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ABSTRACT: The quantity of plastic and non- plastic fines present in sand influences the stress-strain, volume change and 

strength characteristics of the sand. This study mainly focuse on the behavior of sand with non- plastic silt. The sand has 

been replaced with non- plastic silt of various percentages as 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% and 

100% by the dry weight of sand. The relative density of sand, sand-silt mixtures is loose. A series of consolidated 

undrainedtriaxial tests were conducted on sand- silt mixtures for confining pressures 100kPa, 200kPa and 300kPa. The 

one dimensional steady state line of sand and sand- silt mixtures is obtained by conducting the consolidation test. The 

observations made from the laboratory investigations are: The failure deviatoric stress decreased with increase in non- 

plastic silt content for all confining pressures. Hence the angle of internal friction decreased with increase in silt content. 

For sand and sand- silt mixtures the increase in pore pressure is observed up to 30% silt content and the maximum pore 

pressure for 30% silt content. For higher percentage of silt content the maximum pore pressure is decreased for sand-silt 

mixtures. The slope of one dimensional consolidation line for sand- silt mixtures increased up to 30% silt content. The 

observations made from pore pressure variation and slope of one dimensional consolidation line, it is concluded that the 

potential for liquefaction decreased for silt content greater than 30%.The relationship between intergranular void ratio, 

interfine void ratio and angle of internal friction are also presented. 
KEYWORDS: Triaxial, Non-plastic silt,sand silt  mixtures, interfine void ratio 

     

1 INTRODUCTION 

Fine-grained soils comprising silt and clay are the most 

complicated engineering material. Silts are fairly 

impervious, difficult to compact, and highly 

susceptible to frost heaving. It is of great importance in 

geotechnical engineering to make realistic predictions 

of the behavior of soil under various conditions. The 

behavior of clean sand is different from sand-silt 

mixtures. The sample preparation also plays a major 

role in the test results. Many researchers have studied 

the effect of silt with sand. Some significant studies are 

Thevanayagam (1998), and Belkhatir et al (2011) 

which concluded that deviatoric stress decreases with 

increase in silt content for lower confining pressure at 

loose and medium relative density, Sitharam et al 

(2004), and Bensoula et al (2014) reported that the 

deviatoric stress increases with increase in silt content. 

Dilation is observed for higher percentage of silt 

content, higher confining pressure and higher relative 

relative density. The objective of this study is to 

understand the consolidated undrained stress-strain 

behavior of sand-silt mixtures for lower confining 

pressure. The presentstudy is focused only for 

loosestate of sand silt mixtures. 

2 MATERIALS 

The sand sample has been brought from Kumbokonam. 

The silt has been collected from Sozhinganallur. The 

grain size characteristics of sand-silt mixtures are listed 

in Table 1. A series of consolidated undrained triaxial 

tests were conducted on sand, silt and sand-silt 

mixtures. The tests were conducted varying the silt 

content from 10% to 90%. The samples were 38mm in 

diameter and 76mm in height. The samples were 

prepared by moist tamping method. Moist tamping 

method helps to prepare the sample in much larger void 

ratio and simulate the field condition. The consolidated 

undrained tests were performed for the confining 

pressure of 100kPa, 200kPa and 300kPa. The samples 

were prepared at loose state. The undrained tests were 

performed at a strain rate of 0.12mm/min. The samples 

were saturated by applying back pressure. The B value 

of saturation is 0.95. The samples were consolidated 

and sheared after saturation. The one dimensional 

mailto:ceramyashree@gmail.com
mailto:kvpremalatha@yahoo.com


Consolidated undrainedtri-axial behavior of sand-silt mixtures 

2 

normal consolidation line of sand-silt mixturesline of 

sand-silt mixtures40% of silt content. 

Table 1 Grain Size Characteristics of Sand-Silt Mixtures 

Sample D
 10 

D
 30 

D
 60 

D
50 

Cu Cc 

 (mm) (mm) (mm) (mm)   

Sand 0.28 0.49 0.84 0.7 3 1.02 

S90M10 0.08 0.4 0.8 0.65 10 2.5 

S80M20 0.06 0.3 0.7 0.6 11.6 2.14 

S70M30 0.04 0.15 0.65 0.5 16.2 0.86 

S60M40 0.02 0.06 0.55 0.4 27.5 0.32 

S50M50 0.002 0.055 0.45 0.2 225 3.36 

S60M40 0.001 0.05 0.2 0.08 200 12.5 

Silt - 0.032 0.052 0.05 - - 

 

3 RESULTS AND DISCUSSION 

From the consolidated undrained tests the stress-strain 

and pore pressure graph for sand, silt and sand-silt 

mixtures are observed and are shown in Fig. 1,Fig.2 

and Fig.3 for the confining pressure of 300kPa. 

3.1 Consolidated undrained test results 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Stress - Strain curves of sand-silt mixtures from 

0% to 50% for confining pressure of 300kpa. 
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Fig. 2 Stress - Strain curves of sand-silt mixtures from 

60% to 100% for confining pressure of 300kpa. 

It is observed that from the Fig. 1 Fig.2 that the 

deviatoric stress decreases with increase in silt 

content.From Fig. 3 it is observed that the pore 

pressure increases with increase in silt content. 

 

Fig. 3 Pore water pressure curves of Sand-Silt mixtures 

for confining Pressure of 300kPa. 

3.2 Failure Deviatoric stress  

The failure deviatoric stress for sand, silt and sand-silt 

mixtures of different confining pressure are shown in 

Fig. 4. 

 

 

 

 

 

 

 

Fig. 4 Effect of silt content on failure deviatoric stress. 
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From Fig 4 it is observed that failure deviatoric 

stressincreases with increase in confining pressure and 

decreases with increase in silt content. 

The difference in the failure deviatoric stress increases 

up to 30% of silt content. From 40% of silt content 

onwards, the failure deviatoric stress difference is 

comparatively lesser than that of upto 30% silt content. 

The angle of internal friction decreases with increase in 

percentage of silt content. 

3.3 Pore pressure ratio 

The pore pressure ratios for different percentage of silt 

content at different confining pressures are shown in 

Fig. 5. 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Pore Pressure Ratio curves for different silt 

content. 

From the Fig 5 it is observed that the pore pressure 

ratio increases as the percentage of silt increases and 

decreases with increase in confining pressure. The 

increment in pore pressure ratio is comparatively less 

beyond 30% silt content, irrespective of confining 

pressure. 

3.4 Void Ratio 

When granular soil contains fines, the global void 

ratio(e) of the soil can no longer be used to describe the 

behavior of the soil. In this case use of inter granular 

void ratio has been suggested by Kenny (1977);Kuerbis 

et al (1988), Mitchell (1993), and Thevanayagam and 

Mohan (2000) and the equations are given below.  

es=[e+(Fc/100)]/[1-(Fc/100)] (1) 

If the fines content is increased significantly, the soil 

behaviour is completely governed by the contacts 

between the fines, whereas the coarser grains float 

within the fines. 

The interfine void ratio (ef) of a sand-silt mixture 

specimen is defined as the ratio of gross void ratio (e) 

of the specimen to the corresponding fines content 

(FC). 

ef =e/ FC (2) 

By using the above formulae intergranular and 

interfines void ratios were calculated for different 

percent of silt content and shown in Fig. 6. 

 

 

 

 

 

 

 

 

 

 

Fig. 6 Percentage of silt content vs Void ratio 

From the Fig. 6 it is observed that inter granular void 

ratio increases with increase in silt content and 

intergranular void ratio give good results up to 40% silt 

content. For higher amount of silt content inter granular 

void ratio is not valid. 

Inter fine void ratio decreases with increase in 

percentage of silt content. The change in slope is 

observed at 30% silt content. 

3.5 Normal Consolidation Line 

The normal consolidation line for sand and sand-silt 

mixtures are shown in Fig. 7. 

 

 

 

 

 

 

 

 

 

Fig. 7 Void ratio versus Applied Pressure 
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The compressibility index determined from the Fig. 6 

is listed in the Table 2. 

Table 2 Compression index values for different fine 

contents 

Sample Cc 

Sand 0.06 

10% Silt 0.06 

20% Silt 0.065 

30% Silt 0.065 

40% Silt 0.5 

From Table 2, it is observed that the compressibility 

index increases with increase in silt content upto 30%. 

For 40% silt content the compressibility is less than 

30% silt content. 

4 CONCLUSION 

The observations made from the present study are: For 

sand-silt mixtures and non-plastic silt, increase in 

confining pressure increases the failure deviatoric 

stress and failure axial strain. Increase in silt content 

decreases the failure deviatoric stress for all the 

confining pressures. 

The difference in the failure deviatoric stress increases 

up to 30% of silt content. From 40% of silt content the 

failure deviatoric stress difference is comparatively 

lesser than that up to 30% silt content. The variation in 

the failure strain percentage is only 0.05%. 

The difference in failure pore water pressure increased 

up to 30% silt content. From 40% of silt content the 

difference remains constant. The pore pressure ratio 

increases as the percentage of silt increases. Pore 

pressure ratio decreases with increase in confining 

pressure. 

It is observed that inter-granular void ratio increases 

with increase in the non-plastic silt content and  

reduces the angle of internal friction. Increase in 

percentage of silt content decreased the interfine void 

ratio. A higher reduction in interfine void ratio is 

observed up to 30% silt content. Compressibility 

increases with increase in silt content up to 30%. For 

40% silt content the compressibility is lesser than 30% 

silt content. 

From the above points, it is understood that the sand 

behavior is dominant up to 30% silt content. Beyond 

30% silt content silt plays a major role in behaviour of 

sand-silt mixtures. 
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