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ABSTRACT

In order to prevent the ground subsidence accidents caused by the occurrence of underground cavity, it is necessary to
evaluate the mechanical characteristics in the relaxation zone of the underground cavity. Also, the relaxation zone including
underground cavity be appropriately reinforced. This paper described analysis results based on finite element method that
was conducted to analyze the mechanism for occurrence of the relaxation zone around the underground cavity. The finite
element analysis applied in forced displacement was carried out to simulate the underground cavity and relaxation zone,
and then there were compared with previous research results. The analysis results showed that the void distribution of soil
around the underground cavity has figured out. As a result, the area of the relaxation zone could be quantitatively presented
by reduction characteristics of the shear stress.
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Fig. 1. FEM model

Table 2. Linear Elastic model parameter

Poisson’s ratio Modulus of transverse elasticity

Dry unit weight

Void ratio

0.2 100 MPa

231 kN/m?

0.1
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(a) Intial state (b) Open trapdoor

Fig. 2. Analysis steps
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(c) Appling forced displacement

AE AESH vEhd = Ql=A BrIsk] fisted,
“HKim et al,, 2017) 9 2 A Atof oJ3t 7=
HEEES H sk Fig 32

AR Aol

Bl
P4 9 Eadsist oA g %?j&ﬁ:’sﬂ

7

k=] 0. 5201]/\1 R 2 7t

B 0.11004 1 AAE AT 5 AT wEkA 51
33l g3taas)Ale] Ayt EAo e ¥t L53} o]
e 47 05291 0.119] ZH=lE AR 243



011 /7 0.11
© 0.52
0.52 7~ '
(a) Lab. test (b) DEM (c) FEM
Fig. 3. Distribution of void ratio
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Fig. 4. Diagram of static water level's model test
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(a) Water level 10cm (b) Water level 20cm (c) Water level 40cm

Fig. 5. Static water level's model test (Kuwano et al., 2010)

2 5oz PPET FA), E EI 2u) oo By
H A SISHATFig. 5(c).
4719) 7)E ATATE HFoR FUT ZANNY

=1 [¢]
RPN} FUS AARACRE AgkE mElEsglon,

Fig. 6ol Lehil uhe} o], x|514:9] 2218 WA(0em —

oA FAEAE A&l FFY AT S RS
etk o] w, AR HEle ghad As2 WAL 916l Hard-
ening soil =32 #-8-5}%Ic}. Hardening soil 22 7]&
Sy welof ujstol 2HABS AU mAR 4 ik
I A A glen, FOf thde¥A] avkE skl gle
bg 35 A wE FH ARk AsS Hrh gds]
Uebd 4= Qlo}. Table 2= 2 sfA]oflA] 283t A8 A=
o] E4AE UeEhHAL Sl

Water level 40cm

Water level 20cm

Water level 10cm

D

Forced displacement

Fig. 6. Modeling of model test

Table 2. Parameter applying Hardening soil model
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Fig. 8. Void ratio of FEM analyses with water level
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(a) Water level 10 cm

(b) Water level 20 cm

(c) Water level 40 cm

Fig. 10, Distribution of shear stress reduction with water level
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