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Abstract: The mechanical properties of loess are very sensitive to the change of the water content, and the
immersion of water-sensitive loess stratum has obvious influence on its engineering structure. In order to study the
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influence of the collapsibility of large-thickness loess stratum induced by immersion on the subway tunnels, a
model box which can reproduce the conditions of basement and surface immersion was developed, and the tests of
tunnel mechanical response under different immersion conditions were carried out systematically. The influence
mechanism of loess immersion on subway tunnels was studied, and the control standard of residual collapse
settlement of the foundation was suggested. The results show that, with the increase of the immersion depth, the
redistribution of the soil pressure around the tunnel will be caused by the local immersion of the foundation and
the surface, and that the variation trend of the soil pressure is not uniform. The soil pressure decreases with the
immersion depth under the condition of foundation all-range immersion but increases with the immersion depth in
the case of surface all-range immersion. The change trend of the soil pressure of the both cases is relatively
uniform. Foundation local immersion leads to a local decrease of the bearing capacity and hence, results in an
irregular change of the bending moment of the tunnel lining. The uniform immersion of the whole basement leads
to a uniform decrease of the bearing capacity, and the bending moment at each point of the tunnel lining changes
relatively uniformly. The strength of the stratum above the tunnel losses partly due to local immersion, and the
load gradually acts on the lining of the tunnel which causes a rapid increase of the bending moment of the lining.
The bending moment increases with increasing the immersion depth under surface uniform immersion condition.
The horizontal and vertical displacements of the tunnel are obvious when the foundation and the surface are
partially immersed. When the foundation or the surface is fully immersed, the vertical displacement is
predominant but the horizontal displacement is not obvious. The tunnel displacement caused by the foundation
immersion is larger than that caused by the surface immersion. The differential settlement caused by the local
uneven immersion will have an additional twisting effect on the tunnel, which is more harmful to the tunnel. When
the collapsible layer of the tunnel foundation is 30 cm, only 10 cm of collapsible soil has little effect on the whole
tunnel. It is suggested that the residual collapse settlement of 10 cm is allowed and the treatment depth of the
collapsible foundation is 20 cm. The research results can be used for reference in the preliminary design and post
operation of subway tunnels in large thickness loess area.

Key words: soil mechanics; loess; water immersion; metro tunnel; soil pressure; model test
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Fig.2 Diagram of foundation immersion(unit: cm)
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Fig.3 Diagram of ground surface immersion(unit: cm)
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Table 4 Parameters of original and artificial loesses

txra mp O oy s 5w o

1 okpa fgi(°) ol

e, gl 5

FREL 272 1.52

AL
#H L

141 3066 282 126 162273 11.1

2.71 156 141 3167 274 545 163258 9.5

AR, MBI REOT I 5 fror, WRI8ZR N L
HE LR AT R ER . T B EREE
UG HEIR KR, RN P R, bR
TE AR A HLBEE — O TRJE(ILE 5), Hak
FEEN 1.17 GPa, JHFAELN 0.3, BAVE ERIA
200 mm, HEE 10 mm, P1F 180 mm, ARFEHTE I
BRSNS AR, B SRR BRI
EREENSEILR RN

E,l,=n"E,l, (7)

A noBAILL, E L | BB R RS E

B RS E SRR, E), 1 R

RURETE T Fr 1) S PSS B S A T A MR A T B

PEEE TR A 1 =8 112 (bt BEEE )R FE), [

UEA HLBCHS R BEE YAE 2 F IR Ry 300

mm IR & S R R E (B RS AN 35 GPa).
x5 AR
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