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Surface Subsidence according to Progressive Collapse of Circular opening
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ABSTRACT In order to investigate the effect of progressive collapse of underground circular opening on surface
subsidence, laboratory model tests were performed. The modelling materials were sand which has been used as KS standard.
Six test models which had respectively different depths of openings were produced. Surface subsidence and horizontal
displacements were measured according to progressive collapse of underground opening. Some subsidence prediction
method such as NCB method, profile function method and influence function method were considered to predict the
subsidence of sand models. The profile function method approximated by Gaussian error function was finally suggested as
the most appropriate to sand models.
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Table 1. Plane shapes of subsidence basin over a single
opening

Opening type Size Shape
LW, Circular
Square
L>W, Square with rounded corners
LW, Elliptical
WSW,, L>W, Rectangular with
Rectangular °{ rounded corners
WoW.. LoW. Rectangular with
¢ ¢ 1 rounded corners
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Fig. 1. Surface subsidence basin in super-critical con-
dition(Peng and Chiang, 1984)
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Fig. 2. The components of ground movement over critical width of extraction

ZHrl & 795 YA ol &(super-critical) Z7 o] 2}
o, o2 Hhd A8 oA ol 3k(sub-critical) 2 o)l
et FEe 27171 QAFI 2L dA 229 FEell

ik drbHQl Pk Jsig4s
a4 Helvt FEFAHRE FAZ A HE T
gbated Fig. 29| & B2 Z4 4 FF F4& v
BRI L, #5 B8-Sl 2 Wy E S48 3
vebH et
A & dAlelst =AY AP NS, S F
T FAE T Al ARE veh=d) vlsl, dAleld 24
2 Afolle FF FAHE F2ol Aeiege] YA 27+
o] Exfgte}, k3L Fig. 28] $-5 Eof 1¥lat} o] A
Al SRR A 2 Aol e 2Y 7l
+ ¥15HE FAIE AL 2GS Relw], YAlols}e]
ZZ oA e Bty BgE Kl
s, Fig. 2014 AHE-E ol Eoll it Aol 9 Ay
< o33 2
> A E-E-2 7 Al(edge of subsidence basin):
ol sk i) BAl AdegA At F5
S& A ZARolek. of 714 He}rt gHAS] 0o =
2A73E ZE Zo] dAH g ofglche Holl -’F"]?}
Zazt etk F,AIEY) e 3R L4 F
Ftste] AlE7] eApgA 2] o g vERE ‘
2 A BAE B e AdiEe)
(Sl 5% MG = Foledo] WAsh= A M
A ZAR Aelsks 59 wleol Alts|of
gkeh, 9 22 AlF7] ] ol Ido] Peng
(1997)2 0.6% S, A& WA FAZ 3o
E

Fig. 20l Vepliic),

o
J

P> o4 83hA| ZHangle of draw, §):
AN=FE A9 ASEA HAE ol F Ao 27
A} o] F Zro2 A, Mt wkA e HeE A
A gt
> 7 (inflection point):
Ae}549] ezt BBollA 253 P E upH e
Aoz, oj714 AslF4le] AAe 7l 5
9 WY ES 0] H}
> 3}3] ZHangle of break, o):
NEFE BAS) o) A Eo] s AR
AL ol Aol £3 AT o] F= 722 A, o]
AFAHR Qo] M sheAlo] E A Mol
3l Fghct.
>4 & ¥ (radius of major influence, R):
HEH 7 AEA BA Aol 3 E & S
ZolZka s ol X Al waisle] 9%
)X F(FAEg 29)9 A& AH %)

tio (L r

23 HalgEes
A zol| whE A FZ3l 23t 7B ATFAAE
ol &J&ts Hatell FgE v X L4 o3 B}
(Peng, 1993).
>&E FA
HgEo] FALEFE
>Rk B4

Aste A

A FgFHA L Azt
DT_E _:_:,'_7]
25| Zo| YAZnL} 4L F¢ F5



36

ARAFE At F743
DA
FE9 A TG Aee Ao FEE
42 gkt 3l
>AF
AR AZRYE Fshs T, 53] 94
A= 2A F7Hdch
o]2loll = Akl g, Bagmie]l £¥ AH WY,
B A 55 9384 E E 4 9ok 3, Peck(1969)
2 A=ed 2| Y5 A RANA A AJREE =
HEA Aulol| A Hsidge) M7t 29, 53] AE A
ol A AL 27t F48 Fsld o] AZIcka Barsh
S A=

X

3. &stoi=x0|E

3.1 NCBe ZHYH Y

A4 Qe e AT S P £ Bl 3§
g Ao old wlsHe XY difE dlFo]
7Vsdteh. NCBE 939 8 g el oisf 19504
BE] 19654 Aololl FEEe MelEAAEES AN
on o]F o|&ato] 19750l Halutsd AAAE Wkst
et ololl whar I Hete] BEI A X} Fof
A Aste] 77| o WS whedt Alika) ARl o)
ARZE 4 et

o] Hh-& Aol = AlA|F o2 de AMEE3 glerl,
Liu(1981), Karmis(1985), Luo(1989) & NCB ¥ &
A7) Qete] hibe] £F 9 A= 55 A A
Agkg Agkslr = S

38, o] Wby A4 Aehy-g AHEE ol A8
4 Qe Ro2A FHAF @3l tiE) AAFASETHH
c & A gahe I gl o] HE 1
e A48 & g Aes A74Hc

32 BX4E+Y

235 WAEES 54T T Froll HFAA
o2 AAFAE 3 5 Urk olwl o] FE
£ 234 (profile function)2h2 e}, o) 9} Zro] Bk
e L shie g2 Aolslx, = FrE T
AFES 2R T v FHALEENE vaH
s Fats ASF 5 Uk AR AAA F2
ol el AP H R FaA FHTTE 200 ol ol

1
|
|
1™~ Inflection |
1 Point !

|

Fig. 3. Shape of subsidence basin as approximated by
Gaussian error function
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Table 3. Results of error analyses

Prediction Maximum error at Standard deviation of
method measuring points (%) errors (%)
eq. (4) 10.9 5.5
eq. (8) 133 6.0
eq. (18) 14.7 75
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