2 R L G e el e TUNNEL & UNDERGROUND Vol. 11, No. 3, 2001, pp. 279-288
Vol. 11, No. 3, 2001, pp. 279~288 J. of Korean Society for Rock Mech.

T2 Efdol OFNE WIHE SIB $X| SHME ol
RYS" - YR - Y 87

A Numerical Study on the Estimation of Safety Factor of
Tunnels Excavated in Jointed Rock Mass

Kwang-Ho You, Yeon-Jun Park and Yong Kang

Abstract. Jointed rock mass can be analyzed by either continuum model or discontinuum model. Finite element

method or finite difference method is mainly used for continuum modelling. Although discontinuum mode] is

very attractive in analyzing the behavior of each block in jointed blocky rock masses, it has shortcomings such

that it is difficult to investigate each joint exactly with the present technology and the amount of calculation in

‘ computer becomes too excessive. Moreover, in case of the jointed blocky rock mass which has more than 2 ‘
dominant joint sets, it is impossible to model the behavior of each block. Therefore, a model such as ubiquitous ;

“ joint model theory which assumes the rock mass as a continuum, is required. In the case of tunnels, unlike ‘

slopes, it is not easy to obtain safety factor by utilizing analysis method based on limit equilibrium method
l because it is difficult to assume the shape of failure surface in advance. For this reason, numerical analyses for
tunnels have been limited to analyzing stability rather than in calculating the safety factor. In this study, the ‘
| behavior of a tunnel excavated in jointed rock mass is analyzed numerically by using ubiquitous joint model i
which can incorporate 2 joint sets and a method to calculate safety factor of the tunnel numerically is presented.
To this end, stress reduction technique is adopted.

|
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Fig. 1. A relationship between the actual strength and a
strength reduced by a trial safety factor (After Park and You,
1998).
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Fig. 2. Flow chart for the calculation of safety factor (You et al.,, 2000).
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Table 1. Rock, supports and joint properties.
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Table 2. Sensitivity analysis.
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Fig. 3. Configuration of a rock tunnel with two perpendicular
joint sets (intact rock : y= 2,600 kg/m’, E=6.9X 10’ Pa, v=
0.25, joint : ¢;=30~45", ¢;=1><10'~1>10°Pa, K, = 1.0).
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Fig. 4. Safety factor vs dip angle of joint 'a’ in the case of an
unsupported circular tunnel (mesh size = 0.5 m).

Table 3. Safety factor of an unsupported circular tunnel.
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Fig. 5. Safety factor vs dip angle of joint 'a’ in the case of an
unsupported circular tunnel (mesh size= 1.0).

joint factors of safety with varying dip angles of joint ‘a’
property mesh size =0.5m mesh size=1.0m mesh size =2.0 m
¢ (Pa) o) 0° 15° 30° 45° 0° 15° 30° 45° 0° 15° 30° 45°
1x10° 0.45 035 <01 <01 0.55 0.65 < 0.1 0.55 0.75 0.65 0.65 0.75
1x10* 30 0.45 035 <01 025 0.65 0.65 < 0.1 0.65 0.85 0.65 0.65 0.85
1x10° 1.25 075 <01 085 1.45 1.15 <01 1.25 1.75 1.75 1.65 1.95
35 0.55 045 <01 035 0.75 0.75 <01 0.75 1.05 0.85 0.85 0.95

1x10* 40 0.65 045 <01 045 0.85
45 0.75 055 <01 045 1.05

0.95 < 0.1 0.85 1.25 0.95 0.95 1.15
1.05 < 0.1 1.05 1.35 1.15 1.15 1.35
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Table 4. Safety factor of a partially supported circular tunnel.
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Fig. 8. Safety factor vs dip angle of joint 'a’ in the case of a
partially supported circular tunnel (mesh size =0.5 m).

50 ) |
I ——g=1e3(Pa), 4i=30{deq) !
T —s-c=1e4(Pa), $/=30(den)
4.0 ° —+ci=1e5(Pa), &=30(ded)
> P ——ci=le4(Pa), 6=35(dsa)
D E —x—cr=1e4(Pa), ¢=40(dlea)
‘s b —e—gci=1e4(Pa), ¢j=45(den)
w30 ¢
“6 B
S
G 20
<
s
1.0
0.0

0 15 30 45
Dip angle of joint 'a’ (deg)

Fig. 9. Safety factor vs dip angle of joint 'a’ in the case of a
partially supported circular tunnel (mesh size = 1.0 m).
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joint factors of safety with varying dip angles of joint 'a’
property mesh size =0.5 m mesh size=1.0m mesh size =2.0m

c®Pa) ¢ 0° 15° 30° 45° 0° 15° 30° 45° o° 15° 30° 45°
1x10° 0.55 0.45 045 0.55 0.65 0.85 1.65 1.65 2.55 1.35 2.55 1.05
1x10* 30 0.65 0.55 0.45 1.05 0.65 1.25 235 1.95 2.65 1.35 345 1.05
1x10° 1.65 095 0.75 1.75 2.35 2.5 4.15 4.15 5.25 245 6.25 1.85

35 0.75 0.65 0.55 1.05 0.75 1.55 2.65 2.25 3.05 1.65 3.95 1.25
1x10°* 40 0.95 0.75 0.65 1.25 0.95 1.75 2.85 2.65 3.85 1.95 4.85 1.45

45 1.05 0.85 0.75 1.65 1.05 2.05 3.25 2.95 3.85 2.35 535 1.75
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Table 5. Safety factor of a fully supported circular tunnel.
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Fig. 12. Safety factor vs dip angle of joint 'a' in the case of a
fully supported circular tunnel (mesh size = 0.5 m).

joint factors of safety with varying dip angles of joint 'a’
property mesh size =0.5 m mesh size=1.0m mesh size =2.0 m

c(Pa)y o) 0° 15° 30° 45° 0° 15° 30° 45° 0° 15° 30° 45°
1x10° 0.65 0.75 1.05 1.45 1.05 3.25 2.05 5.55 3 9 131 8
1x1¢* 30 0.75 075 125 1.65 1.15 3.05 2775 3.35 3 10 90 71
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Fig. 18. Supporting effect when dip angle of joint ‘a” =30°
and mesh size =0.5m.
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