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Abstract: This study examines the effect of geotextiles, plastic rings, plastic shavings and fibres on soil California bearing
capacity (CBR). The experiment evaluates the effectiveness of these additions to improve the bearing capacity and reduce the
sedimentation of the soil samples. Geotextiles are introduced to improve soil compaction and reduce lateral movement. Plastic
rings and chips are added to create voids and improve drainage, which can reduce water content and improve strength.
Polypropylene Fibres were added to study their effect on soil reinforcement and stress distribution improvement. CBR tests are
performed on soil samples with hand without these additives to quantify the improvement in strength and deformation properties.
The results of this study should provide valuable information on the potential benefits of using geotextiles, plastic rings, plastic
chips and polypropylene fibres in pavement construction to improve soil CBR of soils in pavement applications
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L. INTRODUCTION

1) Black Cotton Soil :Black cotton soil, also known as regur soil, is a type of soil found in the Deccan Plateau region of India. It is
characterized by its brown-black color, high clay content, and high shrink-swell properties.

2) CBR Test : CBR (California Bearing Ratio) testing is performed primarily to provide information for pavement design. It was
first developed by the California State Highway Department. It is a penetration or subsidence test under load, mainly used to
evaluate the base strength of roads, pavements and foundations..

3) Geotextiles: Geotextiles are essentially strong fabrics used in construction projects. They are the most Versatile type of
geosynthetic material, with a wide range of applications. Due to the variety of Geotextiles available, choosing the right one for
a specific project is crucial.

4) Polypropylene Fibres: Experiments were conducted using different Percentages of polypropylene fibres mixed with compacted
soil samples. The tests measured the Soil’s strength, bearing capacity, and swelling behaviour. While the detailed results aren’t
provided. This research suggests that fibre reinforcement has promise for improving problematic soils.

5) Plastic bottle : The project involves mixing the soil with various percentages of these plastic strips. Tests like Compaction and
California Bearing Ratio (CBR) will then be conducted to analyse the impact on Soil properties

1. METHODOLOGY
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1. TESTS AND RESULTS
To determine the properties of soil tests we conducted on soil are:
1) Free Swell Index

FREE SWELL INDEX
(As per 1S2720 part - 40)
b 300 No.: 2z uscrasmingr 4 Dl o2lvi
[sampic Dascription: Bilsals Cflarn S / Date of Testing: 26l o2]2y
ISource/t ocation: 180 +Noo L Sampled By: .——\c;\ A
o ot Use: . .
% sl o Lon oo k“m+/§ubmr,c,;$lm By: dorymnA V'
Sr. No Determination 4 Test-1 Test-2 Average
Volur f Specir i 3 1
1 [ontaining Distiied Water after 24 hre = (i) w 20 21 /
ol f Spe i nder
7 [Comimning Kerosena aftor 24 hrs = tmi) = \3 et /
3 |pifference of Volume in Water & Kerosene (mi) va-vi 2 =3 ;
4 |Froe Sweiting Index, (%] = Eopesn i I ssr e 1o Sal [l Sy | S3-3o

2) Liquid Limit And Plastic Limit Tests

ATTERBERG LIMITS
(As Per 1S 2720 - Part 5)
(By Casagranda Apparatus)
lLab Job No. 295 Date of Sampling 9c]o2]2y
lsample_Description Blewe ¢k Colloxn Soyl Date of Testing 2610 22y
iSource/l.ocation 120+9o00 L8 Sampled By “doyndlz
Proposed Use CGran ] SUub Tested By T ohnd iy
1 Liquid Limits. Plastic Limits
Sr. No. 3 2| 3 s 1 2
. |Fo-of vows 29 | .99 59 12 = =
5 |Comainer Number 2 2 [ [~ [ 4
5. [WelhtoCcontainr () i 18-62[19.02 [19-25116:83 [18-6511€-2% |
4 | W of Contawet Sample (am) w2 Y623 [u9.32 |u9.y9 lug.25 | 99.08 [ 20.Yo0
. |Wtof Conts Oven dry Samplc w3 25-81 |23.yy [3¢69 [35-62 [ 92619 |29.96
o |w of water WA= w2-w3 n-o02 [11-88 [19.22 |12.63 [1-9! |9.6Y
5 |Wr. of Dry Sample WS = W3-W1 1219 1942 lia.ye [1899 [9-€2 |8.9%
& |% Moisture content WA/WSX100 6Y-1) | 6cYy-so[66-0) | 6922 |2s-yD |29.y0
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LL: Moisture Content @ 25
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= Liquid Limit LL (%) = €SSO
% Plastic Limit PL (%) = -4 0
E Plasticity Index P1 (%) = 38-10
ki (LL-PL)
2

No. of Blows (N)

3) Grain Size Analysis

GRAIN SIZE ANALYSIS
[As per IS 2720 (Part - 4)]
Lab Job No. DTS Date of Sampling 25)02/2Y
Sample Description !B ]g [ l; g ) Hm SQ‘! 2 Date of Testing a? (4 I 0 2) 2y
Source/lLocation ! 29 iﬂu L ﬂz Famgled By '—\D‘\"\ﬁ \Vd
Cad) Suh Tested By ol
1600 ame
& B 2 Ci Ci Cumulative
1s S(I'e“v’:)SIZE % Rex::;zh(kgm) Wei gh(;m, b i Pa(izi;\g Remarks
100
75
19 o) [¢] (@) o ©
75 16 16 1.6 98-y
2.0 9 25 2.50 95
0.425 Th) .9 a2 99.
0.075 $3 195 12.5 8-S
Pan
DESCRIPTION OF PARTICLE SIEVE SIZE (mm) PERCENTAGE
Coarse 75 - 19 =
o Fine 19 - 4.75 1. 60 .60
Coarse 4.75 - 2.00 0.90
sand Medium 2.00 - 0.425 Y- 10:9
Fine 0.425 - 0.075 S8
Silt & Clay Passing through 0.075 NS
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4) Modified Proctor Test

o — 1

MODIFIED PROCTOR COMPACTION TEST
As Per 1S 2720 [Part - 8]

-
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[isampte Description B_[QQJZ Codlon So) ) Date of Testing e 0‘2 oy
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5) California Bearing Ratio Test
a) CBR Test With Noramal Black Soil

Laboratory Job o, D35 oot somping: | Q§TD21'2ZN
Loatovsoure 1304100 L Hg _famedty: Tuntly
Tweotmew: | Noumal Black Aol [t Joendld ————
Proposed use: [Oate of Casting : 2 >
Period of Soaking: 96 Houuy [Date of Testing : 03lo3 iau
'MOISTURE CONTENT AND UNIT WEIGHT OF TEST SAMPLES
Moud oIt Moukd No. Wiould .
T < = e Ee
o of Hlows e oy B 10 30 EYe) 6 e
‘Before soaking. Mer soatng. _&;‘_‘_ Ater soaking Before sosking ARter soaing
bLLod £995 | £aq5 | MAES | 1960 | €&kS | ER&S
W oWase Rk Wom | 079 | /122 | 12390 12424l N44] u493
W of Wet Sample, Wy=(W; W) (9m) ujn+ [IVEWY yysey
L LA 2250 [ 2260 | 226D | «2CD [ WRCD V250
Wt Duty, ¥, = WA fpoie) 1812 | 1.&39] 1,969 | 1.984 ] 2.02C | 2.0ug
Gortans o ] v 3 q g E
| o contrle, Woton) Gt .3 (TN u‘-;ﬂr
[ W o et Sarle +Cone W6 | 341, 1§ | AU - 35 30,3 o é%fk
W of Ory Somple + Cort. Wy(om) | 989, 3] .9 5.70] 292.3) | 298,22 261.87
W of water, Wy=(WWy) .84 ] S3.6 Sy.ul CR.03] Ci6 D.4yé
W of Dry Sample, ) | U2.0 229 .0l 24So | 246. 0l 252.0 212.0
Mosure conrt W 21.42 | 20z | 22.30[ 23,59 21,49 23.69
Yox Y14 1,492 T 1L.uyd§ | 1.g10 L6oS | 1.6€) L4<h.
LOAD- PENETRATION TEST DATA
No: Proving Ring Calibration Factor
Mq_ [N, Moo @ & ModNo_ &) £
o Penetration () o
[ / 3.7 3 10-07 E 10.07
19 2 .10 = le 7S £ 20.j0
15 10,65 o AT i Y 2.
0 4y 12,40 ] 6/80 10 .
25 ISld 10 33, 90,20
30 20.10 1 6.8 |3 Nedl
[ ] 23.9 7] 96.96] 18 <A, kO
50 k1 2 é@ lb $d.60 | '§ .
75 10 23 1a ) %it
109 1L 36 20 23,0 | v s
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(CBR CALCULATION. I Note:
@ 1) Graph forkoad vs penetraton attached
Hodbo. ] some [ 25w | somm] T | 2) CBR = (comected oadstandard loud) x 100
Al . ~£0[1.22] 1« 3) Sundard untload : © 2.5 Penetration = 130Ky
3 f!:/‘io 32“_‘1 ;"’, 2.82 : © 5.0 mm Penetration = 2055 Ky
£b_{40246030 | ca vae @ %400 |. 69fomicc = 2400 %
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b) CBR Test with Geotextile

e R 13-
N T 03¢ P T [ U —
%_ 30+900 LHS __ [swetr | Jnitld
tued: | wdN dextife Tested by : TJoumkly
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MOISTURE CONTENT AND UNIT WEIGHT OF TEST SAMPLES
ddho. QS Moud No. D Mould 1o,
E::‘ (5 = T3 = <
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WL of Wet Somie +Cont Wy (57 <k 1 992.,06 SR | AC3.9<] 30700 2p3.19 |
M of Ory Sample ¢ Cort. Wo(om) | Oy @, &6 | 202 .65] 262 - . 26] +2 9¢4 .12 |
WA ot Wy (W) () 43.70 | 4q. 4 | §41.91 Atn( yT.16 | 46.61 |
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LOAD- PENETRATION TEST DATA :
M Proving Ring Calibration Factor :
: L
S5 Bl o N, ). Mosd o D& . Moud No. 2E
1 3,35 1D 0% 3 1005
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4 1%.40 16- 1€ q 30.1€
el 16,15 23ug 11 36 &S
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=, 23.4 L 3585 [T} u6-90
€ 26.§ \ d0-2 3. 60
4 2015 ) €0.2% 6D 30
X o 33.¢ 1 6D %0 33
100 1l 36.5C] 19 £2.% a 1. 08
125 m 26 €10 L §0. 4 |
(CBR CALCULATION. Note:
- [ 1) Graph for load vs penetration attached
N ] somn [ Timm ] samm] O | 2) CBR = (comected ondsancard s x 100
< 1209 30.7%];.97] 1.4l 3) Standard unitload @ 2.5mm Penetration = 1370Kg
PEEEETY , .’ 3 3.05 ] @ 5.0 mm Penetration = 2055 Kg
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c) CBR Test with Fibre

Derlsidly

el vdiug o 2lus 2

W o Mo W
b —
WG et Some + Mok, W, ()
WR.of Wet Sovple, Wy (W, W,) (gm)
Volume of mod V()
Wt Desty, 1, + Wy (gee)
MOISTURE DETERMINATION
Contanes Mo,
W of covtane, W, (9m)
W of Wt Sample +Cont W, (9%)
WL of Dry Sample + Cont, W ()
W of s, Wy (W, W) (gm)
W of Dy Sunvle. Wye(W, ) (om)
Mosture conent W = W)Wy (%)
Densty ¥, = YoJ(14
LOAD- PENETRATION TEST DATA |
No.:

o Peretaton ()

08

4 .
5 2
[ 3
0 100 K &S
w__|us 10 33, 1M ub: 20 £1.00
o 3
oo o | 1) Graphforkood v penetraton attached
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=) 110 33 _'!uém .y _L 50 mm Penetaton = 2085 X
=t : canvobe @ 15400 LAY grvce = QA0 %
T | oo
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d) CBR Test Black with Plastic Bottle Chips

e A BEARING RATIO =] 535 1533
T ———T A ] Jowe o sorgig: | J17]02] 12 1 : =
et g ————-120 ¥ W00 LHG oty : Toim by 987 | DEY | pensH.
oy | BlOCk Goil+Plastie chips [Tesety: Joim oy L > =
e pucotcmna: | 98102 )24 B e litielr- U.go

o Sk : : - :
B — A ——
e Mould No. ) O Mould No. D | Mokl D&
Ly = S (v S (<l < =

oo ) 10 30 30 e 65

W of Wi, W

e EIMD Y 1072 619 1 6£73C [ 6925

W oW Sk +Ha Wow | 1)) 9q | 11928 | 112 66 | 11318 | 1990 | 1IN

W of Wet Sample, We WA Gm) | ]G ] 4226 | uyyl Y23 | yses | uske

Vokroe o ok, V ) 2250 ) §O [ 2250 SO| 2250 ]
Wet Densdy, Y, = Wy (gnicx) 1. 89% | 1.57% | 1.987 2.010 | 2.029] 2

MOISTURE DETERMINATION Beforesosking | AMersosing | Beforesosking | Aersoaking | Before sosking _‘h_s-ﬂ__
Contanes Wo. 23] v 28 251,

W of contaner, Ws (gm) yg-2j <020 Y1-37 yo| Yi.

W of Wet Sample +Cont., W, (9m) 294 YL R 292.8 | 29% 211 -0
W of Dry Sample + Cont Wo(om) | D€, Y| 2 24322 296 £9] 253.LC] 262 -7
W o water, Wy W) (o) 93,01

W of Dry Sampie, Ws(Wy W) A 2. laF:.E; . 215
W Wty (%) —1%9_19_ 23 €6 21.4C] 23, 21.50] 22.9
You Yol(14 wi 1534 ),s20 [1.436 [ 14321 [.6Y 1,665
<z i Proving Ring Calibration Factor: 3 + 35
M L Moukd No. Mould No. Moukd No.
Seho. Penetration  (mem) Comected bad  (Xg)
G5 ("1 [3.00 > LAY 39
10 [4 - 10 S | 5 [ 1 33.S0
15 9 Ny 9 7 [ 43.CC
20 12 0:20 12 20 1 X
25 13 EW S IV Ye. 90 1 Gl -2
30 [1¥] . S3.40 1 £3.6C
49 i bbb i3 0- 2. F.0
50 1s b 7. ;l -‘l_rfr
75 2] 2. 10_._}3
100 32 ] 4o 1 0.y
s 22 q £0.U0 28 93,80
TION Loos!
1) Graph for load vs penetration attached
2) CBR = (corrected loac)/standard load) x 100
3) Standard unitload  : © 2.5mm Penetration = 1370 Kg
© 5.0 mm Penetration = 2055 Kg
R Vave @ % MO0 |9Som/cc ¥R-0 O %

S DA ) Den;s}ty i

T eH R NAHS

T e 7T -y

1) 00 o e v s ) TR

3) CO = (crroned vl W) ¢ 100

3) fawrvland il ! @ 20w wUaon = 1)1 v
| 5.0 on Perwiralion = 200 Ky

o vohe @ L wmoo | A » 22,00%

V. RESULT ANALYSIS
A. Free Swell Index Result Analysis

Here’s an analysis of the Free Swell Index test results :

o Free Swell Index: The Free Swell Index of the soil sample is 57.70%. A free swell index greater than 30% indicates a high
swelling potential

e Interpretation:
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The high Free Swell Index suggests that the soil sample has a high potential to swell when saturated with water. This can cause
problems with foundations and other structures built on this soil, as the swelling soil can cause cracking and movement.

B. Liquid Limit Result Analysis

Atterberg Limits

e Liquid Limit (LL): The Liquid Limit is 65.50%. This is the moisture content at which the soil changes from a liquid state to a
plastic state

e Plastic Limit (PL): The Plastic Limit is 27.40%. This is the moisture content at which the Soil changes from a plastic state to a
brittle state .

e Plasticity Index (PI): The Plasticity Index (PI) is calculated as the difference between the

e Liquid Limit (LL) and the Plastic Limit (PL). In this case, the PI is 65.50% - 27.40% = 38.10%. A higher PI value indicates a
more plastic soil.

C. Grain Size Analysis Result Analysis

Here’s an analysis ofthe grain size distribution:

o  Gravel(75-19 mm): 1.60% of the sample falls into the gravel size category.

e Sand (4.75-0.075 mm): 10.9% of the sample falls into the sand size category. This can be Further broken down into: Coarse
sand (4.75-2.00 mm): 0.90% ,Medium sand (2.00-0.425 mm): 4.7% &Fine sand (0.425-0.075 mm): 5.3%

e Siltand Clay (particles smaller than 0.075 mm): 87.5% of the sample falls into the silt And clay size category.

D. Modified Proctor Test Result Analysis

e Dry Density (g/cm?): The data sheet shows the Dry Density for five different moisture Content values. The Dry Density
increases as the moisture content increases up to a certain Point, and then starts to decrease. The highest Dry Density is 1.695
g/cm3 at a moisture Content of 22.00%, which is considered the Maximum Dry Density (MDD).

e  Optimum Moisture Content (OMC): The Optimum Moisture Content (OMC) is the Moisture content at which the Maximum
Dry Density (MDD) is achieved. In this case, the OMC is 22.00%

E. Cbr Test Result Analysis Noramal Black Soil

The report shows the results of the CBR test for three soil samples (moulds 24, 25, and 26).

The CBR values for the three samples are:

e Mould 24: 16.75 corrected load at 2.5 mm penetration, 26.80 corrected load at 5.0 mm Penetration

e Mould 25: 33.50 corrected load at 2.5 mm penetration, 53.60 corrected load at 5.0mm penetration

e Mould 26: 40.20 corrected load at 2.5 mm penetration, 60.30 corrected load at 5.0 mm penetration

e The CBR values are all relatively low, which indicates that the soils are weak and may not be Suitable for use in pavements
without additional treatment. The report does not specify what The soils will be used for, but the CBR values are typically used
to design the thickness of Pavement layers.

e CBRVALUEIS :-2.82%

F. CBR Test Result Analysis Black Soil + Geotextile

The report shows the results of the CBR test for three soil samples (moulds, 25, 26, and 34). The

CBR values for the three samples are:
Penetration Mould 25: 20.10corrected load at 2.5 mm penetration, 30.15 corrected Load at 5.0 mm
Penetration Mould 26: 30.15 corrected load at 2.5 mmpenetratioloa50.25 corrected Load at 5.0 mm
Penetration Mould 34: 43.55 corrected load at 2.5 mm penetration, 60.30 corrected Load at 5.0 mm
Penetration The CBR values are all relatively low, which indicates that the soils are weak and

May not be suitable for use in pavements without additional treatment. The report does not

Specify what the soils will be used for, but the CBR values are typically used to design the

Thickness of Pavement layers

CBR VALUE IS :- 3.05%
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G. CBR Test Result Analysis Black Soil + Fiber

The report shows the results of the CBR test for three soil samples (moulds, 33, 31, and 35). The

CBR values for the three samples are:

e  Penetration Mould 33: 16.75 corrected load at 2.5 mm penetration, 26.80 corrected load at 5.0 mm

e  Penetration Mould 31: 20.10 corrected load at 2.5 mm penetration, 33.50 corrected load at 5.0 mm

e  Penetration Mould 35: 33.50 corrected load at 2.5 mm penetration, 50.25 corrected load at 5.0 mm

e Penetration The CBR values are all relatively low, which indicates that the soils are weak and may not be suitable for use in
pavements without additional treatment. The report does not specify what the soils will be used for, but the CBR values are
typically used to design the thickness of Pavement layers

e CBRVALUEIS :- 2.40%

H. CBR Test Result Analysis Black Soil + Plastic Chips

The report shows the results of the CBR test for three soil samples (moulds, 20, 21, and 25). The

CBR values for the three samples are:

e  Penetration Mould 20: 43.55 corrected load at 2.5 mm penetration, 60.30 corrected load at 5.0 mm

e  Penetration Mould 21: 46.90 corrected load at 2.5 mm penetration, 67.00 corrected load at 5.0 mm

e  Penetration Mould 25: 56.95 corrected load at 2.5 mm penetration, 73.70 corrected load at 5.0 mm

e Penetration The CBR values are all relatively low, which indicates that the soils are weak and may not be suitable for use in
pavements without additional treatment. The report does not specify what the soils will be used for, but the CBR values are
typically used to design the thickness of Pavement layers

CBR VALUE IS : 4.00 %

I.  CBR Test Result Analysis Black Soil + Plastic Rings

The report shows the results of the CBR test for three soil samples (moulds, 30, 34, and 31). The

CBR values for the three samples are:

e Penetration Mould 25: 23.45 corrected load at 2.5 mm penetration, 33.50 corrected load at 5.0 mm

e Penetration Mould 26: 36.85 corrected load at 2.5 mm penetration, 60.30 corrected load at 5.0 min

e  Penetration Mould 34: 46.90 corrected load at 2.5 mm penetration, 63.65 corrected load at 5.0 mm

e Penetration The CBR values are all relatively low, which indicates that the soils are weak and May not be suitable for use in
pavements without additional treatment. The report does not Specify what the soils will be used for, but the CBR values are
typically used to design the Thickness of Pavement layers

e CBRVALUEIS:-3.35%

V. CONCLUSION

Black cotton soil, despite its weakness, can be boosted for embankments using plastic waste. Crushed plastic or strips mixed in the
soil improve its strength and reduce swelling. This creates a Stronger, more stable material for building embankments. However,
this method doesn’t address the core issue for subgrades — shrinkage and swelling with Moisture changes. Embankments sit above
ground with less water exposure, but subgrades are Directly impacted by seasonal variations. The treated soil might still experience
these drastic volume Changes, causing cracks and compromising the structural integrity of the road or building above.

In short, plastic waste strengthens black cotton soil for embankments, but it doesn’t address the Moisture sensitivity that plagues
subgrades.
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