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A Study on the Rock-Support Response Behavior in Tunnelling

Seung-Han Baek and Hyun-Koo Moon

ABSTRACT A reliable analysis of tunnelling is needed to accomplish technically sound design and
safe and economical construction. For the reliable analysis, a series of procedures of construction which
include excavation and support stages must be considered. In this study, rock-support response behavior
is studied and simulated in 2-D and 3-D finite element methods. Through the analysis of rock-support
response behavior, the effects of the properties of shotcrete on the load distribution ratio can be
quantified. The load distribution ratios for different rock types, different unsupported spans and various
lateral earth pressure coefficients can be determined from the results of the 3-D finite element analysis.
This load distribution ratios can be applied to a practical tunnel design through understanding of the
trend of those various factors affecting the rock-support interaction.

Key words : tunnel, rock-support response behavior, FEM analysis, unsupported span, lateral earth
pressure coefficient, load distribution ratio
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Table 1. Properties of rock mass and shotcrete.

parameter value
uniaxial compressive
strongth 64.9 MPa
modulus of elasticity (E) 12.0 GPa
Poisson's ratio 0.2
rock  unit weight of broken rock 3
mass  mass (y) 0.02 MN/m
terial constant: m=1.261
mate stants m, s <=0.00089
material constants for m,=0.013-
broken rock mass m,, s, 8,=0.00001
modulus of elasticity (E,) 20.7 GPa
shoterete Poisson's ratio 0.25
uniaxial compressive 345 MPa

strength
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Fig. 1. Rock-support interaction for different thicknesses
of shotcrete
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Fig. 2. Rock-support interaction for different installation
times of shotcrete
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Fig. 4. Rock-support response curves for different
thicknesses of shotcretes

Table 2. Comparison of analytic solution with FE re-
sults for different elastic moduli of shotcretes.

analytic solution FE results
elastic displacement | stress |displacement| stress
modulus (mm) |@&Pa)| (mm) |®kPa)
no support - - 1.35 73.81
10 GPa 1.24 106.22 1.17 194.89
15 GPa 1.18 152.23 1.10 236.56
20 GPa 1.13 193.65 1.04 274.55
25 GPa 1.07 230.32 0.99 309.39
30 GPa 1.02 262.29 0.94 341.48

A% 2R o) thall Szo] 73.81 kPadll4] 3
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Table 3. Comparison of analytic solution with FE re-
sults for different thicknesses of shotcretes.

analytic solution FE results
. displacement |stress|displacement| stress
thickness (mm) (kPa) (mm) (kPa)
no support - - 1.35 73.81
10 em 1.27 80.29 1.23 156.71
20 cm 1.18 152.23 1.10 236.56
30 cm 1.10 215.06) 0.99 308.00
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Table 4. Properties of rock mass and shotcrete used
for 3-dimensional analyses.

rock shotcrete
type l{type 2[type 3| soft | hard
Young's modulus | 5000 | 1000 | 500 | 5000 [ 15000
(MPa)
Poisson's ratio 0251 03 | 035 | 0.2 0.2
shear modulus 2000 | 385 | 185 2083 | 6250
(MPa)
friction angle (°) | 45 40 35
cohesion (MPa) 042 | 0.25 | 0.13 - -
unit weight 0.026 | 0.024 | 0.022 | 0.02 | 0.02
(MN/m?
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(a) schematic representation (b) FE mesh

Fig. 6. The 3-dimensional model of tunnel excavation
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ferent unsupported spans
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