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Abstract: A roof-rib pillar support system is often formed in the metal mines that applied to the backfill mining method. In order to
ensure the safe mining, it is of great significance to explore the failure mechanism of the roof-rib pillar support system under backfill
mining. On the basis of considering the side pressure effect of the backfill on the rib pillar, a mechanical model of the roof-rib pillar
support system under backfill mining was established. Furthermore, the catastrophe theory was used to explore the failure mechanism
of the supporting system under the action of the filling body, and the influence of the structural parameters of the support system
before and after filling on the stability of the stope was analyzed. The research results show that under the condition of certain
mechanical properties of the rock mass, the stability of the roof-rib pillar support system under backfill mining is controlled by the
stope structure parameters (roof thickness, stope span, rib pillar width, rib pillar height), the overburden load and the side pressure of
the backfill. The addition of the filling body will reduce the stiffness ratio of the support system, thereby improving the stability of the
stope. When the stope is at an unfilled state, the optimization sequence of the structural parameters of the support system should be
roof thickness, stope span, rib pillar width and rib pillar height. When the stope is at the state of filling, the optimization sequence
should be roof thickness, rib pillar width, stope span, and rib pillar height. The combination of theoretical derivation and numerical
simulation is applied in the supporting project to verify the correctness of theoretical derivation.
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Fig.1 Schematic diagram of support system
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Fig.2 Simplified mechanical model of support system
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Fig.4 Rigid electro-hydraulic servo testing machine
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Table 4 Relationships between roof thickness and stability of support system
TR IR JEFRIRA
d/m RIRE Ly PEHIZH D D s RIBEn,  FHIZH b Dy R
8.0 0.040 3 —0.182°8 0.1049 U 0.021 8 -0.102 4 0.056 8 Kt
8.2 0.043 4 —0.1810 0.094 1 KFa 0.023 4 -0.101 8 0.054 3 K
8.4 0.046 7 -0.179 0 0.0829 S 0.025 2 -0.101 1 0.0518 KA
8.6 0.050 1 —-0.176 9 0.0713 S 0.027 0 -0.100 3 0.049 1 KA
8.8 0.053 7 —0.1747 0.059 3 K 0.029 0 -0.099 6 0.046 4 K
9.0 0.057 4 —-0.172 4 0.047 0 K 0.0310 -0.098 8 0.043 5 K
9.2 0.0613 -0.170 1 0.0343 KFa 0.033 1 -0.098 0 0.040 5 NS
9.4 0.065 4 -0.1676 0.021 4 KFa 0.0353 —0.097 1 0.037 5 NS
9.6 0.069 7 —0.1650 0.008 1 PN 0.037 6 -0.096 2 0.0343 Kt
9.8 0.074 1 —-0.162 3 —0.005 5 Fse 0.040 0 -0.095 3 0.0310 Kt
10.0 0.078 8 —0.159 4 -0.0193 fase 0.042 5 -0.094 3 0.027 7 KA
10.2 0.083 6 —0.156 5 —0.0333 fase 0.045 1 -0.093 2 0.024 2 KA
10.4 0.088 6 —0.153 5 —0.047 5 Fase 0.047 8 -0.092 2 0.020 7 K
10.6 0.093 8 —0.150 3 —0.061 8 Fase 0.050 6 -0.091 1 0.017 1 S
10.8 0.099 2 -0.1470 -0.076 3 FaE 0.053 5 -0.089 9 0.013 4 NS
11.0 0.104 8 -0.143 6 -0.090 9 FaE 0.056 6 —0.088 8 0.009 6 NS
11.2 0.1106 —0.140 0 —0.105 5 Fse 0.059 7 -0.087 5 0.005 8 Kt
11.4 0.116 7 —-0.136 4 —0.120 0 Fse 0.0630 -0.086 2 0.001 9 Kt
11.6 0.1229 —-0.132 6 —0.134 6 fase 0.066 3 -0.084 9 -0.002 1 FasE
11.8 0.129 4 —0.128 6 —0.148 9 fase 0.069 8 -0.083 5 -0.006 1 FasE
12.0 0.136 1 —0.124 5 —0.163 2 Fase 0.073 4 -0.082 1 -0.0102 FaE

s 1y Do TERFEHURAS IO I S EOMSCHE IR R 24
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& 4 TR (EHMSH BN, S
P 22 I LU B 2 TOUAR R FEE IRk IN TS, 4%
R G RA: EIERBRET, TREE 4 A
11.6 m J/NEE 11.4 m B, Do B MN—0.002 1 A,
0.001 9, EREIEHIZE (ao, bo)EH T X4 ILIT,
TEERWENX 24) PRI ARERMS, K
RRAERFEEIN, FHE, ERBRET, TiREE
d 9.8 miF/NE 9.6 m I, SCHERAERFEWIN. 5
AEFR RS AL, FRIEAR BN RER I 2 D /N TR
G SR AR E (15.5%), HEmiiem 7 ER%E. HE
FRFE TR R FH 78 RV HLAE SE b A p i # v
BUR AR K 7o, DRI AR S AR R TR P 1
JeAa B HUE A 9.8 m.
6.3  HUEHEIUIIIE

H RN X R A A AR &+ B
%, PR FHBUE AU AE FLAC B0 0E #1831
SEI o ARHEAT DX M T 1A 2 0 T P M AT 1 A
BT A IR, (WE R AR A BT MU
GRTHE G T E B RIRTE A 55 6 Fil
A RIS TR B WA A 1R, 4
G LREA R BT E AR )15 fe bs (L
5.

RS AEKMENFESH

Table 5 Physical and mechanical parameters of rock mass

B AR ks RS M Bl
/(kg*m?3) #/GPa & /MPa  /(°) /MPa

el

W72 F1 2020 050 038 0.07 22.00 0.09
R RRTER S 2 800 18.00 023 170  44.00 1.44
BRI THCE 2780 1200 027 120 3928 1.14
SeAERE 2790 17.00 024 1.60  42.98 1.39

B 3410 30.00 021  2.00 47.07 1.57
SR THCE 2770 10.00 029 1.00 39.95 0.93
Fo sk 1970 036 028 024  31.00 0.33

BT X = 4EBUE T AR A ] 14 R
T IHBRIA SN g, AR 2 ] ]S OR 3 400.0 mx
2 071.2 mx420.0 m (Kx%Exm) , FLRI5 920 012
NI TR R R-PE O AR, HAHETEH
HN S5 T RSV RFRBIRAT . RIREUASE
[1)-860 m H B2 I KIA IR J1 35 FALF37, 1540
25 IR A AT SE B SR S R B3, B —20
At PR A

KU G2 g R EE KRR, Rk
AEAEAEREE TR I B S B, 6 T T0AR —[A) A S 4%
EZ, RS EERSCHEER, AR AERIAE
R SR R AR SR R A T 15 R Te) A AR O A

E 14 =45ETTFEER

Fig.14 Three-dimensional numerical calculation model

fike D ST d MK R, HE 15 77 0: [k
Hl RALRE D BEE R I TS FE d B9/ g .
LRI TR JEE B 12.5 m 9872 9.0 m i, [EJAEH
O RUNLFE D ZABIE N 2RI TR EEE d A 9.0 m
WNEE 8.5 m i, RV L S ALRE D 2RI N, 14
A 7.09 cm, A d=9.0 m AR O SRR
1) 177.75%, BEE AR b T A RAS, TibR— Ak
YRR KGR RN, xRt
TR R, SRR I SR AR R 9.0 m,
X5 Z FTR B b G TR AR R 9.8 m WG
BT, BOEAEIGE RIGUE T B SR IER T

2 r
g 20
E, 18 F
@ 16}
» 14 F N
g PR A
T o12r
o010 F
= gl
AH
= 6

4 F

2

13 12 11 10 9 8

TS L dfem

B 15 D. 5Ttk BEEKKF
Fig.15 Relationship between roof thickness and D.

7 4w
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TETE

(2 AEXS TR —[E) A SR R (RS e VEEAT 1
PN, ZERIPA TR FEBORE, R TR T L
RIFSPE S TAAETEE S [AIAE i BE M 2EAT DAL 5
R T IR BUIRES, N TR JZE L 1A B8
RIPSPE A m B A HEAT DAk . 0 T og ek
Yy, TAVRE B8 P AL P R R e 1y T ke A 5 o 2 1)
TEM.

(3) KELSHE TN HAEKIT TR I, Sk
TR I JEEDY 9.8 mo Al BAE UG IE R 15
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