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Analysis of the Structural Behaviors of Aluminum Tunnel Lining in Joomunjin
Standard Soil by Centrifugal Model Tests

Taek-Kon Kim, Young-Geun Kim, Joong-Bae Park and Hi-Keun Lee

ABSTRACT It is very important to study on the structural behaviors of structuraily damaged tunnel linings. A series
of centrifuge model tests were performed in order to investigate different behaviors of tunnel linings. A 1/100-scaled
aluminum horseshoe tunnel linings with a radius 5 cm, height 8 cm were buried in a depth with dry Joomunjin standard
sand, the relative density of which was 86%. Such sectional forces as bending moments and thrusts along the tunnel
circumference were measured by twelve strain gages. Earth pressures in soil mass and on the outside of lining model were
estimated by pressure transducers, ground surface settlements at a center and edges by using LVDTs.

Key words : Centrifugal model test, Tunnel lining, Bending moment, Thrust, Earth pressure.
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Fig. 2. 200G-ton geotechnical centrifuge.
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Fig. 3. Location of strain gages for circumferential strains
and earth pressemeters on lining.
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Fig. 5. Schematic view of data acquisition flow.
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Table 1. Properties of Joomoonijin standard sand

Specific gravity, G 262
Max. dry unit weight(g/mm’), Y., 1.67
Min. dry unit weight(g/em’), Y., 1.38
Relative Density | Young's modulus (kg/em?) 500
D))y = 86% Internal frictoin angle (°) 37.8
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rainer.
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Table 2. Earth pressures and its coefficients

(Unit : kg/cm?)
Ver-{  Hor-1 Ko Ver-2 Hor2 Kp
ADO 4.35 .40 0.32 4.18 2.31 Q.55
ADI-1| 427 1.88 044 4.48 229 0.51
AD1-2] 424 1.74 041 436 - -
AD2 l 402 1.55 0.39 439 256 0.58

AD3 4.66 1.55 033 323 164 031
AD4 3.67 174 047 4.14 1.88 045
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Table 3. Surface settlements at 100 g : Average Dr=86%
(unit : mm)
ADO ADI1-1 ADI-2 AD2 AD3 AD4
Settlel | 344 323 1.82 324 3.18 215
Settle2 | 3.19 300 095 3.00 2.99 1.33
Settle3 | 250 253 0.71 2.52 242 1.00
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Fig. 10. Strains of ADO tunnel lining (standard).
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Strain of AD1-1 lining { x 109)
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Fig. 11. Strains of AD1-1 tunnel lining (void behind the
crown).
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Fig. 12. Strains of AD1-2 tunnel lining (void behind the
left shouider).
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Fig. 13. Strains of AD2 tunnel lining (shortage of thick-

ness at the crown).
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Fig. 14. Strains of AD3 tunnel lining (no-invert).
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Fig. 15. Strains of AD4 tunnel lining (side-wall flaw).
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Fig. 16. Normalized moment at the crown of aluminum
lining.



e (B G

<
[
-~
£
c
8
5] /:>4_!
® | e QT .
% 0.00 ™
3 S O
2
£ oo2sf \'\Q\°\\° o— o
E -0.50 \'—Mv
! T
s -0.75

-1.00 T T T T ———Y

[ 20 40 80 80 100

Centrifugal gravity (G)
Fig. 17. Normalized thrust at the crown of aluminum lin-
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Fig. 19. Normalized thrust at the shoulder of aluminum
lining.
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Table 4. The final distribution of the stresses acting on the each cross section of lining by combining stresses produced

by thrust and moment

{(Unit : kg/cm?, *: left shoulder)

Cross section Crown Shoulder Springline Haunch
Model Inner Outer Inner Outer Inner Outer Inner | Outer
ADO 80 -70 -12 -6 -93 67 -65 53
AD1-1 2 -3 -36 -48 -122 28 -112 6
AD1-2 -58 94 -43% §53% -39 53 -33 50
AD2 405 -656 -56 -26 -114 29 113 8
AD3 62 -78 -38 -11 -141 96 -85 80
AD4 96 -51 14 5 | -43 80 -20 43
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Fig. 22. Comparison of yielding ratios for aluminum lin-
ing at 100G.
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