g 23k, gharebatE A
A18H A4B, 2008 84, pp. 272~279

Journal of Korean Society for Rock Mechanics

WTo| AT METLE TB{E KURISINEE Bk i

1) 2% 2}
ueE’, suz™, 2as

op

1

Development of Subsidence Hazard Estimation Method
Based on the Depth of Gangway

Yong-Bok Jung, Won-Kyong Song, Sang-Soo Kang

Abstract This paper describes the development of a simple and quantitative subsidence hazard estimation method
appropriate to Korean coal mines using gangway depth information only. In spite of simpleness of estimation method,
this new method gives good results close to those obtained using influence function method when applying to a
virtual rectangular excavation model and to a closed mine where actual subsidence occurred. Therefore, this method
can be effectively applied to the identification of zones liable to subsidence over closed coal mine in Korea where
the shape of extraction is very complex and usually unknown.
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Fig. 1. Subsidence occurrences at different overburden thickness

in Korean coal fields (after MIRECO, 2007).



274 A=) A= YRS

A ARSI E BT N

Table 1. Mining depth data for reported sinkholes(after Kalendra et al., 1997).
SL . Maximum
No. Location Reference depth(m)
i Western Pennsylvania Gray et al. (1978) 47.7
2 Hanna Area, Wyoming Berg (1980) 732
3 Sheridan Area, Wyoming Dunrud and Osterwald (1980) 71.0
4 Beulan Area, North Dakota Dunrud and Osterwald (1980) 24.4
5 Ilinois Coal Basin Hunt (1980) 50.3
6 St David Area, Illinois Wildanger et al. (1980) 50.3
7 Colorado Springs Area Matheson and Pearson (1985) 45.7
8 Superior, Wyoming Brown (1986) 30.5
9 Rock Springs, Wyoming Colaizzi (1986) 101.5
10 Glenrock, Wyoming Gormley (1986) 30.5
11 Handidhua and Deulbera mines Singh (1986} 40.0
12 Humberside & Lincelnshire Whittaker and Reddish (1989) 90.0
13 Mithapur Colliery, India Anon. (1994) 25.0
14 Jamuna and Kotma Area, India Singh and Dhar (1996) 43.0
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Fig. 2. Subsidence hazard model based on the depth of
gangway.
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Fig. St= & o] oJgh %7} Aot} Fig. S(a)e}
(by= & oA ARt RS ol-8dle] 3 At
3t Aotk Fig.

ol Fig. 5(c)= FFHOR 3t
5 X=35 m @l 2 o

ket FstrRaty dhETojok Al 79
ZFEkE Hstgroln 2 dolA AdE i) 49
A F (B E Yol 242 WIholnz A vlA
oA Helll fApkA veldg € 4 Qlok
Type 19} 3% ghabRo] 7|9} AXH7] W = EA)
4 Ao} ) LB AR ALEA Y=25m
ol Y=55 m7A| o] ARHE 2i&F 9] HARE F
AstA] ZEstu g 22 YRR 7IXA ok et
A BAEARE HYAER WHEE o AMS HEET



276 AeY A% Fugke de Qukysheide B7hy Y

2 RS AN SRE A4S £ ol giet AedHEd
g 7PX17H %E}‘

AR HRFE(x, y, depth) HIHEE 5 mo|H
TS 10x10 mo|BE Type 19 75~ S1@=7H0.5x2=1

olitql gol(Fig. 5(a)9] AN F WA T4,
Type 9] 7% dibgol 20x20 moluE =7}
0.5x4=20112] F(Fig. 5(b)8] LFofia F HH F
aAe] fiEAHol E & itk

A% B COBYS o & BFoN 7)
99 WhYe Aol HeiEEE Ahlgen
AR WA Fshsh v BAE AN

41 X|uHEls Y

OORH A2H A AR NISE Wao 2 32
) s Sl 7 e oF 150 mole] 2 m
o] ehxjoh 4-2e] 7ol o] WslATkFig. 6).

(by Type II

& =

(c) Influence function

02 T T T T T T T ! ; N N "
' (a) Surface subsidence with stepped movement and tilting of trees.
J —B—Type | i - - 0 i
00 ~&—Type il
~&— Influence function|
42
o 04 4
o
S
T 06 ]
[
28] ]
10 4
Subsidence
-12 7 T T T T 7 & : iiared
o 0 20 £ ) 50 60 L 80

North (m)

(d) Normalized profile at X=35 m (b) Gangway distribution and location of the subsidence

Fig. 5. Estimated subsidence hazard contours and profiles Fig. 6. Gangway and surface subsidence in the studied mine
from three different methods for the virtual excavation panel. site.



ABAE 530 MLYL 38 BN Areli AE7
#le] Azhs oF 270 mojeh. YHHAOR of HwolHt
WPk Wagsls] ofdnkn eid ot ¥ e 8
Kok ARe] dokiol Bl Wwastol WSk wAR
Aow Fygc

S
o,

2%
N
~
1
gt
o
,
>
52
e
iy
e
o
X,
i
rt

o o
e}
2
N
g
1o

=dl ol Y= SHoR & P AF FEE
et A E2e7E f2A U2 FAEE 7] e AHe
2 e

Fig. 72 7hd B71 8-S 918k 10 m 7E o=
BEYT ] A Aol AEAZE (xy2)HH
o] 32U AREA FUT (y)HR] AFEA B3
Stel ol 2 AIBle] olF AEGLOR ARk 7
S B Fig 804 B 4 Qlo] AAHOE 400
m Aol 95k HEO] 7P B 100 m ofste]

408500 . . ; — ;
408000 -
407500

407000 -

Nosth

406500

408000 -

405500 T T T T T T
203000 203500 204000 204500 205000 205500  20800¢ 206500

East

Fig. 7. Plan and perspective view of point data representing
gangways.

2000 ¥ T ¥ T T

1500 4

1000 4

Counts

500 4

Depth (m)

Fig, 8. Histogram of the depth of gangways.

Bl-g-7) 277

Aol fAsHE A AREE 1.8% £X5ls o8
ERTE

oz Yrrt EAche G99 HE 40x40 m 7+
o2 2agt 5 BE AR 240l 40x40 m YA
Fe| 4 Type N3 80x80 m2] FAPHType 1)
Apgto] Azl o] gt HHEEE ALY &,
A7} A% Sl 2747 EAgcH kol <)%t
APt g 2] HEErE AAE0.

Type 19} A9 #4HA0] 40 mojELE 10 m{bA 9] 7
AR/t YA o® 47] EFE 4= vk whEbA] 0.5x4=2
ool YEE A= oL Asirisidel A48t
& Zloz Fuhg 4 gloh RZIRE Type 12] 9
0.5x8=4 olAre] YEEE 7K 9de FHshlsAlo]
U oz Hg 4= gk

Fig. 9= ol9igt A& B AE Atsigd=
Awojet. 7|& st dm A E7pA Q] Ak 1
3 s Aol YEAGen 25 Gl 43
EoAoR vepfonz B AT Awi U] 3
rErle wvtel] ARE = Gl Ao E AluFch

Type 18] 3% AT S240] Type 11of v|s}
o FA 4= BYw tha AZA e ol
2H A A akel Zro] dEe) A7t S A5

i

202000 202500 203000 203500 204000 204500 205000 205500 208000
East

(a) Type I (40x40 m s

tion window)

408000
40780024

g
$ 407000

it
(b) Type II (80x80 m summation window)
Fig. 9. Subsidence hazard maps using different summation
windows.



Zesith HA) A7 Fao] oJshE 80x80 m (FAZ
719] 24) TS A1ESRE AS FelHel AR
£ Ao eyt

ool YSlME WiTe} A REE FHAA
N AgHom avle) Wslglapele ARkt ol
s AR o) kst Al ARA NEAREA
ARE 2 Qe Aoz wiekech AT Fele Fig
103} Zon] o] 74 F AX AAE ATol7] i
o A= Am7} wobd SRR} AEo e A Yt
o Fejolma Tl A2lateich

#hsel RS & BTAE A U At FHol
s Adolmz Fojsjof shof Coe Do
AAAo] & 4 Yot HHRA) SAEoE e %)
ofoln] DAL 71 Aok ERee A 913
b oS 1 AR @ BRI} Y Aolug
g Aelof uslo] S4HQl T4z} Do How
sherec,

SR =H7} 23 DT 02 Pese) dEs)

Fig. 10. Estimated unstable areas based on the results from the Type Il method (A : portal area, B~E

ARgs e Bk A

o g o8 FoME Stes WEE 5 9
ot A2 obA WA Tk &, A= Ame
T HE JolEE BT e glou A Bk
o} ¢ Aoz Hsheidol &2 A9 A
o B7RE 4 ket onE E 4 Slrk olERt '
Hofl gt Bk Amel AaE Bato] g M2
7P AMgshe Aol AmAta ol BA| Eav
ghe) A d2ze nEshe WA eR HIT 4 g9low

ol gt 7+ Art Wasich

o fr

5. 248

2 Ao A=l AE Rk 272 31 A
SHISHIEES Mo g Briske s sk
k. 7gel AEH ) st AsiiE=E B 23
71E9) RS ol B3l B AFe FARE gk
£ Ak & WS AR Pate] Hgste] AUEE
Hrigt A Autgst et o ERE 4719 A
T Zo AAR RSt SR A o] 2=
Zutg =2sigth mebd & drERg AdE 9y
& BFAR ARg, e At ARt 22 5o B

Subsidence
area

: unstable area).



gzt a7t 279

9 AR RN e Y AL T o o)
SestAE avael AIsINE Brivolst
ek,

B ATEANAE st 42 B B AR
o HEARIE Aggon B et Ay
ol T Thatt el SUshch oSAUE %
e oA et Az Bame] i AR ARE
EESH U AEAR Qo] 4 TS, He)
T R D LY EERIRURRER
Ga #7h ATE 4w alolck

R Ho
e

g FATALAUDTY TRkl LA
A7) U Bhgo1e AgA TS Uste
2 SyEigenic:

e

Enr

1. FAFRAFIHMIRECO), 2007, 353 FaAE 26t
F3te) A HrP|H 9 AZEY] A p.18-33.

10.

- A71E, oIAMR, 2 ¥F 9S4, 2005, GIS9t BE, B4

719E ol 8% U= IAR w3 3 A9 Ae
ot A&z 2P AT, 2005 WA LSS FASGEE
3] 9-94.

LA BT, 2001, FARSIT W Ak 130) B

ol2H o, ATALTRIA, 383), p.188-201

. A st d, 2005, HERAHARALY FEA

o F=ETA, 2005-03, pp. 285-299.

- AR, A71% oE, Ads, 954, 2007, GIS B

FERES o83 Heg AgY AREASH AF A5,
ALEAA A, 40(3), p.295-306.

. Goel, S.C. & Page, C.H., 1982, An empirical method

for predicting the probability of chimney cave occurrence
over a mining area, Int. J. Rock Mech. Min. Sci. &
Geomech. Abstr., 19, pp.325-337

. Kalendra B. Singh & Bharat B. Dhar, 1997, Sinkhole

subsidence due to mining, Geotechnical & Geological
Engineering, 15, pp.327-341

. Kim, K.D., Lee, S., Oh, H.J., Choi, JK., Won, LS.,

2006, Assessment of ground subsidence hazard near an
abandoned underground coal mine using GIS, Environ
Geol., 50, p.1183-1191.

. NCB, 1975, Subsidence Engineer’s Handbook, National

Coal Board, London, 111pp.
Whittaker B.N. & Reddish, D.J., 1989, Subsidence
Occurrence, Prediction and Control, Elsevier, p.528.

PR
1980 Sharrhsta -Fafofet Al egslt
Tt
19874 Qistesta st Ap-ebashat

Bl
TN

19999 olrjeti sty Xeg st
Fehpat

Tel: 02-868-3255

E-mail: kss@kigam.re.kr

1982 Ahg ek Fbckst AHlEsint
ot

19861 A2ista ofshel Apdgsh
Fapa)

1966 T oligeul XA gt gt
£

Tel: 042-868-3247

E-mail: songwk@kigam.re kr

A7) AR ALY ALY

199410 Agoista Fatcfet e gstat
23t

1996 Mgt cfshdl Aagekay
oA

20001 MLTfat tatel A7)
2% g Bepaba}

Tel: 042-868-3097

E-mail: ybjung@kigam.re.kr

A FEA A AT AP AT
Adae



