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Introduction
Pavement is a hard crust constructed over the soil to give a stable and even surface for 
the vehicles; likewise, buildings meant for habitation [1]. But if the material support-
ing the buildings and pavements is weak, it will lead to failure. So, the supporting soil 
requirements must be improved [2]. Therefore, stable and economical pavement struc-
tures require subgrade materials with good engineering properties. It is also serious that 
the subgrade soil maintains good engineering behavior for its design life and withstands 
seasonal high moisture conditions and repeated dynamic loading. As stated in [3], sub-
grade material may withstand the strains created by traffic loads. It is important to note 
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Abstract
This study examined the index properties, strength, and swelling pressure by mixing 
the Quicklime with five soil samples taken from the Meki-Abossa road section part 
of the Modjo- Hawassa highway. The main goal of this study was to provide more 
insight into the effects of Quicklime stabilization on the Atterberg limit like (LL, LP, 
and PI), OMC, MDD, CBR, and CBR swell percent of subgrade soil along the selected 
route alignment. Five disturbed samples were collected from the Meki-Abossa Road 
section to achieve the objectives. The samples were collected using the open pit 
sampling method with an average 1-1.5 m depth. Laboratory works were carried out 
for natural sub-grade soil and soil mixed with Quicklime. The natural sub-grade soil 
was classed as A-7-5 (38) by AASHTO and MH & CH by USCS, with a maximum LL of 
75, PI of 41.6, MDD of 1.59, and OMC of 28, with CBR values less than five and CBR 
swell > 2%. The recommended lime (4%, 6%, and 8%) was mixed with the subgrade 
material. The result shows that the soil treated with Quicklime 4%, 6%, and 8% 
improved or lowered the untreated expansive soil plasticity index by 18.5%, 28.9%, 
and 23.8%, respectively, and increased OMC by 15.2% and reduced MDD by 18.23%. 
On the other hand, CBR values of the treated soil were increased by an average of 
56.9%, with lower swelling potential decreases by 93.3%, higher workability, and 
stabilized soils were feasible to be used as subgrade material.
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that soft soils have poor shear strength when used as a road subgrade, which leads to 
unnecessary consolidation settlement and bearing capacity failure.

It is necessary to improve inappropriate subgrade soils for the superstructure of roads 
to stabilize them. Soil development results in an increase in bearing capacity and an 
improvement in surface performance [4]. Hardening and stiffening soft and weak sub-
grade materials with modest quantities of chemicals may be more appropriate rather 
than excavating and discarding them. In the present situation, it is becoming increas-
ingly necessary to search for new, low-cost materials that can improve building methods 
and facilitate road network expansion. More emphasis has been placed on develop-
ing novel, less expensive soil stabilizers, and techniques that utilize locally available 
construction materials [5]. Following [6], soil enhancement by chemical stabilization 
depends on the micro-stage interaction between soil moisture and fine content mate-
rial. In consequence, the effect of the soil’s mineral composition and plasticity index is 
determined by the soil’s mechanical behavior. Besides, soil stabilization is an economical 
and environmentally friendly process for altering soils’ mechanical and chemical traits 
through pozzolanic reactions to enhance their engineering qualities [7].

According to [7–9], lime can cope with soils to numerous degrees, counting on a par-
ticular project’s stabilization. Most treatments became used to dry, modify soil’s proper-
ties, and enhance the soil strength resistance for supporting roads [7]. Lime stabilization 
improves soil engineering resistance by improving strength, susceptibility to cracks, 
fatigue, permanent deformation, robust behavior, minimized swelling, and resistance to 
moisture’s detrimental effects. The property of problematic soil is effectively improved 
by using different percentages of lime. In the present study, experimental studies looked 
into the qualities of expansive soils when lime had been used as a subgrade in road con-
struction. Pavement layers suffer considerable deterioration due to various conditions, 
including expansive soil swelling and shrinkage [10–12].

Moisture fluctuations caused by seasonal changes weaken the subgrade by causing 
cracks in the overlying pavement layers. In contrast, volumetric changes weaken the 
subgrade by causing cracks in the overlying pavement layers. This destroyed several 
engineering structures. The soil swelling caused fissures to develop in foundations, pave-
ments, and basement walls [13]. In Ethiopia, expansive soils cover an estimated 24.7 mil-
lion acres, causing widespread problems [14]. The following road sectors in Ethiopia are 
highly affected by expansive soils: Addis-Ambo, Addis-Wolliso, Addis-Debrebirhan, 
Addis-Gohatsion, and Addis-Modjo [14]. This study aims to understand the effects of 
quicklime stabilization on Atterberg limitations such as (LL, LP, PI), OMC, MDD, CBR, 
and CBE swell % of subgrade soil, as well as the selected route alignment. The present 
study aims to achieve the following specific objectives:

 	• To look at the index and strength properties of natural sub-grade soil without using.
 	• treatments and with treatments.
 	• To classify soil primarily based totally on AASHTO and USCS methods.
 	• To look at the impact of Quicklime on the plasticity index.
 	• To examine the impact of Quicklime contents on the CBR values and CBR swell.
 	• To decide the impact of curing duration at the subgrade soil combined with 

Quicklime.
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Materials and methods
Study area

The Meki-Abossa road corridor’s current study area is part of the Modjo Hawassa 
section. Meki- The Abossa road is 21 ers long (Fig.  1). It is located approximately 

Fig. 2  Shows sample collection activities from the road route alignment

 

Fig. 1  Location map of the study area
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128kilometers east of Addis Ababa. The study area’s geographical location is defined by 
8°10’ 30” N latitude and 38°39’ 0” E longitude, as well as 8°0’ 30"N latitude and 38°51’ 0” E 
longitude. Distributed samples were adequate to examine the suitability of the soil. Total 
five disturbed samples at the interval of one kilometer along the alignment of the road if 
the same type of soil is found throughout. If soil type changes earlier, at least one sample 
is taken from each new stretch of ground. The soil samples were taken along the main 
highway in the Abomsa district.

Samples preparation

A variety of clay sample specimens were examined in this investigation. Quicklime was 
given to each specimen at room temperature to examine how lime affects the charac-
teristics of these soils. First, a #40 sieve was used to dry all components thoroughly. The 
Quicklime was then well blended until homogeneity was achieved. All tests were con-
ducted using distilled water. The percentage of Quicklime in the soil admixture ranged 
from 4 to 8%. This established mixture aims to examine how lime affects sample pH. 
Total five disturbed samples at the interval of one kilometer along the alignment of the 
road if the same type of soil is found throughout. If soil type changes earlier, at least 
one sample is taken from each new stretch of ground. The soil samples were taken along 
the main highway in the Abomsa district (Fig. 2). Tests were conducted on virgin soil 
and lime-treated soil samples, including sieve analysis, the Atterberg limit, the standard 
proctor compaction test, and the California bearing ratio test. The soil sample utilized in 
this investigation was expansive soil collected at an average depth of 1. 5 m beneath the 
soil floor to avoid organic components.

The samples were taken from the natural ground or the side of the road (Fig.  2). 
According to Ethiopian Road Authority requirements, samples for the CBR test were 
taken at 1.5 km and 0.5 km intervals for every soil category. This study used pit sampling 
to collect an adequate sample for a laboratory experiment. This sampling method was 
presented to determine the expansive clay soil’s index characteristics and strength along 
the route alignment. As shown in Table 1, AASHTO and ASTM standards and specifica-
tions were adapted for this study.

Sample preparation

The samples were categorized according to AASHTTO T87-86 before being treated and 
tested.

This method includes:

 	• Air and oven-dried the samples.

Table 1  Standards and Specification for this Study
S.No Laboratory Test Standards

AASHTO ASTM
1 Grain size analysis AASHTO T88 D422-63
2 Moisture content T99 -----
3 Atterberg limit test T89 ASTM D 1843
4 Soil classification ----- D2487-98
5 Standard proctor Compaction test ----- D698-98
6 CBR T193-93 -----
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 	• Preparing uniform samples for Atterberg limits, compaction, and Californian bearing 
ratio tests, mixing soil and Quicklime manually to get the uniform mix for each test.

Quicklime description

Numerous subgrade improvement options include grouting, removal and replacement, 
and chemical stabilization. However, various academic studies imply that lime is most 
suited for stabilizing soil with fine particle sizes (A-4, A-5, A-6, A-7), high PI values, low 
CBR, high CBR swell, etc. At the same time, cement is best suited for stabilizing soil with 
coarse grain sizes [22]. As a stabilizing agent, dry powder hydrated lime [Ca(OH)2] from 
suppliers that is commercially accessible has been used. It was produced locally and 
purchased from DERBA MIDROC CEMENT FACTORY PLC. To assess the effective-
ness of chemical additions on the sub-grade soils at various amounts and with various 
curing times, fast lime-soil combinations were subjected to laboratory testing (Fig. 3). It 
is anticipated that adding lime to the soil base will boost durability, reduce the risk for 
swelling, and increase soil strength.

Calculation of the initial chemical consumption

Its purpose is to determine the chemical (Lime) required to satisfy rapid lime-soil reac-
tions and maintain an excessive residual pH and long-term pozzolanic reactions [15]. 
A soil with a PI of 10 or higher and a minimum of 25% passing 0.075  mm should be 
stabilized by lime, according to [15, 23]. In order to dissolve silicates and aluminates 
from clay matrix and fine silt soil, a pH of 12.4 is required, particularly for Quicklime. 
Therefore, the preliminary lime intake is determined following [15] across the current 
experiment. Based on the PH test results, the first lime input was anticipated to be 4%. 
To verify the dosages determined by the PH test, various tests such as Atterberg limits, 
moisture density relation, CBR, and percentage swelling of CBR were conducted using 
quick lime proportions of 4%, 6%, and 8%. (Fig. 4)

The “Eades and Grim” test was used to determine the first lime consumption. The 
minimum lime content for stabilizing the soil is the lowest proportion of lime in soil 
that results in a laboratory pH of 12.4, or the flat region of the pH versus lime % curve 
produced by the test [24]. PH readings remain constant at 12 because the minimum 

Fig. 3  Shows the prepared soil spacemen (a) and Quicklime powder (b) to be mixed
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Qquicklime required to stabilize the soil is 2% or higher. The pH graph after 12 is 
unchanged since 2% Quicklime is the bare minimum needed to stabilize the soil. The 
experiments were conducted with 4%, 6%, and 8% quicklime concentrations and curing 
times of 7, 14, and 28 days. To evaluate the overall performance of the locally synthe-
sized Quicklime on an inappropriate subgrade soil, the Atterberg limits (liquid, plastic, 
and plasticity index), the moisture-density relationship between the subgrade material 
and the CBR, and % swell of the CBR were used. Based on the categorization results, 
the subgrade soil throughout the roadway segment is uniform and designated as A-7 by 
AASHTO and MH, CH by USCS.

Procedures for blending

The blending technique used for this investigation was based on the test procedure of 
[16]. After mixing the subgrade material with the lime (4%, 6%, and 8%), the mixture 
was allowed to settle for two days. The treatment of subgrade materials was scattered 
throughout the integration and aging process to maintain an optimal wetness and mois-
ture content level. Continue mixing the mixture until it has reached a uniform, brittle 
consistency. Following the mellowing period, the soil was tested as per the untreated soil 
examination and cured for 7, 14, and 28 days.

Results and discussion
An experimental protocol developed by [16] guided the mixing technique for this exper-
iment. Subgrade material was well mixed with lime at 3% (4%, 6%, and 8%) and left to 
settle for two days. The subgrade material was treated throughout the integration and 
softening process to achieve the optimal wetness and moisture content. Continue mix-
ing the mixture until it has reached a uniform, friable consistency. After the mellow-
ing period, the soil was tested using the same methodology as the untreated soil and 
was cured for 7, 14, and 28 days. The performance of locally produced Quicklime on the 
inappropriate sub-grade soil under investigation has been examined based on test find-
ings of Atterberg limits (liquid limit, plastic limit, and plasticity index), moisture-density 
relations of the sub-grade material and CBR, and CBR % swell. This study examined how 
different lime ratios affected index characteristics, moisture-density correlations, Cali-
fornia bearing ratios, and CBR swell treatment in a poor soil layer.

Fig. 4  Determining initial consumption of Quicklime
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After crushing the materials, they were carefully air-dried. According to [16], the 
Atterberg limit test was performed on soil samples that failed to pass through forty 
sieves, whereas other tests were conducted on soil samples that failed to pass through 
four sieves.

Soil classification

Following the study’s findings, the sub-grade soil is homogeneous along the trial road 
section and at depth. It is classified as A-7-5 (25), A-7-5(23) on the [17], and MH and 
CH on the USCS soil classification systems, respectively. The influence of locally man-
ufactured Quicklime on such unsuitable subgrade soils has been evaluated by collect-
ing five representative soil samples. Table  2 below shows the plasticity index; percent 
pass 0.075 m sieve, and classification of five representative samples of the sub-grade soil 
under investigation. The fine particles of expansive soil decrease, and the coarse particles 
rise after quicklime mixing, according to tests on the particle size distribution of expan-
sive soil stabilized by quicklime [25].

Effect of Quicklime on Atterberg limits test (AASHTO T 90)

The study’s main goal was to see how Quicklime affected liquid limits, plastic limits, and 
plasticity index in unsuitable soil samples. Liquid-limit and plastic-limit tests and a con-
sistency test were performed on quicklime soil mixtures in line with [17, 18]. On the LL, 
PL, and PI, untreated soil showed maximum and minimum values of 75, 41.6, 38, 63, 33, 
and 28, respectively. Figure 5 shows Atterbeg limit test preparation (a) and rolled sample 
for plastic limit test (b).

Table 2  Percent pass in 75 μm, Plasticity index and classification of natural sub-grade soil samples
Sample Depth in m % Pass no. 200 (75 μm) sieve Atterberg Limits Classification

LL PL PI (AASHTO T88, 2020) USCS
S1 1-1.50 65 63 35 28  A-7-5(25) MH
S2 1.2–1.80 74 65 33 32  A-7-5(23) CH
S3 1-1.4 85.9 71 32.7 38  A-7-5(38) CH
S4 1.00 74 72 41.6 30.4  A-7-5(31) CH
S5 1-1.5 80 75 39 36  A-7-5(34) MH

Fig. 5  Shows atterbeg limit test preparation (a) and roled sample foe plastic limit test (b)
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The soil samples were air-dried, crushed, and sieved with no 40 sieves [17]. Soil sample 
that passed the no 40 sieves was mixed with various chemical additives at the appro-
priate moisture level and stored in plastic bags for curing. Quicklime was used in the 
following proportions: 4%, 6%, and 8%. (Fig. 6). After 7, 14, and 28 days of curing, Quick-
lime, and soil combination experiments were conducted to assess the effects of time on 
Atterberg limit values. Measurements of the liquid and plastic limits were taken on soil 
samples at various percentages ranging from 4 to 8% to study the impact of Quicklime 
on the consistency limits. The liquid limit and plasticity index for the five treated sam-
ples were reduced due to adding varying percentages of Quick lime to soil samples [26]. 
The likely cause of this behavior is the cation exchange when lime is added to the soil. 
This exchange tends to replace other cations on the clay particle’s surface and reduce the 
thickness of the double layer. Soon after adding the lime, cation exchange, and floccula-
tion occur, causing the soil’s plasticity to decrease. Additionally, the short-term reactions 
that caused the lime-treated soil texture to become more granular can be attributed to 
the reduction of plasticity (cation exchange and flocculation-agglomeration). A labo-
ratory study determined that the maximum plasticity index was 38% when untreated. 
When Quicklime was applied at 4%, 6%, and 8%, the expansive soil plasticity index was 
reduced by 18.5%, 28.9%, and 23.8%, respectively. These outcomes concur with those 
reported by [22, 27].

Effect of Quicklime on Moisture Density Relation (AASHTO T89)

The moisture-density relationship of soil blended with varying amounts of chemical 
additives was determined using air-dried and pulverized soil that passed through sieves 
of number four. Quicklime was used in three different quantities in the soil: 4%, 6%, 
and 8%. A regular proctor test was also conducted [19]. The maximum dry density of 
untreated soil was 1.590, while the optimal moisture content was 28. After the treat-
ments, the soil performances on MDD and OMC were changed to 1.3 and 33, respec-
tively. This resulted in agreement with several scholars. So that many scholars were also 
stated that the maximum dry density (MDD) decreases while optimum moisture content 
(OMC) increases with increasing lime content [23, 28, 29]. The findings demonstrate 
that lime significantly influences the maximum dry density and ideal moisture content 
(OMC). The maximum dry density (MDD) is reduced by 18.23%. The optimum moisture 
content (OMC) is enhanced by 15.2% with a 6% quicklime solution and a 14-day curing 

Fig. 6  Effects of Quicklime on the Liquid limit(LL), Plastic limit (PL), and Plasticity index (PI) properties of the soil
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time (Fig. 7). The density of lime-treated soil is greater than that of natural soil, accord-
ing to a study on lime-stabilized subgrade soil [13].

Effect of Quicklime on California bearing ratio test and CBR swell

According to [20], a natural subgrade soil test was conducted before the addition of 
Quicklime. Untreated sub-grade soil has maximum and minimum CBR values of 4.5 
and 3, respectively. Figure 8 Shows soaked CBR test soil for 96 h(a) and soil cast in CBR 
molds and reading (b). According to [21], subgrade soil with a CBR value of less than 
5 is unsuitable for pavement design. The same soil samples that passed through num-
ber 40 sieves were blended with chemical additives at the optimal moisture level and 
compacted in CBR molds to achieve maximum dry density. Quicklime and soil mixtures 
were cured for 7, 14, and 28 days to determine whether time affected the CBR value. 
Following the curing period, which included soaking for 96  h or four days, CBR tests 
were conducted ( Fig. 8). Adding 4%, 6%, and 8% quicklime to unsuitable soil, followed 
by seven days of curing, increased the CBR from 6 to 12.5%, 17.5%, and 25%, respec-
tively [30, 31]. Additionally, the CBR increased to 52.4%, 55%, and 63.3 by adding 4%, 6%, 
and 8% quick lime and extending the curing period to 14 days and 28 days, respectively 
(Fig. 9).

Fig. 8  Shows soaked CBR test soil for 96 h (a) and soil casted in CBR molds and reading (b)

 

Fig. 7  the effects of different Quicklime percentages on the maximum dry density(MDD) and optimum moisture 
content (OMC)
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CBR tests indicate that the strength of subgrade soil is improved by increasing the % 
of Quicklime and allowing it to cure for longer. A mixture of soil and Quicklime was 
compacted in CBR molds at an optimum moisture content. These findings are follow-
ing those published by [25, 32]. In order to calculate the percentage swell, the maximum 
dry density and swelling parameters were evaluated before and after soaking (Fig.  8). 
As a result, the CBR swell has been reduced by 93.3%, from 3.3% to 0.22% [33]. Adding 
Quicklime to the subgrade soil raises CBR while CBR swell is reduced (Fig. 10 ).

Conclusion
These conclusions were reached as a result of the experimental investigation’s findings. 
The chosen subgrade soil was categorized as having inadequate engineering proper-
ties due to the test findings and the examination of the natural subgrade soil. It failed to 
adhere to the ERA standard specifications’ requirements. Therefore, it must be altered 

Fig. 10  Effect of different Quicklime percentages on the CBR swell

 

Fig. 9  The effects of different Quicklime percentages on the maximum dry density(MDD) and optimum moisture 
content (OMC).
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and treated to be utilized as a sub-grade material. Utilizing Quicklime considerably 
improves subgrade soils’ strength, compaction, and index characteristics. In the current 
research area, sub-grade soils with CBR values lower than five and CBR swell rates above 
2% are not recommended for use as road sub-grade materials. So, to determine the first 
Quicklime consumption, ASTM D 6276 (Eades and Grim test) was utilized. As a result, 
three distinct percentages of Quicklime were identified and used, with curing times of 
7, 14, and 28 days. The calculated Quicklime consumption was used in the Aatterberg 
limit test, the moisture density relation test, the California bearing ratio test, and the 
CBR swell test. 4%, 6%, and 8% of Quicklime by weight dry soil were treated after 7, 14, 
and 28 days of curing to see how the treatment influenced the engineering performance 
of natural subgrade soil. Using Quicklime dramatically changed the geotechnical charac-
teristics of the native subgrade soil at the current research location. Q. The percentage of 
Quicklime applied and the curing period directly affects the geotechnical characteristics 
change in expansive subgrade soils. However, the Quicklime content matters more than 
the cure period.
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