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ABSTRACT 

Design of the foundation structure mainly depends on the bearing capacity and 

settlement of the soil. The layered soils are consisting of different shear strength. The soil 

may be layered in the depth the shear capacity is of different parameters. In this study an 

attempt is made to find the bearing capacity and the settlement behavior of the layered soils, 

by the plate load test with 4cm x 4cm plate. The layered soil is formed in the tank of 20cm x 

20cm x 20cm by the triaxial loading frame. Here the condition of the soil is been differentiate 

in the three different states loose state, medium dense state and dense state. Tests were 

conducted on two layers of soils. Fine gravel layer overlain sand layer were tested using mild 

steel plates of square shapes. The effect of the placement of layers on the bearing capacity, 

settlement characteristics of footing, has been studied and an equation for predicting the 

bearing capacity of two layered granular soils is developed based on the plate load test data. 

 

INTRODUCTION 

Homogeneous soils are very rarely found in nature. In most of the cases, the 

foundations are located on a natural stratified soil deposits exhibiting varying strength 

characteristics. A very common kind of such of soil deposits is a soil layer of finite thickness 

overlying thick stratum of another soil of different strength characteristics than overlaying 

soil. Meyerhof (1963) proposed modified bearing capacity factors to develop a methodology 

of estimation of ultimate bearing capacity of a satisfied soil system with a stronger sand layer 

overlying a clayey soil layer. Meyerhof and Hanna (1978) developed a generalized theory to 

estimate the ultimate bearing capacity of shallow rough continuous foundation supported by a 

strong soil layer underlain by a weaker soil layer.  

Madhav and Sharma (1991) studied the bearing capacity of soft clay deposits overlain 

by a stiffer layer or crust. The bearing capacity of the lower soft soil was estimated 

considering the load spread outside the footing width as a variable surcharge stress. The 

improvement in bearing capacity has been obtained as a function of the extent and 

distribution of the surcharge stress.  

The effect of shape and size with the different size of plates square are used. Loading 

tests were performed on sand and clay prepared in mild steel mould glass tank, (acrylic tank) 

of 20cm X 20cm X 20cm applied through model footings resting on the surface of sand and 

clay layers. A loading frame of 2000KN capacity, to find out the load- settlement behavior of 

layered soil by providing one soft layered soil to other soft layered soil 

 

MATERIALS 

Soil is important material in layered soil. In this study an attempt is made to select the 

soil in way is should suitable to layers, so it should be of problematic soil which is of contain 

more clayey. The specimen selected is of soil & sand in order to have more bearing capacity 

so that we can clearly get the ability thus or increased strength of the layered soil. 
 

 

 

 

Soil 1: (clay) 
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Clay as a sampled from closed by site was used as material in the present 

investigation. Following parameters we obtained by conducted the test on soil 1(clay).  

                    Liquid limit of clay   = 78% 

                    Plastic limit of clay   = 28.18% 

                    Specific gravity of clay = 2.35 

                    Compaction of clay δd= 1.59g/cc 

                    Optimum moisture content   (Omc) = 18.92%  

Soil 2: (sand)  

Medium fine sand obtained from nearby site was used as material in present 

investigation. Following parameters of sand are obtained by sieve analysis. 

                    Coefficient of curvature      Cc= 0.31 

                    Coefficient of uniformity    Cu= 3.2 

                    Specific gravity of sand            = 2.63 

                    Compaction of sand              δd = 1.80g/cc     

                    Optimum moisture content (Omc) = 5.66%  

 

 

Fig 1. Grain size distribution curve for the soil 2 (sand) 

 

Table 1. Properties of the soil 2 (sand) 

PROPERTIES VALUES 
  

D60, mm 2.4 
  

D30, mm 0.39 
  

D10, mm 0.098 
  

Cc 0.31 
  

Cu 3.2 
  

 

 

METHOLOGY 
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The soil samples are arranged in the form which is shown in the figure 2. In which the 

first set up of one layer clay and one layer sand and the next setup it is made as the first layer 

with clay and second layer with sand and third layer with clay and in the next set up shown 

the first layer is of sand and second layer of clay and third layer is of sand. All the shown 

setups are tested in the loading frame using 4cm X 4cm plate. 

 

                    
             Fig. 2 Case 1 sand + clay             Fig. 3 Case2 clay +sand + clay       Fig. 4 Case3 sand +clay + sand     

  

The sample is placed in triaxial loading machine, and a steel plate of 4cm X 4cm is 

placed at the top centre as shown in Figure 3. A steel spherical ball is placed over the centre 

of the loading test plate. A load cell is placed over the spherical steel ball, in order to take the 

reading of the load which applied. The LVDT (Linear Variable Differential Transformer) 

which help to find the deflections (or) displacement in the plate which is placed on the solid 

part of the acrylic tank. The triaxial load machine is switched on the forward button for 

applying load at the constant gear. The reading can be noted load corresponding to the 

displacement. Similarly this method is repeated for all the specimens.          

      

 
Fig 5. Experimental set up for testing the soil specimen 
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RESULT AND DISCUSSION 

To determine the increase in the bearing capacity of the layered soil, the plate load 

test with 4cm X 4cm plate is conducted in the same tank with the soil specimens who are of 

loose state, medium dense state and dense state. Fig 4 shows the load settlement curve for 

fully filled soil. Therefore the plate load test determination is very much necessary to assess 

the increase in strength of the grouted soil mass.   

 
Fig.6 load settlement curves for soil 

 

The graphical representation (fig 7) shows an increment of 35% in load bearing capacity 

when compare to the medium dense state and 60 % of increment in there bearing capacity of 

the layered soil in case 1(sand + clay) 

 

 
Fig.7 Load settlement curves for the case 1 (sand + clay) 

 

Thus the fig 8 shows the difference in load settlement with an increment of 20% in case of 

loose state and 30 - 40% of decrease in the case of medium dense state as well as the dense 

state, when compare to the settlement behavior and bearing capacity of the case 1 (sand + 

clay).   
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Fig 8 Load settlement curves for the case 2 (sand+ clay + sand) 

 

In case 3  (fig 9) the load bearing capacity and the settlement behavior of the soil is been has 

an increment of 52% in loose state and 89% of increment in medium dense state and 94 % of 

increment in dense state when compare to the case 1 (fig 7) 

 

 
 

Fig 9 Load settlement curves for the case 3 (clay + sand + clay) 

 

When compare to case 2 with case 3 there is an increment of 33% in the loose state, 90 – 

95% of increment in the medium dense and dense state in the load bearing capacity and the 

settlement behavior of the layered soil by the plate load test using plate 4cm X 4cm. 

 

 

 

 

 

CONCLUSION 
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The efficiency of the layered soil depends on the nature and the settlement behavior of 

the soil and sand. The following conclusions are drawn from the plate load tests. It can be 

seen that as the layer of the problematic soil increases the bearing capacity of the soil also 

increases. In this study the ultimate load increases by the 10 to 20 times when compare to the 

case1 of loose state of the soil with case 3 and 15 to 18 times when compared to the case 1 of 

medium dense state of the soil with case 3 and 17 to 21.5 times when compared to the case1 

of the dense state of the soil with case 3. It can be concluded that using the different layers of 

soil the settlement behavior and the bearing capacity of the soil will be increased. 
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