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Analysis on Displacement Release of Tunnel

Face Based on Orthogonal Tests
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(College of Civil Engineering, Hunan University,Changsha 410082, China)

Abstract; The existing computational methods of displacement release coefficient are too complex.
Based on quadratic regression orthogonal design,a construction method of displacement release coefficient
formula was given, and a series of numerical experiments of a circular tunnel in hydrostatic stress field
were carried out by the above method. The regression equation of displacement release coefficient was es-
tablished,and the sensitivity of parameters was determined. Through analysis of numerical examples and a
case history,the equation was proved to be reasonable and effective. The results indicate that for different
levels of surrounding rock, the effect of the same factor on the displacement release coefficient of the tunnel
face is different. Stress level, disturbance of rock mass,GSI, H-B material constant and Poisson’s ratio have
a great influence on the displacement release of tunnel face,while the intact rock strength and deformation
modulus have little influence.
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Fig.1 Longitudinal displacement profiles
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Tab.1 Typical parameters of rock mass

AR 6q/MPa mi GSl 6wm/MPa E.,/MPa v

*= 20 8 30 1.7 1400 0.3
— 80 12 50 13 9 000 0.25
I 150 25 75 64.8 42 000 0.2
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Fig.2 Geometry and boundary conditions of the model
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Tab.2 The codes and levels of factors

AR Z; n E../MPa oa/MPa mi GSI 60/Cem D
X1 Xz X3 X4 XS XG XT
FREERy 0.300 9 000.000 80.000 12.000 50.000 5.000 1.000
FAKFE1 0.289 7 345.680 66.940 11.129 45.647 4.129 0.782
FIKFE 0 0.275 5 200.000 50.000 10.000 40.000 3.000 0.500
TFAKFE—1 0.261 3 054.320 33.060 8.871 34.353 1.871 0.218
TREEH—y 0.250 1 400.000 20.000 8.000 30.000 1.000 0.000
AR AL E] IR 0.014 2 145.680 16.940 1.129 5.647 1.129 0.282
3 REARRER
Tab.3 Testing program and results
i v E../MPa o./MPa m; GSI 60/6em D ui /%
1 0.289 7345.68 66.94 11.129 45.647 4.129 0.782 15.71
2 0.289 7345.68 66.94 8.871 34.353 1.871 0.218 25.58
3 0.289 7345.68 33.06 11.129 45.647 1.871 0.218 25.90
4 0.289 7345.68 33.06 8.871 34.353 4.129 0.782 2.293
5 0.289 3054.32 66.94 11.129 34.353 4.129 0.218 20.90
6 0.289 3054.32 66.94 8.871 45.647 1.871 0.782 24.58
7 0.289 3054.32 33.06 11.129 34.353 1.871 0.782 22.43
8 0.289 3054.32 33.06 8.871 45.647 4.129 0.218 22.44
9 0.261 7345.68 66.94 11.129 34.353 1.871 0.782 22.07
10 0.261 7345.68 66.94 8.871 45.647 4.129 0.218 22.05
11 0.261 7345.68 33.06 11.129 34.353 4.129 0.218 20.56
12 0.261 7345.68 33.06 8.871 45.647 1.871 0.782 24.08
13 0.261 3054.32 66.94 11.129 45.647 1.871 0.218 25.35
14 0.261 3054.32 66.94 8.871 34.353 4.129 0.782 2.474
15 0.261 3054.32 33.06 11.129 45.647 4.129 0.782 15.51
16 0.261 3054.32 33.06 8.871 34.353 1.871 0.218 24.99
17 0.3 5 200 50 10 40 3 0.5 22.87
18 0.25 5 200 50 10 40 3 0.5 22.18
19 0.275 9 000 50 10 40 3 0.5 22.54
20 0.275 1 400 50 10 40 3 0.5 22.52
21 0.275 5 200 80 10 40 3 0.5 22.49
22 0.275 5 200 20 10 40 3 0.5 22.50
23 0.275 5 200 50 12 40 3 0.5 23.32
24 0.275 5 200 50 8 40 3 0.5 21.32
25 0.275 5 200 50 10 50 3 0.5 24.35
26 0.275 5 200 50 10 30 3 0.5 18.52
27 0.275 5 200 50 10 40 5 0.5 12.55
28 0.275 5 200 50 10 40 1 0.5 26.05
29 0.275 5 200 50 10 40 3 4.417
30 0.275 5 200 50 10 40 3 0 24.94
31 0.275 5 200 50 10 40 3 0.5 22.31
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Tab.4 F-statistic for various parameters

A 0.239 —
Z, 0.002 —
Zs 0.004 —
Z4 8.33 12.3
Zs 30.1 44.5
Zs 142 209
A 136 201
AV AL 35.9 53.0
VAVAL 15.2 22.5
Z5Zs 12.8 18.8
AYA 0.001 —
AYA: 0.006 —
237, 0.033 —
Z3Zs 0.02 —
VAN 0.56 —
Zy 0.56 —
Zy 0.52 —
Zy 0.337 —
Zs 0.021 —
Zg 3.60 —
VAS 32.4 47.7

H:Fo05(1,9)=5.12,F 0.0 (1,9)=10.56,F 1 (1,22)=7.95.
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Tab.5 Parameters and results of numerical examples

6i/MPa  m; GSI  E./MPa v 60/ em D ui (FLAC3D)/ % ug (AL /% WE/%

% 20 8 30 1 400 0.3 3.5 0.7 5.66 6.14 (R(7)) 8.48
A 38.74 12 44 5 600 0.259 3.5 0.7 20.38 19.41((7) 4.76
B 41.5 12 47 7 640 0.251 3.5 0.7 21.33 21.46 (X (7)) 0.61
i 23.50(z(7)) 3.34
— 80 12 50 9 000 0.25 3.5 0.7 22.74 ) .
23.82(R:(8)) 4.75
) 44.55((7) 84.85

C 51 16.3 75 30 000 0.23 3.5 0.7 24.10 _
25.32(x(8)) 5.06
D 110 17.7 75 42 000 0.2 3.5 0.7 23.64 24.68(x(8)) 4.40
It 150 25 75 42 000 0.2 3.5 0.7 24.23 24.68(x:(8)) 1.86
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Tab.6 Parameters of surrounding rock

SR JeBt &
o/MPa 27.204 48.02
E./MPa 10 503 8143
v 0.29 0.3

0 26.8 27.1

mi 10 10

GSI 52 48

RMR 55 39
Q 10.74 0.78
60/MPa 5.402 5.024
oan/MPa 4,956 3.072
00/0cm 1.090 1.635
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