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ABSTRACT

This project is an analysis of changes in the physical properties of soil after
mixing agricultural waste with it. In addition to that, a positive impact has been
observed on sodium bentonite soil and calcium bentonite soil after adding
agricultural waste. This research is also helpful in providing the solution to the
problem of agricultural waste sustainably, promoting zero waste in agricultural
production. Where sugarcane bagasse and rice husk ash are incorporated along

with sodium bentonite c.1y and calcium bentonite clay to provide stability and cut

down the swelling of bentonite soil.
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CHAPTER 1
INTRODUCTION

1.1 General

The primary environmental issues all around the globe are the manufacturing and accumulation of
waste. Many issues have to be taken into account. especially, the ones from the objectives given by

the European Union. These troubles associated with waste, collectively with the exhaustion of many

assets, direct the European Union towards an approach of zero waste via the circular economy. The

transition to a greater circular economy, in which the cost of products, materials, and resources is
maintained in the economic system for as long as possible, and the era of waste is minimized is a vital

contribution to the EU’s efforts to expand a sustainable, low-carbon, resource-efficient, and
competitive economic system. Bentonite is a rock term. Bentonites are comprised predominantly of
the smectite group of minerals. Table 20 suggests the clay minerals that make up the smectite group.
The most generals are sodium and calcium montmorillonites. Calcium montmorillonite is the
maximum major of the smectite minerals and is located in lots of regions of the world. Sodium
montmorillonite is quilé uncommon in occurrence in contrast with calcium montmorillonite. The
biggest and best-known occurrence is in the states of Wyoming and Montana in the United States.
Saponite occurs in some regions of the world and hectorite. beidellite, and nontronite are uncommon.
Nontronite occurs especially in iron-rich soils. Volkonskoite and sauconite are extremely uncommon
and can occur in only one location. Beidellite is aluminum montmorillonite and is also quite
uncommon in occurrence There is a developing body of literature that acknowledges the significance
of soil stabilization with the help of agricultural waste. Much agricultural waste sugarcane baggage,
rice husk ash, and so on in this project we use sugarcane bagasse, and rice husk ash was used to enhance
the stabilization of difficult soil. The agriculture additive commonly acts as an agent that has various
and modifies the performance of soil. Bentonite is a clay mineral particle with silica tetrahedral sheets
and one octahedral sheet. the primary mineral group in bentonite clay is the smectite group and the
mineral is montmorillonite which has a double diffusion layer. Two varieties of major ion exchanger
that usually differentiates between sodium bentonite clay and calcium bentonite clay are Na + and
Ca+ion respectively. The excessive tendency of water absorption from Na+ ion in sodium makes it
susceptible to soak up a lot of water because it can, this could be known as the excessive swelling
bentonite. on the opposite hand, the Cat ion that still has excessive Mgt in the calcium

montmorillonite is much less vulnerable to water absorption and has been referred to as less bentonite.



1.2 Sugarcane bagasse
Bagasse. also referred to as megass. is fiber remaining after the extraction of the sugar-bearing juice

from Sugarcane. The word bagasse. from the French baggage through the Spanish bagazo. originally
meant “rubbish.” “refuse.” or “trash. Initially applied to the debris from the pressing of olives, palm
nuts. and grapes. the word was cventually used to intend residues from different processed plant
substances which include sisal, sugarcane, and sugar beets. In present-day use. the word is restrained
to the by-product of the sugarcane mill. Bagasse is burned as fuel in the sugarcane mill or used as a
source of cellulose for producing animal feeds. paper is made from bagasse in numMErous Latin
American nations. in the middle east. and in sugar-manufacturing nations which are poor in forest
resources. Bagasse is the crucial factor for the manufacturing of pressed building boards. acoustical
tile. and different construction materials and can be made into numerous biodegradable plastics.
Bagasse is also used in the manufacturing of furfurals. a clear colorless liquid used in the synthesis of
chemical products which include nylons. solvents, and even medicines. Bagasse is biodegradable and
has ample benefits, ranging from higher-temperature tolerance. and great durability, and it is
compostable too. This is the purpose why now no longer only it is used as a key element for cco-

friendly packaging but is also used to manufacture biodegradable disposable tableware. Ecoware is an

environment-friendly tableware manufacturer.

Fig. | Sugarcane bagasse ash

1.3 Rice husk ash

Rice husks are the hard protective coverings of rice grains that are separated from the grains while the
milling process. Rice husk is an easily accessible waste material in a'l rice-producing nations, and i
consists of approximately 30%-50% of organic carbon. In the course of a standard milling process
the husks are eliminated from the raw grain to expose whole brown rice which upon further milling t

remove the bran layer will yield white rice. Current rice manufacturing around the globe is expecte



ysny yse 201y T Old

3nou Jo sazis 1a5e] SEY (VHYN )VHY [eanieu ‘w0 uey) SS9 »:Eucmm
Jo uuoy ayy ut pasn st VHY ‘Ajpesauan) (z00T “1812 ElIPd
71 1 S1g simuawnadxa [BI9AIS

w001 A4

<Ky [eord < Suiaey "VHY punoJ3

pue pai2iua se YHY JO sadewr sMoys

sazis yoad
c1°112]qeL "BaIE E) aiyioads y3iy A[qeition e

)4 910) J- 00L T8 Sutuing Jaye
{q pauodas VHY JO spaaued jeasAyd ayd smoys
Z°70] [] qWoly Sd

gua YS1j2yIe) pue snoiasad A[251e] S i
paiis  auljjeiskio 2[Iym ‘pauLioj !

-sainiesadwa) pRJUBADE 1B paonpoud st
jo saimes2dwal Suiung 1y "u0gJed pauinqun 0] anp Jojod ul yoe|q-Aes3 st VHY
sanaadoad [ea1sAyd

ueA VHY JO ssauaAesd oyy1ads a4 |
o1]IS pauLojun °J;

008 — 0SS

-8/cw €781 40 53ues ayp u s1 2[dwExa UB SB awnj
o anbiuyo2) uondiospe uaSoau (139)RIIPL

ijpads ayy “adeys snosodo.oru

2.d s1 se [enpisal

se y31y se 01 07 woy Keau
[eue se VHY JO BaIE 0BLINS 3,
1 Ba1[1s snoydic e Apueuiwop,
511 JO Janew dIETIO JJqetiEyUl ay

110[ED AU} ‘UBIG JUISQE puE

p21]1S JO 1Ryl pue “3/TW 0LT

_pawwg—ianeuntg 34} y3noiyl pazk
Ay s 0120 21n1o1u1s Je[njj2d (snosodosorw) B Y
pue 3s0[n[[22 Se yons sysny 2
NI 1290 pajoadxa si anjea ol
ysny Jey Surnsse pue °[eod Jjo 181 JO ©

02 Ajeuonippe uiwing jended ay) pue

i) pue pajeuiwj2 3Ie urudi|

“suonipuod Fuiwing p2||0Auod 1apuf) 3
1—%8 Ajarewixoidde Ay S

,0¢ Kjeau

Ju21u03 21N1SIoW JO %0
ga 2y “uonnjjod e 01 saINGLU

(f 2911 JO UONSNQUIOD DU} “JIAIMOH
uijioqted 10) [N € SE PIs SIYSNY L

0q & ul ung sysny 4o 3 001 {aA7 awin

s1 sysny 3214 JO AN[PA 21j110|
‘|]any [BI0] B SB uIng-plRy

wosy 18§ S SISEI LONS UL SYSN
*SEUE AUIOS

312jdwod
£ Ul 2[iym S[|iw 221 Ul Apped 3

i24 m2J

SI ) SU
uj “yHH JO B4 £T £ja1ewi xoidde pla1£ [[im Aouelsul 10 1!
ayi (7) "$sn1| 22k 34 JO uonisodiiod ) () U0 paseq e (se

ING YA 10| A[MO[S e ysny

-zamesadw2) Fuiuing
a4 dolew ay) pue dui

$31BI[IS DY) AIB SINPISD.

Fusuing 3yl (¢) pue
| 2001 JO UONEIDUIDUI u___ wody ,.._::: St /..:Z ‘SUOLeU

ay) Jo SNSRI Y|
2011 JO sjuauodwod 2|qeIodeAd Y} JO SO NS
» RIpu] "BUIY)) ‘ajdwexa 10) "PHUOM Yl JO sEAIR duonpoad-ao11 gy ul aq ued (VHY)

21 21f) Ul SaLf pu

¥
B AVO| S1 {SNY 2L JO ANISUap YNq Ay |

jseg-4e) Y |
J

nos “fw/ay 0510306 jo

3 :5M0[]0) e §1 uonisoduiod

yse ysny 01 O

(1) 2amsiow pue %(07-<1) ¥ C7) ud) (950¢) aso|

Jt

(S 1 JITERC
X ? §4
i osdde s 1NJSU0d 4;:__ - ) :Z SUo) uo _:: _C__::_: LDADS .#_ 0)

B

s —:: 2014 JO 2 SPW :_- ‘C 960C



CHAPTER 2
OBJECTIVE

2.1 Problem Statement

The curre ' i
ent s hallenge is lalselead * : .
tstudy's challenge is labeled ™ Eifect of agricultural waste on bentonite soil

Extended soil i S s : ;
ded soil is one of the most troublesome soils. as it has the most potential for shrinking or swelling

owing to humidity  fluctuations. | arge swaths of land can be found on practically every

continent. Bentonite is a type of expanding soil that has a lot of volume fluctuations. Many countries

have experienced negative consequences from this sort of soil.

This stage of volume change is determined by the constituents' mineralogical composition and value.
[thas an impact on all forms oi'structures. A fundamental issue with expanded soils is that the alteration

is much larger than the elastic structure, making it impossible to forecast using traditional elastic or

plastic theories.

2.2 Objective

The objective of the present study are

» To investigate the physical properties of calcium and sgdium bentonite;

» To investigate the fluctuation in index properties of scil when sugarcane bagasse and rice husk ash

are added:; and

« To assess the stability of sugarcane bagasse and rice husk ash in bentonite soil.



CHAPTER 3
3.1 LITERATURE REVIEW

In ('l'dCl' [ Nnec ;
0 C hLLL lh(‘ ( ](‘\("\ .’lll(’ sparse s
parse Iy related studies within the field of \f,’l'\l“/}llil\l\ IL‘th(qHL‘\, a

literature sur
é Urvey wi YCNse ) wl ]
y was dispensed. the assorted journals and books like ASCE, € RRI.Science Direct .and
Advanced H:
{ ) : e
indbooks were  referred  for  the analysis ofthe current problem.
a few of the websites on the

Research papers associated with waste stabilization were studied and
net were scanned and relevant studies were downloaded for review and finalization of this topic

e Practicing geotechnical engineers generally advocate the direct shear test with a shear box for
granular soils to determine cohesion and angle of internal friction, according to Muawia A.
Dafalla. The major element in the clay liners is sand. with clay added in varied amounts
According to EC Brevik, a scientist, a holistic study of soils necessitates an interdisciplinary
approach encompassing biologists. chemists. geologists. and others, which has been true since
the field's inception.
Accoding to major project report experimental study of fly a1 and kota stone slurry as
stabilising materials under Dr. Chayan Gupta the challenge of industrial waste disposal
aste (fly ash, silica fumes) in stabilising

prompted research into the possibility of industrial w
ation is a chemical or mechanical treatment

Kota stone slurry used as soil material.Soil stabilis
features. The

a mass of soil's stability or other engineering

that aims to improve or preserve
process of stabilising Kota stone with fly ash is both straightforward and pollution-free.
e Accoding to research paper of Nurmunira Muhammad , Sumi Siddiqua with this data
d the difference in the properties of different type of bentonite soil and also how

h bulk density soil .

replace the problematic bentonite soil with hig
Clelyi and ROBERT W. DOEHLER American

Accoding to research paper of ARTHUR G.
derstand uses of bentonite soil in industries Plasticity

¢ bentonite is barely

understan

Colloid Company. Skokie. [llinois un
develops in the combination as the water adsorption capacity of th
exceeded as the water-to-clay ratio is increased. In some ceramics, this clay-water mixture 1s
employed as a plasticizing agent. concrete and wares



CHAPTER 4

| METHODOLOGY

I'he physic ¢ ~
Cé - > . .
ph) 1| features of bentonite sotl and different mix proportion
(&) S O

iy , f sugarcane bagasse and ric
sk ash were determine :
ltllnlllui l'll(\ll;:'l a series of studies. The inquiry was « wried out to

-
bagasse ¢ .
« d S al - ¢
5 ind rice husk ash might be used as stabilization materials
|

e 1 sugarcane

: In reality. fine
cost-cltec > >
ffective application ot sugarcane bagasse and rice husk ash in
! H S a8

ling an efficient and

: stabilizing will necessitate much

testing and inquiry. Experiments were carried out in this study to see if sugarcane bagasse nd rice

f{ husk ash might be used in a practical way. First, specific qualities of bentonite soil were
as well as changes in the beh

avior of physical properties. All of the experim
/ on plain bentonit

investigated,

ents were first carried out

¢ soil. and then we mixed farm waste sugarcane bagasse

it.Consistency of Soil(as perlS2720:P
|

and rice husk ash into
1.5-1995). First, we conducted

all of our tests on plain bentonite

M1 v - o ived - “1C 1
soil. and then we mixed agriculture waste sugarcanc bagasse and rice husk
in bentonite soil, such as 5%, 10%, 15%. and 20%.

ash in various proportions
Consistency is a term used to indicate the degree

of firmness of cohesive soils. The consistency of
natural cohesive soiled positsisex pressed qualitatively by such term verysoft. soft. stiff. very stiff. and
hard. The physical properties of clays greatly differ in different water contents. A soil that is ve
at a higher percentage of water content becomes Very hard with a decreas
However. it has been found that at th

may pOSSEsS

ry soft
e in water content.

e same water content, two samples of ¢
different consistency. One clay may be rel

lay of different origins
Further. a decrease in water content ma

atively soft while the other may

be hard.
y have little effect on on¢ sample of clay but may transform
the other sample from almost a liquid to a very firm condition.

4.1 Atterberg limits (IS 2720 -5(1985))

In 1911. a Swedish scientist named Atterberg studied soil consistency and established a set of tests 10
define the qualities of cohe

sive soils. As the amount of water
Soil behaves more lik

in the mixture grows, the strer
e a solid with very low moisture ¢

1gth falls.
water is extremel

ontent. When the moisture lev
y high. the soil and water may fl

el of the soil and
sometimes categ

ow like a liquid. As a result, th
orised into four fundamenta

e behaviour of soil is
| stages based on moisture ¢
plastic, and liquid. The Atterberg limits are

ontent: solid, semisolid,
he water content l[imitations

that are used to determine
soil behaviour.

The liquid limit (LL): is the moisture content at which soil begins to flow and behave like a liquid.



Liquid limit apparatus

Plastic Limit (PL): The moisture content at which soil begins to behave hike a plastic matenal

Fig 4 Plastic limit

Shrinkage Limit(SL): is the moisture ~ontent below which no additional volume change happens

when the moisture content is reduced.



Fig 5.1

Shrinkage limit
4.2 Differential Swell Index

To determine the possibility of structural damage due to the swelling of expensive clays. an assessment
of those soils likely to have undesirable expansion qualities is necessary. To reflect the system's ability
to expand under multiple simulated circumstances. inferential testing is used. The dry density,

beginning water content, surcharge loading, and a range of other environmental variables all influence
the size of the swelling forces that occur.

iguiid

feax

Fig 6 Differential swelling test



4.3 Specific Graviny

The weight of an equivalent volume of distilled water< at tha uve. both weishts obtained in

air, 15 defined as the specific gravity ‘(. Specif OrAVIN Ticed o the calenlation of soil parameter

Saturation. and <o on sl i the phage | }g(;.-nn_lnp st At

such as void ratio. degree of

water, and solids in a given volume of <ol

Fig 7 Specific density bottle

4.4  Hydrometer

A hydrometer is a device that measures specific gravity. It works on the Archimedes Principle, which
states that a solid thing floats in a liquid and displaces its own weight. Liquids heavier than water and
liquids lighter than water are the two categories of hydrometers. Distilled water equals 1.000, the
starting point of measurement on the standard hydrometer scale, also known as the specific gravity

scale. Liquids with a specific gravity less than 1.000 are scaled below 1.000, whereas liquids with a

specific gravity more than 1.000 are scaled beyond 1.000.

*

4.5 Compaction

R. R. Proctor, a field engineer for the Bureau of Waterworks and Supply in Los Angeles, California,
devised the Proctor test in the 1930s. The most popular laboratory test used to determine the
compressibility of soils is the procedure, which simulates in-situ compaction processes commonly
used during the construction of earth dams or embankments.Because the type of compaction and the
amount of energy provided for a given soil volume are both standards, the test focuses on the change
in moisture content of a sample to determine the optimum water content (wopt).

A 0.95-liter volume cylindrical mould is used in the typical Proctor test, in which the soil mass is put

and compacted in three layers. Each layer is compacted by dropping a 2,5 kg weight from a height of

30 centimetres 25 times.



Compaction Apparatus

4.6 California Bearing RatioTest (asperlS2720: Pt.16-1997)
The CBR test can be done on undisturbed soil specimens obtained by fitting a cutting edge to the
mould or on remoulded specimens, according to the BIS. Remolded soil specimens can be compacted
using either static or dynamic compaction methods. When static compaction is used, the soil 1s
combined with water to achieve the needed moisture content; the correct weight of moist soil is placed
in the mould to achieve the desired density; and compaction is achieved by pressing in the spacer using
a compaction machine or jack. It is more customary to use dynamic compaction or ramming to prepare
soil specimens. Sugarcane bagasse and rice husk were hand-mixed with sodium bentonite and calcium

bentoite (15 percent, 18 percent, 21 percent, 24 percent, and 27 percent, respectively).by weight at

their corresponding OMC and MDD.

FIG 9 CBR Equipment



Unconfined Compressive Strength Test (as per 1S2720:Pt.10-1995)
trength. which is then

4.7
I'he primary goal of this test 1s to establish the clay's unconfined compressive s
atilised to compute the clay's unconsolidated undrained shear strength in an unconfined environment
The bearing capacity test 15 nol always practicable to perform in the field. It 1s sometimes less
expensive to take an undisturbed soil sample and assess it strength in a lab. Strength tests on the
material for the embankment.
listurbed and remoulded

selected samples are also required in order to determine the appropriate
unconfined compressive strength

Under these conditions. performing an unconfined compression test on an une
soil sample is simple. On undisturbed or remoulded cohesive soils.

d soils like sands and gravels since they
axially to a conventional cylindrical

(LUCS) tests can be performed. It can't be done on coarse-graine

don't have enough lateral support. A compressive force is applied
as the 'Unconfined Compressive Strength test’
a rubber

soil specimen until failure occurs. The test is known
d laterally. The specimen does not need to be encased in
e other two principal

since the specimen is not confine
membrane. The largest principal siress is axial or vertical compression. while th
and the failure plane is not preset.

stresses are nil. Failure occurs along the weakest plane,

NS
\“\\\\\\ﬁ\\\\\i\\» AN

AN-..

Fig 10 UCS machine
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Sodium Bentonite soil
lable 1.1 iquid limit Sodium bentonite soil
Weight of Number of blows Wet weight Dry weight Water content |
| blows (ingm) | (in gm) (in gm) (%)
[ s 6 ! | | 2 i 69
| 14.35 17 1731 “ 35.63 _ n 1y £
x 14.49 , 23 13.13 1384 . 3218
‘J 1401 Y9 16 57 | 15 R4 | 19.19 7
5 - ) I
f 13.39 13 < 19.71 17.43 ; 16.98
|
| Sodium Bentonite Soil
ifl ““"n
<J "()('ll
’ S 52.00%
| =
[ & 50.00%
{ =
! e
_; S 48.00%
| -
| = 46.00%
/ 44.00%
/ 42.00%
/ 17 23 27 33
Number of Blows

Sodium Bentonite soil + 5% Rice Husk Ash
Tabie 2.liquid limit of Sodium Bentonite soil + 5% Rice Husk Ash

/ Weight of Blows( / Number of Blows | Wet Weight (in Dry Weight (in | Water content (%)
ingm) gm) gm)

[ TEI 17 [ 4731 35.63 54.92

[ 13.89 | 23 P A9 ) 37.43 52.18

T [ 27 I 46.57 35.84 49.19

g | 33 | 33.84 33.84 47.98




Sodinm Rentonite Soil + 8% RHA

St 0N

S4.00%

s: 2 00%
‘f- SO.00% "N
f 18.00% i
46.00%
44.00%
17 23 27 33
Number of Blows
Sodium Bentonite soil + 10% Rice Husk Ash
Table 3.liquid limit of Sodium Bentonite soil + 10% Rice Husk Ash
[ Weight of Blows( | Number of Blows | Wet Weight (in Dry Weight (in Water content (%)
/ in gm) gm) gm) -~
[ e 12 R 18.56 54.83
[ 1436 | 18 el 26.86 52.25
I 14.13 [ 24 [ 29.97 24.36 48.66
039 [ 29 [ 25.11 21.46 46.35
Sodium Bentonite Soil + 10% RHA
56.00%
34.00%
S 52.00%
=
2 50.00%
=
2 48.00%
&
= 46.00%
z 6.00
44.00%
42.00%
18 24 29 ¢

Number of Blows




Sodivm Bentonite cnil + 184,

S8.00%

56 .00%

ﬂ/n’

54.00%

52.00%

50.00%

Water content (

48.00%

46.00%

Sodium Bentonite Soil + 15%,

Rice Heok Ach

/

19

RHA

24

Number of Blows

Sodium Bentonite soil , 20% Rice Husk Ash

W oater

31

antent (%)

Table 5. Liquid limit Sodium Bentonite soil + 20% Rice Husk Ash
Weight of Blows( | Number of Blows Wet Weight ( in Dry Weight (in | Water content (%)
in gm) gm) gm)
| 13.85 | 12 ‘ 32.96 25.58 73.15
| 14.25 | 18 34.32 26.78 62.19
| 14.36 | 26 36.01 28.37 54.53
~ 14.21 | 30 29.14 23.95 47.28




—

RO 004
75 007,

70 (5%,

wi

65 007
K0 007
5% 0%,

SO 00%

Water content (°

15 009y,
40 00,

15.00%

Sodium Bentonite Soil + 20%RHA

734 s,

12

19 24

Number of Blows

Sodium Bentonite soil + 5%, Sugar Cane Bagasse ash

Table 6.Liquid limit Sodium Bentonite soil + 5% Sugar Cane Bagasse ash
;h\k"cnghx of Container( in | Number of Blows | Wet Weight ( in ‘ Dry Weight ( in Water content
’ o/o
’j gm) gm) gm) (%)
[" 14.73 ] 15 [ 9957 19.62 51.98
[ 14.02 l 21 ] 27.69 23.04 50.66
[ 14.3 I 25 26.83 2254 48.56
L 14.29 [ 30 31.86 25.85 45.50

Sodium Bentonite Soil + 5% SCBA
54.00%

52.00%

0.00%

i

48.00%

ater content(%

46.00%

W

44.00%

42.00%

12

18 24

Number of Blows

29



Sodium Bentonite soil + 10% Sugar (
5 “Lane "ﬂ!aqgf
ash

"]hl( I“ \ ‘ o
e

: 0N S Ay
1075 Sugarcane Bagasse ash

w27

r content

(Ya)
18,36
-;‘(v |

43.02

|
| Welp
cight ol Number of Wet W.
PRI Riows L("u!,ht( in | Dry Weight (in Wate
| . " t v
2
l 14.45 |
f b
= | 2381 () &4
) | Y4
: 21.81 1961
4.29
| 6 25.36 22.03
:3 e K -~ - - - - -
16 21.13 189
Sodium Bentonite Soil + 10%SCBA
50.00%
48-0()"" \
X 46.00%
=
z 44.00% - e ——-—---—~-——\~
? 42 ()0() \
>
= 40.00%
Z 0%
38.00%
36.00%
12 18 24 #
Number of Blows
15% Sugar Cane Bagasse ash
asse ash

Sodium Bentonite soil +

Table 8.Liquid li

Number of

Weight of
Blows

Container( in

it
14.35

14.21

imit Sodium bentonite *

/ﬂnl/ e
14.3 5
b i

14.02 I8

R e G 25.

| 5% Sugarcanc bag

Wet Weight ( in | Dry Weight ( in Water content
gm) gm) (%)
/////
27.4 20.22 42.00
/// i e
23.6 19.42 36.28
/r—’/""/"".—-”::"/
28.49 25.32 33.2
5.44 2245 28.89
/"L,/




Sodium Bentonite Soil + 15% SCBA

13.00" e
o

1 00%

19.00%

: 36 28"

= 17.00%

1 .

£ 35.00% . 33.20%

3 313.00% T

—

£ 31.00% \ 28.39%
Z 29.00% .

27.00%
25.00%

1T

12 18 24 20

1 3 Number of Blows

Sodium Bentonite soil +20% Sugar Cane Bagasse ash

iable 9.liquid limit of Sodium Bentonite soil 20% Sugarcane bagasse ash

Weight <;I:(‘()|1i:1ii{é_|'( Number of Blows " Wet Weight (in Dry Weight ( in W J[:r:onlcmm\r“ 6)
ingm) l am) am) ‘
TR R = AR goue sy
14.35 16 S 28.18 ! 2598
14.07 25 23.1 23.04 i\l 3.26
14.39 35 L 27.18 25.74 & TRY

Sodium Bentonite Soil + 20% SCBA
45.00%
40.00%
35.00%
30.00%

25.00% FRERU R ot
20.00%
15.00%
10.00%
5.00%
0.00%

Water content(%)

12 18 24 29

Number of Blows




PLASTIC LIMIT

Sodium Bentonite soil
oil

limit of Sodium Bentonite s

Table 10.Plastic
R A S e
Water content (%)

BRSNS

Wet Weight (ingm) Dry Weight ( ingm)

et

R

Empty Beaker (gm)
T 36.06

——

1631

Sodium Bentonite Soil With Rice Husk Ash

Table 11.Plastic limit of Sodium Bentonite soil + RHA

/"J/j—/"ﬂ
Empty Beaker Wet Weight (in Dry Weight ( in Water content
(gm) gm) gm) (7o)
N o
14.03 15.84 15.1 34.28 5
14.33 15.13 14.39 31.53 10
S e
- i CORSERRE O e
14.37 15.51 14.78 25.43 15
= | LT N sl e ]
14.9 15.95 153122 23.58 20
Plastic limit + RHA
40
35
g
§ 30
g
525
2
20
15
5
10 1
15 20

RHA(%)




Sodium Bentonite Soil With Sugar Cane Bagasse ash

Table 12.Plastic limit of Sodium Bentonite soil + Sugarcane bagasse ash

Empty Beaker | Wet Weight (in [ Dry Weight (in | Water content (%) | SCBA %
(gm) gm) gm) =
142 18.65 ISE 35.85 1 5
1431 15.37 17.12 3347 | 10
142 18.98 17.87 27.49 -__ 15
14.23 16.99 16.16 .‘ 25.62 : 20
Plastic limit + SCBA
40
35
S
z 30
E
z
20
15
5 10 £ 20
BA %

SHRINKING LIMIT

Sodium Bentonite soil + SCBA

Table 13.Shrinkage Limit of Sodium Bentonite soil + SCBA

Content Shrinking limits(%s) =
Sodium Bentonite Soil 137
Sodium Bentonite Soil + 5% SCBA 15.75
Sodium Bentonite Soil + 10% SCBA 13.87
Sodium Bentonite Soil + 15%SCBA 1439
Sodium Bentonite Soil + 20%SCBA 147




|

148
146
144
142

14
138
13.6

13

Water content(”%)

Shrinking limit

Sodium Bentonite Sodium Bentonite Sodium Bentonite Sodium Bentonite Sodium Bentonite
Soil Soil + 5% SCBA Soil + 10% SCBA Soil + 153%SCBA Soil + 20%SCBA

Sodium Bentonite soil + RHA

Table 14.Shrinkage of Sodium Bentonite soil + RHA

o |

E Content Shrinking limits(%)

;L Sodium Bentonite Soil 15.64

;r Sodium Bentonite Soil + 5% RHA 15.89

[ Sodium Bentonite Soil + 10% RHA 16.52 e
Sodium Bentonite Soil + 15%RHA 16.59
Sodium Bentonite Soil + 20%RHA 171553}

Shrinking limits

Water content(%)

14.5

Sodium Bentonite  Sodium Bentonite  Sodium Bentonite  Sodium Bentonite  Sodium Bentonite
Soil Soil + 5% RHA Soil + 10% RHA  Soil + 13%RHA Soil + 20%RHA




LIQUID LIMIT

Calcium Bentonite Soil

Table 15. Liquid limit Calcium Bentonite Soil

Weigt ;
S in(;“*‘:'ﬁws( Number of Blows | Wet Weight ( in Dry Weight (in | Water content (%)
gm) gm)
13.85 12 32.96 25.58 49.72
9 )

i _|4:_5 19 34.32 26.78 4781
14.36 24 36.01 2837 4611
1421 31 29.14 23.95 43.75

Calcium Bentonite soil
51
50
19
1
E 47 ——— i b
= 46
S 45
Ry
Z 43
)
4l
40
24 31

Calcium B

entonite Soil + 5%RHA

19

Number of Blaws

te Soil + 10% RHA

Table 16. Liquid limit Calcium Bentoni

WWWWW
ingm) gm) gm) (%)
”ﬁ'r‘"ﬁ—//ﬁ’—"‘ﬁr”sfse"a
, ”’1737"‘,@/—””)7')1””’"2’6’86”—/?’77—”
""Tﬂ‘a’#""’zs—”"’”zc)'or""ﬁr 48.87
/6.495/‘“"27/’ 2511 21.46 4539
e _,_.___//—J




——

Woaker vantent (%a)

AL s B B2

L)

© serume Bertommre ool — AT 6

U

% 3

Calcum Bextonite Soil — 1076RHA

Tabie 17. Liguid Fmic Caiiciums Bevumin: Soill = 9% RELL

'd

Namber of Blows

| Weoight of Blows{ Namber of Blows = Wex Wogdn ( D Wephe i o | WHES conisE
" in grm) fiaau il Eissd
1435 17 L7 31 Y T 2 e
i 1339 24 2970 E TS Rt S
1401 27 46 57 S RL 2T
4313 33 I EE B 2 £ %
Calcium Bentonite Soil - 10%RHA
33.00%
52.96%
g 51.90%
Z 50.00%
L
E' 49.00%
Z 18.00%
=
Z 47.00%
46.00%
45.00% i
17 24 27 33




Calcium Bentonite Soil + 153%RHA

Table 18. Liquid limit Calcium Bentonite Soil + 15% RHA

i Weight of Blows( Number of Blows Wet Weight ( in Dry Weight ( in | Water content (%)
i in gm) ‘ gm) gm)
1 1385 T 3296 2558 50.87
‘k 14.25 17 34.32 26.78 4725
| 1436 26 36.01 2837 1536
14.21 30 j 29.14 2395 4198

Calcium Bentonite Soil + 13% RHA
32.00%
50.00%

48 00%

46.00%

44.00%

Water content(%)

42 00%
40.00%
12 18 24
Number of Blows

Calcium Bentonite Soil + 20%RHA

Table 19. Liquid limit Calcium Bentonite Soil = 20% RHA

weight of Blows( = Number of Blows | Wet Weight ( in | Dry Weight(in f Water content (%)

14.24 33 3054

in gm) ‘ z gm) ! gm)
14.79 | 15 294 241 49 14%
1411 21 26.73 228 1699
14 ‘ 25 ;- 28.59 2352 45359,
25 4132%




Calcium Bentonite Soil + 20%RHA

50.00%

48.00% T

Water content (%)

38.00%

_‘\(\_”0“,0

42.00%

40.00%

46.00% \\

44.00%

(o5}
2

15 21 25
Number of Blows

Calcium Bentonite soil + 5% Sugar Cane Bagasse ash (Table 20)

Table 20. Liquid limit C: Icium Bentonite Soil + 5% SCBA

Weight of Number of Blows | Wet Weight ( in Dry Weight (in | Water content (%)
Container( in gm) gm) gm) |
14.3 12 DA 20.22 5291
14.02 19 23.6 19.42 50.32
14.35 24 28.49 25.32 4939
14.21 31 25.44 22.45 4751
Calcium Bentonite Soil + 5% SCBA
54
53
52
£ 51
£ 50
£ 49
“
5 48 \
; 47 i
46 i
45
44 ‘

12 19 249 25 31
Number of Blows




Caleiam Bentonite sofl © 0% Sugare Cane Bagasse nsh

Weight of
container i pm)

Fable 21 Bigquid it Caletum Bentonite Soil - 10% SCHA

Number of
Nlows

S4.00%,
32.00%
S0.00%
A8.00%
46.00%,
4.00%
42.00%
40.00%
38.00%

ater content(”)

W

Wt Weight (i
pim)

66
15,19
33:1

)

Dy Weight ( in
pm)

2598
2818
23,01

25,74

Calcium Bentonite Soil + 10% SCBA

18

24 29

Number of Blows

Calcium Bentonite soil + 15% Sugar Cane Bagasse ash

Table 22. Liquid limit Caleium Bentonite Soil + 15% SCBA

Witer content
(n“)

5154
48.88
A6 16

41.89

Weight of

Number of Blows

Wet Weight (in

Dry Weight (in

Water content (%)

Container( in gm) om) g
e 3 22.7 19.62 5096
14.02 2() 27.69 5304 rme
14.3 26 20.83 22.54 46.18
14.29 T 3186 T T S T T




52

50

Water content( %)
i- - — — F.
< ra —_ o "

'sd
>

Calcium Bentonite soil + 20%

Table 23. Liquid limit Calcium Bentonite Soil + 2

Caleium Bentonit

¢ Soil + 153% SCBA

Number of blows

Sugar Cane Bagasse ash

0% SCBA

[ Weight of Number of Blows | Wet Weight (in Dry Weight (in Wat.r content |
Container( in gm) gm) gm) (%)
14.45 14 238l 20.84 AT LT S
14.36 18 21.81 19.61 45.78
14.29 24 25.36 22.03 41.25
14.32 29 25 18.91 35.94

35

Water content(%)

18 24
25

Number of Blows

SCBA




PLASTIC LIMIT

Calcium Bentonite soil

Sodium Bentonite Soil With Rice Husk Ash

I'able 24. Plastic limit Calcium Bentonite Soil + RHA
Empty Beaker | Wet Weight (in Dry Weight (in | Water content (%) TURHAY%.
(gm) f gim) | gm)
TECS2 FRBIAL J 14.65 R G v EIRey) e
1422 : 15.42 : 1239 3221 T
14.32 ,’ 15.51 [ 14.78 30.93 TR L
f 1425 E 15.98 J 15.23 2442 20

Plastic limit + RHA

Water content(%)
N 4
w ¢

v
\

RHA(%)

Sodium Bentonite Soil With Sugar Cane Bagasse ash

Table 25. Plastic limit Calcium Bentonite Soil + SCBA

| EmptyBeaker(gm) | Wet Weight ( in gm) ‘ Dry Weight (ingm) | Water content (%) = SCBA %

: 14.25 18.64 ; 17.52 : 35.52 5
; 14.33 16.91 | 16.22 ‘ 32.95 10
5 14.37 17.98 f 16.54 ‘ 28.27 15

14.31 16.88 | 15.33 3 25.72 20




~
v
\ Plastic limit CBA
! _
~ 10 15 20
BA %
. SHRINKING LIMIT
Sodium Bentonite soil + SCBA
N Table 26.Shrinkage limit Calcium Bentonite Soil + SCBA
~ ( Content Shrinking limits(%o)
N B Calcium Bentonite Soil 13.9
N ~Calcium Bentonite Soil + 5% SCBA 15950 DIREREE A
. ~ Calcium Bentonite Soil + 10% SCBA 3 14.31 e 1
. Calcium Bentonite Soil + 15%SCBA 14.93
Calcium Bentonite Soil + 20%SCBA 15.22

Shrinking limit

15
15
&
=
c 14
o
c
o
-
e
o J -
2
ad
* 13.£

13
Calcium Bentonite Soil Calcium Bentonite Soil Calcium Bentonite Soil Calcium Bentonite Soil Calcium Bentonite Soil
+10% LCBA + 15%SCBA + 20%4SCBA

+ 5% SCBA




1 S k= =it Caliciom Bentonite Soil + RHA
e e
" Calicans Bessoaste S G e e |
" el < T TR 173
Nl W G 0% RHA 32
~ Calcom Bemonite Soil - 15%RHA 397
. Caicwum Bentomite Soil - 20"RHA 19.45
Shrinking limits
5.3
- iy
-
) 3
N
z
Calcrum Calcrum Calcium Calcium Calcium
Bemonite Soil  Bemtoninie Soil + Bentoniie Soil + Bentonite Soil + Bentonite Soil +
3% RHA 10% RHA 15%RHA 20°%RHA

Discussion
Bentonite Soil tums to a well graded material when rice husk ash and bagasse ash is added.

I'he index qualities of soil blended with waste materials , namely the liquid limit and plastic limit.
decreasefrom 52.9% 10 36.31% and 34.28% to 25.4% respectively

Ihe shrinkage limit is Increases from 16% 1o 19% on adding stablising material.
Plasticity index lowered from 18.62% 10 10.91%

The index properties reveal that the bentonite soiltransitions from a high compressibility clay to a low
compressible clay

I'he degree of expansiveness changes from very high to low in the stabilization of bentonite soil
withwaste materials,

I'hus Bentonite s0il can be used in pavement and building construction.

e



Compaction
SODIUM BENTONITE

Table 29. Compaction of Sodium bentonite

L ardeslis. | Unit | Samplel | Sample? | Suwpled | Sumpled | SampleS | |
- 8 - |
MouldWt.+ e : | 5570
) 5 565 5630 | 5645
CompactedSoil & i L g 3 |
MouldWt. g 4070 | 4070 4070 4070 | 4070
CompactedSoilWt. g 1420 1495 1560 1575 1500
VolumeofMould cc 1000 1000 1000 1000 1 1000
WetDensity glee 1.42 1.495 1.56 Ty A S B
WtofContainer ¢ 14.01 14.28 14.18 1400 | 1415
1 iner+ .
Wt.o Cog:)aillnex Wet : 36.49 43.10 4 48 30.76
; - :
R e 50198 M8l 53,47 57.08 41.40 27.23
WaterWt. g 3.96 4.68 4.92 6.60 3.53
DryWt. g 18.92 24.14 22.90 27.40 13.08
MoistureContent % 18.816 19.387 21.485 24.088 26.988
DryDensity glec 1.195 1.252 1.284 1.269 1.181
DRY DENSITY
1.3
1.284
1.28 1.269
1.26 125
-
v 124
o
&
=122
o«
o
1.2 o
181
1,18
1.16
15 17 19 21 23 25 27 25

MOISTURE CONTENT




SODIUM BENTONITE + § % SCBA

Table 30. Compaction of Sodium bentonite + 5% SCBA
i S e i T TR s ——————
Particulars Unit  Samplel Sample2 Sample3 Sampled
i —————————— | W — ——————
Mould g 5560 56020 5600 5595
Wi+ CompactedSoil A A O Y
~ MouldWt. Tt o M0707 g el OT0 4070 4070
[ ok BERLEASE)
CompactedSoil Wt g 1490 1550 1530 1525
L
VolumeofMould ce 1000 1000 1000 1000
WetDensity glee (149 1.55 1.53 1.525
]
Wt.ofContainer g 14.27 14.25 14.07 1437
Wi.ofContainer+Wet ¢ [26.86 18.90 34.75 52.30
Soil
Wt. of g 24.63 17.99 50.39 28.39
| Container + DrySoil
WaterWt. g 2.23 0.91 4.36 5.91
DryWt. g 10.36 3.74 16.32 14.02
MoistureContent 08 2152 24.332 26.716 27.889
DryDensity glcc  [1.226 1.247 1.207 1.192
DRY DENSITY
1.26 1.247
1.24 12/\
122

\<

DRY DENSITY
»

1.14
1\192
112
1kt
20 21 22 23 24 25 26 27 28 29

MOISTURE CONTENT




SODIUM BENTONITE + 10% SCBA

Table 30. Compaction of Sodium bentonite + 10% SCBA

-Particulars Unit Samplel Sample2 Sample3 Sampled 5
z
R A S ol i Lo SRROC T SR i Ak |
MouldWt.+ g 5520 5590 5740 5630 '
CompactedSoil
MouldWt. g 4070 4070 4070 4070
CompactedSoilWt. g 1450 1520 1670 1560
VolumeofMould cc 1000 1000 1000 1000 ‘
|
i i
WetDensity g/cc 1.45 1.52 1.67 1.56
~ . e ]
Wt.ofContainer g 14.18 14.32 14.20 14.29
=
Wt.ofContainer+Wet g 20.41 98155 21.70 2150
Soil
5 : P
Wt.ofContainer+Dry g 19.57 21.87 20.09 20.20
Soil
WaterWt. g 0.84 1.48 1.61 1.1
DryWt. g 5:39 755 5.89 591
MoistureContent % 15.584 19.603 27.334 35.191
DryDensity glce 1.254 1.271 1.312 1.097
DRY DENSITY
1.35
N 1271
1.25
1.2
=
= 1097
2 1.1
2 105
1
0.85
0.9 7
15 20 25 30 35 &

MOISTURE CONTENT




SOIUM BENTONITE +15 % SCBA

IR ———————————E

Table 31. Compaction of Sodium bentonite * 15% SCBA

Particulars “Unit | Samplel | Samplel | Sample3 Sampled
( ‘
i i
i ]
MouldWi. ¢ &5 Do 5500 5590 | 5670 3650
CompactedSoil !
’ MouldWt. 2 4070 070 | 4070 1970
" CompactedSoilWt. 2 1430 1520 | 1600 | 1580
VolumeofMould cc 1000 1000 ! 1000 1000
WetDensity glcc 1.43 1.52 T . 138
Wt.ofContainer g 14.45 TR e Lk 1582
[ |
3 :
Wt.ofContainer+Wet g 2137 2456 | 2933 f 3892
Soil : [
“Container + DrySoil g 19.88 »a1 | 2512 | 3213
WaterWt. g 1.49 235 = | 6.79
DryWt. g 544 8.03 1136 | 1831
MoistureContent % 27.440 29265 33539 | 37.084
DnDensity | e 1122 1.176 1198 | 1152
DRY DENSITY
121
11S8
12
1.19
118 1.176
>
1y
S 116 152
o
5115
1.14
113 b
112
25 27 29 31 33 35 ?
MOISTURE CONTENT




SODIUM BENTONITE # 20% SCBA

Table 32. Compaction of Sodium bentonite + 20% SCBA

Particulars Unit Samplel Sample2 Sample3
e
5 30
MouldWt. +CompactedSoil g 5600 5650 565
PSRRIt
e i s
MouldWt. g 4070 4070 L
1560
CompactedSoil Wt. g 1530 1580
RSO
VolumeofMould ce 1000 1000 1000
WetDensity g/cc 1.53 1.58 /_L
i
Wt.ofContainer g 14.47 13.96 14.09
Wt.ofContainer+WetSoil g 29.21 49.37 27.65
!_4__,___‘————-’4
W t.ofContainer+ DrySoil I 25.45 39.98 23.70
WaterWt. g 3.76 9.39 9.95
DryWt. g 10.98 26.02 9.67
MoistureContent % 34.244 36.088 41.103
DryDensity g/cc 1.1404 1.161 1.106
DRY DENSITY
1.17 ;
1.161
116
115 +
= 1.14
5 114
=
=)
z 113
o
112
111 i
11

MOISTURE CONTENT 4




SN

SODIUM BENTONITE + 5% RHA

Table 33, Compaction of Sodium bentonite + 5% RHA

MOISTURE CONTENT

Particulars Unit Samplel Sample2 Sampled Sampled
~ MouldWt+ B> | 8880 ic il AamERODR AL Sagg by LAl 1 SAR
CompactedSoil
MouldWt. 0 4070 4070 4070 C L1 4070
CompactedSoil Wt. g 1380 1430 1450 1410
~ VolumeofMould cc 1000 1000 L RTR Tt a7 e
WetDensity g/ce 1.38 1.43 1.45 \ 141
Wt.ofContainer g 14.19 14.25 14.17 \ 14.15
Wt.ofContainer+Wet g 44.44 31.20 31.87 46.73
Soil o]
Wt.ofContainer+Dry g 39.45 28.10 27.97 38.78
Soil
WaterWt.. g 4.99 3.1 3.9 \ 7.95 J
Dry Wt. g 25.26 13.85 13.8 24.65 4\
MoistureContent % 19.754 22.383 28.261 32252 J
DryDensity g/cc 1.152 1.168 1.131 1.066 J
DRY DENSITY
= 1168
1.16 1.152
1.14 1.131
=
(%)
S 112
& 112
&
2 i
L% 066
1.06
15 17 19 21 23 25 27 29 31 33 35




E +10% RHA

MOISTURE CC « TENT

SODIUM BENTONIT
Table 34 Compaction of Sodium pentonite * 10% RHA N
//l“‘ / & - 3
particulars Unit Samplel Sample2 Sample
" MouldWt. “Compacted ¢ 5600 5660
I e e IR T
MouldWt. g M
b—”_’_"_d———’_’_’_,__'__”_,_7v4_ ek e 3 —t
CompactedSoil Wt g 1530 ‘ 1590
P SR gt CRRPRET 7 1 e s e St
VolumeofMould cc 1000 rf 1000
( WetDensity g/cc 1.53 1 1.59
| e //f
l Wt.ofContainer g 14.30 i 14.26
@ ///
; Wt‘oifontainer+WelSoiI g 33.93 45.22
1 /// L
T Wt.ofContainer® DrySoil g 31.03 40.18 36.53
5 WaterWt. g 2.9 5.04 .04
/—’—////
| DryWt. g 16.73 25:92 222D
| ////
| MoistureContent % 17.334 19.444 23.056
| gt e iy ey
DryDensity g/cc 1.304 1.331 1.243
/ L———/’/
DRY DENSITY
s 1331
1.33
1.32
131 1304
z 13
2129
2 1.28
8127
1.26
e 243
1.24
1.23 :
15 16 17 18 19 20 21 2 23 2

.
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SODIUM BENTONITE + 15% RHA . o
Table 35. Compaction of Sodium bentonite + 15%

> le4
By ] le3 Samp
Particulars Unit Samplel | Sample2 P
R 50 5400
5350 5380 5420
] Mould 2 SRS
Wit +CompactedSoil 2070
. MouldWr. g 4070 4070 A e
. 1350 33
CompactedSoil Wi, g 1280 1310
1000
VolumeofMould cc 1000 1000 1000 |
- ‘ 133
WetDensity g/cc 1.28 1.31 | PR . 33
[0 13.96
Wt.ofContainer fid 14.43 14.2 14.26
3 33 3 32.34
of Container +WetSoil g 30.26 33.67 30.69 323
of Container +DrySoil g 26.62 PORI 26.53 : 2738
WaterWt. g 3.64 4.57 4.16 : 4.96
DryWt. g 1219 149 T | 13.42
.\—\\_\ f
MoistureContent % 29.861 30.671 33.904 36.960
\.—\\ oo i R R
DryDensity glec 0DZBERT - 003 TRlE T T o0s 0971
\\\J\_\\
DRY DENSlTY
1015
st 1.008
1.005 1.003
. 1
£ 0995
=z
b 99
& 0.986
& 0985
098
0.975
0.97 o
0.965
& 27 29 a1

33 o :
MOISTURE CONTENT 39




SODIUM BENTONITE +

20% RHA

Table 36. Compaction of Sodium bentonite

« 20% RHA

; Particulars ot T Samph! | Semplez | 1 Sample3 Sampled
{ i i o o EREPSIERT PR i i _4‘___———3‘- i -r,
% Mould 2 5210 5350 5480 5430
- Wi +CompactedSoil
L_—-————____’__————————"‘———-_V ————————————— e -
MouldWt. g 1070 4070 4070 4070
/ {
Y e —r oy
; CompactedSoil Wt. g 1140 1280 | 1410 ‘ 1360 |
\ Fi L B BT 5 Sl Sy §
VolumeofMould cc 1000 1000 g 1000 | 1000
‘ /%/
WetDensity glcc 1.14 1.28 1.41 » 1.36 4
; Wt.ofContainer ! g 14.17 14.56 ! 14.34 ‘ 14.09 ‘
yfContainer+WetSoil ‘ g 36.20 37.87 | 30.03 32.10 3
\ ‘ i 1
FContainer + DySoill . | & 32.94 B, 21 2837
| !
\ !
: WaterWt. |l 3.26 3.96 2.89 { 3.73
DryWt [ 18.77 19.35 12.80 1428
MoistureContent % 17.368 20.465 22.578 26.120
DryDensity g/cc 0.971 1.063 1.150 1.078
DRY DENSITY
115 115
114
11
11
= 1.078
551 08 106
=
= 106
Zz 104
o
1.02
1
098 0971
095
15 17 21 3 25 b

MOISTURE CONTENT




DISCUSSION

DRY DENSITY (g/cc)

ik

Table: 14. An

%BHA
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10% is 1.323

Fig. 16: Compaction properties of Sodium Be
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15
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alysis of Max. Dry Density at Opti

Max. Dry Density (g/cc) OPTIMUM MOISTURE CONTENT (%)

1.285 22.235
1248 24.089
1323 26.140
1.199 33.097
1.162 35.681

of sodium bentonite is 1.283 gm/cc.

d with 590,10° 0115°o,:0°o SCGA 15 across
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Fig. 17: Compaction Properties of Sodium Bentonite Soil + 5%, 10%, 15% 20% RHA

Table: 14. Analysis of Max. Dry Density at Optimum Moisture Content at different % RHA

%RHA Max. Dry Density (g/cc) OPTIMUM MOISTURE CONTENT (%)
0 1.285 22235
p) 1.169 21.872
10 1.332 19001
15 1010 33.000
20 1.150 22 578

The maximum dry density of sodium bentonite 1s 1.285 gm cc.

The maximum dry density of sodium bentonite added with 5%,10%,15%,20% RHA was across
10%0 15 1.332 gm/cc when optimum moisture content 1s 19.001 %.




CALCIUM BENTONITE

Table 37. Compaction of Calcium bentonite

Particulars | Unit | Samplel | Sample2 Sample3 Sample4
(15%) (18%) (21%) (24%)
Mould Wt Gms. 5850 5920 5950 5900
tCompactedSoil | .
MouldWt. Gms. 4070 4070 4070 4070
CompactedSoil Wt. Gims. 1780 1850 1880 1830
VolumeofMould CcC 1000 1000 1000 1000
WetDensity Gm/ce 1.76 1.85 1.88 1.6
Wt. of Container Gms. 14.36 14.44 13.81 14.16
fContainer+WetSoil Gms. 30.02 34.98 39.86 39.24
fContainer+DrySoil Gms. 28.12 32.17 36.17 35.60
WaterWt. Gms. 1.9 2.81 3.69 3.64
DryWt. Gms. 13.76 17.73 22.36 21.61
MoistureContent % 13.808 15.848 16.502 16.978
DryDensity Gm/cc 1.56 1.60 1.65 1.56
DRY DENSITY
1.66 18
1.65
164
1.63
> 162
2 161 e
5 16
Zz
O 159
1.58
1.57 156 1156
1.56
1.55
12 13 14 15 16 17 18

MOISTURE CONTENT




CALCIUM BENTONITE + 5% RIA (Table 38)

Table 38. Compaction of Calcium bentonite + 10% RHA

Particulars Unit

i - |
| Samplel [ Sample2 Sample3 1‘
| (18%) (21%) (24%) i
| MouldWet .+ -GS e RE T3S0 7450 7380 J
. CompactedSoil ‘
l Mould Wt. Gms. 5520 5520 3520 50
CompactedSoil Wt. Gms. 1810 1930 1660 J
VolumeofMould CcC 1000 1000 1000 J
WetDensity Gm/cc 161 1.93 e
Wit. of Container Gms. 14.340 14.090 13.470 J
Wt.ofContainer+WetSoil Gms. 34.830 29.429 t 28.130 ‘\
Wt. of Container+ Dry Soil | Gms. 31.230 26.670 \ 25.420 \
Water Wt. Gms. 3.6 2415 2.1 J'
Dry Wt. Gms. 14.43 12.56 11.95 \
MoistureContent % 2419 21.69 22.68 l
DryDensity Gm/cc 1.45 1.56 1.52 \
DRY DENSITY
158 :
1.56
156
154
- 1.52
5 1.52
=
a
i
(e
o
1.48
146 ! 145
144 !
21 21.2 21.4 21.6 21.8 22 22.2 224 226 22.8

MOISTURE CONTENT




CALCIUM BENTONITE ¢ 10 % RHA

Fable 39. Compaction of Calcium bentonite + 10% RHA

; o Unit Sample! Samplez | Sample3
LTRSS e Ml SRR § WS s oled R iz
i ou t. +CompactedSoil Cims. 7200 - R COe T T
MouldWt, Gims, 5520 5520 5520
! — — et e ——t— - - o —— - a— - —— - -—
CompactedSoilWt, Gms. 1680 1410 1786
]
; VolumeofMould e 000 1000 |
WetDensity Gm/ce 1.68 1.81 1.78
f Wit. of Container Gms. 14.28 13.96 14.05
| WiofContainert WetSoil Gms. 24.90 34.51 39.47
e = =
Wt. of Containert Dry Soil Gms. 22.760 30.310 33.850
[ Water /t. Gms. 2.14 420 5.62
DryWt. Gms. 8.48 16.35 19.8
MoistureContent ‘ % 25.23 ~ 25.68 28.38
DryDensity Gm/cc 1.34 1.44 1.39
DRY DENSITY
1.46
| 1.44
144 |
142 |
% ; 1.39
& 1.4
=
5
> 1,38
=<
o :
1.36 1
L
1.34 1
{
§ [ 85 29
1.32 2 . % 26.5 i 275 28 2
MOISTURE CONTENT
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CALCIUM BENTONITE + 15% REA(Table 40)

TFable 40. Compaction of Calcium bentonite + 10% RITA

Particulars T “Unit | Samplel | Sample2 Sample)
f (15%) (18%) (21%)
+CompactedSoil Gims. eI R, 7100
?
‘Nnuldwt. Gms. 5520 5520 5520
EompactcdSoith. Gms. 1510 1650 1560
VolumeofMould ce 1000 000 | 1000
RS e
WetDensity Gm/cc I.51 1.65 1.58
(22 W
'Wt. of Container Gms. 14.020 14.530 14.440
Wt.ofContainer+WetSoil Gms. 31.13 32.30 30.65
Wt of Container+ Dry Soil Gms. 28.13 28.92 252
‘Water Wt. Gms. 3.0 3.36 3512
DryWt. Gms. 14.11 14.36 13.09
MoistureContent % 21.26 R T =Y - B
DryDensity Gm/cc 1525 1.34 1.28
DRY DENSITY
1.35 134
134
133
1.32
z 131
2 13
109 1ks
@<
o 128
127
1.25
1.24
21 2455 22 22.5 23 235 24

MOISTURE CONTENT




L]
CALCIUM HI‘NI'()NI'I £ 4 20% RHA
ium hulmmlu ¢ 20% RHA
/r,//
Sample3

[able 41. ('nmp.vumn of Cale
[ i o “Samplel “Sample2(1872) e
j | (15%) 3
WIS S 4.,_%4_,._,,—4"-»-/,,—-/’:',/
}nld\M 1 mnpﬁud\ml Gims. 5465 5520 5500
///
it e —— i p— nOR——— __,_’___,/‘—“.,—J,-—f—
fr MouldWt. Gms. 4070 4070 4070
L ___,__,_M/,,,“__////
{ (‘mnpm‘lcdSoilWl. Gms. 1395 1450 1430
1 el ////
! V(\Iumwanuld cC 1000 1000 1000
foooo— = » e Sy [ e ’//,//2%—/ e
i WetDensity Gm/ec 1.395 1.450 1.45
) //
L————’/// = 13 71
’ Wt. of Container Gms. 14.81 14.35 3.2
[ b e ___// ’
Wit.ofContainer+WetSoil Gms. 30.80 2259 21.50
1/——/// //-
| Wt. of Container® Dry Soil Gms. . 27255 20.92 19.90
: WaterWt. Gms. 3.25 1.62 1.60
| DryWt. Gms. 12.74 6.62 6.69
— VosueComent__| " 2391 a7 3551
Gm/cc .11 eRll16 1.15
’/__J ___/,,—J/

DryDensity

DRY DENSITY
1.17
1.16
1.16
1.15

1418
=
o 114
&
O
s 143
(4
o

112

1.11
141
1.1
23 23.5 24 24.5 25 25.5 26
MOISTURE CONTENT

L TR



CALCIUM BENTONITE + 3% SCRA

Table 42, Compaction of Calcium bentonite + S%SCRA

;;Parﬁcuhts B Samplet | Sample2 h‘mns\v.‘
7’ ‘i (18%) (21%) Q4%
#CompactedSoil VTG PR T e SR (T 7330
’,
g i RNER—— lasaind VRS AR e -
MouldWt. ! Gins. §330 3330 $520
1 | ST L (] e
CompactedSoil Wt. Gms. 1905 2030 1810
VolumeofMould CC 000 - BT 1000
N‘el[‘ensity Gmice 1.9 SNNE I 81
Lo ey AR R :
Wt of Container Gms. 13.69 1441 14 A8
:
Wt.ofContainer+ WetSoil Gms. 34.70 42.19 18,63
'Wt. of Container+ Dry Soil Gms. 30.85 36.84 1073
WaterWt. Gms. 3.85 5.35 7.90
| S
DryWt. Gms. 17.16 22.43 26,23
3 : NS
NoistureContent % 22 44 2383 30.06
i T e -
E’)‘Density Gm/cc 1.55 1.64 1.39
DRY DENSITY
17
164
165
16
o 5
> 155
Z
E o
> 1S
o
[
1.45
1.39
14
1.35
20 22 24 26 28 30

MOISTURE CONTENT
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CALCIUM Rl—‘.NT()NH'l-‘

L 10% SCBA
tion of Calcium bentonite ! 10% SC BA

Table 43. Compac
eI (16 ————57 | Sampled
= Unit  [Samplel(18 Sample2
‘ articulars 4% (21 %) (}_‘n/ﬂ'
lLMnuld = O s | 7A00¢ 7350
é* Cmnpactcd.\‘oil e i
MouldWt. Gms. 5520 5520# Sas
i ) e L
iCompac tedSoil Wt Gms.
| 3G 1000 1000
VolumeofMould cC
WetDensity Gm/ce 1.78 85
We of i el 14,05
Wt of Container Gms. 14.25 A
tainer+WetSoil Gms. 22.80 29.70 39.99
tainer+DrySoil Gms. 21.15 26.70 “
WaterWt. Gms. 1.65 3.00 “
Eotiies oo
Dry W e 690 12.62 m
Cetinde -
MoistureContent % 2391 2438 m
) A B
BTl [EpoNoRT W el
DRY DENSITY
1.75
157 1.69
1.65
=
] 1.57
wi
o
=155
(>
(s}
15
145 1.44
1.4
235
24 245 25 e %

MOISTURE CONTENT
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CALCIUM BENTONITE + 15 % SCBA

Table 44, Compaction of Calcium bentonite + 15% SCBA

Particulars Unit Samplel Samplel Sample3
i (18%) (21%) (24%)
#CompactedSoil | Gms. : 5900 5980 5870
| ot
NnuldWL Gms. | 4070 4070 40670 '
CompactedSoil Wt Gms. 1830 1910 1800 ?
VolumeofMould cC 1000 1000 1000
WetDensity Gm/cc 1.83 | 191 1.80
(o | i
W1t. of Container Gms. 1438 | 13.46 1408
{ ‘ =N
'le.ofComaineHWetSoil Gms. 3340 ' 4620 37.01 !
L !
'Wt. of Container+ Dry Soil Gms. 29.71 39.78 32.12
WaterWt. Girs. 3.69 6.42 489
DryWt. Gms. 15.33 26.32 18.04 |
MoistureContent % 24.07 24.39 2711
DryDensity Gm/cc 1.47 1.53 1.49 {
DRY DENSITY
154
153
152
152
£ 151
(7]
£
B 149
=
% 149
1.48
1.
147
146 =
235 24 2.5 25 255 26 265 27 275

MOISTURE CONTENT
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CALCIUM BENTONITE + 20% SCBA (Table 45)

Fable 45, Compaction of Calcium bentonite + 20 % SCBA

T

-

Sample3

: e e =L - i
fl‘m'ﬂculm-s Unit Samplel Sample2
F”“ e RN 5 i (18%) (21%) (24°%)
‘F'mnpnclcd\‘oil Cimes, 5640 5890 5800
M‘_‘_”.'fm > Gms. 4()7() 407() 4070
Pt nm,mmi\ml\\n Gims. |770 I82() 1730
S s IR AL BT
\ nlmm‘nﬂ\‘lnuld e | 000 | 000 1000
‘\\ ctDensity Gm/ce 157 1.82 1.73
\\t ul C onlamc Gms. 13.28 14,52 14.36
\\ totfContainer+ WetSoil Gms. 29.87 36.31 2303
t\_\l of Container+ Dry Soil Gms. 26.71 32.00 23.22
WaterWi. Gms. 3.16 4.31 2.31
@l}‘\\'t. Gms. 13.43 17.48 8.86
Mois(urgComem % 23.53 24.66 26.07
h)r\ Density Gm/ce 1.43 1.46 1.37
DRY DENSITY
147 1.46
1.46
1.45
144 1.43
= 143
2 142
S 1.41
o
e )
1.39
1.38 1.37
1.37
136 ! :
23 2315 24 24.5 25 255 26 26.5

MOISTURE CONTENT




I Msensaton

\
Tableno, }Illlo MDD(gm/ee)y OMC(Y0)
g, }l\‘un‘\m tonpropertiesol CalctumBentonite Sofl [ 614 16,502
f ; }|\|up\'|lu~\ ot Caleim Bentonite Soilwitl 5 % —RETA | 560 21.6Y9
! |
r
‘S -
Yo [Compaction properties of Caleium Bentonite Soil with I 440 25,088
| 10 %0 RHA
4 ICompaction properties of Caleium Bentonite Soilwith 1,336 23,489
18 % RHA
i
S Compacton properties of Caleium Bentonite Soilwith I 16 24.47
20 % RHA
0 Lompaction properties of Calcium Bentonite Soilwiths 1.639 23.852
o Bagasseash
7 [Compaction propetties of Calcium Bentonite 1.69 25.96
Soilwith10 ® Bagasseash
8  Compaction properties of Calcium Bentonite 1.538 24.392
Sotlwith13 % Bagasseash
9 ompaction properties of Calcium Bentonite 1.460 24.657
Soilwith20 ®o Bagasseash

Inorder tostudytheeftectofadditionofRiceHuskAshandBagasse Ashoncompressive strength at
different proportions was mixed With the Calcium BentoniteClay tostudy the changes.

The following conclusions are drawn based on the studies made. On the basis ofresults obtained it is
concluded that maximum dry density of soil decreases on mixingwithBagasse ash andalsoconcluded

that maximum moisturecontent increases.

When we mixed RHAIn proportion of (5%, 10%, 15% and 20%) with calciumbentonitesoil

themaximumdrydensitydecreases.(15%)

When we mixed BAGASSE ASH in proportion of (5%, 10%, 15% and 20%) withcalcium bentonite
soil. we have seen the variation in the maximum dry density as itdecreasefirstlyand thenincreasedand

aftc thendecreased.(15%)




DIFFERENTIAL SWELLING INDF X

T R . 5 1
Sodiom bentonite |

ONRHA

In Kerosine
(in gram)

(In gram)

In Water |

Table 46. DIFFERENTIAL SWELLING INDEX

After 24 hours kerosine

(In gram)

After 24 hours water
(In gram)

10gm 10gm Vlr”rg'“-. = mep —\
is . RHA ‘ blr(l'.(iigl‘n 10.05gm 1005 L'"‘ ol bl J
O RAA | 1001 gm “1001gm | 101 gm L i J
1S "o RHA " "10a5gm | 10,18 gm 10.15 gm ! 27.6 gm \
20% RHA 10.2 gm 10.20 gm 10.20 gm 28.7 gm 1
| SSCBA 10.05gm 10.05am 10.05gm 30.9gm 3
_FEQ‘B.-\ " 10.1gm 10.1gm 10.1gm | “1.o8m \
| 15%SCBA 10.15gm 10.15gm 10.15gm 28.6gm
[20%SCBA T | - 10.2gm 10.2gm ‘O S 0R0em L &"_‘”3—9-‘#‘5;‘_#;«
Calcium bentonite | IN Kerosine IN Water After 24 hours kerosine After 24 hours water
(in gram) (In gram) (In gram) \ (In gram)
0% RHA 10gm 10gm 10gm { 18 gm
i 5 % RHA 10.05gm 10.05gm 10.05 gm 17.1 gm
| 10% RHA 10.1 gm 10.1 gm 10.1 gm 16.8 gm
15 % RHA 10.15 gm 10.15 gm 10.15 gm 15.6gm
20% RHA 10.2 gm 10.20 gm 10.20 gm 16.2 gm
| 3 %SCBA 10.05gm 10.05gm 10.05gm 16.9gm
10%SCBA 10.1gm 10.1gm 10.1gm 16.4gm
; iDE’éSCBA 10.15gm 10.15gm 10.15gm 152gm
LO “SCBA 10.2gm 10.2gm 10.20gm 158gm




Average Compressive stf

E + 15% RHA

CAL

CIUM BENTONIT

/_,///
ucs
CALCIUM RIQN']'(\NH'l‘,
Observations Reading of specimen | at which the gpecimen deform due 10 compressive load.
Lo AISiaim’c'lcr | Ao I)'cl'm'lmlilinnh Strain (:nrrcctcd i ng(')rmal’ TC()mprcssive
in length e~(AL area Ac= A0 load strength
(AL) /10) /(1-¢) mm”2) (KN) (KN/“”“/2 )
B P e AR RS PTG o T
| 76.5 38mm 9132.609 6.23mm G1a3v% | 99422026 0.000149866
’ Mm mm’ mm’ KN/'T\m2
Reading of specimen > at which the specimen deform due (o compressive load
Lo | Diameter Ao Deformation Strain Corrected Normal Compressive
in length e=(AL area Ac= A0 load strength
(AL) /Lo) /(l-e)(mm’*Z) (KN) (KN/mm’Z )
A et
77 38mm 9192.030 7mm 9.09% 10111.429 2375
mm mm- mm’ KN
,_,J_/—/_,_,/ L//L,/
ength = (0.000149866 A 0.000234882)/2 — 0.000192237 KN/mm”2

compressive load.

ecimen deform due to

men | at which the sp

Compressive

Observations Reading of speci
Lo Diameter Ao Deformation Strain Corrected Normal
in length e=(AL area Ac= A0 load
(AL) /Lo) /(I-e)(mmA2) (KN)
i i o= B G sy D T
79 38mm 9192.030 7.6mm 10.13% 10228.140 2753
mm mm’ mm’ KN

Pl e
0.000269354

strength

(KN/mm"Z )

KN/mm2




Reafivag of spesivves 2 2 whidh the specimen fctorm: e w cwmgezee ot

b Dunes A, Dclirnuton Swme | Commcied | Normal | Compressine |
: § i whengh g Aauw Se  Swad szl ,
L : L B | L | ATz o T i’l:\y N a2 §
- it | [T

Y -

[
®

Wﬁww =S IRADGIS5S « IV 15557 = § SMTESI5 KON mame 2

CALOYM BENTONITE = 15 % SCBA

L Damas |4 Debsrmaion Siraw

whengh | egar s

. L LY [T PR PR
|9125% | Timm |91 | f

e
e =
s EET

L

d
31
d
d
g
i
a

|
i

e SN

K12 (KN KN 2

O Ry

A 9192939 |8 imm 195% | 162794245

| 0.00033164 |
s v e

35

Average Compressive sacempl ~ (090927533 + 0.90053164)2 = 0.000301 85K N'may'2




load

SODILUM Hl-‘.N'l‘()Nl [ -
l | sfor ~ som ressive
Observations Reading of specimen | at which the gpecimen deform due to ¢ p
——TDeformation o e R ST _-ﬂ/‘T Combrcssivc w
Pl 1 ’[')i?\]i{&éf”"TX‘;M [ Deformation Strain Corrected Norma |
0 { ik
in length e=(AL area Ac= AO load strength
! ( b
(AL) /1.0) /(1-e)(mm’ 2y | (KN) (KN/mm’ = )
363. 000137
77 38mm 0192.03 8. 7mm 11.29% 10363.208 0.0 :
b mm’ mm’ KN/mm;,_,,
________ 12 at which the specimen deform due Lo compressive load

Corrected

arca Ac= Ao

Strain
e=(AL
/LLo)
10.12%

Deformation
strength

(KN/mm”~2)

Diameter Ao

Lo
in length

(AL)

7.8mm

. ———

(R S S e
747/ 38mm 9192.03

mm

(0.000138 + 0.000137)/2 = 0.000 138 KN/mm”2

Average Compressive strength =

SODIUM BENTONITE + 10 % RHA

Compressive

Normal

Corrected

Lo Diameter Ao Deformation | Strain
in length e=(AL area Ac= Ao | load strength
(AL) /LLo) /(1-e)(mm”2) (KN) (KN/mm”2
7 38mm 0192.03 8.9mm 11.55% 10386.4745 0.000178
mm mm’ mm’ KN/mm*
Average Compressive strength = (0.000178 + 0.0001964)/2 = 0.000187 KN/mm”2
Lo | Diameter | Ao Deformation | Strain Corrected Normal | Compressive
; ressive
in length e=(AL area Ac= Ao | load strength
(AL) /Lo) /(1-e)(mm”2) | (KN) (KN/mm”~2 )
97 38mm 9192.03 9.lmm 11.81% 10433.63 2 T -
- o : 05 0 0001964
mm’ KN
KN/mm?




SODIUM BENTONITE + 10 SCBA

| L | Diameter | Ao Deformatio = Strain Corrected area | Normal | Compressive |
i ‘ n i length  e=(AL Ac= Ao /(1- load strength |
i | (AL) /Lo) e)(mm”2) (KN) [ (KN anZ_)—_j
77 | 38mm 9192.03 8.8mm 11.42% 10386.474mm” | 1.95 0.0001877 |
mm | mm’ KN KN/mm’
|
Lo | Diameter Ao Deformation | Strain | Corrected Norma! ; Compressive
F in length e=(AL area Ac= Ao | load i strength
‘ (AL) /Lo) i /(1-e)(mm”2) | (KN) ! (KN/mm*"2 )
77 38mm 9192.03 8.7mm 11.29% 10363.055 2:1 i 0.0002026
mm mm’ mm- KN i KN/mm-”

Average Compressive strength = (0.0001877+ 0.0002026)/2 = 0.0001951 KN/mm”2

DIscussion

We seen in above table of sodium bentonite soil and calcium bentonite soil strength is increasing

after adding of agriculture waste rice ash husk and sugar cane bagasse .




CBR (Sodium bentonite )

Table 47. CBR Sodium bentonite

S No. Penetration (mm) | Proof ring reading | Calibration factor | Load (kg)
\ (div) L

| 0 0 \ Sy

2 0.5 19 \ 1.295

3 I 32 1.295 s
; 1.5 43 1.295 55.68

5 2.0 50 1.295 67.34
6 25 58 ‘ 1.295 75.11

7 3 65 \ 1.295 \ 84.17
8 4 74 \ 1.295 \ 95.83
9 5 83 \ 1.226 \ 101.706
10 RS 98 \ 1.226 \ 120.145
1 10 11 1.226 \ 136.09
12 12.5 120 1.226 \ 147.12

CBR value corresponding to 2.5 mm penetration = (75.11/1370)*100 = 5.48 %

CBR value corresponding to Smm penetration = (101.76/2055)*100 = 4.9 %

CBR value of the soil = 5.48 %
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SODIUM BENTONITE ¢ 10 % RHA

Table 48 CBR Sodium bentonite 10% RHA

i)

SNe | Penetration ( mm) "(i»”n;;'f}f;.‘;; }aiiﬁg’ﬁ"ﬁiﬁa}'i&f Tactor | Load (kg)
| (div) S S
1— e ,:_:ﬂ._u_.—“__ FESIEREREE ::) — —l——;q—q—“w-* P “"“"’3;.3" o
) R A H 5 2 298 4‘/
; 0' 33 1.295 ol F:';’/’J
4 | 15 s | 1.295 —“;7’*’_/
B 2.0 54 1205 oM
L e e e DA
|7 i 3 65 1.295 89.54
8 4 76 1.295 95.83
E % 5 87 1.226 105.706
10 ' 7.5 100 1.226 128.245
1 10 11 1.226 140.039
12 | 12.5 120 1.226 152.12

CBR value corresponding to 2.5 mm penetration = (79.11/1 370)*100 =5.77 %

CBR value corresponding to Smm penetration = (105.706/2055)*100 = 5.14 %

CBR value of the soil =3.77 %

load
o
=)

CBR Sodium bentonite 10% RHA

6 8
Penetration

10

14
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SODIUM BENTONITE * 10% SCBA
Table 49, CBR Sodium bentonite * '_0‘_‘:" i( H/\_ "z'“*'*”"‘r"’f’m“,')"’wm
[ Proof ring reading (('alihmlion factor oad (Kg

ﬁ;_—/ { Penctration (mm) |
](di\') A”MV‘_M_M#"___H//?_./‘
ks e o reopER 0 g AR
A,__.{_- ot 26.2
g v TR | 42.25
AR
57.95
bl
70.84
L_ﬂ’_/ 81.51
R TRIR aE
| - J 3 65 1.295 90.74
[ 7 ] 3 it e L
K l 4 76 1.295 101.63
|
j() l 5 87 1.226 110.106
[10 1 75 100 1.226 125.845
[ l 10 I 1.226 146.459
[ 12 l 12.5 120 1.226 156.122
CBR value corresponding to 2.5 mm penetration = (81.51/1 370)*100 = 5.94 %
CBR value corresponding to Smm penetration = (110.106/2055)* 100 = 5.35 %
CBR value of the soil = 5.94 %
CBR Sodium bentonite + 10% SCBA
180
160
140
120
= 100
s
=i 80
60 -
40
20
0 g
0 2 4 6 8 10 12 14

Penetration
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CALCIUM BENTONITE
Table 50. CBR Calcium bentonite
S No. Penetration (mm) | Proof ring reading Calibration factor | Load (kg)
(div)
) e C e b S e il
ErE TR 0 0 - .
i A i i it it i i =
e R TR . BTN DR T L 1.295 27.195
3 [ 3 1.295 48.145
'T'“"*MMW'"’“WM 1.5 36 1.295 ; 59.620
S 2.0 40 1.295 68.800
T ERETETRIN R T T 43 1.295 79.685
- P PR 3 48 1.295 89.160
8 4 53 1.295 98.635
9 g 87 1.226 105.815
10 73 81 1.226 118.306
11 10 152 1.226 186.352
12 12.5 |74 1.226 215.760
e (CBR value corresponding to 2.5mm penetration = 7:;;?)5 x 100 =5.8%
e (CBR value corresponding to Smm penetration= 1(;%:;5 x 100 = 5.1%
» CBR value of the soil = 5.8%
CBR Calcium bentonite
250
200
150
-
g
bt
100
50
0 2
4 6 8 10 12 14

Penetration




CALCHM BENTOMITE « 15% R
Tabiie 51 CBR Soethum bomontic - 17% KH4

|8 Ne Pracemaon imm)  Powed g czafimg  Caiitoomion facer | Lomt Gz
J i
; ¥ - = N
E Y g % 2195 J‘
i 31 1.2% - | 3t
; is S | s ST
K 29 & B s Gt
& 25 43 1295 R SES
7 3 1% 1% DL gl
£ T 33 1% 5 as
2 5 57 1% 19515
19 75 | £ 1% 353506
1 19 i 132 122 196332
12 ] 125 i I74 12 225 76

. Cms*ﬂemmmml.imm= x10=647

1379
mmwmmm”;’;ng}%
CBR valuc of the soil = 6.47%

CBR Sodism bentonite ~ 15% RHA
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CALCIUM BERTOMNITE < 15% SCBA
iy Tabhe 52 CHR Sodaen bentonite * 15% SCBA
{8 %0 T — | Proof ring readg | Calibeation factor | Load (kg)
,: () " ’_____’____,__I
. 4 fiv]
4 0 7 < s
%_‘-,»,‘. . nsssasran .,:v.ﬂnﬁ, 2' '7295 28. '95
:;.u B R N P S - ’ }' "295 5'55-‘
‘ e SRS l "5 36 I'Z% 68.920
L€, . 35 40 1.295 80.780
e RS e, 1295 89.785
E] . 43 1.295 100.160
s-.;,m..w A y 53 1295 112.935
e { oo 5 1% 120.948
0 78 4l 1226 o
S— e | o
I 25 TSR S 174 1.226 228.660
o CII value corresponding (o 2.5mm penetsation -“ 148 o % 100= 6.5%
o CBR value coresponding 1o Smm penetration= 12:;:3 %100 =5.8%
o Il value of the soil = 6.5%
CEBR Sodium bentonite + 15% SCBA
250
200
‘! 150
. 100
50
0 9 6 10 14

Penetration
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Discussion

It is visfeble from the results thet on miving RHA and SCBA with calcium bentonite and sodium

bentonite, the physical properties of bentonite clay has shown significant change.

Calcium bentonite with SCBA 4.06 % to 4.46%
Calcium bentonite with RHA 4.06% 1o 4.35%
Sodium bentonite with RHA 5.48% to 5.77%

Sodium bentonite with SCBA 5.48 0 5.94



CHAPTER-7
CONCLUSION

After the completion of this project, following results have been observed:

I.Swelling of Bentonite soil is observed to decrease significantly
2. Positive impact on strength of soil.
3. Better stabilization of bentonite soil

4. Resolving the problem of agricultural waste

5. Sustainable approach in decreasing waste.
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