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Highlights:  

 The chemical analysis of the bagasse ash used in this study indicated that the main 
elements were silica (64.89%), alumina (5.66%), and iron (3.39%). 

 The California bearing ratio (CBR) increased from 34% to 48% with SCBA partially 
replacing hydrated lime.  

 Lime replacement of 6% SCBA of the 5% lime was obtained as the optimum treatment. 
This produced a CBR of 48%, an optimum moisture content of 25%, a maximum dry 
density (MDD) of 1.7 Mg/m3, linear shrinkage of 10%, and a plasticity index of 20%. 

 

Abstract. Expansive soils constitute one of the most frequently encountered and 
challenging soils to geotechnical engineers. This study assessed the possibility of 
utilizing sugarcane bagasse ash (SCBA) by partially replacing slaked lime to 
stabilize expansive clay soils. The soil samples were picked from Muduuma area, 
Mpigi district, Central Uganda. Experimental tests of linear shrinkage (LS), 
plasticity index (PI), and California Bearing Ratio (CBR) were conducted on both 
unstabilized soil and SCBA-lime treated samples. The SCBA-lime mixture was 
prepared by partially replacing 5% lime with SCBA at 2, 4, 6, 8, and 10% by 
weight. Hence, SCBA was used in proportions of 0.1, 0.2, 0.3, 0.4, and 0.5% by 
dry weight of the soil. The addition of lime greatly lowered the PI and LS, which 
later increased with the addition of the SCBA. The maximum dry density was 
generally lowered with the addition of lime and SCBA, from 1.87 g/cm3 to 1.58%. 
The CBR increased with SCBA-lime addition from 12% for unstabilized soil up 
to 48% at 6% SCBA replacement. The optimum lime replacement was established 
as 6% SCBA lime replacement based on CBR criteria. At the 6% optimum, the 
optimum moisture content (OMC) was 1.7 Mg/m3, LS was 10%, and PI was 20%. 
This study demonstrated the potentiality of SCBA as a novel construction material, 
specifically by partially reducing the usage of the unsustainable, non-
environmentally friendly lime. It is also expected to enable using currently 
unsuitable clays from the region.  
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1 Introduction 

Expansive soils continue to be one of the most extremely difficult soils to deal 
with during construction due to their very poor strength and low bearing capacity 
[1-4]. They are prone to cycles of drying and wetting, making them highly risky. 
This behavior induces shrinkage and swelling under the road pavement, resulting 
in the development of cracks within structural and non-structural elements [1]. 
Problems are also highly related to their unfavorable physical and mechanical 
properties, which include very fine particles of montmorillonite minerals, high 
natural moisture content causing huge volume changes, high void ratio, high 
optimum moisture content, low California bearing ratio, low compressive 
strength, among others. They tend to be unsaturated and to attract monovalent 
cations by the dominant minerals within their microstructure. To overcome these 
problems, scholars have tried out a number of different approaches, such as the 
sand cushion technique, granular piles, and chemical stabilization. Chemical 
stabilization of clay soils stands out as one of the most popular and efficient 
methods to improve the physical and mechanical properties of these problematic 
soils. Engineering requirements such as strength, bearing capacity and durability 
are said to improve greatly with this technique [5].  

Traditionally, chemical stabilizers such as lime and cement so far have been the 
most commonly used in soil modification [6,7]. These materials have good 
pozzolanic and binding properties. The chemical stabilization mainly takes place 
either by modification, which is due to the lime giving away its cations of calcium 
hydroxide or calcium oxide under a high alkaline medium, or by stabilization 
[8,9]. Stabilization is quite a long-duration effect, mainly due to the pozzolanic 
reaction [10]. 

Researches on traditional stabilizers of cement have shown an increase in 
unconfined compressive strength (UCS) of clays under varying surcharges of 
cement for example in [5]; reduction in shrinkage in [6]; and an increase in dry 
density of the soil and a decrease in OMC as established in [11]. Meanwhile, lime 
has attracted most of the interest as a soil stabilizer, mainly due its richness in 
cations of Ca(OH)2 and (CaO), or lime slurry. Dissolution of the minerals from 
the clay, i.e. SiO2 and Al2O3, leads to reaction with calcium generated from the 
lime, leading to formulation of calcium silicate hydrates (CSH) and calcium 
aluminate hydrates (CAH). This pozzolanic reaction is said to be the source of 
strength improvement of expansive clays under lime stabilization [10-15].  
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Industrial and agricultural wastes mainly constitute alternative stabilizers under 
investigation [2]. These waste materials have been studied as auxiliary or partial 
supporting materials to cement and lime [12]. Auxiliary materials that have been 
studied to partially support lime include fly ash [6,16,17], rice husk ash [18,19], 
and sugarcane bagasse ash [10,15,20,21]. 

SCBA studies have established it as being notably a more favored auxiliary 
material under lime stabilization. This is mainly due to being abundantly 
available agricultural waste even in developing countries. For example, 5 million 
tonnes in Uganda in 2018 [22] as compared to others like fly ash and rice husk. 
Secondly, it comprises a very high percentages of oxides of silica and alumina 
and sometimes calcium [15]. This facilitates the pozzolanic chemical reaction 
enabled by the silica and alumina donated by SCBA, with the calcium hydroxide 
or calcium oxide coming from lime forming CAH and CSH compounds 
[10,12,13]. This pozzolanic activity increases its potential for improving the 
engineering properties of subgrade road pavement layers [23,24]. Additionally, 
SCBA stabilizer once blended with lime has been reported to increase the efficacy 
of the stabilization process by fastening the chemical reaction by disintegrating 
the montmorillonite into reactive products [25]. This expansion potential is 
greatly influenced by the mineralogical constituents of expansive soil, hence 
influencing the index properties of unstabilized soil [25].  

Much research has been done to establish the potentiality of blending lime with 
an auxiliary stabilizer of SCBA. The approach in these studies was mainly to add 
different percentages of SCBA to the lime. For example, Ref. [10] found 
improvement of the CBR and significant improvement of linear shrinkage when 
SCBA was added in dosages from 0% to 25% of dry weight of soil. Unsoaked 
CBR increased up to 60% at 25% SCBA addition. In Ref. [26], addition of lime 
or SCBA at 4%, 5% and 6% reduced plasticity. The CBR increased with lime but 
reduced with SCBA. As for the use of lime or SCBA individually, both reduced 
linear shrinkage but lime performed better. As for blending the two, a 
combination ratio of 4:1 showed the best results, with a CBR of 36%, linear 
shrinkage of 9.0 and a PI of 20. In Ref. [1], using SCBA and lime in a ratio of 3:1 
was studied, with the two added to soil in percentages from 0% to 25% of dried 
soil sample. They established an improvement in free swell ratio, CBR and UCS 
of the stabilized soil.  

All this notwithstanding, continued usage of traditional stabilizers of cement and 
lime has disadvantages. This is mainly because it is expensive for some poor 
developing countries and has negative side effects on the environment associated 
with CO2 emissions during their manufacture [27,28]. As seen in many studies, 
researches have not tried to reduce their usage, hence, this study tried to fill the 
research gap needed to reduce their utilization. This was done by approaching the 
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problem from a different perspective from previous studies. Lime stabilization at 
5% was considered, which was amended by partially replacing it with SCBA in 
proportions of 2% to 10% of the 5% proportion of hydrated lime. This solves the 
problem of unsuitable expansive soils and at the same time reduces the amount 
of environmentally unfriendly lime used for stabilization.  

Following the merits of SCBA, this study aimed to modify the use of lime 
stabilizer in line with the suggestion in [29]. Relevant parameters of the Atterberg 
limits and mechanical properties of expansive soil stabilized with lime partially 
replaced with SCBA were studied.  

2 Materials and Methods 

2.1 Materials 

2.1.1 Sugarcane Bagasse Ash (SCBA) 

The sugarcane bagasse ash used in this study was obtained from Kakira Sugar 
Factory Limited, which is located in Kakira town, Jinja district, Eastern Uganda. 
This bagasse ash is produced during electric co-generation, where it is left behind 
as a by-product after burning in boilers up to about 530 °C. The collected ash was 
sun-dried (Figure 1b) to remove the water content and then standardized by 
sieving it through a 300μm BIS sieve to obtain fine particles that contain high 
amounts of silica [30]. This sieving also facilitates the reaction with lime and clay 
soil [29]. Chemical analysis of the sugarcane bagasse ash was performed using a 
X-ray fluorescence spectrometer machine (XRF) from the X-5000 series at the 
College of Geology and Petroleum Studies Laboratory of Makerere University. 
This characterization was done as adopted in [31]. The results were as tabulated 
in Table 1. 

Table 1 Chemical composition of SCBA and lime. 

Parameter 
% Pozzolan) 

SCBA (primary 
data) 

Hydrated Lime 
[32] 

Al2O3 5.66 0.66 
Fe2O3 3.39 0.43 
SiO2 63.59 2.55 
SiO3 1.3 - 
CaO 3.19 61.62 
MgO 0.75 3.82 
NaO 0.62 - 
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The chemical analysis showed that the SCBA contained very high components 
of amorphous silica at 63.59% and alumina at 5.66%, which are needed to 
facilitate the chemical reaction with calcium oxide from hydrated lime to 
facilitate a pozzolanic reaction, as identified by [33]. In line with that, hydrated 
lime also contains the essential ingredient CaO, which is highly needed to 
produce hydrates in the pozzolanic reaction [31].  

2.1.2 Expansive Clay Soil  

The expansive clay soil sample (Figure 1(a)) for the research was collected from 
two trial pits in the Muduuma area located at 0°20’39.246” south latitude, 
320°18’34.67” longitude, Mpigi district in central Uganda. The area selection 
followed referral from the Uganda National Roads Authority. The sample was 
picked along the soil profile at the depth of 1.5 m to avoid the inclusion of organic 
matter. The unstabilized soil sample was tested for its physical and mechanical 
properties to ascertain conformity with the criteria for expansive soil. The results 
are as shown in Table 2. Then particle size distribution of the soil sample was 
also determined, as shown in Figure 2. 

  
(a)        (b) 

Figure 1 (a) Greyish expansive clay soil ready for sieving, (b) Sugarcane bagasse 
ash. 

The grain size distribution of the expansive soil showed that 67% of the soil 
particles were fine-grained material (silt/clay), because more than 50% passed 
through a 75 micron sieve. 

Only 3% of the grains were in the range of gravel and 30% were in the range of 
sand according to [34]. The soil had high values of linear shrinkage (16%) and a 
plasticity index of 33%.  
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Table 2 Physical and mechanical properties of the expansive clay soil. 

Property Value 
Color Greyish 

Percentage passing 75 micron test sieve 67% 
Liquid limit 55% 
Plastic limit 22% 

Plasticity index 33% 
Linear shrinkage 16% 

Maximum dry density 1.87 Mg/m3 

Optimum moisture content 16% 
California bearing ratio 12% 

USCS classification of the soil CH 
 

 

Figure 2 Particle size distribution of the expansive clay soil. 

 
The soil had a low bearing capacity of 12% when soaked and a high plasticity 
index. This is an indicator that it falls below the standard recommendations for 
most geotechnical construction works, especially highway construction. 
Therefore, the soil would require initial modification and stabilization to improve 
its workability and engineering properties for it to be used in pavement 
construction. Based on these properties, this soil was classified as high plasticity 
clay (CH) soil according to the Unified Soil Classification System (USCS) 
ASTM D 2487 [35]. 

2.1.3 Lime  

The lime used in this study was hydrated calcium hydroxide, commonly known 
as slaked lime or road lime. It was purchased from Cheap General Hardware, 
located in Kasubi town, Kampala district. Some of the chemical properties of 
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lime are shown in Table 2. Hydrated lime was preferred due to its suitability in 
terms of being relatively less reactive compared to quick lime. This lowers the 
difficulties in its application compared to highly reactive quick lime [36]. 

2.2 Methods 

2.2.1 Mix Proportions of SCBA-Lime Blended Soil 

The lime content used for the control sample was 5% by dry weight of soil, which 
was amended with SCBA. The SCBA-lime mixture was prepared by partially 
replacing the 5% hydrated lime with different amounts of SCBA, at 0, 2, 4, 6, 8, 
and 10% by weight. Hence, the lime decreased from 5% to 4.5% by weight of 
dry soil, while the SCBA increased from 0% to 0.5% by dry weight of soil as 
shown in Table 3. 

Table 3 Mix proportions of SCBA and lime use to stabilize expansive clay soil. 

Mix 
No. 

(%) weight of SCBA  by dry weight 
of sample soil  

Hydrated lime (%) by dry weight 
of sample soil 

1 0 0 
2 0 (0% of 5% lime)  5 
3 0.1 (2% of 5% lime) 4.9 
4 0.2 (4% of 5% lime) 4.8 
5 0.3 (6% of 5% lime) 4.7 
6 0.4 (8% of 5% lime) 4.6 
7 0.5 (10% of 5% lime) 4.5 

2.3 Physical Properties of Expansive Clay Soil 

The expansive clay soil was treated with lime and later modified with injection 
of additional SCBA and investigated on a number of physical properties. After 
curing, the samples were prepared and tested with the following tests: 

1. Atterberg limits tests were conducted to establish the liquid limits, plastic 
limits and the plasticity indexes for the unstabilized, lime stabilized and 
SCBA-lime stabilized mixtures. The tests were conducted after 3 days of 
curing and four (4) days of soaking, following the BS 1377 1990 testing 
procedures [37]. Three specimens were prepared for different soil treatments, 
i.e. for unstabilized, stabilized with lime only, and for different SCBA 
injections of 0, 2, 4, 6, 8, and 10% partially replacing 5% lime (Table 3). For 
each treatment 3 specimens were used of which the mean was obtained, 
giving a total of 42 specimens for the Atterberg limits. The plasticity index 
of the samples, as the difference between the liquid limits and their 
corresponding plastic limits, was calculated using Eq. (1) for all samples. 

 PI =  LL − PL      (1) 
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2. Linear shrinkage was conducted in reference to BS 1377 1990. The 
equipment used was a flat glass plate, a palette knife, a drying oven, clean 
water, a brass mold, silicone grease, and a Vernier caliper. Three specimens 
were prepared for each soil treatment, including the unstabilized sample, 
giving a total of 21 specimens. The mold was oven-dried at about 105 °C. 
After about 24 hours, the mold was taken from the oven and cooled. The soil 
bar was measured for its mean length and the percentage for linear shrinkage 
was computed using Eq. (2).  

 LS =  100((Lo − LD)/Lo)  (2) 

2.4 Mechanical Tests 

Mechanical tests were conducted to establish the mechanical properties of the 
compaction test and the California bearing ratio (CBR) for the expansive soil, 
both unstabilized and after stabilizing with lime alone, and with the SCBA-lime 
mixture. The tests were conducted after 3 days curing and 4 days soaking of the 
samples following standard BS 1377: 1990. 

1. The compaction test was carried out to determine the maximum dry density 
and the optimum moisture contents for both the natural unstabilized soil and 
the stabilized soil. The test followed the procedures laid out in [38]. For each 
soil treatment, i.e. the unstabilized and the lime-only stabilized samples, three 
specimens were prepared, giving a total of 21 specimens. The results of the 
dry densities were plotted against the moisture contents to get the optimum 
moisture contents that corresponded to the maximum dry densities of the 
different samples. 

2. The California bearing ratio test was conducted in accordance with the BS 
1377 Part 4 [38] testing procedures. The CBR value was obtained to 
determine the resistance to penetration of 2.5 mm of a standard cylindrical 
plunger of 50 mm diameter. For the unstabilized soil sample the mold was 
immediately soaked in a soaking tank for 4 days and then penetrated. As for 
the stabilized samples, they were cured for 3 days while sealed in an airtight 
bag and then soaked for 4 days before testing them with the penetration 
plunger. The force applied to the plunger was calculated from each reading 
of the loading ring observed during the penetration test using Eq. (3). This 
soaked CBR at 95% MDD:OMC was obtained for 3 samples for each soil 
stabilization, i.e. unstabilized, 5% lime and 2 to 10% SCBA replacement of 
lime (Table 3). In total 21 specimens were prepared.  

 Force =  penetration of plunger x 0.113kN                         (3) 

 where 0.113kN is the ring constant. 
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3. Each value of force was plotted as ordinate against the corresponding 
penetration and a smooth curve was drawn through the points. This soaked 
CBR at 95% MDD:OMC was obtained for 3 samples for each soil 
stabilization mix sample and the average CBR value was obtained, i.e. 
unstabilized, 5% lime, and 2 to 10% (Table 3) SCBA replacement of lime. In 
total 21 specimens were prepared.  

3 Results and Discussion 

3.1 Physical Properties of Soil After Stabilization 

3.1.1 Plasticity Index and Linear Shrinkage 

The addition of lime and SCBA had a remarkable effect on the plasticity and 
linear shrinkage of the cohesive soils, as can be seen in Figures 3 and 4.  

 

Figure 3 Atterberg limits for both the unstabilized and the SCBA-lime stabilized 
expansive soil.  

The addition of SCBA-lime lowered the liquid limit from 55% to 39% at 4% lime 
replacement and later increased it back to 50% at 10% SCBA of lime replacement 
(Figure 3). The decrease in the liquid limit can be attributed to aggregation and 
flocculation [39]. Meanwhile, there was a slight increase in the plastic limit with 
partial replacement of lime with SCBA; a similar trend as was obtained by [40]. 
In general, it can be stated that the plasticity index decreased with the addition of 
lime and bagasse ash. In more detail, the PI of the control unstabilized sample 
soil dropped significantly from 33% to 10% when 5% of lime was added. When 
lime was partially replaced with dosages of SCBA, the PI increased from 10% to 
27% for 0% to 10% of 5% lime. This indicates that the lime had a greater 
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decreasing effect on the plasticity of the soil than when it was mixed with SCBA. 
This is in agreement with previous findings such as those reported in Ref. [26]. 
The effect on the plasticity can be attributed to the replacement of much of the 
plastic particles in the clay with less plastic ones in the SCBA-lime mixture and, 
again, the calcium for iron exchange and hence flocculation-aggregation occurs 
[12,31, 40]. Therefore, it can be stated that the SCBA richness in SiO2 facilitated 
pozzolanic reactions, hence the expansive soil structure change and the resultant 
plasticity alteration [15].   

 

Figure 4 Linear shrinkage against lime placement. 

Linear shrinkage of the natural unstabilized soil was reduced by around 63% 
when 5% of lime was introduced. It increased gradually with the addition of 
SCBA from 6% at 0% SCBA to 13% at 10% SCBA, representing a 53% 
improvement at 10% SCBA replacement of 5% lime (Figure 4). This indicates 
that the use of SCBA-lime stabilization improved linear shrinkage, but using lime 
alone performed better than the SCBA-lime mixture. The improvement in linear 
shrinkage can be attributed to flocculation plus aggregation phenomena caused 
by free CaO in the lime, which reduces the surface of finer clay particles. This 
reduction results in coarser particles of clay from the original finer particles [1]. 
LS decreased with partial replacement of lime by SCBA, however, it stayed lower 
than with unstabilized soil. Hence, the SCBA also lowered the LS of the clay 
particles less considerable than the lime. Thus, it was found that the SCBA-lime 
mixture also has the potential to reduce the LS, hence reducing shrinkage and 
cracking that cause a lot of damage to roads built on expansive clay soils.  

3.2 Mechanical Properties 

3.2.1 Compaction Characteristics 

The maximum dry density (MDD) of the soil was reduced greatly, from 1.87 to 
1.81 g/cm3 by the addition of 5% of lime alone (Figure 5). The MDD continued 
to drop gradually with a reduction in the quantity of lime and an increase in the 
amount of SCBA from 2% to 10% partially replacing 5% lime. It was observed 
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that the optimum moisture content (OMC) increased when the expansive clay was 
modified with the SCBA-lime mixture. The OMC of the control unstabilized 
sample was originally 16% at 5% lime stabilization. This value increased and 
continued to increase up to 30% at 10% SCBA partially replacing 5% of lime.  

 
  (a)       (b) 

Figure 5 (a) Optimum moisture content, (b) maximum dry density. 

The reason for the drop in dry density can be attributed to the introduction of 
lime, which has low specific gravity. The continuous drop as SCBA was 
introduced was because SCBA is also a much lower-density material compared 
to unstabilized soil [1]. Meanwhile, the increase in OMC could be due to the 
pozzolanic reaction between the lime in SCBA and the clay, as identified by [41]. 
The addition of SCBA-lime mixtures caused a decrease in the quantities of free 
silt and clay particles, resulting in the formation of coarser materials with a larger 
surface area. This important effect of SCBA-lime stabilization by lowering the 
MDD and raising the OMC improves compaction when the soil is wet [41].  

3.2.2 California Bearing Ratio 

Soaked CBR tests were performed on both the untreated and treated expansive 
soil to examine the strength and bearing capacity of the expansive soil as subgrade 
material in support of road and highway systems.  
 
The CBR of all treated soil samples generally increased with the addition of lime 
and SCBA-lime mixture (Figure 6). This indicates that the load-bearing capacity 
of the samples was increased considerably by the bagasse ash and lime treatment. 
The CBR of the unstabilized sample of the soil was initially 12% and it rose to 
34% when 5% of lime stabilizer was added. This means a raise of almost 183% 
in comparison with the CBR of unstabilized soil. This improvement in CBR 
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indicates that lime is a strong stabilizer for expansive clay soil. This is consistent 
with what has been established by other studies, for example Refs. [10,26,27]. 
The CBR property improvement can be attributed to the pozzolanic reaction 
enabled by the calcium oxide from the lime causing cementation [1]. 

 

Figure 6 Soaked CBR after 7 days of curing against SCBA as % of lime. 

After adjustment of the lime stabilizer with 2% of SCBA, the CBR value dropped 
a little by 2%. This drop in CBR can be attributed to the fact that the lime was 
reduced but the amendment was insignificant. Hence, this did not trigger a 
significant chemical reaction between the calcium hydroxide in the lime with the 
silica and alumina in the SCBA. The 2% of SCBA could not provide enough 
silica and alumina for the excess calcium hydroxide in the lime. Therefore, the 
CBR value dropped instead, as the amendment only decreased the Ca(OH)2 that 
had earlier improved the CBR in the lime-only stabilization without any 
significant donation of free silica from SCBA. On the continuous addition of 
SCBA dosages, the CBR started increasing up to 48% at 6% lime replacement 
with SCBA. This means about 41% CBR improvement compared to the 5% lime-
only stabilization. The improvement in the geotechnical property in terms of CBR 
as the SCBA proportion was increased indicates that expansive clay soil can be 
enhanced with SCBA-lime blending. The finding agrees with what was 
discovered in Refs. [13,32,41] and can be attributed to cementation together with 
the pozzolanic reactions triggered by SCBA injection.   

Beyond 6% lime replacement, the CBR values dropped gradually from 48% to 
44% and then 42% at 8% and 10% replacement respectively. This could be due 
to the fact that as the quantity of SCBA increases and the lime reduces, it reaches 
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a point whereby continuous SCBA addition yields more silica and alumina 
compared to the available calcium hydroxide. Therefore, less CAH and CSH are 
produced, reducing the strength of the soil with 8% and 10% replacement of lime 
compared to the optimum (6% replacement). The SCBA played a role in 
enhancing the pozzolanic reaction. This occurs through speeding up the 
stabilizing process by quickening the breakdown of the structure plus the creation 
of new reaction products [1,15,42]. The microstructural analysis as reported 
previously also confirms this role of SCBA [15,31,43]. In these findings, this 
SCBA stabilization process enhancement was also indicated by a reduction of 
unreacted soil zones. This soil structure modification results in compact and 
denser matrices compared with soil stabilized by lime only, in the form of well-
developed floccules. Finally, SCBA also reduces the voids within the stabilized 
soil compared to stabilization with lime only.   

This study was generally successful in finding an alternative way of stabilizing 
soil besides using traditional stabilizers such as cement and lime. The partial 
replacement of lime with SCBA at 2 to 10% of 5% hydrated lime greatly 
improved the CBR property of the expansive clay soil: it improved from 34% at 
lime-only stabilization to 48% at 6% SCBA replacing 5% lime by weight. This 
achieved a 41% CBR improvement, which is a sign of better aggregation of the 
expansive soil and hence improvement of the CBR [15,31]. 

4 Conclusions 

The study produced some promising results on the utilization of SCBA-lime in a 
form where SCBA is not just added and the lime proportion maintained but SCBA 
partially replaces the hydrated lime. The following conclusions can be drawn 
from the results of this study:  

1. The effect of SCBA utilization to partially replace lime demonstrated high 
improvement of the Atterberg limits. The liquid limit was generally well 
improved by lime-only stabilization as compared with using an SCBA-lime 
mixture. However, SCBA-lime mixture stabilization attained a lower liquid 
limit compared to unstabilized soil. The liquid limit was slightly increased 
with SCBA-lime mixture stabilization. The PI for lime-only stabilization was 
better, as it gave about 69% improvement. This PI increased by about 62% 
with 10% SCBA addition. Hence, the lime-only treatment gave better results 
than the SCBA-lime mixture treatment. 

2. Linear shrinkage of the expansive soil reduced when lime and SCBA were 
used. The effect of lime-only stabilization was more pronounced than that of 
SCBA-lime stabilization. As a result, the use of the SCBA-lime treatment 
gave promising results as a ground improvement solution for expansive soils. 
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3. The SCBA-lime stabilization also produced an improvement of MDD from 
1.87 to 1.58 g/cm3 and an increase of OMC from 16% to 30%. This provides 
potential benefits to expansive soil stablization as it improves compaction 
when the soil is wet. 

4. The findings obtained significant results on CBR improvement, as all SCBA-
lime mixtures gave results that satisfy most specification requirements for 
subgrade. At 6%, SCBA replacement of 5% lime stabilization gave an 
optimum replacement of 48% with a plasticity index of 20%.  This optimum 
gave acceptable Atterberg limits as per Road Design Manual Part III for sub-
base roads, as applied in East Africa [44].   

5. This study showed partial replacement of hydrated lime with SCBA to 
stabilize expansive clay soil and enhance its geo-technical engineering 
properties. Hence, blending SCBA and lime while partially reducing the 
usage of non-environmentally friendly lime can have potential benefits. It can 
help to reduce the negative effects on the environment of waste by-product 
SCBA and greenhouse gases emitted during lime manufacture, thus having 
potential as a novel construction material for sustainable development. 
Finally, it gives a large amount of cost savings based on the fact that the 
amount of traditional stabilizers used such as lime and cement can be 
decreased considerably. 

Nomenclature  

LS =  linear shrinkage 
LO =  initial length of the sample on the mold 
LD =  oven-dried length of the sample 
PI  =  plasticity index 
LL =  liquid limit 
PL  = plastic Limit 
SCBA = sugarcane bagasse ash 
CBR = California bearing ratio 
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