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Anisotropic Analysis of Tunnel in Transversely Isotropic Rock

Mi-Jin Choi and Hyung-Sik Yang

Abstract In this study, stress difference between isotropic and transversely isotropic rock mass, and planar principal
stresses at the periphery of the tunnel in the rock with various ratio of anisotropy were determined theoretically.
Stress differences between isotropic and anisotropic calculations at crown, side walls and floor of a tunnel with
assumed stress states were analyzed and compare each other by FLAC™, a finite differential element method. As
a result, magnitude and direction of principal stresses in the case of ignoring anisotropy were different from those
of anisotropic cases, whatever the stress state was. Stress difference increased as the ratio of anisotropy increased.
Direction of anisotropy affected stress difference, especially in the cases of anisotropic directions of 45° and 135°
of counterclockwise from x direction.
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Fig. 2. The positions of the three strain gauge rosettes and

the coordinate system used
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Fig. 3. Strain gauge configuration for each rosette viewed
along axis of borehole

Table 1. Orientation angles for the CSIR triaxial strain

Angle ¢ Angle o

Strain gauge No.

1 180 0
2 180 90
3 180 135
4 180 45
5 60 0
6 60 90
7 60 135
8 60 45
9 300 0
10 300 90
11 300 135
12 300 45
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Table 2. Assumed five conbination cases of principal stresses examples in transversely-isotropic rock

Classification 01> 030 03 017 02> 03 01= 037 03 017 02= 03 0= 0= 03

Stress values(MPa) 5>>3>2 4>3>>1 3=3>2 3>2=2 3=3=3
Table 3. Elastic modulus of transversely-isotropic rock
ES/E =05 EZ/E ;=10 EQ/E 172.0

E (GPa) E (GPa) E (GPa) E (GPa) E (GPa) E (GPa)
40 20 28.3 283 20 40
40 20 283 283 20 40
All stresses classification 40 20 283 283 20 40
40 20 283 28.3 20 40
40 20 283 283 20 40

Table 4. Principal stress results calculated by the constitutive equation

Stress classification on A vertical situation on transversely A parallel situation on transversely
transversely isotropic (E 2/‘ Ep isotropic plane isotropic plane
rock ratio 5((MPa) | 04(MPa) | 04(MPa) | o,(MPa) | o{MPa) | o4(MPa)
0.5 35 33 3.1 38 3.0 18
01> 03 0 10 5.0 3.0 2.0 5.0 3.0 2.0
(5>>3>2) 2.0 63 36 11 5.8 39 26
05 2.8 27 16 33 33 12
017 62> 03 10 40 3.0 10 40 3.0 1.0
(4>>3>1) 20 53 39 0.5 46 33 1.0
1= 63> 01 0.5 23 41 34 27 45 22
‘ 10 3.0 3.0 20 3.0 3.0 2.0
G=3>2) 2.0 41 49 15 35 45 28
01> 0= n 0.5 23 32 25 24 26 18
1.0 3.0 20 2.0 3.0 20 2.0
(3>2=2) 20 38 28 13 35 33 238
R, 0.5 24 5.1 5.1 28 5.0 3.0
1.0 3.0 3.0 3.0 30 3.0 3.0
(3=3=3) 20 40 52 23 35 53 44
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Table 5. Assumed In-situ principal stresses and directions(dip direction: @ dip: &)

Modulus ratio o a 0 02 a 3 a 0
(MPa) ) ) (MPa) ) ) (MPa) ) )]
1.00 14.72 188 37 4.63 286 i1 225 30 50
1.25 15.55 187 38 445 283 8 1.38 23 51
2.00 16.19 186 37 3.66 280 5 -0.49 16 53
(+: tensile stress, - : compress stress)
Table 6. Stress by tunnel direction in two-dimension tunnel section
E,/E, 1.0 1.25 2.0
stress(MPa) ’
tunnel [ o,y Ty Oy o, Ty [ [ Ty
direction
0° 4.5 10.2 0.5 4.4 10.2 0.4 3.6 10.2 0.4
15° 4.7 10.1 -1.0 4.6 10.0 -1.1 3.9 9.9 -1.3
30° 5.5 9.3 -2.2 5.5 9.1 -2.3 4.9 8.9 -2.6
45° 6.9 7.9 -2.9 6.9 7.7 29 6.5 7.3 -33
60° 8.4 6.4 2.7 8.4 6.2 -2.7 8.2 5.6 -3.0
75° 9.6 52 -1.9 9.6 5.0 -1.8 9.5 4.3 2.0
90° 10.2 4.5 -0.5 10.2 4.4 -0.4 10.2 3.6 -0.4
105° 10.1 4.7 1.0 10.0 4.6 1.1 9.9 3.9 1.3
120° 9.3 5.5 2.2 9.1 5.5 2.3 8.9 49 2.6
135° 7.9 6.9 2.9 7.7 6.9 2.9 7.3 6.5 33
150° 6.4 8.4 2.8 6.2 8.4 2.7 5.6 8.2 3.0
165° 5.2 9.6 1.9 5.0 9.6 1.8 43 9.5 20
180° 4.5 10.2 0.5 4.4 10.2 0.4 3.6 10.2 0.4
(+: tensile stress, - : compress stress)
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Table 7. Input data

S

unit weight( kg/m ) ‘ Yoy Yz \
2400 Ex 025 | 15°

=

7

ratio of anisotropy 1.0 | ratio of anisotropy I.ZST ratio of anisotropy 2.0

E. |E, |Gy |E. |E, |Gy |E. |E, |Gy
(GPa) | (GPa) | (GPa) | (GPa) |{ GPa) | (GPa) | ( GPa) | (GPa) | (GPa)

3.0 3.0 \ 1.18 3.0 \ 3.75 l 1.34 3.0 6.0 1.69
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