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EXPERIMENTAL STUDY ON THIN FLEXIBLE TUNNEL SUPPORT SYSTEM
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By Toshihisa ADACHI, Takeshi TAMURA and Atsushi YASHIMA

The mechanical efficiency of a thin flexible tunnel support system such as shotcrete

lining and rock bolts is investigated on the basis of experimental works. At first, model

tests of tunnel excavation in which shotcrete lining and rock bolts were simulated by

thin papers were carried out in a dry sand ground, As the results, it is found out that

even if so flexible thin paper closed ring lining has a remarkable effect on the tunnel
stability and that the effect of rock bolts appears only when they are placed to get into
the outside of a plastic zone developed in the surrounding ground. Secondary, a circular

tunnel excavation was simulated by shrinking a metal ring in an aluminium rod mass and

the development of a loosened zone in the ground due to tunneling was discussed.
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Fig.1 Peck’s imaginary experiment, (a) Anisotropic stress

condition in ground and (b) Pressure against and

deflections of hypothetical lining®.
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Table 1 Papers for lining and rock bolts.
welght thickness
Paper type (g/m?) (mum)
No.1 [Kent paper 154.3 0.180
tracing
No.2 paper 60.0 0.058
No.3 |TF23Bg . 50.0 0.050
tracin
No.4 paper 40.0 0.045
Table 2 Testing conditions.
Supportin
Test ppCondigion Parameter
lining thickness,
A lining only overburden
lining only looseness,
B + looseness (6) overburden
lining + rock bolt length,
¢ rock bolt paste,overburden
lining + Configuration of
D rock bolt,
rock bolt overburden
Table 3 Configuration of rock bolts.
Basic
T 4
Type Type 1 Type 2 Type 3 ype
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Photo1 Test procedure, (a) Inserting a brass pipe, (b)

Rolling lining and (c) Preparation completed.
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Fig.2 Size and arrangement of lining and rock bolts, (a) for
Test A, (b) for Test C and (c) for Test B,
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Fig.3 Various regions developed in ground.
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Photo2 Apparatus used in model test of tunnel excavation.

Metal Ring

Fig.4 Device for the shrinkable metal ring,
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Fig.5 Relation of tunnel advancement at tunnel collapse vs.
overburden for Test A, ONo.2 (P No.3 @ No.4.
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Fig.6 Relation of tunnel advancement at tunnel collapse vs.
overburden for Test B, & §=3mm, & §=1mm, P&
=0 mm,
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Fig.7 (a) Apparatus for measuring friction between paper
(rock bolt) and sand, (b} Friction between paper and

sand.
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Fig.8 Relation of tunnel advancement at tunnel collapse vs.
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Fig. 10 Development of loosened zone in the model test

ground.
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