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Study on mechanism of formation and expansion
of ground caving-in in the eastern Chengchao Iron Mine
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Abstract: According to the history and current situation of ground caving-in in the eastern Chengchao Iron Mine, a 3D surface model
of ground caving-in was reconstructed with the help of a 3D laser scanning technology. Furthermore, the ground subsidence contour
map and the accumulative subsidence basin were obtained by combing with Surfer program. It showed that the initial ground
caving-in points were mostly distributed in the marble area and the wall rock alteration zone. It is found that the ground caving-in
area was a zonal distribution from east to west. Moreover, the situation of ground caving-in in the north was more severe than in the
south. The terrain and landform of the ground caving-in area show similar glacier landscape features, such as the horn and blade ridge.
According to geological conditions, underground mining situations and monitoring data of cracks and ground surface deformation by
the 3D laser scanning technology, it is considered that underground mining is an internal cause and geological condition is an external
cause for ground caving-in. The combined effect of these two factors led ground caving-in to appear mostly in the marble and
surrounding rock alteration zone area for the first time. After the emergence of ground caving-in, a high level horizontal tectonic
stress was released. As a result, rock mass, which was cut into a cantilever beam-plate by NE-trending joints, was broken. Through
the analysis of the mechanical model of a cantilever beam-plate, the scope of fractured rock mass reached up to 172 meters wide. The
fractured rock mass produced toppling-sliding failure along the sliding surface. Therefore, this mechanism of mechanical expansion
makes the scope of ground caving-in wider, and finally forms a large ground caving-in basin in the eastern Chengchao Iron Mine.

Keywords: underground mining; metal mine; three-dimensional laser scanning technology; mechanism of ground caving-in;

mechanical expansion mechanism; cantilever beam-plate model

Wek HH: 2017-01-16

BRI K ARBIEREGE FIH (No. 11472293) 5 K ARRAREGTFEILEDH (No. 11602284) .

This work is supported by the General Program of National Natural Science Foundation of China (11472293) and the National Science Foundation for Young
Scientists of China (1 1602284)

'9@ AEFM: B, B, 1992 R4, REAFTTAE, RN G e ARy MW TAE. BE-mail: 2002150061 @cugb.edu.cn
WWAERE: BIFSE, Y, 1988 4R, [LaETA:, FREMNFhBAREtE . BN R R S H ST TAE. E-mail: xiakaizongl988@sina.com



%8

Mg ea8: PRV AR DX T B8 KA Lo 22 R LA 4R 2323

1 51 5

HI T AR LT s I A, X TR
RIGEPR TSR BURIG K O TR XM AR R, ok
2 IR S A L i KR TR R e, TR
WL NG EANWTERAY . HR R 5 G
Mo EAR B — S BRI ARG TR, 256
RPXA M T VPRI R, Rk
B 2R DX R L5 T AN AR T [ UL iy i R R 5|
1, HRAE AL AL BUE DR BIR . A
WEEPRN Sy, IR R B X AR A A 2%
T NWW B, R SEULLABRAR (2R T] 1) R 22
KR AP DI I S B A e, AR I
DABRATE LUK 4 1, T AR RIS .
EOVEIA S, AR I R R B R AR ) T
ZURHZEBTE, R RE R EE R R
FIHCP B RN, R 5 L KT K3 Y
TR OE ERPE AT 2251 11, B IRBh A A1)
RAEX YIRS, QRIS R R A T A
BRIk BT IR T R AL A B
Lo TR si a2 s, NIt T
JEH R AR P T NNWL NNE [ 45 R i 3.
N B N T A RPN E R AP UM
i, ARG AR AT XA A R R DX iR
PP ARG ARSI o K LERTFONA A1 JEE
iR TR R TR BT S & (b T AR A A4
AT AR A A . (HIZ BTN 2 i DL AR
AR IR JETT TAR K, R LAVG X IR R A2 T
Ao R DA A KL TSR TN AT R 2
ARG TAE, Rl BRhUB . A HLH] 2
PIEMARORZ R RAM T RIITL . AR
N TARMSEAL L, R 2 48 B e, )R] ek
B AR DL ERYT AT B AL A R AT
B IR or BT R o

2 BHTIXCRETE R TR

2.1 KR

FER A T 58 M TH R84l s R E N =K
MR SRAT B L, AR BN AR A R A AR
PR, REEIAE 300 x10° kg B4 A H
bro FEMIADXVEH, ZREQ Erh, R R
PIKA 3 km, FFILTE4 1.5 km, (ALY 4.5 km®.
DAY 15 20 5280158, ZE AR R 4 RIX, BAVE A 7
KRIX o FERIERA N A TR, GRS A AE
MR, B KN 163 MNREERA AR RN 136 4

WA B R AL, R ZR B TEIR . DB 8k
WA IS, M5, VIS VIS 4 4 s E 201
oA &l 1 Frs

CRER T DUy

=4 [ o7
Fig.1 3D spatial distribution of main ore bodies in
Chengchao Iron Mine
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Table 1 Mining information of eastern ore body

TR F/m  FFRI AR TR RS2k

i ik ) 1B ISF D55k 551k
-16  -96 1970 1978 4~16%Z 20~26%k

-106  -150 1979 1984 10~24 4

-160  -206 1984 1990 9~22 4

-218  -260 1990 1997 11~22 £;

-260  -302 1998 2002 13~22 4

-302 358 2002 2007 15~16 2
-375 =393 2007 2012 39~16 %
-393  -410 2009 2013 19~16 &
-410 2012 19~14
-430 2014 15~12 %

22 TREMEFHR

WP EB e, PRI BB T R4 TR
AN, AT IR P, AL TR S ST
P2 18] B R R ORI, g A R L AR
AL IE T A, DU AR A S A IE B TR

X Higiashan s, B2tk 4okt =
TR B L B R M A I . X RS
A FAHE S, WA EAEACH . R NWW )
1 BRI A DI B TR, eI 10
Ay AP AREL K TR R K 20 A1 o



2324 = +

2017 4F

2

REIFFRAESLF 1 B

Fig.2 Mining plan of ore body in the east area
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Fig.5 Geological plan of the east area of Chengchao Iron Mine
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Fig.15 Schematic of the formation of ground caving-in in the east
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Fig.16 Collapse crater in the surrounding
rock alteration zone
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Fig.17 Tubular collapse in the diorite zone




%8

W e a5 RERIET AR DXl 5 B Lo S 7 R LA 4R 2331

38 m
0m

TFRARE

-393 m
-410 m
-430 m

B 18 MR

Fig.18 Geomechanical model

T NE [ B IAAAE, R D00 a1
TR ey WU R 2 X DB 1 AN I
MR B 19 FioRk. Aydan MRS
N IR R A BB R A2 T AR B
EAVA Yk 71 NS Nl 1 )N T SV 2 2
1o Mg T %8 ) ) A% B SP ivE . S
Adhikary ZEIEAT T S0k, R T IE 28 T LAY
INTE, S G ARFEIX S brfE i, 7E Aydan
Adhikary [RBEBSIERS FARC T S8 0OE, 0 R LUK

P [
KT
it 19

s By

Pid Ay
Ja Y
754
h i)
paxin

RN R3E I T3 53 AT
I T T T T Y

EEUN
K
13t
I
A

(b) KT
B 19 B8RSR

Fig.19 Mechanical model of the cantilever beam-plate
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Table 4 The value 6 of typical displacement
measuring points
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Fig.20 The relationship between the instability
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