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Abstract: In order to solve the problem of difficult roadway support in deep crushed surrounding rocks, the range of plastic zone
was studied. Taking the roadway in the crushed section of a mine as the engineering background, the current situation of
roadway damage was investigated, and from the physical properties of the roadway surrounding rock itself, the influences of
cohesion and internal friction angle on plastic zone were analyzed by theoretical analysis and numerical simulation system. The
results show that the reason for the failure of the roadway under the original support is the poor nature of the surrounding rocks
and the neglect of the plastic zone by the support parameters. The cohesion and internal friction angle of surrounding rocks have
a significant influences on the range of plastic zone. When the cohesion and internal {riction angle are large, the range of plastic
zone is small and the surrounding rocks of roadway tend to be stable. When the internal friction angle is 35° and the cohesion is
3 MPa, the change curve of the plastic zone radius turns, which indicates that the combined parameters are the key threshold of

the bearing capacity of the surrounding rocks. According to the theoretical analysis and numerical simulation results, the
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combined support scheme of “anchor (rod). net. spray+ full-section anchor cable” was proposed. The field displacement

monitoring shows that the maximum deformation of the two sides is about 40 mm, and the maximum deformation of the

surrounding rocks of the roof and floor is about 61 mm, which effectively guarantees the stability of the surrounding rocks. The

research results provide a theoretical basis for the support technology of deep crushed surrounding rocks in roadway.

Key words: Deep crushed surrounding rock, Elastic-plastic mechanic, Roadway support., Plastic zone, Numerical simulation.,
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Fig.1 Original support scheme for roadway (Unit:mm)
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Fig.2 Peephole view of drilled holes in the
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Fig.3 The damage condition of the roadway
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Fig.4 Calculated mechanical model of

roadway surrounding rock
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Fig.9 Variation of plastic zone of surrounding rock under different cohesions
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Table 2 Comparison of theoretical calculations and

numerical simulation results
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3.00 36.0 4.996 5.272
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MBI, NEEEESM/ JH iR I8P X HADLIB PE X

MPa ) L2 /m H 42 /m
3.50 36.0 4.888 5.098
4.00 36.0 4.786 4.899
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5.00 36.0 4.600 4.578
5.50 36.0 4.515 4.341
6.00 36.0 4.431 4.265
2.16 20.0 5.249 7.636
2.16 22.5 4.992 7.003
2.16 25.0 4.780 6.297
2.16 27.5 4.595 5.840
2.16 30.0 4.431 5.288
2.16 32.5 4.286 4.879
2.16 35.0 4.159 4.594
2.16 37.5 4.050 4.630
2.16 40.0 3.951 4.270
2.16 42.5 3.862 3.879
2.16 45.0 3.783 3.678

H e 2 RO 11 AT, % T2/ R 0 5 N EE S AT
BT Y A T A IR AR 4 R A
ANTFBOE AR , L B E T3 b R s T
DA BE AR 5 B SR T i AR B LB 2 ol L Y
PR | BY D) R  AL R 7E D HLAEBCE AL by
FERE M N 35° . B8 J18 3 MPa i il 48 i &1 R 5 R
WD UL LA N B R T 35T R IR T 3
MPa J5 » 7R Zk BE 1 54T



18 A

A 2025,45(6)

85
8.0
75
70
6.5
6.0 |
55
5.0
45
40
0.5 1.‘0 lj5 2;0 2?5 3;0 3;5 4i0 4j5 5:0 515 6;0 6:5
53R 1/ MPa
(a) PIEEEA 36° R B X SARRERER 1 AL

HAME

X EE/m

HitE

11
Fig.11

4 ITHEEK

WA RIS A BT S B E B LA R, %
—140~—160 m ¥ = 4518 4 2 40 A3 09 S5 R 7E T 1
T3t ARG R IR N EERE A BN SO B T Y
B SRS, R R 3 v, %8 1 BlA P E
BEMAAR 30° 47 . B R T1 0 4.5 MPa £ 47, 455
2 AR A M X AR i KO 6 m, (R R IFAT 3
Pk AR N KT 6 m. B % I R
CFF) (P 55—+ 4 W7 T 8 2R "I 5 S 9, v R 10 AR
BAT B FF B MRS S KMG22-500 /5 58 45 4 K B o
2 800 mm, [ HEFE & 700 mm X 700 mm, [F]#f K 5
FREAR S D22 mm X 8 000 mm 1B} i 4 & L 4 &R ]
HEFE R 1 400 mm X1 400 mm, 4@ W E AN 6 mm,
WA R SF R 80 mm X 80 mm, M i BE + 3 BE 45 N
C20,JRFEHN 15 mm, Pk 5 3K i 12 s,

@ 22 x 8 000 WAE &

500 - B
KBIGES 00 WA HHT; L2500 AR 1400 x 1400

IEJHERE 700 x 700
\\ /
N\ L 2
\y;:f’ ET e
A g
g L NER
4«%— 2140 | 1320 | 2140 |} g
! == THEE | = o
o —= L A = - o
SR T 5600 aim e B
5 900 i
B12 EEREIZHFAR(EAM:mm)
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Fig.13 Numerical model of surrounding rock support
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Fig.14 Numerical simulation results of

optimized support scheme
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