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ABSTRACT: Degree of saturation influences significantly the properties of soil. Therefore, dynamic soil properties will 

also have effect of water content. Hence, it is important to evaluate these dynamic properties of soil, namely, the shear 

modulus and the damping ratio for different degree of saturation. 

In the present study, a series of cyclic triaxial tests have been carried out on samples of Solani Sand (collected from the 

bed of Solani River near Roorkee) at three different degree of saturation i.e (Sr= 0%, 50 %, 98 %) at the same effective 

confining pressure of 100 kPa and at a frequency of 1 Hz in medium to large shear strain values (between .01% to 1%). 

The objective of the analysis is to examine the effect of degree of saturation on the behavior of dynamic properties of 

sands. Thus, results of dry, partially saturated and fully saturated sand samples are presented and compared. 
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INTRODUCTION  

Earthquake damage distribution is highly influenced by 

the dynamic properties of the soil. For any geotechnical 

earthquake engineering problem such as ground 

response analysis, soil structure interaction, and 

liquefaction, dynamic soil properties are very essential 

input parameters. The most important properties are the 

shear modulus and the damping ratio. The major 

factors that influence the dynamic properties of soil are 

the void ratio, effective confining pressure and degree 

of saturation. Since 1980, many efforts have been 

reported on the study of the effects of saturation on 

small strain stiffness of unsaturated soils obtained from 

resonant column (RC) or bender element (BE) testing. 

A series of resonant column tests were conducted in the 

torsional mode of vibration to assess the effect of 

saturation on damping of sands (Madhusudan, 2011).  

Strain controlled cyclic triaxial element test have been 

carried out on dry and saturated soil samples in 

medium to large shear strain levels of Ahmedabad 

sands (RaviShankar and Sitharam 2005). Very few 

researches are done to analyze the behavior of dynamic 

properties with the saturation at high strain. Moreover, 

the non-linear dynamic responses of grounds caused by 

strong earthquake motions demands the evaluation of 

dynamic soil properties corresponding to large strain 

levels (Maheshwari et. al., 2012). 

Hence, in the present study, a series of cyclic triaxial 

tests have been carried out on sand samples of Solani 

Sand (collected from the bed of Solani River near 

Roorkee) at three different degrees of saturation level 

(Sr= 0%, 50 %, 98 %) at the same effective confining 

pressure in medium to large shear strain values. The 

objective of the analysis is to examine the behavior of 

dynamic properties of sands based on the degree of 

saturation of the sand samples such as dry, partially 

saturated and in fully saturated condition.   

TESTING PROCEDURE ADOPTED 

Cyclic triaxial test were carried out on Solani Sand 

Samples of 50 mm diameter and 100 mm height with 

50% relative density and at confining pressure of 100 

kPa, using a modern system (Wykeham 2008) as per 

ASTM standard D3999-91 (2003). For a particular test, 

harmonic excitation of a given frequency of 1 Hz was 

applied as a sine wave in axial direction (ASTM: 

D5311/D5311M, 2013).  The samples were tested at 

different shear strain values i.e at 0.03%, 0.08%, 
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0.32%, 0.90%, 1.005%, 1.5% and 2.01%. When cyclic 

triaxial test is performed, a hysteresis loop is formed 

(Kramer, 1996). The slope of the line connecting the 

extreme points on the hysteresis loop is the secant 

dynamic modulus E. The shear modulus G is given as, 

G = E/2(1+ν) (1) 

where ν is the poisson’s ratio. The damping ratio is 

obtained as 

� =	
�

��

��

�
 (2) 

where ∆W is the energy loss per cycle and W is the 

maximum elastic energy that can be stored in a unit 

volume of viscoelastic body. 

RESULTS AND DISCUSSIONS 

In this paper, a comparative study of the dynamic 

properties of Solani Sand for varying degree of 

saturation by testing samples under strain controlled on 

cyclic triaxial system are presented. Fig.1 presents the 

variation of shear modulus of dry sample (B=0.01), 

partially saturated sample (B=0.50) and fully saturated 

sample (B=0.95) of Solani Sand Sand at relative 

density of 50% under an effective confining pressure of 

100 kPa and at frequency of 1 Hz with the shear strain. 

It can be observed from Fig. 1 that the shear modulus 

decreases with the increase in shear strain, which was 

expected. Moreover, it is observed that the shear 

modulus of dry sand is greater than that of partially  

saturated sand and fully saturated sand. However, there 

is not much difference noticed in the shear modulus of 

partially saturated sand and that of fully saturated sand. 

When the shear strain is higher than 1%, the decrease 

in shear modulus almost reduces to a very low value 

for all the three states of soil. However, for dry sand, 

shear modulus is higher as compared to partially 

saturated and fully saturated sand. Similar trend for 

decrease in shear modulus for dry to fully saturated 

state was observed for Ahmedabad sands at high strain 

levels by RaviShankar and Sitharam (2005). 

In Fig. 2, the variation of the damping ratio with shear 

strain for different degrees of saturation is shown. As 

expected and observed, damping ratio increases with 

the increase in shear strain. However, as degree of 

saturation increases, an increase in the damping ratio is 

observed with the increase in strain. It can be observed 

from Fig. 2 that the damping ratio of saturated sands is 

greater than that of partially saturated and fully 

saturated sands at most of the strains. However, the 

difference in damping ratios of partially saturated and 

fully saturated sand is smaller. Madhusudan and 

Kumar (2013) conducted series of resonant column 

tests to study the effect of saturation on damping ratio 

and concluded that that minimum damping ratio is 

always associated with the dry state and reaches its 

maximum value for fully saturated sands. Hence, the 

trend of results in the present study at high strain is 

similar to that observed by Madhusudan and Kumar 

(2013) at low strain. 

 

Fig. 1 Variation of shear modulus (G) with shear strain for different degrees of saturation 
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Fig. 2 Variation of damping ratio with shear strain for different degrees of saturation 

 

Fig. 3 Variation of normalized shear modulus (G/Gmax) with shear strain for different degrees of saturation 

In Fig. 3, the variation of the normalized shear modulus 

ratio with the increase in shear strain is shown for 

different degrees of saturation. It can be observed that 

as the soil is in unsaturated condition, the normalized 

shear modulus ratio is relatively higher than that of the 

saturated sand sample. However, smaller difference is 

noticed for partially saturated and fully saturated 

samples of Solani Sand. Also comparing Fig. 3 with 

Fig. 1, it can be observed that these three curves are 

closer than before due to normalization with Gmax. 

CONCLUSION 

The dynamic properties such as shear modulus and 

damping ratio on sand samples of Solani Sand 

(collected from the bed of Solani River near Roorkee) 

have been examined at three different degrees of 

saturation (Sr= 0%, 50 %, 98 %) using a series of cyclic 

triaxial tests, at the same effective confining pressure in 

large shear strain range. Based on the results presented 

the following conclusions can be drawn: 

1) With the increase in shear strain, shear 

modulus decreases while damping ratio 

increases, as expected. 

2) It was observed that as degree of saturation 

decreases, the shear modulus increases with 

the increase in strain. The shear modulus is 

relatively higher for dry sands as compared to 

saturated sands but there is a slight difference 

noticed for partially and fully saturated sand. 

3) The damping ratio is greater for the saturated 

sand sample than that of the dry and partially 

saturated sands. 
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4) Effect of saturation on normalized shear 

modulus (G/Gmax) is smaller than that on 

shear modulus (G). 

 

The above conclusions are based on the limited test 

data and to arrive on a quantitative outcome, more 

number of samples needs to be tested. Nonetheless, the 

research presented has very much practical 

significance, as not much study has been reported for 

this theme. 
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