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Abstract  Stabilisation is a process leading to the improvement of the physical, chemical or mechanical characteristics of 

a material for a given use. There are several stabilisation methods, including granular correction, compaction and addition of 

hydraulic binder. This research focuses on the impact of cement addition on the improvement of the bearing capacity of 

roadbed soils in Western Cameroon. To carry out this study, nine lateritic soil samples were selected and taken. Following 

this, several tests were carried out on them in order to determine their geotechnical parameters. The results obtained show that 

they have an average plasticity index of 12.13. The average percentage of fines is 44.53% for a dry density of 1.58 g/cm3. The 

average CBR value is 8.29%.The multiple linear regression performed between CBR, percentage of fines and plasticity index 

shows a correlation coefficient of 0.72; however, a correlation between CBR value, liquidity limit and plasticity index shows 

a correlation coefficient of 0.85, characteristic of a strong correlation between the variables. Following these results, Cement 

stabilisation was carried out at proportions of 2%, 4%, 6% and 8% in order to improve the bearing capacity of the soils 

studied. The results obtained show that for a change from 2% to 4% cement, the average CBR value obtained is doubled, from 

21.27% to 42.77%. Moreover, this average value increases with the increase of the stabilizer rate, but no longer to a great 

extent. It was concluded that cement modifies the geotechnical properties of the treated materials, making them more able to 

withstand overloads. It was possible to make proposals for the prescription of a cement stabilisation rate for use as a pavement 

subgrade; it was found that from an economic and technical point of view, the best stabilisation rate for engineers is 4% 

cement. 
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1. Introduction 

Laterite is formed by the decomposition of a parent rock 

such as basalt, gneiss or granite in a humid tropical climate 

[1]. These geotechnical properties range from poor to 

excellent [2]. Some of these materials have very good 

characteristics, allowing their use in road construction 

[3,4,5,6,7,8]. However, some soils with low bearing capacity 

are of poor quality for use. It is therefore important to treat 

them for use. Road pavement functionality is strictly related 

to the properties and conditions of several intrinsic and 

extrinsic factors [48]. Among all the variables affecting 

functionality of the pavement structure during its service life, 

the stability of the subgrade significantly affects its  
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performance in the long term [48]. The subgrade, as well as 

each layer of the pavement system, must satisfy specified 

structural quality standards in order to prevent permanent 

deformations, resist shear and fatigue, and safeguard the 

integrity of the overlying layers. Locally available materials 

often do not meet these requirements as they lack performance 

properties to answer both traffic and environmental demands 

[49 and 50 in 48]. Subgrade conditions dramatically impact 

the pavement life, the initial cost of the pavement, as well as 

its maintenance costs [51]. Several works in the world in 

general and in Cameroon in particular have focused on the 

valorization of lateritic materials in road construction, 

notably the works of [9,10,11,12,57]. Some authors have 

shown that in Africa, roads are generally subject to rapid 

degradation [13,14,15,16,17]. However, the CBR value and 

the traffic are the key parameters for the design of pavement 

structures in tropical climates [18]. A low CBR value implies 

a low bearing capacity pavement and vice versa [10]. 
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Stabilization is an effective solution to improve the properties 

of soil subgrades. Specific engineering properties such as 

strength, permeability, and volume stability can be improved 

in order to obtain a material of required or desired specifications 

of work [52]. Although the main engineering advantage of 

stabilization is to improve the strength and durability of the 

soil that is unsuitable for use in the pavement structure, this 

practice can also be used to reduce dust generation, control 

volume changes, and improve workability [53,58,59,60]. 

There are several methods of stabilising roadbed and 

pavement foundation soils, including the use of industrial 

waste, coconut, slaked lime and quicklime [54,55,61,62].  

Of all the additives, lime is probably the most widely used 

for stabilising subgrade soils [56]. In road construction,   

an interesting and economical example is the use of cement 

in well-defined proportions to improve the geo-mechanical 

parameters of pavement-bearing soils. Cement is a construction 

material used to bind different elements together to form 

solid structures. It is composed mainly of limestone, clay  

and minerals that are ground and mixed with water to form  

a thick paste. It then hardens as it dries, forming a strong, 

durable bond. Cement is widely used in the construction 

industry to make concrete, mortar and other building 

materials. Bamendou is a locality in the Bamileke highlands 

in western Cameroon. In this area, of which the study area is 

part, the altitudes vary between 1400 metres and 1600 metres 

(Figure 1). The geological formations present are the granitoids 

and orthogniess. These granitoids are dated between 558 and 

564 Ma and consist of alkali feldspar, plagioclase, quartz, 

microcline, biotite and hornblende [19]. The weathered 

basement materials have produced large quantities of 

lateritic materials which are used in road construction. 

However, some time after the construction of the structure, 

pathologies such as potholes, rutting, generalized or 

differential settlements and others result, which in some 

cases lead to the total ruin of the infrastructure. On this basis, 

the objective of this work is to contribute to an improvement 

in the service life of the pavements in and around the study 

area. This requires characterisation and optimisation of   

the geo-mechanical parameters of the Bamendou-West 

Cameroon materials. Furthermore, the study reports an 

investigation on the strength and performance characteristics 

of a cement treated sandy clayey soil. 

2. Materials and Methods 

2.1. General Setting of the Study Area  

The study area (Fig 1) extends between the northern 

parallels of 5°23' and 5°28'N and the eastern meridians of 

10°08' to 10°13'E. It is located in the Arrondissement of 

Penka Michel, Menoua Department, West Cameroon Region. 

It is located on the southern slopes of the Bamboutos 

Mountains, belonging to the Western Highlands. 

 

Figure 1.  Location and geological setting of the Bamendou study area 
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The type of rocks of the Bambouto mountain varies from 

basanites to phonolites, passing by alkaline basalts, tephrites, 

trachytes, trachy-andesites, and rhyolites [20]. Meanwhile, 

the study area is characterized by different volcanic products 

(trachyte, ignimbrite, tuffs, basalt and phonolite) and 

basement rocks made up of granite and gneiss [21]. The 

geological formations are granites, basalts and gneisses [22]. 

The climate is humid tropical with an average annual rainfall 

of 1700mm and an average annual temperature of 21°C [22]. 

2.2. Materials 

Field investigation consisted of general prospecting in 

order to locate lateritic soil deposits. Specifically, nine 

samples were collected and stored in polystyrene bags and 

transported to the laboratory. In each site, a lateritic soil 

profile was described macroscopically after [23], using road 

sections and hand dug pits (Table 1). In this work, the soil 

profiles are truncated and do not exceed the B or BC 

horizons where most of the lateritic material used is 

concentrated (Figure. 2). Samples were then collected in the 

different B or BC horizons of each soil profile following the 

[24] standard. 

 

Table 1.  Macroscopic characteristics of lateritic soil profiles over granit in Bamendou 

Profile Horizons Depth (cm) General characteristics Colors 

Profile Zinto (M1) 05°2745,1’’ N 10°09’15,5’’ E Alt 1525m 

M1 A A 0 - 45 sandy-clayey fine earth with lumpy structure, not very compact, very porous Pale red (2.5YR 4/2) 

M1 B1 B1 45-185 Clayey-silty fine earth, coarse polyhedral , compact and porous Red (5R 4/6) 

M1 B2 B2 185-223 Clayey-silty fine earth, medium polyhedral, very compact and porous Red (5R 4/6) 

Profile Menah (M2) 05°26’22,1’’N 10°09’09,4’’ E Alt 1585 m 

M2 A A 0 - 23 sandy-clay texture, and lumpy fine earth, Biological porosity Reddish grey (5YR 5/2) 

M2 B B 23 - 282 
sandy-clay slightly compact, Abundance of quartz grains, high interstitial 

porosity. 
Yellowish red (5YR 5/8 ) 

Profile Lycée de Bamendou 2 (M3) 05°25’14,7’’ N 10°10’05,9’’ E Alt 1610 m 

M3 A A 0 – 18 
sandy-clay texture, grainy material with a low presence of roots and rootlets, 

porous 
light red (2.5YR 4/2) 

M3 

BC 
BC 18 – 188 

Gritty sandy-clay, rock material embedded in mineral material, High 

interstitial porosity. 
light brown (7.5YR 6/3) 

M3 C C 188 – 208 Third degree weathered rock material brown (7.5YR 6/2) 

Profile Lycée Technique de Bamendou (M4) 05°27’17,2’’N 10°11’47,5’’E Alt 1490m 

M4 A A 0 - 34 Sandy-clay texture, high biological porosity, diffuse and irregular boundary Reddish brown (5YR 5/3) 

M4 B B 34 - 194 
Sandy-clay texture, fine polyhedral, compact Presence of quartz grains, 

whitish and greyish spots, high interstitial porosity. 
light brown (7.5YR 6/3 ) 

Profile Leghong (M5) 05°26’29,8’’ N 10°11’23,5’’ E Alt 1494 m 

M5 A A 0 – 30 Fine earth, clay-loam texture,very porous very dark grey (7.5YR 3/1 ) 

M5 

BC 
BC 30 - 120 

Grainy sandy-clay texture, the rocky material embedded in the mineral 

material, high interstitial porosity 
light brown (7.5YR 6/3 ) 

Profile Troukwet (M6) 05°27’01,2’’ N 10°11’38,1’’E Alt 1510 m 

M6 A A 0 - 10 
Sandy-clay texture, particulate, low presence of roots and fine diameter 

rootlets, low biological porosity 
Greyish brown (10YR 5/2 ) 

M6 B B 10 - 205 
Sandy-clay texture, granular, with abundant sand grains and high interstitial 

porosity 
Reddish yellow (5YR 7/8 ) 

Profile Nkounny 2 (M7) 05°27’46,6’’ N 10°12’30’’ E Alt 1465 m 

M7 A A 0 - 28 Fine earth sandy-clay texture presence of roots and rootlets Reddish brown (5YR 5/3 ) 

M7 

BC 
BC 28 - 233 

Sandy-clay texture, high interstitial porosity. This horizon is made up of two 

non-diffuse phases, the rocky material embedded in the mineral material 
Light red (10R 5/8 ) 

Profile Nkounny (M8) 05°27’41,9’’ N 10°12’22,4’’E Alt 1462 m 

M8 A A 0 - 35 
Fine earth, sandy-clay texture, high biological porosity, medium polyhedral, 

not very compact 
Reddish brown (5YR 5/3 ) 

M8 B B 35 - 1400 Sandy-clay texture, with abundant quartz grains, high interstitial porosity light red (10R 5/8) 

Profile Lèh (M9) 05°26’49,0’’ " N 10°12’22,1’’ E Alt 1472 m 

M9 A A 0 - 22 
sandy-loam texture, medium polyhedral, average presence of fine diameter 

roots and rootlets, average biological porosity 
brown (10YR 4/3) 

M9 ’B B 22 - 200 Sandy-clay texture, with abundant quartz grains and high interstitial porosity Dark brown (7.5YR 5/8) 
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Figure 2.  Photographs of the studied lateritic soils profiles 

Table 2.  Water content and density parameters of materials 

Matériaux 
Natural water 

content (%) 

Liquid limit 

(%) 

Plasticity 

limit (%) 

Plasticity 

index 

<0.008 mm particle 

content (%) 

Optimum water 

content (%) 

Maximum dry 

density (g/cm3) 
CBR index (%) 

M1 15.35 68.67 62.64 6.02 71.38 30 1.39 9.68 

M2 15.35 68.67 62.64 6.02 45.59 29 1.36 1.61 

M3 6.92 56.92 51.42 5.49 38.95 18 1.625 1.48 

M4 10.39 71.42 51.51 19.91 20.53 15 1.74 15.64 

M5 6.66 56.21 47.72 8.49 36.63 16.2 1.692 24.77 

M6 7.3 60.7 45.16 15.53 71.94 19 1.67 4.26 

M7 19.71 62 43.83 18.16 46.43 20.6 1.6 2.6 

M8 14.93 52.61 38.88 13.73 33.80 14 1.592 9.71 

M9 16.97 70.45 54.54 15.90 35.57 22.2 1.63 4.92 

Maximum 19.71 71.42 62.64 19.91 71.94 30 1.74 24.77 

Minimum 6.66 52.61 38.88 5.49 20.53 14 1.36 1.48 

Average 12.62 63.07 50.92 12.13 44.53 20.44 1.58 8.29 

 

2.3. Methods 

In the laboratory, the work consisted of standard 

identification and mechanical behavior tests. Several tests 

were carried out, in particular the determination of the 

natural water content according to the French standard [25]. 

The particle size analysis was carried out by dry method  

after washing according to the [26] standard and by 

sedimentometry according to the standard [27]. The absolute 

density was determined using a pycnometer in accordance 

with standard [28]. The study of consistency parameters was 

carried out in accordance with standard [29]. The modified 

Proctor and CBR tests were carried out in accordance with 

the standards [30] and [31] respectively. The classification of 

the materials studied was carried out according to several 

systems, in particular the classification GTR, AASHTO, 

HRB, USCS and USDA.  

For the pavement to hold, the distributed vertical stress, 

according to BOUSSINESQ's theory, must be less than     

a limit stress which is proportional to the CBR index.    

The peltier formula [32] was used to design the pavement 

structure. This method is based on two complementary 

abacuses which give the total thickness of the pavement as a 

function of the CBR of the platform. 

This thickness is given by the formula:  

  
         

      
  

With: 
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- e: equivalent thickness 

- ICBR: CBR index (ground support) 

- P: load per wheel P = 6.5 t (13 t axle) 

All these analyses were performed at the Laboratory of 

Civil Engineering of the Fotso Victor University Institute of 

Technology (Bandjoun), and in the Laboratory of Civil 

Engineering of the Coast University Institute of Douala. 

3. Results and Discussions 

3.1. Characterisation of Natural Materials 

The natural water content (𝜔𝑛𝑎𝑡), Atterberg limits, Optimum 

water content, Maximum dry density (𝛾𝑑  𝒂𝒙) and CBR 

index of the studied samples are presented in Table 2.  

Looking at Table 2 above, we can see that for an optimum 

average compaction water content of 20.44%, we obtain a 

maximum dry density of 1.58 and a CBR index of 8.29%. 

This relatively low bearing capacity is the likely cause of 

early deterioration of the pavements in and around the study 

area. As the average plasticity index is 12.13, cement 

stabilisation is required to increase the CBR index. Table 3 

below summarises the geotechnical classification of the 

materials studied. 

3.2. Discussions and Interpretations 

3.2.1. Granularity Parameters 

In view of the clay particle content of the materials studied 

(Table 2) and Figures 3 and 4, the work of [33] shows that 

these soils should have a medium or even low sensitivity to 

groundwater movements. However, work by [34] has shown 

that the more fine particles present in a soil component, the 

lower its bearing capacity. Also, the American AASHTO 

soil classification system shows that soils with a fines 

content (passing an 80 μm sieve) greater than 35% offer  

low bearing capacities (CBR<10), or even acceptable 

(10<CBR<30). In view of the particle size composition of 

the materials developed on granitic bedrock, in particular the 

fine content, averaging 44.53%, a value which is higher than 

the 35% prescribed by the AASHTO classification, these 

materials should offer mediocre and at best acceptable 

bearing capacities. Furthermore, this fine particle value is 

close to that obtained by Saliu Alade (2018) in south-west 

Nigeria (%Fine Avg=46.71). 

As for the gradation of the materials studied, the 

uniformity coefficient of all the materials studied being >6, 

the granulometry is said to be varied or spread out. This 

demonstrates the presence of a wide range of materials    

of different sizes. Of the materials studied, five samples  

had a coefficient of curvature (Cc) in the range 1<Cc<3, 

demonstrating the presence of a wide variety of diameters in 

these materials in equitable proportions. Knowing that a Cc 

that is too large or too small indicates the absence of certain 

diameters between the effective diameters D10 and D60, four 

materials therefore present a poorly graded granulometry.    

In view of these data on gradation, it can be concluded that, 

in general, the materials studied present a fair predisposition 

to compaction, and consequently to mediocre mechanical 

performance. 

 

 

Figure 3.  Particle size distribution of materials M1 to M5 
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Figure 4.  Particle size distribution of materials M6 to M9 

Table 3.  Geotechnical classification of the materials studied 

 
Multi-purpose systems Earthworks systems 

Materials studied USDA USCS AASHTO GTR HRB 

M 1 Silty clay Silty gravel A-7-5 A A-7-5 

M 2 Sandy clay loam Silty sand A-7-5 A A-7-5 

M 3 Sandy clay loam Silty sand A-7-5 A A-7-5 

M 4 Sandy loam Silty sand A-1-b B A-2-7 

M 5 Sandy clay loam Silty sand A-2-7 B A-2-7 

M 6 clay Silty sand A-7-5 A A-7-5 

M 7 Sandy clay loam Silty sand A-7-5 A A-7-5 

M 8 Sandy clay loam Silty sand A-2-7 B A-2-7 

M 9 Sandy clay loam Silty sand A-2-7 B A-7-5 

 

 

3.2.2. Consistency Parameters 

Table 2 and Figure 5 show that the liquidity limits (Wl) 

vary between 41.42 and 79.1, with an average of 58.26. 

Consistency index values (Ic) greater than 1 indicate the 

solid state of the materials at their natural water content. 

Similarly, the plasticity index (PI) of the materials ranged 

from 9.91 to 20.93, with an average of 15.04. Apart from M6 

and M1, which have a high plasticity index (Ip>20) 

characteristic of very plastic materials, the other materials 

have intermediate plasticity. These consistency values (mean 

Wl =58.26% and mean IP= 15.04) are close to those obtained 

by [35] on the characterisation of materials from the 

Santchou-Melon road section (West-Cameroon) for use in 

road geotechnics and those obtained by [8] in Cameroon 

(mean Wl =58, 99% for the Banfeko site, average Wl =66.17% 

for the Bakoye site, and average Wl =65.27% for the Ketcho 

site). These same values are very close to those obtained by 

[36] whose characterisation study of materials from the 

Sindia quarry in western Senegal for use in road geotechnics 

(IP=13.3). However, the average plasticity index of the soil 

samples studied is slightly lower than those obtained by [2] 

in Hunan Province, China (IP=21.1), during a study on the 

characterisation of laterites in Hunan Province for use in 

road geotechnics. However, the average plasticity index 

values of the samples studied are a long way from those 

obtained by [37] in Chad, more specifically on the use of soil 

from the town of Amtiman as a foundation (PI= 28.5). This 

higher value of plasticity index would be due to the high 

presence of fine particles in these materials. 
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3.2.3. Mechanical Parameters 

According to [38], given the high content of fine particles 

in the materials studied, the expected CBR value should be 

between 5 and 40, a range in which 55.55% of the samples 

remain, and 44.44% do not, as they have lower CBR values. 

In addition, the average CBR value of the samples studied is 

8.74. According to [39], M4 and M5 materials with a CBR of 

between 10 and 30% belong to the class of clayey sands. The 

other materials belong to soils with a high concentration of 

silt and clay, which predisposes them to poor drainage and a 

high susceptibility to frost. The low bearing capacity values 

of natural materials are a far cry from those obtained by [36] 

on the characterisation of materials from the Sindia quarry in 

western Senegal for use in road geotechnics (CBR=72), and 

those obtained by [8] at Banka Ouest-Cameroun (CBR 

Moy= 42.02). However, the average CBR value of the 

natural materials studied is close to those obtained [40] in 

Nigeria (CBR= 6.28). 

4. Prediction of Mechanical Parameters 
from Identification Parameters 

One of the methods used in geotechnical and geological 

engineering to establish a predictive model from the relevant 

soil parameters is regression analysis. In statistics, the two 

main regression analyses are: Simple regression and multiple 

regression. For this research work, the analysis method used 

is multiple linear regression, which incorporates several 

explanatory variables and the regression equation becomes 

y= ax1 + bx2+... 

Several studies have been carried out on the correlation 

between identification parameters and mechanical parameters. 

This is the case with the work [41] on the correlation 

between CBR values and soil identification properties, on the 

study of Ibiono, Oron and Onna soils in Akwa Ibom State. 

  Determination of the mathematical model of the 

geotechnical parameters of the soils studied using the 

multiple linear regression method 

The multiple linear regression (Table 4) carried out 

between the CBR index, the percentage of fines and the 

plasticity index shows a correlation coefficient of 0.72, 

characteristic of a strong correlation between the variables. 

However, a correlation between the CBR value, the liquidity 

limit and the plasticity index shows a correlation coefficient 

of 0.85, characteristic of a strong correlation between the 

variables. The multiple regression equation resulting in an 

R2 of 0.85 is as follows: CBR= 13.8 + 1.774*Wl -7.22*IP. 

Table 4.  Characteristics of established models 

Model Description Regression equation Correlation coefficient 
AIC 

Multiple linear regression R2 R2 adjusted 

Model 1 CBR, % fine, IP CBR= 53.4 – 5.237*IP +0.835*%fine 0.72 0.6 28 

Model 2 CBR, WL, IP CBR= 13.8 + 1.774*Wl -7.22*IP 0.85 0.79 22.92 

 

 

Figure 5.  Plasticity diagram classifying the samples studied 
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Table 5.  Evolution of optimum water content as a function of cement content 

Optimum water content WOpm (%)  

% of cement M1 M2 M3 M4 M5 M6 M7 M8 M9 

0 30 29 18 15 16.2 19 20.6 14 22.2 

2 35  25 20 13 14.4 16 13.4 12.8 18.6 

4 35.2  23.2 19 14 15.4 17.6 13.6 13 20.4 

6 33.4  22 16.2 12.8 15 16.8 19 14.6 21 

8 36 22.6 17 13 14.8 15 18.6 13.4 21.2 

Table 6.  Evolution of maximum dry densities as a function of cement content 

Maximum dry density - γdmax (g/cm3)  

% of cement M1 M2 M3 M4 M5 M6 M7 M8 M9 

0 1.39 1.36 1.625 1.74 1.692 1.67 1.6 1.592 1.63 

2 1.28 1.31 1.58 1.81 1.734 1.81 1.57 1.598 1.618 

4 1.31 1.3508 1.6 1.68 1.67 1.778 1.612 1.617 1.661 

6 1.415 1.492 1.665 1.7 1.694 1.889 1.698 1.61 1.648 

8 1.418 1.47 1.75 1.73 1.708 1.892 1.702 1.605 1.672 

 

5. Proposal for Better Use  
of Bamendou Laterites 

In their natural state, the materials studied do not have 

satisfactory mechanical performance characteristics to guarantee 

the stability of a good quality road infrastructure. In order  

to contribute to improving the mechanical characteristics  

of these materials, an improvement by adding cement is 

envisaged. This involves mixing soil + cement in the correct 

percentages (modification and consolidation methods).  

5.1. Justification for Using Cement as a Binder 

As part of this study, investigations and tests were first 

carried out to obtain results that enabled us to characterise 

the support soils studied. Based on the criteria for the 

selection of stabilisation methods proposed by [42], he 

recommends the use of cement for soils with a plasticity 

index less than or equal to 15, so the percentage of those 

passing the 80µm sieve is greater than 25%. However, the 

work of [43] has also led us to choose cement as a stabiliser. 

Environmental factors such as the region's climate, relief and 

hydrography will also be taken into account in justifying the 

selection of cement as a stabilising agent. 

5.2. Impact of Cement Stabilisation  

on Mechanical Behaviour 

The mechanical behaviour of soils indicates a change   

in their characteristics as a function of variations in cement 

content. The Proctor curves for compaction parameters illustrate 

how soil reacts to compaction according to its cement 

content.  

5.3. Compaction Parameters 

The compaction parameters of interest here are the maximum 

dry density to which corresponds an optimum compaction 

water content. An increase in cement content leads to a 

change in the dry density and optimum water content for 

compaction of the soil samples. Thus, we observe a sawtooth 

evolution of both the optimum water content for compaction 

and the maximum dry densities obtained. However, starting 

from an initial correction percentage of 0%, a clear increase 

in the final dry density is obtained at 8%. 

5.3.1. Evolution of Optimum Water Content for Compaction 

The values of the optimum water content for compaction 

of the materials studied at different cement percentages are 

given in Table 5. 

Looking at Table 5 above, it can be seen that, overall, the 

optimum water content varies in a sawtooth pattern. 

5.3.2. Maximum dry Density after Stabilization 

Table 6 shows the impact of cement stabilisation on the 

maximum dry density of the soil samples studied. 

With the exception of material 4, the rest of the materials 

show an increase in dry density of between 0% and 8% when 

corrected with cement. Material 1, for example, shows an 

increase in γdmax of around 2.8%, while materials 2 and   

3 show increases of 11% and 12.5% respectively. Material   

6 has the highest rate of increase in maximum dry density,  

at 22.2%. Treating the materials studied with cement will  

be beneficial because during the life of the pavement, the 

mechanical stresses induced by traffic and the weight of   

the pavement structure will have a reduced effect on the 

compaction of the subgrade. 

5.4. CBR Index 

Table 7 shows the bearing capacity values of the 

Bamendou materials, in their natural and stabilised states. 

Generally speaking, the Californian bearing capacity index 

increases with the addition of cement. The progressive 
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increase in cement content leads to a significant and almost 

exponential improvement in the CBR index, with a 

particularly marked gain from 4% onwards and an apparent 

technical optimum around 6%, beyond which the mechanical 

yield becomes less proportional. 

The maximum CBR value for the natural materials studied 

is 24.77, while the minimum value is 1.48 for an average of 

8.3. However, the materials improved with 2, 4, 6 and 8% 

cement have average CBR values of 21.27, 42.77, 58.71, and 

74.31. Although the minimum punching strengths vary very 

little after the cement treatments, the changes in overall 

performance expressed by the average CBR values are more 

noticeable. These changes can be explained by the influence 

of the setting reaction with the soil particles, which leads to 

an increase in bearing capacity up to the cement content 

threshold [44, 45]. In addition, the work of [36] on the use of 

laterites in western Senegal shows that the addition of 

cement increases the CBR value of the materials from 64 for 

natural materials to 192 for materials corrected with 6% 

cement. In addition to Diop's work [40] has worked on 

assessing the effect of cement and hot on soil properties. 

Based on the work [46, 47], it has been shown that chemical 

reactions occur during the mixing of soil and cement, 

including the hydration of the two anhydrous calcium 

silicates (3CaO. SiO2 (C3S) and 2CaO. SiO2 (C2S)), the 

main constituents of cement, to form two new compounds: 

calcium hydroxide (hydrated lime known as portlandite) and 

hydrated calcium silicate (CSH), the main binder in concrete. 

This reaction occurs according to equation (1): Cement + 

H20 → CSH + Ca (OH) 2. . The results obtained from his 

work show that for a natural material, the CBR value is 6.28; 

however, following stabilisation with cement at a content of 

7.5%, the CBR value obtained is 53.16. This increase is 

justified by the reactions produced by cement mixed with 

laterite. 

Table 7 shows that the average performance of the soils is 

doubled with the addition of 4% cement. Thus, as a platform 

soil, the proposed performance of the materials studied, 

some of which were acceptable before stabilisation, becomes 

better with the addition of 4% cement. However, the fact that 

the change in average CBR values with 6 and 8% cement is 

not as great as with a change from 2 to 4% cement shows that 

it would be beneficial, particularly from an economic point 

of view, if engineers did not exceed a 4% cement content for 

the improvement of these materials. 

6. Suggested Prescription  
for Cement Stabilisation 

By way of suggestion, we can say that, in view of the 

different cement dosages prescribed for improving 

mechanical performance, one of the parameters to be taken 

into account here is the economic cost of stabilising the 

materials. It is obvious that the more cement is used, the 

higher the total construction cost of the road infrastructure. 

Also, this increase in cement content can lead to the 

transition from a semi-rigid pavement to a more rigid one 

which, under the successive passage of vehicles, will be 

subject to brittle deformation, thus causing the more 

advanced destruction of the structure. 

  Checking the validity of the proposals drawn up to 

improve materials at Bamendou 

As improving the mechanical characteristics of Bamendou 

materials is one of the main objectives of this study, this 

section assesses the validity of the proposals put forward for 

cement treatment at cement percentages of 2, 4, 6 and 8% 

respectively. Knowing that the higher the CBR value of a 

soil, the smaller the thickness of the pavement layer, we were 

able to use the CBR method to design pavements, while 

using Peltier's formula [32], to estimate the total thickness of 

the pavement. Table 8 shows the evolution of the total 

thickness of the pavement as a function of the percentage of 

cement treatment. 

 

Table 7.  CBR index for natural and treated soils 

Soils samples 0% cement 2% de cement 4% cement 6% cement 8% cement 

M1 9.68 12.33 22.91 42.23 45.14 

M2 1.61 1.72 1.83 5.18 10.343 

M3 1.48 7.03 21.59 24.5 48.32 

M4 15.64 64.46 83.2 86.16 136.93 

M5 24.77 40.38 97.23 115 130.81 

M6 4.26 6.37 35.88 74.51 82.41 

M7 2.6 32.23 59.17 65.52 75.05 

M8 9.71 10.09 39.72 71.74 82.21 

M9 4.92 16.83 23.44 43.56 57.58 

Maximum 24.77 64.46 97.23 115 136.93 

Minimum 1.48 1.72 1.83 5.18 10.343 

Average 8.29 21.27 42.77 58.71 74.31 

Standard deviation 7.750 20.56 31.26 33.40 40.52 



10 Guimezap Kenou Willy Chance et al.:  Engineering Characterization of Granitic Laterites 

from Bamendou (West Cameroon) for Sustainable Road Pavement Applications 

 

Table 8 below and Figures 6 and 7 below use Peltier's 

formula to illustrate the influence of cement content on the 

thickness of the pavement body. When the CBR index 

increases, the thickness of the pavement body decreases, 

leading to an increase in admissible traffic and a reduction in 

borrow materials. With regard to the evolution of the CBR 

index and pavement thicknesses after stabilisation of the 

natural soil samples with cement, the conclusion drawn after 

a descriptive statistical study is that for soil samples 1 and 2, 

stabilisation with 6% cement should be recommended. 

However, for samples 3, 5, 6, 7, 8 and 9, the best stabilisation 

rate is 4% cement. Finally, for sample 4, the ideal 

stabilisation rate is 2% cement. We can also see that for an 

average change from 0% cement to 4% cement, the thickness 

of the pavement body is reduced by more than half, i.e. by 

28.17 cm, while the CBR value is increased by 34.48. This 

increase in load-bearing capacity modifies the permissible 

vehicle traffic volume by authorising an additional volume 

of traffic depending on the axle load. 

 

Table 8.  Evolution of total pavement thickness at different cement stabilisation rates 

Coating thickness calculated using the Peltier formula (cm) 

Soils samples 0% cement 2% cement 4% cement 6% cement 8% cement 

M1 32.86 27.83 17.28 10.21 9.62 

M2 72.98 71.79 70.62 47.38 31.44 

M3 74.44 40.09 18.142 16.35 9.04 

M4 23.37 6.94 5.469 5.29 3.39 

M5 16.20 10.63 4.71 4.01 3.55 

M6 52.09 42.42 11.80 6.06 5.51 

M7 63.47 12.95 7.517 6.84 6.02 

M8 32.79 31.96 10.78 6.28 5.53 

M9 48.63 22.09 16.96 9.93 7.708 

Maximum 74.44 71.78 70.62 47.38 31.44 

Minimum 16.20 6.945 4.71 4.01 3.39 

Average 46.31 29.63 18.14 12.48 9.09 

Standard deviation 21.30 20.21 20.32 13.59 8.65 

 

Figure 6.  Variation in pavement thickness as a function of cement addition for materials 1, 2, 3 and 4 
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Figure 7.  Variation in pavement thickness as a function of cement addition for materials 5, 6, 7, 8 and 9 

 

7. Conclusions 

Numerous tests were carried out to characterise the raw 

laterite borrowings at Bamendou, and to assess the effects of 

chemical stabilisation by adding cement on the mechanical 

properties of the laterites. The results show that these lateritic 

soils have an average plasticity index of 12.13. The average 

percentage of fines is 44.53% for a dry density of 1.58 g/cm3. 

The average CBR value is 8.29%. The multiple linear 

regression carried out between the CBR value, the percentage 

of fines and the plasticity index shows a correlation 

coefficient of 0.72. However, a correlation between the CBR 

value, the liquidity limit and the plasticity index shows a 

correlation coefficient of 0.85, characteristic of a strong 

correlation between the variables. Following a complete 

identification of the samples, the mechanical characteristics 

obtained were then compared with the recommended 

performance for road surfaces. This comparison showed  

that the natural materials as a whole had insufficient 

characteristics. This led to the improvement of these 

materials by adding cement (CIMENCAM 32.5) at different 

percentages (2, 4, 6 and 8%). This resulted in an increase in 

the load-bearing capacity of the materials, depending on the 

rate of stabilisation. It was possible to make proposals for 

prescribing a cement stabilisation rate for use as a roadbed. 

The result is that, from an economic and technical point of 

view, the best stabilisation rate for engineers is 4% cement. 
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