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Research on the tunneling methods in saturated loess
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Abstract: Three tunneling methods in the saturated loess for the project of water transferring from south to north of China are numerically tested and
discussed with the introduced Austria software FINAL. The numercial results demonstrate: ( 1) Tunneling with NATM ( CASE A) is possible and
the 10+ 15 em shoterete immediately following the excavation is absolutely necessary ; ( 2) The interaction between two parallel tunneling caves
with a distance of 2. 5 times of tunnel diameter can be ignored ; ( 3) Instead of projecting concrete support to strengthen the surrounding loess of the
tunnel, the traditional tunneling method( CASE B) in which the cast in site lining system is introduced to support the loess, is also possible for the
local simple constructors, although the settelements of the tunnel crown reached 141 mm; (4) To reduce the tunnel settlements, another tunneling
method( CASE C) with the precast lining system constructed before the tunnel excavation, is much better than CASE B with settlements of
8.5 mm, although the precast lining technics is much complex than CASE B. (5) All the feasible tunneling methods are based on the effective
drainage of the water from the current level to the bottom of the tunnel.
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Table 1  Mechanics parameters of different soil layers 2 2
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@® 497 0.097 22 29 0.414 0.088 2.938 0.907 L | l | 1
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Fig. 1 The calculated section and tunneling
and shoring order in NATM
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Fig. 3 Displacement, plastic region and axial force
of the lining system in NATM
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Table 2 Displacement and plastic region at key points in NATM
Ji I G AL S/ mm AP X
" Bk B Hhk /m
Wil MR TooD DUEE  TEOT DUEE R Mk B

Ay 12.6 5.4 66.2 11.7 117.331.3 3.5 40 6.0
Ay 9.3 5.1 245 12,6 70.4 26.7 1.5 2.5 4.5
A; 8.6 4.8 22.1 9.7 58.6 12.4 1.0 2.0 3.5
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Table 3 The largest internal force of shotcrete

and pull of anchor pole in NATM
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Ay 2448.0 24.48 162.0 8.3 136. 4
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Table 4 The largest displacement and plastic region
in the double tunnels
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Table 5 The largest internal force of shoterete and pull of

anchor pole in the double tunnels
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/KN /MPa /KN /MPa
Ay 4251.0 5.3
As  4400.0 5.5

4120.0 5.6 84.7 86.0
4264.0 5.6 117.0  117.0
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Fig. 4  Displacement and axial force of the lining system in case B
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Table 6 Displacement and internal force of the lining resulted from the different construction steps in case B

b 1§ JTHE 5 3G AL A mm WORHIS BORIERI BOKW BOKEEE
R o =g P /MN /MPa /MN / (MN*m)
TATII( a) - 26.6 - 17.7 - 141.3
2.4 2.8 0.41 0.34
LAi(b) - 21.5 - 14.3 - 110.6
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Table 7 Displacement and internal force of lining resulted from the different construction steps in case C
o #4425 34 5 AL mm BOH  BOKIERD BRSO RKE
. % = P /MN /MPa /MN / (MN*m)
I T - 10.2 3.4 - 8.5
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Fig. 5 Displacement and axial force of lining in case C
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