘M‘iol FFARE AASHA] Fato] o] AHke] A A Y&

o}
5 .
gt A 2710l ARk J'Eol %‘@ﬂ% ol |5k Hoe Aagol# §olZ o AU 18y E2FE
e 2 AREH I glor) g zjolvt °)J’4-(Seou Metropolitan City, 2014, 2015). T ¥<lof ulg}
3 AHIER Yot ARHES FEANA O #Asa Q)
TEALS A3t wE AV EPH e Ao HZ 5538 HHE stor, ZHd & Y A7lel mA=
A = AA
Ll

Aol 4Bl =Fahgol wet @A) = WA o] AW 2 AugEe] FAS WASIL Y= FAlolth hgoE 43
o= H3PAY G AWM SR Qlste] HAWAW HAHOE SR Adho] FFo| B4
ko] $371A) Qoluhis WAolth, WHRle] AR (EXFHE) & ASE BRY H5E BE, AHAY) 2

o=

ol
Ak Yo EFRE0] FAE A3t FFol B FAE o] Auko] G EE YR HAaE
p=R

X}Oﬂﬂ %J?l"ﬂ o]ste] WA= WHA A HHEHEL QI9)F o2 WAt dNoE B 4 9k A 8o o A E

3E, Fety, TAICE Um 5 QU o9 22 ATEY A5 F2 &9 A o BAA EE giRES Y,
Aot AHko 2 o] Fojx o] AIEHA 7HeA-2 A9 fith AAZI Y= Ha“@%}% A&7 Q1914 e
HAYSHE =235 FEEojof 3, A Nkste] FelE BRshE a3 2ok @ A3 (Settlement) : A|Hke] 31EFA S
£ @3l 2o 28, @ $(Sinking) : A¥ke] 23 I FeZ H3tE A, @ AT E(Sinkhole) : F2 43¢t A Hko
A AR Y] FEol S ZOE st e QYA FFoZ WA FFo] U, @ F (Cavity) : AR ¥l
33, Aage] B 21 F9 R FE Ao Ao o) BAE, kel Aol 82428, EARG] A9
A AP ES] o5 (BEAF f3) o2 TAgitt

ko] s47k BhkE a9lo] lste] ANHL Yol RANe] P&OoT B)sof Wit WS
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ofm|gieh, ANk Auko] SR Jheleks WAS ek We Mslol o] ojoln, AMFEE Antol & el Y4
2B v ANGEE A AFH ANFES AAUH AVFEHID) 2 TS 5 AHEHT 5, 2015),
AQIH AVFEE $Uh HIAA AVFEBQNY FB)Y FRoE AL HAT & Bahd §3
(Dissolution) ©7] 41 FEH& FE o] Fojzl Aser Akl A F2 AT 28 AZHEL 48%F0] A5l
$1500 A% el 3 Underground Caviy) ] J42 7, 35h AN 22 A3} 24k w4} 9201 WA
U SRR ARkl A] 9 A Eo] Akl AEske] UNo) AZo] WAHEA FBo] ¥ Stk A3k
Q13 Aol Tl A FRAWH A5 FFL vl9) ] 2/WFolE theeA, A7kl Aol ek A3}
) WFZ Q3] ARe L ATA Raln $3) Aok A2E Sinkhole) & Exe] A=) T} A% 8o, AE Hah
Y A% BAPoR TRAL AL §HFE A FB wE ot BRI g A9 jRRoln A5s 2 B
2 A% Fe AEFY §/h FEER Ao} 1WA T FFol v WAIT AE P3P EFo] APES
A9 deeln] 2 28 72 WAL, of A9 A2TL AR S IAHOL WU Aol §
W A FolA BB EFo] HES B FEHE AW A9 WASE A% BAFe G dim Jagol o
bl BA WS Aol viste] BALYA dojuy] WE 1 337} Ak

Fig. 1. Case of sinkhole occurrence(Kim, 2016)

2.2 TAMX|o| X|UrstE Ut

S-gutete] A HkgHE o] WA Al = BA] Yokoy XEhg ok ALEI A - SRR 1 59 o) f 2 A1 ZHe AHhY
71 Ws) wAska ik 20149 A AT w3 AZS Aol A G AugHEL sra] s oF Ao
22X B2 FH EJA FAZ DA QL Fho] AREEAM AA EGS AR Esta Adko] B3® Alaelt), 20083

F5 o4 TEAolA AT ANFEL Ae] AR 547} 52 B EAATE FUHBA B8 Azl
A2 $23 A9 ALA, QAA, 7% B Fol A AukgBo] ALslA Bk Stk A LA 20109

b7 RE 20143 7R 7F29F A 27 2m o)l iy A WHSHE 14707 ST 20143 ANEHE Y 29L& A,
TET, ST o, 847k F 5ol DT WA A2 Auke] dAoks, B e}, A - st v FolH
A3 A9 goto] oL XE T EATT. 7= AR NN TE 24°‘ AE F oFE @A O HET} A7)
2m Zlo)Z W ghol Jl dro] T AnE BT A Ashxet of AW rE A Awke] kgl A
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AME 2012\ Zo] 20m tha AwkehEo] WAt F3 Fold QEHlo] FXAL Fal AbdsteE Abad HAE o
Sk A ARE 2ol o2 9] AWghEo] WAt A2RUYLE FAE At 954 FAF 5 R FAE 1S
T Sl A AWgHEe] JFHoE AT FT LH7E, “WE%—W AT, FAA7NE T AwEe A4
05~0.6m, el 0.05~1.0m L W@ & freltt 20144 84 59 HZASAE T3Pl BT AWFE
Z 2.5m, 4°] 8.0m, Z°] 5.0mZ Hlwd T Fro| AugEo|r}, AEA|5}x% }E AAE T A AT FH A Ho
5.0~8.0m, Z°] 4.0~5.0m, 9% 80me F&<& HIES U9 F5ol —r7}§ ef HA
AEA oA AkehE A A0S AN, T EAE AN E AR oS ke Folth AgAE ANMEHE 9Q
AL 8] A2RUYE FAE Ak 954 FAE A - st ER R %?Jrgl AHA 2AFE AAISHEH.
WHhE-E B&ol A Astr A urbaA A1 B&ole B39 Adk WES A7) AL, o] 2@ At UES A7}
=7 1 5 XIZHE%# 71% t&ﬁ} I A AFA dEfoll A 8] AughEo] WA TE TA Ao A Akt
© Ao] I Aol & & ok 4B T A r| 299
Z7] meFe] ZFt, 20059 6% ‘a*%%ﬂr 2008“1 5¢ %%% o A H“@fﬂ X]HW%E %f\} ﬂﬂgi Ay giTh, A s
£ Wol o] &3tH Astreirt RolA A, Askert e o
A%7F FUA AdghEe] WA EE 2 Adree] MEe] FH Y-S & Aok

[ol

(c) Collapse of ground

Fig. 2. Process of sinkhole generation

(http:/ /ncc.phinf.naver.net/ncc01/2012/6/20/143/8.jpg?type=w320)

- 402 —



K. S. Jung - Journal of the Society of Disaster Information Vol.14,

Table 1. List of sinkhole occurrence in Seoul(Kim, 2016)

No.4, pp.399 - 408, 2018

Occurrence year Place of occurrence Cause of occurrence Case No.
010 ISET AWLFI ST 55 BA, A )
(@3, 2 8H8) A3t
%fﬂ% (Ahﬂlgfﬂ)
2011 I LASAE), TRTLGE @), AN (YD 2 F4) 12
ZYT(FS A
2012 T(HEY), A 557} e 9 23
AAET
2013 MzFES), 2R ) (At FAF AA F74) 4
239 5w FAE Y3t
BATAEATA, 19 wAE,
2014 T3hs), deET (%ﬂ/l&ﬂ) CRE N 5
SN EAFAE)
2015 &4 Al e, sdllE, =9 R e e 11
3. XIEkastel lolEME 9ist BiEEA
3.1 CHAX|Ho| X|Seig
AFAL AZARE BAANRD AFe S, HAS(YE, mo), A), FHE, Fae, /0 o2 RIshe
Ao & IRAHAT. Mg Fe AZ4Q HEA YA Ald (29) A 27t + AR, Ht o—?E °F 4.6mo|tt. ¥
e AE, weloh A0FOE THHIU, Fig 38 AFTH @GS ok Zolth ATAG Y AYEAAY A} A
FrHlE 6.0~43.9%, HIFTS 2.627~2.730< YEhiH, FIEFHA T Fo EFA F& 74488 SP-SM,
GW-GM2. FHAG. AEFEFAE A4 1.78X10-2en/sec #& BRIk MHEZS ¢ 3me] FAE ]_1_ ,\1011]

AE ZP—M “04
2 9F 12.6me| FAo|¥ SP-SM, SP, GP(ZE&IQ]
Az FHF5E o|F
o]l el sHH o g 1 2% 20~75" ¢ WMo JAY REHo R A
o] ¢ 9m FAZ FAEo] Uk Ffrh o= SrHdH FAHnpgro g FAH WA Yl AEE=
B EL 102.7m% 537} ¢
3k GL 22m) el f1X3ka Q).

B2 mef-

m Aoke] ]ukel

Jom tgA Y

=
o
o
=

S
=
Fashe

Sl mAA o R FARFH ola) SP-SM(YEt Bae we) = vehih g% 5
29, 3R, 24 4D 2 ol ol glov] AT Y=y
29 w2 PHE SHEFO sH
A% FABE TAY WU} ¢

At FIEZS SMAEEA AY,

ot ER A 9% B Ask9l= EL 107.7m$} vi=

Astd 25443 85419 vieE EL 93m F2 (A3

Table 2. Profile of ground in research area(KSCE, 2015)

e}

= 33

Sl qhb

5 o
ot
koS o X

j,:
R i
_?Lrﬁé;ng

Item Depth (m) Composition status N (TCR/RQD)
L e, 224 AEARY, MY 2 2P R
Deposit soil 0.7~9.8 | 3/30~50/1
HEARE, RYHALE
Clay 1.6~10.8 etz 2/30~19/30
AEAnd, AQED)2d, 424 2o
Sand 1.3~10.6 oL 2] o ) B 3/30~50/22
AE 9 wgjaol A7
Gravel 0.7~15.5 = ""“ﬂ o zm) 5/30~50/2
. JHg T 2Ed w2 74
Weathered soil 1.0~7.5 E%}_‘?J_»«uﬂ-?—}_?.__] © 28/30~50/3
Weathered rock 02~7.7 AEZ wy @ dHog A, vjexUg 50/12~50/1
Bed rock 0.9~71.001% BEF-AFTE, RS~ RedE~meAddad (0~100)/ (0~100)
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£n dojeL) £y

ez — 3im 3m ME QIRZ Mol Ut 22k naf (sp-sm)

A E Mol oz S2kn gl (sP-5m)
EH5 — 13m 16m o 229 52 22 (sP)
DM Y= BHAL(GR)

E8EX | am 18m MEE M WX =3 223 (M)

7 stefo| Eaioith

_ %Ixjﬂ* b Aﬁ,jﬂ‘h,x?_l'nﬁ
e | e m So g b
At 37 HEY

T\shers SEEhE
BE= 55U UH ?ﬁ“
SHBEdRERY)

Fig. 3. Soil profile in research area

3.2 XIsks: SEMMS 913 DHEIE MUy

=

A5 2P §3& A 3747k Aok MR NS ol gt N mRY 2718 obgE, Yud
FdET 52 ol §F 2RI RAY, Jel1 VALY, VAW, AALLY T AN WAL 0§ FHHY 3
walolch. s144 WS BRE 5700 UE maFel At A8 4 §lor], e e og 7 Aol glont
FEa-tAg AN Byt AAYOE 8FNE A ASHA SEth A AlA N 4H nEe
2 7R BHE A5s ABAE ABUACIH T+ Qo A4 B3 O WA BHT & Y FHol Yok

PO B A3 FEHS AU olgHE UEHA FHNYA PPOoRE FEAHRYEDM, FHLY
(FEM), A 223 (BEM), 314 4% (AEM) S| et olFa4 fa3HEmo] 7bg Lol gA0nAE Razos

ola Y& Ao
£ AFoA AME-E Visual MODFLOW Flex Z2 382 o8t FX|3]| 44 W FAAME At < AMgshe 3aHd
Zdo|H DarcyH A& 7[Eo]E22 3} (Yoon, 2010). A3ty -5 Fealr] &l vl= A& ZAR (United States
Geological Survey, USGS) oA 7023k Visual MODFLOW FlexE AFE3F9 T (Leake and Lilly, 1997). o] T2 1S
AetrsE, LHEEC]F T A AEHCH & AT 3AY At 5 MHZRaHO R A3t SE Ug
e & ARgste] sjAlEtl o, AR A Astre B8 IYASHrY 5 £ 4 vhssith =
B2 o7 FAH glo] Had RET A oT ALY £ ﬂq(Chung, 1994).
ARAAE A% A FEA ASE FFAF7 At A T3 AT FoATe 13U GAS AF AR A

1= i
9 DFUYA 212 HUALEAN DA, FA AGHE AR, B SN AATFDE AT AL 8
F B3 9 o RS AP ATE Bz sk a9l 4 dule 9 97l Fehot AU Ao, me-

- 404 —



K. S. Jung - Journal of the Society of Disaster Information Vol.14, No.4, pp.399 - 408, 2018

AZR o] Fo|H FH Fo] W, ik U = (fissures), ¥ (crack) & &
St itk UA AFE AWMRAIRIA G TFHUGA uigAubeA Y i {FEFS Fst
(calibration) & AASATE ARERAN HEAFA tidAde] AFE EFATE
10-4~7.18X10-3cm/s, 3 2L o= 1.09X10-5~9.62X10—4cm/s, 71¥4= 3.96X10-5~5.71 X
10-5cm/s 2 Yelgth 2d@dES B3le], B 4o Layer 19 A% 1.04X10-3cm/s, Layer 2+ 2.37X
10—4cm/s, Layer 3& 1.23X10-5cm/s & AAR3IHTH(Table 3).
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Table 3. hydraulic conductivity (unit : cm/s)
Item Sedimented soil Weathered soil We:(t)}clired Rock fracture Bed rock
Max. 7.18 X10-3 5.53 X10-4 9.62 X10-4 3.93 X10-4 5.71 X10-5
Min. 1.32X10-4 4.85X10-4 1.78 X10-5 1.09 X10-6 3.96 X10-6
Applied 1.04X10-3 2.37 X10-4 1.23X10-5
Remark Layer 1 Layer 2 Layer 3

4. Xlol+ 73e1E L FHAE HoiAL E4

4.4 TsS 7S OIS W EAA

A5 BEPe ATAG N AR B2E Askre] EHL sotely] Astel ATk UNHOE ol
Foi71 AAzA W} Aslre] §50) AAHEE AAZALE ddste] Astgle] BEo] FHE Ay

]
A2A A5

4 L
fol
it
tlo
i3
©
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N
do
okt
2
)
12 o
R
ol
N
o
offl
td
1z,
o
tio
&
Og(:’:
ol
2
o
N
okt
&

Fig. 4. Watershed of surface water in modeling region(MOLIT, 2014)

AE Aekr F9S FA o7 mdlgo) 288 AxPS Fig, 59 2Fo] A4t AAA 02 100mXx 100me] AANE] A1 2ks}
o], 10mx 10me] AAZ v & AliEste] Asigint. Baly Joo] 552 7909 AYu g yejete] YATEAARZ Y,
27 g9o] A&} B5E8-e sPAAR sl AX|akaL Qo] sPAAIR Attt AsrEEo] X7 A9e A EE
o] Zlo)9} BEAde yefst wiSAAR st AARA we] 99 mdyg 84S 2k nZAAARE QEsisnt
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0___05 __iskm N : ] . .
(a) Wide area groundwater flow modeling grid network (b) Wide area groundwater flow modeling boundary conditions

Fig. 5. Setup of wide area groundwater flow modeling

39 A% 75 2 g Felan 54
Fig 60 UehIgith, 23 452 95kl 857 B4 Sasidth, A4 Aske H50E 3
A TERo] G WEAAS BebAl Askee] 45| TAHOE s @4l tehith, 3 A5 §F 2EY)
2ao] ATAGe A5 5l e ANFA AT Hokshn mBYo) o A7 FRE sk F
A9 e A 5 AZFRE MG B A 5 B ANE vigoR s FEA) e HAa FRe] Ashse
7% B9YS ANSGOM, Fig. 8o A7HE Uehigich. B9 2a=e] F99h go] RUPS] AFS Aste] BrA BHE

[e]
o

ST AAHL Ass FEVFE B A FERDYe A% FUT A34F ek A

o
fru
Ao
rO
)
32
T

e=a ]
- BN

Fig. 7. Optimum scale ground flow modeling
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Fig. 8. Result of optimum scale ground flow

4.2 X|3t-2 HE0| WE X|UretE Het

As59 WBE RS Wsgn Ay @ o1 Stk Ask7h AAs FFHA Rk AsrolE AL oz 44T
Aolm o= AWRISHE FUT & 9l shpel Agle] Bk Ao thiio] melo A0 o] AAES THH Ao

A ABE7E AR k7 AU R A gHolA S B 1FH 7L 05~0.8F Eoluh, ZEE} 097 HE Aol

A 38~44%2) AL Qlo] WASA Bk, AT Ao AFe FREIE APE, B, AT £o8 PHHE
Aol Aot 45 HABAe wek GHAol F YRl T4 W AR B 718 A5 B
Sk, ATA G AukEA Ao APE] FHASE vIokAA A7 A BAT b Atk ol Ase WE
o o3l A7k WA FA el Bk ol FRELS 9wt

@_

iil

Azt AR sl FAEHE ARFES FHALATGH] ATE FHsq dBEE FHA A

A Ake] At Azl oIz FFalAE st AR AstrfEo] AWeEe] HA o dARd S
‘} 7%4 A Ao 2 Yyttt Visual MODFLOW A7 xlsf Aol QlojA A4t s Ao hE &
A &t (Discrepancy) o] thated s A=E A S At 1% o] AL #2355t Visual MODFLOW HHwH o] A&

A A3 HHES - IS - 7S] ARkl EFE0]l B FHEE Eo] FEHAL e AL 34
HAth HAESAAME 4B $359 ot fFE297F AFUDGAY} $59 FE WFO R FEHE AR Ueston ot
FSAME HHESH vude o LSLGA A} 45 FE27E FF FFASE A Yebt 71kekS =3 ot
TS Bl LS v LFUPA AR F-e} Q1] FFA 5 B A 2%

} 2A B Aoz et weis un5dd

FA T LA FE277F S4B HIREE R BAENOH, fE25et
Zolgt A=A

(2) 33+ BB BA o= A 20l =6}

£ webA Astrd f5ade]l AH R v 3
Aty freRdde Adet 93 AHE HeRA Bl

(3) Aet$] Wl 2 ARke] Fo] Fretal A3t Wste) AukshEe] AAHE AP EC] IE AHHER
TAE A5 - BEAo] Y-S FUsIHT

AL frase] AukgrEol WS

Ehgith. A5 7 xgo
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