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Analysis on secondary support parameter of
deep high-stress & broken-expand surrounding rock

HUANG Wen-zhong', WANG Wei-jun®, YU Wei-jian’

(1. Qujiang Coal Development Co. Ltd, Fengcheng, Jiangxi 331136, China; 2. Hunan Key Laboratory of
Safe Mining Techniques of Coal Mines, Hunan University of Science and Technology, Xiangtan, Hunan 411201, China)

Abstract According to deformation features and supporting problem of deep high-stress & bro-
ken-expand surrounding rock, with Qujiang Coal Mine as an example, optimization of secondary sup-
port parameter was studied. Concrete support projects were put forward based on deformation features
of deep roadway and original supporting project, these projects include the first support parameters, the
secondary support parameters and the secondary support opportunity. The piecewise linear
strain-softening model was used to obtain post-peak soften strength parameters of surrounding rock.
Strength effect of anchorage body was considered, the concept and the calculation formula of anchor
supporting strength index (/D) was put forward, and modified calculation parameters of rock mass were
given. Numerical calculation was done for these sixteen secondary support projects, and comprehensive
scores index (Es) of roadway stability proposed was used to optimize projects. The results showed that
the eleventh project (the anchor length (/,) is 8 000 mm, the low and row distance (e, xi,) is 1000 mm

x1000 mm, the displacement value of secondary support opportunity (d,) is 60 mm) can not only ensure
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stability of roadway, but also save cost, so it is optimum scheme. Therefore, influence relation of differ-

ent anchoring effects and different displacement values of secondary support opportunity action on

roadway stability were respectively analyzed, and overall evaluation and designing principles of support

parameters were put forward.

Key words deep high stress; roadway surrounding rock; support strength; secondary support op-

portunity; numerical calculation
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Table 1 Calculation program of secondary support

. RS R I (AR TRSCHINAL

GRS I/mm €, X iy/(mm X mm) FLFAH do/mm
1 6 000 600X 600 20
2 6 000 800X 800 40
3 6 000 1000 X 1000 60
4 6 000 1200 <1200 80
5 7 000 600X 600 20
6 7 000 800X 800 40
7 7000 1000 X 1000 60
8 7 000 1200 X 1200 80
9 8 000 600X 600 20
10 8000 800X 800 40
11 8000 1000 X 1000 60
12 8000 1200 X 1200 80
13 9 000 600X 600 20
14 9000 800X 800 40
15 9 000 1000 X 1000 60
16 9 000 1200 X 1200 80
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Table 2 Calculated parameters of rock mass
T HHE PSR PR RN PN B AT AR A SR
AR ol(kgm™) R/MPa R/MPa C/MPa o) E/GPa A
B (T TR A) 2.32 14 112 0.52 30 438 032
R3O ARRITIHSH
Table 3 Calculated parameters of the post-peak rock mass
T A PR IRE E/ RN S RN P9 BT A TEA R .
AR gl(kg'm?) R./MPa R//MPa C' /MPa o/°) E/GPa AL
Ve 2.32 7 0.56 0.29 23.57 438 0.32
K4 HAT MR TS HL
Table 4 Calculated parameters of the anchor bolt and anchor cable structure
APt HAR omm o EEBY(X 100D KIEHURE/MPa  SEIEBUE/GPa  JEIRGRE/AN Kiond/GPa Shond/(X 10°N)
AT 22 3.80 20 98.6/1.0=98.6 130/1.0=130.0 31.3/1.0=31.3 5.65/1.0=5.65
iR 17.8 2.13 20 98.6/2.0=49.3 230/2.0=115.0 6.5/2.0=3.25 4.8/2.0=2.4
LR, - e 12 (- S . D ID :
%5 BRI S e (1 +_j . tang” = [1 +_j g ()
Table 5 Calculated parameters of the concrete sprayed layer 10 10
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B MBYm E/GPa [ B W Jo UM S BE L bl . 2R 0 RN R A
- 6 3w ' , . ' \
BEGRL 000l s w0t EESNG R, K, Ch o A NEIRERAE
<6z s o st 2 0.20 0.2 21.0 666.7X 107
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Table 6 Corrected calculate parameters of rock mass
after the secondary support

i Yk ETJE DA - WEE
iﬂ:ﬁ% wr omp BRI Fo TS
o Rl * mipa Bkt
& ID  R'/MPa R'/MPa o° i) EGpa H

1 44.44 38.11 3.05 1.58 67.19 438 0.32
2 18.16 19.71 1.58 0.82 50.87 4.38 0.32
3 9.60 13.72 1.10 0.57 40.54 4.38 0.32

5.90 11.13 0.89 0.46 34.75 438 0.32
69.69 438 0.32
53.70 438 0.32
42.77 438 0.32

36.38 4.38 0.32

51.85 43.30 3.46 1.79

4
5

6 21.19 21.83 1.75 0.90
7 11.20 14.84 1.19 0.61
8 6.89 11.82 0.95 0.49
9

59.26 48.48 3.88 2.01 71.71 4.38 0.32

10 2422 23.95 1.92 0.99 56.20 4.38 0.32
11 12.80 15.96 1.28 0.66 44.85 4.38 0.32
12 7.87 12.51 1.00 0.52 37.94 4.38 0.32
13 66.67 53.67 4.29 222 73.38 438 0.32
14 27.25 26.07 2.09 1.08 58.41 4.38 0.32
15 1440 17.08 1.37 0.71 46.80 4.38 0.32
16 8.85 13.20 1.06 0.55 39.44 4.38 0.32
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Table 7 Evaluation value of each program
I e KIS Dipgy/mm ISR Vo/(mm - step™) GAPEERIRRG R AR
g i A BT Wi A Ry /MPa Pfm s
1 202.4 2149 221.7 2.44x10™ 487X10* 5.04x10* 17.35 6.89 1.40
2 244.1 304.4 310.2 7.87%10° 1.17X10° 1.23%10° 16.82 7.33 1.38
3 305.2 383.8 362.0 531X10° 6.24x10° 7.78X10° 16.21 8.85 1.34
4 358.1 489.4 454.1 8.16X107 3.18X10° 4.08%107 15.14 12.18 1.34
5 187.1 207.8 206.3 2.03%x10™ 3.05%10* 3.18X10™ 17.95 6.59 1.41
6 204.2 285.1 284.3 4.89%10° 1.21x10° 1.52%X10° 16.78 6.87 1.43
7 297.3 367.3 384.1 5.01x10° 3.41x10° 429%107 16.03 7.01 1.36
8 3313 4188 4246 7.07X10° 3.11X10° 3.49X10° 15.67 12.57 1.35
9 106.4 117.9 1158 5.54X10° 7.69%10° 7.69%10° 19.25 5.99 1.41
10 117.3 126.3 130.9 401x10° 5.94X10° 6.08X107 17.85 6.25 1.44
11 143.4 216.8 219.4 1.51x10° 1.58Xx10° 2.18X10° 16.26 6.67 1.53
12 206.1 239.4 247.2 1.71%10° 8.78 X107 8.23X10% 15.81 10.25 1.43
13 99.1 106.3 107.4 5.67X10° 8.99X10° 9.64X10° 19.42 6.05 1.43
14 109.4 1252 128.6 5.11X107° 6.08 X107 5.93x10° 17.69 6.39 1.42
15 139.1 207.3 205.9 1.51X10° 3.43x10° 2.66X107° 16.58 6.51 1.54
16 198.8 229.0 231.4 1.69%10° 9.18%X10° 9.06X 107 15.97 9.19 1.43
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Fig.1 Comprehensive values of each calculated program
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