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Case Study on the Tunnel Collapse at the Shallow Depth

Ki-Hyun Baek, Jong-Ryun Roh, Yong-lIl Kim, Sang-Kook Cho and Nag-Youn Hwang

Abstract O O tunnel that is located at Iksan - Jangsu freeway O O, has collapsed during construction at the
valley with shallow depth. Although, the site investigations, such as TSP, drilling exploration and so on, indicated
the presence of discontinuities in this section. The RMR was upgraded and the construction were carried out because
that not only actual rock qualities were relatively good during construction but also the tunnel face was stabilized.
However, the tunnel was collapsed at the same time blasting of full face, and surface and underground water was
infiltrated due to the settlement of the upper part of the tunnel face. To restore the collapsed section, 3-d tunnel
stability analysis was performed and suitable reinforcement methods were chosen. The cavity of the upper tunnel
face was stabilized by means of UAM and ALC injection. And the settlement was restored using L.W grouting
method.
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Fig. 5. Whole view of tunnel face(STA. 2+406)

Fig. 7. Near view of tunnel collapse position(STA. 2+398)

Fig. 6. Whole view of tunnel collapse position(STA. 2+398)

Fig. 8. Whole view of the earth's surface depression
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Table 1. Percentage of collapse type by idea of destruction
in highway tunnel

Type Percentage
shear failure 17%
sliding failure 83%
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Fig. 10. Refuse filling at collapse point

Fig. 11. Shotcrete laying at collapse point
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Fig. 12. Example of sliding failure
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Fig. 13. Example of shear failure
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Table 2. Availability of supporting method
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Table 3. Physical properties of applied ground
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T Elastic modulus Unit weight Cohesion Poisson's rafi Friction angle
ype (ton/m?) (ton/m’) (ton/m?) oisson's ratio ©)
REQ 300,000 25 100 0.22 35
Aot 100,000 2.22 30 0.26 33
HAE 1,500 1.9 0.5 0.35 30
B A3 300,000 222 35 0.26 33
HAREAE 20,000 1.9 5 0.35 30
A QR A e 350,000 2.5 100 0.22 35

Table 4. Physical properties of applied reinforcement materials

Type Unit weight(t/m®) Elastic modulus(t/m?) Cross-sectional area(m?)
Rockbolt 7.85 21,000,000 0.00049
Soft shotcrete 2.3 500,000 0.13
Hard shotcrete 2.3 1,500,000 0.13
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Fig. 15. Displacement diagram of tunnel after reinforcement

Table 5. Maximum settlement of collapse point after reinforcement

Roof Left SL Right SL
Direction
X(mm) Y(mm) X(mm) Y(mm) X(mm) Y(mm)
Tunnel of Tk-san direction 0.021 -2.89 -0.261 0.114 0.177 0.205
Tunnel of Jang-su direction 0.094 -2.058 0.002 0.241 0.097 0.015

Table 6. Maximum shotcrete stress of collapse point after reinforcement

Direction Maximum stress(t/m®) Allowed limit(t/m®)
Tunnel of Tk-san direction 478.839 840
Tunnel of Jang-su direction 279.641 840
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Table 7. Maximum axis force of collapse point after reinforcement

Type

Maximum axis force(t)

Allowed limit(t)

Axis force

0.85

8.75

Fig. 18. ALC Injection

Fig. 19. L/W grouting boring & injection
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