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Study on the Effect of the Bearing Capacity Support of tunnel by Steel
Rib in the Colluvial Soils
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Abstract

The entrance and the exit structures of tunnels are often constructed on unfavorably soft soils
(colluvial soils) as a result of environment—friendly design highlighted in recent years, For
construction of such a tunnel, it is essential to secure sufficient bearing capacity of the lining
supports as well as that of the surrounding soils, In this regard, H—shape steel-ribs with high
stiffness are commonly used for lining supports, However, it was the past convention to ignore the
effect of the steel—ribs in numerical evaluation of the structural safety, This study is intended to
show how the shotcrete stresses are relieved by the steel ribs, on the basis of numerical data
obtained from 3—dimensional finite element analysis, The effect of steel ribs to shotcrete stresses
is examined at different levels of application rates, i.e,, 0%, 50%, 75% and 100% of the total
stiffness. The data obtained from numerical analysis was compared with in—situ measurement, The
effect of steel ribs to shotcrete stresses was verified and appropriate total stiffness was proposed
in the range of 50%~75%,
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(b) Longitudinal section

Fig. 1. Lonato tunnel umbrella pipes and jet columns.

A: Subhorizontal umbrella pipes; B: Subhorizontal jet grouting; C: Twin steel arches;
D: shotcrete; E: Electro—welded net; F: Lateral micropiles; G: Subvertical jet columns
H: Drainage pipes; |: Concrete lining(after Carrieri et al,,1990)
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(b) Longitudinal section of inlet zone

Fig. 2. Profile of soil layer and Longitudinal section of inlet zone

Photo 1. View of inlet zone

gl WA ANSEA fEasne ol
gajo] AR wAfe] Aol thalx ool 4st

B age] A3 Tas $A% oS, duson
TAElo] glglon], BHEL ALLHE 18.0~29.0m
o SR Aled we 9 YR 4191 4 9 FukE,
Ao TAEe] 9, BRI ik QAo
A B 25/300 )40 tlg- 2wk Ale 2 ZAt

Photo 2. View of tunnel face

Uk Fig, 2+ HPu} SRS o5t ASF2E
Tzt ek vl Aok,

Elg o] 7Y = gtoiet e o3t g g X4
slsl7] 9J5te] QA 140m (A3, sk3A1 ZF 7T0m) A
Zo| BPEE BHAZo| By] of 35m PER A3}
gom, FRES) el eM8S sty fleiil=
Saeh ARt At d £ARE FAE HEskA|
Z7MZ1 7 1 olafe] BAto] dasirhar shekE Qi
Photo 1= 75 A7E ¥l ZolH, Photo 2=
Eld 22| PR BAES Hel Zlolr), v

of Aelis Tt o] MBS B 4 S R

A2

Tunnelling Technology, Vol. 8, No, 1, March 2006 33



Table 1. Soil Properties

. Modulus of )
Wet Density ) Cohesion L . )
Item Deformation Internal friction( O)| Poisson ratio
(t/m0] (kN/m[1
(MPa)
Example 1 1.8 20.4 10 25 0.30
Colluvial Example 2 1.8 20.0 30 30 0.35
Soil First analysis 2.0 80.0 20 30 0.35
Back analysis 2.0 50.0 20 33 0.35
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Table 2. Models applied in 3—dimensional finite element anlysis

Cases CASE-1 CASE-2 CASE-3 CASE-4
Shotcrete t=16cm Shotcrete t=16cm Shotcrete t=16cm
Description Shotcrete t=16cm H—Steel(150x7x10) H—Steel(150x7x10) H—Steel(150x7x10)
CTC=50cm CTC=50cm CTC=50cm
Stiffness - 50 % 75 % 100 %
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(a) Mesh

(b) Shotcrete and Steel-rib

Fig. 6. Analysis model
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Table 3. Results of finite element analysis

2 g CASE-1 CASE-2 CASE-3 CASE-4 In=situ
Measurement
displacement(mm) crown 13.6 13.0 12.9 12.7 6~14
crown 5.2 4.2 3.8 3.5 0.2~8.4
Shoterete stress side 8.0 6.3 5.7 5.2 0.1~8.1
(MPa)
max. 9.76 7.55 6.80 6.28 -
Steel rib stress crown - 487 77.6 106.5 12.6~41.6
(MPa) side - 35.8 56.3 61.2 16.8~118.4
Effect of Shotcrete Stress
Reduction(%) 20.4 21.5 335
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Fig. 10. Results of finite element analysis(Displacement)

d) CASE-4
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Max, : 7.55 MPa
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Max. : 6.28 MPa

Fig. 11. Results of finite element analysis(Shotcrete stress)
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