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Large-scale plane strain tests on mechanical properties of gravelly
soils under unloading and reloading conditions
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Abstract: Aiming at the repetitive loading and unloading issue in the plane strain of water conservancy and transportation
projects, the large-scale geotechnical triaxial apparatus of Xi'an University of Technology modified with a pressure chamber of
plane strain, was used to conduct consolidation and drainage plane strain unloading-reloading tests on two types of gravelly
soils under different confining pressures. The mechanical properties investigated include the stress-strain relationship and the
unloading rebound strain and unloading-reloading rebound gradient of gravelly soils under plane strain conditions. The results
show the particle roundness, pore ratio, parent rock strength and confining pressure of the gravelly soils can all affect the peak
shear stress and shear dilation characteristics. The gravelly soils with good particle roundness and small pore ratio have lower
peak stress and are more likely to exhibit shear dilation characteristics. Low parent rock strength promotes strain softening and
reduces the peak stress, while the increasing confining pressure can suppress shear dilation and increase the peak stress. The
volumetric strain and shear strain unloading rebound amount are related to the stress level and confining pressure. The rebound
modulus first increases and then decreases with the increase of the stress level, and when the density is high, the rebound
modulus is higher; The unloading rebound volumetric strain and the generalized shear strain are influenced by the stress level
during unloading and the consolidation confining pressure, while the unloading-reloading rebound gradient is related to the
proportion of elastic strain during the loading process. During the unloading-reloading process, the rotation of the principal

stress axis is observed, and the stress in the non-strain direction is not always the intermediate principal stress. The rebound
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gradient decreases with the increasing confining pressure. T AT (107-451122001)

gradient is significantly greater than the initial tangent gradient,

and the ratio of the rebound gradient to the initial tangent
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Table 1 Physical parameters of gravelly soils
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s g o
j:ﬁ ﬁ - lur I; Mur mi Lu/l; Mt/ M
TR A 188843 54739 0.512 0.648 3.45 0.79
B 192531 57969 0.556 0.749 3.32 0.74

B F 10 [B BAE E 0GR BE R BE L G/ G
B 3. WIRPBREL LIS L Gu/Gi YERITE 2.55~
3.39, [ P 3 K THIAGIRE . H P LL S5 LI A7
fERFRECCR, WTHA (13 For, X (13) &5
IO HUE 1g(GulG) 5 1g(o3ips) 2 W 2 4t 5 R
B 19), T TR - Fr b LI ] 4 K T Uk
AN, RHEEBRAN Gu 5 G RN

B
G _ylo] . (13)
G, D,

1

A 4 5 B HUESHL

& 3 BRRAIT IR L
Table 3 Gradient and gradient ratios of gravelly soils

iﬁ%ﬁ% 0'3/kPa Gur/MPa G/MPa Gur/Gi
100 190 56 3.39
. 200 265 81 3.27
LA 300 324 109 2.97
400 397 139 2.86
100 193 58 3.33
. 200 281 97 2.99
LB 300 356 135 2.64
400 411 161 2.55
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Fig. 19 (Gu/Ei)-(03/pa) fitting curves of gravelly soils
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