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Report on IIC Innovation Ambassador Training Series 

Institution’s Innovation Council of MHRD’s Innovation Cell, AICTE has organized an 

Innovation Ambassador Training Program for Institution Innovation Councils of Higher 

Education Institutions on 26
th

 and 27
th

 February, 2020 at ACS College of Engineering, 

Bengaluru. 

Four Faculty Members from ATME College of Engineering, Mysuru have undergone training 

of Innovation Ambassadors. The Details of training and faculty members are as mentioned 

below. 

1) Dr. Rathnakar G - “Pre- Incubations & Incubation Management" 

2) Mr. Mohanakumara K C - "IPR & Technology Transfer" 

3) Mr. Yashwanth N - "Entrepreneurship Development Program" 

4) Mr. Swarnakiran S - "Design thinking & Innovations" 

Day 1: 

Dr. Lalith Sharma, Faculty, Entrepreneurship Development Institute of India, Ahmedabad 

was the resource person of the day. They have provided knowledge on various topics 

including, 

- Concepts and Elements of Entrepreneurship 

- Enabling Youth Entrepreneurship through Innovation 

- Entrepreneurship Ecosystem in the Country 

- Entrepreneurial Mindset 

Day 2: 

Prof. Koppada Kiran, Faculty, Entrepreneurship Development Institute of India, Ahmedabad 

was the resource person on the day 2. They provided the detail information regarding the 

stages of Entrepreneurship developments including, 

- Idea to Enterprise Creation 

- Entrepreneurship Competency Development 

- Business Model Criterion 

- Social Media Entrepreneurship 

The Event provided an exposure and idea to various aspects of Innovation and 

Entrepreneurship for the faculties of Higher Education Institutions. The successful 

participants were provided with Innovation Ambassador Badges at the end of the program 

and advised to the responsibility of creating an Innovation based ecosystem at their respective 

institutions. 
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K-Tech Entrepreneurship Summit – 2020 

Location: JNNCE, Shimoga 

Duration: 13
th

 – 15
th

 Feb, 2020 

Faculties attended:  Mr. Niranjan Kumar V S 

   Mr. Mohanakumar K C 

   Mr. Yashwanth N 

A three-day Entrepreneurship summit KTES 2020 was held during 13
th

 to 15
th

 February 2020 

at JNNCE, Shimoga. The event was organized with the focus on building start-up ecosystem 

and entrepreneurship spirit in tier-2 and tier-3 cities. 

Objectives of KTES – 2020 

 To bring together academic community, venture capitalists, new age entrepreneurs and all 

those passionate about entrepreneurship on to a common platform. 

 To examine and explore different facets of issues surrounding entrepreneurship in the era 

of innovation. 

 To deliberate on all relevant issues that include innovation on products and services as 

well as process and strategy. 

 To embed the culture of entrepreneurship in the young minds to create a better future. 

 

 

  



Day 1: 

The event was inaugurated by Chief Guest Dr. C N Ashwatha Narayana, Deputy Chief 

Minister, Govt. of Karnataka. In his speech he highlighted the importance of job creation 

mindset among the young engineers and various supporting facilities in the form of 

incubators and finance provided by both Govt. of Karnataka and Govt. of India. 

Later, Keynote Talk was delivered by Mr. Nagaraja Prakasam, Partner Acumen Fund and 

Startup Advisor. He addressed the gathering on a topic “Ignoring the Billion”. He told as a 

developing nation we are in need of lots of services and new products for the well-being of 

our population, but majority of them have been ignored and urged students and young 

entrepreneurs to focus on solving problems in tier-2 and tier-3 cities. 

Further, Mr. Ajay Muttreja, Advisor & Mentor to Startups, VC, COE, ICCo, CEE, FICCI 

addressed the gathering on “Importance of Mentoring in Startups” and also educated students 

on qualities that a successful entrepreneur should possess. 

In the afternoon, Mr. Mahesha B R Pandit, Founder & CTO, Rhytify Technologies Pvt. Ltd., 

spoke on “Opportunities in India: 15 Trillion and beyond”. In his session he shared his 

experiences on the potential market in tier-2 and tier-3 cities, which can contribute in nations 

growth and achieving even 15 trillion economy in the upcoming years.  

Later a panel discussion was held between Angel investors, entrepreneurs, mentors, Venture 

capitalists on “Funding scenario in India and Future Opportunities for Tier2/Tier3 cities”. 

The panel was lead by Mr. Samir Kumar, Managing Director, Inventus India, Bangalore. 

Finally, the day was concluded with a workshop on “Idea to Entreprise” by Mr. Suman 

Sengupta, Head of Professional Services, Lead Angels, Mumbai. 

Day 2: 

The day started with an invited talk on “Idea to Exit: How to build a successful company” by 

Mr. Arun Rao, Founder & CTO, GrandCanals & Director of Parcel solutions at C H 

Robinson, Sunnyvale, California. Mr. Arun Rao was an Alumni of JNNCE. He shared his 

entrepreneurial journey from building a team to making a successful startup in logistics 

sector. 

Later, Dr. M H Balasubrahmanya, Professor, Dept of Management Studies, IISc, Bangalore 

spoke on “Ideation, Innovation, Commercialization and Venture Creation: An Indian 

Academic Model”. In his speech he explained how IIT Madras, has grown from a mere sand 

box to most successful startup incubator in the country. 

In the afternoon a workshop was conducted by Mr. Sumath Parimal, Founding Partner and 

Chief Analyst of 5 Jewels Research at Innogress, New Dehli & Ex-IDC Analyst. He is also a 

JNNCE Alumni. He spoke on “Disruptive Tech Startups enabling 5 Trillion Indian 

economy”. 

Later a panel discussion was held among the resource people invited for the event which 

included, Industry representative, women entrepreneur, and 2
nd

 generation entrepreneurs. The 

team was lead by Dr. M H Balasubrahmanya. The panel held a discussion on 

“Entrpeneurship: Moving out of comfort zone”   



Finally, the day was concluded by conducting a workshop on hackathon. Where students 

have given with the problem statements and generate innovative ideas and converting them 

into a feasible solution. 

Day 3: 

The final day of the event started with a workshop on “Business Plan Writing: Pitch your 

product”. The event was conducted by Mr. Dheer Lalith Gupta, Founder & Director, Green 

Bubles Technologies Pvt Ltd and Mr. BSLN Murthy, CEO, Rhtify, Bangalore. Students got 

necessary advice and mentoring on how to prepare business plans and how to pitch them to 

the investors for appropriate funding. 

Later, Padmashree Dr. Prahlada, Former Vice Chancellor, Defense Institute of Advanced 

Technology (DIAT), Pune were invited to speak on Industry 4.0, Manufacturing, Defense: 

Opportunities. He spoke about the importance tech based startups and importance of 

awareness regarding industry 4.0 manufacturing. 

In the afternoon, Dr. S Rangarajan, Former Director, ISRO & CTO, Yazmi Solution, USA 

spoke on startup opportunities in the field of space and automotive sectors. 

The event finally came to an end with the valedictory function with summarizing the 

importance and objectives achieved over a period of 3 days of the summit. 

Expected Outcomes: 

 To bring together different facets of issues surrounding entrepreneurship in the era of 

innovation in tier 2 & tier 3 cities 

 Opportunities for the promotion of startups and entrepreneurship 

 Commercialization of research and development  

 To foster entrepreneurial initiatives and activities in the campus and off campus  

 Provide the platform for the aspiring entrepreneurs to have hands-on experience 

before they can finally enter the market 

 Adoption of knowledge for innovation and technology transfer 

 It brings together the academic community, venture capitalists, new age entrepreneurs 

and all those passionate about entrepreneurship to a common ground 
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A study on Index properties of Kaolinite and Bentonite Sand 

Mixtures 

D. N. Jyothi 1,a),  H. S. Prasanna2,b), Chethan Vishwanath3,c) 

 
1. Civil Engineering Department, ATMECE, Mysuru, India 

2. Civil engineering Department. The National Institute of Engineering, Mysuru, India 
3Practicing Engineer, Bengaluru, India 

 

ajyothidevanur@gmail.com, bhsprasanna62@gmail.com, cchethuvishwanath@gmail.com 

 
Abstract : Index properties aid in identification classification, and assessment of behavior of fine grained soils. Index 

properties also have an influence on the shear strength, compaction, swelling, bearing capacity and shrinkage 

characteristics of the fine grained soil.  

This paper deals with the assessment of index properties of artificially prepared fine grained soil mixtures (Kaolinite-

Sand Mixtures and Bentonite-Sand Mixtures of varying proportions). An attempt to correlate the index properties with 

natural soil has been made in this study. The studies showed that Atterberg limits of the soil under study can be correlated 

(with respective clay size) linearly with fair degree of accuracy. These correlations are helpful in predicting the index 

properties of soils. 

 

Key words: Grain size distribution, Liquid limit, Plastic Limit, shrinkage Limit.  

 

INTRODUCTION 
 

The behaviour of fine grained soil is different because of its physico-chemical in nature influenced by the soil clay 

mineralogy.  The natural soils contain two extreme clay minerals namely kaolinite and montmorillonite in different 

proportions, in addition to other clay -minerals and non-clay minerals. These clay minerals are responsible for the 

engineering behavior, especially for the physio-chemical behavior of natural fine-grained soils. The relative 

proportion of these clay minerals in any natural soil decides the relative activeness of the soil. It is a well-known fact 

that the physical properties of the soil are being greatly influenced by clay mineralogical composition. Ex: In Kaolin 

dominant soil the dominancy of attractive forces lead to flocculent structure in the soil, whereas in montmorillonite 

soil due to the dominancy of repulsive forces dispersive structure of the soil is seen. However in Kaolinite-

Montmorillonite soils, the attractive and repulsive forces may get neutralized depending upon the dominance of the 

clay mineral present in the soil mix. The contradictory behavior of kaolinite and montmorillonite soils present in 

different proportions greatly influence the engineering behavior of soils. 

 

The studies of index behavior of such soils are being restricted to the demographical locations. To have thorough 

understanding of general trend of variation in index properties of fine-grained field soils having clay mineralogical 

composition around the world requires lot of time and financial implications. In order to overcome this issue, in the 

present experiment study the index properties and behavior of kaolinite sand, bentonite sand mixtures are studied   

 

From documented literature it is evident that the studies related fine-grained soil is region specific, hence it is 

difficult to summarize the behavior study of fine-grained soil in general. The experimental data analysis of 

artificially prepared soils representing the natural fine grained soils having extreme clay mineralogical composition 

is a value addition to the existing literature and is useful in predicting data for natural fine grained soils having 

kaolinite and montmorillonite clay dominance.    
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LITERATURE REVIEW  
 

Dumbleton and West (1966) studied composition of clay minerals   on their detailed experiment work conducted on 

natural kaolinite , montmorillonite soils and commercially available mixtures of different proportions and also 

established correlation between clay content , liquid and plastic limit of the mix proportions .  

 

Prakash et al., (2012) have been shown that specific gravity of soil solids is computed by some of the measurements 

taken during in shrinkage limit test and result of specific gravity of solids obtained by this method is fairly accurate 

and close to specific gravity determined by density bottle or pycnometer method. 

 

Polidori (2007) made investigation in their experimental work carried out on inorganic soils mixed with fine silica 

sand in different proportions and establish the relation between clay content , liquid limit and plastic limit and  can 

be effectively co related . 

  

Sivapullaiah and Sridharan (1985) made detailed experimental work on liquid limit of soil mixtures containing 

bentonite, kaolinite, sand  and silt of different gradation and sizes have shown that the liquid limit of artificial mix 

proportions are not governed by linear law of mixtures . They also observed that particle shape of the sand do not 

have any significant  influence on  Liquid limit and they also conducted that liquid limit of the artificial mix 

proportions obtained by the cone method is lesser than the limit obtained by using the Casagrande apparatus.  

 

Sridharan and Prakash (1998b) have shown that shrinkage process is a packing phenomenon and it does not depend 

on plasticity characteristics of soil. 

  

Yong, Boonsinsuk, and Wong .G (1986) showed that the backfill material is sometimes designed as soil mixtures, 

which require low shrinkage property along with other stringent requirements so the shrinkage properties are 

assuming having greater importance as the soil is being used as backfill material in many instances.  

 

 Zhang and Frederick (2016) attempted to study about index and compaction properties of the  clay minerals by 

considering commercially available powdered of montmorillonite , kaolinite and quartz in 30% , 50% ,70% and 

100% and also established a good correlation between index and compaction properties of the soil .    

 

The studies related to index properties of kaolinite and bentonite having varying proportions of fine sand mixtures 

representing natural fine grained is very scanty. 

 

METHODOLOGY 
 

Materials used for the experimental study are as follows  

1. River sand passing 425 micron  

2. Kaolinite Clay Mineral 

3. Bentonite Clay Mineral 

Commercially available clay mineral kaolinite and bentonite, clay mineral obtained from different sources are stored 

in air tight plastic containers. Natural river sand were procured and subjected to wet washing and then oven dried, 

mixed with clay  proportions (clay proportions varied from 10%  to 90% kaolinite in kaolinite - sand mixtures and 

10%  to 90% bentonite in bentonite - sand mixtures) and stored in air tight plastic bins before subjecting to index 

properties tests.  
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LABORATORY TESTS 
 

Following laboratory tests were conducted for the prepared samples  

 

• Specific gravity (IS: 2720-Part 3-1980) (ASTM D854 - 14) -to determine the value of specific gravity (G) 

• Grain Size Distribution (Sieve Analysis) (IS: 2720-Part-4-1985) (ASTM D6913 / D6913M – 17)  

 

• Atterberg limits (IS: 2720-Part-5-1985) (ASTM D4318 - 17e1) -to determine the liquid limit (Casagrande 

Method), plastic limit and shrinkage limit of the kaolinite-sand and bentonite –sand mixtures. 

To determine plastic limit of soil take approximately 15 g of soil sample and its mixed with sufficient quantity of 

water .A portion of soil ball is rolled on a glass plate into a thread of uniform diameter through its length and 

continued till it starts to crumble at a diameter of 3mm , then the crumble portion was kept in oven and maintaining 

the temperature of 1100C  for 24 hour to determine water content . The average of three values is taken as plastic 

limit of  that soil  

To determine shrinkage limit, the soil was mixed with water to bring the soil to a consistency that it can flow .The 

soil mixture was placed in the shrinkage dish. The wet soil pats were allowed to air dry till the color turns from dark 

to light and were then dried at a temperature of 1100c for 24h. 

RESULTS AND DISCUSSIONS 

 
Based on the test methods prescribed in the above mentioned codes, the tests were performed on the soil mixtures 

and the following experiment results were obtained.  

 

The grain size distribution follows uniformly graded curve in case of Kaolin- sand and Bentonite - Sand mixtures. 

The curves show convexity and concavity based on the percent kaolinte and bentonite content in the mix 

proportions. 

 

Figures 1 and 2 shows the grain size distribution curve for kaolinite-sand and bentonite-sand   mixtures.  

 

 
 

FIGURE 1: GSD of Kaolin-Sand Mixtures 

 

 

0

20

40

60

80

100

120

0.01 0.1 1

%
 F

in
er

Diameter (mm)

Kaolin-Sand Mixtures

100%C

90%C

80%C

70%C

60%C

50%C

40%C

30%C

20%C

10%C

0%C

020009-3



 
 

FIGURE 2: GSD of Bentonite -Sand Mixtures 

 

In order to understand the variation of specific gravity with percent kaolinite and bentonite in the design mix 

proportion, the weighted average value of specific gravity of the mix proportions is obtained. This is carried out by 

determining the average value of specific gravity for all the combinations and then a value of G/G.avg is multiplied 

to the actual specific gravity in order to obtain the corrected value of specific gravity for individual test. The same 

procedure has been followed for tests involving bentonite sand mixtures also.  

 

Table 1 and Table 2 show the index properties tested for the Kaolin-Sand and Bentonite –Sand Mixtures. 

 

TABLE 1: Index properties of Kaolinite - sand mixtures 

 

Sl 

no 

K 

(%) 
Gavg WL(%) PL(%) Ws(%) IP(%) IS(%) 

1 10 2.41 NP 

2 20 2.46 NP 

3 30 2.54 36.33 18.65 21.80 17.67 14.53 

4 40 2.58 38.09 19.29 22.26 18.80 15.83 

5 50 2.62 42.87 22.23 21.93 20.64 20.94 

6 60 2.66 50.73 24.61 22.00 26.12 28.73 

7 70 2.70 53.64 25.30 21.46 28.34 32.19 

8 80 2.76 58.34 26.92 21.49 31.42 36.85 

9 90 2.80 64.96 28.87 20.72 36.09 44.23 

10 100 2.85 67.51 30.12 18.70 37.39 48.82 

 

 

TABLE 2: Index properties of Bentonite - sand mixtures 

Sl 

no 

B 

(%) 
Gavg WL(%) PL(%) Ws(%) IP(%) IS(%) 

1 10 2.38 41.83 NP 

2 20 2.41 54.42 NP 

3 30 2.47 98.90 27.15 21.33 71.75 77.57 

4 40 2.51 144.1 29.32 20.72 114.82 123.42 

5 50 2.57 173.5 32.23 19.87 141.27 153.63 

6 60 2.67 212.6 35.27 18.34 177.34 194.27 

7 70 2.73 246.6 38.21 17.43 208.39 229.18 

8 80 2.83 302.0 41.52 16.61 260.54 285.46 

9 90 2.85 322.9 43.76 13.75 279.21 309.21 

10 100 2.90 577.1 48.59 12.59 528.60 564.59 
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Figures 3 through FIGURE 8 show the variation of Kaolinite - Sand & Bentonite - Sand content with the index 

properties of the soil such as Specific gravity, Liquid limit, Plastic limit, Shrinkage limit, Plasticity index and 

Shrinkage Index respectively. 

  

 
FIGURE 3: Variation of Specific gravity with Kaolinite & Bentonite (%) 

In FIGURE 3 a trend of increase in specific gravity from 2.41 for 10%K+90%S (Sand with least dense) to 2.85 for 

pure kaolinite (maximum fines content) and 2.38 for 10%B+90%S (Sand with least dense) to 2.90 for pure bentonite 

(maximum fines content) was observed. This trend can be attributed to the fact that the increase in the fines content 

of the mixture reduces the voids in the mixture. Experimental results show that specific gravity of mix proportions 

can be effectively correlated with percent kaolinite-sand  and bentonite –sand mixtures. 

 

 

 
FIGURE 4: Variation of Liquid limit with Kaolinite & Bentonite 

 

 
FIGURE 5: variation of Liquid limit with percent sand 

 

2.30

2.40

2.50

2.60

2.70

2.80

2.90

3.00

0 20 40 60 80 100 120

Sp
.G

r 
(G

)

Percent Kaolinite  &  Bentonite  (%) 

Kaolinite

Bentonite

0

100

200

300

400

500

600

0 20 40 60 80 100 120

L
iq

u
id

 li
m

it
(%

) 
 

Percent Kaolinite  & Percent Bentonite  (%) 

Kaolinite

Bentonite

0

100

200

300

400

500

0 20 40 60 80

L
iq

u
id

 li
m

it
 (

%
)

Percent Sand 

kaolinite

bentonite

020009-5



From FIGURE 4 and FIGURE 5, it can be observed that as the percent kaolinite and bentonite in mix proportion 

increases, liquid and plastic limit of the mix also increases .This is due to higher specific surface available for 

activities of fine clay mineral which increases the values of liquid and plastic limit.   It is also observed that liquid 

and plastic limit of the bentonite –sand mixtures is higher than kaolinite-sand mixture which is due to the presence 

of bentonite which is having a higher degree of activeness in addition and surface area of bentonite is more than the 

kaolinite clay mineral. 

 

Sridharan et.al(1988) it is observed that there exists only a low dependence between WL value and the content of 

clay fraction of soils , their specific surface and cation exchange capacity . 

 

It can also seen that from table 3 and 4 liquid limit of kaolinite -sand mixtures varies from 36.33% for 30K+70S to 

64.96% for 90K+10S (increase in magnitude of 1.78 fold) whereas liquid limit of bentonite – sand mixtures varies 

from 41.83% for 30B+70S to 322.90% for 90B+10S(increase in magnitude of 7.79 fold )  

 

Percentage increase in the liquid limit values for bentonite-sand mixtures is very high in relative comparison to 

kaolinite-sand mixtures. This trend highlights the governing mechanisms.  

 

Controlling the liquid limit of fine grained natural soil that is clay mineralogy and pore medium chemistry. It also 

mentioned in the documented geotechnical literature that kaolinite and montmorillonite exhibits opposite trend of 

behavior due to the effect of  A- forces leading to flocculent structure and R-forces leading to repulsive  structure in 

kaolinite and montmorillonite soils respectively . 

 

From FIGURE 5 it is evident that as percent sand increases in kaolinite-sand and bentonite-sand mixtures, liquid 

limit of the mix proportions decreases and obtain a minimal value at around 70%.   

Further percent kaolinite and bentonite in the mix proportions can be correlated very well with liquid limit and 

plastic limit which is shown in table-5. 

 

 

 
 

FIGURE 6: Variation of Plastic limit with percent Kaolinite & percent Bentonite 

 

From FIGURE 6 it can be observed that as percent kaolinite and bentonite in the mix proportion increases , plastic 

limit of the mix proportion also increases .This trend is more in pre-dominant in case of bentonite-sand mixtures ( 

27.15% to 48.59% ie 1.79 fold) in relative comparison to kaolinite-sand mixtures (18.65% to 30.12% ie 1.62 fold) 
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FIGURE 7: Variation in Plastic limit with Kaolinite & Bentonite 

 

Figure 7 justifies that, as percent sand in the mix proportion increases, plastic limit of the soil decreases which is due 

to inert sand particles not exhibiting the plasticity characteristics. 

 

 

 
FIGURE 8: Variation of shrinkage limit with Kaolinite & Bentonite-sand mixtures. 

 

From FIGURE 8 it can be observed that as the percentage fines that is kaolinite or bentonite increases, shrinkage 

limit decreases. This observation clearly shows that shrinkage limit is a packing phenomenon reported by 

Shridharan and Prakash (1998) and shrinkage limit of natural soil is primarily a function of relative grain size 

distribution of the soil and irrespective of the principal clay mineral present in the soil matrix.  

 

Further percent kaolinite and percent bentonite can be correlated very well with shrinkage limit which is given in 

Table 5. 

 

 
FIGURE 9: variation in Shrinkage limit with percent sand 
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FIGURE -9 also shows that percentage increase in shrinkage limit increases with increase in percent sand in 

kaolinite-sand and bentonite-sand mixtures which evidently shows that , shrinkage limit is primarily depends upon 

grain size distribution rather than plasticity character as reported in the literature .   

 

 
 

FIGURE 10: Variation of Plasticity index with Kaolinite - Sand & Bentonite - Sand (%) 

 

 
 

FIGURE 11: Variation of Shrinkage index with Kaolinite - Sand & Bentonite - Sand (%) 

 

From figures 10 and 11 it can be observed that as the percent kaolinite increases plasticity index of the mix also 

increases from 17.6 to 37.69 percent it is also observed that as percent bentonite increases, plasticity index of the 

mix also increases from 71.75 to 528.6 which agree well with the trend of variation of liquid and plastic limit of the 

mix .Further plasticity index of the mix can be correlated with percent kaolinite and percent bentonite which is given 

by Table 3. 

 

Table 3 gives the relation between Kaolinite - Sand & Bentonite - Sand content with the index properties of the soil. 

It is observed that there is an effective correlation which occurs in K-S and B-S mixtures 
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Table 3: Relation between Kaolinite - Sand & Bentonite - Sand content with the index properties of the soil. 

Fig no Kaolinite–Sand Mixtures Bentonite–Sand Mixtures 

Relation R Value Relation R Value 

3 G = 0.0047*A + 2.3788 0.996 G = 0.0063*B + 2.2889 0.992 

4 WL = 0.4785*A + 20.455 0.993 WL = 4.8851*B - 51.259 0.930 

5 WL= -1.168x + 78.378 0.99 WL = -5.049x + 325.37 0.91 

6 Wp = 0.1701*A + 13.442 0.991 Wp = 0.3013*B + 17.419 0.996 

7 WP = -1.168x + 78.378 0.99 WP = -0.9048x + 61.756 0.996 

8 Ws =0.0372*A + 23.713 0.793 Ws = -0.127*B + 25.835 0.982 

9 Ws = 0.2982x + 6.855 0.89 Ws = 1.2242x + 2.7778 0.99 

10 IP = 0.3084*A + 7.0122 0.990 IP = 0.3013*B + 17.419 0.996 

11 Is = 0.5157*A - 3.2583 0.993 Is = 5.6769*B - 126.83 0.914 

*A = Kaolinite - Sand (%)

*B = Bentonite – Sand (%)

FIGURE.12 through FIGURE.23 shows the variation of Index properties with uniformity index and Coefficient of 

curvature  of the soil mixtures.  

FIGURE 12: Variation of Liquid limit of kaolinite-sand with Cu   FIGURE 13: Variation of Plastic limit of 

kaolinite-sand with Cu 

Figures 12 and 13 shows that as the coefficient uniformity of the mix proportions increases liquid limit and plastic 

limit decreases considerably for kaolinite-sand mixtures. This behaviour be attributed to the fact that, as the percent 

kaolinite in the mix proportion increases because of the flocculent fabric effect (A-forces dominance) .

FIGURE 14: Variation of Shrinkage limit of kaolinite-sand with Cu

From figure 14 it is observed that as Cu increases shrinkage limit of the kaolinite-sand increases because of the inter 

particle re-arrangement. 
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FIGURE 15: Variation of Liquid limit of bentonite-sand with Cu       

 

       
FIGURE 16: Variation of Plastic limit of  bentonite-sand with Cu 

 

 
FIGURE 17: Variation of Shrinkage limit of bentonite-sand with Cu 

 

A opposite trend of behaviour is seen for bentonite-sand mixtures for liquid limit (FIGURE 15) plastic limit 

(FIGURE 16) and shrinkage limit (FIGURE 17) as far as uniformity coefficient of the mix proportion is considered.  

 

 

 
FIGURE 18: Variation of Liquid limit of kaolinite-sand with CC   FIGURE 19: Variation of Plastic limit of              

                                                                    kaolinite-sand with CC 
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FIGURE 20: Variation of Shrinkage limit of kaolinite-sand with CC 

 

 

 
FIGURE 21: Variation of Liquid limit of bentonite-sand with Cc     FIGURE 22: Variation of Plastic limit of 

bentonite-sand with Cc 

 

 

 

FIGURE 23: Variation of Shrinkage limit of bentonite-sand with Cc 

 

It can be seen that as Cc of the mix proportion predominantly lies between 1 & 3 for kaolinite-sand and bentonite-

sand mixture increases liquid limit (FIGURE -18) plastic limit (FIGURE -19) increases. An opposite trend is seen 

(FIGURE -21 and FIGURE -22). 

Further which can be seen from the figures 20 to 23 , as Cc value increases , shrinkage limit also increases 

irrespective of clay mineralogy present in the mix proportion. 

 

Table 4 and 5 gives the effective correlation which occurs in Kaolinite sand and Bentonite-sand mixtures with 

respect to Cu and Cc. 
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Table 4: Variation of index properties of Kaolinite - Sand with the Cu and Cc of the soil 

 

Fig 

No 

Relation R  

12 WL = -11.312*Cu + 73.324 0.94 

13 WP= -3.9837*Cu + 31.761 0.89 

14 SL =0.6084*Cu + 20.524 0.81 

15 WL = 114.4*Cu - 157.7 0.82 

16 WP= 8.0459*Cu + 9.178 0.83 

17 SL = -4.0047*Cu + 31.388 0.77 

 

             

 

 Table 5: Variation of index properties of Bentonite - Sand with the Cu and Cc of the soil 

 

Fig 

No 

Relation R  

18 WL = 35.748*Cc + 2.8599 0.77 

19 WP = 5.8812*Cc + 19.26 0.87 

20 SL = -5.6519*Cc + 27.881 0.88 

21 WL = -175.22*Cc + 459.38 0.85 

22 WP = -12.011*Cc + 51.984 0.87 

23 SL = 6.1766*Cc + 9.7743 0.86 

 

CONCLUSIONS 

 
Based on the experimental study on kaolinite –sand and bentonite-sand mixtures, the following conclusions were 

made. 

        

• The Grain size distribution follows uniformly graded curve pattern in case of Kaolin- sand and Bentonite 

-Sand mixtures. The particles are closely packed with each other, which increases the water retention capacity of the 

mixtures. 

Specific Gravity 
 

• The specific gravity of pure kaolinite is 2.85 and its value ranges from 2.41 to 2.85 for different mix proportions. 

In case of bentonite-sand mixtures the specific gravity of pure bentonite is found to be 2.9 and its value ranges 

from 2.38 to 2.9 for different mix proportions. It is observed that if increase in fine content of kaolinite and 

bentonite-sand mixtures leading to deduction in the voids and eventually leads to increase in specific gravity. The 

same trend is observed in bentonite sand mixtures,  

 

Atterberg Limits 

 

• With the increase of percent kaolinite the liquid limit of kaolinite-sand mixtures increases from 36% to 67%. 

Similarly, the plastic limit is also found to increase gradually from 18% to 30%. This increase can be credited to 

increase in fines content in kaolinite-sand mixtures.  

• The increase of percent bentonite, the liquid limit of bentonite-sand mixtures increases from 41% to 577%. 

Similarly, the plastic limit is also found to increase gradually from 27% to 48%. It can be concluded that increase 

in fines content increases the liquid and plastic limit of the bentonite-sand mixtures. 

020009-12



• Bentonite clay has more surface area and is highly active clay mineral and exhibits high cation capacity exchange. 

Due to this property of bentonite, the Liquid and plastic limit of bentonite-sand mixtures are higher than kaolinite-

sand mixtures.  

• The percentage increase in liquid limit and plastic limit of bentonite-sand mixtures is higher in relative comparison 

to kaolinite-sand mixtures because of higher cation Base Exchange capacity of bentonite in relative comparison to 

least active kaolinite. 

• Shrinkage limit of pure kaolinite is 18% and the values decrease with the addition of kaolinite up to 21.8%. 

Similarly shrinkage limit of bentonite-sand mixtures varying from 21 to 12.59% this is due to shrinkage process 

which is a packing phenomenon rather than plasticity characters. 

• There is a very good correlation between the liquid limit, plastic limit, and shrinkage limit with various 

proportions of kaolinite and bentonite-sand mixtures. 

Effect of Clay content on Cu and Cc of the soil 
 

• There exists a good relation between uniformity index and coefficient of curvature with the index 

properties of the soil. With the increase in Cu value, the liquid limit and plastic limit decreases but this 

trend is reversed in case of shrinkage limit. 

• Interestingly the value of Cc tends to decrease with increase in liquid and plastic limit of the soil and the 

reverse trend is observed in shrinkage limit of the mix proportions. 
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