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Failure Law of Rock Masses in Transition from Open-Pit to Underground Mining
in Yanqgianshan Iron Mine

WANG Zhongyu, JIANG Yongchao, JIA Ruotong, JIANG Aopeng, CHEN Zhonghui
(School of Mechanics and Civil Engineering , China University of Mining and Technology-Beijing, Beijing 100083,
China)

Abstract; In the east side of Yanqianshan Iron Mine of Anshan Iron and Steel Company, the transition from open-pit to
underground mining causes failure and collapse of rock slope. In order to solve this problem, tests were performed by
adopting numerical simulation and the base friction model to analyze the failure process and failure mode. The different
collapse angles at different mining stages were explored, and development process of collapse area was summarized in
terms of fissures. It is found that as mining operation proceeds, the collapse angle is reducing due to disturbance of
mining activity ; the collapse area undergoes four stages, including progressive fissure enrichment, deformation during
aging, growth of slip surface, and collapse formation; and the slope failure in the east side of Yanqianshan Iron Mine is
predominantly attributed to the sliding crack model of deformation.

Key words: Yangianshan iron mine; transition from open-pit to underground mining; failure of rock mass; collapse;

fissure propagation; slope instability ; base friction model test
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Fig.1 Schematic diagram of open-pit to underground mining

in Yanqianshan Iron Mine
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Table 1 Macro-mechanical parameters of rocks
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Table 2 Micro-mechanical parameters of rocks
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Fig.3 Deformation and failure law for slope in the first stage
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Fig.4 Deformation and failure law for slope in the second stage
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Fig.5 Deformation and failure law for slope in the third stage



551 TR, 45 BRI LR 5 KA T TR A R I 72 17

iR 28 DX TUAR (v 8, TOOA Rl £ F B VR R A A 3
Yevg HR A ) B LR T2 A ARSI A &2 TF R
SO S HE N R FE M 0] AR TR e, TR Bl v 5 v
FRHARST , ARV TP 2R Wil 14 B o 90 A0 e A 330 I i
oo B E 9x10° WIS, R A A S R,
35 B DX PSR R R 2 X T S AR F X, 0 33 43
Bz 81o, I MUY R AR i A B A A ]
Y L BOR SR I DO A BOBOREAE 52 /R TR Y
v, R RS X R 32 21 sl a4 kL e A 7 &
FhASHA HE R 52 R s DGRE MR, IO wi B T AN [R]

JE SRR AR H AR T B A e A B0k A A2 R

R RS, THZZE-213 m RHABIREE R 68°, e
3.2 MAZT{LHE AB~ AT iR B

-177~-213 miﬂﬂiﬁ%

e PRSI Hp A B I [ BE AT W, An Al 6

JIr7r I AR R T 0R A 10 A7 L Ak i A 3 a i
BRI , PRI (R AR 15 my, WEIAS AN (a) 181 (b) I, (¢) MY
I AU (B P e i) (ZKF) A0y 1) (T L) 9 6 MERLNSHE
TIBERT AR 2R anE 7 B Fig.6 Layout of monitoring points on a circle for measurement
(@) 8 6
XITRER 4Dl 3
= ~ F 0 B2
& o VA a W&?@W&W
s 5 D3
g <6 2 !
R -8 : R i
2ol e 2 §
1% 1 2 3 0 3 6 9 10 15
B/ (10°) BB/ (10°5) BB/ (10'5)

1 1 0 0

D1 D1 B
= 0 T —D2 ~ of L
21/ E—T g pmm——] 2 ° By £ [
= -1 | pi| % -If =-10f oy é-low
I I D2 X - F4 ~ 3 ;
< 2t ) < [ Ve Ik
Sl " < (M% S A _EL i
=3 T\«_\VI& =3 =30t yi -30 b

0 3 6 9 0 1 2 3 0 2 4 6
B2/ (10°4) B2/ (10°4) B2/ (10°4)
Sl ;’WMW“M’VQE/\MM
I : Gl
R g g 63 R
= .OM RS
-39 1 2 0 2 4
B/ (10°4) B/ (10')
- /G1 R
@@@W
G3
M
0 1 2 0 2 4
w2/ (10°8) w4/ (10°8)

(a) D1~D4; (b) FI~F4; (¢) G1~G4; (d) MERRIER
E7 MEEMEAHTERBHEFEIRFR

Fig.7 Stress changes in measuring circle and slope failure mode



18 7R

T & o545 %

B L7 AR FEFHZ 00, SRS XL A 1 )
B, TR o AR y [ AN TR R A T B b AT B
JE E T TN B BV AE 1 A% T S [ AE o ) |52 B hr
N7 XA R I 2 51 R IR e X 2 E %
EATA 37/ N = N5 ) =IO VA R A A S e Pt E iy NI VA
T3 AV T3 T L A2 BN T DR W
Kl FEESANET],
3.3 HBEHEAME

AT G AU FEAR ST 3 DRI A 2L B
St AR AL A K UKL 2 (8] A7 2 45 B i i IR A
53R SY VIR (GLAEHL 5 R 57 ) FNRL IR, Xt 52
SR A DX M 1 2R B e DX A T AP . AR S DX
ZABRBCR B AL AR G AN 1] 8 T, Eh G2 R T
BFFZT R WA A A & 9 B

2.0

w
n

(a) ,<°: —  [—eam
= P 2— Z R
I 3—ZHRR
< g 0.7} ﬁ o
> " "
E : i3
® 1.0 /(1028
R
& /
05 /'
0
0 3 6 9
25/ (10°4)
6.0 T
(b) ﬁ; - 1 1— B3
5.0F 515' 2 2—Zhi R
oS 3— TR
—~ o
ﬁ; 4.0 § 0sf 3
= ® —
= 0 1 2 3
Y| m/ 0" !
& 20
S

0 0.7 14 2.1 2.8 35
A/ (10°4)
16 ==

© £ 1 1— A

L H - a
z 12 = | I
= % 1t . L3
= 40 18 36 "
W 8F / W/ 0°4)
= 2
=
®

% 0.5 1.0 15 20
5/ (10°4)
(a) BE—THZHB; (b) S IFERELG (o) H=ITERE
8 FERREHEMMSENL

Fig.8 Variation of fissure numbers with time step after excavation

(@

ﬁ%ff
liak=endigis

AR S
U0 o P P

(a) ZBREEHES (b) WAEREEE;
(o) MBI FHEL; (d) SRFETE I B
B9 FERRBRERER

Fig.9 Fissure development after excavation
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Fig. 10 Increase of fissure number during excavation
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Fig. 11 Similar model of eastern slope profile
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Fig. 13 Field survey result of Yanqgianshan Iron Mine
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