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Case Studies for the Stress Measurements on the Shotcrete Tunnel Lining
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Stress measurements of shotcrete lining were performed to evaluate the stability of the primary lining and to
determine the thickness and the construction timing of the secondary lining. The current situation of stress mea-
surements of shotcrete and problems related to judging the safety of shotcrete linings are presented, based on the
results of several case studies. An improved method of performing stress measurements on shotcrete lining is also
presented. In evaluating the safety of shotcrete lining, the use of absolute values of measured stresses would
improve the reliability of the measurements.
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(a) Embedment VW strain gages

Fig. 1. Gagues for stress measurement of shotcrete lining.
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Table 1. Tunnels used for in case studies.
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Tunnel Length Dimension Maximum Deformation
Name (m) (m) Geology Stresses Modulus Purposes
(kg/cm?) (kg/em?)
H: 79 . .
A 859 W: 11.0 Schist 13.9 217,370 Highway
H: 79 . .
B 547 W 11.0 Phyllite 25.1 217,370 Highway
H: 7.3 .
C 510 W: 93 Shale 21.5 217,370 National road
H: 74 . .
D 457 W: 93 Gneiss 11.5 217,370 National road
E 350 H: 5.6 Tuff 22.7 217,370 National road
W: 9.3 ’ ’
F 590 H: 8.5 Hornfel 16.2 217,370 High
W 13.0 ornfels . , ighway
H: 89
Gl 620 W 13.8 52.4 150,000 .
0ol Shale Highway
G2 1690 W 14.8 29.0 217,370
H: 7.9 .
H 925 W 112 Shale, Sandstone 84.3 217,370 Highway
H: height, W: width
Table 2. Shotcrete thicknesses used in the case studies (unit: mm).
Tunnel Name Type 1 Type 11 Type 1II Type 1V Type V Type VI
A 50 50 80 120 160 160
B 50 50 80 120 160 160
C 50 100 100 150 200 200
D 50 50 100 150 200 200
E 50 50 100 150 200 200
F-1 50 50 80 120 160 160
F-2 80 120 120 160 160 -
Gl, G2 80 120 120 160 160 -
H 50 50 80 120 160 200
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Table 3. Maximum stresses measured in the shotcrete.
Support Maximum
Location Depth (m) RMR P pe Stresses
typ (kg/sz)
1K+750 21.1 A% \% 8.1
1K+975 126.1 111 11 8.3
Tunnel A-1 2K+125 121.1 1 I 11.2
2K+195 131.1 11 111 44
2K+515 16.1 v VI 12.9
1K+750 21.1 VI VI 9.2
1K+975 111.1 111 I 7.6
Tunnel A-2 2K+125 111.1 1 I 104
2K+195 141.1 I 11 5.7
2K+515 31.1 A% v 10.8
8K+425 11.1 \% \" 13.7
8K+475 36.1 v 11 14.6
Tunnel B-1
8K+605 71.1 I 11 8.6
8K+775 46.1 111 11 135
8K+425 11.1 A% \% 11.7
8K+475 31.1 v 11 12.5
Tunnel B-2
8K+605 81.1 I 1I 11.3
8K+775 41.1 111 11 25.1
0K+605 13.4 v v 7.6
Tunnel C-1
1K+045 19.1 v v 21.5
0K-+700 13.7 11 11 72
Tunnel C-2
1K+050 19.2 v v 11.3
0K+817 16.3 v \% 10.9
Tunnel D-1 0K-+930 533 I 11 11.0
1K+150 46.3 111 i 8.9
0K+835 28.3 v v 2.6
Tunnel D-2 0K+925 46.3 I 1I 11.5
1K+155 93 111 v 8.9
2K+553 22.9 A% \% 22.7
Tunnel E-1
2K+857 17.9 A% \% 12.5
2K+533 17.4 \% \" 17.5
Tunnel E-2
2K+817 12.4 \'% \% 17.2
4K+900 226.3 A% \% 1.8
Tunnel F-1 5K+230 228.7 v I\% 0.7
5K+405 218.0 v \% 0.5
4K+925 233.4 v v 1.3
Tunnel F-2 5K+245 230.5 v v 16.2
SK+387 220.2 v v 14.0
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Table 3. continued.
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. Support Maximum
Location Depth (m) RMR Stresses
type (kg/em?)
0K+520 11.6 I v 8.0
0K+640 31.1 \% v 7.9
Tunnel G1-1 0K+940 251 v v 71
1K+070 13.4 I \" 15.2
0K+560 11.6 1T v 2.7
0K+610 15.6 \% v 5.8
Tunnel G1-2 0K+940 42.7 \'% 1 2.9
1K+030 37.4 \'% v 52.4
1K+120 13.2 1 v 11.5
0K+250 29.9 I v 13.5
Tunnel G2-1 0K+680 81.9 I 11 29.0
1K+805 39.9 v v 9.9
0K+250 36.9 \'% v 9.4
Tunnel G2-2 0K+720 67.9 1 11 18.9
1K+830 8.9 \Y A% 8.2
6K+685 14.6 \" v 472
6K+705 14.6 \ \Y 27.7
6K+945 77.1 \'% V (B) 38.4
Tummel Eb1 TK+022 80.6 v V (B) 67.0
TK+135 119.6 v 1T 50.7
7K+215 94.6 \" V (A) 54.6
TK+495 94.6 v v 21.9
7TK+532 47.1 v \% 9.7
6K+686 220.1 \'% v 56.8
6K+703 34.6 \Y% v 20.9
6K+940 84.6 \" V (B) 42.7
Tunnel B2 TK+100 125.1 v v 84.3
TK+278 124.6 \% VvV (B) 23.1
7K+531 35.1 \% \% 20.2
TK+545 44.6 \% V (A) 20.6
7TK+568 32.1 v VI (B) 244
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Fig. 2. Maximum stresses measured in shotcrete linings
with depth.
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Fig. 3. Maximum stresses measured in shotcrete linings
with RMR.
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Fig. 5. Location of stress measurements in the shotcrete
lining.
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Table 4. Maximum stresses measured in the shotcrete using
two methods.

Gauge Stresses c.alculated using Stres.ses calculated ufing
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R-1 17.46 11.91

L-2 16.56 11.95
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