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Abstract— Marine clay deposits are found both in the coast 

and in several offshore areas spread over many parts of the 

world. India being peninsular country has a large area 

coming under coastal region and also it has been the habitat 

for considerable percentage of population. The marine clays 

are found in the states of West Bengal, Orissa, Andhra 

Pradesh, Tamilnadu, Kerala, Karnataka, Maharashtra and 

some parts of Gujarat. These soils are highly saturated, soft, 

sensitive and normally consolidated. These usually have low 

density and low shear strength in nature. This project will 

investigate the possibility of utilizing sawdust and lime to 

reinforce stabilized weak marine clays to pave way for its use 

in civil engineering projects such as in road bases, 

embankments etc..  A series of tests will be done on weak 

soil-lime-sawdust with varying percentages of the chosen 

materials for stabilization. The testing programme will 

involve addition of different percentages of lime and sawdust 

to marine clay and the results will be analyzed to assess the 

efficacy of the materials. 
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I. INTRODUCTION 

A. General 

Maintenance and replacement of pavement consumes a large 

portion of the budgets of transportation departments in every 

country. Methods for reducing the cost of constructing and 

maintaining pavements and lengthening pavement life can 

help transportation departments better maintain the road 

network on limited budgets. 

Modern pavements are expected to provide a high 

level of safety and comfort for their users. Pavements are 

commonly designed using a combination of mechanistic and 

empirical approaches.  These methods involve selecting the 

appropriate soil and pavement parameters and then 

calculating layer thicknesses for the sub base, base and the 

concrete pavement as appropriate. With any method, a 

strength parameter is used to describe the sub grade or 

native material beneath the pavement layers.  Sub grade 

materials vary from soft clays to rock.  Variations in the sub 

grade, even over short distances, are inevitable and can 

occur abruptly or gradually, depending on the geologic 

history of the surface soils. A high variability in sub grade 

soil characteristics may dictate the use of conservative 

estimates that may lead to thicker pavements with higher 

construction costs or poor performance and higher 

maintenance costs.   

B. Discussion of various investigations on marine clay 

All over the world, problems of marine clay have appeared 

as cracking and break-up of pavements, railway and 

highway embankments, roadways, building foundations, 

irrigation systems, water lines, canal and reservoir linings. 

The estimated damage was very expensive to the pavements 

running over the marine clay sub grades. 

Various remedial measures like soil replacement, 

pre-wetting, moisture control, chemical stabilization have 

been practiced with varying degrees of success. 

Unfortunately the limitations of these techniques questioned 

their adaptability in all conditions. So work is being done all 

over, to evolve more effective and practical treatment 

methods, to alleviate the problems caused to any structures 

laid on marine clay strata. 

Investigation on chemical stabilization (Petry and 

Armstrong, 1989; PrasadaRaju, 2001) revealed that 

electrolytes like potassium chloride, calcium chloride and 

ferric chloride may be effectively used in place of 

conventionally used lime, because of their ready 

dissolvability in water and supply of adequate cations for 

ready cation exchange. 

Ashwani Kumar and Mehta (1998); Praveen 

Kumar and Ashwani Kumar (1999), reported on the 

laboratory investigations on the stabilized granulated blast 

furnace slag in road construction and concluded that the load 

carrying capacity of the sub grade has improved with GBFS 

stabilized with lime and cement. 

GendutHantoro (2000) found that Saw Dust also a 

potential material to be utilized for clayey soil improvement 

in addition to fly ash or any other pozzolonic materials. 

Zhang (2002) under took an experimental program 

to study the individual and admixed effects of lime and fly 

ash on the geotechnical characteristics of soil. They 

observed reduction in free swell, water absorption capacity, 

compressibility of soil and increase in CBR value. 

Phani Kumar and Radhey Sharma (2004) reported 

that fly ash can be used as an additive in improving the 

engineering characteristics of soils. They observed the 

decrease in plasticity and hydraulic conductivity and 

increase in penetration resistance of blends with increase in 

fly ash content.  

Amir Kalhor (2007) used natural and artificial 

textiles as a method for homogeneous soil reinforcing. He 

used metal fibres in kaolinite clay and found that there is a 

considerable increase in the axial compressive strength of 

soil. 

C. Stabilization 

Stabilization of the soil refers to the long-term strength gain 

of a soil as measured by unconfined compression or other 

strength tests (CBR, R-value, etc).  Although there is an 

immediate strength improvement due to textural changes, 

stabilization involves the formation of cementitious 

compounds within the clay structure over time. 

Stabilization alters the following engineering 

properties 
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 Increases load bearing capacity and shear strength of 

the soil 

 Decreases the permeability and compressibility 

For a successful construction of road network, the 

pavement should be located on soil, which requires the least 

thickness above it. The ancient road building material is soil 

itself on which the pavement is placed. Hence for the 

stability and performance of a road, soil should be stable and 

strong. The performance of the pavement largely depends on 

the strength of the sub grade. However, in nature, 

problematic soils do exist which are not suitable for any 

civil engineering construction even for road pavements. 

Such soils have to be treated with different types of 

materials to produce a material, which imparts stability and 

durability to the soil. 

This work presents the result of laboratory 

investigations carried out to understand the characteristics of 

marine clay with stabilizing agents like Saw Dust. 

D. Usage of Waste Materials 

Accumulation of various waste materials is now becoming a 

major concern to the environmentalists. Earlier all the 

government policies had been planned to increase 

development of industries but the environmental issues were 

not concerned. But now, the situation of environmental 

pollution has become alarming and it is the foremost task to 

think regarding the disposal of waste materials which are 

generated along with the main product before finalising any 

project. The generation, handling and disposal of solid 

wastes are now a grave concern in the country. In these 

circumstances, there is a need to explore the possibility of 

utilization of these waste materials in bulk. Road 

construction is one such sector where it can be utilized in 

bulk. 

Saw dust is a byproduct from Timber industries 

and Wood cutting factories. As Saw dust is freely available, 

it can be used for stabilization of expansive soils. Saw dust 

by itself has little cementitious value but in the presence of 

moisture it reacts chemically and forms cementitious 

compounds and attributes to the improvement of strength 

and compressibility characteristics of soils. 

E. Need for Study 

The technology of road construction is subjected to changes 

to cope up with changing vehicular pattern, construction 

materials and sub grade condition. Majority of the pavement 

failures could be attributed to the presence of poor sub grade 

conditions and expansive sub grade is one such problematic 

situation. Expansive soils, because of the specific physico-

chemical makeup are subjected to volume changes with 

changes in their ambient environment. The losses due to 

extensive damage to highways running over expansive sub 

grade are estimated to be in billions of dollars all over the 

world. In many countries like India, these soils are so 

aerially extensive that alteration of highways routes to avoid 

the materials is virtually impossible. 

F. Objectives of the Study 

The objectives of the present experimental study are 

 To determine the properties of the Marine clay and 

Saw Dust. 

 To evaluate the performance of marine clay when 

stabilized with saw Dust as an admixture and its 

suitability for the pavement sub grade. 

 To evaluate the performance of stabilized marine clay 

with an optimum of Sawdust, lime and their suitability 

for the pavement sub grade. 

II. LITERATURE REVIEW 

A. Marine Clay 

The clay soils have 75% - 96% fines passing the #200 sieve. 

These soils have high plasticity indexes in relation to liquid 

limit and are subject to extremely high volume changes with 

changing water content.  Keeping these soils well drained is 

critical if these soils are to perform adequately as a sub 

grade soil. These soils will lose much of their stability if 

they are not well drained. In addition, these soils may absorb 

water by capillary action. Because of capillary action, 

moisture can be held above the ground water table against 

the force of gravity (capillary fringe). The only way to affect 

the height of the capillary fringe is by lowering the water 

table (i.e. deep ditch and/or under drain) or by providing a 

capillary break. Due to surface infiltration and capillary 

action it is anticipated that these soils could be moist to wet 

well into the early summer months. The presence of these 

soils and their undesirable engineering characteristics must 

be considered during the design and construction process. 

B. Stabilization of Marine Clays 

Soil stabilization is a procedure where natural or 

manufactured additives or binders are used to improve the 

properties of soils. Chemical additives, such as lime, 

cement, Saw Dust and other chemical compounds have been 

used in marine clays stabilization for many years with 

various degrees of success. 

The clay minerals have the property of absorbing 

certain anions and cations and retaining them in an 

exchangeable state. The exchangeable ions are held around 

the outside of the silica-alumina clay mineral structural unit. 

Compositional variation through ionic or 

isomorphism substitution within the clay mineral crystal 

lattice can leave the structural unit with a net negative 

charge. Substitution also reduces the crystal size and alters 

its shape. Exposed hydroxyl groups and broken surface 

bonds can also lead to a net negative charge on the structural 

unit. The presence of this net negative charge means that 

soluble cations can be attracted or adsorbed on to the surface 

of the clay mineral structural units without altering the basic 

structure of the clay mineral. The ability of clay to hold 

cations is termed its cation exchange capacity. The most 

common soluble cations are Na+, K+, Ca2+, Mg2+, H+, and 

NH4
+. 

C. Sawdust 

 
Fig. 1: Saw Dust 
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Wood cutting factories, generates a by-product 

known as Saw dust. This surrounds the Forestry area. 

During cutting of trees about 78% of weight is received 

from trees. Rest 22% of the weight of trees is received as 

dust. This dust is used as fuel in burning of bricks & 

generate steam for the parboiling process.  

SiO2 86 % 

Al2O3 2.6% 

Fe2O3 1.8% 

CaO 3.6% 

MgO 0.27% 

Loss in ignition 4.2% 

Table 1:  Chemical Composition of Saw Dust 

S. No Property Value 

1 
Grain size distribution 

(percent finer than) 

4.75 mm 100 

2.0 mm 96 

0.6 mm 80 

0.425 mm 50 

0.21 mm 29 

0.075 mm 8 

2 Specific Gravity 2.01 

Table 2: Physical Properties of Saw Dust 

III. STUDY METHODOLOGY 

A. General 

A brief literature on various problems posed by marine clay 

for the civil engineering structures have been discussed in 

the previous chapter. An outline of soil investigation and the 

test procedure adopted in the course of the investigation are 

discussed in this chapter. This chapter also presents the 

results obtained from various laboratory tests. 

B. Material Used 

1) Marine Clay 

The soil used in this study is BC soil, obtained from NIT 

Campus, Collected at a depth of 1.5m from ground level. 

The Index & Engineering properties of BC soil are 

determined as per IS code of practice and determined & 

presented in Table 4. 

2) Saw Dust 

Locally available Saw Dust was used in the present work. 

The physical properties are determined and presented in 

Table 5. 

3) Lime 

Lime stabilization is done by adding lime to a soil. It is 

useful for stabilization of clayey soils. When lime reacts 

with soil there is an exchange of cations in the adsorbed 

water layer and a decrease in plasticity of the soil occurs. 

The resulting material is more friable than the original clay, 

and is, therefore more suitable as sub grade.  

Lime is produced by burning of lime stones in 

kilns. The quality of lime obtained depends upon the parent 

material and the production process.  

 High calcium, quick lime (CaO) 

 Hydrated, high calcium lime (Ca(OH)2) 

 Dolomitic lime(CaO+MgO) 

 Normal, hydrated dolomitic lime (CaOh2) 

 Pressure, hydrated dolomitic lime (CaOh2+ MgO2) 

C. Laboratory Studies 

The laboratory studies were carried out on the samples of 

BC soil, BC soil + Saw Dust mixes. 

D. Liquid Limit 

Liquid limit test was conducted on BC soil, BC soil+20% 

Saw Dust, using Casagrande’s liquid limit apparatus as per 

the procedures laid down in IS: 2720 part 4 (1970). 

E. Plastic Limit 

Plastic limit test was conducted on BC soil, BCsoil+20% 

Saw Dust as per the specifications laid down in IS: 2720 

part 4 (1970). 

F. Shrinkage Limit 

This test is also conducted on to BC soil, BC soil+20% Saw 

Dustas per IS: 2720 part 4 (1972). 

G. Free Swell Index 

This test is performed by pouring slowly 10 gms of dry soil, 

10 gms of (soil+ Saw Dust) passing through 425 micron 

sieve, in two different 100 cc glass jar filled with distilled 

water. The swollen volume of BC soil, BC soil-Saw Dust 

mixes are recorded as per IS 2720 part 40 (1985).   

H. Proctor’s Standard Compaction Test 

Preparation of soil sample for proctor’s compaction test was 

done as per IS: 2720 part-6 (1974). 

I. Unconfined Compressive Strength 

The unconfined compressive strength tests are conducted on 

BC soil, BC soil+ Saw Dust mixes, BC soil+ Saw Dust 

mixture as per IS 2720 part 10 (1973). All the samples are 

prepared by static compaction using split mould at Optimum 

moisture content and Maximum dry density to maintain 

same initial dry density and water content. The test was 

conducted under a constant strain rate of 1.5mm/min. The 

proving ring reading is noted for 50 divisions, and loading 

was continued until 3 (or) more reading are decreasing (or) 

constant (or) strain 20% has been reach. The samples of BC 

soil –additive mixes were cured4 days, 7days and 28days 

curing period and at the end of each curing period the 

samples were tested. Three samples for each mix were 

tested. 

J. California Bearing Ratio Test 

The California bearing ratio tests are conducted on BC soil, 

BC soil+ Saw Dust mix, BC soil+ Saw Dust mixtures as per 

IS 2720 part 16 (1979). The test was conducted under a 

constant strain rate of 1.25mm/min. The proving ring 

reading is noted for 50 divisions, and loading was continued 

until 3 (or) more readings are decreasing (or) constant. The 

test was conducted at Optimum moisture content. The 

samples were tested both soaked and unsoaked conditions. 

The tests were conducted at time interval of curing for 4 

days, 7days and 14 days. 

IV. RESULTS AND DISCUSSION 

A. Proctor Compaction and CBR Test Results for Soil and 

Sawdust 
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SI. No Water Content (%) Dry Density(g/cc) 

1. 27.62 1.08 

2. 30.13 1.191 

3. 36.00 1.270 

4. 38.59 1.093 

5. 41.20 0.976 

Table 3: Optimum moisture content and dry density of only 

soil 

B. CBR Test Results for Marine Clay with Sawdust: 

The soaked and un soaked CBR values of various mixes of 

marine clay and Saw Dust using OMC obtained from 

compaction are determined .the soaked CBR after 

immersing in water for four days , that is when full 

saturation is likely to occur, is also determined. Variation of 

CBR with % variation in Saw Dust is presented. 

Mix proportion % of sawdust Soaked CBR 

95%soil+5%SD 5 0.896 

90%soil+10% SD 10 2.240 

85%soil+15% SD 15 4.033 

80%soil+20% SD 20 0.672 

75%soil+25% SD 25 0.896 

 
Fig. 1: Variation of CBR with Saw dust percent 

SI. 

No. 
Property 

Marine 

Clay 

85% MC 

+ 15% SD 

1 Liquid Limit % 74.5 63 

2 Plastic Limit % 26.9 28 

3 Plastic Index % 47.6 35 

4 Shrinkage limit % 10.678 15.8 

5 Soil Classification CH CH 

6 Specific Gravity 2.35 2.61 

7 
Optimum Moisture 

Content % 
35 29.63 

8 
Maximum Dry 

Density g/cc 
1.27 1.263 

9 Cohesion t/m2 12 .20 8.20 

10 
Angle of Internal 

Friction (0) 
2 7.7 

11 
CBR Value  

(soaked) % 
0.754 4.03 

Table 6: Properties of the Stabilized Marine Clay with an 

Optimum of 15% Sawdust 

V. CONCLUSION 

 It is noticed that the liquid limit of the marine clay has 

been decreased by 16.21% on addition of 20% Saw 

Dust an optimum. 

 It is observed that the plasticity index of the marine clay 

has been improved by 7.40% on addition of 20% Saw 

Dust an optimum. 

 It is found that the M.D.D of the marine clay has been 

increased by 6.22% on addition of 20% Saw Dust an 

optimum. 

 It is observed that the C.B.R. value of the marine clay 

has been increased by 360% on addition of 20% Saw 

Dust an optimum. 

 It is observed that the DFS value of the marine clay has 

been decreased by 60% on addition of 20% Saw Dust 

an optimum. 

The soaked CBR of the soil on stabilizing is found 

to be 3.473% and is satisfying standard specifications. So 

finally it is concluded from the above results that the 

stabilized marine clay is suitable to use as sub grade 

material for the pavement construction. 
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