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Abstract The existing expansion theory of cylindrical cavity has been able to provide theoretical basis for such as the wellbore
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stability evaluation in petroleum engineering and side pressure and cone penetration experiment analysis. But it is rarely applied in
practical engineering problems such as unsaturated foundation pressure grouting and composite foundation treatment. Based on the
theory of elastoplasticity and the principle of unsaturated soil mechanics, this paper adopts the unified strength theory to analyze the
problem of cylindrical cavity expansion in unsaturated soil. Firstly, the soil around the cylindrical cavity is divided into the elastic zone
and plastic zone and consider following the small strain theory in the elastic zone and the large strain theory in the plastic zone, and
considering the influence of intermediate principal stress and inter-grain suction on the strength of unsaturated soil. Secondly, applying
the unified strength criterion expressed by effective stress, based on basic equations such as constitutive relations, geometric equations,
and momentum balance equations, combined with the corresponding boundary conditions. Finally, the analytical expressions of the
stress field, strain field, displacement field and limit reaming pressure in the surrounding elastic-plastic region when the cylindrical
cavity expands under different drainage conditions are obtained. Through numerical examples and parameter analysis, while
degenerating verification with the existing expansion theory of cylindrical cavity in saturated and unsaturated soils, the influence laws
of suction, dilatancy parameters, intermediate principal stress effect parameters and initial radial effective stress on the stress field,
strain field and displacement field in the elasto-plastic region are analyzed. So as to verify the correctness and effectiveness of the
theory in this article, in order to provide a reasonable theoretical basis for the later practical engineering problems.

Key words unsaturated soil, expansion of cylindrical cavity, unified strength criterion, limited cavity expansion pressure,
elastoplastic analysis
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Table 1 Physical and mechanical parameters of soil

Parameter ¢ E/kPa u m v K a/m a/m

Value 25° 3000 03 1 20 0.062 01 0.2

% F&AE AE AL A 0 W] 4R A B4R R
p;=80kp, E4FIESHHSHTHKEMSER
AR g i s X AR 1) S VT TRl AT RS J) S e e
b Z B R R

160
140 __»5=300kPa
120 __»s=250kPa
_©100 __»s=150kPs
< e
"o « /vs=50kPa
A0
20

02 2
oA &

O e 6
4
E )
2O 0

K4 AR T e X AR AN S5 e F

b ZIA] 254k
Fig.4 The effective radial stress of the elastic zone

and the change between r /r and b under different

suction
0
-20
A0
60
o 20
<
"6 40 ——s=50kPa
420 _ »s=150kPa
A0 _ »5=250kPa
A8 _ +5-300kPa
08 4
08 ?
b o 6 <
02 & o
o0 2

K5 AFE T kXN EAA RO 15 ¢ e F

b Z A HYAE 1L

Fig.5 The effective tangential stress of the elastic



zone and the change between r /r and b under

different suction
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Fig.7 The effective tangential stress of the elastic
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Fig9 The effective tangential stress of the plastic
zone and the change between r /r and b under
different suction
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Fig.10 The change between the radial strain of the
plastic zone and b under different dilatancy
parameters
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Fig.11 The change between the tangential strain of
the plastic zone and b under different dilatancy
parameters
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pressure and b under different dilatancy parameters
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zone radiu and b under different dilatancy
parameters
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Fig.14 The radial strain of the plastic zone and the
change between r /r and b under different initial
effective radial stress
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Fig.15 The tangential strain of the plastic zone
and the change between r /r and b under different
initial effective radial stress
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Fig.16 The effective radial stress of the plastic
zone and the change between r/a and b under
different initial effective radial stress
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Fig.17 The effective tangential stress of the plastic
zone and the change between r/a and b under
different initial effective radial stress

MK 16-17 FTLVEH, M T o, 2r/a/NT 3
W, oKl b KA L AT Ll 2 rla KT 3
W, o/ b REINIRIIN, X T o, XA

SHBLAE v ra =3, BRATEIR]RE SN e 405
b EEN, o Ko, HHEE rla (G N R
ZerEsIn. fE—E M rla Kb R, p N, R
87 7 AR RS o
5.2.2 WRTFLENSE IR

NT B Ha, b SRR FLIE 7 (5
M. P 18 Z:Hi T1E p;=100kPa B, ANFEHILEHK
Jis, FARBRYFLIE T 8038 4K .

1.6

—*— 5,=50kPa
; S,=150kPa
| |7%— s,=250kPa
—®— 5,=300kPa

0.0 0.2 0.4 0.6 0.8 1.0
b

K18 AR FERYFLIE S5 b Z [E] Y

i
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pressure and b under different initial suction
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Fig.19 The change between the maximum plastic
zone radiu and b under different initial effective
radial stress
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