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HIRA

A g 9§ “HEd@-2% (Marble Dust) 3R fafa@r ®H (Silica Fume) &1 SUART & Bl
JaT (Black Cotton Soil) T Tehsieb! fasioarsti ¥ R & & ddewr’ W far e €1 &l gar
A Tl FIFATE a1 SR o1, FH GROT AT (I ORT &) 3R 9= o & | 39
R c B e e 2 T e 2 | 2 B 1 o s s 2 e s e I R s o e e
g A9 T TF 9¢ S 2| THH IROMHEET GO (Swelling) BT & for8e a1€ HIA gaT @ gRoT
AT A B ST & | 99 WEr H U @ " 69 el @ af SEH eR e ol & | 39 STgurare
g g IR gewg & Rerar & grem gEfvEa & & fau, B 9 el @ e deer 9
fafera fopam STar 21 9t STeT-oterT @ ar A fafrer adeon § fafRa @ S € S ues
RUEiE e P e | e 2 1 M O el 1 s M | R | C el B Lo e A T DL R RSl G o
TR (CSA) ¥ §9€ 21 CSA gl & Rgdietor § 4@ €1 &l ga1 &l 0%, 2.5%, 5%, 7.5%
AR 10% fafeer & & @ g FRaR aRoi § ST T o9 $R yde gfaed @ e s
fhT T &) gaT & A § AEA-SE B 0%, 2%, 4% AR 6% H A UH @l GHET e
F U fRAT T AT SR Eh WG H W HA IR Ufaed & AT &9 (U MU & | it
T e w9 9 Gaa fear 6 gacaar ga@id (Plasticity Index) TR Ufoeq @l a@e €T (Liquid
Limit) § 41 fafoes ®@ & qRomaey g & | fafasr ®&@w § gfg & @ geaw o & e
(Optimum Water Content) 3R AT T (Plastic Limit) H oo ﬂ'@ §_‘$& T wafh FHr B SAferman
T ZHE a9 (Maximum Dry Unit Weight Values) Tl & fou e foar mar or) gded srawgor
qme (Compressive Shear Strength), California Bearing Ratio (‘EﬁEﬁBTIT), SwellAnd Swell Pressure S8
s it § faforeRr m & SuET & Are o guR g €)1 gatay e wm g & on § gun
F & T U IUFAT QO ¥ | AEE-2E gaeadl gAbi & Q-9 A ST BN B BT 8,
I & /T TeaH T AT H HHT SR SATRa @b a9 | g HRaT ¢ | AT "ea-2e S
fafcteT A FIel GaT & HEES Bl g 6 [0 IugR Wb & & H 1S |
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Abstract:

The presented research paper includes ideas of “Ways to improve the technical characteristics of
the Black Cotton Soil using the marble dust and silica fume”. These technical characteristics or
engineering properties of black cotton soil are low supporting capacity (load bearing capacity)
and high swelling. Due to these properties when water is mixed with black cotton soil, its volume
increases up to two to three times of its initial value approximates. This results in swelling which
is followed by decreased bearing capacity of black cotton soil. When the soil mple has lesser
water content it results with generation of cracks. To ensure fety of the stability of foundation
and pavement from this imperfection in the stagnancy or robustness of foundation, some additive
materials are mixed in dffierent composition. These dffierent compositions or amounts are determined
in various tests that are conducted to find the requisite amount of each additive. The composition
of marble dust is rich in CSA (Calcium - Silica - Alumina). CSA are supplement in stabilization
of the soil. The black cotton soil was added with 0%, 2.5%, 5%, 7.5% and 10% of silica fume in
five continuous steps and observations were taken for each percentage. The me test pattern was
followed with 0%, 2%, 4% and 6% of marble dust in soil mple and total four mple observations
were recorded in its case also. The results indicated clearly that addition of silica fume results in
reduction in plasticity index and liquid limit of the mple. Plastic limit with increase in silica fume
and the optimum water content also increased whereas reduction was noted for maximum dry unit
weight values. Other properties like compressive shear strength, California Bearing Ratio (CBR),
Swell and swell pressure also gets improved with uge of silica fume. Hence silica fume is a suitable
material to improve the soil properties. Addition of marble dust decreases plasticity index as well
as liquid limit, along with decrease in an optimum moisture content and increment in maximum
dry density. Hence addition of marble dust and silica fume add as appropriate supplements to
enhance functioning of black cotton soil.
J&I & : Hl qal, qea-se, faer /e

Key words: Black cotton soil, Marble Dust, Silica Fume

1. 9=y : smgfet & fafeer a9t oftadr 2 €1 e
Tl FLEATST T ST MR B @ o fadr | -'N,%,Wﬁﬁﬁ@ar&ﬁaﬂw,;ﬁmm
e e £ e (), we g e | 3w, i iR e 7 Ref
fomaT BT % S AR & FeRor # R e W@T%'E%Wwﬁmmé@
¥ zafom, @, A § gad weayet s 0 oo ol |

Pt 21 P aE wR B A E - e, 0 99 ST G & BT R AT P
T e, € ae A onR | Reet o Ry (0 SUGRT T TN g K 4 fren W,

‘ EDl @0 fhar ®9 B S g, i @
¥ fomm @ wed qeayel fewar e fud @ I Sl :
T UTOT A A B U R A Py SN RO WA Fd E R a6 e

‘ qRae % HReT e @ Rewar § gur wwd
HrE H By & gEd 1 w9 o T o T TE  TR-aEieieaT srufire 9t 9Em §
AEA & wOE # oondr ®ar fEr & omadd # Wﬁﬁﬁa‘mw%aﬁmﬁw%mm
aRads Biar ¥ e orarEr, e 7 oaer T =9 Uy &1 IuanT fmter aenn # foear
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ST AT © AT Ak ENT AT A & IO
% HE eT a% gUR fhar S Far g, o §
T AU T IWART Hleh UThicih ATl &
2e B FH fRAT T FHAT & SR TR B
QUA & GATIRT HI FATAT AT Tl & TR 29
e & IR H Sfd TS @l STasdehd
T fafrr ®@ #1 SwE aeR & fmir §
uF fmior @l & w9 F fRar o "edr
gy & fafeeer wm, oomgar SR GO gdE
N FF BT ¢ AR Fafewr ®F qieT gt
¥ ghg e & ¢ gt & i | guw, 9@ ot
I, @, W, At ® o9 sTfine el
T UM HH fhaT ST Fhal &1 &I &9 A
TaferehT T T IUA f0Er & YOl gURA
& fou fpar o @@ar &1 SfEife  STafie
1 FMUeM uF 92 99T & | SN 9 Idned
TAEd AU qAfEReT ) g I91F BiEdT ¢ |
fmtor & o faRa faepra awiae damest &1 &
F AR S & g i SR & o faemed
QIS &I STEALRAT YaT T © | T STafare
®2 =g sfare ARl g & e
H gUR w & o0 g & | [ fear o
TedT & | Tt STafarse |rRll @ a1 &l
ffor & fog Suga s & e § wEa &
SUIRT &I €9 § qhd H ghg BT © Sadhl
FIER & it @arE & SUdRT & g faar
T &1 A AGTE D BEEX BT ITART ITGHT
FE E P B gaT sratus "did fEr ¥, ol
THH UROT &HAT HH Bl © | U @A SuiaTe
dile sk o @i el @ Rerar qem & fau
et & a1 femar ST aedr &, Al e Sh
AT AT IWART bl WA & &7 H A&
fohaT ST @bt &, TS AT BB ST TS A1g
A eyl gar # Rerdieer, @i R

et w= & fAeor &1 Se o fohar
ThaT & TE WSl & ATSshitgday &l qEq ST
T dme iR fafasr =@ & frsor & sudn
TR & gftehior § & SR T8 & 7 @a
gy et o1, St GwEanet & o
BT e T AR A1 wae g | fuer
qfYea & Jar & wbith feaed sty ¥ ued
e fawa & S &, At Srufire SE gy
e R fafasr e A @ue g & e q
guR & fau Suanr fhar om wewdr @ S faE
T fewar wem #a £ P Ada-ge Ud STuine
T 1 ZEH I H AT At g © ) g & g
Jordr 8, I8 uer & aren & ff &d &
T 1 @ g & fexar & gem & o, smfire
HET 33 & T HT IEst 3T AT HIEal &l
IYART # forar ST wehar & | fgr & en § Avgar
UR 1 g & arer 3T & e 3R B BEa
% fhegor W A fFar o g 810

FAl Jal &l TR & &G H A AET AT
g1 39 YR H s g HEl & g9 e
AR T4 § 70.3 UH. 2FegY dd RUre fomar
T gT| BTG HeF YS9l Afed $E AR
T, § 9B & FAM H THHT THE T
32.3% 7| WiHIRAMEE @l d & S Bl
a1 F TR &1 FaER I8 & o | e
AN SYUfeTSE A AT HIWNT T BT U
FHAT A& & oA AMRE & § Gated gaihwer
F 98 yguOr T FHROT a9 & | T & Rerdewor
% {0 3Tagas dehfcsh AT SATeTay s UST
TN 2 T FY &I, qad &l 6 T@ 3R
T SN Srufyre €1 e i § ¥ s
-3 & A 3T T 4 TR & TR B
faereT SR ifafaiT arr ure @ o & e
T IR-SYANT FA ARG STEfe 9l @ uh
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TETEXIT & Fehell © | hfogrard faferepre wrhifiam
B EREE BT o o fafcret fer
g o fafcrr w0 g dE 8 aehr |
3 IR & T qer sged el @ 92
AT 2| g faferesr W & Q- srasas
AET § START & AW aTal A16d-36 Hl AGg
g forar omar &1 T@ oW W@ vt © 6
faferer T TR Add-s% &1 9e A & A
feerar 1 wfsgamit wdr B

2. Bl

S SRR JE&1 1 a1 A & ar Hiel gar
4 @O T B 8| SE qHeS ewar iR gei
T foEr frar Sar @ gur & foer g St
fmtoT Bt & fore SuamT e arg T2 8, Tt
forsor wared % AR H e o qewy & S
T &0 ¥ @l gar @ genai et
BN I o | I B | R = B (1 o e
fou wag oret 1 o ¥ us fafedr wmE ®
ST IR-SYANT AR SR Gel A1 Ud Sem
g | U0 % AEA-SE ¢, Al SENl & SRS
IAE € | FEH ged dron (WEl R aderr At
YR ¥ H o S & o fh uewat fafiew
3 (Faeaar gakic, gaSAdT dHT, ad €
fafere qEerRyer & forg adterr, FEaE el
fEwfarae W =a, Hiawiar g dwr o)
ST HdTs SfeRd TderT | 3 adeon i qeg
q T - WIRed WA, T HET, TR 28,
T faies ga god, gioT & SR wrl
gal w T g o feiRa & S
B T ghEen & SR W, e & geffvaf
it @ feilRa fear srom S o & afve

q qeal & I g e & o § A % an
7 uF foEr 3 21 ae o, fafaer ®E eiR
HAIEA-2EE I IUHT I (A qLemn & fog
STragas gfasrd H SireT S 2 |

JYANT W/ A AT AT

Al gaT (BCS) - remad & fau el & T
% STAIRAT T8 il foh AT - Sa, Mok
(Fex we) & o @ T 2 fEr v fasma
gIeadr & FIer H AL F w7 F @ v
fore & (2.48) 3R 78.8% WEM JaT & | FIail e,
o O SR TeT Hegad & forg ST S 2
Ig HIo gl 9RA & Heg R iz et § urg
ST & AT BAR W & B A & aTHT 20%
& AU T | HE el FAfed SR AQTET B
FE &= o U Sl ¥ gud B BRO, Hr
HaT I Ueh B! AT Suge qHdl & &9
§ T AT S §, T A1 & el ga, gaT
& H Tl e q HW B A, g w@nfud
F % [0 I q a9 39 fod SEY
faferat grr it @ € 7| AEw 5% (MD) -
A gaT % FAR § UGN BN A aTel qrEy
e S (THEN) B | SO q6d ) § 98wl
N IAEA HAT & | TR 2 (THEN) SATETT
TRl Pl Bl AR THEHN F AT ¥, T
20-25% TTHTR S0 Hled R IR@ROT &
SR A & €T § qRAfdd e ST € | e
% g T UL H U uw 9g e
2, oI 7% wAfERold §9Em & ®RU ¥ ¥ UH
2 | fafeeer wg@ (SF) - fafeee o eifafes
% fry angetl & SaRd & R, fafaer wmm
(TH.UE.) a1 HTZhI-faferRn, safred sied o
FEAT B A Ied JEAT AT FIES Bl A
FA Y 96 b ARG & & H IAred fhar S
21 39 oremE # Sirenfies smfyre fafwer wm
(THUE) HT IYINT T |
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AMHT 1 : ATEA-Seh 9 T &0 @ 5@

T AR it &
BCS+0% MD B.C. g, wd@-3% &1 0% BCOM
BCS+2% MD B.C. gl wid@-s=& 2% BC2M
BCS+4% MD B.C. g, ud@-3% &1 4% BC4M
BCS+6% MD B.C. gl wd@-3& #T 6% BC6M
drferer 2 - faferRT w9 & | A9l B G
T LRIEE] it &
BCS+0%SF B.C. fagr, faferr waw &1 0% BCOS
BCS+2.5%SF B.C. [Wél, Tqfereht ®A &1 2.5% BC2.5S
BCS+5%SF B.C. fagr, faferr waw &1 5% BC5S
BCS+7.5%SF B.C. [Wél, Tqfereht ®&A &1 7.5% BC7.58
BCS+10%SF B.C. fagt, fafererr w9 &1 10% BC10S
3. URUM AR == THE & 0 SErT-STeT Wiy AEeTIgEe TR

e B G w9 2%, 4% IR 6% &
gfierd o § e SR U s ufoey
¥ 2.5%, 5%, T95% AR 10% afasr ®&m @
@@ S & SR ydE gided & g us
qreTer AT ST ® | SHfaT e Rt aderT
& fou 8 ufoew &, sreanfad et & 1, o) a9
fafir=r wa=mett & 7 faew faemer o 81 fadr &
Tl OT T Jeat a9 & fag e & R
forepT T (THU) ST Aea-2e (UAe)) % gioed
I T T o | 99 ged, Uioed ® 0% THE
3R 0% TAUE AT & (A0 Tead M qdET
% oo qdieror fopam T O, A |, gEedr
AT, I gaeaar qakis Ul fhar Tar &)
e H THE HT 2% Ufoed # e S g eiR
TS SEAT S & faforer w= & o |
AR Al % 18 ST AL AT qlerr fear
T e % T H e IR UEUE AT w6
o W ESAFART IO § U @ A © |
- AET I & [0 gdh THUE iR

fohT ST =fe

S 9g v & fafire qEammdT w5
freaiRa w1 & foro adeor fFar @ am 0%
UHE Y THUE AN & (U fafne qeemmer
2.48 o1, TUET Yiqed W THS & 2% AT
R fafyre TE@EmeEdT £ g § F & S 8
3R U Y I FE b a0 T B 6%
HET T & fhar T 911 SEd dre fafare
TEATERIT THE0T 2.5% THUE AT & A fhar
T T 3R 10% A% do@r T o1, o W
fafarse. TE@HHT B A 2.48 F 2.41 TH A
AT AT ST SR o | HEA qheeT 2% THE
el A AR 2.5% THUE A6 Uk F i
% | fopam T ar| uHE R 2% § 4% d%
o W THI HI AT FA & AT & AT 6%
R IE AT gig fardt & Safh stfesmad e
T (THEE) 0% & 4% d% 9¢ ol & SR
TH 6% T d¢M T SAfeIHaT 4% X 9T BT
T | T Te fafire TEammder gl fear
g frad #p fiEEar @ T o
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THEE 5% & [0 SAfUeRaw a1 SR 10%
W FH B AT ¥ SUHTE G0 UHE B
arg e & gioed & oo e ™ oar 0%
HAEA-SEW, DFS H & 47.05 IT AR 6% T
29.16 T FH B T, SHI awe Ml ®m b
g gt & o gdeor foar Tar | DES &1 0%
T 47.05 9T AR 10% W DFS A 15.17 TF
UEd M@l €1 e SF IR MD &Ml & fau agcdt
ST W HH B @

e gderor fear mm ar o fEr
SR eTHaT &t et we & fau g9
Teayel qdHT 1 AE 255 ol & forw e
T AT| gE g UHE SfR TEUE Il &
foro o fopar T e gfqew & oW AET 2% ¥
6% T W TE IR Ufqed ¥ THUG HET 2.5%
¥ 10% d% o TS| THEN & 4% 9T 9T e
AT HT ATehad i AT | 2.5% SF & fow
IR SHATH T 2.45 & 3R 10% & fau g8

3.94 T Ugad ¥ fawwwer & fav uw e
wife frar T &1 o # gH| wder e
T 4T, gEUE & TSN Iod & A H 0% |
4% T ATIHIH 4% qH T AT B, B FA
AT 9I& B S 2| IR gHUE & THUS g
® A H 9En ¥ g & ar dgar o 2|
0% 9T UCS A9 130 & ST 10% WX 210 % ¢
ST & | Zafery, Terr aiRemEt & YR 9 Uh
eI Tede fhar Srar & SfR uRRem ure
forar srar & o A & faw SwEnEd E

F. TS (Atterberg) W= 9T qRom

Aed-2E X i ®w @7 ghe & 91y, 98
@ T R W G SR gaeaar gadie §
FHHT 32 21 TE A war & fF Arda-swsin
faforer v gt & w1 & fow o asr A
T | TR | SR geedar JH1S 2720 IV (1970)
% faenfdel & AR & TE |

AMART 3 : TS FHT - AEA-3 & T Hloll HIE Al
e (%) BCOM | BC2M | BC4M | BC6M
T S1 S2 S1 S2 SI | Ss2| St | s2
A T (TA.T.) 52 54 50 51 48 | 47 | 45 | 44
wTees d@er (PL.) 28 26 27 25 26 | 24 | 25 | 23
gaSIdl gahis (PI) 24 28 23 26 22 | 23| 20 | 21
et 4 : Ueart g - e | & g #e e
T BCO0S | BC2.5S | BC5S | BC7.5S| BC10S
AT S1 S2 S1 S2 S1 S2 |S1 |S2 |S1 [s2
@ | (LL) 52 54 52 53 49 49 |46 |45 |42 |43
gaeSIar g (PL) 28 26 27 27 26 27 |24 |24 |21 |23
gaeIar gadieh (deTs) | 24 28 24 26 23 22 |22 |21 |21 |20
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w. fafere JEaERor

THE TR UHUE AT B ¢l g2 90 W & fafine TEammer & &9 w2 | aea-se e

7 gfg & @y, ffire TS ®F 2 W e | I ave fAiaer ®{E # gie fafire e
B @ 2|

iferr 5 : fafire [EETEET - AEA-sEd 9 FAl B el

e BCOM BC2M BC4M BC6M

T 1 B T G 2.48 2.47 2.45 2.42

T 2 & T G 2.49 2.48 2.44 2.43

aifereRr 6 @ fafire TRy - Hfdewr w®E & e e wuE e

e BCOS BC2.5S BC5S BC7.5S BC10S

TET 1 & T G 2.48 2.47 2.43 2.42 2.41

T 2 & T G 2.49 2.46 2.44 2.42 2.40
M. WA G

FE qeor H UHE # ggM W SHUHHT HH T W ¥ SR UHSE! 9¢ W § SR 4% u"er H
At & Sl &, dEed § uHue § ghe SiuHdr 9¢ Sl § IR UHSIET &9 8 Sl © | I8
T 1S 2720 VI (1974) ® U 0 fEqniwdert &1 9ree e fhaT @ ar|

aifeent 7 ¢ SUHAT X UHSIS! - HIdd-3&d A wiel HurE Hel

et (%)

BCOM BC2M BC4M BC6M
T S1 S2 S1 S2 S1 S2 S1 | s2
T 7T (OMC) 16 17 15 16 13 15 14 |16
MDD 1.64 1.67 1.70 1.71 182 | 1.79 | 1.75 | 1.76
IfereRT 8 ¢ STUHET SR wHERET - faferer W & A wr s e
TdreTor BCOS BC2.58 BC5S BC7.58 BC10S
AT S1 S2 S1 S2 SI | s2 |s1 |s2 SI | $2
T4 9w (OMC) |16 17 19 20 18 |18 | 20 |21 21 | 22
MDD 1.64 | 1.67 1.56 | 158 1.62 | 1.61 | 1.60 | 1.58 | 1.58 | 1.57

q. SFHITA o (Differential Free Swell)
RSl SR TEUE M & 9faed H ghg B F SUweE § FH oS T
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AT BT U &, Ml T AR AEe-872 & SR &7 Wel & i o § g4r
AMCAHT 9 : DFS - Ada-282sh A1 Hiell B By

qhqE (%) BCOM BC2M BC4M BC6M
T 1 & T DFS 47.05 41.23 38.01 29.16
T 2 & U DFS 51.10 47.45 34.89 27.41

IferpT 10 : DFS - faferer wqw & @ & wure gy

T (%) BCO0S BC2.58 BC5S BC7.58 BC10S
T 1 % foT DFS 47.05 32.82 25.03 20.62 15.17
TIAT 2 % T DFS 51.10 41.22 98.41 19.39 14.86

. California Bearing Ratio Test (?‘ﬁEﬁ'GTR')

TS B T B Go § GG 9 W@ & 3 4% W STt € 3R BCS ¥ SFK & SUGNT & §
A g § gfg g2 21 a8 gl smEug 2720 XVI (1979) & feenfEen & sEr fohar war ar

arferrt 11 @ HiEeR (CBR) - 9EA-3% & 91 &ial &urd [Hel

et BCOM BC2M BC4M BC6M
AT S1 S2 S1 S2 S1 S2 S1 S2
2.5mm 2.27 2.36 2.685 3.11 4.624 | 488 | 3.84 | 4.22
S5mm 2.12 2.29 2.37 2.98 4425 | 475 | 3.75 | 3.89
CBR (%) 227 2.36 2.685 3.11 4.624 | 491 | 3.84 | 4.22

qrferpr 12 : HIEISR (CBR) - fAfcieT ®W & | #rell ®urd Hel

e BCO0S BC2.58 BC5S BC7.58 BC10S
S1 CBR (%) 227 2.451 2.897 2.92 3.947
S2 CBR (%) 2.36 2514 2.92 3217 3.85

. A '{:l":hgq QIferT (Unconﬁned Compressive Strength)

2. gfaea # IfE & & ed giiug a¢ W 8 SR THEl | & 4% W 8 e 8, AR
g § vauw § ghg o ufaea 9g @ 2

et 13 @ UCS - e ®&F & a1 & sura gy

e UCS (KN/m2) BCOM BC2M BC4M BC6M
T 1 130 140 190 165
T 2 135 150 195 180
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qrfereRt 14 : UCS - Fafctet W\ & a1 el Ha el
T UCS (KN/m2) BC0S BC2.5S BC5S BC7.5S BC10S
T 1 130 145 180 195 210
T 2 135 140 190 205 235
4. Frepd

T T | B el @l 9Ed s & [t
gfasra & fafsa foar smar 2 oir fky faferenr ®m
& AT & we fAfa fEr S 2, vexat @
T qher 92377 ¥ gl (Tda-see 3R fafee
W) B q G H FHE AR T B g
gadih § gig, HET B G & A <@ T
2| fafyree ToamRET, TRE. SR TH.Uw. giaed
4 gfa & A HA B @1 5| "EA-SE 3R
2, Ada-ge ¥ g Siftead % BN 9g @l
T ST Tead T W w e S o | e
| Al I B9d © ot wm
P AT & & AT FBF S AT & AR Twead TH
A TRt W Sl AT Wl gl @ are /e o
¢ SN & | AfTRaH @ a9 TAEL WET b
4% R TG, AET & 5% & {0 SO Seaad
T W | TAUR. AR UTAE. 9E gfaea #
g & | DFS &H & T & | HIEeTR aarT
T I faferer ®A iR Wi =R § 9¢ W@l
T | HER U WIa-38 & 4% T SAermaH
o7 | fafer w®m iR Aed 2 @ ghg & a
ZH.0E. 9¢ W 21 UCS WY 4% AL & ford
HAfereaH o o 9 & |

CBR vs Addition of Marble Dust

CBR Value
= bl e LN

—
SESS T
& {b@”@&x &
fam 1 : grEa-3eE & vy AR

. 250
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UCS Value vs Addition of Marble Dust
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50 ——51
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x‘gu i 4 x°'t
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fr 2 : ggT-sE &
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CBR vs Addition of Silica Fume
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