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ABSTRACT 

Soil is considered by the engineer as complex material produced by weathering of solid rocks the formation of soil is a 

result of geological cycle continuously taking place on the face of the earth. Soil is the main part of civil engineering 

construction. A building construction or pavement, either rigid or flexible, or may be any other structure its  

performance depends upon the characteristics of the subsoil or underlying stratum and various parameters that controls 

the stability of a soil mass under structural loads. For this study, a detailed survey or investigation was carried out at 

Sirsa city and eight locations were indentified for soil sampling and carrying out this analysis. The soil samples were 

taken at a depth of 50 cm from ground surface and were analysed for various engineering properties likewise bulk 

density, dry density, natural moisture content, specific gravity, particle size, liquid limit, plastic limit, plasticity index etc. 

the compaction characteristics parameters viz. maximum dry density and optimum moisture content of the different soil 

samples were determined by the Standard Procter Test. Effect of various geotechnical properties on the compaction 

parameters were studied. 

Keywords: Atterberg’s limit, Bulk density Compaction, Dry density, Grain size distribution, Maximum dry density, 

Optimum Moisture content. 

 

1. Introduction 

Soil is the basic material for the civil engineering constructions. It plays a very predominant role in supporting 

the buildings, pavements, railway lines, tunnels drainage structure pipelines etc. A building construction or 

pavement, either rigid or flexible, its  performance depends upon the characteristics of the subsoil or 

underlying stratum, which should be analyzed before the design of such a large investment on constructions. 

Identifications and classification of the soil is the foremost and basic need for the assessment of the 

geotechnical properties of the soil. Soil is considered by the engineer as complex material produced by 

weathering of solid rocks the formation of soil is a result of geological cycle continuously taking place on the 

face of the earth. The geological cycle consists of weathering, transportation, deposition and upheaval. The 

cohesive soils and cohesion less soils are the basic types of soils which varies a lot as per their occurrence and 

their engineering properties. When weathering of rocks is caused by various physical agencies it leads to the 

formation of cohesion less soils by physical disintegration of rocks whereas the cohesive soils are formed by 

the chemical weathering of rocks. 

 

2. Literature Review 

According to Sohail S. et. al,(2012)Assessing the geotechnical parameters helps in improving the soil 

settlement which usually causes damage to the civil structure. They has done the geotechnical investigations 

at UET, Kala Shah Kaku Campas (KSK), Lahore site and the tests were carried out for undisturbed samples at 

depths of 2 ft, 3 ft, 4 ft and 5 ft. in order to classify the soil and for assessing the consolidation parameters on 

undisturbed and disturbed/remolded samples. They concluded that compressibility characteristics decrease 

with depth of the soil and coefficient of primary and secondary consolidation decreases with increase in 

applied pressure. According to Ahmed M. Y. et al.,(2012), the impact of poor soil properties and improper 

design on highway pavement failure on critical locations along Sylhet-Sunamganj road, Bangladesh was 

studied. Sub-grade soil properties were evaluated as sandy soil of category A-3 having moisture content range 

from 11.11 to 14.94%. Specific gravity ranges from 2.21 to 2.49, optimum moisture content range from 9 to 

16% were not appropriate for pavement construction. Clayey soil sample that was found from SUST gate 
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arena having moisture content of 16.51%, specific gravity of 2.3, liquid limit of 40.80%, plastic limit of 

17.85%, plasticity index of 22.95% and dry density of 2060 kgm-3 was totally unsuitable for such an 

important pavement construction. Specially, maintaining of liquid limit < 40 and plasticity index < 15 of soil 

is a must for such important pavement construction. 

 

3. Methodology 

3.1. Sampling locations 

Sirsa is the Administrative Headquarters of the state of Haryana. It is situated at a distance 250 km far from 

Delhi on National Highway-10 and 250 Kilometers from the state capital Chandigarh on National Highway-

64 and known as “the cotton belt of Haryana”. The terrain of Sirsa district may be broadly classified from 

north to south into three major types i.e. Haryana Plain, alluvial bed of Ghaggar or Nali and Sand dunes tract. 

 

Fig:1 Sample locations of sirsa city 
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3.2. Collection of samples 

IS: 1904 – 1978 specifies that all foundations should extend to a depth of at least 50 cm 

below the natural ground surface, therefore, samples from different locations of the area were collected from 

this depth. The tools like trowel, spade, auger, etc were used for samples collection. The collected samples 

kept into thick quality polythene bags. 

Table: 1 Various Locations of Sample in Sirsa City 

Locations Name Sample No. 

HUDA COLONY S1 

JCDV S2 

HISAR ROAD S3 

KANGANPUR ROAD S4 

CDLU S5 

AIR FORCE STATION  S6 

RANIA CHUNGI S7 

BEGU ROAD S8 

 

4. Experimental Program 

Field  density and dry density: field density is the ratio of the weight of soil to the total volume 

of soil, in its natural condition,  including water and air both whereas dry density is the ratio of the dry solids 

of soil to the total volume (Apparao and Rao, 1995). The field density parameter for different soil samples 

were determined using the core cutter method (IS:2720-Part XXIX, 1975; Raj, 1995). 

Natural water content 

The water content, w, of a soil sample is equal to the mass of water by the mass of solids. It is exdpressed as 

percentage. This can be determined by Oven drying method. This test provides an idea about the state of soil 

in field. To test this parameter the apparatus like oven, Weighing balance, Airtight container with lid, Tongs 

etc. were used.  

 Specific gravity 

The specific gravity of the solid particles (G) is defined as the ratio of the mass of a given volume of solids to 

the mass of an equal volume of water at 4º C. To test this parameter, the apparatus like Density Bottle, 

Weighing Balances, Spatula, etc. were used. 

Grain size distribution 

For grain size distribution, the analysis was done over the air dried soil sample of 1000 gm.the soil was sieved 

through a set of sieves ranging from 4.75 mm to 75 μm. All the sieves sets in the decreasing order of their 

aperture and was kept on electric sieve shaker machine for about 10 minutes. The percent finer and retained 

over the different sieves were calculated. The grain size distribution curves were plotted between the 

percentage finer (N) as ordinate and the particle size( aperture size) as abscissa on arithmetic and log scale 

respectively for the various samples. (IS:2720-Part IV, 1975; Raj, 1995). 
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Atterberg’s limits 

The liquid limit of the soil is the water content at which the soil behaves practically like a liquid, but has 

negligible or very small shear strength.soil. air dried soil sample, passing through 425 μm sieve, weighing 

120gm was taken and thoroughly mixed with water to form a uniform paste. A portion of paste was placed in 

the cup with spatula and cut by grooving tool. Number of blows were given to flows the two halves ( by a 

distance of 12 mm) to close the groove. A semi-log plot is drawn between log N and the water content (w).  

Finally, the water content corresponding to 25 number of blows, as obtained from the plot, was taken as liquid 

limit. During testing, apparatus like Casagrande’s liquid limit device, Weighing balances, spatula, Grooving 

tools, Oven, IS sieve 425µ etc. were used. (IS:2720-Part V, 1970). 

Plastic limit: The plastic limit of the soil is the minimum water content of the soil below which it ceases to be 

plastic. It begins to crumble when rolled into threads of 3mm diameter. for this, 30  gm of the air dried soil 

passing through 425 μm sieve was mixed with distilled water on the glass plate  Then about 8 gm of the 

plastic soil was taken and rolled it with fingers over the glass plate to form thread of 3 mm diameter. The 

rolling process was continued till the thread just crumbles at 3 mm diameter. Finally, the moisture content at 

this crumbled stage will indicate the plastic limit of this soil. 

 

Compaction 

Compaction is the process of the densification of the soil by reducing the air voids. The degree of the 

compaction of a given soil is measured in terms of its dry density. The dry density is maximum (MDD) at the 

optimum moisture content (OMC). The MDD and OMC parameters of the different soils were determined by 

Standard Procter Test. A curve is drawn between the water content and dry density to obtain maximum dry 

density (MDD) and the optimum moisture content (OMC). To test this parameter, the apparatus like 

cylindrical metal mould, detachable metal base plate, collar, rammer 2.5 Kg etc. were used. 

 

5. Experimental result 

Table: 2  Physical Properties of soils from different locations (Sirsa) 

TABLE  PHYSICAL PROPERTIES OF THE SOIL 

Locations 

Name 

Sam

ple 

No. 

Natrual 

Water 

Content 

Bulk 

Density(

gm/cc) 

Dry 

density 

(gm/cc) 

Specif

ic 

Gravi

ty 

Grain Size Distribution Atterberg's Limit 

MDD 

(gm/Cc) 
OMC 

Gravel Sand 
Silt & 

Clay 

Liqui

d 

Limit 

Plasti

c 

Limit 

Plastici

ty 

Index 

HUDA 
COLONY 

S1 7.83% 1.63 1.51 2.66 2.20% 95.80% 2.00% 0.00% NP 0 1.69 8% 

JCDV S2 7.47% 1.7 1.58 2.66 2.00% 94.10% 3.90% 0.00% NP 0 1.76 6% 

HISAR 

ROAD 
S3 4.53% 1.84 1.76 2.67 8.60% 88.00% 3.40% 0.00% NP 0 1.88 10% 

KANGANPU

R ROAD 
S4 18.45% 1.83 1.545 2.68 0.50% 39.30% 

60.20

% 
35.5% 

21.15

% 
13.85% 1.76 16% 

CDLU S5 11.51% 1.84 1.65 2.67 1.00% 95.00% 4.00% 0.00% NP 0 1.936 10% 

AIR FORCE 

STATION  
S6 5.26% 1.725 1.64 2.67 0.55% 91.20% 8.25% 0.00% NP 0 1.82 10% 

RANIA 
CHUNGI 

S7 7.71% 1.79 1.66 2.67 2.80% 77.70% 
19.50

% 
0.00% NP 0 1.77 10% 

BEGU ROAD S8 18.06% 1.49 1.26 2.66 4.30% 
94.10

% 
3.90% 0.00% NP 0 1.72 8% 
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Table: 3 Grading coefficients of soil (location wise) 

LOCATIONS S1 S2 S3 S4 S5 S6 S7 S8 

Coefficient of 

uniformity, Cu 

2.5 2.5 3.75 0 3.75 2.5 0 0 

Coefficient of 

Curvature, Cc 

0.625 0.625 0.417 0 0.417 0.625 0 0 

 

 

Figure 2 Particle Size Distribution Curve for different soil (location wise) 
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Figure: 3 Flow Curve for Sample S4 

 

Figure: 4 Compaction Curve for Soil (Location wise) 
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6. Conclusion  

 It was observed that the natural water content is varying from sample location to location and maximum 

natural content of soil is found to be on location S4 and minimum natural content of soil is S6. 

1. From Point 1 we observed that in location S4 natural content of soil is high due to irrigation crop fields.  

2. From the particle size distribution curve, it was concluded that the all the samples particle size lies 

between 80 μm to 1 mm. 

3. The specific gravity of soil is negligibly varying with the sample location. 

4. As per the Atterberg’s Limit, All the soils are non-plastic except soil sample S4. 

5. It is observed that the soil of kanganpur road (S4) is found to be inorganic silty clay with medium 

plasticity under group CI in accordance with Plasticity Chart ISCS System of soil classification. 

6. It is observed that all the soil samples are poorly graded sandy soils as per coefficient of curvature, Cc and 

coefficient of uniformity, Cu. 

7. The soils of hisar road and CDLU are having the maximum bulk density which is due to the recent nearby 

constructions. 

8. From the flow curve, it is correlated  that at 25 no. of blows  the liquid limit comes out to be 35.5% 

9. As per consistency index(Ic) it was observed that the soil of sample location S4 is very soft clay. 

10. As per the compaction curve, it was observed that the maximum MDD is soil of sample location S5 and 

minimum MDD is soil of sample location S1. 
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