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Section enlargement by reinforcement of shotcrete lining on the side
wall of operating road tunnel

Dong-Gyou Kim, Young-Wan, Shin

ABSTRACT The protector with the shape of ‘I’ in cross section can be set up in the tunnel, which can be
constructed for enlargement of cross section, to keep traffic flow in the tunnel. It is impossible to install the
rockbolt in the side wall of tunnel due to a limited space between the protector and cutting surface of side wall.
The objective of this study is to suggest the optimum thickness of shotcrete lining without rockbolt on the side
wall and to evaluate the stability of tunnel enlarged. Numerical analysis was performed to evaluate the
displacement at the center of tunnel, the convergence of tunnel, and the stress in shotcrete lining in 4-lane NATM
road tunnel enlarged from 3-lane NATM road tunnel. The vertical displacement at the center of tunnel and the
convergence of crown in the tunnel with rockbolt in the side wall were almost similar to those in the tunnel
without rockbolt in the side wall. The convergence of bench/invert and the stress in shotcrete lining without
rockbolt on the side wall were greater maximum 0.57 mm and 1,300 KN/m” than those with rockbolt in the side
wall. The increased convergence and the stress in shotcrete lining can be reduced in incerasing of thickness of
shotcrete lining about 20% (5 cm) of standard thickness, 25 cm, of shotcrete lining.

Keywords: Tunnel, enlargement, rockbolt, shotcrete, reinforcement, protector
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Table 1, Engineering properties of ground,

Unit weight [Elastic modulus| Poissons ratio Cohesion Friction angle |lateral pressure
Rock grade 3 .
(KN/m”) (MPa) (v) (kPa) ©) ratio
A% 21 500 0.30 200 30 1.0

Table 2, Engineering properties of supporting member,

Unit weight (kN/m’) Elastic modulus (MPa)
Rockbolt 78.5 210,000 SD35 D25
soft 23.5 5,000
Shotcrete foc = 21 MPa
hard 23.5 15,000

Table 3., Load Distribution Factor,

Excavation Soft shotcrete Hard shotcrete

Upper/lower excavation 40% 30% 30%
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Table 4, Numerical

analysis step.

Analysis step Load Distribution Factor
step 0 Ground initialization -
step 1 null stage -
step 2 Crown excavation for 3-lane tunnel 40%

Soft shotcrete and rockbolt support in the crown of
step 3 70%
3-lane tunnel
step 4 Hard shotcrete support in the crown of 3-lane tunnel 100%
step 5 Bench/invert excavation for 3-lane tunnel 40%
Soft shotcrete and rockbolt support in the bench/invert of
step 6 70%
3-lane tunnel
step 7 Hard shotcrete support in the bench/inver of 3-lane tunnel 100%
step 8 Concrete lining for 3-lane tunnel -
step 9 initialization Displacement zero
Removal of concret lining of 3-lane tunnel & Crown
step 10 . 40%
excavation for 4-lane tunnel
Soft shotcret d rockbolt rt in th f
step 11 oft shotcrete and rockbolt support in the crown o 70%
4-lane tunnel
step 12 Hard shotcrete support in the crown of 4-lane tunnel 100%
step 13 Bench/invert excavation for 4-lane tunnel 40%
Soft shotcrete(and rockbolt) support in the bench/invert of
step 14 70%
4-lane tunnel
step 15 Hard shotcrete support in the crown of 4-lane tunnel 100%
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