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Abstract: Aiming at the limitations of traditional methods for determining the rock movement angle under the geological
conditions of steeply inclined multiple ore veins, a comprehensive analysis method based on the critical granular column theory
and numerical simulation was proposed. Taking the Shagou stope of Faende mining area in Henan Province as the research
object, through engineering analogy, theoretical analysis and numerical simulation, the influence law of the mining of steeply
inclined multiple ore veins on the rock movement angle was deeply studied. The nonlinear relationships between rock movement
angle and vein distance, vein quantity, as well as dip angle of ore body were revealed, and corresponding empirical formulas
were established. The results show that the range of the rock movement angle in the mining area is from 69° to 78", and the
proportion of the height of the critical granular column ranges from 15.8% to 20.7%. By combining the height of the critical
granular column with the dynamic correction model of the rock movement angle, the delineation scheme of the safety pillar was
optimized, increasing the resource utilization rate to 82.3%. Based on the results of theoretical calculation and engineering

practice, a dynamic correction model of the rock movement angle under the coupled action of multiple ore veins was proposed,
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breaking through the applicable boundary of the traditional analog method for single ore veins. and providing a strong basis for

the safe mining of similar complex steeply inclined multiple ore veins.

Key words: Steeply inclined multiple ore veins, Rock movement angle, Multiple linear fitting, Numerical simulation
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Fig.1 The model of surface and underground

ore bodies in the mining area
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Table 1 Statistics of rock movement angles in

similar mines at home and abroad

B 1L 24 B P! SRR /m Wi/ HBMA/O
4 1S 2 6~18 680 70~80 60
SN =X 7~14 1 000 70~80 65
o) B R 5~15 800 70~80 65
e Ltk 2N 6~16 800 60~70 70
& 0 0 A A 7~12 800 50~70 65
AL R 5~10 600 50~70 65

2.2 BERITEZE
BT & BT XU VA 2R X DAAEIF R 36 2l 51 Y
K B A DL AR AR 2R AR 30 k1 A R i
FEARFAIE o LA S ) B 75 303k 7 55 78 B0 T 1 1Y A 5 A
Sk A R IE B =S (R B ) 55
TR T LI SR 1 e SO AR BE 0 0 SR XA
B2 g A,
2.2.1 MERBUEE
e = B R, R UL REL ¢ SR i
KEVUE W SRIE m KRB « ZEHERN:
W x = qm cosa (1
R XK 2 oy 2 g AT ik, 32 2R H HIBE 7S
WL AT IR 6 5 L DURE FR I e DA AT TR 5
BRY K g HEIE N 0.6,
q=0.5(0.9+ P) (2)
¥ g EARAK ) /R ZRE M RECP 7703,

XL ) A PR I R D SRy 12108
FELW A B, S RIRE H K HA o F1s
PES T D Z AN T LA
tanB, = (1 —0.003 8a) (D +0.003 2H) (3)
N3 e AR B0 AR AR R T 0 A
KX RGEE R 655 m, T KSFEHH AR 757, 1CA
H(3), Al tanB, =2.36,
ML R AT, R w2 - (itE A
_ H
tanfB,
B IPRIEE H M tanB, ICAR D, HH » N
277.5 m,
AR B E R Eh L A () A1 .
f(l)_ﬁf%;e dx (5)
R4l 25V A BR A7 7% it F0 5, — M 50 mm A FRE
LRI A I U, GO AT RS B s i X =
2.3r =638 m, WHAEMKE Ly N 423 ~1 900 m,
R 720 m, 7 FE S A DX S AL E S IR A
ZIEKFREES Ll 278 m,
B p N

ﬁzarctan(%)=67° (6)

4

B2 MERIEZEBAITEER
Fig.2 Calculation model of rock movement angle

based on probability integral method

2.2.2 I A HUARE AL S

GBI SR 3h 5] A AR T 44 s 2 Ak R AR
A4 o0 SV AR T R AR 3 R MR AR L 1 I % S 1k AR
¥ F B R AT 2R AT R R, A R R
FRAEHR Ry 52 2% , AT LA 2o I 3 #5000 A S 43 308 2
Bt frwit g,

Xif BLEH A KR AT F 2 A AR R T 42 L X i R
55 B T /) ) b 9% B8 B 9 PR AS 752 DR R B



106 gL B R S5 A

2025,45(6)

SO GRS B K LA S RS B R 2 [R] 4 45 2
F KA A RS M T R A AR B A I SR A
S16W S# kK B 1 900 m, FEFL & 1 450~
1900 m, FYPIERIK ) EET kZ—. % BkE IR
B E HRER A 0 W AT TF R, B X ik
BT IRATEZE . A G 228 X AR A I R 42 It B
WA . 8 BOE AT R B R AT B
T2 R A )5 X B A b 38 K KT T 1l v A
TR B 25 R 3 TR .

ALF/m
1.8636E-01
L7000E-01
15000E-01
L3000E-01
1.1000E-01
9.0000E-02
7.0000E-02
5.0000E-02
3.0000E-02
L0000E—02
0.0000E+0

(a) FIEABRMLER

Fa5E I R

0 100 200 300 400 500 600
BE & R BE B /m

(b) WL RF R
B3 RS ERETEER

Fig.3 Numerical calculation model of

critical granular column
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Fig.4 Numerical model of internal ore body

x2 TEMENESHY

Table 2 Physical and mechanical parameters of ore-rock
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Fig.5 Layout of mining section
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Fig.6 Displacement clound maps of model profile
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Table 3 Statistics of ore vein parameters in each profile
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Fig.8 Delineation method of shaft safety pillar
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Fig.9 Optimization results for shaft safety pillar
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