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Study on the strength and deformation properties and the energy dissipation law of red clay
subjected to loading and unloading of shearing
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Abstract: [Objective] To master the deformation characteristics and the law of energy dissipation of Jiangxi red
clay under the condition of shear loading-unloading. [ Methods] The direct shear loading-unloading tests are
finished, and the strength and deformation properties and the law of energy dissipation are studied. [Results]

The mechanical behavior of red clay under various normal stresses, including shear stress, shear displacement,
normal displacement and energy dissipation, are obtained. [ Conclusion] Results demonstrate that 1) The
dissipation energy increase rate under shear loading and unloading is comparatively lower for low normal stress as
compared to high normal stress. 2) On the whole, the dissipation of energy has positive correlation with the
normal stress, and the greater the normal stress, the greater the energy consumed by the plastic deformation. The
dissipated energy under the same unloading conditions increases with the increasing of numbers of unloading. 3)
The red clay exhibits shear shrinkage during unloading and loading in a direct shear test. Normal displacement
increases during the unloading stage, followed by an increase and then decrease during reloading, resulting in
shear expansion deformation. Shear expansion ends when the shear displacement reaches its value before
unloading. Shear unloading will increase the normal displacement and the shear shrinkage of red clay, and this
effect of unloading on the normal displacement becomes weaker with the increase of normal stress.
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Tablel Basic physical properties of Jiangxi red clay

Specific gravity of Natural moisture o L Optimum moisture ~ Maximum dry density
] Liquid limit/%  Plastic limit/%
particles content/% content/% glcm3
2.545 26.7 51.2 271 19.3 1.62
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Table 2 Direct shear test scheme of red clay

14 200kPa 2mm. 3mm. 4mm
15  300kPa 2mm. 3mm. 4mm
16  400kPa 2mm. 3mm. 4mm
17 100kPa Imm. 2mm. 3mm. 4mm
18  200kPa Imm. 2mm. 3mm. 4mm
19  300kPa ) Imm. 2mm. 3mm. 4mm

20  400kPa Imm. 2mm. 3mm. 4mm

Normal Numbers of Shear displacement at start
N stress unloading of unloading
1 100kPa /
2 200kPa /

0

3 300kPa /
4 400kPa /
5 100kPa 4mm
6 200kPa 4mm
7 300kPa . 4mm
8 400kPa 4mm
9 100kPa 2mm. 4mm
10  200kPa 2mm. 4mm
11 300kPa ? 2mm. 4mm
12 400kPa 2mm. 4mm
13 100kPa 3 2mm. 3mm. 4mm
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Fig. 1 Shear stress-shear displacement curves under different
normal stresses
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