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Abstract— In the present study an attempt has been made to 

compare the compaction characteristics of designed poorly 

graded sand using two different grades of ordinary Portland 

cement. Cement has been used as a binding agent and was 

mixed with sand in varying percentages ranging from 4% to 

12%. Standard proctor tests were carried out on these sand-

cement mix so as to find the optimum proportion of cement 

to be added to sand to achieve maximum dry density. Results 

indicate that the optimum sand-cement mix on basis of 

maximum dry density was achieved at 92:8 proportion using 

OPC 53 grade cement and at 90:10 proportion using OPC 43 

grade cement. 
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I. INTRODUCTION 

A proper understanding of the geotechnical properties of 

soils is a pre-requisite for its use in engineering construction 

works. Studies on the engineering properties of these 

materials have made geologists and engineers aware of a 

wide range of properties. However the relative abundance of 

soil not withstanding its suitability for various purposes can 

be enhanced through the modification of its properties by 

stabilization. Stabilization which is a means by which soil 

properties are improved and made more suitable for 

construction purpose can be mechanical, chemical and 

sometimes biological.  Stabilization of such soils has 

become a trend nowadays and several stabilization 

alternatives have been tried over the last few years. Mixing 

of sands with other materials such as natural clays, 

bentonite, cement-by-pass dust and incinerator ash were 

found to improve the sand properties so that it can be used 

to support structures and road constructions. Soil treated 

with ordinary Portland cement additives are generally 

termed cement stabilized soils (Hausmann 1990, Taylor, 

Nelson and Miller 1992). Stabilization of soils using cement 

materials has been practiced over for 70 years. The 

improvement in engineering properties of cement-treated 

soils is believed to be mainly due to the hardening of cement 

in the presence of moisture and extension of curing period. 

Kezdi (1979) reports that cement treatment slightly 

increases the maximum dry density of sand and highly 

plastic clays but it decreases the maximum dry density of 

silt. Different cement contents and curing period render 

different reactions for cement treated soils. In 1935, the first 

cement stabilized road was constructed in Johnsonville, 

South Carolina and it is still in usable condition (Bugge and 

Bartelsmeyer1961, Sherwood 1995). Subsequently several 

pavements have been constructed over cement treated 

subgrades. Several workers including Ola (1974), Olowe 

(1985) and Adeyemi et al 2003 have stabilized soils and 

have shown geotechnical properties such as linear 

shrinkage, plasticity index, maximum dry density, optimum 

moisture content and unconfined compressive strength are 

improved with the addition of cement. Main reasons for 

using cement stabilizers are their effectiveness in enhancing 

soil properties, availability in the market, simplicity of use 

in the field applications and low cost of the materials. From 

the statements made by different researchers, there was very 

limited information about influence of grade of cement on 

the treated soils hence in the present investigation the effect 

of increasing quantity of cement by weight on the 

compaction parameter of poorly graded sand was 

investigated to determine the optimum content of the cement 

required for effective stabilization and comparison was 

made between two different grades of cement on basis of its 

influence on maximum dry density achieved by sand cement 

mix. 

II. EXPERIMENTAL PROGRAM 

A. Materials 

In present study sand, ordinary portland cement grade 43 

and ordinary Portland cement grade 53 were used. Sand was 

procured from Chandisar River, Dholka, Gujarat. Specific 

gravity, Coefficient of uniformity, coefficient of curvature, 

Maximum dry density, optimum moisture content of sand 

were determined prior to cement stabilization. As per 

Unified Soil Classification, this sand was put into SP 

(poorly graded sand) category and its basic physical 

properties are given in table 1. Commercially available OPC 

grade 43 and grade 53 were procured from local mosaic tile 

manufacturing factory and cement store respectively. 

Physical properties of cement are given in table 2. 

Property Tested Values 
Specific gravity 2.63 

Coefficient of  uniformity (Cu) 1.56 
Coefficient of curvature (Cc) 1.05 

Optimum moisture content 11% 

Maximum dry density (kN/m
3
) 16.27

 

Gravel (%) 

Sand (%) 

Fines (%) 

0 

99.6 

0.4 

Soil classification as per BIS SP 

Table 1: Physical properties of sand 

B. Method of Testing 

All the laboratory tests were conducted in accordance with 

Indian Standards. The specific gravity tests and the standard 

proctor tests were conducted in accordance with IS 2720 

(part 3) and IS 2720 (part 7) respectively for sand and 

cement as shown in table 1 and table 2. The particle size 

distribution of sand was done as per IS 2720 (part 4) 1985 

and its respective gradation curve is given in figure 1.D60 

was found out to be 0.50, D30 as 0.32 and D10 as 0.41.The 

sizes of the compaction moulds were of 100 mm diameter 

and 127 mm height. 
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Fig. 1: Particle size distribution of Sand 

III. EXPERIMENTAL WORK 

In the present study, experimental work was mainly directed 

towards the investigation of compaction behavior of poorly 

graded sand under influence of two different grades of 

cement and ultimately concluding the comparative results of 

using two different grades of cement. Standard proctor tests 

were carried out as per IS 2720 (part 7) on different 

proportion of sand-cement mixes to determine the maximum 

dry density and optimum water content. For sample 

preparation 2.5 kg oven dried sand was used each time as a 

requisite for light compaction test. Ordinary Portland 

cement grade 43 was added to sand in varying proportions 

from 4% to 12% by increasing 2% each time by weight of 

sand that is 96:4, 94:6, 92:8, 90:10 and 88:12 and proctor 

tests were conducted on these mixes. Same procedure was 

repeated taking ordinary Portland cement grade 53. Sand-

cement mixes were filled in three successive layers in the 

mould by compacting it with 25 blows per each layer with 

the help of rammer. Bulk density and dry density were 

calculated for varying water contents from 4% to 14% in 

successive interval of 2% and hence water content-dry 

density relation were obtained and graphs were plotted. 

IV. RESULT AND ANALYSIS 

The sand used in present study is a poorly graded sand 

having a maximum dry density of 16.27 kN/m3 and 

optimum moisture content as 11%. On mixing OPC 43 

grade cement in sand in varying proportions from 4% to 

12%, the maximum dry density achieved as 18.05 kN/m3 at 

10% cement content whereas on mixing OPC 53 grade 

cement in sand in same varying proportions the maximum 

dry density achieved as 18.16 kN/m3 at 8% cement content 

as shown in figure 2 and figure 4 respectively. 

 
Fig. 2: Compaction characteristics of Sand - OPC 43 mixes 

 
Fig. 3: MDD variation of sand by varying OPC 43 content. 

 
Figure 4: Compaction characteristics of sand and OPC 53 

grade cement mixes. 

 
Fig. 5: MDD variation of sand by varying OPC 53 content. 

The initial increase in the dry density of sand 

happened on the addition of fine grained cement particles 

due to its binding nature and filling up of the voids in the 

coarse grained sand particles. But after adding a certain 

percentage of cement the density decreases because of the 

segregation in the mix with the extra amount of cement. 

Also, on adding cement in the sand the optimum moisture 

content of the cement-sand mix increases because the 

cement  particles are finer  in nature i.e. they has larger 

specific surface area than that of pure sand and hence the 

mix consisting of cement  and sand requires higher water 

content to attain the maximum dry density.  

V. CONCLUSION 

 Significant increase in maximum dry density and 

optimum moisture content of sand was observed on 

adding both OPC 43 and OPC 53 to sand.  
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 Optimum dosage of OPC 43 grade is obtained at 10% 

that is at 90:10 sand-cement proportion. 

 On adding 10% OPC 43 to sand the maximum dry 

density was increased to 18.05kN/m3 from 

16.27kN/m3. 

 Optimum dosage of OPC 53 grade is obtained at 8% 

that is at 92:8 sand-cement proportion. 

 On adding 8% OPC 53 to sand the maximum dry 

density was increased to 18.16kN/m3 from 

16.27kN/m3. 
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