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ABSTRACT: Natural sands are rarely found as clean sands. They contain considerable amounts of plastic (clay) or non-

plastic (silt) fines. If fines are present in sufficient quantity to separate the sand particles, soil behavior will be significantly 

controlled by the fines. The fabric of such a soil is referred to as floating fabric. Characterization of sand with the presence 

of fines is important in the design of geotechnical structures. This paper presents a detailed study focused on investigating 

the effect of plastic fines on the engineering properties of sand-fines mixture. Mixtures of sand and fines are prepared by 

mixing clean sand with plastic fines (clay). Indian Standard (IS) Grade II sand, widely known under the name of Ennore 

sand, is used during experimentation. This sand used is classified as poorly-graded (SP) as per Unified soil classification 

system (USCS). Plastic fines are obtained locally, and the liquid limit (LL) and the plasticity index (PI) are found to be 

equal to 65% and 39%, respectively. The effect of plastic fines on shear strength of sands is studied using direct shear testing 

conducted in displacement-controlled mode. Tests are performed at 0.5mm/min and the samples are subjected to three 

normal stresses-50kPa, 100kPa, and 150kPa. In addition to determining the shear strength, this study also focused on 

volumetric changes of specimens during shearing in a direct shear box. Tests are conducted on specimens of sand with 

various fines content ranging from 0% to 25%, while maintaining a constant total density of 1.7 g/cc throughout. Plots of 

shear stress versus horizontal displacement of lower box, and vertical displacement versus horizontal displacement are 

plotted. The shear strength envelopes of sand specimens prepared at various percentages of fines are proposed. The test 

results showed that both friction angle and apparent cohesion decrease with increase in fines content in sand-fines mixture, 

thereby shifting the shear envelope downwards. In addition, there is a consistent decrease in peak shear strength with 

increase in fines content. 

 
Keywords: Plastic fines, Shear strength, friction angle, cohesion 

      

1 Introduction 

The mechanical behavior of clean sands was first 

investigated by Coloumb in 1776, and that of clays by 

Terzaghi in 1925. Studies on these soils continued over 

the years with researchers mainly focused on either 

clean sands or pure clays. Although these soil types 

define distinct boundaries of wide spectrum, they are 

seldom representative of nature soil deposits. Natural 

soil deposits are neither clean sands nor pure clays, but 

a combination of both in varying proportions. The 

characterization of sands containing fines is essential in 

geotechnical engineering practice. It has been shown 

that behavior of sands is greatly influenced by the fines 

content (Salgado et al. 2000), and mineralogy (Carraro 

et al. 2009). Salgado et al. 2000 conducted drained 

triaxial tests to investigate the effect of non plastic fines 

on the shear strength of sands. It was found that for a 

given relative density and stress state, the addition of 

non plastic fines increased the peak friction angle. 

Carraro et al. (2009) conducted drained triaxial tests to 

study shear strength and stiffness of sands containing 

plastic or non plastic fines. The results showed that the 

addition of non plastic fines to sands increased the peak 

friction angle of the sand, and on the other hand, the 

addition of plastic fines decreased the friction angle and 

imparted a less dilative response to the soil. 

This study attempts to assess the mechanical behavior of 

‘sands containing plastic fines’ or ‘clayey sands’. Only 

sands containing small amounts (less than 25% by 

weight) of plastic fines were considered in the study. To 

this end, a series of direct shear tests on sands with 

varying amounts of clay (0% to 25%) was systemically 

conducted. The specific objectives of this study were to 

mailto:ce15resch11003@iith.ac.in


Paper title 

2 

determine the effect of plastic fines on the shear strength 

of sands, and to characterize the volumetric behavior of 

such ‘clayey sands’. 

2 Overview 

According to Unified Soil Classification System 

(USCS), clayey sands are soils that (i) contain more than 

50% particles retained on the No. 200 sieve (75 m); (ii) 

have 50% or more of the coarse fraction passing through 

No. 4 sieve (4.75 mm); and (iii) have more than 12% 

particles smaller than 75 m, by weight. Sands with 5-

to-12% fines require dual symbols in the USCS. Other 

classification systems establish different boundaries for 

the percentage of fines and particle size to classify sands 

containing fines. Henceforth, sand-fine mixtures used in 

this study are referred as ‘clayey sands’.  

Shearing requires that energy be supplied for (i) 

particles to overcome friction at the contacts so that 

relative motion can take place; (ii) particles are 

continuously rearranged for sustained shearing to take 

place; and (iii) particles climb over each other so that 

they can move past adjoining particles along the slip 

plane. This climbing action results in increase of volume 

(Salgado, R. 2006). 

Soil fabric: The fabric of soil in general has limited 

impact on the shear strength of soil, but it is of greater 

importance when fines are present. Moreover, if fines 

are present in sufficient quantity to separate the sand 

particles, the soil behavior becomes very different, 

controlled by fines. Such a fabric is referred to as 

floating fabric (Carraro et al. 2009). The transitional 

fines content is a key parameter that indicates whether 

the soil behaves as sand-dominated or fines-dominated, 

which is generally between 25-35% ((Yang et al. 2006, 

Carraro et al. 2009). During the transition from non 

floating to floating fabric, there would be a steep drop in 

the peak shear strength brought about by the increased 

interaction among the fines. The absence of such a drop 

in this study can be seen as an indication of non floating 

conditions.  

3 Experimental Program 

3.1 Materials 

Several clayey sand mixtures were reconstituted in the 

laboratory by mixing sand with clay, while maintaining 

a constant total density of 1.7 g/cc throughout. All the 

samples were in dry state with negligible moisture 

content. Indian Standard (IS) Grade II sand, popularly 

known as Ennore sand, was used. Fig.1 shows grain size 

distribution curve of sand. It is classified as poorly-

graded sand (SP) with Coefficient of uniformity (CU) 

2.17, according to Unified soil classification system 

(USCS). The shape of the sand particles was obtained 

using the Scanning Electron Microscopy (SEM) and the 

particles were found to be sub-angular to angular (Fig. 

2). The specific gravity of the sand was equal to 2.65.  

 

Fig. 1 Grain-size distribution curve of IS Grade II Sand 

(Durga Prasad et al. 2014) 

 

 

Fig. 2 Morphological features of sand particles using SEM 

(Durga Prasad et al. 2014). 

Plastic fines (clay) were obtained from the surroundings 

of IIT Hyderabad laboratory situated in 

Yeddumailaram, Telangana. The plastic limit (PL) and 

liquid limit (LL) of clay were found to be equal to 39% 

and 25%, respectively. The mixtures of sands and plastic 

fines investigated in this study are 5%, 15%, and 25% 

clayey sands by weight. A 5% clayey sand sample 

would contain 5% clay and 95% sand by weight. 

Mixtures were prepared by first weighing the desired 

amount of sand and fines and then vigorously shaking in 

a closed container to obtain homogeneity. 

3.2 Test Method 

The effect of plastic fines on shear strength of sand was 

studied by conducting direct shear tests in displacement 
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controlled mode. The dimensions of the direct shear 

were equal to 60mm x 60mm (in plan). Tests were 

performed at a shear displacement rate 0.5mm/min and 

the samples were subjected to three normal stresses – 50, 

100, 150 kPa. Plots of shear stress versus horizontal 

displacement to determine the peak shear strength, and 

vertical displacement versus horizontal displacement to 

(volumetric behavior) were reported. 

4 Results and Discussion 

4.1 Sand samples without fines 

On observing the plot of shear stress versus horizontal 

displacement of a sand sample with no fines, it was 

observed that the resisting shear stress increases with 

shear displacement until it reaches a failure stress 

(indicating peak-state shear strength being reached). 

After failure stress is attained, the resisting shear stress 

gradually decreases until it finally reaches a constant 

value called the critical-state shear strength.   

Upon observing the variation of the vertical 

displacement with respect to horizontal displacement of 

the lower box, the sample was found to be initially 

contractive in nature and dilative afterwards (refer to 

Fig. 5). This is consistent with the fact that dense sand 

specimen first becomes denser as its particles occupy 

relatively stable position, and thereafter reaches an 

arrangement such that in order for shearing to continue 

particles must climb over one another and volume 

increase occurs until the configuration is in equilibrium 

with the imposed stresses. 

4.2 Sand samples with fines 

4.2.1 Shear strength 

Tests conducted on mixtures of sand and fines (clayey 

sands) indicated that as the content of plastic fines 

increased, the peak shear strength mobilized from the 

sample decreased.  Figure 4 shows that there is a steady 

decrease in the peak shear strength as the percentage of 

clay increased from 0% to 25% in the sand-fines 

mixture. These results suggest that presence of fines 

facilitate shearing with the clay particles acting as 

lubricants between the sand particles, enabling the 

sliding between sand grains. It is noted that in the 

absence of fines, the shearing takes place between sand 

grains alone. However, when fines are present, the 

shearing could take place between sand grains and fines 

or fines alone, which offer relatively less friction 

compared to angular and more irregular nature of sand 

grains (as shown in Fig. 2). 
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Fig. 3 Variation of shear stress and horizontal 

displacement for various fines content at normal 

stress equal to100 kPa. 
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Fig. 4 Variation of shear stress and horizontal 

displacement for various fines content at normal 

stress equal to150 kPa. 

4.2.2 Volumetric behavior 

The volumetric response can be observed from plots 

showing vertical displacement versus horizontal 

displacement. As percentage of plastic fines increased 

the dilative nature of clayey sand sample decreased. It 

can be seen from that the specimen behaves more 

contractive as the clay content increases (Fig. 5). The 

increase in volume is caused by the climbing action 

mentioned earlier. However, the presence of plastic 

fines seems to be adversely affecting climbing action, 

which in turn inhibits the dilative behavior of sand 

particles in mixtures. 

4.2.3 Shear Strength Envelope 

For designing any geotechnical structure, the shear 

stress on the failure plane is approximated as a linear 

function of normal stress. This envelope was plotted 
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with the peak shear strength values obtained with 

normal stresses 50, 100, and 150kPa. The values of 

apparent cohesion, c, and angle of shearing resistance, 

, are determined from intercept and slope of the 

equation Mohr-Columb shear strength envelope given 

by  = c +  tan. It can be observed from Fig. 6 that 

with increase in percentage of plastic fines, the shear 

envelope shifts downwards indicating that both the 

friction angle (slope) and apparent cohesion (intercept) 

decrease. This seems to be a consequence of decrease in 

peak shear strength that is resulting changes in strength 

envelope.  
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Fig.5 Variation of vertical displacement of the 

sample with horizontal displacement of lower box 

for mixtures with 0% and 15% fines, at normal 

stress equal to 150 kPa 
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Fig. 6 Shear strength envelopes of different 

mixtures of sand and fines 

 

The above observations highlight the role played by 

fines in shaping the mechanical behavior of clayey 

sands. 

5 Conclusions 

An experimental study was undertaken to study the 

effect of plastic fines on shear strength and volumetric 

behavior of sands. To that end care was taken to limit 

the floating fabric conditions, as mentioned before. 

It was observed that: 

1) The addition of plastic fines (clay) to the host 

sand decreases peak shear strength that can be 

mobilized from the sand sample. The addition 

of clay imparts a less dilative response to the 

sand. 

2) It appears that clay particles tend to lubricate 

the more angular and irregular surfaced 

contacts between sand grains, thereby 

facilitating shearing. 

3) As a consequence of above two results, a 

decrease in friction angle and apparent 

cohesion was observed, thereby shifting the 

shear strength envelope downwards. 

 

6 References 

 Carraro, J., Antonio, H., Prezzi, M., and Salgado, R. 

(2009) “Shear strength and stiffness of sands 

containing plastic or nonplastic fines” Journal of 

geotechnical and geoenviromental engineering, 

vol.135.N0.9, pp. 1167-1178. 

 Durga Prasad, B., Hari Prasad, C., and Umashankar B. 

(2014) “Shear strength of IS sand under various 

normal stress”, Indian Geotechnical Conference (IGC-

2014) Kakinada, pp. 109-113. 

 Prasad, A., and Pandey, B. (2013) “Effect of fines on the 

mechanical behavior of sand” International journal of 

structural and civil engineering research, Vol. 2, No. 2, 

pp. 41-47. 

Salgado, R. (2006) The Engineering of Foundations, 

McGraw-Hill Education, pp. 181. 

 Salgado, R., Bandini, P., and Karim, A. (2000). “Shear 

Strength and Stiffness of Silty Sand” J. Geotech. 

Geoenviron.Eng.,10.1061/(ASCE)10900241(2000)126:

5(451), 451-462. 

 Yang, S., Lacasse, S., and Sandven, R., “Determination 

of the Transitional Fines Content of Mixtures of Sand 

and Non-plastic Fines” Geotechnical Testing Journal, 

Vol. 29, No. 2, 2006, pp. 1-6 

 


