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Standards for Ground Settlement Management when Reinforcing
Ground in the Abandoned Mine

In Jae Yang*, Seung Ah Lee, Dong Ho Baik

Abstract In this study, a new quantitative instrumentation and measurement standards applicable to the field of mining
has been proposed to improve the problems of the current measurement practices that apply the measuring standards
of the civil engineering field (road, railway, etc.). With the data coordination of the mine reclamation corporation,
we collected data on ground subsidence in the abandoned mine area, and studied various techniques for establishing
a new management reference value based on the manual measurement data measured in the field. As a result, new
instrumentation and measurement standards is set up and proposed by using statistics like the average value, the
third quartile, the 95% confidence, and the maximum value.
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Table 1. Measurement survey list of abandoned mines used for statistical analysis

Site Ground Subsurface Structure Structure
Settlement Settlement Inclination Crack

Geumgok(gH=+33-3lj ] 3¢t 2013.10) 26 5 3 -
Mulgeom($H=+333f| &2 5, 2011.06) 9 5 - -
Chungyang (3338 22] 3¢, 2011.02) 12 - 2 2
Mungyoung-Gaeun(3+=+333) 2] 3¢, 2010.12) 8 4 2 -
Samchuk-Jumli(1)(3F=+33l Te] -2, 2008.05) 12 8 7 7
Samchuk-Jumli(2)(gFH=333l| Te] -5, 2005.12) 10 8 6 6
Gosari(3)(3H=+g-aj 2] -3, 2001.10) 3 3 6 7
Hwajun-Chulam(g=+3-3f 2] 3¢, 2001.10) 71 11 - 23
Sodo-Dogye(t=-33] T2 3¢, 2003.05) 9 7 -

Simpozi(3t=+3a) B2 3¢, 2003.05) 12 11 8 2
Taeback-Jukgak(3t=32-3 2] 3¢t 2006.09) 6 4 - -

Table 2. Measurement standards for each measurement item
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Measuring Standards

Ground/Subsurface Settlement
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Fig. 1. Statistical analysis results for ground settlement
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Fig. 2. Statistical analysis results for subsurface settlement
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Fig. 3. Statistical analysis results for structure inclination
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Fig. 4. Statistical analysis results for structure crack

~0.06°0] SIE 7hx|m FT) 0.185°74%] WA Ho]
Qck. ole} 2 ATFEB) A AZH ol chet 5
B4 Ane] 71&7 oAGTH] BARA Autet 13
Azge)71Ex10ke] A, ) AZA|e) oo} 33}
Azger|zxoke] AAK, Bl A8H 13 A%
Pre)7|1 29 BARA ATgtute] 2o 5) Ea A
7\&3 et diEdolsit

A2 dolEolA HhAE Wele] AES Wy A
Pejof Qlof 2 oJuS Fot. A o] HEAx| W9
7} WAk Ho) Qirke Ael7h Bk B B4 @
oA HHAYHE w910 Al X ERE ARG 4 glek
v, AZ e Lol e e At
g S gk AE7H BAENE WS Hojak
23S Holy] jFolt. AR AZ7|E0] FaA
o] E thA] HEE Wast ek lolck

AF2B) AL AZA| 0] gk 0.185°91d] o]
L WA A A ARER) ] ASee712(1
2} 0.229~0.286°) ZE3A 13} Be)7|EH] Yol &
oot Afo|xgl B BN A g3t Bt Y= E ot
2 912)7)%9 Bjerrum(1963)2] ASTE)71Z(1740.115°,
27} 0.191°) Aghd 13 Bel7]E Yol Soiex]
a1 27 )71 Woll Yo o 4= Ak ol
SN 718 AZEASAL AS HHNGA Be71EL
HolAl) AEARE ol xut ofd AZee]7]ES
Ashkel whet WIS Wejzke] Zhxl: ou)rt o
Bithe A Wik

Fig. 4= AR(T2E) 90 e SARY 21s
bl Aol AB(TEB)TY AZo] Rt EAE
Mol A 671 BAN AT 647e] A Tlole S
A8 7L AT, ASHEZES 125 mm, AHESJS
L 112 mm, AZE 95%((FEZHE} 1.80)0) A= 1.70

mE AU 647) A ol F HAZE 0.01 mm,
Hezhe 10.7 mmolgick. of uf @golA HEH A=

8



et Aok 299

w7|EA(12h+= 15 mmolt}. AE(FE22)d @A
de(FE22)d et 7R dstid ASE=
(R3£s} AFshell vlsl =Fo] WAl g2 Holth
ASH7IES 67 FRMA =AEktE)(2001),
WA AIA (AL aET) 5 27 71 w7
ol AL

ofgigt Ay st Ae(-2=)HE> 112
~1.70 mme| WS 7H 2df 10.7 mm7}A] Y
gt 2ol Qlrt. ofel 2 Au(rr2w)wtd ASA O o
o AEA 23] Vled oAG7H $AEHS 23
oF 121 ASB=7IEX L] A, A ASH 9] 9
e} 32p AlSwE]7IER ke A, FARlA A8H
13 AlSde]r|Exiet SARA 2agiae] 2ke] §)
ERE A T)adt WEH tiEaolsith AdE(EE)
w8 ASAY Hig2 10.7 mmeld o= oA
283 12 ASHV]Ee WShe Aol

4. A

I

22[7[ZEXI(2h)

4.1 Y A=S22|2 EXNH

2 AN HPEAGE R FEE W
ASARSS kL o5 T SAEHN A
Ve ARTES o] HlolEHoAgstal o
WaerE ARgste] 471412 FAIEA AaE =Es)
Fch ole} e AT oA FA HFA|HoA Y
HaL e ASE] Ao ZAEES FokE 4 Itk
ol A7IRE SAEA 23 ARloM e on] e
= HE Aok SRR 2 AFEVE Edi2 AAskal
A sk ASEZIEA 2Dl 9A ol2Rt A
welo EAHEES & o AL R Vst gk

A ASFEHEE € ¢ o & FeAST
AEAS gt A gl ZAIE Ttk A
S A ASE LA Aol w1 8= <
ou7t ghe Zloltk Zzke] Wil Xl Aol

1z > rlo

A

N

Fore AssAE] tigk Aol AseHAIES 5
AZ obd Abs o2 WS elofF= Aol T
3] 2 AAbEe] EIAPZIU o714 ARssit A
2= S AME Qloj=r]e oIES VIS Wi
of +EASAY FFeE FAR FHsP = e
“pgA| oA ] ARE st Bk SolE waol A
Zis i ARl ASAE S e, S oHE 3
FEUE 9 mmeks ASA7E AHRSE o Lo
9 82 Aoz o] Hrh

2 AFE FAsA HZA oA 9] HEASAE

2 Hoeln WS kS sk 2UHoE 117 ¥
Ay Bt ol ES ErlE BARAS el glo] 4
YA F B WS AREo] YUCHAE o B
BPES L4 wche) oS el AugrEe
P2 4 oS Aotk uehd F Farore] A%
ol glo] YR 7o) jska] W Az} of

>

& AvetE $EASS B 7lextEel A4 Fls)
37|85 BAHs ASESL H71E vha,
A AST ) 7H 2 EARES Bauiet A7)
A Az )% AR Qlek. A E e 2
2t AJure] Wet AT PHOR L Yol
Byskn AZwI1EA) tel Ecka 2zishe
T 4 ook b AZwe1E ARl glof AF
ek W @Y A A A Bol Btk A
S Aofsiol & Aolck 117) @el A 4T AZ
Hel7|Ee AmEw oitie ERAgeld ARk
£ A A5olth ol ARkl ALSE Az
7)%o] gicke A WHEshe Auelr|E sin] WAl
ofgte] ASel71% vigle] tiet Lange A7)
ol ZolefaE Wi 4= glck.
wgHole] ANst A ERAgY B8 F
weo} HE ol Auke) AFIE thack BE B
o] AR E At vhet 2ol x1E W
o s SR Qls) HATANE s
ool H|Zo0]7] uje] EEofe] Ak AFA}
A 2 S gick e, sl ge) s
£ = gl Ausiel s & o 1 gele
chach HEAGe AR o we ABAS 7w
QUL ol Aes| Bipstn BB Ee 5T 4
§7] wjolth. FasHe ASTEZH (DL ole} 7
© gakHolte] ASly|E Hee Sfat Aol
o o714 AMEE HlolEEE W s clel A A
W7 BANE ARshEA AR ST ASE g
ol

N

ol

RoAr

-

b
U re

gl

&
Of
)

N
o
iy

®

P
=

-

Lo

42 ASBR7IER|Q 4

B Aol ABANY AZ2AE NG Erfz
Table 37} Table 49} 2-e akioke] A\Zeke) 7] 24|
(ehe ARtk ol TFAGoA AT A
sfoll ol HABAE SHstEA A2 AR AZ o
ofejo] A3k itk £ eAolA o A A%
Bejo] BAHOINE At vlet o] Wikoputol
Az 2 vhIsl] $at 12T A 271
o AZTEIEA(HS Ak

Table 38 AZHe]7|24 Aol et 19k02 A,



300 A AEAA A B Slat 71
Table 3. Measuring control standard (Ist suggestion)
Ground Settlement Subsurface Settlement
A B C D A B C D
5.6 6.0 35.7 25~100 4.6 4.6 69.8 25~100
unit : mm unit : mm

A : 95% confidence

B : the third quartile

C : maximum measurement value

D : 1st range of current measuring management

A : 95% confidence

B : the third quartile

C : maximum measurement value

D : 1st range of current measuring management

Structure Inclination

Structure Crack

A B C D A B C D
0.058 0.060 0.185 0.115~0.382 1.1 1.7 10.7 15
unit : deg unit : mm

A : 95% confidence

B : the third quartile

C : maximum measurement value

D : Ist range of current measuring management

A : the third quartile

B : 95% confidence

C : maximum measurement value

D : Ist range of current measuring management
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Table 4. Measuring control standard (2nd suggestion)
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Ground Settlement

Subsurface Settlement

Ist 2nd 3rd Ist 2nd 3rd
4.9~6.0 35.7 100 3.8~4.6 69.8 100
unit : mm
Ist : range of the statistical analysis results (average, the third quartile, 95% confidence)
2nd : maximum measurement value
3rd : maximum value of current 1st measuring management
Structure Inclination Structure Crack

Ist 2nd 3rd Ist 2nd 3rd
0.043~0.060 0.185 0.382 1.1~1.7 10.7 15
unit : inclination-degree (°), crack-mm

Ist : range of the statistical analysis results (average, the th
2nd : maximum measurement value
3rd : maximum value of current 1st measuring management

ird quartile, 95% confidence)
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