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A Study on Numerical Analyses and Field Application
for Tunneling Using the Critical Strain in the Ground
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This study was carried out to assess quantitatively the safety of a tunnel by using critical strains in the ground.
Critical strain is a new material property of the ground. It can be applied as deformation limits in the ground due to
excavation using the measured displacement at the tunnel construction site. To achieve this purpose, the critical
strain concept was reviewed and applied to assess the tunnel safety. First of all, the calculated excavation displace-
ments of a circular tunnel by commercial programs were investigated and inputted into a feedback analysis module
to calculate strains in the ground. Then the safety of tunnels was evaluated based on the critical strain concept. Sub-
sequently the measured displacements obtained in the field are utilized practically to assess the safety of tunnels
using the critical strain concept. Through this study, it was confirmed that the critical strain concept is useful to
assess the safety of tunnels quantitatively.
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Fig. 1. Stress-strain relation according to uniaxial compression
test.
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Fig. 2. Relation between critical strain and uniaxial
compression strength,
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Fig. 3. Ground conditions for the numerical analyses.
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Table 1. Ground properties applied to the numerical analyses.

Classifi-cation Unit weight Elastic modulus Poisson’s ratio Cohesion Internal friction angle
v (KN/m?) E (kPa) v ¢ (kPa) ¢ (%)

weathered soil 19.60 98065.9 0.35 50 30

soft rock 26.27 980659.2 0.25 250 40

Table 2. Displacements on the excavated surface by a commercial program.

Displacement (mm)

CASE Ground type Point A Point B Point C Point D Point E
X Y X Y X Y X Y X Y
1 W/S in E/B +17.5 ~17.5 ~63.9
2 W/S in EP/B +4.21 -4.21 —90.7
3 S/R in EB +2.09 -2.09 -6.84
4 S/R in EP/B 1.92 -1.92 ~7.19

* W/S . Weathered Soil, S/R : Soft Rock
E/B : Elastic body, EP/B : Elasto—plastic body
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Table 3. Assumptions and results obtained from the feedback analysis module.

Assumptions of analysis

Results of analysis (MPa)

CASE
Ground type Displacements Vertical stress E o, Tyy
5 W/S in E/B 100% —-1.03 (100%) 98.00 —0.49 ~-0.20
6 W/S in EP/B 100% -1.03 (100%) 51.26 -1.02 -0.02
7 W/S in EP/B 0% ~1.03 (100%) 73.23 -1.02 -(.02
8 W/S in EP/B 70% ~0.72 (70%) 51.26 ~0.71 -0.01
9 S$/R in EP/B 100% -1.03 (100%) 868.57 -0.71 -0.19
10 SR in EP/B 0% -0.72 (70%) 868.57 -0.50 -0.13
11 W/S in E/B 100% -1.03 (100%) 98.01 -0.49 -0.20
12 W/S in EP/B 100% ~1.03 (100%) 51.70 -0.98 0
13 W/S in EF/B 100% -1.03 (100%) 50.84 -0.97 0
W/S TInitial condition 98.00
Reference ~1.03 _— -0.49 -0.20
S/R Initial condition 980.00

* W/S . Weathered Soil, 8/R : Soft Rock,
E/B : Elastic body, EP/B : Elasto—plastic body
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Table 4. Strains calculated from the crown settiements.

CASE Crown Strains (%)
settlements(mm) crown settlements/tunnel radius
1 68.8 1.38
2 117 2.34
3 7.18 0.14
4 7.51 0.15
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Fig. 4. Tunnel safety evaluation using crown settlements.
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Table 5. Maximum compressive strains calculated by the
analysis module.

Crown Strains(%) obtatined from
CASE settlements  crown settlements analysis
(mm) /tunnel radius module
1 68.8 1.38 -
2 117 2.34 -
3 7.18 0.14 -
4 7.57 0.15 -
5 - - 2.06
6 - - 4.16
7 - - 291
3 - - 291
9 - - 0.25
10 - - 0.18
11 - - 2.06
12 - - 4.02
13 - - 4.09

se 12

Compressive strain distribution of ground by tunnel excavation.
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Fig. 7. Excavation step in tunneling.
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Table 6. Excavation step and Face mapping.
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Fig. 8. Variation of measured crown settlement during
excavation.
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Classification Upper-middle

Upper-right Upper-left

Excavation Step

Joints I J2 I3
Strength of intact rock 7 7 7
RQD 13 13 13
Joint spacing 5 10 10
Condition of joints 1 14 7
Groundwater 15 15 15

Strike and dip
orientation of joints

Total 29
RMR Score 43

Ji ]2 13 J1 12 13
7 7 7 2 2 2
17 17 17 8 8 8
8 10 10 5 5 8
6 16 16 9
I5 15 15 15 15 15
=5 -5 -5 -5 =5 =5
48 60 60 29 32 37
56 32
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Table 7. Strains at the crown according to the excavation step.

Date Excavation step Equivalent radius(m) Displacements (mm) Strain(%) At Fig.9
2005.12.15 Upper-right 5.38 2 0.037 @
2006.02.03 Middle-left 7.97 18 0.225 @
2006.04.08 Lower-left 10.06 30 0.298 ®
2006.09.19 Lower-left 10.06 43 0.427 @
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