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Abstract - Amidst the global surge in urbanization, the construction industry faces a critical crossroads: how to transform weak, 

clayey soils into reliable foundations for sustainable housing-without resorting to expensive or environmentally harmful 

methods. As climate extremes and population density intensify, innovative ground improvement technologies have become an 

urgent priority for developing nations. This research pioneers the use of calcium chloride as a high-performance, low-cost 

additive for clayey soil stabilization, challenging the dominance of traditional lime and cement solutions. Through a 

comprehensive experimental program-including granulometry, Atterberg limits, Proctor compaction, California Bearing Ratio 

(CBR), direct shear, and bearing capacity tests-various dosages of lime (3–12%), cement (5–20%), and calcium chloride (2-

8%) were evaluated. Cost and feasibility analyses were also performed to ensure real-world applicability. The findings are 

striking: 6% calcium chloride not only delivered a dramatic leap in bearing capacity (116% increase, from 1.13 to 2.44 kg/cm²), 

but also achieved a remarkable 912% surge in unconfined compressive strength. Even more compelling, construction costs 

plummeted-concrete expenses dropped by 72% and steel by 75% compared to untreated soils. These results reveal a game-

changing path for resource-limited regions, where traditional stabilization is often unaffordable. By demonstrating both superior 

mechanical performance and major cost savings, this study positions calcium chloride as a catalyst for a new era in geotechnical 

engineering-where resilient, affordable infrastructure can be achieved on even the poorest soils. 

Keywords - Soil stabilization, Calcium chloride, Lime and Cement.

1. Introduction 
In recent decades, soil stabilization has become an 

essential field in civil engineering, driven by the need to 

guarantee safe, stable, and durable infrastructure in the face of 

adverse geotechnical conditions, which represent one of the 

main challenges for urban and transport development. The 

global soil stabilization market is projected to reach a value of 

USD 42,898.32 million by 2032, with a compound annual 

growth rate of 5.1 % between 2024 and 2032 [1], reflecting 

both the magnitude of the problem and the growing relevance 

of technological solutions. Nevertheless, it is estimated that 

approximately 44 % of projects carried out in critical soils 

experience significant delays and cost overruns as a result of 

the limited load-bearing capacity of the soil [2]. This situation 

demonstrates that the problem is not limited to mechanical 

strength alone but directly affects both the economic viability 

and the structural safety of construction projects. In this 

context, the situation is particularly critical in Latin America, 

which accounts for around 8 % of the revenues of the global 

soil stabilization market [3], and where a strategic opportunity 

exists to implement innovative solutions adapted to its 

complex geotechnical reality. In the case of Peru, a large 

portion of the territory exhibits limitations related to allowable 

bearing capacity, compromising the safety of buildings and 

road infrastructure [4]. 

The problem intensifies in rapidly growing urban areas, 

where demographic pressure demands immediate solutions. In 

Lima and Callao, for example, the Japan-Peru Center for 

CISMID identified districts such as San Juan de Lurigancho, 

Chorrillos, and Villa El Salvador built on sandy or poorly 

compacted soils [5], a condition that significantly increases 

seismic vulnerability. In Villa El Salvador, approximately 88 

% of dwellings are at risk in the event of a major earthquake 

[6, 7]. Similarly, in Huancayo, heterogeneous soils have been 

identified: while some sectors are well consolidated, others, 

such as La Ribera, Palián, Torre Torre, and Pucará, consist of 

silty-clayey soils whose allowable capacity barely reaches 

0.85 kg/cm², below the international standard of 1.0 kg/cm² 

[8]. This condition compromises both structural safety and the 
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durability of civil works, making it essential to focus on 

stabilization approaches that increase the soil’s load-bearing 

capacity to standardized limits. 

Given this scenario, chemical stabilization using binders 

has established itself as one of the most efficient strategies to 

strengthen the bearing capacity and mechanical properties of 

weak soils [1, 2]. Among the most commonly used materials 

are cement and lime, due to their cementing properties and 

wide availability in the construction industry [9]. In the 

Peruvian context, cement production reached 1.06 million 

tons in 2024, while lime consumption, a key input for the 

manufacture of cement and other stabilizers, reached 30 

million tons annually, highlighting its growing importance in 

soil improvement projects [10, 11]. 

2. Materials and Methods 
In Iran, scholars from the Department of Civil 

Engineering analyzed the stabilization of clayey soils by 

incorporating ordinary Portland cement as a chemical binder. 

The mixtures, prepared with 5%, 10% and 15% cement by dry 

weight, were tested through unconfined compressive strength 

and bearing capacity analyses. The untreated soil exhibited a 

capacity of only 2 MPa, whereas the stabilized samples 

reached up to 12 MPa with 15% cement. The improvement 

was attributed to the pozzolanic reaction between calcium 

hydroxide, released during cement hydration, and the active 

silica and alumina in the clay minerals, producing 

cementitious gels such as Calcium Silicate Hydrate (C–S–H) 

and Calcium Aluminate Hydrate (C–A–H). These compounds 

progressively filled the soil pores and created inter-particle 

bonds, thereby reducing compressibility, increasing stiffness 

and markedly enhancing shear resistance. This evidence 

reconfirms the efficiency of Portland cement in strengthening 

clayey subgrades and foundation soils under heavy loading 

conditions [12]. 

In India, researchers at the National Institute of 

Technology examined the use of Cement Kiln Dust (CKD) as 

a sustainable additive for clay stabilization. CKD, rich in lime, 

free CaO and other pozzolanic oxides, was added in dosages 

of 5%–20%. Mechanical tests revealed that at 20% CKD, the 

bearing capacity rose by approximately 12%, and the 

California Bearing Ratio (CBR) increased significantly. The 

mechanism involved the hydration of free lime and its reaction 

with the soil’s clay minerals, producing cementitious bonds 

that reduced plasticity and swelling while improving density. 

Furthermore, CKD lowered permeability and shrinkage, 

improving volumetric stability of the subgrade. These results 

not only confirmed the technical feasibility of CKD but also 

underlined its environmental importance, since it reuses a 

large-volume industrial residue from cement plants [13, 14]. 

 

In China, the Institute of Geotechnical Engineering of the 

School of Transportation investigated cement/slag-based 

mixtures for stabilizing soft clays. Cement contents of up to 

50% were tested, curing samples for 28 days. The stabilized 

clays reached compressive strengths exceeding 1.0 MPa, 

while untreated soils barely resisted 100–150 kPa. This 

increase was associated with the formation of secondary 

cementitious compounds due to the interaction between slag 

and calcium hydroxide from cement hydration, which 

accelerated long-term strength gain. The study demonstrated 

that cementitious binders increased strength and improved 

durability under wetting–drying cycles, which is critical in 

road foundations and embankments subjected to fluctuating 

environmental conditions [15]. 

In Tirunelveli, India, lime stabilization of clayey soils was 

systematically analyzed with additions from 1% to 10%. 

Unconfined compressive strength increased from 7 MPa in 

natural soil to 12 MPa with 10% lime. The reaction 

mechanism involved cation exchange between Ca²⁺ ions from 

lime and Na⁺ or K⁺ ions adsorbed in the clay mineral lattice, 

reducing double-layer thickness and decreasing soil plasticity. 

Additionally, long-term pozzolanic reactions generated C–S–

H gels, which further enhanced strength. The treated soils 

exhibited reduced swelling potential, lower liquid limit and 

improved workability, confirming lime’s suitability for 

pavements and embankments [16, 17]. 

In Nigeria, lateritic soils were treated with calcium 

chloride (CaCl₂) in proportions of 0%–8%. Mechanical testing 

showed significant gains in UCS and CBR, with 4% CaCl₂ 

producing UCS values of 298.1, 356.3 and 391.7 kN/m² after 

7, 14 and 28 days of curing, respectively. The unsaturated 

CBR rose to 8.02%. The improvement was due to Ca²⁺ ions 

accelerating cementation processes and reducing soil suction 

variability, while chloride ions promoted salt crystallization 

within the pore spaces, increasing particle interlocking. This 

chemical stabilization improved strength, stiffness and 

reduced collapsibility in lateritic soils commonly used as 

subgrades [18, 19]. 

In India, studies evaluated expansive soils treated with 

alkophin (a mineral additive with silica and alumina phases) 

and calcium chloride. Proportions of 3%–9% alkophin and 

0.25%–1% CaCl₂ were tested. Results showed that the 

plasticity index and swelling potential decreased, while UCS 

and dry unit weight increased. The optimum combination was 

6% alkophin and 1% CaCl₂, producing stable soil matrices 

with reduced permeability and higher resistance to shrink–

swell cycles. This synergy confirmed that blended additives 

can control expansion by both reducing double-layer thickness 

and creating cementitious bonds [20]. 

In the United Kingdom, a literature review demonstrated 

the potential of Calcium Carbide Residue (CCR), an industrial 

by-product rich in calcium hydroxide, for soil stabilization. 

CCR-treated soils showed enhanced compressive and shear 

strength, reduced swelling pressure and improved 

compressibility. In addition, CCR immobilized heavy metals 



Marko Antonio Lengua Fernandez et al. / IJCE, 12(9), 129-147, 2025 

 

131 

and other contaminants through chemical precipitation and ion 

exchange, which added environmental benefits. This makes 

CCR not only a mechanical stabilizer but also a remediation 

material for polluted soils, reinforcing its sustainable use in 

geotechnical engineering [21]. 

In Malaysia, stabilization of highly organic soils with 

Magnesium Chloride (MgCl₂) was carried out. The natural soil 

had very poor mechanical characteristics (UCS of 13 kPa, 

liquid limit of 128.25%, and organic matter content above 

50%). When 6% MgCl₂ was incorporated, UCS rose to 96 kPa 

after 28 days, nearly seven times higher. Microscopic analysis 

by FESEM and EDAX revealed reduced porosity and 

formation of Magnesium Silicate Hydrate (M–S–H), which 

acted as a binder between soil particles. However, dosages 

higher than 9% reduced strength because of inter-particle 

repulsion and excessive salt crystallization. The results 

confirmed MgCl₂’s dual role as a chemical stabilizer and 

microstructural modifier [22]. 

In Iran, complementary research on bentonite and yellow 

marl stabilized with MgCl₂ (3%–12%) at different curing 

temperatures (5°C, 25°C, 35°C) demonstrated that UCS 

increased with curing at 25°C, but higher curing temperatures 

led to lower strengths due to incomplete ion exchange. Direct 

shear tests showed strength reduction under saturation, 

although cohesion improved initially. XRD, SEM, FTIR, and 

EDAX analyses confirmed the presence of Magnesium 

Silicate Hydrate (MSH) and Magnesium Aluminate Hydrate 

(MAH), which enhanced bonding by filling pores and forming 

flocculated structures. Thus, MgCl₂ was shown to be sensitive 

to curing temperature but effective in promoting 

microstructural reorganization [23]. 

In Spain, sulfate-bearing soils from the Ebro Valley were 

treated with PC-8, a magnesium-rich binder. At 4%–8% 

dosage, expansive clays improved from 0.5–1.0 MPa to 2–5 

MPa in UCS, while recycled aggregates contaminated with 

5% sulfates reached 11–13 MPa when PC-8 was combined 

with GGBS. Long-term swelling tests confirmed that PC-8 

significantly reduced sulfate expansion, outperforming lime-

based stabilization. This is attributed to the binding capacity 

of magnesium-based compounds, which react with sulfates to 

form stable, non-expansive products [24]. 

In Malaysia, marine clay from the West Coast 

Expressway project was stabilized with MgCl₂. Samples 

treated with 6% MgCl₂ peaked at 137 kPa UCS at seven days, 

compared with untreated samples of about 60–70 kPa. 

However, strength decreased over longer curing due to 

secondary reactions that induced repulsive forces between 

clay particles. This highlights the importance of monitoring 

long-term stability when using salt-based stabilizers [25]. 

In India, lime additions of up to 25% in soils with 

plasticity indices between 10 and 30 significantly reduced 

plasticity and increased bearing capacity, validating lime as a 

reliable additive for pavement subgrades. Strength gains were 

mainly due to cation exchange and pozzolanic reactions 

producing long-lasting cementitious bonds [26]. 

In Turkey, phosphogypsum (PG) combined with lime was 

tested for expansive clays. At 30% PG and 4% lime, UCS 

reached 1.82 MPa with a CBR of 92.2%, exceeding pavement 

subbase design standards. At 20% PG and 6% lime, UCS rose 

to 3.76 MPa, nearly 16 times the natural soil’s strength. The 

treatment also reduced the liquid limit, plasticity index and 

free swelling. These improvements confirmed that PG–lime 

combinations can provide strong, non-expansive subbases 

while recycling industrial residues [27]. 

In Australia, mixtures of expansive clay with Tire-

Derived Aggregates (TDA) and lime were tested. UCS values 

rose from 126.7 kPa in untreated soils to more than 452.2 kPa 

at 10% TDA and 6% lime, while swelling potential dropped 

from 7.5% to 0.5%. The use of TDA not only improved 

geotechnical properties but also contributed to environmental 

sustainability by reusing waste tyres [28, 29]. 

In Turkey, expansive soils treated with lime (5%), fly ash 

(20%) and gypsum (5%) under four months of curing showed 

substantial reductions in swelling. Free swelling dropped from 

90.1% to 0.2% with lime in surface mixing, and to 43.3% with 

column applications. Fly ash and gypsum also improved 

swelling resistance but were less effective than lime. The 

study concluded that surface mixing is optimal for shallow 

stabilization, while column methods are more effective for 

deep stabilization of expansive subgrades [30]. 

Most previous studies have concentrated on improving 

the geomechanical behavior of soils, emphasizing parameters 

such as compressive resistance, CBR, and complementary 

indicators, including reduced plasticity or increased maximum 

dry density. Although these factors are relevant, 

comparatively less attention has been devoted to the 

evaluation of allowable bearing capacity, which represents a 

practical and decisive criterion in foundation engineering.  

This gap is significant, since the structural safety and 

economic feasibility of civil works depend not only on the 

intrinsic enhancement of soil properties but also on the actual 

ability of the ground to transfer loads through foundations 

without compromising stability. Therefore, it is necessary to 

promote integrated approaches that connect soil property 

improvement with its direct implications for the bearing 

capacity of shallow foundations. In this context, the present 

research aims to analyze the effect of lime, cement, and 

calcium chloride additions on the allowable bearing capacity 

of residential foundations, incorporating in parallel a cost–

benefit and feasibility assessment aimed at defining practical 

and sustainable design criteria for civil infrastructure. 
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Fig. 1 Pavement layers and their influence on the bearing capacity of 

the soil 

3. Materials and Methods 
3.1. Soil 

Soil is understood as a natural medium formed by a 

combination of mineral particles and organic matter, with 

voids that may be partially or fully occupied by air and water 

in different proportions [31]. Its mechanical performance is 

governed by parameters such as gradation, plasticity, 

cohesion, permeability, and compaction, making it a key 

component in civil engineering projects. The bearing capacity 

and stability of soils directly condition the design efficiency 

and service performance of structures [32]. 

3.2. Soil Stabilization 

Soil stabilization refers to the enhancement of its 

physical, chemical, and mechanical properties in order to 

achieve greater strength and long-term durability under 

external loads and environmental variations. This 

improvement can be carried out through methods such as 

mechanical compaction, chemical treatments, or the 

incorporation of stabilizing agents like cement, lime, 

polymers, industrial by-products, or other additives [33]. 

3.3. Subgrade 

The subgrade corresponds to the natural soil layer that 

functions as the foundation for pavements, transmitting and 

distributing applied loads to the underlying ground [34]. Its 

stability, often increased through compaction or stabilization, 

must guarantee sufficient bearing capacity to avoid premature 

deformations or structural failure [35]. 

Figure 1 shows that stabilizing and compacting the 

subgrade increases pavement capacity, reduces settlement, 

and extends road service life. 

 

 
Fig. 2 Importance of soil improvement: visual and technical impact
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3.4. Allowable Capacity 

The allowable soil capacity is defined as the load that can 

be safely carried without causing excessive settlement or 

structural failure [36]. It is expressed in units of pressure (kPa 

or kg/cm²) and is fundamental for the design of foundations in 

buildings. The value is controlled by variables such as soil 

classification, compaction, water content, and the presence of 

cohesive or coarse-grained particles [37]. Figure 2 integrates 

the load-settlement response of the soil with the structural 

performance of a building subjected to different levels of 

improvement. It is observed that, for an unimproved soil, the 

curve presents a steep slope, indicating significant settlements 

under moderate loads and, consequently, the appearance of 

structural cracks. As the soil is improved, the slope of the 

curve decreases and the allowable capacity (intersection with 

the normative settlement limits) increases, allowing it to 

support higher loads with lower deformations. 

Visually, this is represented by progressively more stable 

and crack-free dwellings, showing that soil intervention - 

through stabilization or compaction techniques - not only 

increases the allowable capacity, but also mitigates the 

occurrence of differential settlement, preserving the integrity 

of the foundation and superstructure. Thus, the figure 

reinforces the importance of adequate soil treatment to ensure 

the safety and durability of buildings. 

 

 
Fig. 3 Cement 

 

3.5. Cement 

Cement is widely used in the manufacture of concrete and 

mortar, and when mixed with water, it produces a paste that 

hardens through hydration. Its performance can be further 

enhanced with the addition of supplementary materials such 

as fly ash or blast furnace slag, which also provide 

sustainability benefits and improve its behavior under 

different conditions [39].  

The cement used in the project, shown in Figure 3, 

corresponds to Portland cement type I and Table 1 details its 

main physical and chemical properties, highlighting that its 

7% air content significantly improves the workability of the 

mixture. With a density of 3.13 g/cm³, it reflects a 

considerable mass, while its compressive strength of 449 

kg/cm² at 28 days highlights its relevance for structural 

performance. In addition, the levels of magnesium oxide 

(2.9%) and sulfur oxide (2.8%) are crucial to avoid unwanted 

expansive reactions, ensuring the material's long-term 

stability. 

Table 1. Physical and chemical properties of cement 

Cement Value 

Air content (%) 7 

Density g/cm3 3.13 

Compressive strength at 28 days 

kg/cm2 
449 

MgO (%) 2.9 

SO3 (%) 2.8 

 

3.6. Lime 

Lime is an alkaline material produced through the 

calcination of limestone at elevated temperatures. It is 

available principally in two variants: calcium oxide and 

calcium hydroxide [40]. This material is frequently applied in 

geotechnical practice to improve clayey soils by lowering 

plasticity and increasing load-bearing strength. Lime 

improves the cohesion, shear strength, and durability of soils 

and is less expensive and more environmentally friendly than 

other stabilizers. It is produced from limestone and can be 

combined with other materials such as fly ash to optimize its 

properties [41]. 

Figure 4 shows the lime used, while Table 2 presents the 

chemical properties of lime carbonate, highlighting its 98% 

calcium carbonate content, which qualifies it as a high-purity 

material, ideal for applications requiring chemical stability. 

Among its secondary components, manganese oxide (0.55%) 

can influence the coloration and catalytic properties of the 

material; silica (0.27%) and alumina (0.50%) affect its 

reactivity and mechanical strength; iron trioxide (0. 09%) 

contributes to coloration and structural resistance; titanium 

dioxide (0.03%), appreciated in industrial processes, improves 

resistance to degradation; and sulfur trioxide (0.25%), which 

in high concentrations, could modify the reactivity of the 

material. 

Table 2. Chemical properties of lime carbonate 

Lime (%) 

Calcium Carbonate 98.00 

Manganese Oxide 0.55 

Silica 0.27 

Alumina 0.50 

Iron Trioxide 0.09 

Titanium Dioxide 0.03 

Sulfur Trioxide 0.25 
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Fig. 4 Lime 

3.7. Calcium Chloride 

Calcium chloride is a compound formed by calcium and 

chlorine, present in minerals such as sinjarite and antarcticite. 

It appears as a crystalline material of whitish aspect, with high 

solubility in water. It shows hygroscopic behaviour and 

liberates heat when undergoing dissolution. It is obtained from 

natural sources such as brine and seawater.  

In the food industry, it is used as an additive (E509) to 

improve the firmness of fruits and vegetables, in cheese 

making and as a stabilizing agent in beverages. It is also used 

in dust and ice control on roads, and as an accelerant in 

construction [42].  

Figure 5 shows the calcium chloride used, and Table 3 

presents the chemical and physical properties of calcium 

carbonate, where the density of calcium carbonate is 2.15 

g/cm³, indicating that it is a relatively light material. Its 

melting point is 772 °C, which makes it resistant to high 

temperatures and suitable for applications in thermally 

demanding environments.  

In addition, its chemical composition includes 36.1% 

calcium (Ca) and 63.9% chlorine (Cl), elements that give it 

desiccant properties. 

Table 3. Properties of calcium carbonate 

Physical Properties 

Density 2.15 g/cm3 

Melting point 772 °C 

Hygroscopicity 25% 

Chemical properties 

Calcium (Ca) content 36.1% 

Chlorine (Cl) content 63.9% 

 
Fig. 5 Calcium chloride 

3.8. Measurement Indicators 

3.8.1. Soil 

Once the soil has been extracted and placed in the 

laboratory, the process of quartering begins, as shown in 

Figure 6, in order to start the subsequent tests properly. This 

process is crucial to ensure that the sample is representative of 

the original soil and that the tests reflect the real conditions of 

the material. In this way, the accuracy and validity of the 

results obtained in subsequent tests are guaranteed.  

 
Fig. 6 Soil sample 

3.8.2. Granulometry 

Granulometry is the analysis of the particle size 

distribution in a granular material, fundamental to characterize 

its composition, optimize the formulation of mixtures and 

ensure quality in construction and engineering applications 

[43]. The particle size analysis was carried out in accordance 

with the MTC E 107 standard [44]. According to this standard, 

the soil sample must be completely dried; in this case, an oven 

was used at a temperature of 110 °C until reaching constant 

weight, ensuring the total elimination of moisture. 

Subsequently, the sample was subjected to a sieving process 

in which the sieves varied in size from 5'' to number 200, 

moving in a circular motion to keep the material in constant 

movement over the meshes. This procedure, as shown in 

Figure 7, ensures an effective separation of the particles and 

allows a correct classification of the soil.  



Marko Antonio Lengua Fernandez et al. / IJCE, 12(9), 129-147, 2025 

 

135 

 
Fig. 7 Granulometry 

3.8.3. Atterberg Limits 

The determination of the Atterberg limits was carried out 

in order to characterize the soil plasticity, following the 

procedures established in standards MTC E-110 and MTC E-

111, for the determination of LL. A 100 g soil sample 

previously sieved through the No. 40 mesh was tested using 

the Casagrande apparatus according to the standardized 

method, obtaining a value of 40%. LP was determined by 

rolling threads of approximately 3 mm in diameter until they 

fractured into segments close to 6 mm in length, yielding a 

value of 22%. Based on these results, the plasticity index (IP) 

was calculated using the relation IP = LL – LP, resulting in a 

value of 18%, which is a direct indicator of the plastic 

behavior of the analyzed material. 

3.8.4. Soil Classification 

Soil classification is fundamental to understanding soil 

properties and behavior. In this work, the soil was classified 

as CL (low plasticity clay), as shown in Figure 8. This 

indicates that the soil has moderate compactability and some 

sensitivity to moisture variation, which may influence its 

behavior under different environmental conditions. 

 
Fig. 8 Soil classification symbols 

3.8.5. CBR  

Modified Proctor 

For the compaction analysis, the soil samples were 

modified with lime (3–12%), cement (5–20%), and calcium 

chloride (2–8%) under different moisture conditions. Each 

blend was introduced into the Proctor mold and densified 

through incremental layering, after which cylindrical 

specimens were extracted, as shown in Figure 9. The 

specimens were then weighed, and a portion was partially 

oven-dried to determine dry unit weight and water content. By 

repeating this procedure with the different additive dosages, 

the compaction curves were obtained, from which the 

maximum dry density and the optimum moisture ratio 

corresponding to each mixture were established. 

 
Fig. 9 Modified proctor 

 

Figure 10 presents the compaction curve of the natural 

soil without additives, where the maximum dry density of 

approximately 2.16 g/cm³ is achieved at an optimum water 

content of around 7.8%. This point reflects the most favorable 

balance between water and compaction, allowing the soil to 

reach its peak dry density according to the Proctor test. When 

the moisture level exceeds this optimum, the dry density 

decreases due to the disruptive effect of excess water in the 

compaction process. 

CBR 

The CBR test was conducted following the MTC E-132 

standard [44], maintaining the normative conditions of 

compaction at optimum moisture, soaking until full saturation, 

and load application up to 2.5 mm and 5.0 mm penetrations. 

The contribution of this research lies in the incorporation of 

lime, cement, and calcium chloride into the soil before 

compaction, in order to evaluate their direct influence on the 

bearing capacity compared to untreated soil. The experimental 

sequence and testing setup are presented in Figure 11 (a-g), 

which illustrates the process from mixing with water and 

additives to compaction, soaking, and load application in the 

equipment. 
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Fig. 10 Maximum dry density vs. Moisture content 

 
Fig. 11 CBR 

Direct Cuy 

The analysis followed the MTC E-123 standard [44] 

using specimens prepared with soil passing the No. 4 sieve and 

tested under consolidated drained conditions at a controlled 

displacement of 0.5 mm per minute. Figure 12 documents the 

specimen preparation, shear box assembly, and loading setup. 

The study focused on how the incorporation of lime, cement, 

and calcium chloride at programmed dosages modifies the 

shear response of the soil, quantified by the parameters c′ and 

φ′. 
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Fig. 12 Direct cut 

Unconfined Compressive Strength 

The test was performed under two control modes: 

deformation control and load control. In the first case, axial 

strain was applied at a constant rate ranging from 0.5% to 2% 

per minute, while both load and deformation readings were 

taken every 30 seconds until specimen failure or until reaching 

20% strain. Under load control, the applied stress was adjusted 

to achieve a progressive axial deformation, with continuous 

monitoring of load-displacement behavior. This methodology 

enabled the assessment of how the incorporation of lime, 

cement, and calcium chloride modified the unconfined 

compressive strength of the soil in comparison with the 

untreated condition, as illustrated in Figure 13. 

 
Fig. 13 Unconfined compressive strength 

4. Results and Discussion 
This section presents the outcomes of adding various 

proportions of lime, cement, and calcium chloride to soil 

mixtures, with emphasis on evaluating their influence on the 

material’s behavior. 

4.1. CBR 

4.1.1. CBR 95% and 100% without Addition 

Figure 14 shows the soil without additives (0%), which 

reached a CBR of 2.98% at 95% compaction and 4.35% at 

100%. These values reflect a very low strength and are 

insufficient for housing foundations. The poor performance is 

explained by the absence of cementing agents binding the 

particles, resulting in a weak skeleton and high deformability. 

This condition coincides with that described for untreated 

clayey soils, where plasticity and low dry density limit the 

support capacity [47]. 

 
Fig. 1 CBR 

4.1.2. CBR 95% with Lime, Cement and Calcium Chloride 

Figure 15 shows the response of soils treated with lime, 

cement, and calcium chloride compacted to 95%. For lime 

addition, the CBR rose from 2.98% in the untreated sample to 

3.91% with 3%, to 4.87% with 6%, and reached 7.95% at 9%.  

When the lime content was further increased to 12%, the 

strength dropped to 6.03%. This trend is attributed to the 

hydration of lime, which produces Ca(OH)₂. The presence of 

this compound elevates the alkalinity of the medium, 

accelerating the breakdown of siliceous and aluminous phases 

in clay minerals and enabling the subsequent formation of 

cementitious gels (C-S-H and C-A-H), which increase 

cohesion, while cation exchange replaces monovalent cations 

with Ca²⁺, reducing the diffuse double layer and promoting 

particle flocculation. Nevertheless, when the dosage exceeds 

the optimum value, the accumulation of free lime produces an 

overly rigid soil with shrinkage microcracking, which 

CBR (95%) CBR (100%)

3.91 4.87



Marko Antonio Lengua Fernandez et al. / IJCE, 12(9), 129-147, 2025 

 

138 

explains the observed drop. In this regard, Salehi et al. [47, 48] 

also found that lime can increase CBR and compressive 

strength by 1.37 and 1.24 times, respectively, but that 

excessive doses reduce its effectiveness. 

Cement, on the other hand, showed a more pronounced 

improvement: the CBR increased to 5.21% with 5%, 8.91% 

with 10%, and reached 16.87% with 15% addition. However, 

when the dosage was increased to 20%, the value dropped to 

14.25%. The increase is explained by the fact that cement, 

upon hydration, forms products such as Calcium Silicate 

Hydrates (CSH) that densify the soil matrix, fill pores, and 

reduce compressibility while encapsulating clay particles and 

reducing their plasticity.  

However, an excess of cement generates an overly rigid 

and brittle structure, with loss of ductility and capacity to 

dissipate stresses. Consequently, resistance to dynamic loads 

decreases. This result is consistent with the findings of 

Bandara et al. [49], who, when stabilizing road soils, reported 

a 97% increase in CBR and up to a 275% increase in dry 

density with 3.5% cement, but warned that higher contents 

may reduce treatment efficiency due to over-rigidity. 

 
Fig. 2 CBR 95% 

Finally, calcium chloride was the additive with the 

greatest impact: the CBR increased to 10.01% with 2%, 

12.76% with 4%, and reached a maximum of 21.98% with 6%. 

However, with an 8% dosage, the value decreased to 17.73%. 

The increase is due to the fact that CaCl₂ provides Ca²⁺ ions 

that replace weak cations in the exchange complex, reducing 

the diffuse double layer and promoting the flocculation of fine 

particles, which increases cohesion and reduces plasticity. 

Moreover, this compound accelerates hydration processes that 

consolidate the structure in the short term. However, higher 

doses lead to salt crystallization and electrostatic repulsion, 

reducing internal cohesion. This behavior is consistent with 

the findings of researchers in Nigeria [18, 19], who reported 

increases in Compressive Strength (UCS) up to 391.7 kN/m² 

at 28 days of curing and an unsaturated CBR of 8.02% with 

4% CaCl₂, but observed reductions when the optimum dosage 

was exceeded. 

In conclusion, the results show that all three additives 

follow the same pattern: significant increases up to an 

optimum value, followed by a decrease when the appropriate 

dosage is exceeded. While lime acts by reducing plasticity and 

promoting pozzolanic reactions, cement densifies the structure 

through hydration, and calcium chloride improves 

flocculation and increases ionic cohesion. In excess, all 

produce negative effects: over-rigidity in lime and cement, 

and loss of cohesion due to ionic dispersion in the case of 

calcium chloride. 

4.1.3. 100% CBR with Lime, Cement and Calcium Chloride 

Figure 16 presents the behavior of soils treated with lime, 

cement, and calcium chloride at full compaction. When lime 

was incorporated, the CBR of the untreated soil (3.91%) rose 

progressively, reaching 5.19% with 3%, 7.34% with 6%, and 

peaking at 11.07% with 9%. At 12%, however, the strength 

declined to 10.65%.  

This tendency is attributed to the increase in alkalinity 

produced by lime hydration, which promotes the breakdown 

of clay minerals and stimulates the generation of reaction 

products such as C-S-H and C-A-H, enhancing the internal 

soil framework. The exchange of Ca²⁺ with lighter cations also 

diminishes the diffuse double layer, favoring flocculation and 

strengthening particle bonding. Once the optimum lime 

dosage is exceeded, surplus material remains unreacted, 

leading to accumulation within the soil matrix and a 

subsequent decrease in strength. 

Similarly, Salehi et al. [47, 48] reported that adding lime 

improved CBR and UCS by factors of 1.37 and 1.24, 

respectively, with diminished effectiveness at higher dosages. 

Although their work primarily addressed UCS, the 

mechanisms they described align with those used to interpret 

the rise and subsequent decline observed in the CBR results of 

this study, reinforcing that both parameters consistently 

capture lime-induced changes in soil behavior. In the case of 
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cement, the CBR increased to 7.87% with 5%, 10.19% with 

10%, and reached a maximum of 18.87% with 15%, before 

decreasing to 16.73% with 20%. This behavior is due to the 

hydration of cement compounds (C₃S and C₂S), which 

generate cementitious products capable of filling voids and 

densifying the soil matrix, thereby reducing its 

compressibility and encapsulating clay particles. However, 

once the optimal threshold is exceeded, the soil–cement 

matrix becomes rigid and brittle, losing ductility and the 

ability to absorb deformations. 

Consistent with these findings, Bandara et al. [49] 

reported that stabilizing soils for road construction with 

cement increased CBR by up to 97% and maximum dry 

density by 275% with only 3.5% addition. However, higher 

dosages reduced effectiveness due to excessive stiffness, 

confirming that both UCS and CBR follow the same pattern 

of improvement followed by a loss of efficiency. The results 

of this study, focused on CBR, expand this conclusion and 

show that the trend also applies to parameters directly related 

to soil bearing capacity. 

Finally, calcium chloride was the additive with the 

greatest effect: the CBR rose to 13.45% with 2%, 15.13% with 

4%, and reached a maximum of 28.33% with 6%, before 

decreasing to 24.87% with 8%. The increase is attributed to 

the replacement of weak cations with Ca²⁺, which reduces the 

diffuse double layer and promotes particle flocculation, 

thereby increasing cohesion. Moreover, CaCl₂ accelerates 

hydration processes that consolidate the soil in the short term. 

However, when the concentration exceeds the optimal level, 

salts induce crystallization and electrostatic repulsion between 

particles, which reduces strength. 

In line with these results, studies in Nigeria [18, 19] 

showed that the addition of 4% CaCl₂ progressively increased 

UCS up to 391.7 kN/m² after 28 days of curing, and the 

unsaturated CBR reached 8.02%. However, beyond this 

dosage, effectiveness declined. Although their focus was 

mainly on UCS, the parabolic pattern described by those 

authors fully matches the CBR results of the present study, 

confirming that the mechanisms of improvement and 

deterioration manifest consistently across different 

mechanical parameters. 

In conclusion, the CBR results at 100% compaction 

validate the same pattern observed at 95%: progressive 

increases up to an optimal value, followed by a decrease when 

the appropriate dosage is exceeded. Previous studies, which 

were mostly focused on UCS, reinforce this trend and confirm 

that flocculation, cation exchange, and the formation of 

cementitious products are consistently reflected in both CBR 

and UCS. Therefore, although the parameters differ in nature, 

the observed behavior is convergent and demonstrates the 

robustness of the stabilization mechanisms with lime, cement, 

and calcium chloride. 

 
(a) CBR (100%) with Lime 

 
(b) CBR (100%) with Cement 

 
(c) CBR (100%) with calcium chloride 

Fig. 3 CBR 100% 

4.2. Allowable Capacity 

Figure 17 illustrates the bearing capacity values obtained 

for soil stabilized with lime and calcium chloride, considering 

the proportions that achieved the highest CBR performance. 

The untreated reference soil registered an admissible capacity 

of 1.13 kg/cm². When 6% lime was incorporated, the capacity 

rose to 1.75 kg/cm², evidencing a clear gain in resistance. The 

application of 4% calcium chloride yielded 2.10 kg/cm², 

marking a more pronounced improvement over the natural 

soil. With 9% lime, the result was 2.11 kg/cm², only 

marginally higher than the 6% dosage but still superior to the 
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7.34
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untreated condition. The best outcome was observed with 6% 

calcium chloride, reaching 2.44 kg/cm², which demonstrates 

the strong effect of this additive in reinforcing soil strength. 

These findings confirm the effectiveness of both stabilizers, 

although calcium chloride produced the greatest enhancement 

in admissible capacity. 

 

These results are indirectly supported by the literature, 

although most previous studies have focused on the (UCS) and 

CBR, without directly reporting on bearing capacity values. In 

India [16, 17], for example, it was observed that with 10% 

lime, the strength reached 12 MPa compared to 7 MPa in 

natural soils, demonstrating the effectiveness of this additive 

in improving cohesion and material stiffness. Similarly, 

Nigeria [18, 19] reported that with 4% CaCl₂, the UCS 

increased to 391.7 kN/m² after a 28-day curing period, while 

the unsaturated CBR increased to 8.02%. In contrast, the 

untreated soil showed values of 207.8 kN/m² and 4.01%, 

confirming the substantial improvement in load-bearing 

capacity achieved with this compound. The beneficial role of 

lime is associated with its pozzolanic interaction with soil 

silicates and aluminates, leading to the formation of binding 

phases such as C-S-H and C-A-H, while in the case of CaCl₂ 

the improvement is explained by the action of calcium ions, 

which induce flocculation and reduce the plasticity index, 

consolidating particles and increasing their bearing capacity 

[16-20]. Taken together, it can be stated that both additives 

effectively contribute to optimizing the mechanical properties 

of soils, which supports the results obtained in this study and 

reinforces their applicability in foundation and infrastructure 

projects.

 

 
Fig. 4 Admissible capacity 

4.3. Compressive Strength (qu) 

It should be emphasized that applying a conventional 

allowable bearing capacity check to cement-stabilized soils is 

inappropriate, since that criterion is more suitable for 

untreated or lightly treated deposits and does not capture the 

compressive response governing cemented mixtures [50].  

 
In practice, the use of cement increases stiffness, and the 

compressive strength becomes the most reliable metric for 

assessing the performance of cement-treated soils in 

geotechnical studies [44, 51]. Even so, excessive cement may 

induce a rigid and brittle fabric, lowering ductility and the 

ability to dissipate energy under dynamic actions. 

Figure 18 presents the outcomes obtained for the different 

cement contents analyzed. The untreated soil registered a 

compressive strength of 10.34 kg/cm², while the incorporation 

of 10% cement increased the value to 87.19 kg/cm², and 15% 

cement produced a maximum of 104.67 kg/cm². A similar 

trend has been observed in stabilization studies carried out by 

Razali and Shukor et al. [52, 53]. The improvement in 

resistance is linked to the hydration and pozzolanic activity of 

Portland cement, which generates binding phases such as C-

S-H and C-A-H. These reaction products densify the soil 

matrix by reducing porosity and plasticity while improving 

particle-to-particle contact, thus producing a more compact 

and mechanically robust skeleton [12-15]. 
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Fig. 5 Admissible capacity 

4.4. Feasibility 

4.4.1. Seismic Parameters 

According to standard E030 [54], all parameters will be 

established according to its guidelines: 

 Study zone: The zone is located in the Huancayo plane, 

which, according to that standard, is classified within 

seismic zone 3, as shown in Figure 19. Consequently, the 

corresponding zone factor will be Z = 0.35 [54]. 

 Soil factor: The soil factor has been determined as S3 = 

1.20 [54], according to the characteristics of the soil in the 

study area. 

 Use factor: This factor is assigned according to the type 

of construction planned. In this case, given that the zone 

is intended for buildings such as housing, offices and 

hotels, the use factor will be U = 1 [54]. This value 

reflects the specific characteristics of the types of 

buildings planned to be constructed in the zone. 

 Reduction coefficient (R): The value of this coefficient is 

8 [54], since this is a reinforced concrete structure with 

portal frames. 

 

With these parameters defined, the inelastic spectral 

analysis of pseudo-accelerations was performed using 

equation 1. 

 
Fig. 19 Seismic zones 

𝑆𝑎 =
𝑍.𝑈.𝐶.𝑆

𝑅
. 𝑔                  (1) 

With these parameters defined, the inelastic spectral 

analysis of pseudo-accelerations was performed using 

equation 1. 

Where: 

Z: Seismic zone coefficient 

U: Importance coefficient 

C: Ground amplification coefficient  

S: Subsoil coefficient 

R: Seismic force reduction coefficient 

g: Gravity 

4.4.2. Housing Structuring 

The floor plan dimensions of the house were 12 x 12 

meters, a common characteristic in the houses of Huancayo-

Palian. The structural system is composed of portal frames, 

with a total of 5 stories, as shown in Figure 20, designed 

according to the stiffness and strength requirements 

established by the seismic-resistant design standard (E030) 

[54]. For this purpose, 50 x 50 cm columns and 25 x 40 cm 

beams were used throughout the building.  

In addition, the solid slabs were dimensioned with a 

thickness of 15 cm, which ensures the stability of the structure. 

Regarding the compressive capacity of the concrete, a value 

of 210 kg/cm² was adopted for the columns, beams, slabs, and 

footings. This level of resistance ensures both the reliability 

and durability of the structure, particularly against seismic 

forces and other load demands. 

After modeling the house in ETABS, the forces at the 

base of a central column were extracted, the results of which 

are presented in Table 4, where the loads acting on the footing 

are detailed, including the dead load (63.98 tons), the live load 

(15.01 tons) and the moments generated in both directions due 

to seismic and gravity forces.  
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Fig. 20 ETABS model of a typical house 

The design of the footing was then carried out using the 

capacities obtained, as shown in Figure 20. For this purpose, 

the design was evaluated considering each allowable capacity, 

ensuring that the foundation system complied with the 

established structural and safety requirements. 

Tabla 4. Loads acting on the footing 

Gravity loads 

PM (Dead load) 63.98 Ton 

Pv (Live load) 15.01 Ton 

Longitudinal direction Transversal direction 

Mmx (Dead 

load 

moment) 

0.0212 

Ton.m 

Mmy (Dead 

load 

moment) 

0.0212 

Ton.m 

Mvx 

(Moment 

live load) 

0.0079 

Ton.m 

Mvy 

(Moment 

live load) 

0.0079 

Ton.m 

Msx 

(Seismic 

moment) 

9.09 Ton.m Msy 

(Seismic 

moment)  

9.09 Ton.m 

Psx (Axial 

load) 

6.17 Ton Psy (Axial 

load) 

6.17 Ton 

 

Therefore, Figure 21 shows the detailed plan of the 

dimensions of the footings evaluated. In item a, corresponding 

to the standard footing (without any additions), the dimensions 

are 3.80 m × 3.80 m. In item b, with the addition of 6% lime, 

the dimensions are 2.30 m × 2.30 m; in item c, with 9% lime, 

they are reduced to 2.20 m × 2.20 m.  

 

In item d, with the addition of 4% calcium chloride, the 

dimensions are 2.10 m × 2.10 m; and finally, in item e, with 

6% calcium chloride, the dimensions reach 2.00 m × 2.00 m. 

It should be noted that all footings have ¾'' rebar 

reinforcement, arranged with a uniform spacing of 0.275 

meters. 

 
Fig. 21 Detail in plan of the footings 

Figure 22 shows the elevation detail of the footings, 

applicable to all the cases mentioned in Figure 20, since the 

geometry and distribution of the reinforcement remain 

constant. The foundation rests on compacted natural soil, with 

a concrete slab and a screed to ensure stability and leveling. 

The reinforcement consists of steel bars Ø 3/4"@0.275 m in 

both directions, optimizing structural resistance, while the 

central column is anchored to the footing to ensure adequate 

load transfer. 

 
Fig. 22 Detail in elevation of the brake shoes 

4.4.3. Foundation Cost Analysis 

According to Figures 21 and 22, the cost analysis was 

performed, and the concrete and steel metering corresponding 

to each footing was considered. Once the metrics were 

obtained, the Unit Price Analysis (UPA) was prepared, 

including the costs of labor, materials and hand tools. This 

made it possible to determine the unit cost of both concrete 

and steel for each alternative evaluated. Subsequently, the 

total cost was calculated by multiplying the metric by the 

respective APU. 
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Figure 23 shows the results for the concrete, showing that 

the standard footing, without any addition of lime or calcium 

chloride, had a cost of S/4,181.05. With the addition of 6% 

lime, the cost was reduced to S/1,531.71; with 9% lime, it was 

S/1,401.41. On the other hand, with the addition of calcium 

chloride at 4%, the cost was S/ 1,276.90, and with 6% of this 

additive, the cost was S/1,158.19. With the addition of 6% 

calcium chloride, the latter presented the lowest total cost in 

concrete, standing out as the most economical option. This 

result is especially impressive, since it shows how a simple 

modification in the mix can significantly optimize 

construction costs. 

 
Fig. 23 Costs of concrete footings 

Regarding steel, as shown in Figure 24, the cost for the 

footing without addition was S/ 2,081.83. With 6% lime, it 

was reduced to S/ 757.64; with 9% lime, it was S/ 692.61. 

With the addition of calcium chloride at 4%, the cost was S/ 

630.49, and with 6% of this additive, the final cost was S/ 

571.07. Again, adding calcium chloride at 6% proved to be the 

most efficient, as it achieved the lowest cost in steel. This 

finding reinforces the technical and economic feasibility of 

using this additive in foundation projects, representing a 

remarkable improvement compared to conventional footing. 

 
Fig. 24 Footing steel costs 

pattern Lime (6%) Lime (9%) Calcium

chloride (4%)

Calcium

chloride (6%)

S/4181.07

S/1531.71 S/1401.41
S/1276.9 S/1158.19

Costs in concrete (m3) 

pattern Lime (6%) Lime (9%) Calcium

chloride (4%)

Calcium

chloride (6%)

S/ 2081.83

S/ 757.64 S/ 692.49
S/ 630.49 S/ 571.07

Steel cost (kg)
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In contrast, most previous research has focused on the 

mechanical stabilization parameters (CBR or UCS), without 

explicitly considering their effect on foundation costs. For 

example, studies in India [16, 17] and Nigeria [18, 19] 

reported significant increases in UCS and CBR with lime and 

CaCl₂, but did not analyze their economic impact. Therefore, 

it is essential to complement the technical evaluation with a 

cost analysis, as this approach allows for a more accurate 

determination of the real feasibility of these additives in 

foundation projects. In this way, it is ensured that the proposed 

solutions not only meet structural requirements but are also 

sustainable and economically competitive in current 

construction scenarios.  

5. Conclusion  
The outcomes of the CBR tests at 95% and 100% 

compaction indicate a notable enhancement in soil resistance 

when lime, cement, and calcium chloride are incorporated. 

The most favorable values were obtained with 9% lime, 15% 

cement, and 6% calcium chloride. Specifically, lime achieved 

7.95% at 95% and 11.07% at 100% compaction; cement 

reached 16.87% at 95% and 18.87% at 100%; while calcium 

chloride provided the highest performance, with 21.98% at 

95% and 28.33% at 100%. These findings confirm that 

optimizing the dosage of these additives substantially 

increases the bearing capacity and compressive resistance of 

the soil, which enhances its suitability for foundations and 

pavement works. Nevertheless, excessive dosages should be 

avoided, as they may cause the soil to become overly rigid and 

lose part of its flexibility. 

The admissible capacity evaluation confirmed that both 

lime and calcium chloride enhance soil strength, although the 

effect of calcium chloride is more pronounced. The untreated 

soil recorded a capacity of 1.13 kg/cm². With 6% lime, this 

value increased to 1.75 kg/cm², while the application of 6% 

calcium chloride produced the highest capacity, reaching 2.44 

kg/cm². This represents a substantial improvement over the 

natural soil. The findings suggest that calcium chloride 

provides a stronger contribution to soil stabilization than lime, 

making it a more effective alternative for foundations and 

pavement applications. Overall, calcium chloride stands out as 

the most efficient additive for maximizing bearing capacity, 

delivering clear gains compared with the reference soil. 

 The analysis of compressive strength in soils treated with 

cement revealed that the untreated sample had a resistance of 

10.34 kg/cm². With the addition of 10% cement, the strength 

increased to 87.19 kg/cm², and at 15% dosage, it further rose 

to 104.67 kg/cm². These outcomes demonstrate a marked 

enhancement in compressive strength, confirming the 

efficiency of cement as a stabilizing agent. This behavior is 

expected, as cement functions as a binder that augments soil 

stiffness and its ability to resist compressive loads. 

Consequently, cement-stabilized soils are highly suitable for 

applications such as pavement bases or structural foundations 

where both high load-bearing capacity and durability are 

essential. In comparison with conventional foundation soils, 

which do not achieve the same degree of reinforcement 

without additives, cement-treated soils exhibit significantly 

greater consolidation, indicating that cement plays a crucial 

role in soil stabilization. 

The cost analysis performed for the foundation shows that 

the standard footing, without additives, has a total cost of 

S/4,181.05 in concrete and S/2,081.83 in steel. By 

incorporating calcium chloride at 6%, the total cost of the 

footing is significantly reduced to S/1,158.19 in concrete and 

S/571.07 in steel, which represents a significant decrease 

compared to the standard footing. This finding is key, since 

the addition of calcium chloride not only reduces material 

costs, but also optimizes the economic efficiency of the 

foundation project. Furthermore, using this admixture can 

improve the durability of concrete, especially in adverse 

climatic conditions or environments where faster setting times 

are required, highlighting the importance of considering 

alternatives that are more economical and can also contribute 

to sustainability and better long-term structural performance.  

Limitations of the study include variability in soil 

properties because, although extensive testing was performed 

on soil mixtures with different additives, the natural variability 

of soil in different locations could influence the results, 

limiting generalization to other geographic contexts. In 

addition, the tests were conducted under controlled laboratory 

conditions, which do not fully simulate real environmental 

conditions, such as humidity and thermal fluctuations, that 

could affect the behavior of additive-stabilized soils. The 

short-term mechanical properties of the soil were also 

evaluated, but the long-term effects of the additives (lime, 

cement, calcium chloride) on the durability of the stabilized 

soil, especially under repeated loading cycles and extreme 

climatic conditions, were not considered. The study did not 

address in depth the interaction between the additives and how 

they might behave synergistically or interfere with soil 

properties, which could generate unforeseen effects. Finally, 

the limited soil sample size used in the study does not reflect 

the full variability of soils in other regions or under different 

geotechnical conditions, and the dosages of the additives 

evaluated were also limited, which did not cover the full range 

of possibilities. 

Future research should emphasize the evaluation of the 

durability and long-term response of soils stabilized with these 

additives, considering how variables like exposure time, 

variations in moisture, and environmental conditions 

influence their properties and load-bearing capacity over 

extended periods. It would also be relevant to explore 

combinations of lime, cement and calcium chloride with other 

alternative stabilizers, such as industrial wastes or organic 

materials, to improve sustainability and reduce soil 

stabilization costs. In addition, studies could be conducted on 
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the interactions between the different additives to identify 

combinations that generate synergistic or negative effects on 

soil properties, thus optimizing treatments and reducing costs. 

Additional research could focus on soils with extreme 

properties (very wet or arid) to evaluate the effectiveness of 

the additives in adverse conditions, which would allow 

expanding the application of these treatments to diverse 

geotechnical conditions. It would also be important to carry 

out field tests to verify the results obtained in the laboratory 

under real construction conditions, observing the interaction 

between the stabilized soils and the built structures, as well as 

their behavior under seismic events and dynamic loads. In 

addition, the environmental impact of the additives, 

particularly calcium chloride, should be investigated to ensure 

that their use does not cause negative effects on the 

environment or public health in the long term. Finally, given 

the seismic classification of the study area, future research 

could focus on the ability of stabilized soils to resist seismic 

movements, evaluating their behavior under extreme seismic 

conditions to ensure structural safety. 

References  
[1] “Soil Stabilization Market by Method (Mechanical Method, Chemical Method); by Application (Industrial, Non-agriculture, Agriculture); 

by Additive (Polymers, Mineral & Stabilizing Agents, Other Additives); by Geography – Growth, Share, Opportunities & Competitive 

Analysis, 2024 – 2032,” Report, 2025. [Publisher Link] 

[2] Amadi Alolote, “The Anatomy of Geotechnical Risk Factors in Transportation Infrastructure Projects,” International Journal of 

Innovation and Economic Development, vol. 4, no. 5, pp. 20-30, 2018. [CrossRef]  [Google Scholar] [Publisher Link] 

[3] “Soil Stabilization Market Report,” Verified Market Reports, 2024. [Publisher Link] 

[4] Diego R. Cajachagua Guerreros et al., “Evaluation of Peruvian Geological Properties in the Dimensional Design of Cantilever Walls,” 

Civil Engineering and Architecture, vol. 12, no. 3A, pp. 1929-1945, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[5] These are the Districts of Lima and Callao Most Vulnerable to Earthquakes and Tremors: They are Located on Soils that are Weak for 

Construction, The Rebublic, 2025. [Online]. Available: https://larepublica.pe/sociedad/2025/06/15/los-distritos-de-lima-metropolitana-

mas-vulnerables-ante-fuertes-sismos-segun-la-uni-estan-ubicados-en-suelos-debiles-para-la-construccion-atmp-1237560 

[6] Seismic Map: Ministry of Housing Identifies Districts in Lima and Callao Most vulnerable to an Earthquake, Ministry of Housing, 

Construction and Sanitation, Platform of the Peruvian State, 2022. [Online]. Available: 

https://www.gob.pe/institucion/vivienda/noticias/667028-mapa-sismico-ministerio-de-vivienda-identifica-distritos-de-lima-y-callao-

mas-vulnerables-ante-un-terremoto 

[7] This Condominium has 120 Homes, a Pool, and a Recreation Center, but it was Abandoned 18 Years Ago: What Happened?, The Rebublic, 

2025. [Online]. Available: https://larepublica.pe/sociedad/2025/06/19/este-condominio-tiene-120-casas-una-piscina-y-un-centro-

recreacion-pero-fue-abandonado-hace-18-anos-que-paso-evat-711759 

[8] Which Areas of Huancayo have the Best Soil to Withstand an Earthquake?, Diario Correo, 2017. [Online]. Available:  

https://diariocorreo.pe/edicion/huancayo/que-zonas-de-huancayo-tienen-el-mejor-suelo-para-soportar-un-sismo-777315/ 

[9] Derya Toksöz Hozatlıoğlu, and Işık Yılmaz, “Shallow Mixing and Column Performances of Lime, Fly Ash and Gypsum on the 

Stabilization of Swelling Soils,” Engineering Geology, vol. 280, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[10] National Cement Shipments have been Declining for Five Months in 2024, Gestión, 2024. [Online]. Available: 

https://gestion.pe/economia/despacho-nacional-de-cemento-acumula-ya-cinco-meses-a-la-baja-en-2024-asocem-construccion-noticia/ 

[11] Peru Consumes More than 30 Million Tons of Limestone Per Year, Desde, 2024. [Online]. Available: 

https://www.desdeadentro.pe/2024/10/peru-consume-mas-de-30-millones-de-toneladas-de-caliza-al-ano/ 

[12] Pooria Ghadir, and Navid Ranjbar, “Clayey Soil Stabilization using Geopolymer and Portland Cement,” Construction and Building 

Materials, vol. 188, pp. 361-371, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[13] R. K. Sharma, “Laboratory Study on Stabilization of Clayey Soil with Cement Kiln Dust and Fiber,” Geotechnical and Geological 

Engineering, vol. 35, pp. 2291-2302, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[14] E.A. Adeyanju, and C.A. Okeke, “Clay Soil Stabilization using Cement Kiln Dust,” IOP Conference Series: Materials Science and 

Engineering: International Conference on Sustainable Infrastructural Development, Canaan Land, Ota, Nigeria, vol. 640, pp. 1-11, 2019. 

[CrossRef] [Google Scholar] [Publisher Link] 

[15] Liu et al., “Strength Performance of Cement/Slag-Based Stabilized Soft Clays,” Construction and Building Materials, vol. 211, pp. 909-

918, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[16] M.M. Sai Harshita, “Soil Stabilisation using Lime,” International Journal of Research in Applied Science & Engineering Technology, 

vol. 6, no. 1, pp. 1096-1100, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

[17] K.C. Kok, and Anuar Kassim Khairul, Modification and Stabilization of Malaysian Cohesive Soils with Lime, Soft Soil Engineering, 1st 

ed., Routledge, pp. 1-6, 2001. [CrossRef] [Google Scholar] [Publisher Link] 

[18] John E. Sani, Roland Kufre Etim, and Alexander Joseph, “Compaction Behaviour of Lateritic Soil–Calcium Chloride Mixtures,” 

Geotechnical and Geological Engineering, vol. 37, pp. 2343-2362, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

https://www.credenceresearch.com/report/soil-stabilization-market
http://dx.doi.org/10.18775/ijied.1849-7551-7020.2015.45.2002
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Anatomy+of+Geotechnical+Risk+Factors+in+Transportation+Infrastructure+Projects&btnG=
https://researchleap.com/anatomy-geotechnical-risk-factors-transportation-infrastructure-projects/
https://www.verifiedmarketreports.com/product/soil-stabilization-market/
http://dx.doi.org/10.13189/cea.2024.121302
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evaluation+of+Peruvian+geological+properties+in+the+dimensional+design+of+cantilever+walls&btnG=
https://www.hrpub.org/journals/article_info.php?aid=14157
https://doi.org/10.1016/j.enggeo.2020.105931
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Shallow+mixing+and+column+performances+of+lime%2C+fly+ash+and+gypsum+on+the+stabilization+of+swelling+soils&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0013795220318287
https://doi.org/10.1016/j.conbuildmat.2018.07.207
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Clayey+soil+stabilization+using+geopolymer+and+Portland+cement&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0950061818318798
https://doi.org/10.1007/s10706-017-0245-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Laboratory+study+on+stabilization+of+clayey+soil+with+cement+kiln+dust+and+fiber&btnG=
https://link.springer.com/article/10.1007/s10706-017-0245-5
https://doi.org/10.1088/1757-899X/640/1/012080
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Clay+soil+stabilization+using+cement+kiln+dust&btnG=
https://iopscience.iop.org/article/10.1088/1757-899X/640/1/012080/meta
https://doi.org/10.1016/j.conbuildmat.2019.03.256
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Strength+performance+of+cement%2Fslag-based+stabilized+soft+clays&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0950061819307457
http://doi.org/10.22214/ijraset.2018.1167
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Soil+Stabilisation+using+Lime&btnG=
https://www.ijraset.com/ijraset-volume/volume6-issueI-january2018
http://dx.doi.org/10.1201/9780203739501-83
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Modification+and+stabilization+of+Malaysian+cohesive+soils+with+lime&btnG=
https://www.taylorfrancis.com/chapters/edit/10.1201/9780203739501-83/modification-stabilisation-malaysian-cohesive-soils-lime-kok-anuar-kassim-khairul
https://doi.org/10.1007/s10706-018-00760-6
https://scholar.google.com/scholar?q=Compaction+Behaviour+of+Lateritic+Soil%E2%80%93Calcium+Chloride+Mixtures&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007/s10706-018-00760-6


Marko Antonio Lengua Fernandez et al. / IJCE, 12(9), 129-147, 2025 

 

146 

[19] Balaji Lakkimsetti, and Sitaram Nayak, “Experimental Investigation and Performance Evaluation of Lithomargic Clay Stabilized with 

Granulated Blast Furnace Slag and Calcium Chloride,” International Journal of Geosynthetics and Ground Engineering, vol. 8, pp. 1-16, 

2022. [CrossRef] [Google Scholar] [Publisher Link] 

[20] R. Suresh, and V. Murugaiyan, “Experimental Studies on Influence of Alccofine and Calcium Chloride on Geotechnical Properties of 

Expansive Soil,” Proceedings of the Indian Geotechnical Conference 2019, pp. 629-640, 2021. [CrossRef] [Google Scholar] [Publisher 

Link] 

[21] Panpan Tang, Akbar A. Javadi, and Raffaele Vinai, “Sustainable Utilisation of Calcium-Rich Industrial Wastes in Soil Stabilisation: 

Potential use of Calcium Carbide Residue,” Journal of Environmental Management, vol. 357, 2024. [CrossRef] [Google Scholar] 

[Publisher Link] 

[22] Wan Hasmida Wan Hassan et al., “Strength and Morphological Characteristics of Organic Soil Stabilized with Magnesium Chloride,” 

Quarterly Journal of Engineering Geology and Hydrogeology, vol. 50, pp. 454-459, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[23] Hossein Soltani-Jigheh et al., “Microstructural and Mechanical Analysis of Magnesium Chloride Stabilization in Highly Plastic Swelling 

Clayey Soils,” Construction and Building Materials, vol. 429, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[24] A. Seco et al., “Sulfate Soils Stabilization with Magnesium-Based Binders,” Applied Clay Science, vol. 135, pp. 457-464, 2017.  

[CrossRef] [Google Scholar] [Publisher Link] 

[25] Ridzuan Jahidin et al., “Unconfined Compressive Strength of Compacted Marine Clay Treated with Magnesium Chloride,” AIP 

Conference Proceedings: Proceedings of Sciemathic 2020, Pagoh, Malaysia, vol. 2355, no. 1, 2021. [CrossRef] [Google Scholar] 

[Publisher Link] 

[26] Anil Pandey, and Ahsan Rabbani, “Stabilisation of Pavement Subgrade Soil using Lime and Cement: Review,” International Research 

Journal of Engineering and Technology, vol. 4, no. 6, pp. 5733-5735, 2017. [Google Scholar] [Publisher Link] 

[27] Dima A. Malkawi et al., “Utilizing Expansive Soil Treated with Phosphogypsum and Lime in Pavement Construction,” Results in 

Engineering, vol. 19, pp. 1-14, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[28] Amin Soltani et al., “Stabilization of a Highly Expansive Soil using Waste-Tire-Derived Aggregates and Lime Treatment,” Case Studies 

in Construction Materials, vol. 16, pp. 1-14, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[29] T. López-Lara et al., “Expansion Reduction of Clayey Soils through Surcharge Application and Lime Treatment,” Case Studies in 

Construction Materials, vol. 7, pp. 102-109, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[30] Pitthaya Jamsawang et al., “The Free Swell Potential of Expansive Clays Stabilized with the Shallow Bottom Ash Mixing Method,” 

Engineering Geology, vol. 315, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[31] Donald L. Sparks, Soil Physical Chemistry, 2nd ed., CRC Press, pp. 1-432, 2018. [Google Scholar] [Publisher Link] 

[32] G.A. Archibong et al., “A Review of the Principles and Methods of Soil Stabilization,” International Journal of Advanced Academic 

Research (Sciences), vol. 6, no. 3, pp. 89-115, 2020. [Google Scholar] [Publisher Link] 

[33] Dharmendra Barman, and Sujit Kumar Dash, “Stabilization of Expansive Soils Using Chemical Additives: A Review,” Journal of Rock 

Mechanics and Geotechnical Engineering, vol. 14, no. 4, pp. 1319-1342, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[34] Vânia Marecos et al., “Assessing the Pavement Subgrade by Combining Different Non-Destructive Methods,” Construction and Building 

Materials, vol. 135, pp. 76-85, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[35] Roberto Piero Gago Pizarro et al., “Subgrade Stabilization for Flexible Pavements Employing Recycled Asphalt and Pozzolana,” Civil 

Engineering and Architecture, vol. 12, no. 5, pp. 3452-3468, 2024. [CrossRef] [Google Scholar] [Publisher Link] 

[36] Ogwuma Wisdom Chima, and Okogbule-Wonodi Achinike, “Determination of Soil Bearing Capacity for a Proposed 3- Storey 

Agricultural Engineering Complex,” International Journal of Renewable Energy and its Commercialization, vol. 9, no. 2, pp. 35-41, 2023. 

[Google Scholar] [Publisher Link] 

[37] Mohamed Ayeldeen et al., “Enhancing Mechanical Behaviors of Collapsible Soil using Two Biopolymers,” Journal of Rock Mechanics 

and Geotechnical Engineering, vol. 9, no. 2, pp. 329-339, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[38] Luca Lavagna, and Roberto Nisticò, “An Insight into the Chemistry of Cement-A Review,” Applied Sciences, vol. 13, no. 1, pp. 1-19, 

2023. [CrossRef] [Google Scholar] [Publisher Link] 

[39] Jing Yu et al., “Compressive Strength and Environmental Impact of Sustainable Blended Cement with High-Dosage Limestone and 

Calcined Clay (LC2),” Journal of Cleaner Production, vol. 278, pp. 1-11, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[40] Jair Arrieta Baldovino, Yamid E. Núñez de la Rosa, and Oriana Palma Calabokis, “Insight on Characterization through Porosity‑to‑Lime 

Index of a Stabilized Soil for the Long‑Term,” Case Studies in Construction Materials, vol. 20, pp. 1-14, 2024. [CrossRef] [Google 

Scholar] [Publisher Link] 

[41] F.G. BELL, “Stabilisation and Treatment of Clay Soils with Lime. Part 1-Basic Principles,” Ground Engineering, vol. 21, no. 1, pp. 11-

15, 1988. [Google Scholar]  

[42] C.R. Bryan, and E.J. Schindelholz, “Properties of Brines Formed by Deliquescence of Sea-Salt Aerosols,” NACE Corrosion, Phoenix, 

Arizona, USA, pp. 1-15, 2018. [CrossRef] [Google Scholar] [Publisher Link] 

https://doi.org/10.1007/s40891-022-00355-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+Investigation+and+Performance+Evaluation+of+Lithomargic+Clay+Stabilized+with+Granulated+Blast+Furnace+Slag+and+Calcium+Chloride&btnG=
https://link.springer.com/article/10.1007/s40891-022-00355-5
https://doi.org/10.1007/978-981-33-6444-8_56
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Experimental+Studies+on+Influence+of+Alccofine+and+Calcium+Chloride+on+Geotechnical+Properties+of+Expansive+Soil&btnG=
https://link.springer.com/chapter/10.1007/978-981-33-6444-8_56
https://link.springer.com/chapter/10.1007/978-981-33-6444-8_56
https://doi.org/10.1016/j.jenvman.2024.120800
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sustainable+utilisation+of+calcium-rich+industrial+wastes+in+soil+stabilisation%3A+Potential+use+of+calcium+carbide+residue&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0301479724007862
http://dx.doi.org/10.1144/qjegh2016-124
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Strength+and+morphological+characteristics+of+organic+soil+stabilized+with+magnesium+chloride&btnG=
https://www.lyellcollection.org/doi/abs/10.1144/qjegh2016-124
https://doi.org/10.1016/j.conbuildmat.2024.136318
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Microstructural+and+mechanical+analysis+of+magnesium+chloride+stabilization+in+highly+plastic+swelling+clayey+soils&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0950061824014594
https://doi.org/10.1016/j.clay.2016.10.033
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Sulfate+soils+stabilization+with+magnesium-based+binders&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0169131716304549
https://doi.org/10.1063/5.0053471
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Unconfined+compressive+strength+of+compacted+marine+clay+treated+with+magnesium+chloride&btnG=
https://pubs.aip.org/aip/acp/article-abstract/2355/1/030001/684125/Unconfined-compressive-strength-of-compacted
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Stabilisation+of+pavement+subgrade+soil+using+lime+and+cement%3A+Review&btnG=
https://www.irjet.net/volume4-issue06
https://doi.org/10.1016/j.rineng.2023.101256
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Utilizing+expansive+soil+treated+with+phosphogypsum+and+lime+in+pavement+construction&btnG=
https://www.sciencedirect.com/science/article/pii/S2590123023003833
https://doi.org/10.1016/j.cscm.2022.e01133
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Stabilization+of+a+highly+expansive+soil+using+waste-tire-derived+aggregates+and+lime+treatment&btnG=
https://www.sciencedirect.com/science/article/pii/S2214509522002650
https://doi.org/10.1016/j.cscm.2017.06.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Expansion+reduction+of+clayey+soils+through+surcharge+application+and+lime+treatment&btnG=
https://www.sciencedirect.com/science/article/pii/S2214509516300705
https://doi.org/10.1016/j.enggeo.2023.107027
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+free+swell+potential+of+expansive+clays+stabilized+with+the+shallow+bottom+ash+mixing+method&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0013795223000443
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=D.+L.+Sparks+Soil+Physical+Chemistry&btnG=
https://www.google.co.in/books/edition/Soil_Physical_Chemistry/NEsPEAAAQBAJ?hl=en&gbpv=0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+Review+of+the+Principles+and+Methods+of+Soil+Stabilization&btnG=
https://www.ijaar.org/articles/ijaarse/v6n3/ijaar-v6n3-Mar20-p19.pdf
https://doi.org/10.1016/j.jrmge.2022.02.011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Stabilization+of+expansive+soils+using+chemical+additives%3A+A+review&btnG=
https://www.sciencedirect.com/science/article/pii/S1674775522000658
https://doi.org/10.1016/j.conbuildmat.2017.01.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessing+the+pavement+subgrade+by+combining+different+non-destructive+methods&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0950061817300028
https://doi.org/10.13189/cea.2024.120524
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Subgrade+stabilization+for+flexible+pavements+employing+recycled+asphalt+and+pozzolana&btnG=
https://www.hrpub.org/journals/article_info.php?aid=14482
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Determination+of+soil+bearing+capacity+for+a+proposed+3%E2%80%91storey+Agricultural+Engineering+Complex&btnG=
https://chemical.journalspub.info/index.php?journal=JREC&page=article&op=view&path%5B%5D=1435
https://doi.org/10.1016/j.jrmge.2016.11.007
https://scholar.google.com/scholar?q=Enhancing+mechanical+behaviors+of+collapsible+soil+using+two+biopolymers,&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/pii/S1674775516302736
https://doi.org/10.3390/app13010203
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+Insight+into+the+Chemistry+of+Cement%E2%80%94A+Review&btnG=
https://www.mdpi.com/2076-3417/13/1/203
https://doi.org/10.1016/j.jclepro.2020.123616
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Compressive+strength+and+environmental+impact+of+sustainable+blended+cement+with+high-dosage+limestone+and+calcined+clay+%28LC2&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0959652620336611
https://doi.org/10.1016/j.cscm.2023.e02718
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Insight+on+characterization+through+porosity%E2%80%91to%E2%80%91lime+index+of+a+stabilized+soil+for+the+long%E2%80%91term&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Insight+on+characterization+through+porosity%E2%80%91to%E2%80%91lime+index+of+a+stabilized+soil+for+the+long%E2%80%91term&btnG=
https://www.sciencedirect.com/science/article/pii/S2214509523008999
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Soil+Stabilisation+using+Lime&btnG=
https://doi.org/10.5006/C2018-10516
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Properties+of+Brines+Formed+by+Deliquescence+of+Sea%E2%80%91Salt+Aerosols&btnG=
https://content.ampp.org/nace/proceedings-abstract/CONF_APR2018/2018/1/57995


Marko Antonio Lengua Fernandez et al. / IJCE, 12(9), 129-147, 2025 

 

147 

[43] Jose Duque et al., “Effect of Grain Size Distribution on California Bearing Ratio (CBR) and Modified Proctor Parameters for Granular 

Materials,” Arabian Journal for Science and Engineering, vol. 45, pp. 8231-8239, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[44] Ministry of Transport and Communications Directorial Resolution No. 18-2016-MTC/14, Directorial Resolution No. 18-2016-MTC/14, 

2016. [Online]. Available: https://www.gob.pe/institucion/mtc/normas-legales/4442276-18-2016-mtc-14 

[45] Brendan C. O’Kelly, “Review of Recent Developments and Understanding of Atterberg Limits Determinations,” Geotechnics, vol. 1, no. 

1, pp. 59-75, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[46] Jawad Hassan, Badee Alshameri, and Faizan Iqbal, “Prediction of California Bearing Ratio (CBR) Using Index Soil Properties and 

Compaction Parameters of Low Plastic Fine-Grained Soil,” Transportation Infrastructure Geotechnology, vol. 9, pp. 764-776, 2022. 

[CrossRef] [Google Scholar] [Publisher Link] 

[47] Mohsen Salehia et al., “Prediction of Unconfined Compressive Strength and California Bearing Capacity of Cement- or Lime-Pozzolan-

Stabilised Soil Admixed with Crushed Stone Waste,” Geomechanics and Geoengineering, vol. 18, no. 4, pp. 272-283, 2023. [CrossRef] 

[Google Scholar] [Publisher Link] 

[48] Mohammad Shanawar Khan, and Shohel Amin, “Effects of Chemical Stabilisation of Eggshells-Lime and Fly-Ash-Cement on the 

Structural Strength of Subgrade Soil in Rural Roads,” Recent Progress in Materials, vol. 4, no. 3, pp. 1-10, 2022. [CrossRef] [Google 

Scholar] [Publisher Link] 

[49] W.W. Bandara, W.K. Mampearachchi, and K.H.S.M. Sampath, “Cement Stabilized Soil as a Road Base Material for use in Sri Lankan 

Roads,” Engineer: Journal of the Institution of Engineers, vol. 50, no. 1, pp. 21-29, 2017. [CrossRef] [Google Scholar] [Publisher Link] 

[50] Habeeb Solihu, “Cement Soil Stabilization as an Improvement Technique for Rail Track Subgrade, and Highway Subbase and Base 

Courses: A Review,” Journal of Civil & Environmental Engineering, vol. 10, no. 3, pp. 1-6, 2020. [CrossRef] [Google Scholar] [Publisher 

Link] 

[51] Fangtong Wang, Kaiqi Li, and Yong Liu, “Optimal Water-Cement Ratio of Cement-Stabilized Soil,” Construction and Building Materials, 

vol. 320, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[52] Roziawati Razali, and Mohamad Shukor Che Malek, “The Usage of Cement for Soil Stabilisation in Construction of Low Volume Roads 

in Malaysia,” IOP Conference Series: Materials Science and Engineering: 10th Malaysian Road Conference & Exhibition Selangor, 

Malaysia, vol. 512, pp. 1-12, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[53] Supasit Pongsivasathit, Suksun Horpibulsuk, and Suthee Piyaphipat, “Assessment of Mechanical Properties of Cement Stabilized Soils,” 

Case Studies in Construction Materials, vol. 11, pp. 1-17, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[54] Ministry of Housing, Construction and Sanitation: Ministerial Resolution No. 355-2018-Housing, 2018. [Online]. Available: 

https://www.gob.pe/institucion/vivienda/normas-legales/211900-355-2018-vivienda 
 

 

https://doi.org/10.1007/s13369-020-04673-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effect+of+Grain+Size+Distribution+on+California+Bearing+Ratio+%28CBR%29+and+Modified+Proctor+Parameters+for+Granular+Materials&btnG=
https://link.springer.com/article/10.1007/s13369-020-04673-6
https://doi.org/10.3390/geotechnics1010004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Review+of+recent+developments+and+understanding+of+Atterberg+limits+determinations&btnG=
https://www.mdpi.com/2673-7094/1/1/4
https://doi.org/10.1007/s40515-021-00197-0
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=J.+Hassan%2C+B.+Alshameri%2C+and+F.+Iqbal+Prediction+of+CBR+using+index+soil+properties+and+compaction+parameters+of+low+plastic+fine%E2%80%91grained+soil&btnG=
https://link.springer.com/article/10.1007/s40515-021-00197-0
https://doi.org/10.1080/17486025.2022.2040606
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Prediction+of+unconfined+compressive+strength+and+California+bearing+capacity+of+cement%E2%80%91+or+lime%E2%80%91pozzolan%E2%80%91stabilised+soil+admixed+with+crushed+stone+waste&btnG=
https://www.tandfonline.com/doi/abs/10.1080/17486025.2022.2040606
http://dx.doi.org/10.21926/rpm.2203013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+chemical+stabilisation+of+eggshells%E2%80%91lime+and+fly%E2%80%91ash%E2%80%91cement+on+the+structural+strength+of+subgrade+soil+in+rural+roads&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Effects+of+chemical+stabilisation+of+eggshells%E2%80%91lime+and+fly%E2%80%91ash%E2%80%91cement+on+the+structural+strength+of+subgrade+soil+in+rural+roads&btnG=
https://www.lidsen.com/journals/rpm/rpm-04-03-013
https://doi.org/10.4038/engineer.v50i1.7241
https://scholar.google.com/scholar?q=Cement+Stabilized+Soil+as+a+Road+Base+Material+for+use+in+Sri+Lankan+Roads&hl=en&as_sdt=0,5
https://engineer.sljol.info/articles/10.4038/engineer.v50i1.7241
https://doi.org/10.37421/jcde.2020.10.344
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Cement+Soil+Stabilization+as+an+Improvement+Technique+for+Rail+Track+Subgrade%2C+and+Highway+Subbase+and+Base+Courses%3A+A+Review&btnG=
https://www.hilarispublisher.com/open-access/cement-soil-stabilization-as-an-improvement-technique-for-rail-track-subgrade-and-highway-subbase-and-base-courses-a-review-45007.html
https://www.hilarispublisher.com/open-access/cement-soil-stabilization-as-an-improvement-technique-for-rail-track-subgrade-and-highway-subbase-and-base-courses-a-review-45007.html
https://doi.org/10.1016/j.conbuildmat.2021.126211
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Optimal+water%E2%80%91cement+ratio+of+cement%E2%80%91stabilized+soil&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0950061821039428
http://dx.doi.org/10.1088/1757-899X/512/1/012006
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+usage+of+cement+for+soil+stabilisation+in+construction+of+low+volume+roads+in+Malaysia&btnG=
https://iopscience.iop.org/article/10.1088/1757-899X/512/1/012006/meta
https://doi.org/10.1016/j.cscm.2019.e00301
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Assessment+of+mechanical+properties+of+cement+stabilized+soils&btnG=
https://www.sciencedirect.com/science/article/pii/S2214509519304036

