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A Study on the Stability of Underground Structure considering the
Orientation and the Stiffness of Discontinuity

Seung-Ho Lee

ABSTRACT Underground structures show different behaviors depending upon the space and the
mechanical characteristics of discontinuities, such as joints, beddings, faults and shear zone. Designing
the rock structures without considering the significance of these discontinuities can lead to false
conclusions. This paper includes study on the following topics; the numerical analysis of continuous rock
and discontinuous rock around a tunnel, the influences on shotcrete moment and rock-bolt axial force of
tunnel due to different joint orientation and stiffness
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Fig. 1. Idealised diagram showing the transition from
intact rock to a heavily jointed rock mass with
increasing sample size(after E. Hoek and E.T.
Brown, 1980).
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Fig. 2. Failure mode of rock joint (after B. Jaeger,
1960).
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Fig. 3. Profile of tunnel for numerical analysis.

Table 1. Rock mass properties and support stiffness
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Fig. 4. Mesh and boundary condition for numerical
analysis.

Rock mass properties

Rock type Unit weight () C Modulus of deformation Poisson's
(t/m®) (t/m?) (t/m*) ratio
Residual soil 1.8 30 1.0 2000.0 0.35
Weathered rock 2.0 35 2.0 20000.0 0.3
Soft rock 2.3 40 20.0 80000.0 0.25
Support stiffness
Support type E E, G, g, Im*) Area(m”)
(t/m°) (t/m’) (t/m”

Soft Shotcrete 5.0E5 1.0E5 700 0.0014 0.868e-3 0.3
Hard Shotcrete 1.0E5 1.0E5 1400 0.0014 0.417E-3 0.3
Rockbolt 2.1E7 1.0E5 28000 0.002 - 0.491E-3
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(spacing of joint: 1.0 m).
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Fig. 6. (a) Axial force diagram of Rockbolt, (b) Bend-
ing moment diagram of Shotcrete.

2 sh4sigleh. mat £1e) 2ol Ak 2RlE o4
3% oo Paelel Aol H(+)e) Pu
WE 0.66 t-m, ZHE = 2()2] YRE .0.63 t-
m7h sk Ao Al4sl.
UL o] §8 AN tAANE A&
BEsiel AshE el ol hATiAAl
el B BelSue Taelo] vl E9iRie}
MMl A7t BEehE AL, L Beikuie
3} b A Aele] Ak slAlehs 7 gol
o §el Moz 2 geeh aeiv olaRieto] el
& Egla 9 Aol TRTol Ageks &
ol ZRIEF Aol EAfsH: Edgwe] w
Aotk 74 Soll oS- 2 odsbe WAl Rck. ol et
of 3} 3ol MAelE S2o] A Afolat Aol
£ 2ok del Aol A R4 shAubgoleh Bekelct,
Hebd B ERoldE AULsE o Sujel el

¢

(o]

1

B W oe
[

=in



Type|Bending Moment Axial Force

‘ﬁ
! v s =

\U\"
Il -
eyl %\/\
v
v
Vi

Fig. 7. Bending moment and Axial force diagram
(Case studies).
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