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Fig. 1. Modified Rowe cell apparatus with bender elements: a) schematic diagram of the Rowe cell setup; b) a photograph of the top loading 

system; and c) a photograph of the bottom pedestal   
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Fig. 2. Determination method for the shear wave propagation time in the Rowe cell equipped with two bender elements 
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Fig. 3. Particle size distribution curve for the sand and kaolin mixture 
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Fig. 4. Void ratio and matric suction (e- ) relationship during three drying-wetting cycles  
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Fig. 5. Degree of saturation versus measured matric suctions (SWCC) in three drying-wetting cycles  
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Fig. 6. Sr-e relationship during three drying-wetting cycles 
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Fig. 7. eff- relationship during three drying-wetting cycles 
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Fig. 8. Sr-eff(1+e) relationship during three drying-wetting cycles 
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Fig. 9. Gmax/f(e)- Sr relationship during three drying-wetting cycles  
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Fig. 10. Dependence of inter-particle stress generated by van der Waals and electric double layer forces on a) particle diameter (after Ingles 

1962); and b) degree of saturation (adapted from Lu and Likos 2006) 
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Fig. 11. Gmax- relationship during the three drying-wetting cycles  
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Fig. 12. vn-e relationship in the loading-unloading cycle 
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Fig. 13. Hydraulic hysteresis in a loading-unloading cycle  
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Fig. 14. vn-eff relationship in a loading-unloading cycle  
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Fig. 15. vn-Gmax relationship in a loading-unloading cycle  
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Fig. 16. Variation of Gmax with void ratio and degree of saturation in the loading-unloading cycle  
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Fig. 17. Variation of Gmax/f(e) with vertical net stress and degree of saturation in the loading-unloading cycle  
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d) 
 

Fig. 18. Measured and predicted Gmax values during a) first; b) second; and c) third drying-wetting cycles; and d) loading-drying cycle 
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b) 
 

Fig. 19. Variations of a) void ratio; and b) degree of saturation, during model test stages applying different matric suctions and net stresses 
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Fig. 20. Measured and predicted Gmax values during model variation test stages 
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Fig. 21. The entire set of measured and predicted Gmax values in this study 
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c) 

Fig. 22. Prediction of Gmax for a) Bonny Silt; and b) Completely decomposed granite during different drying-wetting cycles; and c) Zenoz kaolin 

during a loading-unloading cycle against net mean stress 

 
 
 

0

20

40

60

80

100

0 50 100 150 200 250 300

Sm
al

l S
tra

in
 S

he
ar

 M
od

ul
us

 (G
m

ax
) (

M
Pa

)

Net Mean Stress (n) (kPa)

Measurement (Biglari et. al, 2012) loading
Measurement (Biglari et. al, 2012) unloading
Prediction (this study) loading
Prediction (this study) unloading

=300 kPa

R2=0.99

Zenoz kaolin


