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Abstract
Spil stabilization refers to the process of changing soil physical and chemical

properties to improve strength and durability. It has peen used for many years
to improve the characteristics of the subgrades with problematic s0ils.
Pavements with stahbilized base and sub-base 1ayers have been proven to
deliver better performance during their service life. Clay is a type of soil with

particles of certain minerals giving plastic prop orties when mixed Wi th water.

n, besides as @ building material in

 Spil has an important role in a constructio
a wide variety of civil engineering works. Basic properties of clay are rock-
In high water coll tent, clay

colid in dry and plastic with medium water content.
] ften. Therefore, clay sta bilization is

ymes SHCKY like (cohesive) and so
y to repair soil’s mechanical properties. Cement industry is arguably
nhouse gases that cause

the second largest producer of the greé

rming menon, which contributes by 5-8% of the worldwide
(Mehta, 200%)- The major challenges facing the cement
dustry Is the reduction of COz emission into the atmosphere

» of Portland cement Cement production also results
of solid waste material called Cement Kiln Dust (CKD),

KD is estimated by 3-4% of the total produced cement
ez, 2014). In this study laboratory experiment was

formance of CKD on clay soil. Presently, disposal
have been a global problem. Their disposal are
rmful to environment. Owing o these problems
fucted to utilise these waste products in
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ground construction and modification. To achieve this, a number of mMIXtures
sed as a stabilizer in improving th

with different CKD contents were U

properties of clay soil in terms of California Bearing Ratio (CBR) an:

Permeability test. The Atterberg Jimits and compaction characteristics wer'

also determined for the Clay soil and stabilized clay. The results indicates that
) value of 32%, plasticity index of

the clay soil used has liquid limitation (LL
13.4% and CBR value 9.25%. The results further sHOWS that the 15% CKD

gives the un-soaked CBR value of 11.33%.

Keywords: Clay, Cement kiln dust Liquid Iimit, plasticity index, California

bearing ratio, Permeability

Introduction
Spil Stabilization is the process of blending and mixing materials with a soil to
il. The process may include the blending

improve certain properties of the sol
of soil to achieve a desired gradation or the mixing of commercially available
additives that may alter the gradation, texture or plasticity, or act as a binder

for cementation of the soil (FiroozL Taha, Asghar, & Khan, 2014).
: - The modification of soils to improve their engineering properties has been
- practiced for many years. Many investigations and research programs have
~ addressed the development of materials evaluation and mixing techniques to
ermine the best combinations of soils and stabilizing agents (lose &
ne, 2018; mﬁmﬂmwh_mn@iﬂmz Noraida,
n, & Abdul, 2016; mmmmmnhﬂﬂﬂ_ﬂsm&l
ave also played an important role in determining the best
i materials. Recently, material and construction economics
more materials competitive, thus opening the way for more
ere previously used. In many parts of countries, engineers
ral different types of clay materials varying from
o moderately active. Stabilization or modification of
r for proper construction. In the past, lime has been
il mbili:a!:lnn, and cement has been preferred for

I'Inn-gralnad. solid, highly alkaline waste
n exh; ¥, by air pollution control devices during

o
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In dust (CKD) is a fine powered-like
collected from stacks of

cement production. Generally cement ki
by-product of Portland cement production. They are :
high temperature rotary kiln by the federally mandated dust collection
systems (e.g. cyclones, electrostatic precipitators and or bag hGUSEJ. Large
quantities of cement kiln dust are produce during the manufacture of ce m‘{-mt
clinker by the dry process. Several factors influence the chemical
mineralogical and physical composition (kumar & Singh. 2017). o
The main objective of this study was to evaluate the effect of CKD on California

Bearing Ratio (CBR) and Permeability of clay soil stabilization.

Material and Methods

sample collection:
The representative sample of clay soil was collected in Damaturu
Metropolitan, Yobe State, Nigeria. The Cement Kiln Dust (CKD) with the

chemical composition shown in Table 1 was collected from Ashaka cement

industry. _ -
Chemical Sil; Mel: Fedlz Cal Mgl K0 NeeD Soa Tioz Palls MnDa LOI
composition (%) | |
XD T 448 193 44 12 D57 008 125 02 0/8 0l  G3ES
Sample preparation

The clay soil samples was air dried and manually grinded to pulverise the big
lumps in other to disintegrate particles held up by clay. The CKD was added at
varying percentages of 0%, 3%, 704, 9%, 11% and 15% in accordance with
ARS 680 (1996) standard.

Experimental programme

The P.tterbl?,rg limit tests, California bearing ratio (CKD), Compaction
characteristics and permeability were performed on the clay samples at 0%,
3%, 'L%, 9%, t;.'ll;!:h and 15% with CKD, These tests were conducted in
accordance with the British Standards codes BS 1377 - 2 (1990) and BS 1377

- :Eﬂiulh and Discussions

The Atterberg limits tests with different CKD contents were perform to

termine the effect of stabilizer contents on the Atterberg limits of the ¢
- 3 H}F
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i?;g:ge ]11E1u1c1_ limit (LL), plasl_:u: limit (PL) and plasticity index (PI) of the
ed clay soil are shown in Fig. 1. The results indicates that liquid limi
ik elay =0il-CKD mixture sped ndicates that lq':,li].d limit of
B ik o pecimens decrea?ed slightly at the addition of 3%
e CKE:E iquid limit mn_:reased with an increase in CKD content. In
Lk caused the maximum decrease in liquid limit (25.05%) at
the addltm_n uf 3% CKD. Similarly the plastic limit of clay soil-CKD mixture
l_:lecrea;ed initially (in CKD content equal to 3%) followed by an increase with
increasing of CKD content. This reduction in the Atterberg limit at 3% may be
attributed to the chemical and cementation effect on structural composition
of the soil. However, with further CKD increase after 3%, the liquid limit and
plasticity limit increased sharply especially at 15% CKD addition. This is could
be attributed to the presence of Ca**, Si*, and AB+ cations with increased
stabilizer usage they react with soil particles. It was also observed that there
is an improvement of plasticity index properties of the stabilized soil for up tr
119 CKD addition with a decrease in plasticity index (PI) from 13.4%to 2.7°
can be seen. Hence, CKD affects the plasticity index by improving -
sensitivity of the soil sample to moisture. This could be due to the c..
exchange capacity that occurs when the clay soil is stabilized (Mous.'" =
- Karamvand. 2017). Therefore, the reduction in the plasticity index 1s due to
decrease in the amount of ions in the soil sample and thereby, decreasc ~
amount of ion exchange solution required for the soil stabilization.

=Ll mPL =Pl
: 38

31.5 32 - Bl

8.8
27

9% 1% 15%
Percentage of CKD
itr . cults 'DECKD mh“i!l!l‘

; _ "tion test was used in order to minimize variations in
y. This allowed for more consistency throughout sample

o
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Iséstiu;:éi];j;?ir ul;mately, more consistent results. The results of compaction
el able 2. It can be seen from the table that the addition of 3%
: ave minimum value of optimum moisture content of 9.95% and
maximum value of 1.91 g/cm3 dry density. However this value is higher than
ljrla:-clmum dry density of untreated clay soil. Also it can be seen that the more
increased in CKD decrease maximum dry density. In other words, maximum

:1111'5de ensity will be met at the addition of 3% CKD.

135 =
10.0 -
T 5
5.0 =
0.0 o

0% 3% T% 9% 11%
Percentage of CED

Fig. 2: Results of OMC and MDD at varying percentages of CKD

MDD mOMC

15%

California bearing ratio (CBR)

Fig. 3 is a result of Soaked and unsoaked CBR value for the test. The result
show that there is an increased of CBR with addition of CKD. This increment
may be attributed to the chemical and cementation effect on structural
composition of the <oil. Presence of Ca?+, 5i%* and Al3+ cations in CKD, itreact
with water and resulting in the formation of Calcium-Silicate-hydrates (CSH)
and Calcium-Aluminate- hydrates (CAH). CSH and CAH are cementation
products similar to those formed in Portland cement. Time duration and
sufficient water favours these reactions.

H B Soak BUnsoaked
(= T
E
- i
s
B 5
3 -
0 -

0% 3% T% % 11% 15%

Percentage of CKD
sults of CBR Test
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Permeability Test Result

From Table 2, it can be seen that the Permeability of the Soil Sample have
decreased as the percentage of CKD increased. The Coefficient of Permeability
at 15 % addition of CKD to the soil is 8.2x107 cm/sec. As compared to the
untreated clay soil (at 0 % CKD), the percentage decrease at 15 % addition of
CKD to the clay soil is 87%. This is due to the increase in finer material as
percentages of CKD increase in the clay soil-CKD mixture. Permeability
decreases because of the growing reaction products and reduction in

connected voids.
Table 2: Coefficient of Permeability with varying Percentages of CKD
Percentage Coefficient of
of CKD Permeability
(g/cm?)
| 0% 6.2 x10¢
i: 3% 4.8x10
! 7% 2.8x10%
' 9% 8.1x107
11% 5.8x107
15% 8.2x107

CONCLUSION
ﬁasgd on the results obtained and discussion the following conclusions can be

: ;gylpacﬁun characteristics of soils vary significantly with CKD
optimum moisture content increases and maximum dry
ecreases with increased CKD content.
ared to untreated clay soil, the percentage increase in OMC at
n of CKD to the soil is 9.5%, and MDD is 1.91%.
decreases and Plastic limit of soil increases as the
CKD increases. The Plasticity index of soil reduces with

' ntent. Hence the soil samples become less plastic and

: nc unsoaked condition increases with increases
41 BR values of soil are indicator of sub-grade soil
used for design of flexible pavement. The CBR
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\;l;; t:i ;;ﬂﬂ ;?;t:d clay soil is '_103% which_ can be used for the
pavement for light and medium traffic
5. Ectefﬁcient of permeability i.e., Hydraulic conductivity of soil reduces
with increased CKD percentages. Percentage reduction in Permeability
of soil is 87%; hence stabilized soil may be used for the impervious COTe
in embankment and, the treated soil could be used as a soil-based
barrier layer for containment of hazardous waste.
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