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ABSTRACT 

The structures of every kind rest on the soil under laying them. The stability of these structures 

depends upon the load carrying capacity of the soil. The bearing capacity of soil also depends 

upon the quantum of coarser particles presents in it. The plate load test is used for the design of 

footing. Therefore, in the present investigation, the plate load tests were conducted to study the 

sand blended with coarse aggregate of various sizes and proportions. To strengthen the sub soil 

strata, coarse aggregates of 10mm and 20mm sizes were mixed in the sand in various proportions. 

The soil samples were prepared and tested first without mixing coarse aggregates, then by mixing 

coarse aggregates in varying percentages by weight starting from 5% to 30%. The plate load tests 

were conducted on 100mm, 150mm and 200mm diameters mild steel plates which indicates that 

with the increase in the size of the bearing plate, the bearing capacity of soil decreases (for plate 

settlement of 25 mm )and there is reduction in the footing settlement with the percentage increase 

of coarse aggregate. The improvement in the bearing capacity is represented by bearing capacity 

improvement factor (BCIF).The BCIF of 328 & 247; 307 & 293 and 174 & 185 were achieved with 

the inclusion of 10mm and 20mm coarse aggregates respectively for the said plate sizes.  
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Contribution/ Originality 

In the plate load tests, the sand is blended with different sizes and proportions of aggregates to 

simulate the conditions of Himalayan rivers basin. The test data is to be analyzed to determine the 

optimal sizes of plates to be used for maximum aggregate size present in the sand mass. 
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1. INTRODUCTION 

The structure of all types i.e. buildings/bridges/highways etc. rest directly on the soil beneath 

them. The safety of these structures depends upon the strength/bearing capacity of the soil over 

which these are constructed. Therefore, a proper analysis of the soil properties and the design of 

their foundations become necessary to ensure that these structures remain stable and are safe 

against collapse or unequal settlements. 

In the upper region of Himalayan rivers, the large size pebbles exist in the soil. The particle 

sizes of the soil reduces when the river flows in the downstream. This happens due to mechanical 

weathering of the soil .However, in the upper reach of the river basin, the bearing capacity of the 

soil may vary due to variation of particle sizes. Therefore, in the present study, plate load tests were 

performed on the sand blended with coarse aggregates of 20 mm and 10 mm  sizes in various 

proportions. Bearing capacity is a parameter, evaluated by conducting plate load test for 

determining the suitability of any soil type for the use as bearing material. It is generally 

determined in case of structure for which either spread or isolated footing is proposed. The soil 

should have a bearing capacity greater than the load of the structure to which it is subjected so that 

the soil should not fail in shear and the settlement should remain within the permissible limits. The 

dimensions of the proposed footing also depend upon the bearing capacity of the soil. It will be 

large in cases the soils have low value of bearing capacity. The size of footing reduces considerably 

if the soils have a high value of bearing capacity. To enhance the strength of foundation soil, 

several techniques like compaction, mechanical/electrical/thermal stabilization, addition of geo-

textile, geo-synthetic, fly ash or randomly distributed discrete fibers are used. 

To simulate the existing condition of the soil in the upper region of Himalayan river, the sand 

blended with coarse aggregates of various sizes and in different proportions is prepared. The coarse 

aggregates are the rock fragments usually restricted to round or sub rounded particles  

The main aim of the present study is to enhance the strength/bearing capacity of the soil upon 

which different types of structures rests. With the addition of 10mm and 20mm sized coarse 

aggregates. If the bearing capacity of the foundation soil is comparatively lower then a massive 

foundation is required to be provided for the stability of the structures constructed over it which 

proves to be uneconomical. The review of literature was carried out for the improvement in bearing 

capacity of the sub soil system by various  technique. 

Som and Sahu [1] evaluated the effect of deformation on the improvement of reinforced sand 

bed using nonwoven and woven type of geo-textile at the compacted fill, artificially consolidated 

keolinite bed interface and concluded that there is practically no improvement in load carrying 

capacity with the inclusion of geo-textile till 10mm settlement beyond which the rate of 

deformation for unreinforced bed is much higher than the reinforced one. Consoli, et al. [2] 

proposed a method of interpretation which involves a comparison of measured load test response 

with the numerically derived curves for shallow foundations on cemented soils. To determine the 

effects of footing size and shape on the settlement and the bearing capacity of vertically loaded 

shallow foundations resting on an uniform layers of lightly cemented residual soil with basalt, a 

comparison between the load settlement behaviors was made by conducting plate load tests on 
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circular steel plates of diameters 0.3m to 0.6m and square concrete footing of 0.4m to 1.0m. For a 

homogeneous soil, the effect of size of the loaded area on the measured settlement and bearing 

capacity was shown as negligible. For the initial stages of loading the circular and the square 

footings exhibits similar behavior, but for larger strains near the ultimate bearing capacity, small 

differences were observed. 

Alawaji [3] investigated the potential benefits of geogrid reinforced sand over collapsible soil 

to control wetting induced collapse settlement by conducting load tests using a circular aluminum 

plate and Tenser SS2 geogrid. The parameters viz. width and depth of the geogrid were varied and 

concluded that there is significant increase in the load carrying capacity and decrease in the wetting 

induced collapse settlement of sand pad over the weak and collapsible soil with a recommended 

depth of reinforcing geogrid as 10% of the diameter of the loaded area and the recommended width 

as the greater than or equal to four times the diameter of the loaded area. To improve the strength 

of low shear strength and highly compressible kaolin soil, Chakrabarti, et al. [4] added jute textile. 

The biodegraded jute was cut into pieces having thickness 1.25mm and was placed over the soft 

bed of kaolin soil consolidated to 1KN/m
3
. The results showed that the load carrying capacity of 

kaolin bed with biodegraded jute textile improved by 25% thereby causing considerable reduction 

in the pavement thickness. To improve the strength of the silty soil, Shukla [5] used bamboo sheets. 

Unconfined compression tests were carried out on unreinforced and reinforced soil samples 

prepared at maximum dry density corresponding to optimum moisture content. Based upon the data 

obtained, it was concluded that the strength of the soil sample increases with the increase in the 

number of reinforcing bamboo sheets when placed in horizontal position. The strength of soil 

decreases even less than the unreinforced case, if the reinforcing bamboo sheets were placed in 

inclined position, i.e.30
o
 to 45

o
 to the horizontal. Trivedi and Sud [6] conducted plate load tests on 

the two types of ashes compacted at varying degree of compactness to evaluate their settlement 

characteristics. A relationship between the settlement and the foundation size has been proposed at 

varying compactions to obtain settlement of the compacted ash. 

Teodoru and Toma [7] has performed plate load test on the soil to study the size effect on 

settlements and desired values of geotechnical parameters. It is revealed that the subgrade reaction 

co-efficient is strictly dependent on parameter like size of the loaded area and loading magnitude 

and thus completely general and generic and not a fundamental material property of soil that can 

somehow be determined rationally. 

Mohite and Admane [8] has proposed a test similar to plate load test and compared the results 

obtained. The laboratory plate load test on undisturbed soil samples in the model box is carried out. 

The SPT was also performed in the box and results so obtained were compared with field results. 

He concluded that the results of   field tests and model test in laboratory were comparable.   

A review of the literature reveals that most of the work has been done using either fly 

ash/geotextile/lime or rice husk ash as a reinforcing material to enhance the strength/bearing 

capacity of the soil and vary few or none studies have been carried out using coarse aggregates as a 

reinforcing material in the soil to enhance its properties. Hence study is needed to evaluate addition 

of coarse aggregates for the areas where coarse aggregates are available in abundance and 
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procuring of other reinforcing materials proves to be uneconomical. Therefore, it is needed to study 

the effects of coarse aggregates on the strength of soil. 

 

2. MATERIALS & METHODOLOGY USED  

2.1. Sandy Soil 

The sandy soil used in the study is procured from river basin. The geotechnical properties  of 

soil are determined as per IS codes (9,10,11,12,13&14) and summarized in Table-1. The particle 

size distribution curve is shown in Fig.-1. 

 

Table-1. GeotechnicalProperties of Soil. 

Particulars Values 

Natural Moisture Content 4.26% 

Bulk Density (KN/m
3
) 17.2 

Specific Gravity 2.65 

Uniformity Coefficient (Cu) 2 

Coefficient of Curvature (Cc) 1.14 

Maximum Dry Density (MDD) (KN/m
3
) 17.7 

Optimum Moisture Content (OMC) 9.41% 

Cohesion 0.0 

Angle of internal friction 32
0
 

Classification of soil SP 

Source: Experimental Result as per IS codes 

 

2.2. Coarse Aggregates 

The coarse aggregates obtained in the study are the same as used for making plain cement 

concrete. The different physical properties of the coarse aggregates were determined as per IS 

codes(16,17,18&20) and  summarized in Table-2. 

 

 
Fig-1. Particle Size Distribution Curve. 

Source: Experimental Results  
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Table-2. Physical Properties of Coarse aggregates. 

Particulars Values 

Aggregate Crushing Value (ACV) 11.21% 

Aggregate Impact Value (AIV) 9.86% 

 Specific Gravity (G) 2.64 

Water Absorption 2.36% 

Fineness Modulus 7.36 

           (Source: Experimental Result) 

 

2.3. Water 

The, water used for mixing during the preparation of the samples is taken as available in the 

laboratory which is an ordinary tap water. The various physical properties of water used are 

determined as per IS codes (19) and given in Table-3. 

 

3. EXPERIMENTAL INVESTIGATIONS  

3.1. Introduction 

The bulk quantity of sand and aggregates of 20 mm & 10 mm nominal sizes are procured in 

the laboratory and stored properly. The collected sample of sand and coarse aggregate were 

characterized in the laboratory. The tests were carried out to determine the physical and chemical 

properties of the material. The Proctor compaction test was performed on the sand to determine the 

optimum moisture content and maximum dry density of the sand .The coarse aggregate of the 20 

mm & 10 mm sizes in various proportions (5% to 30% by weight) is mixed with the sand and the 

plate load tests of each mixes were determined under optimum moisture condition. 

 

Table-3. Physical and Chemical Properties of Water. 

Particulars Values 

pH value 6.87 

Dissolved Solids 32.00 mg/l 

Suspended Solids 144.00 mg/l 

Sulphates 86.00 mg/l 

Chlorides 128.00 mg/l 

Turbidity * 3.50 NTU 

Alkalinity 25.00 mg/l 

Hardness 74.00 mg/l 

                 (Source: Experimental Result) 

 

3.2. Details of Test Conducted  

The details of experimental programs are summarized in Table-4. The tests were performed 

conforming to Indian standard specifications listed in the reference. 
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Table-4. Experimental Program me 

Material Details Of The Experiments  

Sandy Soil Natural Moisture Contents ,.Bulk Density, Specific Gravity, 

Grain size distribution and Compaction Characteristics,  

Aggregates Aggregate Crushing Value, Aggregate Impact Values, Specific 

Gravity , Water Absorption and Fineness Modulus 

Water pH, Dissolved Solids, Suspended Solids, Sulphates, Chloride, 

Turbidity, Alkalinity and Hardness 

Sand mix with aggregates Plate Load Tests as per IS code(15) 

 (Source: Experimental Programme) 

 

3.3. Plate Load Test 

In order to evaluate the load settlement behavior, model load tests were conducted in a 

Rectangular tank having internal sizes as 1.50 mX1.5m X0.75m consisting of mild steel plates 

havingthickness25.4 mm. The size of the tank is selected keeping in view the sizes of the test plates 

such that the size of the test tank should be at least five times the size of the largest test plate. Three 

sizes viz. 100mm, 150mm, 200mm of model test footing have been used. 

The size of the smallest plate is so selected such that it should be larger than four times the size 

of the largest soil particle. The load is applied through a manually operated hydraulic jack of 

500KN capacity supported against a load reaction truss. The applied load was recorded using a 

pressure gauge mounted on the hydraulic jack. The settlement of the model test footing was 

observed using dial gauges mounted against the reference beams. 

 

 
Fig-2.Experimental Setup for Plate Load Test. 

                       (Source: IS code (15) 

 

3.4. Results and Discussion 

3.4.1. Geotechnical Properties of Soil 

The particle size distribution curve obtained by plotting the result of sieve analysis indicates 

that the soil contains nearly 96.40% particles passing through 4.75 mm IS sieve and coarser than 75 

micron IS sieve. This shows that the soil falls in the category of sands. Since the uniformity 
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coefficient is 2.1 and the coefficient of curvature is 1.18, therefore the soil is designated as S.P. (i.e. 

the poorly graded sand). The moisture content-dry density curve revealed that due to addition of 

water the dry density increases uniformly to a maximum value of 17.70 KN/m
3
 at 9.41% moisture 

content thereafter the curve shows a declining behavior. On the basis of the results obtained from 

direct shear test, the angle of internal friction is 32
o
 which shows that there is better mobilization of 

shear strength through interlocking of soil particles and the soil will fail by local shear failure. 

Since the value of cohesion is zero, the shear strength in the soil will result from the inter granular 

friction alone. The geotechnical properties of the soil under investigation are presented in Table – 1 

 

3.4.2. Physical Properties of Coarse Aggregates 

The results of sieve analysis of coarse aggregates indicate that about 60% of coarse aggregates 

passes through 20mm IS sieve and the fineness modulus of these is 7.36. Therefore, average 

particle size of the coarse aggregates is 10 mm. Aggregates having impact value 9.86% and 

crushing value as 9.21 % shows that the coarse aggregates collected can withstand relatively larger 

heavy loads. The physical properties of coarse aggregates are shown in Table – 2. 

 

3.4.3. Physical& Chemical Properties of Water 

The pH value of the water obtained is 7.24 which is greater than 7, therefore, it is alkaline. The 

presence of sulphate in water affects the durability and strength of mix and chlorides produces 

efflorescence. The tests on water indicate that the sulphate content in water is 86 mg per liter and 

chlorides 128.00 mg per liter, which are in acceptable limits. Table – 3 shows the properties of 

water being used in the study. These properties of water show that the water is potable and is fit for 

drinking purposes and hence can be used for the present experimentation.   

 

3.4.4. Plate Load Test Results 

The plate load tests have been carried out on the soil samples, at OMC, first without adding 

coarse aggregates in it and then by adding coarse aggregates in varying percentages ranging from 

0% to 30% by weight of the dry soil at a constant optimum moisture content of 9.41%. The results 

obtained are presented in graphical form. 

 

3.4.5. Pressure Settlement Behavior 

In all, 42 Nos tests has been performed under optimum moisture condition (O.M.C.)on 

modeled footing of sand bed with and without mixing of coarse aggregates. 
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Fig–3. Pressure Settlement curve for 100 mm plate with various percentages of 10 mm coarse 

aggregates mixed by Weight. 
(Source: Experimental Result) 

 

 
Fig–4. Pressure Settlement curve for 150 mm plate with various percentages of 10 mm coarse aggregates 
mixed by Weight. 

              (Source: Experimental Result) 

 

The circular plates of diameters 100 mm, 150 mm & 200 mm have been used as modeled 

footings. On the basis of the results obtained from the experimental work, the pressure settlement 

curves have been plotted as shown in the Fig. 3 to Fig. 8. The pressure settlements trends of the 

sand bed blended with or without coarse aggregates are similar. With the increases in the applied 

pressure the rate of deformation in the sand bed without coarse aggregates is much higher in 

comparison with the sand bed with coarse aggregates. At higher applied pressures the sand bed 

with coarse aggregates gives lesser settlement in comparison with the sand bed without coarse 
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aggregates. This improvement in the performance is due to the increased stiffness and the shearing 

resistance of the sand bed with the inclusion of the coarse aggregates.  

 

 
Fig–5. Pressure Settlement curve for 200 mm plate with various percentages of 10 mm coarse aggregates 
mixed by Weight. 
(Source: Experimental Result) 

 

 
Fig–6. Pressure Settlement curve for 100 mm plate with various percentages of 20 mm coarse 

aggregates mixed by Weight. 
               (Source: Experimental Result) 

 

3.4.6. Settlement of Modeled Footing 

It is observed that inclusion of coarse aggregates improves the performance of the soil bed. 

Therefore, reinforcement in the form of coarse aggregates is provided to control settlement and for 

higher allowable bearing pressure. Fig. 3 to 8 shows that the settlement decreases with the increase 

in the coarse aggregate percentage. The settlement reduction factor (SRF) is defined as the 

percentage reduction in settlement of the sand bed with coarse aggregates relative to the settlement 

of the sand bed without coarse aggregates at constant bearing pressure. 
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Fig–7. Pressure Settlement curve for 150 mm plate with various percentages of 20 mm coarse 

aggregates mixed by Weight. 
                  (Source: Experimental Result) 

 

 
Fig–8. Pressure Settlement curve for 200 mm plate with various percentages of 20 mm coarse 

aggregates mixed by Weight. 
                (Source: Experimental Result) 

 

Fig. 9 shows the variation of SRF, evaluated under the corresponding failure bearing pressures, 

with various coarse aggregate percentages. It is observed that about 100%  SRF is achieved at 30% 

inclusion of coarse aggregates. It is further observed that the increase in settlement reduction factor 

is greater with 20mm size of coarse aggregates than that of 10mm coarse aggregates. For 200mm, 

150mm and 100mm size plates it is 97, 99 and 91 for 20mm coarse aggregates compared to 93, 96 

and 84 for 10mm coarse aggregates mixed with the sand mass. 
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3.4.7. Bearing Capacity 

As the bearing capacity is controlled by the settlement for a particular sand bed, therefore, to 

control settlement coarse aggregates are mixed. For comparison the bearing capacity is calculated 

in this study as the pressure corresponding to the failure settlement of 25mm of the modeled 

footing. 

The bearing capacity improvement factor (BCIF) is defined as the ratio of the bearing pressure 

of sand bed with coarse aggregates to the bearing pressure of sand bed without coarse aggregates 

evaluated at a constant bearing pressure corresponding to the failure settlement of 25mm of the 

modeled footing. Fig.-10 shows the bearing pressure at failure, settlement of 25 mm for various 

percentages of the coarse aggregates mixes. It is observed that the bearing pressure increases with 

the increase in the plate diameter and no maximum value is attained over the range of coarse 

aggregate percentages used. Fig.-11 shows the variation of BCIF. 

 

 
Fig–9. Variation of Settlement Reduction Factor with Coarse aggregate Percentage. 

 (Source: Experimental Result) 

 

It is concluded that the improvement is almost equal for 10mm as well as 20mm size coarse 

aggregates mixed though it is greater for 20 mm coarse aggregates in comparison to 10mm coarse 

aggregates. It is further observed that the improvement for 150mm  dia plate is largest and for 

200mm plate it is least in both the cases. Bearing capacity improvement factor is 293 & 307 for 

150mm plate while it is 174 &185 for 200 mm plate at 10mm and 20mm coarse aggregates 

respectively . Fig.-10 shows the variation of bearing capacity improvement factor with the varying 

percent of coarse aggregate.  From this it is observed that the improvement in bearing capacity is 

more  at higher percentage of   coarse aggregate mix  than at smaller ones and the gain is highest 

for 150mm plate and lowest for 200mm. 
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3.4.8. Reinforcement Mechanism 

Reinforcement mechanism is derived mainly through the friction between the particles of sand 

and the coarse aggregates. When the sand bed is compacted, while mixed with coarse aggregates, a 

bond action of sand particles with the rough surfaces of coarse aggregates takes place. This enables 

the coarse aggregates to resist shear stresses from the loaded modeled footings, thereby mobilizing 

the maximum bearing capacity of the subsoil. On the other hand this bond creates a flexural stiff 

platform which distributes the vertical pressure evenly, thereby reducing the settlement. This bond 

between the particles of sand and coarse aggregates also prevents lateral and vertical displacements 

near the edges of plate.   

 

 
Fig–10. Variation of Bearing Capacity with varying % of Coarse aggregate Mix. 

   (Source: Experimental Result) 

 

 
Fig-11. Variation of Bearing Capacity Improvement Factor with Coarse aggregate Percentage. 

             (Source: Experimental Result) 

 

4. CONCLUSION 

On the basis of the experimental results obtained by plate load tests  carried out on sand bed  

blended with coarse aggregates, the following conclusions may be drawn.  
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 With the increase of coarse aggregate percentage, the problem of workability was experienced 

during the experimentation because the coarse aggregates replaces the soil mass with their 

increase in volume. 

 Settlement decreases with the increase in coarse aggregate percentages. 

 Settlement reduction factor is greater for sand bed blended with 20mm coarse aggregates in 

comparison to 10mm coarse aggregates.  

 With 30% blending  of coarse aggregate in the sand bed, reduction in settlement very close to 

100% is achieved. 

 Bearing pressure decreases with the increase in the size of the modeled footing. 

 The bearing capacity improvement factor (BCIF) is greater for small modeled footings than for 

larger ones. Improvement of 307 & 293 is achieved with 150mm dia. plates while with 200mm 

dia. plates it is 174 & 185. 

 Improvement in bearing pressure is greater with 20mm coarse aggregate size than with 10mm 

coarse aggregate size. BCIF of 174, 307 & 328 is achieved with 200mm, 150mm & 100mm 

plates when 20mm coarse aggregates were mixed with sand bed while these are 185, 293 & 

247 when 10mm coarse aggregates were mixed.  

 Since the geotechnical properties of sand and the physical properties of coarse aggregates 

influence the bearing capacity of the sand bed, therefore, the application of this study can be 

exercised by estimating the percentage  of coarse aggregates  in sand during geotechnical 

Investigation. 
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