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Abstract  This study explores the relationship between thermal conductivity and the California Bearing Ratio 
(CBR) index of lateritic gravel, an essential road construction material in tropical regions. The main objective is to 
assess how the thermal properties of this material, sourced from the Cana Atchia quarry in Benin, influence its 
mechanical performance with a view to optimizing the durability of road infrastructure. The methodology adopted 
consisted of conducting thermal conductivity and CBR tests on samples of lateritic gravel compacted at different 
rates: 90%, 95%, 97%, and 100% of the OPM dry density. For each compaction rate, the CBR was measured on test 
specimens that had undergone a thermal test and on unheated control specimens. This study showed that increasing 
the compaction rate leads to an increase in thermal conductivity. For each of the target compaction rates, the CBR 
values of the specimens subjected to thermal testing were consistently lower than those of the unheated specimens, 
demonstrating that heat has a negative impact on the bearing capacity of a lateritic gravel pavement layer. The test 
also showed that above 95% compactness, the CBR begins to fall as thermal conductivity increases. This 
phenomenon sheds light on the degradation of the mechanical properties of lateritic gravels under high temperatures. 
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1. Introduction 

Lateritic gravel is a natural material rich in iron and 
aluminum oxides, found mainly in tropical and subtropical 
regions. Due to its local availability and favorable 
mechanical characteristics, it is commonly used as a base 
material for road construction, particularly in areas where 
alternative materials are scarce or expensive [1]. The 
performance of lateritic gravel as a construction material 
depends on several properties, the most important of 
which are the California Bearing Ratio (CBR), water 
content, and temperature [2]. Previous studies conducted 
by  Azizi & Boukhechba [3], et Boukelia et al. [4] have 
shown that parameters such as the conductivity and 
diffusivity of silty soil increase until they reach a 
maximum value around the Proctor optimum. This study 
also concluded that an increase in temperature causes a 
slight increase in thermal parameters. This 
interdependence of mechanical and thermal properties is 
fundamental to understanding the behavior of lateritic 
gravels under real conditions. Indeed, water content and 

temperature not only affect thermal properties, as 
demonstrated by Boukélia et al. [4], but they also play a 
decisive role in the mechanical strength of the material. It 
is therefore essential to examine how these common 
factors influence both the bearing capacity and heat 
transfer within the material.  

According to Black and Lister [5], the CBR, an 
indicator of a soil's bearing capacity, is crucial for 
determining a material's resistance under load, while 
thermal conductivity measures its ability to transfer heat. 
The relationship between these two properties is 
particularly relevant in the case of lateritic gravel, where 
factors such as density, water content, and mineralogical 
composition strongly influence CBR and thermal 
conductivity values [6]. Furthermore, in tropical 
environments, the thermal management of pavement 
materials becomes crucial due to high temperatures and 
their impact on infrastructure durability [7]. 

Several previous studies have shown that the thermal 
conductivity of road construction materials depends on 
mineral composition and water content. For example, 
Farouki [8] demonstrated that thermal conductivity 
generally increases with water content due to the better 
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heat transfer of water compared to air. Similarly, studies 
on materials similar to lateritic gravel indicate that density 
and compaction improve CBR and thermal conductivity, 
suggesting an interaction between these properties under 
varying moisture and compaction conditions [9].   

The importance of the relationship between thermal 
conductivity and CBR has not been sufficiently explored 
in the literature, although several studies have established 
indirect links between density, compaction, and the 
thermal performance of materials [10,11] proposed an 
innovative approach to assess the impact of compaction 
rate and thermal conductivity on the shear strength of 
lateritic materials, suggesting that optimizing these two 
parameters could offer better mechanical performance, 
particularly for materials used in hot and humid regions. 
However, most existing research has focused on 
conventional mechanical properties (compressive strength, 
tensile strength) without considering the impact of thermal 
conductivity.  

This study therefore aims to explore the relationship 
between thermal conductivity and the CBR index of 
lateritic gravel. Thermal conductivity measurements will be 
carried out at several compaction rates to determine the 
CBR index by combining the thermal test and the CBR test.  

The results could help optimize the use of this material 
in transportation infrastructure in tropical regions, taking 
into account its thermal and mechanical performance.  

2. Materials and Method  

2.1. Material  
The material studied in this study comes from the Cana 

Atchia quarry, specifically in the commune of 
Zogbodomey, Zou department, Republic of Benin. These 
characteristic [12], listed in Table 1 below, clearly show 
that it is a road construction material.  

Table 1. Major characteristics of Cana Atchia lateritic gravel [13] 

Characteristics Lateritic 
gravel values 

CEBTP[14] thresholds 
revised in [15] 

Foundation layer Base 
layer 

% passing through 
80μm sieve 13 < 35 < 20 

Liquidity limit (%) 32.67 <50 <35 
Plasticity index (%) 13.67 <25 <15 

OPM dry density 
(t/m³) 2.28 ≥1.8-2 ≥ 2 

Linear swelling index 
(%) 0.04 <1 <1 

CBR index at 95% 
OPM 106 ≥ 30 ≥ 80 

2.1.1. Materials  
The equipment used to conduct this study is classified 

into three categories, namely:  
○  Modified Proctor test equipment in accordance with 

standard NF P 94-093 [16];  
○  Thermal conductivity testing equipment as 

presented by Houanou et al. [12];  
○  CBR (California Bearing Ratio) testing equipment 

in accordance with standard NF P 94-078 [17].  

2.2. Method  
In order to achieve the expected result, the 

methodological approach used is divided into three phases, 
namely:  

○  Modified Proctor test method in accordance with 
standard NF P 94-093 [16]; Equation 3 is 
established in order to determine the number of 
blows based on the compaction rate.   

The scientific origin of the logarithmic relationship in 
compaction dates back to the work of G.P. Boutwell in [18].  

 𝛾𝛾𝑑𝑑=𝑎𝑎 𝑙𝑙𝑜𝑜𝑔𝑔𝑛𝑛 +𝑏𝑏 (1) 
where a=0.2864 and b=1.7654 n represents the number of 
blows  

Given that compactness is given by equation 2:  

 ( )% 100
( )

d

d Opt
C =   (2) 

Equation 3 is established by substituting (1) and (2):  

 ( ) alogn b
100d Opt
C

= +  (3) 

With  taken from Houanou et 
al. [13]. 

This gives:  

  (4) 

Let  (5)  
From equation 5, we determined the number of blows 

based on the compaction rate (see Table 2).  

Table 2. Compactness as a function of the number of blows  

Compactness C% Number of blows n 
90 10 
95 25 
97 36 

100 63 

 
The modified Proctor test is performed according to 

these different numbers of blows relative to compactness.  
  Thermal conductivity test method as presented by 

Houanou et al. [12];  
  CBR (California Bearing Ratio) test method in 

accordance with standard NF P 94-078 [17].  

3. Results and Discussions  

The results of the thermal conductivity tests are 
recorded in Table 3, Table 4, Table 5, and Table 6 below. 

The correction factor Cλ and the linear power Q 
supplied to the medium are constants with values of 0.1 
and 120 watts/m, respectively [12]. 

Based on conductivity tests carried out on Cana Atchia 
lateritic gravel according to the CBR, we have produced 
Table 7 and the following bar chart. 
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Table 3. Results of the thermal conductivity test at 90% compactness 

TEMPERATURE CHANGE OVER TIME TEMPERATURE CHANGE OVER TIME IN THE PLANE 
 𝑻𝑻, 𝒍𝒍𝒏𝒏 (𝒕𝒕) Calculation of the slope Sh 

Sample 1 

  
Calculation of thermal conductivity according to astm d5334 :  

Sample 2 

  
Calculation of thermal conductivity according to astm d5334 :  

Sample 3 
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Table 4. Results of thermal conductivity test at 95% compactness 

TEMPERATURE CHANGE OVER TIME 
TEMPERATURE CHANGE OVER TIME IN THE PLANE 

(  Calculation of the slope Sh 
Sample 1 

  
Calculation of thermal conductivity according to ASTM D5334:  

Sample 2 

  

Calculation of thermal conductivity according to ASTM D5334:  
Sample 3 

  

Calculation of thermal conductivity according to ASTM D5334:  
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Table 5. Results of thermal conductivity test at 97% compactness 

TEMPERATURE CHANGE OVER TIME 
TEMPERATURE CHANGE OVER TIME IN THE PLANE 

(  Calculation of the slope Sh 
Sample 1 

  
Calculation of thermal conductivity according to ASTM D5334:  

Sample 2 

  

Calculation of thermal conductivity according to ASTM D5334:  
Sample 3 

  

Calculation of thermal conductivity according to ASTM D5334:  
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Table 6. Results of thermal conductivity test at 100% compactness 

TEMPERATURE CHANGE OVER TIME 
TEMPERATURE CHANGE OVER TIME IN THE PLANE 

(  Calculation of the slope Sh 
Sample 1 

  

Calculation of thermal conductivity according to ASTM D5334:  
Sample 2 

  

Calculation of thermal conductivity according to ASTM D533 :  
Sample 3 

  

Calculation of thermal conductivity according to ASTM D5334:  

Table 7. Thermal conductivity test based on CBR  

 Thermal conductivity test based on CBR  

Compactness Sample Conductivity 
(W/m·°C) 

Average conductivity 
(W/m·°C) 

CBR With 
conductivity 

CBR Without 
conductivity 

90 
1 0.166 

0.168 12 
 

32 
 

2 0.129 
3 0.210 
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1 0.222 
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97 
1 0.189 

0.249 23 
 

75 
 

2 0.358 
3 0.200 

100 
1 0.218 

0.286 22 
 

128 
 

2 0.224 
3 0.417 

 
Analysis of this table shows that the CBR values 

measured on specimens not subjected to thermal 
conductivity testing are higher than those measured in 
conjunction with thermal conductivity testing.  

This table also shows an increase in CBR evaluated on 
unheated specimens as the compaction rate increases. On 
the other hand, the CBR measured in conjunction with 
thermal conductivity increases from 12 to 39 when the 
compaction rate changes from 90% to 95%. It can be seen 
in this area that thermal conductivity increased from 0.168 
to 0.232. From 95% to 100% compactness, thermal 
conductivity increased from 0.232 to 0.286, while the 
CBR in this area decreased from 39 to 22. The increase in 
thermal conductivity as a function of compactness is due 
to the reduction of voids within the material [19]. 

We can, therefore, already say that thermal conductivity 
has an effect on CBR, even if it is increasing. However, 
beyond this threshold, CBR decreases despite a 
continuous increase in thermal conductivity, suggesting a 
critical point where excessive heat degrades the 
mechanical properties of the material.  

This phenomenon can be explained by heat exchange 
between the atmosphere and the pavement. Sunlight raises 
the surface temperature, gradually transferring this heat to 
the deeper layers, which alters the properties of the 
materials. This can lead to expansion, loss of cohesion in 
granular materials, and, as a result, a reduction in stiffness 
and bearing capacity, as indicated by a decrease in CBR.  

These effects are particularly concerning in tropical 
areas, where prolonged exposure to sunlight accelerates 
pavement degradation. Excess heat reduces the 
mechanical performance of materials and accelerates their 
long-term aging.  

To remedy this, it is essential to incorporate thermal 
factors into pavement design. Solutions such as adding 
stabilizing additives, optimizing materials, or using 
reflective coatings can limit the negative impacts of high 
thermal conductivity, thereby improving the durability of 
road infrastructure.  

Figure 4 (a) shows the wet density values measured 
before and after the thermal conductivity test. Figure 4 (b) 
shows the water content values before and after the 
thermal conductivity test. Finally, Figure 4 (c) shows the 
dry density values observed before and after the thermal 
conductivity test. 

Analysis of Figure 4 shows that, unlike dry density, 
which remains stable before and after the thermal 
conductivity test, wet density and water content have 
fallen. This change indicates that a material compacted at 
its optimum water content undergoes a reduction in its wet 
densities and optimum water content over time under the 
effect of heat. This phenomenon is due to the evaporation 
of water contained in the material, leading to a change in 
its physical properties, particularly in terms of water 
retention capacity and compactness.  

 

 

 

 
Figure 4. Variation in wet density, water content, and dry density values 
before and after thermal conductivity testing  

Conclusion  

The study of the thermal conductivity of lateritic gravel 
as a function of the California Bearing Ratio (CBR) is of 
paramount importance in the field of civil engineering, 
particularly for the design and optimization of the cross-
section of pavements in tropical regions. Lateritic gravel, a 
material widely used in these regions for its mechanical 
qualities and local availability, has varied characteristics 
that require a thorough understanding of its thermal and 
mechanical behavior. The thermal conductivity of lateritic 
gravel depends heavily on its physical and mechanical 
properties, such as density, moisture content, particle size 
distribution, and compaction rate, which also influence the 
CBR. Soil with a high CBR, indicating good mechanical 
strength, tends to have a dense and well-bonded structure, 
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which improves thermal conductivity by facilitating heat 
transfer. However, at a given compaction rate above 95%, 
thermal conductivity begins to cause the CBR in lateritic 
soil to drop, thereby reducing its bearing capacity. By 
linking CBR and thermal conductivity, it becomes 
possible to develop predictive models to quickly assess 
the performance of lateritic soils under various climatic 
conditions.   
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