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Study on Ore Arching Under Multi-Outlet Ore Drawing Based on the Theory of Lateral Pressure of Granular Materials
SUN Shuang » WEN Yanliang » ZHAO Jiangdong , FU Zhiyong
(School of Mining Engineering, University of Science and Technology Liaoning, Anshan, Liaoning 114051, China)

Abstract: Multi-outlet ore drawing method is commonly adopted in underground mine production, and there is often an obvious
arching phenomenon during the ore drawing process. To investigate the influence of multi-outlet ore drawing on the arching of
granular ores, based on the theory of lateral pressure of granular materials, a lateral pressure testing system for granular
material flow was used to conduct physical similarity simulation experiments under single-outlet, double-outlet, and triple-
outlet ore drawing conditions. The distribution laws of lateral pressure of granular ores under different ore drawing methods and
filling heights were obtained, so as to further analyze the ore arching phenomenon. The research results show that when the
filling height is 75 cm, the ore arching phenomenon under triple-outlet ore drawing is relatively obvious, and the arching
strength is the highest. The location of arching is less affected by the ore drawing method, and obvious arching phenomena
mostly occur at 55 cm above the ore outlet. Under the condition of triple-outlet ore drawing, the filling height further affects
the formation of arching and the location of its occurrence. When the filling height is 85 ¢m, obvious arching phenomena occur
at 55 cm and 75 cm above the ore outlet, and the ore in the lower area shows a tendency for arching. When the filling height
increases to 95 cm, the area where obvious arching phenomena occur extends downward.

Key words: Multi-outlet ore drawing, Ore arching, Filling height, Lateral pressure, Similarity simulation test
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Fig.1 Diagram of arch structure and stress transfer

in granular materials during multi-outlet ore drawing
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Fig.2 SKL-16 lateral pressure testing system for granular material flow
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Fig.3 Variation laws of lateral pressure in granular materials on each channel at upper and lower walls
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materials on each channel under different filling heights

M 4Ce) W] LA 7200 90 3, 5 30 8 B Ry
95 cm W) g 35 KR BE e K, AR R 75 em
F185 em B IR Z o H P HH 25 A8 KL U6 % X 38 A1
ANTERS SIS BN, oK & A 0 35 00 B0, 32 N R
me ) ) b T, BEIE R RS 95 em B 38 IE XA A
W 3% 50 B s 0 R SEAE L S 0T 5 )
T B R — 2 S B R A R R R
JE 70T 9% R R AR X L BRI R, % Xk
WA A R 3 0 5 B R 3R B — o g a4,
B R A E By 95 om I E5 LIS B W B,

M 4 Cd) AT, IH & EN 75 cm A 85 cm
AF, CHA4 38 18 ) Fs g 78 Akt 3435 A AR AL, AR ) s
T BB A O ) AR A SE T NI R R — B (]
Jea Ak SE 10 T, 35 B i SR RREE TR, X U X
B A7 25 HE I G AR AR I B L 2 T R v L 2 B
MR, BEHUEEEN 95 em I, CHA4 338 4900 s g 78
O TF 46 I 3 S 1 TR R B LR SRR AL B X
WA A] AR AE 2 IR ES HE Y AR B, L5 R B 8G n

i & 4 Ce) AT, 2 3H 5 B2 o 85 em I, CH5 i
TEA R AE T I b B BN IR R R W] e S R A
K Z IOV T R R, BT DL AR R R
B FE R 29 20 ke W A ) R ) IR 4G B TF. 00 A
SEHLIF e A s Bl TR B EAT N 1 R R L St
R METT LR UL 5 il 8 24 40 kg B A L MR 7 LT
UG B Tb R GBI A, {H R B B T — Wk A HE s i
2 WE A R R 3G, M ) S R, 3R BH 45 it
CE e,

B N 95 cm I, CHS 18 18 01 J& 47 48 1k Af
DB — R R R B R, o o1y,



46 F R L5 TR

2025,45(12)

A g b T R W 2 G
Fe 733k B8 — AN VAR I L 25 4k A i, B L I g
AN R T 2 e s R RS i A HL
SR BT . foe s BEE T IR AT L 0 T
TR S LSRR R SR L A e R

4 Hip

(D T SR £ B0 752 8T 55 B2 AL 5l
A PRI A B ) Sk 2 . = O A A Bl R R e K
W A7 o B ey S AT O H DI T A 0 g
R R R RO IR 2 B RO e . T
Fow A B9 s 3 28 A BN ok 3R B B R AY 4 4
B1E

2) =R T A B G Ry E, B4
BEOR B e B 0 5 HE I G2 R R AR AR I B
M 75 55 em &b CEBRAT IR EEZ20 22 m) .

(3) 2 B30 1y JBE 0o 5 43R L R 1) 2 BT 58 B B AT
FHRW . BEAE B RS, AR N
7 Lt B 45 #4605 A9 0 FELAS W o) 1 A e, HL 255 £t o
ST E W 4 .

2 % LK (References) :

(1] EFES WM, kB0, % RSB E R R %EE S
B R TR B A T 1 R AFAE M IR LT ] A T 5 L
2022,51(11):52-64.

TAN Baohui.» HU Yingpeng, ZHANG Zhigui. et al.

Development status and determination method and existing

problems of stope structure parameters in sublevel caving

without sill pillar [J]. Industrial Minerals &. Processing.,
2022,51(11):52-64.

(2] ARRE ™ H O o9 aoien™ i i [T 1.6 @ 428 . 1993, 45
(4):17-23.

REN Fengyu. Influence of drawpoint on ore drawing[]J].

Nonferrous Metals,1993,45(4) :17-23.

(3] A0 ohl . 2 e A5 T 1 ) B 4 JB0RE 24 23 i 5
FHE AL AR R Z 54 CH AR E /D 2022, 43(5)
724-732.

SUN Hao, SU Nan, JIN Aibing, et al. Uniform flow and

stress evolution laws of caved ore and rock partides between

multiple drawpoints[ ] ]. Journal of Northeastern University

(Natural Science) ,2022,43(5) :724-732.

[4] PN IS WKW 5. 200 1A R I 0T 5 T s
PO TR R 24, 2015,37(10) : 1251-1259.
SUN Hao, JIN Aibing, GAO Yongtao, et al. Flow

characteristics of caved ore and rock in the multiple draw-

point condition[J]. Chinese Journal of Engineering,2015,37

(10):1251-1259.

(6]

(7]

(8]

9]

(1o]

[11]

[12]

WD & X L, 2 1. 2 0 S o i 8 b IR A J5T g 4 T
FRAAE S AR SE LT . P g R 2 4 CH AR B2 00 . 2021, 52
(11):4046-4054.

CHEN Qingfa, LIU Enjiang, QIN Shikang. Quantitative
study on evolution characteristics of force chain of granular
materials in ore drawing from multiple funnels process[]].
Journal of Central South University ( Science and
Technology) ,2021,52(11) :4046-4054.

FRIesik , A HRAR , WY, A5 LA AR T R I R R S
Rt 285114 €4 )8 TH# L 2023,13(8) :130-137.
GUO Xiaogiang, LI Shaodong, JIAN Ximing, et al. Study
on reasonable size parameters of drawbell for block caving
mine [ J J. Metals
Engineering,2023,13(8) :130-137.

RIS Vo 2% DT e v L3007 114 BT 0 ME ) I ) 3 58 7 IR R
(DTN <yl g Tll K2, 2022,

TAN Hanyang. Study on calculation method of silo wall

method of a copper Nonferrous

pressure considering horizontal arching effect in bulk
material [ D J]. Zhengzhou: Henan University of
Technology,2022.

Wk Lt 3447 A VR R T B8 1 9 Je BRI P A o T
[J].%4 + T 2% ,2010,32(2) : 315-319.

CHEN Xishan. Extension of classical Janssen loose mass
pressure theory and its application in mining engineering[ J].
Journal of Geotechnical Engineering,2010,32(2):315-319.
AT, KA A7, T Bt L S TR T I B S R s 35 T BE
JE S o3 AR AE LT )87 M F 585 9F % . 2024, 44(5) :59-65.

FU Jishun, ZHENG Shuheng, MA Chi, et al. Study on
distribution characteristics of static and dynamic side pessure
of brehole wall in main ore-pass storage section[ ] ]. Mining
Research and Development,2024,44(5) :59-65.

XU AR R S o] 2R 2%, 45k T 00 T I S A M AT #8193t
F A E TN ] AR A6 K% = 4 CH AR B 0, 2018, 39
(3):416-420.

LIU Yang, REN Fengyu, HE Rongxing., et al. Prediction of
surface subsidence range based on the critical medium
drawing [ ] ].
Northeastern University (Natural Science), 2018, 39 (3):
416-420.

XU AT 5 2% AT R L 55 B0 G 8h A0 1A 16 A X AR
J3 o3 A WS WA 5E L) ). & R AT 11, 2021(8) : 57-60.

LIU Yang, HE Rongxing, REN Fengyu. et al. Study on the

column’s theory under ore Journal of

distribution laws of lateral force induced by the drawing ore
and orebody dip[J]. Metal Mine,2021(8) :57-60.

2R 2% AR RE T 2%, 55 A7 BR 56 32 95 9 07 4 HOOR A )
SrAE ML [T ] AR AL R 2 2 4l (1 AR B 24 18D 2019, 40 (3)
409-413.

HE Rongxing, REN Fengyu, TAN Baohui, et al
Distribution law of granular lateral pressure in caved ore-

rock with limited width [ J]. Journal of Northeastern

University (Natural Science) ,2019,40(3) :409-413.



HEF AT HRAMEAZRY S 08y THF LB 7 LRSI A,.2025,45(12).

47

[13]

[14]

IV BRI S e e S T M e AR R R R O - S 3
TE A R L) ] AR, 2021,43(2) 1 205-214.
SUN Hao. CHEN Shuaijun, GAO Yanhua, et al. Research
on near/far-field flow characteristics of caved ore and rock
based on rigid block model [ ] .
Engineering,2021,43(2) :205-214.
MO AT 5% B L 9K IR SR 1R 2 Bk Py 08 o7 g A B
WEFELI . W W58 5 HF % . 2023,43(3) :32-38.

Chinese Journal of

[1:

-

]

LIU Yunyang, REN Chongge, ZHANG Zhigiang. Study on
internal stress evolution law of ultra-high sublevel caving the ore
body[J]. Mining Research and Development,2023,43(3) ;32-38.
A e JELRA HICZ 28 R HE 45 4 2l 25 A AL B K T WF Y
[DIAbRT: P EF LI LR . 2021,

HOU Defeng. Research on dynamic evolution mechanism and
application of bulk arch structure in thick loose layers[ DJ.

Beijing : China University of Mining &. Technology -Beijing,2021.



