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Study on the influence of principal stress on the stability
of surrounding rock in deep soft rock roadway
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Abstract Taking some mine as the engineering background, the 105 groups of numerical simulation
project have been designed according to the possible existence of ground stress type of deep soft rock
roadway and to the angle alpha which represents the numerical value between roadway axis and the di-
rection of maximum horizontal principal stress. The law of the stability of surrounding rock of deep soft
rock tunnel excavation, changing along the coefficient of axial and radial lateral pressure coefficient (4,,
Ay) and the angle of the roadway axial (), has been studied. Besides, both the weight of N,, that stands
for the factor of lateral pressure coefficient and N, that represents the factor of axial angle in complex
stress field have been studied. The results have shown that the suitable axial angle for the layout of
roadway is related to the type of stress field, and that not only laying along the maximum horizontal
principal stress is the most conducive to the stability of roadway surrounding rock; When the axis of

roadway in deep rock does not parallel with the direction of horizontal principal stress, the horizontal
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principal stress (be it the maximum or the minimum) that is closer to the axis of roadway could be re-

garded as the axial stress, while the other horizontal principal stress could be taken as the radial stress.

Key words principal stress; roadway layout; impact factor; deep soft rock roadways; the stability of

surrounding rock
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Table 1 Mechanical parameters
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GPa GPa ©) MPa MPa
U 3.30 1.54 32 2.28 3.55
W RE 1.43 0.45 30 3.07 0.15
W 1.83 0.846 36 8.81 422

AL R, YRS PO A TE KT N
0(Ohmax)s Ox(Ghmin) 73 M T R EL 2 (Amax) s Ax(Amin)
A, B S AR, A () Ad(Amin)
I3 ERIR 0,(0hmax)s l(Ohmin) T 0 HTECAH . 5 R EKL
(09K /I8 55 BT A I g A 85 e A T (1) EL A& B A K

Wl HEEPCE AR E AT AL RNE A, R R
Bl W K T4 T 1 iR HCE B IE A B AL 7 RN
MR RBAERE /DN TET 1. 2l 55 KKE
TN TT Ohmax FIAAN ar WK 1o FESLFRHUTTEAET
o, PP R AL A, A AEAEANSE, B
TG AL N 355y it R 3 K0 6, BN
Y1, W 0y Ohmax = Ohmin: 0wy 22N 155, B Ghmax >

O'VZO'hmjn: O'h:lﬁg)i\z)‘}ii” ED Uhmaxzo'hmin>0-v°
L
rrrrEr
O, =A,.0.

BT B e A s R

Fig.1 Axial arrangement diagram of roadway
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Table 2 Sigma v-shaped stress field

N 155 5 Jmax(02/MPa) Amin(03/MPa)
ol 0.5(11) 0.5(11)
0w 0.5(11)
0.8(17.6)

ovs 0.8(17.6)
Ou 0.5(11)
ovs 1(22) 0.8(17.6)
Ove 1(22)

K3 oMYV
Table 3  Sigma hv-shaped stress field

ISFR L R Jmax(01/MPa) Jmin(03/MPa)
Ol 0.5(11)
Ohv2 1.2(26.4) 0.8(17.6)
Ohv3 1(22)
Ohvd 0.5(11)
Ohvs 1.5(33) 0.8(17.6)
Ohve 1(22)
Ohv7 0.5(11)
Oh8 1.8(39.6) 0.8(17.6)
Ohv9 1(22)

R4 o, MTN I
Table 4 Sigma h-shaped stress field

N 355 Jmax(01/MPa) Jmin(02/MPa)
i 1.2(26.4) 1.2(26.4)
Oh2 12(264)
1.5(33)
Oh3 15(33)
Oha 1.2(26.4)
s 1.8(39.6) 1.5(33)
s 1.8(39.6)
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Fig.3 Angle-displacement (sigma v-shaped stress field)
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Fig.4 Sub-stress field-displacement (sigma v-shaped stress field)
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Table 5 Factor of angle N, (sigma v-shaped stress field)

al(°) ol on 0y Ou ovs Oy
0 1.00 1.00 1.00 1.00 1.00 1.00
30 1.31 1.31 1.33 1.29 1.32 1.26
45 1.42 1.38 1.36 1.38 1.35 1.23
60 1.31 1.21 1.33 1.31 1.45 1.26
90 1.00 0.92 1.00 1.03 1.12 1.00
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Table 6 Factor of lateral pressure coefficient N,
(sigma v-shaped stress field)

/(%) Oyl Ov2 0v3 Ov4 Ovys Ov6
0 1.00 0.98 0.88 1.01 0.89 1.00
30 1.00 0.98 0.89 0.99 0.89 0.96
45 1.00 0.95 0.84 0.98 0.84 0.86
60 1.00 0.91 0.89 1.01 0.98 0.96
90 1.00 0.91 0.88 1.04 1.00 1.00

R R TRE Qo BN 1)
Table 7 Weight of angle factor Q,
(sigma v-shaped stress field)

a/(°) Oyl [4%] Q%] Ov4 Ovs Ov6

0 0.50 0.50 0.53 0.49 0.52 0.49
30 0.56 0.57 0.59 0.56 0.59 0.56
45 0.58 0.59 0.61 0.58 0.61 0.58
60 0.56 0.57 0.59 0.56 0.59 0.56
90 0.50 0.50 0.53 0.49 0.52 0.49
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Fig.5 Angle-displacement (sigma hv-shaped stress field)
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Table 8 Factor of angle N, (sigma hv-shaped stress field)

al(°)  omi Ohyv2 Ohv3 Ohv4 Ohvs Ohvé Ohv7 Ohvg  Ohvo

0 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
30 129 126 131 126 1.18 1.1 123 122 1.15
45 143 134 148 146 141 127 149 149 142
60 1.60 1.67 1.81 209 236 230 259 3.01 3.01
90 135 144 144 193 221 208 246 291 285

®9 MR T N, (on BN 137)
Table 9 Factor of lateral pressure coefficient N,
(sigma hv-shaped stress field)

a/(°) Omi G2 Ohi  Owd  Ows  Omé  Oh7  Om8  Ohyo

0 100 089 097 099 1.03 1.10 1.07 1.22 1.31
30 1.00 087 099 097 094 095 1.02 1.16 1.18
45 1.00 084 1.01 1.02 1.01 097 111 127 1.30
60 100 093 1.10 130 1.51 158 173 230 2.47
90 1.00 095 1.03 142 1.68 1.69 194 2.62 2.78
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Table 10 Weight of angle factor O,
(sigma hv-shaped stress field)

al(®) o Ohv2 Ohv3 Ohv4 Ohvs Ohv6 Ohv7 Ohv8 Ohv9

0 050 053 051 050 049 048 048 045 043
30 056 059 057 056 056 054 055 051 049
45 059 062 060 059 058 057 057 054 052
60 062 064 062 062 061 059 060 057 055
90 057 060 058 058 057 055 056 053 051
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Fig.7 Angle-displacement (sigma h-shaped stress field)
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Fig.8 Sub-stress field-displacement
(sigma h-shaped stress field)
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Table 11
(sigma h-shaped stress field)

Factor of angle N,

a/(°) Ohl Oh2 Oh3 Oh4 Ohs Ohe
0 1.00 1.00 1.00 1.00 1.00 1.00
30 1.18 1.05 1.07 1.04 1.01 1.06
45 1.06 1.06 0.94 1.17 1.01 0.95
60 1.18 1.81 1.07 2.50 1.65 1.06
90 1.00 1.63 1.00 2.32 1.52 1.00

F 12 MERBET N0, BN J15))
Table 12 Factor of lateral pressure coefficient N,,
(sigma h-shaped stress field)

a/(°) Ohl Oh2 Oh3 Oh4 Ohs Oh6
0 1.00 1.09 1.82 1.26 1.93 3.01
30 1.00 0.98 1.65 1.12 1.66 2.71
45 1.00 1.10 1.62 1.39 1.83 2.70
60 1.00 1.68 1.65 2.68 2.71 2.71
90 1.00 1.78 1.82 2.92 2.94 3.01

R 13 AR TR Qy(0n BN )1 3)
Table 13 Weight of angle factor O,
(sigma h-shaped stress field)

a/(°) Ohl Oh2 Oh3 Ohg Ohs Ohé
0 0.50 0.48 0.35 0.44 0.34 0.25
30 0.54 0.52 0.39 0.48 0.38 0.28
45 0.51 0.49 0.37 0.46 0.35 0.26
60 0.54 0.52 0.39 0.48 0.38 0.28
90 0.50 0.48 0.35 0.44 0.34 0.25
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Fig.9 The deformation comparison of three roadways
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