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Study on the Hyperbolic Constitutive Model of Sandy Clay Purple

Soil with Missing Grain Group
Qin Yongfu,Mei Likui, Tian Rumeng,Li Xian, Wang Shiji
( College of Engineering Technology, Southwest University, Chongqing 400715, P. R. China)

Abstract: The sandy clayey purple soil is susceptible to alterations in particle size distribution due to hydraulic
erosion, such as rainfall and fluctuations in reservoir water levels. These changes can affect the soil’s strength. To
elucidate the strength characteristics of sandy clayey purple soil in the influence of the absence of different
particle groups, consolidated drained triaxial shear tests of saturated sandy clayey purple soil with five distinct
particle groups were conducted. The fractal dimension was employed to quantify the physical properties of varying
particle sizes. The relationship between the strength characteristics of purple soil with different particle groups and the
fractal dimension was obtained. The results show that; (1) There is no significant change in the internal friction
angle of the soil shear strength index under the missing effect of different grain groups, but the cohesion and
fractal dimension show a hyperbolic relationship; the initial tangent modulus of different grain groups is affected
by confining pressure and fractal dimension, and there is a quadratic function relationship between parameter n and
fractal dimension. Under low confining pressure, the stress-strain relationship of different grain groups is
obviously different. With the increase of confining pressure, the stress-strain characteristics tend to be
consistent. (2) Based on the Duncan-Chang E-v model, the nonlinear elastic hyperbolic constitutive model of

saturated sandy clayey purple soil under the effect of different particle groups is established by fitting the cohesion-
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fractal dimension hyperbolic equation, and the validity of the model is verified.

Keywords: purple soil; absence of grain composition; fractal dimension; hyperbolic constitutive model
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Table 1 Particle size distribution of natural purple soil by mass percentage
A/ mm 2~1 1~0.5 0.5~0.25 0.25~0.075 0.075~0.0.05 0.005~0.01 0.01~0.005 <0.005
itk /%  8.65  18.85 15.22 36. 82 4.06 12.50 2.60 1.30
F2 G ETM R ESE mm
Table 2 Particle size parameters of the experimental treated specimen mm
G 5 BRI R FRERE d,  PENR L, Fikitd, SEREC, WMBREC,  4mHBR
S0 ot K 0.282 0. 103 0.022 12.818 1.710 KA
S1 2~0.5 0.159 0.078 0.015 10. 600 2.551 R4
S2 0.5~0.25 0.203 0. 088 0.018 11.278 2.119 R4
S3 0.25~0.075 0.408 0. 065 0.014 38.714 0.557 AR
S4 <0.075 0.412 0. 164 0.097 4.247 0.673 AR
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Fig. 1 Purple soil sample gradation curve
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Fig.2 Typical distribution of particle size of purple soil samples

®3 TRMARIEBTRESBEY

Table 3 Fractal dimension of purple soil specimens

i i CRES SMIEEHE D 2T Pearson R S R?
S0 0.012 0.721 2.279 0. 181 0.973 0.946 0. 937
sl 0.379 0. 863 2.137 0.053 0. 988 0.977 0.971
S2 0.014 0. 683 2.317 0.214 0. 962 0.925 0.910
S3 -0. 037 0. 598 2.402 0.199 0.957 0.915 0. 898
sS4 -0. 085 0.378 2.622 0.003 0.979 0. 959 0.939
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Table 4 Shear strength of purple soil specimens kPa
il I SO H AT BT 3 i ST YLy 8 S2 HHTHT R S3 AT BT 3R S4 ALY
100 180. 05 192. 45 185. 81 193. 10 223.06
200 366. 76 387.13 349. 81 435.51 367.55
300 580.77 565.50 556.75 546. 03 570.79
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Fig.3  Deviator stress-strain curves of each grain group
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Fig. 8 Comparative analysis of measured values and theoretical models
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