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Evaluation of Effect of Rock Joints on Seismic Response of Tunnels

+ A A Yoo, Jin-Kwon 2 Al & Chang, Jaehoon
% 3" Park, Du-Hee A ¥ ™' Sagong, Myung
Abstract

In performing seismic analysis of tunnels, it is a common practice to ignore the rock joints and to assume that the
rock mass surrounding the tunnel is continuous. The applicability of this assumption has not yet been validated in detail.
This study performs a series of pseudo-static discrete element analyses to evaluate the effect of rock joint on the seismic
response of tunnels. The parameters considered are joint intersection location, joint spacing, joint stiffness, joint dip,
and interface stiffness. The results show that the joint stiffness has the most critical influence on the tunnel response.
The tunnel response increases with the spacing, resulting in localized concentration of moment and shear stress. The
response of the tunnel is the lowest for joints dipping at 45°. This is because large shear stresses result in rotation
of the principal planes by 45°. In summary, the weathered and smooth, vertical or horizontal, and widely spaced joint
set will significantly increase the tunnel response under seismic loading. The tunnel linings are shown to be most

susceptible to damage due to induced shear stress, and therefore should be checked in the seismic design.
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Fig. 2. Application of displacement boundary in the method of
displacement
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Table 1. Properties applied to the rock and tunnel lining

Density Elastic modulus Poisson

(kg/m?) (GPa) ratio
Rock block 2320 19.3 0.15
Tunnel lining 2000 15 0.2

Table 2. Normal (&) and shear (X&) stiffness of rock joints

AlE Zhe Zaske] AFYs19ict Bandis et al.(1983)-
delo] AHE 1) SR A o F3H(Fresh
to slightly weathered), 2) 7t =2 FSHModerately
weathered), 3) F3HWeathered) 371A] A7}R| = 53}
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T=o0,tan

JRClog( ]OS)+¢] (1)

n

7|4 o, = 282, JCS(Joint compressive strength)
EAEHA Q] =7, JRC(Joint roughness coefficient)

= Barton®] A2Z7] #H4=o|t}. JISCL} JRCE Bandis et al.
(1983)0] AAIGE AFFe] He] Ae] E AS dlolEHE 4]
&stRon, 4592 02~2.0MPa2] & 4835}
o] o] tigt & ¢, ¢’ ALt F-e= Ay 7
T AL Table 39| A3ty Qg oA Aoz
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Joint type Reference K, (GPa/m) K, (GPa/m)
. Fresh to slightly weathered Bandis et al. (1983) 3.6 ~22.7 0.25 ~ 2.36
Jointed rock mass Moderately weathered Bandis et al. (1983) 43 ~ 225 0.47 ~ 1.73
(Sandstone)
Weathered Bandis et al. (1983) 2.3 ~ 4.7 0.56 ~ 1.35
Filled joint Soft—clay in—filling FLAC Manual (ltasca, 2008) 0.01 ~ 0.1 0.01 ~ 0.1
Table 3. Properties applied for the rock joints
Joint type (GPa/m) K, (GPa/m) C (MPa) o (°)
Fresh to slightly weathered 20 2 0.2 49
Jointed rock mass Moderately weathered 5 1.3 0.1 40
(Sandstone) 2 0.5 0.05 36
Weathered 1 0.25 0.04 35
Filled joint Soft—clay in—filling 0.1 0.025 0.03 33
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Fig. 3. Vs profiles used to perform site response analyses for estimation of representative maximum shear strain in rocks
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Fig. 6. Comparison of calculated maximum shear strain profiles
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(@) 0° from tunnel crown

Table 4. Matrix of analyses

Fig. 8. Modeling for evaluation of effect of joint intersection location

-

(b) 45° from tunnel crown (shoulder)

(c) 90° from tunnel crown (spring line)
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M_Z254kN —m V- =76.3kN

_~"" max

(a) Thrust, moment, and shear force for 0° from tunnel crown (case 1)

m

Mo =20 548 v, =136kN

(b) Thrust, moment, and shear force for 45° from tunnel crown (case 2)

M, =25kN-m W, =626kN

max max

(c) Thrust, moment, and shear force for 90° from tunnel crown (case 3)

Fig. 9. Effect of location of joint intersection on calculated thrust, moment, and shear force (Case 1~3)
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Fig. 10. Effect of location of joint intersection on calculated (a) thrust, (b) moment, (c) bending stress, and (d) shear stress (Case 1~ 3)
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Fig. 11. Effect of joint spacing on calculated thrust, moment, and shear force (Case 2, 4, 5, 6)
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