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A Study on the Support Design for Underground Excavation Based on the
Rock-Support Interaction Analysis

Hyukjin Kim, Taechin Cho and Namyeon Kim

ABSTRACT Engineering rock mass classification is extensively used to determine the reasonable
support system throughout the tunneling process in the field. Selection of support system based on the
results of engineering rock mass classification is simple and straight-forward. However, this method
cannot consider the effect of in-situ stresses, mechanical properties of support material, and support
installation time on the behavior of rock-support system. To handle the various conditions encountered
in the underground excavation sites rock-support interaction program has been developed. This
program can analyze the interaction between rock mass and support materials and also can simulate
the tunnel excavation-support installation process by controlling the support installation time and the
stiffness of support system. Practical applicability of this program was verified by comparing the results
of support design to those from rock mass classification for the virtual underground excavation at the

drilling site KD-06 in Geoje island.
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Fig. 1. Hypothetical example of tunnel excavation
(after Daemen, 1977).
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Table 1. Results of rock mass classification
depth (m) RQD quality RMR quality Q quality

553~ 614 85 good 56  fair 224 good
643~ 710 94 very good 64 good 8.27 fair
90.2~1009 85 good 58 fair 4.68 fair
117.0~130.6 88 good 66  fair 155 good
169.7~180.2 94 very good 61 good 20.7 fair
180.4~191.9 94 very good 58 good 4.14 (fair
200.0~204.6 84 good 55 fair 9.24 fair
206.2-2100 89 good 53 fair 7.83 good
217.3~220.8 97 very good 56  fair 11.0 fair
2244~230.1 74 good 68 fair 652 fair
258.0~268.0 98 very good 63 good 8.62 good
283.6~2894 87 good 51 good 115 fair
301.1~310.0 90 good 58 fair 7.92 fair
326.5~330.0 78 good 56 fair 7.80 fair
349.0~361.0 73 good 55  fair 9.73 fair
370.0~380.3 78 good 55 fair 5.56 fair
395.3~400.0 73 good 57 fair 19.5 good
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Table 2. Empirical support design based on the results of rock mass classification

depth rockbolt shotcrete steel set
(m) length (m) spacing (m) thickness (mm) spacing (m)
RMR Q RQD RMR Q RQD RMR Q RQD
without  with crown sidewall
shotcrete shotcrete
55.3~ 61.4 4 3~5 15~1.8 15~2 16~2 23~25 50~80 50~100 30 40 1.5~1.8
90.2~100.9 4 3~5 15~18 15~2 16~2 21-23 50~80 50~100 30 40~90 1.5~1.8
117.0~130.6 4 3~5 15~1.8 1.5~2 2~3 2.3~2.5 50~80 50~100 30 40-~90 1.5~1.8
180.4~191.9 3 3-5 2.5 1.6~2 2.1-23 50, if needed 40~90
224.2~230.1 4 3-5 12~15 15~2 16~2 2.1~23 100~150 50~100 30 40-90 1.2-~15
258.0~268.0 3 3-56 25 1.6~2 2.1~23 50, if needed 40~90
301.0~310.0 4 3~-5 1.5~1.8 1.5~2 2~3 2.3~2.5 50~80 50~100 30 40~90 15~1.5
326.5~330.0 4 3-5 12-15 15~2 1.0~16 21~23 100~150 50~100 30  40~90
349.0~361.0 4 3~5 15~-18 15~2 16~2 2.1~2.3 50~80 50~100 30 40~90 1.5~1.8
Table 3. Optimized empirical support design
depth rockbolt shotcrete rockbolt+shotcrete
(m) length spacing t. length spacing t.
(m) (m) (mm) (m) (m) (mm)
55.3~ 61.4 3~5 1.6~2 50~100 3~5 2.3~25 40~50
90.2~100.9 3~5 1.6~2 50~100 3-5 2.1~2.3 40~50
117.0~130.6 3~5 2~3 50~100 3~-5 2.3~2.5
180.4~191.9 3~5 1.6~2 50 3~5 2.1~2.3
258.0~268.0 5 1.6~2 50 3~5 2.1~2.3
301.1~310.0 3~5 2-3 50~100 3~5 2.3~-25
349.0~361.0 3~5 1.6~2 50~100 3~5 2.1-23
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Fig. 6. Variation of support pressures with respect to
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Table 4. Mechanical properties of rock mass in each depth interval

depth (m) RMR  tunnel radius in-situ load o m m, s S,
r, (m) p. MPa) (MPa)
55.3~ 61.4 56 6.5 1.515 64.83 1.261 0.13 0.00089  0.00001
90.2~100.9 58 7 2.481 78.25 1.457 0.13 0.00123  0.00001
117.0~130.6 56 6.5 3.215 64.90 1.261 0.13 0.00089 0.00001
180.4~191.9 61 8 4.834 62.50 1.810 0.13 0.002 0.00001
258.0~268.0 68 9.5 6.830 44.68 2.999 0.13 0.00622  0.00001
301.1~310.0 58 7 7.935 26.42 1.457 0.13 0.00123 0.00001
349.0~361.0 55 6.5 9.219 39.02 1.174 0.13 0.00076 0.00001
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Fig. 7. Rock-supprot interaction at the depth interval
117.0-130.6 m. Rockbolt is installed when the
radial displacement is 1.86 mm.
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Fig. 8. Rock-support interaction at the depth interval
117.0-130.6 m. Spacing of rockbolt is 0.6 m.
a: rockbolt installed when u;=1.86 mm,
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radial displacement is 1.86 mm.
a: shotcrete thickness=40 mm,
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Fig. 10. Rock-support interaction at the depth interval
117.0-130.6 m, Thickness of shotcrete is 30
mm.
a: shoterete applied when u;=1.86 mm,
b: shotcrete applied when u;=4.0 mm,
c: shotcrete applied when u;=6.0 mm
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Fig. 11. Rock-support interaction at the depth in-
terval 117.0-130.6 m, Support is installed
when the radial displacement is 4.0 mm.
a: shotcrete thickness=30 mm,
b: shotcrete thickness=25 mm,
c¢: bolt length=3 m, bolt spacing=2.0 m,
shotcrete thickness=25 mm,
d: bolt length=3 m, bolt spacing=0.9 m,
shotcrete thickness=25 mm
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Table 5. Input data for the support design at the
depth interval 117-131 m

parameter value
uniaxial compressive 64.9 MPa
material constants m, s m=1.261
$=0.00089
modulus of elasticity (E) 12.0 GPa
Kk material constants for m,=0.013
FoCK mMAass 4 oken rock mass m,, S, 5,=0.00001
Poisson's ratio (v) 0.2
unit weight of broken 0.02 MN/m’
rock mass (y)
radius of tunnel (r) 6.5 m
elastic modulus (E,) 207 GPa

load-deformation constant 0.143 m/MN

rockbolt for anchor (Q)
ultimate failure load 0.285 MN
modulus of elasticity (E) 20.7 GPa
shotcrete Poisson's ratio (v,) 0.25
uniaxial compressive 34.5 MPa

Table 6. Results of theoretical support design
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tunnel initial rockbolt shotcrete rockbolt+shotcrete
depth radius deformation
(m) (m) u;, length spacing t. length spacing t.

(mm) (m) (m) (mm) (m) (m) (mm)

55.3~ 61.4 6.5 0.972 2 0.4 57 2 2.5 55
90.2~100.9 7.0 1.251 2 0.5 50 2 2.5 45
117.0~130.6 6.5 4.0 3 0.6 30 3 2 25
180.4~191.9 8.0 1.911 5 0.9 32 5 2 30
258.0~268.0 9.5 1.92 8 0.8 105 5 2 103
301.1~310.0 7.0 50 18 0.8 220 5 2 215
349.0~361.0 6.5 50 12 0.4 234 5 2 240
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Fig. 12. Variation of support pressure at the depth in-

terval 55.3-61.4 m (P,=1.515 MPa, P=0.053
MPa, U;=0.972 mm).
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Fig. 13. Rock-support (rockbolt+shotcrete) in-
teraction at the depth interval 55.3-61.4 m.
T: theoretical, E;: empirical, u;=0.97 mm,
E,: empirical, u;=0.50 mm
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Fig. 14. Rock-support (rockbolt+shotcrete) interac-

tion at the depth interval 90.2-100.9 m.
T: Theoretical, u;=1.251 mm, E: empirical
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Fig. 15. Rock-support (rockbolt+shotcrete) interaction
at the depth interval 117.0-130.6 m.
T: theoretical, u;=4.8 mm, E: empirical
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Fig. 16. Rock-support '(rockbolt+shotcrete) interac-

tion at the depth interval 180.0-192.0 m.
T: theoretical, u;=1.911 mm, E: empirical
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Fig. 17. Rock-support (rockbolt+shotcrete) interac-
tion at the depth interval 258.0-269.0 m.
T: theoretical, u;=1.92 mm, E: empirical
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Fig. 18. Rock-support (rockbolt+shotcrete) interac-

tion at the depth interval 301.0-310.0 m.
T: theoretical, E;=empirical, u;=50 mm,
E;: empirical, u;=20 mm,
E;: empirical, u;=80 mm
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Fig. 19. Rock-support (rockbolt+shotcrete) interac-
tion at the depth interval 349.0-361.0 m.
T: theoretical, E;=empirical, u=50 mm,
E,: empirical, u=25 mm,
E;: empirical, u;=75 mm
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