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Abstract  This work evaluates the effect of adding limestone (corrector) to lateritic gravelly on the granulometric 
fractions of the mixtures in the process of modifying the mechanical properties. The lateritic gravelly - limestone 
couple does not obey the law of mixtures. The optimal mixture is obtained by adding 30 % by weight of the 
corrector to obtain a mixture with unmeasurable clay, silt (4.25 %) and sand (19.47 %) contents. The results obtained 
show that from 15-30% by weight of the corrector, the compressive strength, elastic modulus, CBR and maximum 
dry density increase and the use properties are improved. From 30-40% by weight of the corrector with sand fraction 
SF (19.47-21.09%) in the mixture, the mechanical properties decrease. The addition of the corrector (15-40%) 
decreases the clay (5.18-1.68%) and silt (14.09-0.67) fractions, while the sand fraction (12.93-21.09%) increases by 
63.11%. The increase of the sand fraction by 50.58% decreases the plasticity index by 77.16%. For a sand fraction 
SF (50.58-63.11%), the plasticity index is not measurable and the sand equivalent SE (32.5-35%) of the mixture 
increases by 7.69%. Increasing the sand fraction causes the compaction curves (Proctor) to flatten and the optimum 
moisture content to decrease. There is a negative correlation between compressive strength and strain at failure. 
Mixes containing 15-25% and 30-40% of the corrector can be used as a base layer for T1 < (5.105) and T1-T2  
(5.105 - 1.5.106) traffic respectively, in terms of the cumulative number of passes of a 13T equivalent axle. 
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1. Introduction 

The socio-economic importance of a road for 
developing countries is well established. Indeed, roads 
provide 80% of freight transport between cities and states 
and often remain the only access road to rural areas [1]. 
However, the construction of a road requires the use of 
good quality materials in the pavement body to ensure its 
estimated average life of 15 years [2]. Materials must meet 
current standards to be used in the different layers of the 
pavement [2,3]. The proximity of the sources of materials 
for pavement construction reduces the transport distance, 
the intervention time and the nuisance associated with 
supply [2,3]. This proximity of materials also solves the 
problem of increasing the safety of road users and 
residents [4,5]. However, the scarcity of suitable road 
materials in some parts of sub-Saharan Africa has led to 

the use of non-conventional local materials such as 
lateritic gravelly in pavement construction [4,6,7,8]. Due 
to their abundance, lateritic gravelly are the most 
commonly used local materials for pavement construction 
[9,10]. Indeed, some studies show that lateritic gravelly, 
although poorly graded, have proven to be good for 
pavement construction [4,11]. 

The absence of rocky materials that can be used directly 
without preparation in the base layer of a pavement led to 
the search for less costly and technically acceptable 
alternatives through the mechanical stabilization of two 
materials. Three departments of the Congo have large 
deposits of limestone, used exclusively for the production 
of cement. The shortage of rock materials in these 
departments can be compensated for by the use of 
limestone (recycled or natural) in pavement layers. This 
can be an asset, if preceded by the necessary geotechnical 
studies [6,7,8]. However, crushing limestone is a difficult 
task and public works companies often decline the offer 
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for several reasons. Limestone is an abrasive material that 
causes excessive wear and tear on the crusher hammers, 
resulting in time-consuming replacement of the hammers 
and additional expense for the company [3]. Limestone is 
too hard a material, and crushing it often produces angular 
grains and a small amount of sand. It is not easy to use in 
pavement layers. However, the compactness of lateritic 
gravelly after compaction may not be high, unless its 
gradation is restored by adding a corrective material with 
a good gradation [3,4]. Limestone can be an alternative 
solution, if it is used as a corrective material to reduce 
fines and improve the granulometry of lateritic gravelly 
[4]. All this will lead to a reduction in the cost of 
producing (0/31.5) limestone and its quantity in pavement 
construction. The intrinsic characteristics of the gravels 
obtained after crushing such as hardness, resistance to 
wear by friction and resistance to polishing are linked to 
the nature of the source rock and cannot be improved by 
the technician [3]. The experiments carried out show that 
the compaction capacity of a rocky material is conditioned 
by the shape of its granulometric curve, the absence of 
segregation and the compactness of the compacted 
material. Then, the sub base layer of a pavement is stable, 
if the contacts between grains are numerous. The more 
compact the material, the less risk there is of grain 
displacement causing the pavement layers to settle when 
cars pass. Indeed, the materials of the base layer can 
undergo a strong attrition under the traffic if, the shearing 
resistance is then entirely supported by the friction of the 
grains between them [3]. Consequently, the construction 
of the body of the pavement and the wearing course 
requires the use of only fairly compact aggregates, 
excluding flat aggregates [3]. Indeed, the latter do not 
make it possible to produce a very compact bituminous 
concrete and, moreover, in road engineering, they cannot 
be used because they lead to excessively slippery wearing 
courses [3]. However, to improve the behavior of lateritic 
gravelly used in road engineering, several techniques  
and materials have been tested in the literature:  
chemical stabilization with different binders, mechanical 
stabilization by adding crushed rock, etc. [2,4,12-17].  

Despite the variety of studies, the subject remains open 
and is not exhausted. It will always be important to carry 
out the necessary geotechnical tests for mixtures [18]. 
Indeed, the experiments carried out on aggregates of 
various granularities do not lead to identical conclusions, 
depending on whether one is interested in compaction, 
resistance to repeated car loads, attrition, etc. The 
behavior of the mixture depends not only on its 
granularity but also on the mineralogy of the lateritic 
gravelly [4]. To our knowledge, the improvement of 

lateritic gravelly properties by the addition of limestone 
has not yet been reported. By adopting mechanical tests 
(CBR index, compressive strength, static modulus, strain 
at failure) as a means of assessing the quality of the 
mixture, we have attempted to highlight, from the lateritic 
gravelly-limestone mixture, the role of grading, plasticity 
index, sand equivalent, optimum moisture content and 
compaction conditions. This work investigates the effects 
of the particle size fractions of the mixtures on the 
changes in the mechanical characteristics of the material, 
determines the related traffic and statistical properties of 
the mixtures. 

2. Material and Method 

2.1. Material  
The lateritic gravelly and limestone samples were 

collected from the locality of Tsiaki and its surroundings, 
according to the respective geographical coordinates 
S04°10'34.1'' - E013°28'40.4'' and E013°54'18.9'' – 
04°14'56.2''. In the following, lateritic gravelly will be 
designated by the two letters LG and limestone by LS. 

Figure 1(A) shows the deposition of grey-black 
limestone, an overly hard material with a good skeleton. 
After crushing, the limestone sometimes produces some 
fines and grains that do not meet the standard. Lateritic 
gravelly are yellow in color, composed of pebbles and 
covered by a gangue. 

The lateritic gravelly is transported to the laboratory 
and sampled with the 40 mm sieve, to obtain a particle 
size of 0/31.5 mm. The granulometry of 0/31.5 of the 
limestone is obtained after crushing. The pair of lateritic 
gravelly (main material) and limestone (corrective 
material) is used in proportions of (15%, 20%, 25%, 30%, 
35%, 40%). The mixture of the two materials was 
obtained by stirring the chosen proportions until a 
homogeneous mixture was obtained. In the following, the 
lateritic gravel samples will be designated by the letters 
(LG) and the limestone by (LS). The tests on the LG - LS 
mixture is carried out according to the diagram in Figure 2. 

The Origin Pro 2019b software was used in the process 
of implementing the relationships between the intrinsic 
properties of the lateritic gravelly and limestone. The 
mathematical model selected is the one with the highest 
coefficient of determination R2 and the lowest Chi - sqr (χ²) 
– allows to test the independence between two random 
variables. Minitab 17 software was used to determine the 
statistical properties of the particle size fractions of the 
mixtures. 

 
Figure 1. Views of limestone (LS) deposits and lateritic gravelly (LG) 
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Figure 2. Flow chart of the mechanical stabilization of the lateritic gravelly - limestone mixture (PSA - particle size analysis, SE – sand equivalent, AL 
– Atterberg limit, MDD – maximum dry density, OMC – optimum moisture content, Est – static modulus, CS – compressive strength, CBR – California 
bearing ratio, Ls - linear swelling, LA – Los Angeles, MD – Micro Deval, SF – strain at failure, FC – flattening coefficient) 

2.2. Method 
The percentage distribution of solid grains according to 

their dimensions is represented by the grain size. For 
particle separation, two types of tests were performed by: 
sieving for grains of the size ɸ > 80 μm according to NF 
P94-056 [19] and the sedimentation for the grains of 
diameter ɸ ≤ 80 μm according to NF P94-057 [20]. The 
grain size fraction is deduced from the recommendations 
of grain size nomograms, considering clays as particles  
< 0.002 mm, silts 0.002-0.06 mm, sands 0.06-2 mm, grave 
2-20 mm, Pebbles 20-200 mm. The grain sizes 
corresponding to D10, D30, D60 by weight of sieve are 
deduced from the granulometric curves. The Cu 
uniformity and Cc curvature coefficients made it possible 
to characterize the grain size of the lateritic gravelly and 
defined according to the formulas below:  
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Dx - is the grain size corresponding to x % by weight of 
sieve.  

The Atterberg limits are determined by the Casagrande 
method, in accordance with NF P 94-051 [21]. The 
plasticity index characterizes the extent of the water 
content range in which soils behave plastically. The limits 
of liquidity (LL) and plasticity (PL) are determined on the 
fraction of soil (mortar) passing a 0.40 mm sieve. The 
plasticity index (PI) is expressed by the following 
relationship: 

 L LPI L P= −  (3) 

The measurement of methylene blue adsorption 
capacity of a soil consists of measuring the quantity of 
methylene blue adsorbed by the 0/5 mm fraction of 
material suspended in water. This test makes it possible to 
characterize the clay content (or cleanliness) of a soil. It is 
a quantity that is directly linked to the specific surface of 
soil and reflects the overall quantity and quality (activity) 
of the clay fraction. The methylene blue value of a soil 
(BVS) is determined by the standard NF P 94-068 [22].  

Modified Proctor test used to determine optimum 
moisture content OMC (%) for which compaction leads to 
a maximum dry density MDD (T/m3). Maximum dry 
density is not a direct indication mechanical strength soil. 
However, material that nevertheless has pores, more 
interactions there are between particles, better cohesion 
soil. Mineralogy and formation medium influence water 
content soil. Optimum moisture content and maximum dry 
density were measured using modified Proctor test, 
according NF P 94-093 [23]. 

The sand equivalent test is used to characterize the type 
of soil to be analyzed in accordance with standard NF P 
18-598 [24]. The purpose of this test is to evaluate the 
relative proportion of fine elements contained in the soil 
and allows instantaneous control of the constancy of 
certain qualities of materials used in road construction.  
LG - LS (0/31.5) 15%, 20%, 25%, 30%, 35%, 40% 
mixtures are cured at an average ambient temperature of 
25˚C, after a curing time of one hour.  

For each mixture, three cylindrical samples 10 x 20 cm 
are made at the optimum moisture content of the modified 
Proctor test. The compressive strength was determined 
according to the standard NF P98-230-2 [25]. The static 
modulus was obtained from the ratio between the 
compressive strength and the strain at failure of the 
material according to the following scheme:  

Lateritic gravelly
LG (0/31,5)

Limestore LS (0/31,5)

PSA, SE, LA, MD,OMC,MDD, 
CBR, Est, SF,FC,CS, BVS, F, UC,CC

PSA, AL, MDD, Est, CS, CBR, Ls, 
SF, OMC, BVS, CI, LA, F, UC,CC

Formulation Lateritic gravelly + Limestroe (15%,20%,25%,30%,35%, 40%)

Chosen formula

Yes

Validated formulation

Acceptable performance

Study of mechanical performance
MDD,OMC, CBR, Est, CS, SF 

PSA*, AL, SE

END END

Yes

No

No

PSA*

Grain size fraction
Clay, Sand, Silt, Gravel Pebbles

Statistical properties

END

Detail
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Figure 3. Device for determining the compressive strength and static 
modulus 

Figure 3 shows the device for determining the 
mechanical properties of LG, LS and mixtures. 

 ( ) FCS MPa
S

=  (4) 

 ( ) hSF MPa
h
∆

=  (5) 

 ( )ST
CSE MPa
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=  (6) 

CS – compressive strength, F – compression force,  
S – contact surface, SF - strain at failure; EST – static 
modulus.  

 

Figure 4. Determination of compressive strength  

Figure 4 shows the multi-purpose universal press  
used to crush specimens 10 cm in diameter and 20 cm 
high.  

The California Bearing Ratio (CBR) test is used for the 
mechanical characterization and compaction of materials 
in pavement layers. It measures the shear strength of the 
material and makes it possible to calculate the bearing 
capacity of the material, by estimating its resistance to 
punching. It gives the essential parameters for the 
geotechnical tests prior to construction and is defined 
according to the standard NF P 94-078 [26].  

The fragmentation test, i.e., the impact resistance of 
rocks and aggregates with regard to hardness, resistance to 
wear by friction and resistance to polishing. The hardness 
is intended to assess the resistance of the aggregate to 
fragmentation under the action of traffic. The Los Angeles 
test procedure is based on the standard NF P18-573 [27].  

The micro-Deval test is used to determine the wear 
resistance of an aggregate sample. This resistance to wear 
for certain rocks is not the same in dry conditions or in the 
presence of water. The test is defined according to the  
 
 

standard NF EN 1097-1 [28]. The flattening coefficient is 
one of the tests used to characterize the more or less 
massive shape of the aggregates. Grains of a gravel that 
approximate the sphere or cube are best. Those that come 
in needles, in platelets are to be discarded. The test is 
defined according to the standard NF EN 933-3 [29]. 

Scanning electron microscopy (SEM) is performed with 
the Phillips XL30 EM device. It gives information on the 
relief of the sample, the morphology of the grains and 
their arrangement in the material. Depending on the 
physical and chemical properties of the grains, lateritic 
gravel is classified by three classification systems, 
AASHTO T88-70 [30], standard NF P 11 300 [18] and 
USCS [31]: (1) classification for gravelly soils, where 
more than 50% of the elements by weight are greater than 
80 μm and (2) classification for fine soils, where more 
than 50% of the elements by weight are less than 80 μm.  

3. Results and Discussion 

3.1. Characterization of Lateritic Gravelly 
(LG 0/31.5) and Limestone (LS 0/31.5) 

Figure 5 represents the grain sizes of LG (0/31.5), LS 
(0/31.5) and the normative spindles prescribed for  
the rocky materials of the base layer by the standard NF 
EN 13285 [32] and the technical document CEBTP 1984 
[2]. 

 

Figure 5. Size analysis of limestone (0/31.) and lateritic gravelly (0/31.5) 

Figure 5 shows the representation of lateritic gravelly 
and limestone according to the European standard NF 
EN933-1 (2012) and the CEBTP technical document 
(1984). 

The characteristics of lateritic gravelly as the main 
material and limestone as a corrective material suitable for 
mechanical treatment are contained in Table 1.  

The work consisted in finding the percentage of the 
corrective material (LS 0/31.5) to be added to the main 
material (LG 0/31.5) so that the grading curve of the 
mixture integrates the spindles [2,27]. Both materials meet 
the requirements for mechanical stabilization. 
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Table 1. Geotechnical characteristics of lateritic gravelly (LG) and limestone (LS) 

Designation LG (0/31.5) LS (0/31.5) 
CEBTP 1984 

LG (0/31.5) LS (0/31.5) 
Passing to 40 mm (%) 100 100 100 100 
Passing to 2 mm (%) 27 24.29 20-50 < 30 
Passing to 80 µm (%) 21 5.78 10-25 < 18 
Clay (%) 5.18 - - - 
Silt (%) 14.09 - - - 
Sand (%) 6.93 24.54 - - 
Gravel (%) 68.64 58.61 - - 
Pebbles (%) 5.16 16.85 - - 
LL (%) 24.6 0 - - 
PL (%) 14.4 0 - - 
PI (%) 10.2 0 < 20 0-6 
CBR (%) 68 98 40-60 ≥ 90 
Est (MPa) 339.53 501.76 ≥ 300 ≥ 400 
SF (%) 0.43 0.432 - - 
CS (MPa) 1.46 2.17 < 2 > 2 
BVS (g/100g) 4.3 0.17 - - 
CI 0.91 - - - 
MDD (T/m3) 2.13 2.2 ≥ 2 
OMC (%) 8.1 7.35 7-13 - 
F (%) 4 1 ≤ 8 
LA (%) 33 18 < 30 
FC - 24.7 < 30 
SE (%) - 74 - ≥ 30 
MD - 6.25 - ≤12 
Ls (%) 0.4 - < 1 - 
UC 1135 34.27 > 10 
CC 98.75 1.379 1 < CC < 3 

MDD (T/m3) – maximum dry density, OMC (%)- optimum moisture content, CBR (%) – California Bearing Ratio, CS (MPa) – compressive strength,  
E (MPa) – static modulus, LA (%) – Los Angeles, PI (%) – plasticity index, LL (%) – liquidity limit, PL (%) – plasticity limit, SE (%) – sand equivalent, 
FC – flattening coefficient, MD – micro Deval in the presence of water, Ls (%) – linear swelling, UC - uniformity coefficient, CC - curvature coefficient, 
F (%) - Percentage of fines before and after compaction, SF (%) – strain at failure, CI – consistency index. 

 
The lateritic gravelly (0/31.5) has a CBR index (68%), 

higher than those of lateritic gravelly (0/31.5) studied in 
the Democratic Republic of Congo, Ivory Coast and Niger 
[4,10]. The limestone LS (0/31.5) has a non-measurable 
plasticity index and its sand equivalent SE (74%) is higher 
than 40%, which is the lower limit of crushed materials 
that can be used as a base layer for T3- T4 traffic (1.5.106-
4.106) [2]. 

3.2. Petrography and Mineralogy of Lateritic 
Gravelly 

 
Figure 6. Polarized natural light observation (LNPA; x 4 magnification) 
of thin sections of samples 

The amorphous resin appears grey-beige. The different 
minerals appear in ochre, white, orange and yellow-orange 
colors. It can be seen that the texture of these samples  
is characterized by zones of isolated concentration of  
iron oxides generally in an aggregate of quartz grains.  
The whole is immersed in a mainly kaolinic matrix. 
Quartz grains and pisolite concretions are also found 
embedded in the kaolinic matrix but with a relatively  
low density compared to the cementing zones. The 
petrographic study carried out on all the samples in the 
study area revealed minerals such as quartz, kaolinite and 
iron oxides. Depending on the combination and 
arrangement of the elements, three types of texture can be 
distinguished:  
• Isolated ferruginous attack texture: it is characterized 

by ferritic zones dense in silica.  
These zones are isolated and sporadically spread in the 

kaolinic matrix poor in iron oxides. The cracked quartz 
grains are also embedded in the kaolin matrix. 

From Figure 7, quartz and kaolinite contents are lower 
in this sample, respectively 38.3% and 33.5%. On the 
other hand, iron oxides are present in large quantities with 
a content of 19.4 % for goethite and 4.2 % for hematite. A 
small amount of aluminum oxides (%gibbsite = 2.6%) was 
also found in this sample. 

 



 American Journal of Civil Engineering and Architecture 57 

 
Figure 7. Determination of minerals in lateritic gravel 

Table 2. Chemical composition LG (0/31.5) 

SC (%) SiO2 (%) Al2O3 (%) Fe2O3 (%) CaO (%) MgO (%) K2O (%) TiO2 (%) MnO (%) Na2O (%) P2O5 (%) PF (%) S/R 
18.04 38.13 13.34 36.45 0.04 0.06 0.09 0.54 0.08 0.01 0.33 12.23 1.77 

 
Anatase and microcline are present in trace amounts  

(1 and 0.9%). XRD analysis of the lateritic sample 
powders revealed minerals such as quartz, kaolinite, 
goethite, hematite, anatase and microcline. Hydrated 
aluminum oxides (gibbsite Al (OH)3) were found. Indeed, 
after identification of the mineral phases, they were 
quantified by the Riedvelt method. 

The analyzed sample shows a predominance of silica 
and alumina contents which classifies the LG (0/31.5) 
among the aluminosilicates of the phyllosilicate family. 
Silica and alumina would respectively indicate the 
presence of quartz and clay minerals as a crystalline phase. 
These two crystalline phases have a refractory character 
and reinforce the mechanical strength of the finished 
material. The SiO2/Al2O3 ratio (2.85), being higher than 2, 
means that the LG (0/31.5) is less permeable to water and 
therefore less porous. The low K2O content means that the 
LG (0/31.5) is poor in illite. 

3.3. Characterization of Mixtures LG – LS 
(0/31.5) 

Figure 8 shows the particle size distribution of  
LG-LS (0/31.5) mixtures. The LS (0/31.5) was used in the 
mixtures in proportions of 15%, 20%, 25%, 30%, 35%, 
40%. 

Figure 8 shows the distribution of grains in the mixes 
after addition of LS (15-40%) according to the NF EN 
933-1 (2012) spindle and the CEBTP (1984) technical 
document. 

The particle size curves for mixtures of 15%-20% LS 
(0/31.5) include only the CEBTP 1984 spindle [2] and for 
mixtures of 25-40%, the curves include both spindles 
[2,32]. 

 
Figure 8. Distribution of grains in mixtures LG – LS (0/31.5) 

The particle size fractions of the mixtures are shown in 
Figure 9. 

 
Figure 9. Distribution of particle size fractions in mixtures LG – LS 
(0/31.5) 
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According to Figure 9, sand, gravel and pebbles 
fractions increase while clay and silt fractions decrease 
after the addition of LS (0/31.5). 

Table 3. Geotechnical characteristics of mixtures LG - LS 0/31.5 

Designation 15% 20% 25% 30% 35% 40% 
PI (%) 5.58 4.45 2.33 - - - 
SE (%) - - - 32.5 33.75 35 

MDD (T/m3) 2.21 2.25 2.29 2.33 2.32 2.27 
OMC (%) 8.75 8.45 7.9 7.65 7.42 7.27 
CBR (%) 85 94 106 115 113 110 
CS (MPa) 2 2.12 2.29 2.4 2.34 2.29 
Est (MPa) 467.29 498.82 545.24 574.24 556.64 540.64 
SF (%) 0.428 0.425 0.42 0.418 0.421 0.423 

MDD (T/m3) – maximum dry density, OMC (%) - optimum moisture 
content, CBR (%) – California Bearing Ratio, CS (MPa) – compressive 
strength, Est (MPa) – static modulus, PI (%) – plasticity index,  
SE (%) – sand equivalent, SF (%) – strain at failure. 

 
Figure 10 shows the evolution of the plasticity index as 

a function of the crushed sand content. In fact, this figure 
answers the question of whether the couple LG – LS 
(0/31.5) obeys the law of mixtures. 

According to Figure 10, the plasticity index (PI) of the 
mixture is not really proportional to the lateritic gravelly 
content LG (0/31.5) of the mixture. Indeed, PI is of the 
form: 

 
2

9.75385 0.27707 ; 0.94047

10.44489 0.39484 0.00293 ; 0.95284
c

c c

R
PI

R

α

α α

− == 
− + =

 (7) 

PI - plasticity index of the mixture and αc - lateritic 
gravelly fines content (0/31.5) of the mixture. 

Moreover, it can be said that the plasticity index does 
not obey the law of mixtures, contrary to the clay content 

of the mixture. In other words, the plasticity index is not 
proportional to the clay content of the mixture. Indeed, the 
clay content of the mixture (Pa

m ) as a function of the 
crushed sand content of the mixture is given by the 
following relationship: 

 ( )m sc m sc
a a PI a cP P P P α= + −  (8) 

Pa
m  - clay content of the mixture, Pa

sc  - clay content of the 
lateritic gravelly, PPI

m   - plasticity of the mixture. 

 
Figure 10. Evolution of the plasticity of the mixture of fines from LG 
and LS 

According to figure 10, the addition of LS (0-25%) to 
lateritic gravelly decreases the PI (10.2-2.33) by 77.16% 
and the PI is not measurable after the addition of LS  
(30-40%).  

The addition of LS (15-25%) decreases the PI  
(5.58-2.33%) by 58.24% and remains below 6%, the 
maximum allowed for rock materials for the base layer [2]. 

 
Figure 11. Statistical properties of the particle size fractions of mixtures 
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From Figure 11, the 95% confidence intervals for the 
particle size fractions are as follows: clay has a mean 
(0.2777-5.5023), median (1.68-5.18) and standard 
deviation (0.93-6.121). Silt has a mean (2.536-12.504), 
median (1.949-12.869) and standard deviation (2.965-
11.648).  

Sand has a mean (15.483-20.743), median (15.291-
20.833) and standard deviation (1.833-6.262). Gravel has 
a mean (63.14-64.215), median (63.263-64.182) and 
standard deviation of (0.375-1.280). Pebbles have a mean 
(6.562-13.663), median (6.297-14.493) and standard 
deviation of (2.474-8.454). 

The statistical properties of particle size fractions 
extracted from Figure 11 are shown in Table 4. 

Table 4. Statistical properties of particle size fractions 

Designation Clay Silt Sand Gravel Pubbles 

Test of normality 
A2 0.38 0.12 0.27 0.39 0.33 

P-value 0.19 0.98 0.54 0.29 0.41 
Average 2.89 7.52 18.11 63.68 10.11 
Standard deviation 1.64 4.75 2.84 0.58 3.84 
Variance 2.70 22.56 8.09 0.34 14.74 
Asymmetry 1.30 -0.11 -1.01 -0.75 0.04 
Flattening 0.96 -0.36 0.78 0.61 -2.02 
N 4 6 7 7 7 
Minimum 1.68 0.67 12.93 62.64 5.16 
1st quartile 1.69 3.36 16.15 63.69 6.71 
Median 2.35 7.72 18.51 63.53 9.6 
3rd quartile 4.63 11.53 20.74 64.11 14.48 
Maximum 5.18 14.09 21.09 64.38 14.53 

3.4. Characterization of Correlations between 
the Intrinsic Properties of Mixtures 

Several correlations were developed to understand the 
behavior of the resulting mixtures. Figure 12 (A), shows 
the evolution of the dry density as a function of the 
moisture content, after addition of LS (15-40%) and 
Figure 12 shows the correlation between maximum dry 
density and optimum moisture content. 

Even if the Proctor test allows above all to determine 
the optimal moisture content (OMC) allowing to have a 
maximum dry density MDD of the material; and that the 
maximum dry density is not a direct indication of the 
mechanical strength of the material. It remains that for the 
same material, the less there are pores (defects), the more 
there are interactions between these different particles and 
in principle the more there is cohesion. Figure 12 shows 
that the maximum dry density (2.33 T/m3) is obtained with 
the addition of 30% limestone. 

The addition of LS (15-30%) increases the DDM  
(2.17-2.29 T/m3) by 5.53% and for SL (35-40%) decreases 
the DDM (2.32-2.27 T/m3) by 2.16%. According to  
Figure 12, the addition of LS (15-25%) decreases the 
plasticity of the material and the optimal moisture content 
of the material. Figure 13 shows the correlation between 
the compressive strength and strain at failure of the mixes 
as a function of the addition of limestone. 

 
Figure 12. Evolution of the dry density of the moisture content of the 
mixtures 

 
Figure 13. Relationship between compressive strength and strain at 
failure as a function of limestone content 

Figure 13 shows the negative correlation between 
compressive strength and strain at failure. If the pavement 
base layer is undersized (thin) in relation to the expected 
traffic, the pavement structure will operate with an 
imposed deformation. Figure 14 shows the correlation 
between the static modulus and the lift index CBR as a 
function of the addition of the limestone (0/315). 
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Figure 14. Evolution of the static modulus and the CBR index according 
to the content of limestone 

Figure 14 shows that there is a correlation between the 
static modulus of the material and its CBR value as a 
function of limestone addition, as illustrated in Figure 15. 

 
Figure 15. Evolution of the Static Modulus according to the CBR index 

The relationship between the static modulus and the 
California Bearing Ratio is a polynomial fit: 

 2
ST 1 2E B B *CBR B *CBR= + +  (9) 

 B 529.55478 155.74509= − ±  

 1B 17.64144 3.45609= ±  

 2B 0.07086 0.01865= − ±  

 2R 0.98354=  
On the other hand, for mixing LG - LS (0/31.5), the 

static modulus of the material can be adopted by the 
relationship [2]: 

 ( ) ( )stE MPa K*CBR %=  (10) 

The average of the coefficient K (5), retained by the 
central laboratory for bridges and roads (LCPC-France) 
for the CBR index > 10, K (5) and for the CBR index < 10, 
K (10) [2]. The static modulus is obtained by the relation 
(5): 

 ( )st
CSE MPa

h
h

=
∆

 (11) 

and the CBR (%), is defined after laboratory tests. The 
average K coefficient can be determined by the following 
relationship: 

 * RcK CBR
h

h

=
∆

 (12) 

 

Rc
h

hK
CBR

∆

=  (13) 

The results obtained are contained in Table 5. 

Table 5. Determination of the average coefficient K 

Designation K Average) 
15% LS 5.5 

 
 

5.1 

20% LS 5.30 
25% LS 5,13 
30% LS 4.99 
35% LS 4.93 
40% LS 4.91 

 
The average coefficient is K (5.1), for a CBR  

(68-115%) > 10 [2]. 

 
Figure 16. Relationship between compressive strength and maximum 
dry density 

According to Figure 16, the correlation obtained allows 
to define the compressive strength of a mixture of granular 
materials in the preliminary study phase.  

The relationship between compressive strength and 
maximum dry density is a fit to the logistic model of the 
form: 

 1A 33.39931 3351.11446= − ±  

 2A 3.05024 2.98036= ±  

 0X 1.71146 14.6701= ±  
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 p 13.01795 73.18781= ±  

 ( )2Chi Sqr X 0.00176− =  

 2R 0.98534=  
CS (MPa) – compressive strength, MDD (T/m3) – maximum 
dry density, R2 - coefficient of determination, Chi - Sqr (χ²) 
– allows to test the independence between two random 
variables. 

3.5. Uses of Mixtures in Pavement Layers 
Figure 16 shows the bearing capacity of lateritic gravel 

and LG - LS (0/31.5) mixtures and indicates their use in 
pavement layers. 

 
Figure 17. Use of mixtures in the pavement layers according to the CBR, 
plasticity index and sand equivalent 

According to Figure 17, the raw LG has a CBR index 
(68%), higher than the minimum of 35% [2], its plasticity 
index PI (10.2%) is lower than the maximum of 20% [2]. 
Lateritic gravelly can be used in the sub-base layer of 
pavements with T1-T2 (5.105 - 1.5.106) traffic, for the 
cumulative number of passages of an axle equivalent to 
13T [2]. Mixtures with LS (15-25%) have indices CBR 
(85-106%), above the minimum of 80% [2] and plasticity 
indices PI (5.58-2.33%), below the maximum of 6% [2]. 
These mixes are recommended for the base layer of 
pavements that can withstand T1 < 5.105 traffic  
(in cumulative axle loads equivalent to 13T) [2]. For 
mixtures with LS (30-40%), the CBR (115-110%) and 
sand equivalent SE (32.5-35%) are respectively higher 
than 80% and 30-40%. These mixes are recommended for 
the base layer of T1-T2 pavements [2].  

3.6. Discussion 
In Figure 5, the grading curve of the lateritic gravelly 

LG (0/31.5) presents a similar aspect to those observed for 
other lateritic gravelly. Indeed, without being identical, the 
grading curve is generally inscribed in the spindle for the 
coarse elements and flares for the fine elements [4,10]. To 
allow the grain size curve of the LG (0/31.5) to integrate 
the CEBTP 1984 and NF EN 933-1 [2, 32] spindles, the 
LG (0/31.5) was amended with a LS (0/31.5) less rich in 

fines in order to reduce the percentage of grains of size 
0.063-0.2 mm. The grain size curve of the LG (0/31.5) is 
outside the upper normative ranges of CEBTP 1984 and 
NF EN 933-1 [2,32] for grains smaller than 0.1 mm and 
0.2 mm respectively. The washed grading curve LS 
(0/31.5) is well within the two spindles for 0.08-31.5 mm 
grains. For grain sizes of 0.06-0.08 mm, the grading curve 
is outside the lower spindles (NF EN 933-1) [32] and at 
the lower limit of the CEBTP 1984 spindles [2]. 

According to Figure 5, the CEBTP 1984 classification 
[2] divides the LG (0/31.5) into three groups defined on 
the basis of geotechnical parameters. Unfortunately, none 
of these classifications place the LG (0/31.5) in any 
particular group. Some geotechnical parameters place LG 
in group 1, 2 or 3. According to the specifications of 
standard NF P11-300 [18], LG (0/31.5) is classified as B6, 
containing fine clayey [32] of class A-2-4 [31] like most 
of the lateritic gravelly studied [4,17].  

According to Table 1, the grain size distribution of the 
LG (0/31.5) is composed of the fractions clay, silt, sand, 
gravel and pebbles. The grain distribution has a uniformity 
coefficient Cu > 10 and a curvature coefficient Cc > 3, i.e., 
the grading curve is poorly calibrated. Figures 5, 8-9 show 
that the addition of LS (15-25%) decreases the clay 
fraction (1.98-1.68%) by 15.15% and that the clay fraction 
is not measurable for LS (30-40%).  The addition of  
LS (15-35%) decreases the silt fraction (10.67-0.67%)  
by 93.72% and for LS (40%) the silt fraction is  
not measurable. For LS (15-40%), the sandy fraction 
(16.15-21.09%) increases by 30.59%. The decrease of the 
clay and silt fraction causes the decrease of the cohesion, 
plasticity index (Figure 10) and the optimum moisture 
content (Figure 12) of the material. For LS (15-30%), 
CBR, compressive strength and static modulus improve 
[2,4,5,33]. When LS (35-40%) and the sand fraction 
(20.74-21.09%), the mechanical properties decrease 
[2,4,5,33].  

Figure 11 and Table 4 show that the Alpha significance 
level of 0.05 and the Anderson-Darling normality test with 
A2 (0.12-0.39) and p-value (0.19-0.98) show that the 
resting pulse data does not follow a normal distribution.  

In the Figure 12, the addition of LS (30-40%) does not 
measure the plasticity of the material and the sand 
equivalent SE (32.5-35%) increases by 10.77%. The 
increase in sand content leads to a flattening of the dry 
density curves. 

Figure 13 shows that there is a strong negative 
correlation between compressive strength and strain at 
failure, which will be manifested in the settlement of the 
pavement body materials. Indeed, the addition of LS (15-
30%) decreases the strain at failure and the compressive 
strength increases. Above 30% limestone, the strain at 
failure increases and the compressive strength decreases. 
It is therefore necessary to design the different layers of 
the pavement according to the traffic to avoid settlement 
or punching of the pavement structure materials.  

According to Figure 14, the relationship between the 
static modulus and the California Bearing Ratio is a 
polynomial fit. However, the average coefficient K (5.1) is 
obtained for Est (339.53-574.24 MPa) with CBR values 
(68-115%) higher than 10% [2]. The relationship between 
compressive strength and maximum dry density is a fit to 
the logistic model (Figure 16). 
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According to Fig. 17, the mixes with LS (15-25%) have 
a CBR (85-106%) higher than the minimum 80%. The 
plasticity index PI (2.33-5.58%) Figure 10, is lower than 
the maximum of 6% [2], which is the allowed limit for the 
plasticity of rock materials in the base layer for T1-T2 
traffic (5.105-1.5.106) [2]. Mixtures with LS (30-40%) 
have a CBR (110-115%) higher than the minimum of 80% 
and a sand equivalent SE (32.5-35%) higher than the 
minimum of 30%, but lower than the maximum of 40%, 
for use as a base layer for T1-T2 traffic [2]. According to 
Table 3, for mixtures of LS (15 - 40%), the static modulus 
Est (467.29 - 540.64 MPa) and the compressive strength 
CS (2 – 2.29 MPa) can be used in the base layer of 
pavements [2, 17]. Lateritic gravelly has a static modulus 
Est (339.53MPa) and a compressive strength Rc (1.46 
MPa), which recommends it as a sub-base layer with  
T1-T3 traffic (5.105- 4.106) [2].  

4. Conclusion 

The LG (0/31.5) is a cohesive, moderately plastic 
material PI (10.2%) with a spread out and poorly graded 
particle size. The LG (0/31.5) is composed of clay 
(5.18%), silt (14.09%), sand (6.93%), gravel (68.64%) and 
pebbles (5.16%). The LS (0/31.5) has a spread and well 
graded particle size, composed of sand (24.54%), gravel 
(58.61%) and pebbles (16.85%). The lateritic gravel 
contains clay fines classified as B6 and A-2-4. The LG 
(0/31.5) has a Los Angeles coefficient LA (33). Thanks to 
its Los Angeles LA (18) and Micro Deval DM (6.25) 
coefficients, the LS (0/31.5) can support T4-T5 (4.106-
2.107) traffic as a base layer, in terms of cumulative 
number of passages of an axle equivalent of 13T. The 
mixture of LG (0/31.5) as the main material and LS 
(0/31.5) as the corrective material does not obey the law 
of mixtures. LS (0/31.5) has a sand equivalent SE (74%), 
i.e., LS (0/31.5) sand can be used in the production of 
quality concrete. The mechanical characteristics and 
plasticity index of LG (0/31.5) are respectively CBR 
(68%), Est (339.53 MPa), CS (1.46 MPa) and PI (10.2%). 
In other words, LG (0/31.5) can be used as a sub-base 
layer material for T2-T3 traffic (5.105 - 4.106). LS (0/31.5) 
has a CBR value (98%) that should be discarded because 
of the reduced number of contacts between the grains and 
the risk of grain displacement during the passage of 
automobiles. The lack of a solid cohesion of the material 
was observed during compaction of LS (0/31.5) in the 
laboratory. LG-LS mixtures (15%, 20%, and 25%, 30%, 
35%, 40%) have their optimum at 30%. For mixtures with 
LS (15-30%), the CBR (85-106%), Est (467.29-
545.24MPa), CS (2-2.29 MPa), MDD (2.25-2.33 T/m3) 
increase, the optimum moisture content and plasticity 
index decrease. The mixture LS (30%) is recommended 
for the traffic base layer T2-T3 (5.105 - 4.106). For 
mixtures with LS (30-40%), the CBR (110-115%),  
Est (540.64-574.24 MPa), CS (2.4-2.29 MPa), MDD  
(2.33-2.27 T/m3) decrease when the sand fraction is in  
the range 20.74-21.09%. These mixes are recommended 
for the base layer for traffic T1-T2 (5.105-1.5.106). The 
optimum moisture content continues to decrease, the 
plasticity index becomes unmeasurable and the SE sand 
equivalent (32.5-35%) increases. In effect, the addition of 

LS (15-40%), decreases the clay and silt fractions and the 
sand fraction increases. The increase of the sand fraction 
(20.74-21.09%) causes the flattening of the dry density 
curves (Proctor). The correlation of mixtures between the 
static modulus Est (339.53 - 574.24 MPa) and the CBR 
index (68-115%) has an average coefficient K (5.1). There 
is a negative correlation between compressive strength 
and strain at failure, due to the fact that the base layer is 
thin and rests on a deformable substrate. 
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