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Abstract: Low-bearing and moisture-sensitive 

lateritic soils pose significant challenges to 

sustainable pavement infrastructure in tropical 

regions, owing to their reduced load-bearing 

capacity and susceptibility to water-induced 

deterioration. This investigation assessed the 

impact of the organosilane-based Terrasil on the 

index properties, compaction characteristics, 

California Bearing Ratio (CBR), and permeability 

of tropical lateritic soils intended for pavement 

subgrade applications. Soil samples obtained from 

Babalegba along Eleyele Road, Ibadan, Nigeria, 

were subjected to particle-size distribution, 

Atterberg limits, compaction, CBR, and falling-

head permeability tests under both untreated and 

Terrasil-treated conditions at various dosage levels. 

The untreated soils were classified as sandy clay 

(SC) and silty gravel (GM), with fines content 

ranging from 7.43-15.84%. The liquid limit (LL) 

and plasticity index (PI) values ranged from 23–25 

and 8–9%, respectively. The maximum dry density 

(MDD) ranged from 1.97 to 1.99 Mg/m³, and 

untreated CBR values ranged from 5.98–6.37%. 

Post-Terrasil treatment, peak CBR values ranged 

from 12.42–14.24%, and permeability coefficients 

ranged from 3.19×10−5–3.32×10−5 cm/s to 

1.22×10−5–1.63×10−5 cm/s. The findings indicate 

that Terrasil markedly enhances the strength and 

moisture resistance of the lateritic soils through 

hydrophobic stabilization mechanisms. Further 

evaluations of long-term durability and field-scale 

performance are recommended. 

Keywords: Lateritic soils, Terrasil stabilization, 

Hydrophobic nanochemical, Pavement subgrade, 
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I. Introduction 

Tropical and subtropical road 

infrastructure is deteriorating prematurely due to 

weak, moisture-sensitive subgrade soils 

(Rangaswamy & Mohan, 2025 and; Sorum & 

Sorum, 2025). In developing countries, rising 

traffic, urban growth, and rapid road development 

increase reliance on locally available lateritic soils 

for pavements (Tarhuni et al., 2024). Although 

abundant and economical, these soils often have 

low bearing capacity, high moisture sensitivity, 

permeability-related softening, and volumetric 

instability during rains (Parihar & Gupta, 2021 and; 

Sambre et al., 2024). Repeated rainfall and 

groundwater fluctuations weaken these soils, 

causing rutting, cracking, settlement, and 

deformation, thus reducing pavement life and 

raising maintenance costs (Abhishek et al., 2026). 

Moisture infiltration disintegrates interparticle 

bonds, accelerating deterioration, making moisture-

resistant stabilization vital in tropical pavement 

engineering (Kalhor et al., 2022). 

Conventional stabilization methods using cement, 

lime, fly ash, rice husk ash, slag, and other 

pozzolanic materials have been extensively studied 

to improve weak, expansive subgrade soils 

(Brooks, 2009; Brooks, 2010 and; Barwar et al., 

2022). Research shows significant gains in 

California Bearing Ratio (CBR), reduced plasticity, 

and increased strength through lime–fly ash, leather 

waste ash, and agricultural waste stabilizers 

(Parihar & Gupta, 2021 and; Tarhuni et al., 2024). 

However, many traditional stabilizers require long 

curing times, high binder content, and favorable 
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chemical reactions to achieve durability (Eissa et 

al., 2022). While cement-based stabilization 

improves strength via pozzolanic reactions, it may 

not fully address moisture-related pavement 

failures in tropical climates (Sorum & Sorum, 

2025). Consequently, interest is growing in 

alternative stabilization methods that enhance both 

the mechanical and hydraulic properties of 

pavement subgrades. 

Recent advances in nanotechnology and chemical 

stabilization target nano-enabled soil improvement 

by modifying microstructure (Thomas & 

Rangaswamy, 2020 and; Niroumand et al., 2023). 

Studies on nano-silica, nano-illite, cement–nano 

blends, and nanochemical stabilizers show 

improved strength, stiffness, permeability, and 

durability (Kulkarni & Mandal, 2022 and; 

Cheraghalikhani et al., 2024). Among these, 

organosilane-based Terrasil is notable for its 

hydrophobic action. Unlike traditional binders that 

rely on cementation, Terrasil reacts with silanol 

groups on mineral surfaces to form water-repellent 

siloxane bonds, reducing moisture transfer and 

boosting durability (Chauhan & Venkatesh, 2026). 

However, research mainly focuses on expansive 

clays and black cotton soils, with limited studies on 

tropical lateritic soils treated with organosilane 

stabilizers under pavement subgrade conditions. 

This research investigates the hydrophobic 

stabilization of tropical lateritic soils with 

organosilane-based Terrasil for sustainable 

pavements. It evaluates how Terrasil affects soil 

properties, strength, moisture resistance, CBR, and 

permeability under tropical conditions. Objectives 

include: (i) determining geotechnical properties of 

untreated soils, (ii) assessing Terrasil's effects on 

strength and moisture, and (iii) evaluating its 

suitability for sustainable pavement subgrades. The 

study promotes using local lateritic soils as cost-

effective, environmentally friendly alternatives to 

imported materials and cement stabilizers. By 

improving durability, reducing maintenance, and 

enhancing moisture resistance, it supports SDGs 9, 

11, 12, and 13, fostering resilient infrastructure, 

sustainable urban growth, responsible resource use, 

and climate action. It also reviews studies on 

tropical soils, stabilization methods, and 

hydrophobic mechanisms for pavement 

engineering. 

II. Materials and Methods 

2.1 Study Area and Soil Sampling 

The lateritic soil samples used in this study were 

collected from Babalegba along the Eleyele–Sango 

Road in Ibadan, Oyo State, Nigeria. The area is in a 

tropical humid zone with seasonal rains, leading to 

pavement wear and subgrade moisture issues. 

Geologically, it is mainly underlain by Precambrian 

Basement Complex rocks, which weather to 

ferruginous lateritic soils suitable for pavements 

but vulnerable to seasonal moisture changes. 

Disturbed lateritic soil samples were collected from 

four points at about 20 m intervals along the study 

corridor to represent the subgrade material. 

Sampling occurred at 0.5 to 1.0 m depth to avoid 

topsoil contamination. The approximate 

coordinates were 3°52′10.06″E, 7°25′59″N; 

3°52′1.69″E, 7°25′10.06″N; 3°52′2.41″E, 

7°25′9.37″N; and 3°52′2.45″E, 7°25′9.22″N. 

Samples were sealed in airtight bags and 

transported to the laboratory for testing. 

Before testing, soil samples were air-dried, gently 

pulverized with a wooden mallet to preserve 

particle characteristics. Oversized particles and 

harmful materials were removed manually, and 

representative samples were obtained by quartering 

in accordance with BS 1377 and ASTM D6913. 

 

2.2 Materials Used 

2.2.1 Lateritic Soil 

This study used naturally occurring lateritic soil 

from the area. Lateritic soils are common in 

tropical pavements because they're readily 

available and inexpensive, but their performance 

can be limited by moisture content, plasticity, and 

reduced strength when saturated. The soil samples 

were initially tested for particle size, Atterberg 

limits, compaction, CBR, and permeability. 

 

2.2.2 Organosilane-Based Terrasil 

Terrasil, an organosilane-based nanochemical 

stabilizer, was used as the stabilizing additive. It is 

a water-soluble, reactive organosilane that bonds 

with silanol groups on soil mineral surfaces, 

forming hydrophobic siloxane linkages. This 

reduces capillary moisture migration and 

permeability, improving soil durability and 

stability. 
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The stabilizer was supplied as a liquid, diluted with 

distilled water before mixing. Based on preliminary 

evaluations and previous studies, Terrasil dosages 

of 0%, 10%, 20%, and 30% of the mixing-water 

content were used to assess how increasing 

organosilane concentrations affect the mechanical 

and hydraulic properties of lateritic soils. 

The principal properties of Terrasil, as supplied by 

the manufacturer, are summarized in Table 1. 

 

Table 1. Physical properties of Terrasil 

 

Property Description 

Appearance Pale yellow liquid 

Density 1.01 g/mL 

Solubility Water soluble 

Flash point >80 °C 

Viscosity at 25 °C 20–100 cP 

Chemical type Organosilane 

 

2.3 Experimental Design 

The experimental program examined how 

organosilane-based hydrophobic stabilization 

affects the performance of tropical lateritic soils for 

pavement use. Control samples were untreated; 

treated samples received different doses of Terrasil. 

Tests included particle size analysis, Atterberg 

limits, British Standard compaction, California 

Bearing Ratio (CBR), and falling-head 

permeability. Each condition was tested in 

triplicate, with mean values recorded for accuracy. 

Procedures followed relevant British Standards (BS 

1377), ASTM, and AASHTO guidelines. 

2.4 Particle Size Distribution Analysis 

Particle size distribution was analyzed to determine 

soil gradation per BS 1377-2 and ASTM D6913, 

using dry sieving and wet washing with standard 

sieves from 2.36 mm to 75 μm. 

The coefficients of uniformity (Cu) and curvature 

(Cc) were calculated using Equations 1 and 2: 

                                                (1) 

 

                                         (2) 

where; 

D10 = particle diameter corresponding to 10% 

passing,  

D30 = particle diameter corresponding to 30% 

passing,  

D60  = particle diameter corresponding to 60% 

passing.  

The soils were subsequently classified using the 

Unified Soil Classification System (USCS) and 

AASHTO classification systems. 

2.5 Atterberg Limits Tests 

The Atterberg limits tests, which include the liquid 

limit (LL), plastic limit (PL), and plasticity index 

(PI), were performed in accordance with BS 1377-

2 and ASTM D4318 to assess the soil's consistency 

and plasticity. 

The liquid limit was determined using the 

Casagrande apparatus by plotting moisture content 

against the logarithm of blows needed to close a 12 

mm groove. The plastic limit was determined by 

rolling soil threads to 3 mm in diameter until 

cracking. The plasticity index was computed using 

Equation 3: 

                             (3) 

Where; 

PI = Plasticity Index (%),  

LL = Liquid Limit (%),  

PL = Plastic Limit (%).  

 

2.6 Compaction Characteristics 

Compaction tests were conducted in accordance 

with BS 1377-4 using the British Standard light 

method. A 944 cm³ Proctor mold and a 2.5 kg 

rammer dropped from 300 mm were used. Soil 
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specimens were compacted in three layers, with 27 

blows per layer. Moisture content was varied 

systematically to establish the relationship between 

dry density and moisture content. The bulk density 

was determined using Equation 4: 

                                         (4) 

where: 

ρ = bulk density (Mg/m³),  

M = mass of compacted soil (kg),  

V = volume of mould (m³).  

The dry density was computed using Equation 6: 

                                    (5) 

 

where: 

ρd = dry density (mg/m³),  

w = moisture content (%).  

2.7 California Bearing Ratio (CBR) Test 

California Bearing Ratio tests were conducted in 

accordance with BS 1377-4 and ASTM D1883 to 

evaluate the bearing resistance of untreated and 

Terrasil-treated soils. Soil specimens were prepared 

at optimum moisture, compacted into CBR molds 

using the British Standard effort, and cured for 24 

hours before testing. CBR values at penetrations of 

2.5 mm and 5.0 mm were recorded, and the higher 

value was adopted for analysis. 

The CBR value was determined using Equation 6: 

                              (6) 

where: 

Pt = measured test load (kN),  

Ps = standard load (kN).  

2.8 Falling-Head Permeability Test 

The falling-head permeability test was conducted 

in accordance with BS 1377-5 to evaluate the 

hydraulic conductivity of untreated and stabilized 

soils. Compacted specimens were saturated in the 

permeameter, and water flow was monitored by 

recording the reduction in hydraulic head over 

time. The permeability response was used to assess 

the effectiveness of Terrasil in reducing moisture 

migration through the soil matrix. 

 The coefficient of permeability (k) was calculated 

using Equation 7. 

                                     (7) 

where: 

k = coefficient of permeability (cm/s),  

a = cross-sectional area of standpipe (cm²),  

A = cross-sectional area of specimen (cm²),  

L = length of specimen (cm),  

t = elapsed time (s),  

h1 = initial hydraulic head (cm),  

h2 = final hydraulic head (cm).  

2.9 Statistical Analysis 

Experimental results were analyzed using 

descriptive statistics and comparative analysis to 

assess the influence of Terrasil dosage on soil 

behaviour. Mean values and percentage 

improvements relative to untreated specimens were 

computed. The percentage improvement in CBR 

was calculated using Equation 8: 

                               

(8) 

 

where: 

Xt = treated soil property,  

Xu = untreated soil property.  

The relationships among Terrasil dosage, strength 

improvement, and permeability reduction were 

analyzed using graphical trend analysis to establish 

the optimal stabilization conditions for pavement 

applications, as depicted in Figure 1. 
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Figure 1. Conceptual mechanism of hydrophobic stabilization of lateritic soils using Terrasil 

 

III. Results and Discussion 

3.1 Geotechnical Characterization of Untreated 

Lateritic Soils 

Table 1 presents properties of untreated lateritic 

soils with fines content ranging from 7.43% to 

15.84%, indicating that most are coarse-grained 

with moderate fines. Liquid limits ranged from 

23.0% to 25.0%, and plasticity indices from 8.0% 

to 9.0%, indicating low plasticity. Max Dry 

Density (MDD) was 1.97 to 1.99 Mg/m³, with 

Optimum Moisture Content (OMC) of 11.5% to 

12.7%. California Bearing Ratio (CBR) ranged 

from 5.98% to 6.37%, and permeability from 

3.19×10−5 to 3.32×10−5 cm/s. USCS classified 

soils as sandy clay (SC) and silty gravel (GM); 

AASHTO groups placed them as A-2-4 and A-2-6, 

indicating fair to poor subgrade materials. 

The geotechnical behaviour indicates a moderate 

proportion of granular fractions and plastic fines. 

Despite good compaction, untreated CBR values 

remain below levels for heavy traffic. Moderate 

permeability makes it vulnerable to moisture and 

seasonal weakening, typical of lateritic subgrades 

affected by wetting and drying, which reduces 

bonding and strength. 

These findings align with prior research on tropical 

and expansive soils. Untreated weak pavement 

soils often show low bearing resistance and high 

moisture sensitivity, requiring stabilization before 

engineering use (Sambre et al., 2024 and; Tarhuni 

et al., 2024). Brooks (2010) also found that 

untreated problematic soils usually lack enough 

load-bearing capacity for sustainable pavements. 

According to AASHTO standards, soils with CBR 

values below 10% are considered weak subgrades 

that require improvement. The soils in this study 

require stabilization to improve performance and 

hydraulic resistance. 

Table 2. Geotechnical properties and classification 

of untreated lateritic soils 
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Sample 

% 

Passing 

75 µm 

LL 

(%) 

PL 

(%) 

PI 

(%) 

MDD 

(Mg/m³) 

OMC 

(%) 

CBR 

(%) 

Permeability 

(cm/s) 
USCS AASHTO 

A 14.53 24.0 16.0 8.0 1.98 11.5 5.98 3.23×10−5 SC A-2-4 

B 15.84 25.0 16.0 9.0 1.97 12.7 6.05 3.25×10−5 SC A-2-4 

C 8.77 23.5 15.3 8.2 1.97 12.4 6.11 3.19×10−5 GM A-2-6 

D 7.43 23.0 15.0 8.0 1.99 12.2 6.37 3.32×10−5 SC A-2-4 

 

3.2 Influence of Terrasil on Compaction and 

Plasticity Behaviour 

Terrasil treatment significantly altered the 

compaction and consistency of lateritic soils, as 

shown in Table 3. Untreated soil had an MDD of 

1.98 Mg/m³ and an OMC of 11.5%, while 10% 

Terrasil increased the MDD to 2.03 Mg/m³ and 

lowered the OMC to 10.8%. The Liquid Limit and 

Plasticity Index decreased from 24.0% and 8.0% to 

22.5% and 6.5%, respectively. Beyond this dosage, 

MDD decreased slightly and OMC increased 

slightly. These trends suggest improved particle 

packing and reduced water affinity through 

hydrophobic stabilisation. Figure 2 illustrates 

decreased plasticity with increasing Terrasil, and 

Figure 3 shows improved compaction responses. 

 

The reduction in plasticity and moisture demand 

results from hydrophobic siloxane bonds formed 

between organosilane compounds and clay, which 

reduce water films and improve bonding. Lower PI 

values indicate reduced shrink-swell potential and 

moisture sensitivity, which is desirable for tropical 

pavement subgrades. Similar results were reported 

by Thomas and Rangaswamy (2020) and Chauhan 

and Venkatesh (2026), showing improved 

compaction and reduced plasticity in 

nanochemically stabilized soils. Overall, Terrasil 

stabilization improved workability and moisture 

resistance of lateritic soils, especially at optimal 

dosage. 

 

Table 3. Effect of Terrasil dosage on compaction 

and plasticity characteristics 

 

Terrasil dosage (%) MDD (Mg/m³) OMC (%) LL (%) PI (%) 

0 1.98 11.5 24.0 8.0 

10 2.03 10.8 22.5 6.5 

20 2.01 11.0 22.0 6.2 

30 1.99 11.4 22.1 6.4 
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Figure 2. Terrasil dosage on Plasticity Index of Lateritic Soils Figure 3. Compaction of untreated and 

Terrasil-treated soils 

 

 

3.3 California Bearing Ratio Response of 

Terrasil-Treated Soils 

CBR results in Table 4 and Figures 4–6 show a 

significant improvement in strength of lateritic 

soils after Terrasil stabilisation. Untreated soils had 

an average CBR of 6.13%, indicating weak 

strength. After treatment, the CBR rose to 13.26% 

at 10% dosage, a 116% increase. Beyond this, CBR 

declined to 8.85% at 20% and 6.63% at 30%. 

Sample D recorded the highest CBR, 14.24%, at 

the optimum dosage. Figure 4 shows a sharp 

increase in bearing resistance at moderate dosage 

levels, followed by a decrease at higher 

concentrations. 

The rise in CBR after Terrasil treatment results 

from better interparticle bonding and less moisture 

susceptibility. Organosilane compounds form 

hydrophobic siloxane linkages, reducing water 

absorption and increasing friction between soil 

particles. This improved load transfer and shear 

resistance. Excessive chemical dosage may cause 

oversaturation or inefficient reactions, decreasing 
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CBR. Figure 6 shows that lower permeability 

correlates with higher CBR, indicating that 

moisture reduction boosts strength. Similar results 

were found by Kulkarni and Mandal (2022) and 

Rangaswamy and Mohan (2025). CBR values over 

10% meet subgrade pavement standards, 

suggesting that Terrasil can enhance durability and 

possibly reduce pavement thickness in tropical 

climates. 

Table 4. California Bearing Ratio response of 

untreated and Terrasil-treated soils 

 

Dosage (%) Sample A (%) Sample B (%) Sample C (%) Sample D (%) Average (%) 

0 5.98 6.05 6.11 6.37 6.13 

10 13.65 12.42 12.74 14.24 13.26 

20 8.71 8.71 9.43 8.56 8.85 

30 6.44 6.44 7.02 6.63 6.63 

 

 

 
 

Figure 4. Terrasil dosage on CBR    Figure 5. CBR relative to untreated soils 

 
Figure 6. Permeability and CBR 
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3.4 Permeability Behaviour and Hydrophobic 

Moisture Resistance 

The soils' permeability coefficients decreased after 

Terrasil treatment at optimal levels (Table 5 and 

Figure 7). Untreated soils had coefficients of 

3.19×10-5-3.32×10-5 cm/s, while treated samples at 

10% and 20% dosages showed lower values. This 

reduction suggests better resistance to moisture 

movement. 

Hydrophobic surface modification with 

organosilanes lowers permeability by converting 

mineral surfaces into water-repellent siloxane 

coatings, thereby disrupting capillary pathways. 

This improves moisture resistance and stability. 

These findings align with Kalhor et al. (2022), 

Chauhan and Venkatesh (2026), and Sorum and 

Sorum (2025), who all reported that nanochemical 

stabilization reduces moisture susceptibility, 

hydraulic conductivity, and improves long-term 

pavement durability by controlling soil–water 

interaction. Reduced permeability is vital for 

tropical pavements, as prolonged rainfall 

accelerates failure. The decreased hydraulic 

conductivity and enhanced bearing resistance 

indicate that hydrophobic nanochemical 

stabilization is promising for sustainable pavement 

use with locally available lateritic soils. 

 

Table 5. Hydraulic conductivity response of 

untreated and Terrasil-treated soils 

 

Soil Sample 0% (cm/s) 10% (cm/s) 20% (cm/s) 30% (cm/s) 

A 3.23×10−5 3.00×10−5 2.39×10−5 1.30×10−5 

B 3.25×10−5 3.14×10−5 2.97×10−5 1.63×10−5 

C 3.19×10−5 2.93×10−5 2.43×10−5 1.30×10−5 

D 3.32×10−5 3.06×10−5 2.31×10−5 1.22×10−5 

 

 

 
Figure 7. Variation of permeability coefficient with Terrasil dosage 
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IV. Conclusion and Recommendations 

4.1 Conclusion 

This study evaluated the influence of organosilane-

based Terrasil on the geotechnical behaviour of 

tropical lateritic soils for sustainable pavement 

subgrade applications by assessing the index 

properties, compaction characteristics, California 

Bearing Ratio (CBR), and permeability response of 

untreated and treated soils under tropical 

conditions. The untreated soils were predominantly 

classified as sandy clay (SC) and silty gravel (GM) 

under USCS and A-2-4 to A-2-6 under AASHTO, 

exhibiting low plasticity with liquid limit values of 

23–25% and plasticity index values of 8–9%. 

However, untreated CBR values of 5.98–6.37% 

and relatively high permeability coefficients 

indicated weak bearing capacity and susceptibility 

to moisture ingress. Terrasil treatment significantly 

improved the engineering behaviour of the soils by 

reducing plasticity and moisture sensitivity, while 

enhancing compaction and strength. Peak CBR 

values increased to 12.42–14.24% at optimum 

dosage, representing strength improvements 

exceeding 100% relative to untreated conditions, 

while permeability coefficients decreased 

considerably, indicating improved moisture 

resistance. The observed improvement is attributed 

to hydrophobic organosilane reactions that form 

water-repellent siloxane bonds on soil particle 

surfaces, thereby reducing moisture intrusion and 

improving interparticle bonding. Overall, the 

findings demonstrate that Terrasil stabilization 

offers strong potential to improve tropical lateritic 

soils for sustainable pavement applications by 

simultaneously enhancing strength and hydraulic 

resistance. 

 

4.2 Recommendations 

• Terrasil stabilization should be adopted as 

a viable hydrophobic nanochemical 

technique for improving weak tropical 

lateritic subgrade soils in flexible 

pavements.  

• Optimum Terrasil dosage should be 

established through laboratory testing 

before field application to avoid reduced 

stabilization efficiency at excessive 

concentrations.  

• Long-term durability studies under 

extended curing and cyclic wetting–drying 

conditions are recommended to evaluate 

field performance.  

• Field-scale pilot investigations should be 

conducted to validate laboratory results 

under actual traffic and tropical 

environmental conditions.  

• Sustainability assessments involving 

economic analysis, life-cycle 

performance, and carbon footprint 

evaluation should be undertaken to 

compare Terrasil stabilization with 

conventional stabilizers. 
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