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Non-linear deformation behaviors of loess under plane strain state of vertical
loading and lateral unloading
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Abstract: For the plane strain problems of, such as lateral deformation of wall soil and lateral extrusion deformation of fill
embankment foundation induced by excavation of foundation pits, with the help of the transformational loading system of the
true triaxial apparatus in Xi'an University of Technology, the vertical loading of loess embankment under the plane strain and
the lateral unloading of loess foundation pit are simulated. The experiments of vertical loading and lateral unloading are made
to study the stress-strain relation of loading and unloading loess with different moistures under plane strain. It is revealed that
the relationships between the major and minor principal stress difference and the axial strain of original Qs loess in the vertical
loading stress path under plane strain, as well as the axial strain and the lateral strain are hyperbolic. Those between the major
and minor principal stress difference and the lateral strain of original Qs loess in the lateral unloading stress path as well as the
lateral strain and the axial strain are also hyperbosic. Based on the trifarious tangent elasticity relation under the plane strain, the
relation between the tangent elasticity modulus and Poisson’s ratio under change of stress-strain condition is derived, and a
non-linear constitutive model is established. By comparing the calculated and test results of the stress path of loading and
unloading of intact loess under plane strain, two kinds of non-linear models in the path of both plane strain are proved to be
right.
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Fig. 1 Curves of stress-strain with plane strain of vertical loading
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Fig. 2 Curves of stress-strain with plane strain of lateral unloading
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Table 1 Test parameters of the soil in vertical loading

w% c/kPa @/(°) K n D G F R,

21 107 332 207 0.85 0.05 0.233 0.236 0.775

24 96 30.6 246 0.40 0.047 0.256 0.220 0.780
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Table 2 Test parameters of soils in lateral unloading

w% c/kPa @/(°) K n D G F R,

21 53 424 437 2.10 0.042 0.032 0.545 0.99

24 44 40.6 20.3 2.65 0.040 0.010 0.619 0.99

4 fn. EDFARBITM fh e 5 K25 R 3
tL 4
ST 5 ARS8 b4 1 253 5 L3k
INAR IR BT LA, S 7 .

CAER I AR AR TR A 189
1600
1200}
S
S 00k + 50 kPa
& ® 100 kPa
~ 4 200 kPa
400~ = 300 kPa
1
0 15
&%
(a) w=21%
1200
* 50kPa
» 100 kPa
% 4 200kPa
w 300 kPa

]
15

&%
(b) w=24%

7 EENEIRIE RS TN g2k RO X tE

Fig. 7 Comparison between predicated and test results under
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