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Infiltration Capacity of Compacted Lime Treated Black Cotton Soil as Hydraulic Barrier Material
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Abstract: Studies have shown the effect of hydraulic barriers in the reduction in movement of leachates, that have the potential of
contaminating groundwater. Laboratory tests were conducted on black cotton soil treated with up to 5% lime by dry weight to assess its
suitability in waste containment facilities. The test samples were subjected to particle size distribution analysis, consistency limit tests,
compaction and hydraulic conductivity. The compaction energy of British Standard Light (BSL) was employed. The study showed decrease
in liquid limit from 65.20% to 56.30% and plasticity index from 41.50% to 28.58% while plastic limit increased from 23.70% to 27.72%
with the increase lime content. Maximum Dry Density (MDD) increases with increased in lime from 1.78 to 1.88 g/cm3 whereas the
Optimum Moisture Content (OMC) decreased from 19.79% to 15.39%. Hydraulic conductivity of black cotton soil treated with percentage
of lime content 0%, 1%, 3% and 5% of the soil weight examined for a period of 28days. The hydraulic conductivity value of natural soil
was 1.65E-08 and decreased to 3.71 E-09 m/s at 5% lime content. Therefore, it is clear that hydraulic conductivity decreases with
percentage increase in lime content. It is recommended that volumetric shrinkage, free swell and unconfined compressive strength should

be carried out.

Keywords: Lime; Infiltration capacity; Hydraulic barrier material; Black cotton soil
158 e W E RN B2 2R i RS = A M RIT
M T K2 R K TR 0.6%, 20 ko k weik B0 BIRIRRZENR. RerEse i, MR, R ATRSR A
) 21.4% (Mustafa and Yusuf, 2012) . /K#IA N R HER 5 AR LI, AR MRS £ TS s R i
GRS TR IRRG AR VERZ —. (2 ok sy TR RIER R R R AR Al (Moses Al
TE| L RRUR TS T, EL A R R R T A . B Afolayan, 2011) . BRLE—MEKL, HEEEKEOBE
S SRR (75 e 1 2 e R 2 3 T oy T B L 3 T 1 - B, RZJRRTHFRHIX . X038 5 EAE oK Sl i 28
TR 5 X ey Y b N 22 (b R 7K . P s ) s 2 REWITTFAE, JF HRIESFE LTS 4 (Oriola 1
TN DB, A G, R TR, R Moses, 2011) o i FRPREPE A L AR Aot 1) 31 48 1) 6 0@ 2 G
JEFF LI B R SRIEAT . XS5 W Ek B Rk 1tk S 7r (Osinubi Al Moses, 2011) .
TIERHER R S, ST FERM T K. K ER AR T2 VR SRl L I 2 R BORG 557 . A RAL
Z AT FWBAR I (Chen and Chynoweth, 1995) . Xf B BB G B I, BRSSPSR
FREZH A BB E, SR SRR ER FEIG (Modak %5, 2012) . AW A KA E (RIFHLE) Rk
ANTEEET 1.0x 10-9m/s. &R0 AT A 0 AR 18R FH 1N KWK 1280 BR T BRAIRRS LB IETE, AT ReskbTA L
VIR, BN IS . Rk, — St ot ik e B A R T A2 00, 3 A A2 ) A0 3R R it ) B R LSk 2 — (Moses
WCEE Wit T 2 3B K A% S SR B b R R S U SRS Fl Afolayan, 2011) . XEEMELRZ&F E &6, BN

251



N

WM T

Engineering Technology Research THEIAIAR 5 4 5 8 Hf 2022 &£

Wy, IF5R I FEEARRT BRI LR &, QA B
2Lk, FEARWE TR R BT T X S AR .

2 AR

2.1 ¥4

PR AR 2K e HFIE 57 DU Akko 77 BUR X Kumo
I Yola #% (Y HC -3t i3k 45 o p H L33 . X R AE A AL T4k 4k
100° 2'43"FIZR4 110° 12'47" (R HURE ik se By . L3k
r AT ER 0. 1. 3 F1 5% K ALER BT A A AW A R i3
MBI T .
2.2 i

(1) FBbR. AT 5250 28000 DU AR FUF A b 71 - 4
KIFEARIER . IRYEDEE ARAE (BS) 1377 (1990) Xf KR+ 3k
TR, MR BS1924 S0 A A B 4 3853 4T 3K

(2) FESE. LS /2 BSL. i B fLE N 4.76
2K BS SR TR LM, HPRAA T LIRER
1) 0%. 1% 3%H 5% A K. H4E BS1377 (19900 3 4 &)
SRR LRI s LT . S E AR R 2.5 AT E
MF54E Rk 30 BK, WKE =2 b, SRR 27 NS0T
Tk

(3) KT KR ST NIVEBEZBAL P AT K )
SRR, RIE Head (1992 ) #RKIRET, FrER¥%L
K& ZVERAT o B — MR RS e B B |, B
FRALRAFEM Ak . AFEAKERE (0. 1. 3 F15%) FIAHR
OMC KB +- A0 K RE iR BSL JR SEVEREAT I S . KiAE iz
TAE KA R R D 24 /NI, DARSVESEAMRT,  FRAMHIRE S 1R
FAEIE EREZAK . S8, EBEE R, VPR TR ALK,
RAS N BB J) o AR5 K 50 A M AN AR R S 4 BB 0 W A
CAKRAD b0 AKITBREETEEIM 5 B 15, RA MK itk &5
HhaEnt, WRAE 1k,

(4) FAKIENPIESY . £E Ahmadu Bello 11k 18 H
X H25¢ % (XRF) Ml (Philips PW1606) I 5E 5 % H AL 1)
KRN FLE T K2 . XRF 20 Hr i 2 T FE A SR B, 24
AN T AT e B YRR N, S R SR Y ARFE SRR x SR
T TSR il R S IR AR B KD TR T EAR AT B A
TEMITCE « ZRGUKIT L AR BIRIES, A 254 lok B
FEMINARR 6, FRG ML SO EN L FREE N E
J5 B (Ehi- Eromosele 25 A\, 2012) . iZAx#s B A E% RSB0
i f 11 e 7 S 5 b5 R AR )R o R KR B AT E T R
A. B 1 RS BNITA TR P AT BB, 3
R,

252

3 SRR
3.1 AR EEMNI RS

{3 FH Phillips-PW-1606 X #2758 (XRF) J6HEAL 734 i)
FRIENI AL | TR AR EE AP CaO.
Si02+ ALO2 Fl Fea0a H 18, He B 43 7118 76.42%.7.33%+ 1.99%
M 1.07%. CaO BB MANDAER, Xt RIERENTRE
AR B RN S B R o 1X G i AL R BH B RS i 2R - R
R AN K LK RS (Khan 5§, 2004) .

£ 1 AKEMLD Y

EzRidy) SiO2 Fe 02 ALO» CaO MgO Na,O
gy (%) 7.33 1.07 1.99 76.42 | 2.12 0.00
3.2 TIRAPIER 1R

JITFH SR R R D B LA 2, DKL EE 23 A7 i L 1

REIKEN 6.26%. ZTIERETH— LENHKRG (USCS)
(ASTM, 1992) H ) CL S MZHE 7 1% (AASHTO)
THES KRG A-7-6 (10) 25 (AASHTO, 1986 4F) .

R 2 IRV

PR 0% 1% | 3% | 5%
HAREGKE (%) 6.28
IR 65.20 58.90 | 57.20 | 56.30
IRPERR IR 23.70 25.93 | 26.71 | 27.72
1A 41.50 32.97 | 30.49 | 28.58
EAi 2.66 2,62 | 258 | 2.56
g BS 200 S i F 135y 2K 5t 53.9 64.50 | 69.05 | 69.20
AASHTO 13433 A-7-6 (10)
CL CL | CL | CL

VO R S i O Bt o A AR B RS T A, T S A
BRINIIE A, IX AT B2 B A4 S SR R 2R E — T, UK
AT R kI, MiD T HIERE R (Osula, 1991) o X—
4 5 Osinubi 1 Katte (1997 45 #275 (1) S A H ) R BUARTL .

Particle size{mm]

P 1 A 2 b i S A P 338 AL B 20 A hh 2
R ——AKIEEY L ER I 2 fiR. KR
L 2.66 TR 0%Z 5% K /ME 2.56. XFhF 4
ST ARER LR (2.1 BETEAR T LAkl KRR 8
R MHA %B KAV Y¥E WL (Kumar, 2012; Amadi,




Engineering Technology Research T2 AIAGR 55 4 B 8 #A 2022 &F

L

W TR

20100 »
' ' L-mrco:tcmt%l ’ ' '
B2 A K R R EEE AR
3.3 Bk

(D BRTERE. CEEH IR0 E A T%E (MDD)
WA A B 3 BT R . 1% E WA 178 Fa/ K 3T BE F
L71g/em?, Aok BT IRER LI 1.78 B4 A AL 3 11 1)
1.88g/em?® A IX S BT AR 4 1 3R BT ) S I b,
T2 708, K LBk & AR REAEER (Oriola fil Moses,
2010 4F; Moses, 2008) .

Lime content (%)

B 3 A Ab 3 A FH 3B O BE R AR

(2) BHEE/KE. FARKAEL AR OMC R, F
FERRIINEM 0%F] 5%, OMC fHM 19.79%&MK %] 15.39%.
X—faBmEATR, OMC IR RER BT H T, HHpr
BRKERA, SEURKEIER. EEAKBANRREAKE
MIEGL T, KIEKE SRR FER, B2 & KRIEE AR,
AR S B A AR o IX AT RESSIA T A0 K Ab 3 SR A
B[ R (Moses, 2008; Osinubi Fl Stephen, 2007) .

um’ mosture content (%)

Optirni

Lime content {%)

B 4 AR A S B K AR

S 3R

3.4 K1t

B 5 2o 7 RS R B A A AR B ) R FH 3R R K 4%
TR,

1.80E-08
1.60E-08
1.40E-08
1.20E-08
1.00E-08
B.00E-09
6.00E-09

hydraulic conductivity [mys)

4.00E-(9
2.00E-09

Q.00E~00
[} 1 2 3 4 5 &
Lime content{%]

Bl 5 F R Ab 38 5 A HH 358 T K AR I A4y

RIRLIRAK e 2 2R &%, BN 1.65X10-8 K
IRPRET 1% 3% 5% M0 RAEHE, SX LS 73 i) — P FRARE]
1.4X 10-8 K/FP. 9.74 X 10-9 K/ 3.71 X 10-9 K/Fb . /K I14%
TR W BE A K S B IEIN FE A SR, AR X T T,
TR AR I DUE T T & B RSk R, IR e S5
SPUE R KA AR RGBT AR HES 32 21
RS BRI o IX ] B R TR AR R s )
FECE BB BRAL /N, AT BRAR T /K J34% S 3 (Osinubi A1
Eberemu, 2009) -
4 NG

IR AL B (Y R R 3 S A R A 2 N e o 1 R SRR
Bk, HIBiE R JIbaEE A K S B 3 N P %ﬁigii
0% 1% 3%FH 5% A K S AL B HE 5. AREER
ﬁ%%ﬁ?%ﬁi%ﬁw\%wﬁﬁﬁhﬁ,ﬁﬁ@ﬁma
MDD i )\ 1.78 - ZIFEE A K5 B IIE I, OMC M 19.79
TREE] 15.39%. AR, AR E BRI INFRAL T 238 Sk
o 5% KA IR /INFIKEY 371X 10-9 K/ %R
W, REERSRRT (SRKEMELHEA EHEY, AKEH
FR) S 3R AT 1 X 10-9m/s (13535 REUE AT AERY . 22N
i F L3RR S KB I-2% 2% +3%R1+4% 4 I E L35 1
IKIIAE G AR . BT BMIIR ST R R (UCS) Ak
FUSGRRALE (VSS) SN,  LUR 8 BE 58 b v 1) T 2 52 3

[11 AASHTO.1986. Standard Specification for Transportation, Material and Methods of Sampling and Testing. 14th ed. Washington, D.C.

253



N

e Engineering Technology Research THEIAIAR 5 4 5 8 Hf 2022 &£

Amsterdam Association of State Highway and Transportation Official.

[2] Amadi, AA. 2010. Pozzolanic Influence of fly ash in mobilizing the compressive strength of lateritic soil. AUJT., 14(2): 139-146.
[3] ASTM.1992. Annual Book of Standards. Philadelphia. American Society for Testing and Materials. 04(8).

[4] British Standard Institute BS 1924.1990. Method of test for stabilized soils. British Standard Institute, London, U.K.

[5] British Standard Institute. BS 1377. 1990. Methods of testing soils for Civil Engineering 2 purposes, London.

[6] Chen, T. and Chynoweth, DP. 1995. Hydraulic Conductivity of Compacted Municipal Solid Waste. Bio-resource Technology, Elsevier

Science Limited, Amsterdam.
[7] Head, KH. 1992. Manual of Soil Laboratory Testing. Permeability, Shear Strength and Compressibility Tests. Pentech Press, London.

[8] Ehi-Eromosele, CO., Adaramodu, AA., Anake, WU., Ajanaku, CO. and Edobor-Osoh, A. 2012. Comparison of three methods of

digestion for trace metal analysis in surface dust collected from an e-waste recycling site. Nature and Science, 10(10): 42-47.

[9] Khan, FI., Tahir, H. and Ramzi, H. 2004. An Overview and analysis of site remediation technologies. Journal of Environmental

Management, 71: 95- 122.

[10] Kumar, SMP. 2012. Silica and calcium effect on Geo-Technical properties of expansive soil extracted from rice husk ash and lime.

International Conference on Environment Science and Engineering, IPCBEE, 3(2): 119-123.

[11] Modak, PR., Nangare, PB., Nagrale, SD., Nalawade, RD. and Chavhan, VS. 2012. Stabilization of black cotton soil using admixtures.

International Journal of Engineering and Innovative Technology, 1(5): 1-3.

[12] Moses, G. 2008. Stabilization of black cotton soil with ordinary portland cement using bagasse ash as admixture. IRJI Journal of

Research in Engineering, 5(3): 107-115.

[13] Moses, G. and Afolayan, JO. 2011. Compacted foundry sand treated with cement kiln dust as hydraulic barrier material. Electronic

Journal of Geotechnical Engineering, 16: 337-335.
[14] Mustafa, S. and Yusuf, MI. 2012. A textbook of Hydrology and Water Resources. Topsmerit Page Publishers, Abuja.

[15] Osinubi, KJ. and Katte, VY. 1997. Effect of Elapsed Time after Mixing on Grain Size and Plasticity Characteristics; Soil Lime Mixes.
Nigeria Society of Engineers Technical Transactions, 32(4): 65-76.

[16] Osinubi, KJ. and Stephen, TA. 2007. Influence of Compactive efforts on Bagasse ash treated black cotton soil. Nigerian Journal of Soil
and Environmental Research, 7(1):92-101.

[17] Osinubi, K J. and Eberemu, AO. 2009. Compatibility and Attenuative properties of Laterite blast furnace slag mixtures. Journal of

Waste Technology and Management, 35(1): 7 — 16.

[18] Osinubi, KJ., and Moses, G. 2011. Compacted Foundry Sand treated with Bagasse Ash as Hydraulic Barrier Material. Proceedings of
the American Society of Civil Engineers, Geo Frontiers Congress, March, 13-16, 2011, Dallas, Texas, pp. 915-925. .

[19] Osula, DOA. 1991. Lime modification of problem laterite. Engineering Geology, 30: 141-149.

[20] Oriola, F. and Moses, G. 2010. Groundnut shell ash stabilization of black cotton soil. Electronic Journal of Geotechnical Engineering,
15: 415-428.

[21] Oriola, F and Moses, G. 2011. Compacted black cotton soil treated with cement kiln dust as hydraulic barrier material. American

Journal of Scientific and Industrial Research, 2(4): 521-530

254



