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Abstract— Marine clay is a type of clay found in coastal regions around the world. India being peninsular 

country has large area coming under coastal region. There are nine states and four union territories forms 

Indian coastline. Marine clay is one of the poor soils which have low shear strength, highly compressible. The 

natural moisture content of the marine clay is always greater than its liquid limit. Population growth leads to 

rapid urbanization requires vast lands for the development of commercial, residential, industrial, 

infrastructure and transportation but due to lack of availability of lands, ground improvement techniques are 

required. This necessitated the geotechnical engineers to improve the strength of weak soils viz the marine clay 

and the expansive soils. The present study deals with the influence of Phosphogypsum and Calcium Chloride 

on improving the strength characteristics of the marine clays. 
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I. INTRODUCTION 

Origin of the marine clay:  The marine clay is found in coastal regions around the world. It is formed by the sedimentation of 

clayey soils in marine environments. Marine clay expands when water is added and shrinks when it dries. Marine clay is micro 

crystalline in nature and clay minerals like chlorite, kaolinite, illite and non-clay minerals like quartz and feldspar are present in 

the soil. These soils are highly saturated, highly deformable, sensitive and normally consolidated. The marine clay pose 

problems with regard to bearing capacity and stability because of their low shear strength. Several remedial measures like soil 

replacement, admixture stabilization, chemical stabilization, mechanical stabilization, thermal stabilization and grouting etc., 

methods have been done for improving the properties of weak soils. From the various contributions, investigations on marine 

clay conducted by S. Narasimharao et al.,(1987,1996),  Mathew et al., (1997),  Petry and Armstrong, 1989, DivyaKrishnan.K 

(2014) , Mishra and Mathur (2004) , K.V.N.MallikarjunaRao and D.Koteswara Rao (2011,2012,2013, 2014) . The results 

concluded that the load carrying capacity of treated marine clay is suitable as a sub grade material for the pavement construction 

and also for various types of foundations. 

II. OBJECTIVES 

 To determine the properties of the Marine Clay. 

 

 To evaluate the properties of   Marine Clay stabilized with Phosphogypsum as an admixture. 

 

 To evaluate the properties of Marine Clay treated with optimum % of Phosphogypsum on % variation of Calcium Chloride. 

III. MATERIALS USED 

A. Marine Clay 

The Marine soil used for the present study was collected at a depth of 0.5m to 1m below the bed level in port area of Kakinada 

sea port limited, Kakinada. This soil is tested in the laboratory to determine the properties as per the IS codes of practice. 

 

B. Phosphogypsum 

Phosphogypsum is a byproduct of phosphoric acid obtained by processing the phosphate rock using wet acid method. Table 1 

and Table 2 present chemical composition and particle size distribution of Phosphogypsum. 

 

C. Calcium Chloride 

Calcium chloride is an inorganic compound, with the chemical formula CaCl2. It is colorless crystalline solid at room 

temperature, highly soluble in water. Table 3 present chemical properties of CaCl2. 
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I. TABLE   

CHEMICAL COMPOSITION OF PHOSPHOGYPSUM 

S. No. Chemical constituent Percentage 

1 Calcium Oxide 31.2 

2 Silicon Dioxide 3.92 

3 Sulphur Trioxide 42.3 

4 P2O5 3.6 

5 Mgo 0.49 

6 Phosphate, Fluoride 18.49 
Courtesy by: Nagarjuna Fertilizers, Samalkot 

 
II. TABLE  

PARTICLE SIZE DISTRIBUTION OF THE PHOSPHOGYPSUM 

Sieve Size 

(mm) 

% Passing of PG 

76.2 100 

2.0 100 

4.75 95.3 

0.425 87.3 

0.075 71 
 

III. TABLE  

CHEMICAL PROPERTIES OF CALCIUM CHLORIDE 

S. No. Property Value 

1 Molar Mass (g/mol) 110.98 

2 Appearance White Powder 

3 Odour odourless 

4 Density (g/cc) 2.15 

5 Melting Point (
0
C) 772-775 

6 Boiling Point (
0
C) 1935 

                                                                    Courtesy by: Andhra laboratory chemicals, Kakinada 

IV. LABORATORY TESTING 

The laboratory studies were carried out on the samples: 

1. Untreated Marine Clay 

2. Marine Clay treated with the percentage variation of the  Phosphogypsum 

3. Marine Clay treated with an optimum % of  Phosphogypsum  on percentage  variation of the Calcium Chloride 

 

1) Properties of Untreated Marine clay 

The following properties were observed from visual classification in dry condition. 

Colour                -- Black in colour  

Odour                 -- Odour of decaying vegetation 

Texture               – Fine grained 

Dry strength       -- Medium  

Dylatancy           -- Less Sluggish 

Plasticity             --Highly plastic 

Classification     -- Highly Compressible Clay (CH)   
IV. TABLE  

PHYSICAL PROPERTIES OF UNTREATED MARINE CLAY 

S. No. Property Symbol Value 

1 Gravel (%)  0 

2 Sand (%)  10.02 

3 Fines (%) 
Silt 24.65 

Clay 65.33 

4 Liquid Limit WL 76 

5 Plastic Limit WP 34.33 

6 Plasticity Index IP 41.67 

7 Soil Classification  CH 

8 Differential Free Swell DFS 110 

9 Specific Gravity G 2.42 

10 Optimum Moisture Content (%) O.M.C 37.32 
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11 Maximum Dry Density (g/cc) M.D.D 1.47 

12  CBR (%) CBR 1.792 

13 Cohesion (kg/cm
2
) C 0.7 

14 Angle of Internal Friction(°) ϕ  5.71
 

 

2) Modified Proctor Compaction test results of untreated Marine Clay 

 

 
Fig. 1 OMC and MDD values of untreated marine clay  

3) CBR values of untreated marine clay 

 

The CBR test was carried out as per the IS code 2720 part 16, 1987.  Fig. 2 and Table 6 present the CBR values of untreated 

Marine Clay and  Marine Clay treated with the percentage variation of PG. 

 
Fig. 2 CBR values of untreated marine clay 

 

4) Modified Proctor Compaction test results for Marine Clay treated with Percentage variation of Phosphogypsum 
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Fig.3 OMC and MDD values for marine clay treated with the percentages variation of Phosphogypsum 

 

 

V. TABLE  

VARIATION OF MDD WITH % OF PHOSPHOGYPSUM 

Mix Proportion MDD 

100%MC 1.47 

98%MC+2%PG 1.522 

96%MC+4%PG 1.541 

94%MC+6%PG 1.528 

92%MC+8%PG 1.512 

 

 
Fig. 4 Variation of MDD with % variation of Phosphogypsum 
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5) CBR test results for Marine Clay treated with Percentage variation of Phosphogypsum 

 

 
Fig. 5 CBR Values of Marine Clay with % variation of Phosphogypsum 

 
VI. TABLE  

VARIATION OF CBR VALUES WITH % VARIATION OF PHOSPHOGYPSUM 

Mix Proportion CBR Value 

100% MC 1.792 

98%MC+2%PG 2.240 

96%MC+4%PG 2.689 

94%MC+6%PG 3.137 

92%MC+8%PG 2.913 

 

 
Fig.6 Variation of CBR values with % variation of phosphogypsum 

 

DISCUSSION-1 

It was observed from the laboratory test results that the Marine Clay treated with an optimum of  6% of PG has exhibited the 

CBR value of 3.137% which is less as per IS codes of practice to use this treated Marine Clay as subgrade for flexible 

pavements. Hence it is essential to improve this treated Marine Clay by making an attempt with the addition of suitable chemical 

for further improving the CBR value to suit this treated soil as subgrade for flexible pavements as per  IS-2720 (Part-16) and 

IRC:37-2012, pp:10. In the present study Calcium chloride was used for further improvement in CBR value of the Marine Clay 

treated with an optimum percentage of CaCl2. 

       

6) Modified Proctor Compaction test results for Phosphogypsum treated Marine Clay with Percentage variation of Calcium 

Chloride (CaCl2) 
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Fig.7 OMC and MDD values for Phosphogypasum treated Marine Clay with  percentage variation of Cacl2 

 

VII. Table  

 Variation of MDD with % of CaCl2 

Mix Proportion MDD 

94%MC+6%PG+0.5%Cacl2 1.569 

94%MC+6%PG+1%Cacl2 1.594 

94%MC+6%PG+1.5%Cacl2 1.618 

94%MC+6%PG+2%Cacl2 1.631 

94%MC+6%PG+2.5%Cacl2 1.613 

 

-  
Fig.8 Variation of MDD values with % variation of CaCl2 

 

7) CBR test results for Phosphogypsum treated Marine Clay with Various Percentages of Calcium Chloride (CaCl2) 
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Fig.9 CBR values of phosphogypsum treated Marine Clay with % variation of Cacl2 

 
VIII. Table  

Variation of CBR values of Phosphogypsum treated Marine Clay with various percentages of Calcium Chloride 

 

Mix Proportion CBR (%) 

94%MC+6%PG+0.5%CaCl2 5.378 

94%MC+6%PG+1%CaCl2 5.82 

94%MC+6%PG+1.5%CaCl2 6.274 

94%MC+6%PG+2%CaCl2 7.17 

94%MC+6%PG+2.5%CaCl2 6.72 

 

 
Fig.10 Variation of CBR values with % variation of CaCl2 

 

DISCUSSION-2 

 

It was observed from the laboratory test results that the Marine Clay treated with an optimum percentages  of  6% PG and 3%  

Calcium Chloride has exhibited a CBR value of 7.17% which is accepted as per IS Codes of practice to use this treated Marine 

Clay as subgrade for flexible pavement. Hence the laboratory tests Liquid limit, Plastic limit, Plasticity Index, Compaction, 

CBR, Specific gravity, Differential Free Swell, Cohesion, angle of shear resistance were conducted on the marine clay treated 

with the optimum percentage of  PG and Calcium chloride. The results were tabulated in Table 9. 



 
International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES) 

Volume 4, Issue 08, August -2018, e-ISSN: 2455-2585, Impact Factor: 5.22 (SJIF-2017) 

IJTIMES-2018@All rights reserved   1000 

IX. Table  

 Properties of the Stabilized Marine Clay with an optimum of 6% Phosphogypsum and 3% CaCl2 

 

S.No Property Symbol 
Marine 

Clay 

94%MC+6

%PG 

94%MC+6%PG 

 

+2%CaCl2 

1 Liquid limit (%) WL 76.00 61.4 46.5 

2 Plastic Limit (%) WP 34.33 28.8 24.6 

3 Plasticity Index (%) IP 41.67 32.6 21.9 

4 Soil Classification  CH CH CI 

5 Specific Gravity G 2.42 2.64 2.78 

6 Optimum Moisture 

Content (%) 

OMC 37.32 33.98 29.4 

7 Maximum Dry Density 

(g/cc) 

MDD 1.47 1.541 1.631 

8 CBR (%)  1.792 3.137 7.17 

9 Cohesion (kg/cm
2
) C 0.7 0.52 0.36 

10 Angle of Internal 

Friction(°) 

ϕ 

 

5.71
 

8.41
 

12.36
 

11 Degree of free swell (%) DFS 110 60 40 

  

V. CONCLUSIONS 

1) It is noticed that the liquid limit of Marine Clay has been decreased by 19.21% on addition of  6% Phosphogypsum and 

     it has been further decreased by 38.81% when 2% CaCl2 added.  

2) It   is observed that the plastic limit of the Marine Clay has been decreased by 16.1% on addition of  6% 

     Phosphogypsum and it has been further decreased by 28.34% when 2% CaCl2 is added. 

3) It is observed that the plasticity index of the Marine clay has been decreased by 21.76 % on addition of 6% 

     Phosphogypsum and it has been further decreased by 47.44% when 2% CaCl2 is added.  

4) It is noticed that the cohesion of Marine Clay has been decreased by 25.71% on addition of   6% Phosphogypsum and  

      it has been further decreased by 48.57 % when 2% CaCl2 added.  

5) It is noticed that the angle internal friction of Marine Clay has been improved by 47.28 % on addition of 6% 

     Phosphogypsum and it has been further improved by 116.46% when 2% CaCl2 added.  

6) It is found that the O.M.C of the Marine Clay has been decreased by 13.74% on addition of 6% Phosphogypsum and it 

     has been further decreased by 21.22% when 2% CaCl2 is added.  

7) It is found that the M.D.D of the Marine Clay has been improved by 4.6% on addition of 6% Phosphogypsum and it has 

     been improved by 10.95% when 2% CaCl2 is added.  

8) It is observed that the CBR value of the Marine clay has been increased by 75.054% on addition of 6% Phosphogypsum 

     and it has been further improved by 300.11% when 2% CaCl2 is added.  

9) It is observed that the DFS value of the Marine Clay, has been decreased by 45.45% on addition of 6% Phosphogypsum 

    and it has been further decreased by 63.63% when 2% CaCl2is added. 
 

REFERENCES 
 

[1]   S.NarasimhaRao and Sankar. N (1987), Compressibility Behaviour of Indian Marine Clays, Docks and Harbours conf., 

Madras, December 1987.  

[2]   BabuT.Jose, A. Sridhran, Benny MathewsAbraham (1988) "A Study of Geotechnical Properties of Cochin Marine 

Clays", Marine Geotechnology, Vol 7. pp. 189-209, 1988. 

[3]   Rao M.S., Sridharan.A and Chandrakaran.S (1992), Physico chemical effects on the engineering behaviour of Indian 

marine clays. Proc. ILT Seminar on problems of lowland development, Saga University, Saga japan.265-272. 

[4]    S. NarasimhaRao and Paul K. Mathew (1996), Permeability studies on Marine Clays stabilized with Lime column, 

International Journal of Offshore and Polar Engineering, Vol.6,No3,sep1996(ISSN 1503-5381).  

[5]   Ashwani Kumar and H. S. Mehta (1998), Laboratory Investigations on Use of Stabilized Granulated Blast Furnace Slag 

in Roads, Indian Highways, December 1998.  



 
International Journal of Technical Innovation in Modern Engineering & Science (IJTIMES) 

Volume 4, Issue 08, August -2018, e-ISSN: 2455-2585, Impact Factor: 5.22 (SJIF-2017) 

IJTIMES-2018@All rights reserved   1001 

[6]    Rajasekharan.G and NarasimhaRao.S (2000), Strength Characteristics of Lime treated Marine Clay, Journal of Ground 

Improvement, Vol.3, pp-127-136.  

[7]   J.Chu, Myint Win Bo, M.F.Chang and V.Choa (2002) Consolidation characteristics and Permeability properties of 

Singapore Marine Clay. Journal of Geotechnical and Geo environmental Engineering, Vol.128, No.9, Sep., 2002, 

pp.724-7323. 

[8]    Supakij N, Sanupong B et al (2004), "Strength Development of Soft Marine Clay Stabilized with Cement and Fly Ash", 

Kasetsart J. (Nat.Sci.) 38:539-552.  

[9]   Koteswara Rao. D (2004), the performance studies on Geo-grids reinforcement in the flexible pavements construction, 

IGC-2004.  

[10]  Basack and Purkayastha (2009)"Engineering properties of marine clays from the eastern coast of India." Journal of 

Engineering and Technology Research Vol.1 (6), pp.109-114, September, Shridharan 2009. 

[11]  Koteswara Rao. D et al., (2011), The effect of reinforcement on GBFS and lime treated marine clay for foundation soil 

beds IJEST, Vol.3, No.3. March., 2011. 

[12]  Koteswara Rao. D et al., (2012), A Laboratory study on the stabilization of marine clay using saw dust and lime, IJESAT, 

July 2012. 

[13]  IS: 2720 part- 4 (1975): Grain size analysis.  

[14]  IS: 2720 part- 5 (1970): Determination of Liquid limit and Plastic limit.  

[15]  IS: 2720 part- 6 (1972): Determination of Shrinkage limit.  

[16]  IS: 2720 part- 6 (1974): Determination of Dry density and Optimum moisture content.  

[17]  IS: 2720 Part-10 (1973): Determination of Unconfined compressive strength.  

[18]  IS: 2720 Part-16 (1979): Determination of California bearing ratio.  

[19]  IS: 2720 part-40 (1977): Determination of Free Swell Index.  
 

 

BIOGRAPHIES 

 

Author 1: Dr.D Koteshwara Rao is working as a Professor of Civil Engineering &  Director,  Faculty Development Centre, 

Jawaharlal Nehuru  Technological University Kakinada. He is a “ Triple Hat-Trick Best Teacher Awardee” from the 

Department of Civil Enginering, University College of Engineering, JNTUK Kakinada. He was awarded the “University 

Meritoruins teacher award -2013” by the University and aslo  received National Best Teacher award-2013. Recently he has 

received “the State Best Teacher Award-2017 by the Government of Andhra Pradesh, India.  

 He has published 33 research and review papers in various International journals and conferences. He has guided about 50 

post graduate projects and four research scholars are working under  his guidance. He is a leading consulting member in the 

fields of Surveying, Transportation and Geotechnical Engineering. 

 

 
 

 

 

Dr. D. Koteswara Rao, Professor of Civil Engineering 

& Director, Faculty Development Centre, University 

College of Engineering, JNTUK KAKINADA, Andhra 

Pradesh, India. 

M.T.Ramesh Naidu , P.G (GTE) Student,  Department of 

Civil Engineering, UCEK, JNTUK KAIKINADA, Andhra 

Pradesh, India. 


