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ABSTRACT 

The sand quarries of Batie (West- Cameroon) open 

up on the products of deterioration of porphyroid 

granite presenting a mineralogy of quartz, feldspar 

and biotite. On the deterioration profiles, it is 

observed that the arena appears in the form of 

reddish and greyish clayey materials which define 

two principal horizons. These alterites are 

exploited as crafts for the production of sand for 

construction. The study of physical properties of 

materials obtained from these sand quarries show 

that they have a porosity of greater than 0.78 and 

their granulometry is spread over. The reddish 

clayey materials are well graded sands, while, the 

greyish materials are poorly graded sands. The 

sand equivalent of these materials enables one to 

affirm that they belong to the class of gravels for 

the bottom layer, following the classification of the 

Road Grading Guide. These clayey sands have a 

high plasticity with a half-hard consistency. The 

maximal volumic weight after compaction of the 

reddish clayey materials is 1.76g/cm3 for an 

optimal water content of 15.05% and an   

immediate bearing index of 34.25. For the greyish 

clayey materials, the dry maximal volumic weight 

is 1.92g/cm3 for a water content of 11.13 % and an 

immediate bearing index of 37. These parameters 

show that these greyish clayey materials are better 

for her use in the construction of the bottom layer 

of roads. 

Keywords: Batie, porosity, granulometry, 

consistency, immediate bearing index, bottom 

layer. 

 

1. INTRODUCTION 

The end of the deterioration of   Batie granites 

(West-Cameroon) is the formation of ferralitic soils 

with a very developed arena. In the quarries of 

Djeudem, Djengou, La’gou I and Hiala in Batie, 

this arena is exploited as craft by the population as 

a sand quarry. In fact, the water-washing of 

materials obtained on the horizons of the profiles of 

these sand quarries furnish sands greatly used in 

civil engineering works. These sands, as supplied 

in the markets, have a high finess modulus in 

addition to a high proportion of clayey particles. 

Concretes formed using these sands, in the 

laboratory, show low resistance to a simple 

compression test. Meanwhile, the conditions of 

concrete production in open space in the locality of 
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Batié and its environs, where the sands are 

supplied, are more harsh (high temperature and 

wind velocity, relatively low humidity). As such, 

there oozes out a significant amount of cement 

paste and the appearance of micro fissures on more 

than 2cm on the periphery of elements constructed 

using concrete, and at their tender ages, leaving 

atmospheric oxygen to access the iron armature to 

provoke its corrosion. Analysis of X-ray 

diffractograms of the Batie sand reveal the 

presence of kaolinite, illite meaningfully as 

abundant minerals phases [1]. Of such minerals, 

because of their structure and their large specific 

surface, there is an increase in the porosity to air 

which causes the corrosion of the concrete amature. 

This corrosion leads to the swelling of armature 

and its pressure provokes the cracking of elements 

of constructions, [2]. Some proposals in view of the 

fight against the corrosion, the fissuring of concrete 

and tender ages as well as the amelioration of 

resistance to the simple compression of concrete 

formed with these sands have been elaborated  [1] 

and [2].  

The objective of this work is to determine the 

physical and mechanical characteristics of the Batie 

sand quarry in their natural state, with regards to 

the importance of the volume of the latter [3], in 

view of their use in road construction works..  

2. MATERIALS AND METHODS 

2.1 Location and sampling  

 

Batie is a district in the Hauts Plateaux Division in 
the West Region of Cameroon. Batie has a land 

area of about 85km2 and is comprised within the 

geographical coordinates of 5°10’and 5°22’ North 

latitude and 10°15’and 10°24’ East longitude. Field 

work has permitted the noting down of four 

quarries in the process of artisanal exploitation; 

these are the quarries of Djeudem, Djengou, Hiala 

and La’gou I.  

 

The quarries of Djeudem, of Djengou, of Hiala and 
of La’gou I are mountains of convex sides 

respectively situated at 2.01 km, 1.90km, 2.30km 

and 1.70km from the national road number 2 road 

linking the towns of Bafoussam and Douala. The 

quarry of Djeudem culminates at 1279.10m altitude 

and its big arm is oriented North-South. This 

quarry has a height of 40m and measures about 

140m long [4]. It is situated between 05°17’21’’ 

North latitude and 10°16’14’’ East longitude.  

The quarry of Djengou is found at an altitude of 
1413m; its big arm is oriented NNE-SSW. The 

height of its summit and the length of the quarry 

are 147m and  220m respectively; it is located by 

the geographical cardinal points N05°17’01’’N and 

10°16’01’’E. 

The quarry of Hiala is a mountain which 
culminates at an altitude of 1637m; its big arm is 

oriented SW-NE, its height is 52m and its length is 

about 120m. This quarry is situated at 05°17’50’’ 

North latitude and at 10°17’55’’ East longitude.  

The quarry of La’gou I is a mountain of altitude 
1510m. This quarry is open following the direction 

SE-NW; its length is about 180m. It is situated 

between 05°17’06’’ North latitude and 10°17’07’’ 

East longitude.  

These quarries are open to products of the 
deterioration of a porphyroid granite and volumes 

of exploitable materials are estimated at 615440m3, 

5585118m3, 587808m3 et 1246266m3 respectively 

for the quarries of Djeudem, Djengou, Hiala and of 

La’gou I. the bed rock emerges in the form of a 

dyke, balls or metric blocks on the  sides of 
mountains [5]. The walls of their profiles show a 

sufficiently deteriorated material in the form of 

whitish powder with macroscopic examination 

revealing a mineralogy of quartz, feldspar and 

biotite. In these quarries, two horizons of different 

colors are exploited separately for the production of 

sands; the deterioration sequence that goes from the 

bed rock to the surface humiferous horizon is 

perfectly observable. 

Sampling consisted of taking unshuffled 
representative specimens and those shuffled in their 

natural states on the profiles. The shuffled 

specimens, carefully taken from each horizon, were 

wrapped in polystyrene bags and labelled. They 

have been used for granulometric analysis and the 
determination of water content, sand equivalent, 

absolute volumic weight, maximal dry density, 

optimal water content and the Immediate bearing 

index of the soil. 

The taking of unshuffled specimens is effected 
using cylindrical coring in PVC. These specimens 

have been used in the determination of water 

content and apparent volumic weight. 

2.2. Experimentation Methods 

The tests were done in Cameroon, at the National 

Civil Engineering Laboratory (LABOGENIE) and 

at the Civil Engineering Laboratory of the Fotso 

Victor University Institute of Technology of the 

University of Dschang.                



iJournals: International Journal of Software & Hardware Research in Engineering 

    ISSN-2347-4890 

Volume 8 Issue 2 February 2020 

 

 

© 2020, iJournals All Rights Reserved                                                                       www.ijournals.in 

 
Page 46 

          The determination of the natural water 

content was effected by the method of successive 

weighing before and after drying in the oven at 

105°C for 24h, following the prescriptions of the 

NF P 94-050 norm [6]. The apparent density was 

determined by the hydrostatic balance method 

following the NF P 94 – 053 norm [7]. The 

absolute density was determined by measuring the 

volume of solid grains using a pycnometre and by 

successive weighing following the 

recommendations of the NF P 94 – 054 norm [8]. 

The dry density, the porosity, the void ratio and the 

saturation index were determined by calculating 

with the help of relations existing between the 

different state parameters [9]. 

Granulometric analysis was done by humid means 

lane following the NF P 94-041 norm [10]. The 

sand equivalent was determined by washing 

following the prescriptions of the NF EN 933-8 

norm [11]. The Atterberg limits were determined 

following the recommendations of the NF P 94- 

051 norm[12] ; the consistence and plasticity 

indices were calculated from mathematical 

relations that exist between liquidity and plasticity 

limits [13]. The compaction parameters were 

determined by the Proctor test and the Carlifornian 

bearing ratio test. The modified Proctor test was 

carried out following the NF P 94-093 norm [14]. 

The determination of the immediate bearing index 

was done following the NF P 94-078 norm [15]. 

3. RESULTS AND DISCUSSION 

The state parameters, as the water 

content, the saturation index, the densities, the 

void ratio and the porosity of the materials 

studied are presented on table 1.  

3.1 Water content and saturation index 

The water content and the saturation index of 

materials from the studied quarries are presented on 

table 1. This table shows that the natural water 

content of the reddish clayey materials varies from 

17.90% to 23.89%. As for the greyish clayey 

materials, the water content varies from 10.71% to 

22.43%. These values of natural water content are 

high and that is explained by the annual heights of 

precipitations which attain 1721mm of rainfall, in 

addition to the lengthy duration of the rainy season 

(from mid-March to mid-November). Besides, the 

abundance of fine particles, of clayey nature, in 

these materials increase their capacity to retain 

water by adsorption. The same as the water 

content, their saturation index is high. It varies 

from 40.89% to 63.17% for the reddish clayey 

materials. For the greyish clayey materials, the 

saturation index varies from 42.37% to 67.00%. 

Such values give room to consider the materials 

studied as being soils in the humid state for a long 

period of the year [16].  

3.2 Density, void ratio and porosity  

The table 1 shows that the humid density of the 

reddish clayey materials varies from 1.69 to 1.75. 

For the greyish clayey materials, the humid density 

varies from 1.57 to 1.79. These values comprise 

between 1.00 and 1.98 intervals within which we 

find the density of the soils of many countries of 

the world [17]. The density of the solid particles of 

the reddish clayey particles varies within an 

interval of 2.57 to 2.60. As for the greyish clayey 

materials, the density varies from 2.57 to 2.59. 

These values are in the neighborhood of those of 

lateritic soils for which the density of solid grains is 

less than or equal to 3.0 [18].   These results are 

close to those obtained on the lateritic soils of 

Bafoussam, which vary from 2.58 to 3.11 [19]. In 

all, the values of density obtained are high, which 

can be explained by the presence of aluminum 

oxides, of iron oxides and of titanium oxides in the 

soils studied. 

The values of porosity vary within an interval from 

43.82% to 47.10%, for the reddish clayey 

materials; in the greyish clayey materials, the 

porosity varies from 40.12% to 48.18%. The void 

ratio varies from 0.78 to 0.89 for the reddish clayey 

materials and from 0.65 to 0.93 for the greyish 

clayey materials. The very high values of the void 

ratio confer to these soils a macro porous character. 

Such formation has been favourized by the 

simultaneous process of lixiviation and 

cementation of aggregates of clayey particles by 

iron and aluminum oxides. The formation of rigid 

bonds of cementation between mineral particles 

was effected before the end of the consolidation 

process under the action of the very weight of the 

soils. 

Table 1: water content, saturation index, void 

ratio, porosity and density of materials obtained 

from the Batie quarries 
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3.4. Sand equivalent and granulometric 

analysis 

The values of sand equivalent of the materials 

studied are presented on table 2.  

Tableau 2 : sand equivalent  

Quarry  Specimen Sand equivalent, 

SE (%) 

Djeudem RCM 17.66 

GCM 34.33 

Djengou RCM 11.56 

GCM 21.12 

Hiala RCM 23.70 

GCM 46.87 

La’gou I RCM 30.97 

GCM 37.49 

 

Key : RCM = Reddish Clayey Materials ; GCM = 

Greyish Clayey Materials.  

 

Table 2 shows that the values of the sand 

equivalent of the reddish clayey  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

materials varies from 11.56% to 3.97%. This 

values varies from 21.12% to 46.87% for the 

greyish clayey materials. Following the Road 

Grading Guide [20], materials with sand equivalent 

less than 30% (RCM of Djeudem, of Djengou and 

of Hiala), constitute ‘clayey sands’ which are not 

specified for use in any works in the domain of 

road construction. For materials with sand 

equivalent between 35% and 40% (GRM of Hiala 

and of La’gou I), they can be used in the 

construction of roads as ‘gravels for the bottom 

layer’. 

The results of the granulometric analysis are 

expressed in the form of curves on figure 1. The 

 

Quarry Specimen Water 

content 

w (%) 

Saturation 

index 

(%)rS   

Void 

ratio e  

Porosity 

  n (%) 

Bulk  

density  

 ad  

Dry 

density 

dd  

Absolute 

density 

 sd  

Djeudem  RCM 23.89 40.89 0.89 47.10 1.70 1.37 2.59 

GCM 22.43 42.37 0.76 43.19 1.79 1.46 2.57 

Djengou RCM 17.90 58.9 0.78 43.82 1.75 1.48 2.57 

GCM 10.71 68.54 0.65 40.12 1.72 1.55 2.56 

Hiala RCM 18.60 59.98 0.80 44.44 1.70 1.43 2.58 

GCM 21.20 67.00 0.81 44.75 1.71 1.41 2.59 

La’gou I RCM 21.30 63.17 0.88 46.52 1.69 1.39 2.60 

GCM 18.30 50.76 0.93 48.18 1.57 1.33 2.58 
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coefficients of uniformity and curvature, as well as 

the finesse modulus are presented on table 3. 

 

 

 
Key : RCM = Reddish Clayey Materials ; GCM = 

Greyish Clayeey Materials.  

Figure1:  granulometric curves of the clayey sands 

of Batie 

Tableau 3 : granular parameters of materials 

from the Batie quarries. 

Quarry of 

origin of 

materials 

Specimens Coefficient 

of 

uniformity 

Coefficient 

of 

curvature  

Djeudem RCM 20.00 1.25 

GCM 25.00 0.39 

Djengou RCM 7.87 1.24 

GCM 20.00 1.25 

Hiala RCM 16.00 0.62 

GCM 25.00 1.59 

La’gou I RCM 6.25 1.00 

GCM 12.5 0.50 

Key : RCM = Reddish Clayey Materials ; GCM = 

Greyish Clayeey Materials.  

Figure 1 shows that all the curves have 

almost the same concavity, with a regrouping of 

sands of the same horizon, which portrays the 

common origin, the bed rock that gave rise to them. 

The coefficient of uniformity of the Batie 

reddish clayey materials varies from 6.25 to 2.0. 

For the greyish clayey materials, this coefficient 

comprises between 12.50 to 25. These values, 

greater than 2 convey a ‘spread granulometry’ of 

reddish materials from Batie. This classification is 

in line with the look of the granulometric curves 

[21]. 

The coefficients of curvature are comprise 

between 0.62 and 1.25 for the reddish clayey 

materials. This coefficient varies from 0.39 to 1.59 

for the greyish clayey materials. These coefficients 

show that at the actual stage of alteration, the 

reddish clayey materials are ‘well graded’ (Cu is 

greater than 6 and Cz comprises between 1 and 3) 

meanwhile the greyish clayey materials are ‘poorly 
graded’ (Cu is greater than 3and Cz is essentially 

low), which conveys the absence of some 

diameters between the effective diameters d10 and 

d60 [21].  

 

 

3.5 State of consistency 

On table 1, there are the values of natural 

water content, the liquid and plastic limit 

experimentally obtained.  

The consistency index of reddish clayey materials 

varies from 1.26 to 1.87. This index varies from 

1.31 to 2.78 for the greyish clayey materials. These 

values show that these materials are of a ‘semi-hard 

consistency’ with ‘high plasticity’.  

 Table 4: Characteristics of the hydric state and 

of the state of consistency of studied soils. 
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Key : RCM = Reddish Clayey Materials ; GCM = 

Greyish Clayeey Materials.  

 

 

 

3.6. Compaction parameters  

Tables 5 recapitulate the Proctor characteristics and 

the immediate bearing index of the materials from 

the different quarries studied. 

 

Table 5: Proctor Characteristics of Materials 

from the Batié Quarries 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Key : RCM = Reddish Clayey Materials ; GCM = 

 

 

 

Quarries Specimens  Water 

content 

w (%) 

Plastic 

limit 

wp (%) 

Liquid 

limit 

wl (%)  

Plasticity 

index  Ip 

(%) 

Consisten

cy index  

Ic (%) 

Djeudem RCM 23.89 26.41 36.00 9.59 1.26 

GCM 22.43 28.07 36.85 8.78 1.64 

Djengou RCM 17.90 35.97 56.80 20.83 1.87 

GCM 10.71 30.00 40.85 10.85 2.78 

Hiala RCM 18.60 35.11 57.8 22.89 1.72 

GCM 21.20 33.33 81.81 38.67 1.31 

La’gou I RCM 21.30 37.50 71.11 33.61 1.48 

GCM 18.30 31.25 49.00 17.75 1.73 

 

Quarry Type of 

material 

 Optimal water 

content (%) 

Maximal dry 

volumic weight 

(g/cm
3
) 

Immediate 

bearing index  

Djeudem RCM 12.00 1.86 36 

GCM 08.42 1.97 35 

Djengou 
RCM 13.70 1.84 38 

GCM 10.40 1.95 35 

Hiala RCM 13.00 1.74 36 

GCM 11.00 1.94 41 

La’gou I RCM 21.50 1.62 27 

GCM 14.70 1.83 37 
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 Greyish Clayeey Materials 

On table 5, it appears the maximal dry 

volumic weight of the reddish clayey materials 

from the quarries of Djeudem, Djengou and Hiala 

comprise between 1.74g/cm3 and 1.86 g/cm3 an 

optimal water content varying from 12% to 

13.70%. As for the reddish clayey materials from 

the quarry of La’gou I, they present a maximal dry  

 

 

volumic weight of 1.62g/cm3 and an optimal water 

content of 21.50%. Likewise, Immediate bearing 

index of reddish materials from the quarries of 

Djeudem, Djengou and Hiala comprise between 36 

and 38. That of materials from the La’gou I quarry 

is 27. As for the greyish clayey materials, the 

maximal dry volumic weight varies from 1.94g/cm3 

to 1.97g/cm3 for the quarries of Djeudem, Djengou 

and Hiala. The optimal water content of the 

materials from these quarries varies from 8.42% to 

11% ; their Immediate bearing index varies from 

35 to 41. As for the materials from the La’gou I 

quarry, the maximal dry volumic weight is 

1.83g/cm3 for a water content of 14.70%. 

The data from tables 5 show that only the 

greyish clayey materials are better placed for use in 

road construction as materials for the bottom layer 

[21]. However, the dry volumic weights are less 

than 2.0g/cm3, with very high immediate bearing 

index. These materials should be treated and 

compacted with moderated energy and water 

contents slightly greater than modified Proctor 

optimum to reduce their permeability and swelling 

in the presence of water. In all, the materials should 

have been better fit in the construction of supple 

roads, with transverse slopes of shoulders of at 

least 6% and covered with a bilayer. More so, the 

trunk of the road should be 60cm thick, overload 

which opposes swellings. 

 

4. CONCLUSION 
The purpose of this work was to determine the 

characteristics of alterites from granite weathering 

mantles for its use in road construction. The 

classification of the Road Grading Guide shows 

that the materials studied are clayey and silty 

gravel of classes and subclasses B3 and B4. The 

highway research board classification system 

shows that these studied materials are gravel and 

silty or clay sands of groups and subgroups A-2-4 

to A-2-7. These materials can be used in base 

layers during compaction work. 
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