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Most of the soils suffered from significant geotechnical problems
dependent on factors like the type of soil, soil composition and
mineralogy. Especially, the problems related to mechanical and

physical properties of soils. Several studies have been used to mitigate
the adverse effects of soils through using either additive conventional
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materials such as cement, lime or these soils blending with produced
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soils. According to literatures, such wastes have been classified as
sustainable materials. This paper focuses on stabilizing or improving
abbas.altaie@eng.nahrainuniv.edu.iq | Jifferent soils using sustainable materials. These materials provided

engineering and economic benefits through improving the
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geotechnical properties of soil. According to the results of this review,
the effect of different sustainable materials on compaction

Revised: 5% March 2020 characteristics, California bearing ratio and unconfined compressive

strength have been studied and discussed in this paper.
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1. Introduction

The concept of soil improvement presented, increase
strength, provide volume stability, reduce deformability,
reduce permeability and enhance the durability of soil
Fatani and Alzahrani [1]. The scientific techniques of
soil stabilization either using of cementitious material
like Portland cement, hydraulic lime has been
investigated by many researchers Petrenko et al, Liang
et al and Sharo et al)[2-4] or mixing with the correct
proportion of sandy and clay soil or by mechanical
compaction of natural soils, two research by Al-Taie
and Al-Shakarchi [5-6], Hussein et al, Al Taie et al
[7-8].

The production of cement has severe environmental
impacts, using large amounts of fossil fuels lead to
speared and emission of more than 5% of carbon dioxide
worldwide Cristelo et al [9]. Hence, the use of the
alternative cementitious materials in soil stabilization
application has been studied and recorded a noticeable
performance. These materials are called sustainability
cementitious materials that are waste or by-products and
possess hydraulic and pozzolanic characteristics Rios et
al [10]. The advantage of these materials stabilized the
soil and it more economic in the filed construction and
significant reduction of environmental pollution. A

review regarding improving different soils using
environment friendly materials such as fly ash, cement
kiln dust, ground granulated, blast slag, rice husk ash etc.
was presented in this paper.
Natural Soils Problems:

The geotechnical problems of soils such as bearing
failure, differential settlements, hydrocompression,
ground heave, instability, liquefaction, erosion, and water
seepage have been studied by Han [11]. The problems
of natural soils in geotechnical applications can be
simulated in the following table (1)

Table. (1) Illustrated the problematic soils by Han
(2015) [11] modified

Type of Problems
soils
Low strength, high compressibility,
soft clay large creep deformation, low
permeability
Low strength, high compressibility,
Silt high liquefaction potential, low
permeability, high erodibility
Organic High compressibility, large creep
soil deformation
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Loose Low strength, high compressibility, density (MDD) and California bearing ratio(CBR)
high liquefaction potential, high increased up to a point around 50% CKD content, after

sand permeability, high erodibility which the MDD and CBR continue to reduce while

Collapsible | Large volume change Al-Taie et al. optimum moisture content (OMC) decreased at adding

soil [12] CKD around 0%-40% then increased.

Expansive | Large volume change Al-Jeznawi et Three types of soils have been investigated by Miller

soil al. [13] and Azad [17] (CH, CL, ML). The dosage of CKD was

Furthermore above mention problems, the subgrade
during winter seasons, movement water table, and heavy
traffic may cause migration fine particles from the
subgrade to the subbase layers, this phenomenon has
been investigated by Kermani et al [14] and discussed
the major contributor in faulting and pavement
failure. Tiwari et al. [15] studied the cracking roads and
floor due to the uplift subgrade of the road (expansive
soil) and floor slab. This reason belonged to the
expansive soils contain minerals that absorb the water
then, lead to an increase in its volume.

Types of Sustainable Materials According
to Their Sources
1-Industrial Waste:

Cement Kiln Dust

CKD a waste by-product of Portland cement
manufacture. This material considered a storage
problem, health hazard, economical solution.

Baghdadi et al. [16] utilized Cement kiln dust in
order to treat dune-sand ( SP). For light applications, it
was expected that 12-30% should be tolerance to
upgrade dune sand, while for heavily loaded applications,
it was required to raise the CKD content to about 50%.
However the percentages between 12 and 50% may be
satisfactory but if increased it to75% and 100% CKD,
that led to failure in durability. Due to void filling with
CKD and cementing particles of soils, maximum dry
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(5%-30%) increment 5%, the optimum CKD content at
25%. The result of this study showed increased in
unconfined compressive strength UCS, significant
reductions in plasticity index (PI) and maximum dry
density (MDD) while optimum moisture content (OMC)
increased with CKD treatment.

Miller and Zaman [18]evaluated the difference in
the effectiveness of CKD from three different Portland
cement producers and comparable with lime to enhance
the soil. The results have advantages better than lime.
Lime is considerably a classic modifier of cohesive soils,
whereas CKD both modifies and stabilizes. Regarding
the improvement of strength, the development of
strength in soil treated with CKD found more quickly.
The mixing and compaction process in the mixture of
soil and CKD does not require a delay time in
comparison to that required for soil mixed with
quicklime. CKD is effective at stabilizing both cohesive
and cohesionless soils.

Parsons et al.[19] investigated eight soils (three CH
soils, two CL soils, ML, SM, and SP). Effectiveness of
CKD as a stabilizer for these soils have been studied and
recorded different ratio improvement according to the
type of soils at optimum percentages of CKD added.
Figures (1) to (3) show the responses of different soils to
CKD as a stabilizer. It can be noted that the plasticity of
soil is highly affected by CKD content. High
improvement can be seen for soil strength with the
content of the stabilizer.
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Figure (1): Effect of CKD on Atterberg Limits.
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Figure (2): Effect of CKD on Compaction Characteristics.

©
S
< 1200
=
4
¢ 1000
5
7
()
> 800
Z
2
<
s 600
€
S
< 400
(9]
£
£ 200
o
S
=) 0

mUCS

B UCS with ckd

alll

m Ko, Hoss Moo Ubse Plasy
U lesy, )’9596;,,5)(95%,«,,,9 )(83%)«,,,9 ){5596&8 )"‘%fme ’gz%f,,,

Mo,
%f’"es )

Figure (3) Effect of CKD on Unconfined Compressive Strength.

Amadi [20], Jimoh et al. [21] investigated the use
of cement kiln dust (CKD) to enhance the durability of
black cotton soil (BC soil) subgrade modified with quarry
fines (QF). Specimens were prepared with BC soil mixed
with a constant dosage of 10% QF and five levels of
CKD proportions (0%, 4%, 8%, 12%, and 16% by dry
weight of soil). Test results show that each liquid limit,
plastic limit, and plasticity index decreased with added of
CKD. Mixtutes at 0% and 4% CKD lead to failed the
CBR, swell limits and loss of the strength criterion while
mixture having 8-16% CKD satisfied results of the CBR
and swell requirement as well as strength immersion
criterion. The maximum dry unit weight increased on the
addition of quarry fines. Dry unit weights were thereafter
generally lowered when CKD was introduced. The
optimum moisture content, on the other hand, increased
for the natural soil when QF was added. The addition
of QF together with CKD to the BC soil revealed a
noticeable performance to improve soil structural
properties by increasing the unconfined compressive
strength UCS almost linearly with increases in the CKD
content.

Hossain [22] used vatious combinations of Cement
kiln dust and rice husk ash as stabilizers in different
percentages (maximum up to 20%) to develop and
evaluate stabilized clayey soils. CKD-stabilized soils
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showed higher strength, elastic modulus,
values, CBR, water resistance, while the water absorption
(sorptivity) is lower in comparison to their RHA-
counterparts.

AI-Homidy et al. [23] investigated the feasibility of
utilizing CKD for improving the properties of weak soil
such as SM or SC soils (Sandy soil or Muddy soil
consisted of sandy carbonate mud soil). Soil samples are
prepared with 2% cement and 10%, 20%, or 30% CKD.
It is observed that the soil blended with 2% cement, and
30% CKD could be used as a sub-base material in rigid
pavements. the use of 30% CKD can
contribute to mitigating the consumption of cement by

shrinkage

However,

5%, which, in turn, leads to environmental and economic
benefits. The results of this study prove optimum
california ratio and
compressive  strength
maximum dry density decreased.
Cui et al. [24] studied mitigation a dramatic
problematic for expansive soil through added different
CKD content ratios, ranging from 0 to 18% by dry mass
soils but the optimal of CKD content is between 10 and
(14)%. The results of this study show that CKD can
improve the long-term strength of expansive soil. Both

the size and amount of macro-pores and micro-pores

moisture  content, bearing

unconfined increased while

decrease with an increase in CKD content. Saturation
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the soil
structure then, it became more dispersive and possed

and hydration processes have occurred on

lower strength. However to restrain these processes,
adding CKD was a significant performance.

Mohammadinia et al. [25] |utilized the
incorporation of two waste materials in order to strength
and stiffness of demolition waste aggregates. (CKD) and
fly ash (FA) which has a rich source of calcium, silica and
alumina. This research has been presented three major
compenents of the demolition waste firstly, (Recycled
concrete aggregate (RCA), secondly, Crushed Brick(CB),
finally Reclaimed Asphalt Pavement (RAP)) to assess the
efficiency of the stabilization process. The optimum
ratio of FA:CKD around 50:50 proven a remarkable
improvement. However, alkali-activation of 15% CKD
and 15%FA mixed with an aggregates type C and D can
obtain a good blend to use as construction materials.
With higher CKD content, the higher surface area and
high-water absorption of the CKD leads to a higher
water content of the mixture. On the other side the
spherical FA particles facilitated the rearrangement of
the aggregate which, in turn, reducing the OMC of the
mixes with higher FA content. Although the densities
were constant, they were slightly increased with CKD.

Mahdi et al. [26] studied the effect of the cement
kiln dust (CKD) as a stabilizer for subbase type (B) to
20% by weight. Both density and optimum moisture
content were clearly increased when the CKD content
increased. The percent more than 15% of CKD make
increasing in CBR and UCS to more than 115% and 55%
respectively. Results indicated that there is the ability to
use the CKD as an alternative material for cement

Naseem et al. [27] had studied the effect of tire
rubber powder (TRP) and cement kiln dust (CKD) in
order to improve low shear strength, bearing capacity
and other swelling parameters for expansive soils. The
percentages were about 5% TRP and 5, 10, 15,20, 25%
CKD. It was found that the optimum content is at 5%
TRP with 10%CKD, the plasticity of soil was reduced
with the addition of TRP and CKD. MDD was
increased, also UCS was increased up to peak value at
5% TRP, but when added 10% CKD, the inctrease in
UCS and CBR values reached 277% and 249% of the
initial strength respectively.

Shukla and Tiwari [27] investigated clayey soil
(type, CH) that demonstrated expansive behavior and
make higher swelling and shrinkage property during dry
and wet states then these phenomena lead to a loss in
strength of the soil. To modify the engineering
properties of the subgrade clayey soil, soil blending with
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different percentage of cement kiln Dust as 5%, 10%,
15%, 20%, and 25% by weight. The results of this study
were decrement in the swelling potential of soil when the
percentage reached 25% replacement of soil also, the
optimum moisture content (OMC) decreases and
maximum dry density (MDD) increases with increased
CKD up to 25%. UCS and CBR value increased with
increased CKD, CBR reached up to double value as
compared to the raw soil.

Expansive  soil from  southwestern
Baghdad have been prepared and blended with
different contents of cement dust, (4 to 20)%, by
Almurshedi  [29]. This
observation method to
properties of this soil
consistency limits, (L.L, P.L, P.I), increasing the
density

samples

modifier  considerable

improve  geotechnical
such as decreasing the
corresponding  to  lower
the
unconfined

8%  with

maximum  dry

optimum water content, decreasing swelling

pressure  and  swelling  potential.

compressive  strength  improved by
increasing cement dust content to 16%.
Al-Baidhani and Al-Taie [30]
review that included many materials used as a
stabilizer for expansive soil such as CKD. They
that  the the

montmortillorillonite improvement

presented a

noted plasticity  index  of

clay  reduced,
in shear strength, reduced maximum density of
the soil, while the values of optimum moisture
content and  Califonia  bearing ratio  were
increased.

Rimal et al [31] treated two natural soils (ML
and CL soils) with several proportions of CKD
for wvarious curing periods. The percentages were
(2.5, 5, 7.5 ,10 %). The MDD and OMC increased
with added CKD. At fourteen days curing, the
UCS increased and reached high wvalue about ten
times with increased CKD .

From overall group researchers can make a chart as
shown in Figure (4). The adding of CKD to all
engineering types soils has been demonstrated that CBR
values were more efficient in NP soils. CBR values
recorded slightly dropped at CH and CL soils , this
reason belonged to the usage of incorporation of CKD
with other materials such as quarry fines (QF), rice husk
ash (RHA). A noticeable performance in SP can be
observed, this reason deported to a lack in the ratio of
fine aggregates. However, the usage of 30% CKD with
2% cement at SM or SC soil considered a significant

reduction in cement consumption.
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Figure (4): CBR values respected to different researchers with and without CKD and other materials.

Figures (5) and (6) illustrated the behavior of CKD react with water due to calcium oxide in CKD loved
in sandy soils different than clayey soils. In sandy soil, water. The Interpretation in clayey soil, MDD decreased
the first MDD increased with higher CKD due to the with CKD adding ,due to pozzolanic stabilizer can be
voids between sand particles filled with CKD particles. bind soil particles together and reduce water absorption
After that, MDD decreased because CKD continued to by clay particles.
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Figure (5): MDD and OMC respected to different researchers without CKD.
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Red Mud

Red mud, RD, is a byproduct of the bauxite industry.
Kalkan [32], Kocserha et al [33], and Sridevi et al [34],
respectively studied the effect of red mud (RD) on
geotechnical characteristics of the clay soil. Kalkan
stabilized expansive soil with RD and found an increase
in strength and decrease in hydraulic conductivity and
swelling percentage. Kocserha et al. examined the effects
of red mud addition on clays with and without earth
alkali carbonate content. They were stated that the
increase in MDD increases red mud up to 40%. Sridevi
et al. used red mud with lime and fly ash with lime then,
using this mixture as a stabilizer of expansive soil. Red
mud, as well as fly ash, stabilized with 4% lime, and this
mixture is added to the expansive soil in various
percentages serious, 10 to 50% in increments of 10%. As
a result, the geotechnical properties of the soil improved.
Fly Ash

Kolias et al. [35] investigated the effectiveness of
using high calcium fly ash and cement in stabilizing two
fine-grained soils, high plasticity (CH), and low plasticity
(CL) clays. The percentages of fly ash (FA) and cement
(C) used were (5%, 10%, and 20%) and (2%, and 4%0) by
weight of soil respectively. The results indicated that the
soil became non-plastic after mixing with fly ash. The
MDD and OMC increased as fly ash added. At 10% fly
ash with 4% cement, the UCS value revealed the highest
levels. Zhang and Solis [36] had used fly ash as a
suitable stabilizer of local gypsiferous soil. soil samples
were treated with varying the percentages of
(10%,15%,20%,25%) of fly ash with gypsiferous soil.
Based on the results obtained from the laboratory testing
on gypsiferous soils before and after the addition of fly
ash, the strength is increased when the curing period is
increased.

Han-bing et al. [37] investigated the effect of
additive fly ash on silty clay soil in order to enhance this
soil. The proportions of fly ash to soil 1:4, 1:2 and 1:1.
The results of the strength index at 1:2 was tolerable and
better than another ratio. The frost heave decreases with
raised of fly ash.

Senol et al. [38] improved the engineering properties
of the low plasticity clay subgrade by blending the soil
with Class C fly ash and Virgin Homopolymer
Polypropylene (VHP). The best results were achieved
when soil mixed with 10% of fly ash and 0.25% of VHP.
The unconfined compressive strength (qu) of the low
plasticity clay increases and reachesa peak value
of approximately 200% when the fly ash content 10%
and 0.25% of VHP. On the other side, at 15% fly ash
content, the increase in qu was dramatic decrease which
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could be even neglected. The OMC decreased, at fly ash
content increased.

Sabat and Moharana [39] investigated the effects
of compaction energy on engineering properties of an
expansive soil by using the fly ash-granite dust
as a stabilizer on it. The maximum dry density increased
and optimum moisture content decreased with
compaction energy increased, so the soaked CBR
increased and UCS increased at 42% FA-GD, however,
UCS goes on decreasing when FA-GD overflow 42%.

Turan et al. [40] studied the effects of consistency,
swelling and strength characteristics of class C fly ash
with one day curing petiod as a stabilizer for clayey soil.
This type of stabilizer considers as eco-friendly. The
results prove that the addition of fly ash leads to mitigate
of the plasticity index, the swelling, and the
compressibility index, on the other side compressive
strength increased. The maximum dry density decreased
while optimum moisture content increased at 5 % fly ash
by dry weight of the Soil. At fly ash content increased up
t030%, both of MDD and OMC have been taken a
reverse trends. UCS increased gradually with increasing
fly ash content up to 30%.

Ige and Ajamu [41] determined the dosage of fly
ash that would be added to sandy soil in order to obtain
the optimum stability of the soil and enhancement of
physical and engineering properties of soil. At 40% of fly
ash has the greatest effect on the increment of the
compressive strength of the sandy soil. At 10% addition
of fly ash replaced with a mass of bulk sand and
recompact. This, however, is the same for 20%, 30%,
40% and50%. MDD decreased while OMC, increased
with added of Fly Ash.

Sabat and Mohanta [42] investigated the potential
added Fly ash to an expansive soil stabilized with 9%
limestone dust. It was found that expansive soil
stabilized with 9% limestone dust and 15% fly ash, can
be successfully utilized as a material for subgrade
in the pavement. From the compaction test, MDD

decreased and OMC increases with the rise in
addition to fly ash.
From the above mentioned, the effect

of the addition of Fly ash alone or combination with
another material on varying soils is illustrated in the
following table (2) and figures(7) and (8). Figure (7) show
that MDD and OMC decreased and increased
respectively with added fly ash alone to soil has fine
grains. This reason belonged to the specific gravity of fly
ash less than soil, while MDD increased in sandy soil.
However, additional combination materials lead to raise
MDD and drop OMC due to Gs for these materials
more than Gs of soil.

Table. (2) included some researches details which regarding in type of soil and percentages of additives.

A.K .Sabat and Ak .Sabatand S Ige. J.A and
Researchers Senol et al. RK Moharana Turan C et al. Mohanta Ajamu. 5.0
Type of soil CL CH CI-CL CH(C;FESHSWC Sandy soil
proportions 10%fly 550FA-GD 5% fly ash 20% fly ash 40% fly ash
ash+0.25%VHP Y Y )
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Figure (7): MDD& OMC respected to different researchers.

Figure (8) illustrated the effect of fly ash on CBR for
different soils. The spherical particles of fly ash filled all
pores or voids. Based on the existence of water in soils

3 10%fly
:_;: 600 ash+0.25
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=
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8 %VHP dust
- 300
CIJ
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100 dust
0
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Senol et al A.K .Sabat and R.K

Moharana

W UCS without Flyash

leads to occurrences a pozzolanic reaction, as a result of
a significant interlocking between particles of soil,
consequently increase UCS.

M UCS with Flyash

9%

limstone
30% fly ash +15% fly
ash
0% fly 0% fly
ash ash
40% fly ash
O .
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Figure (8): CBR values respected to different researchers with and without fly ash and other materials.

Ground Granulated Blast Furnace Slag

Yi et al. [43] used an industry by-product, carbide
slag (CS), to activate another industry by-product,
ground granulated blast furnace slag (GGBS) to enhance
soft clay in comparison to Portland cement (PC). The
optimum CS content for the CS—GGBS stabilized clay
was 4%—06%, varying slightly with curing age and GGBS
content. The mixtures of clay- CS-GGBS exhibited
higher UCS values when compared to the mixtures of
clay-PC (more than twice). The following hydration
products were detected for clay- CS-GGBS mixtures:
"Calcium Aluminate Hydrates", (CAH); "Alumino
Ferrite Monosulfate", (AFM); and "Calcium Silicate
Hydrates", (CSH).

Al- Khafaji et al. [44] investigated the effect of
GGBS (ground granulated blast furnace slag) on the
physical and engineering propetties of the soft soil (type
CI). GGBS was added in various percentages (3, 6, 9 and
12%). The results indicated an increase in the MDD
maximum dry density increased and decrease in the
OMC optimum moisture content with increase GGBS

content up to around 9%, after that, at 12% the MDD
and OMC gave reversed trend. In terms of Atterberg
limits, the liquid limit decreased, the plastic limit
increased and the plasticity index decreased with increase
GGBS content. Based on the UCS tests, the strength
indicator increased up to 80% at the optimum amount
of GGBS ( 6%).

Padmaraj and Chandrakaran [45] tested the effect
of Ground Granulated Blast furnace Slag (GGBS) -lime
mixtures in the stabilization of soft soil(CI) to use as
subgrade soil. The percentages added were (5-10-15-
20%) of weight soils. A significant increase in UCS and
CBR value and reduction in the plasticity characteristics
were observed when the GGBS content reached 10
percent. The strength improvement is further enhanced
when 5 percent of lime is added as an activator.

Gonawala et al. [46] used the Electric Arc Furnaces
(EAF) slag and Ground Granulated Blast Furnace Slag
(GGBFES) in base/sub-base layer of Flexible Pavement.
This material has an advantage in waste
utilization by contributing to sustainability. The GGBFS
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proportions were taken 5%, 10%, 15% and 20% of the
total dry weight. EAF slag + 15% GGBES satisfied the
strength criteria for Rural Road. The OMC and MDD
increase in the proportion of GGBFS. The UCS value of
EAF Slag + 15% GGBFS indicated satisfy
for the optimum mix as Rural Road.

Bio-Fuel Co-Product

Ceylan et al. [47] investigated the use of lignin-
containing biofuel coproduct in pavement soil
stabilization. Biofuel coproducts improve the strength of
the Iowa Class 10 soil classified to CL or A-6(8). The
result of this study showed that the UCS of coproduct-
treated soil samples increased with the increase
in the content of co-products, Atterberg limits and
optimum moisture content increased while maximum
density decreased.

Ceylan et al.[48] utilized the sustainable material
known ( Bio-fuel Co-Product A and B ) Containing
Lignin in geotechnical engineering practices to improve
roadbed strength and engineering properties.

The optimum is proportional to Biofuel Co-Product
A (25% lignin and up to 25% water with a pH value of
2.2) and Biofuel Co-Product B (5% lignin, 50%
hemicellulose, 20% cellulose, and other components).
BCP demonstrated a significant amendment results to
stabilize clayey soils as improving the durability,
efficiency, economy, environmental impact, UCS
increased with 12% of co-products. The co-product B
increased the plasticity of soils as a result of arising in the
liquid limit and plastic limit values.

For reduction of soil stabilization costs, utilization of
lignin-based BCPs (biofuel co-products) as an alternative
to  stabilize  pavement  subgrade  soil  has
been investigating by Uzer [49]. The optimum dosage
was 12% (BCP ). Four types of soils have been collected
from Iowa, USA (SC, CL-ML with fines 62.5%, CL-ML
with fines 53.1%, ML). The results of this study showed
that the shear strength values increased up to two times
for all soil types.

Brick Kiln Dust
Bhavsar and Patel [50] resolved the problem of
swelling and shrinkage for black cotton soil

by replacing the soil by stabilizing agents such as brick.
The proportion of blending was 50% of black cotton soil
and 50% brick dust. The addition of 50% brick dust
leads to increase maximum dry density by 13.27% where
optimum moisture content reduced by 6.39% as
compare to black cotton soil. With Brick Dust 50% of
its dry weight, swelling and shrinkage behavior of
expansive soil has been mitigated.

Incorporated of brick kiln dust with fly ash have been
studied by Wanare [51], this
amelioration of geotechnical properties for black cotton

mixture used as

soil. The percentages of brick kiln dust and fly ash were
(10%,20%,30%and 40%). The effectiveness of fly ash
with soil higher than brick kiln dust with soil , specifically
liquid limit and plastic limit, on the other side the MDD
is constant for all of them while OMC was found to be
different in the mixture of soil brick kiln dust and fly ash.
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Al-Baidhani and Al-Taie [52] presented a review
around brick waste in the stabilization of expansive soil.
The optimum content was varied from 40 to 50%. Brick
waste considered successful waste in reducing the
engineering problems of this soil. MDD decreased
with the addition of brick waste.

Ceramic Dust

The effect of waste ceramic dust as a stabilizer of
expansive soil has been investigated by Sabat , Sabat
and Boss|[53,54]. Sabat used ceramic dust from 0 to 30%
at an increment of 5%. Ceramic dust up to 30% can be
used in strengthening the subgrade of flexible
pavements. At 30% ceramic dust, the classification of the
soil changed from CH to CL, however, MDD increased
and OMC decreasing with an increase in the content of
ceramic dust. At 30% ceramic dust, there is a 150%
increase in soaked CBR value as compared to untreated
soil. Sabat and Boss investigated the effects of ceramic
dust on compaction characteristics.

The optimum dosages of fly ash, lime and ceramic
dust were 10%, 5%, 35% respectively with improvement
in strength, durability and swelling.

James and Pandian [55] investigated the addition
of ceramic dust to cement then, this mixture used as a
stabilizer of CH soil. The early gain strength has been
discussed and recorded a noticeable performance at a
higher ceramic dust content.

James and Pandian [56] studied the free lime
contents. They were amended with various amounts of
ceramic dust to stabilize cohesive soil.  The optimal
dosage of CD to lime stabilization resulted in (12-14) %
gain in strength of the stabilized soil. The CD
amendment of lime stabilization resulted in a further
reduction in plasticity and swell-shrink nature of the
stabilized soil. CD was able to enhance the strength of
the lime stabilized soil.

Sawdust Ash and Wood Ash

Supancic and Obernberger [57] utilized wood
ashes as a binder for the base road layer. Ash from grate
furnace had CaO higher than lime, therefore, it is able to
use as binding particles in the stabilization of soils.

Oluremi et al. [58] treated lateritic soil of low
plasticity with up to 10 % waste wood ash (WWA) to
assess the volumetric shrinkage of the mixture for use as
a liner material. The addition of waste wood ash
contributed to reducing the volumetric shrinkage strain
of the treated soil. The advantage of additive waste wood
ash 10 % on lateritic soil contributed to preventing
desiccation. As a result, the cracking occurrence reduced
that lead to low hydraulic conductivity.

Ezekiel et al.[59] used Sawdust Ash (SDA) and
Palm Kernel Shell Ash (PKSA) on Granular soil
materials and Silt — Clay soil materials. The additives
were mixed with the soil samples in proportions of 2%,
4%, 6% and 8%. The increment in MDD wvalues as the
contents of the additive increase is likely to make the
soil suitable for subgrade, subbase and base course. The
presence of the additives increases the MDD of the soil
which was higher in PKSA than in SDA. The additives
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were reducing the environmental hazard issues arising
from the disposal of the wastes.
Stone Dust

Suresh et al. [60] added both optimum percentages
of stone dust (3%) and fibers (0.6%) to the Black Cotton
Soil for improving the strength characteristics of
subgrade. The results of this study demonstrated an
increase in unconfined compressive strength and CBR
soaked with the addition of stone dust and fibers while
each MDD and OMC dectreased.

Dixit and Patil [61] utilized stone dust to improve
the engineering properties of expansive soils and can be
considered as a good sub base material when used as
embankment roads. The percentage of stone dust in the
range of 0 to 60% by weight of soil, increment 10%. The
MDD increased and OMC decreased at the stone dust
ratio increased as well as the improvement ratio of CBR
increased. Also, the reuse of this waste material is
economically advantageous and does not bring any
environmental hazards.

Mishra et al. [62] demonstrated an economical
solution by mechanical stabilization of the subgrade soil
with stabilizers such as a coarse aggregate of 10 mm size
and stone dust. The experimental study carried out on
three types of fine-grained soil (CL-ML, CL and ML).
The study revealed that on the addition of the stabilizers
with subgrade soil, the CBR value and MDD increased
while OMC decreased. The dosages of these additives
were (10%, 20% and 30% by mass of dry soil) and (10%
and 20% by mass of dry soil) for stone dust and 10 mm
size coarse aggregates respectively. Based on 10% stone
dust + 20% coarse aggregates, the CBR value of the soil
improved.

Crushed Tiles

Liquefaction occurrence for Many sandy soils due to
the earthquake in Japan has been studied by Yukihiro et
al. [63]. The objectives focused on using the material
property of the crushed tile to reduce the liquefaction of
the soil. As a result, both angle of internal friction and
the coefficient of permeability achieved high value.

Al-Bared and Marto [64] used two different sizes of
recycled blended tiles (RBT), 0.063, and 0.15 mm
diameter to stabilize marine clay. These materials
considered as environmental-friendly, cost-effective and
sustainable stabilizers. RBT for both sizes was added and
tested in four different percentages (i.e. 10, 20, 30 and
40% of the dry weight of soil). MDD increased while
OMC decreased due to the RBT reduced the attraction
of water molecules. The optimum value of RBT was 30%
and further increment of RBT resulted in a mitigation of
MDD. At 40% RBT, MDD was dropped slightly for
0.063 mm RBT, while MDD remained steady constant
for 0.15 mm RBT which, in turn, the last can be more
effective. However, both sizes considered a good
stabilizer compared with the untreated marine clay.

Muralidharan et al. [65] utilized varying percentages
of vitrified tiles waste powder with calcium hydroxide to
enhance (CH) soils. The different percentages of tiles
waste and calcium hydroxide (5+2.5%, 10+5%,
1547.5%, 20+10%) were mixed with soil samples. The

297

AP

results have been conjugated and recorded a noticeable
performed. The LL.L. and P.L of the soil decreased while
MDD, CBR value and shear strength increased up to
15% of vitrified tile powder and 10% of Ca (OH) 2 and
beyond this ratio the results have been taken a reverse
trend. As a result, the classification soil changed from

clay (CH) to silt (M).

2-Agriculture Waste
Rice Husk Ash

Basha et al. [60] used rice husk ash and cement to
stabilize soils and evaluate some soil properties such as
plasticity, compaction, and strength and X-ray
diffraction. It was found the plasticity of the treated soils
was reduced. Compaction test results showed that soil
samples with any percentage of rice husk and cement
have lower maximum dry density associated with higher
optimum moisture content compared with untreated soil
samples

Vakili et al. [67] used the ZELIAC as a new
stabilizer to treat the dispersive clay (the soil was high
plasticity clay or CH). It consists of zeolite, activated
carbon, limestone, rice husk ash, and Portland cement.
ZELIAC is non-hazardous and environmentally friendly
which renders it preferable over other stabilizers such as
lime or cement. the ZELIAC were 2, 4, 6, 8 and 10% of
the soil dry mass. the OMC increased and MDD
decreased with increasing ZELIAC content up to 8% .
The dectrease in the MDD can be associated with the
lower specific gravity of solid (Gs). At 8% ZELIAC
content the compressibility characteristics of the
dispersive soil were improved and reduction in plasticity.

Kennedy et al. [68] investigated waste materials
(viz., fly ash and rice husk ash) which could be defined
as “sustainable materials for enhancing properties of the
Expansive soils . The optimum ratio of RHA was 4%
from the soil. Soil replaced with 4%RHA-4%Fly ash
(class C or F) -4% Lime mix, improved the properties of
soil . Unconfined Compressive Strength (UCS) is
increased with RHA content. This new sustainable geo-
material is lower cost and can be used as sub-base course
for pavements
Bagasse Ash

Bagasse is a solid waste material. It is extracted from
the cane sugar when this waste is burned then, ash
produced called bagasse. Ultilization of agricultural and
industrial waste to reduce the swelling percentage and
improvement of the strength of black cotton soil have
been studied by Dalal et al. [69]. Firstly, bagasse ash and
granulated blast slag (GGBS) were combined, secondly,
the wood powder was added. Both of these additives
increase the unconfined compressive strength and CBR
values. GGBS and bagasse ash contributed more
towards strength and wood powder contributed more
towards swelling control.

Hatmoko and Suryadharma [70] investigated the
mechanical behavior of bagasse ash stabilized organic
soil. The soil was mixed with 10, 20 and 30% bagasse
ash. The results indicate that the unconfined
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compression strength of stabilized soil improves slightly.
Based on the addition of bagasse to the organic soil, the
UCS does not significantly improve therefore that
required the addition of 6, 8, and 10% calcium carbide
residue (CCR) to get better strength results.
Coconut Shell Ash

Hamza and Paul [71] studied the effects of
polyurethane for clay soil and coconut charcoal ash for
expansive soil. It was found that 0.5% of Polyurethane
improved the shear strength of marine clay by more than
230%. The coconut shell powder (CSP) (0% 3% 6% 9%
and 12%) and lime (3% 6% and 9%) increase in MDD
for soil sample treated with CSP and lime. The
compressive strength of the expensive soil increased by
228% when treated with coconut shell powder and lime.

3- Domestic Waste
Waste Tire

Akbulut et al. [72] investigated the influence of
waste fiber materials such as scrap tire rubber in order
to modify three clayey soil (CH). The dosage of scrap tire
rubber were 1, 2, 3, 4, and 5% by weight of soil. The UCS
increased with adding tire rubber fiber content up to 2%
of 10 mm length then decreased. At the same time, each
cohesion and internal friction values increased.

Kennedy et al. [68] investigated waste materials
Ground Shredded Rubber Tire (GSRT) to improve the
sandy soil. The addition of Ground Shredded Rubber
Tire (GSRT) to fine sand contributed to decreasing the
dry density while the angle of internal friction increased
in both loose and dense states. The coefficient of
permeability (drainage characteristics) increases in both
dense and loose states when the GSRT was added. The
usage of GSRT in geotechnical infrastructure is a wise
option of achieving sustainable development.

Prasad et al. [73] used different treinforcement
materials in the gravel/fly ash subbase coutses laid
on expansive soil subgrade. It was observed from the
laboratory test results of direct shear and CBR, that the
optimum percentage of waste plastics and waste tire
rubber are equal to 0.3% and 5% for gravel subbase
material and 0.4% and 6.0% for fly ash subbase materials.

Kirubakaran and Dinesh [74] studied the
improvement of bearing capacities of the clay soil using
waste tyre rubber. The shredded tyre material used is of
size 4- 5 mm in length. The shreds have a thickness
ranging from 2-3 mm. Using waste tyre rubber is most
effective in earthquake resistant structures. The range of
waste tyre percentages about (3-9) increment 1%.

Hussein et al. [7] presented assessment two granular
additives: granulated  tire rubber, silica sand on
stabilization of soil. The swelling of soil specimens
contained sand is less than that contained GTR.

Egg Shell

The assessment potential of egg-shell powder as a
stabilizer of clayey soil have been investigated by Walia
et al, Anoop et al, and Jijo [75-77] respectively. This
stabilization method is economical and eco-friendly to
reduce the disposal problems of egg shell. Walia et al
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replaced the traditional materials with ESP (egg shell
powder) and SD (stone dust). ESP series of percentages
2,4,6,8,12,16, 20 % and stone dust 10, 20, 30 % were
added by weight of samples. CBR value maximizes from
3.94 to 7.90 with rise in the percentage of ESP from 2 %
to 20 %. Anoop et al used egg shell powder substitute
lime. The egg-shell powder was introduced in quantities
of 0.5%, 1%, 1.5% and 2% of the weight of soft clayey
soil. This material demonstrated much better Strength
properties with 25% replacement of lime by egg shell
powder then used the result of mix to treat the soft clayey
soil. Eventually, Jijo utilized the (ESA) as an auxiliary
addendum to lime in the stabilization of expansive soil.
The addition of ESA resulted in a rise in the strength of
lime stabilized soil and mitigate in the plasticity of lime
stabilized. The optimum (ESA) content is 2% which is
producing a strength gain of lime about 24.43% at 28
days of curing.

Glass Cullet

A number of researchers have discovered the usage
of GC to amend the particle size distribution of the
resulting soil such as kaolin clay and natural sandy gravel
by PennDOT [78], kaolin and bentonite mix by
Malasavage et al. [79],river dredged material by Grubb
et al. [80,81]. The dosages were (10, 20, 35, 50%), (20,
40, 50, 60, 80%), (20, 40, 50, 60, 80%) respectively. GC
was found in two groups: fines, in which a significant
percentage of the soil is passing from sieve 0.075 mm
(such as silts and clays), and granular materials, in which
a significant percentage is retained on sieve 0.075 mm
(sand and gravel ). They were stated that the effect of
adding GC is negligible in well-graded soils. However,
when the soil is pootly graded, the addition of GC would
fill the missing size fraction of the soil. As a result
amending the particle size distribution of the resulting
soil.

An increase in the content of GC results reduction
around 10%-20% in L., P.. and P.I respected to
Basari [82], Eberemu et al. [83], Fauzi et al. [84],
Grubb et al. [80], Malasavage et al. [79].

The addition of GC can produce a significant
minimal on the OMC, While Maximal on the MDD of
fine-grained soils. This case has been studied by, Disfani
et al. [85-87], Grubb et al. [80], PennDOT [78] and
PennDOT [88] as well as recorded a pronounced effect
when the GC content is more than 35%.

The effects of GC on both cohesion(C) and angle of
friction (@)have been examined by Dames and Moore
[89] in gravelly sand and crushed rock, PennDOT [78]
in kaolin, sandy silt and silty sand, Grubb et al. [81] in
dredged materials, Mavroulidou and Ahmed [90] in
natural sand , Basari [82] in the sand and Eberemu et
al. [83] in laterite. The results of these studies were a
reductionin cohesion. However, if the soil has low
plasticity, such as quarry fines, GC has little effect on its
cohesion .on the other side incteases (@) of kaolin,
laterite, silty sand and sandy silt, while decreases (@) of
quarry fines and no significant effect on(®) of sand or
a mixture of sand and gravel.
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Plastic Bottles

Consoli et al. [91] utilized randomly distributed
polyethylene terephthalate fiber, obtained from recycled
waste plastic bottles, alone or combined with rapid
hardening Portland cement to improve the engineering
behavior of a uniform fine sand. The plastic bottles as a
fiber content (up to 0.9 wt %), fiber length (up to 36
mm), cement content (from 0 to 7 wt %). The
unconfined compressive strength and the tensile
strength of the cemented sand were significantly
increased by fiber reinforcement.

Peddaiah et al. [92] made a study on the behavior
and use of waste plastic in silty sand soil improvement.
The results showed that, plastic can be used as an
effective stabilizer so as to encounter a waste disposal
problem as well as an economical solution for stabilizing
weak soils. Plastic reinforced soil behaves like a fiber
reinforced soil. The percentages of plastic bottles were
(0.2, 0.4, 0.6, and 0.8%) for (15 mm x 15 mm) size of
plastic strips. The results of this study's maximum dry
unit weight (MDD) are observed to be maximum at 0.4%
plastic content while OMC values show just an opposite
trend of MDD wvalues for plastic reinforced soil. Shear
strength parameters exhibited the highest improvement
at 0.4% of plastic content. The addition of plastic in
percentages increases the CBR value.

Rashmi et al [93] utilized the waste of plastic bottles
and other plastic to improve the properties of black
cotton soil (expansive soils). This material is friendly
environmental and economical. The various proportions
of plastic waste % by weight varying by 0.5% 1.0% and
1.5% The black cotton soil was added and the optimal
percentage of plastic strips was determined by the CBR
values. 2%, 4%, 6%, 8% and 10% of cement is used as a
stabilizer by weight of soil.

Al-Taie et al. [8] make a study on the use of powder
waste plastic in pootly sand soil improvement. They were
showed that, powder plastic can be used as an effective
stabilizer for pootly graded sand. This is giving an
encounter waste disposal problem as well as an
economical solution for stabilizing poorly graded sandy
soils.

Fibers

Changizi and Haddad [94] investigated the effect
of recycled polyester fiber, produced from polyethylene
(PET) bottles, in combination with nano-SiO2 as a new
stabilizer to improve the mechanical properties of soft
clay soil. Three different combinations of fiber-soil ratios
ranging between 0.1% and 0.5% as well as three different
combinations of nano-soil ratios ranging between 0.5%
and 1% are used. The results indicated that a reduction
in failure strain and increases the shear strength, UCS,
elastic modulus, angle of internal friction, cohesion of
soil and the interlocking force between fiber surface and
soil particles with an increase in the nano -Sio2 .in the
other hand the increase in nano-SiO2 contents
contributes to the creation of tensile cracks in the treated
specimens.

Kennedy et al. [95] investigated the Irvinga
Gabonesis fibre, populatly called Bush mango with lime
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to improve the soft clay soils. irvinga gabonesis fibre +
lime with 0.25% + 2.5%, 0.5% + 5.0%, 0.75% + 7.5%
and 1.0% + 10% combined ratio to soils. Stabilized soils
result of compaction test confirmed increased values in
both maximum dry density and optimum moisture
content with inclusion percentages ratio increase.
Unconfined compressive strength test results showed
increased values with additives percentages ratio
increase, the plastic index decreased with an increase in
percentage ratio additives. Compaction test results
proved increased values in both MDD and OMC with
increased additives. UCS increased values with additives
percentages ratio increase. The values of the plastic index
decreased with an increase in percentage ratio additives.
Bordoloi et al. [96] Explored the usage of
sustainable materials in the form of natural fibers for
reinforcing and improving the (ML) subgrade strength
of pavements. In order to improve the strength as well
as increasing the working life of such natural fibers ((jute,
and water hyacinth and coir), using chemically coat the
natural fiber surface with nanoparticles of ferric
hydroxide and aluminum hydroxide. The results
demonstrate the efficacy of using chemically altered
natural fiber in increasing the subgrade strength of
embankment material as a sustainable infrastructure tool.
The treatment further decreased the moisture absorption
capacity of the fibers thus increasing their work life.

4-Mineral Waste
Zinc Waste

Poulose and Vasudevan [97] investigated the use of
Jarofix (a waste material produced during the extraction
of zinc ore) as random reinforcing material with clayey
soil (CH) to improve engineering behavior. Specimens
were prepared at different percentages of Jarofix viz.
0.5%, 1%, 1.5%, 2%, 2.5% and 3%. Deviatoric stress at
failure is increasing as the percentage of jarofix content
increases and the maximum occurs at the 2% of jarofix
addition. Undrained cohesion, angle of internal friction
and young’s modulus also increases. Curing has a very
positive result on the shear strength characteristics of the
soil. Up to 3 days curing provide greater improvement in
shear strength characteristics. The strength gain may be
due to pozzolanic reaction, cation exchange and strength
gaining compounds formed within the soil Jarofix
mixture in the presence of water due to the chemical
Marble Dust

Marble dust had been used as an additive material in
three specimens of clay soil (CH, CL, and CL) by
Zorluer and Muratoglu [98]. The specimens were
blended with waste marble dust at 5%, 10% and 15%.
The results obtained from this study included both of
swelling index and consolidation index of specimens
were decreased as well as void ratio decreases. As a result,
consolidation settlement reduced.

Saygili [99] utilized waste marble dust in stabilizing
problematic soils (especially swelling clays) consist of
Kaolinite and bentonite clays. The marble dust addition
ratios which have been studied were 0 %, 5 %, 10 %, 20
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% and 30 % by weight. The obtained results of this study
were shown the optimum moisture content and
swelling potential decreased while Maximum dry unit
weight and unconfined compressive strength increased
with a rising percentage of marble dust addition. SEM
images show morphological changes when clay samples
are treated with marble dust displaying a more compact
structure with fewer pores and pores are filled with
cementitious products.

The usage of marble dust for silty soil (MH)
stabilization has been investigated by Yilmaz and
Yurdakul [100]. Geotechnical properties, such as
Atterberg limits, compaction, unconfined compressive
strength were determined. The percentages of marble
dust were (5%, 10%, 15%, 20%, 25%, 30%, 35%, and
40%). The results showed that the improvement of high
plasticity silty soil was noted with both of OMC and UCS
with the increasing marble dust ratio.

Priyanka and Rao [101] utilized marble dust as a
stabilizer to treat expansive soil. Laboratory tests
conducted on the black cotton soil mixed with vatious
percentages (0, 5, 10, 15 and 20%) of marble dust (MD).
The results showed an increase of Maximum dry density
(MDD) and a decrease of Optimum Moisture Content
(OMC) values with the increase of MD percentage. The
immediate strength of black cotton soil samples
increased with an increase of marble dust content up to
15%, after that the trend of strength decrement from
15% marble dust to 20% marble dust in soil samples.

Neeladharan et al. [102] improved the load bearing
capacity of clay soil (CH). The different percentage of
5%, 10%, 15% and 20% of matble dust and 2.5%, 5%,
7.5% and 10% of sodium silicate has been added and
recorded alteration results. A ratio of marble dust 15%
and NazSios 10% (optimum percentages), the soil
changed from CH to ML, L.L and P.LL of the soil
decreased, The MDD increased while OMC decreased
and The CBR value has increased.

Silica Fume

Akbulut and Saglamer [103] investigated the most
effective mixture of silica fume, fly ash, clay and
comparable with cement, then using as filling materials
to enhance granular soil (SP). The experimental test
included grouting these materials in a plastic cylindrical
mold of the soil .The capable 10% and 20% of SF to
reduce the hydraulic conductivity were more efficiently
than cement while the 50%, 80%, 100% of clay
decreased the permeability and 10% of fly ash revealed
an indicator performance to decrease permeability
consequentially for all percentages the shear strength
increased with added these materials.

The effect of adding silica fume to improve the
engineering properties of clayey soil has been studied by
Kalkan and Akbulut [104], Kalkan [105] . Kalkan and
Akbulut found the adding of silica fume on soil resulted
in low values in permeability and swelling pressure and
significantly high compressive strength. While Kalkan
added series percentages (10, 20, 30, 40, 50%) of silica
fume on the soil. The results included a drop in the
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expansion of dryness cracks on the surface soils as well
as the compressibility and swelling behavior decreased.

Khaled [106] examined the suitability of silica fume
as a stabilization material improve clayey soils. The
amount of silica fume added series percentages. The
results show that silica fume decreases the development
of desiccation cracks on the surface of compacted
samples by the gyratory compactor, the optimum
moisture content values increased and the maximum dry
unit weight values decreased.

Saygili and Dayan [107] used silica fume and fiber
to improve the compressive strength values and
enhanced the freeze-thaw of the lime rich kaolinite
durability which classified as (CL) soils. A Silica fume
particle reacted with the lime rich kaolinite and through
hydration reactions, CSH gel products were formed,
which surrounded the kaolinite particles. Voids of the
modified samples were filled with the CSH gel Fibers
improved the friction resistance, the interlocking effect
was created by cementation reactions between lime
stabilized soil. fiber content varied between 0.25% to 1%
and silica fume content varied between 2.5% to 10% by
dry weight of kaolinite clay. The obtained results
demonstrated that the characteristic of the modified clay
soils for stress-strain curves changed and shifted from
ductile to brittle.

5. Conclusions
Sustainable materials are environmental eco-friendly

materials used as a stabilizer to mitigate the negative
effects for soil through the occurrence of pozzolanic and
chemical reactions lead to bind particles of soil by
cementitious sustainability. A review of these materials
was presented and discussed in this paper. It was
demonstrated that:

1- The range for dosages of different additives was
varied widely, for industrial waste such as CKD, red
mud, fly ash, GGBS, brick kiln dust, ceramic dust,
Sawdust ash, bio-fuel co-product, stone dust,
crushed tiles, these dosages ranged from (2%-
50%).While these dosages for agricultural waste like
rice husk ash ,bagasse ash and coconut shell ash
ranged from (4%-30%). The dosages of domestic
waste such as waste tire, egg shell, plastic bottles,
fibers ranged from (2%-8%) except glass cullet which
reached more than 10%, mineral waste dosages such
as zinc waste, marble dust and silica fume ranged
from (2%-40%).

2- In general, the influence of addition sustainable
materials on Atterberg limits have been reviewed and
noticed different behavior according to types of soil
and stabilizer. However, most of these materials led
to reduce in values of Atterbreg limits (L.L. ,P.I. ,PT)
excepted bio-fuel co product,in which the ( LL,PL,
PI) increased when added it .

3- In most cases, the effect of added sustainable
materials on potential swelling has been discussed
and reported an observation performance to reduce
it. However, the proportions of these materials were
more effective in potential swelling.
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4- A few numbers of researchers investigated the effect
of sustainable materials on permeability materials.

5- The amount of improvement soil researches that
focused on fine grain soil has been studied by many
researchers more than coarse grain soils.

6- The compaction characteristics of these soils (MDD
and OMC) was varied according to the type of soils
and sustainable materials. MDD and OMC
sometimes decreased and increased respectively,
however, their performance may follow different
approaches. The main objectives of adding these
materials should be to make the structure of soil
more flocculated and agglomeration especially, clay
particles.

7- Based on the percentage and type of sustainable
materials used, the California bearing ratio and
unconfined compressive strength of the soils were
improved when these soils treated with these
additions. Due to the limited effect of Egg shell on
soil, the egg shell mixed with lime to improve it .

8- Industrial waste by a product like CKD, GGBS, red
mud,...revealed more efficiently to improve the soil
when compared with other groups

9- Sustainable materials are economy, friendly
environment through mitigation of the adverse
effects such as health hazards on humans and
problems of storages.
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