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of laterite stone's main mechanical properties
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ABSTRACT: The study suggests an optimal sample size for testing and evaluating the
mechanical properties of laterite stone, a natural stone commonly used in low-stress
civil construction. The study found that the properties of laterite stone, such as compres-
sive strength and elastic modulus, vary significantly depending on the sample size. Four
quarries were identified, and their stones were characterized in the lab. A principal com-
ponent analysis was conducted to assess the representativeness of the selected quarries.
The results showed that the characteristic compression strength of laterite stone ranges
from 2 to 14 MPa and the elastic modulus from 100 to 5000 MPa, depending on the

sample size.
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1 INTRODUCTION

Engineers often use construction materials to construct buildings, and the sample size does not
significantly impact the characteristic values of the material's mechanical properties. This
may differ for masonry materials, particularly laterite dimension stone (L.S) used in con-
struction. Laterite is a reddish ferruginous, vesicular, unstratified, and porous material
with yellow ochers formed in hot, humid tropical areas rich in iron and aluminum. It
hardens and becomes resistant to weather effects when exposed to air and sun effects

[1].

Many standards used to measure the main mechanical properties of building stone mate-
rials give precise sample sizes to use for experiments. This smallest dimension of the
sample size is often taken as ten times the size of the coarse particle of the material [2],
[3]. However, the evolution of mechanical properties regarding the size of the samples
may be assessed for accurate calculations. This study aims to evaluate the evolution of
mechanical properties regarding the sample size and determine the optimal sample size
for experiments in the laboratory.

2 MATERIALS AND METHODS
2.1 Description of laterite stones and preparation of samples

Three quarries in southwestern Burkina Faso and one in Ouagadougou were identified, and sam-
ples were collected from them. Laterite stones were extracted from Kamboinsin, Dano, and
Diebougou using mechanical sawing and pickaxes. Locations are presented in Figure 1.
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Figure 1. Map of locations of the laterite stone.

The specifications for the masonry units were chosen according to [4]. After collecting the LS,
the sampled units were fit to regular dimensions with a saw according to the related French stand-
ards [2], [3]. For comparison purposes, cubic shapes greater than specified in the standards were
chosen. The different cubic samples' edges are 70 mm, 100 mm, 140 mm, 200 mm, 240 mm, and
300 mm.

2.2 Physical properties

The specific particle density of the materials is determined using a gas pycnometer according to
the standard [5]. Often noted &, expressed in percentage of the volume (%), the porosity is a
physical parameter of the samples, which in this case will be determined according to the standard
[6]. The method consists of the saturation of the porous matrix of the samples with a liquid of
known density. In this case, water was used. Then, each sample will be weighed. Three quarries
in southwestern Burkina Faso and one in Ouagadougou were identified, and samples were col-
lected from them. Laterite stones were extracted from Kamboinsin, Dano, and Diebougou using
mechanical sawing and pickaxes. Locations are presented in Figure 1. The total water absorption
test consists of completely immersing the LS bloc in a liquid of known density, usually water, to
saturate the pores. The mass gains are then measured by successive weighing in given time laps
and until the sample is completely saturated. Of course, the L.S must stay in contact with water
for a long time to validate the measurements. These total water absorption tests were carried out
according to standards [6] and [7] on LS blocks. Capillary absorption tests were conducted on LS
samples using the protocol explained in the related French standards [8], [9].

2.3 Measurement of main mechanical properties

The main mechanical properties were derived based on experimental stress-strain curves in com-
pressions. The mean value of each series was determined, and the standard deviation of the values
was estimated. The study involved drying LS at 70+2 °C until reaching constant mass, immersing
samples in water 48 hours before testing, and weighing them until a constant saturated mass was
reached. Mechanical properties like compressive strength, flexural strength, young modulus, and
Poisson's ratio were measured using a hydraulic press and five-millimeter range LVDT sensors.
The compressive strength and flexural tensile strength were determined using French standards,
with six to ten samples tested for each test. The test method is presented in Figure 2.

Three quarries in southwestern Burkina Faso and one in Ouagadougou were identified, and sam-
ples were collected from them. Laterite stones were extracted from Kamboinsin, Dano, and
Diebougou using mechanical sawing and pickaxes. The locations are presented in Figure 1.
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Figure 2. Test device for determination of elastic moduli.
Legend :
01: Horizontal strain measurement LVDT
02: Vertical strain measurement LVDT
03: Anisotropy plans
04: Loaded surface

2.4 Principal component analysis

A global overview of the quarries' results will be given by analyzing the output results of the data
mining software R combined with its plug-in R-studio. This dataset contains four individuals and
12 variables. The individuals are the quarries, and the variables are the measured properties (pa-
rameters). To facilitate the reading of the graphs, the information will be coded as follows:

Table 1. Codification of parameters for the statistical analysis.

Parameter
Unconfined compressive strength in dry state by loading in
the direction perpendicular to the anisotropy plans
Unconfined compressive strength in dry state by loading in
the direction parallel to the anisotropy plans
Unconfined compressive strength in the saturated state by
loading in the direction perpendicular to the anisotropy plans
Unconfined compressive strength in saturated state by load-
ing in the direction parallel to the anisotropy plans
Mean capillary pore diameter distributed in the direction per-
pendicular to the anisotropy plans
Mean capillary pore diameter distributed in the direction par-
allel to the anisotropy plans
Total porosity
Open porosity
Mean absolute dry density

Mean indirect tensile strength

Mean young modulus by loading in the direction perpendicu-
lar to the anisotropy plans.

Mean young modulus by loading in the direction parallel to
the anisotropy plans.

Code
PRD

PPD

PRS

PPS

CPDS1

CPDS2

TPOR
OPOR
ADD
ITS

YMDS1

YMDS2

Unit / Dimension

Mpa
Mpa
Mpa
Mpa
pum

pum

%
%
kg/m?
Mpa

Mpa

Mpa



3 RESULTS AND DISCUSSIONS
3.1 Presentiveness of the selected quarries

Table 2 presents the results input for the statistical analysis.

Table 2. Input values for the statistical analysis.

Quarry DN1 DN2 KBS DBG
PRD 6.86 5.5 3.93 2.51
PPD 5.72 1.76 3.55 1.59
PRS 2.48 0.66 1.17 0.82
PPS 1.74 0.46 0.79 0.7
CPDS1 7.1 20.96 9.77 45.72
CPDS2 8.03 9.7 10.87 47.35
TPOR 23.75 38.5 30.65 19.32
OPOR 18.97 21 26.71 22.7
ADD 28.04 26.16 25.83 22.37
ITS 0.87 0.37 0.72 0.11
YMDSI 3345 1156 4480 1732
YMDS?2 8370 2137 4332 3401

The graphs' analysis does not detect any outliers. The inertia of the first dimension shows
whether there are strong relationships between variables and suggests the number of dimensions
that should be studied. The first two dimensions of analysis express 84.52% of the total dataset
inertia; that means that the plane explains 84.52% of the individuals' (or variables') total cloud
variability.
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Figure 3. Graph of variables for the first factorial plan (a) and individuals for the first factorial plan (b).
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Figure 4. Graph of variables for the second factorial plan (a) and individuals for the second factorial plan

(b).



From Figure 3 and Figure 4, it can be inferred that the studied quarries represent the existing
type of LS since, in Figure 3b, there is at least one quarry in each quadrant. Regarding the first
factorial plan that presents over 83% of the information, each quadrant resumes some similar
properties such as pore diameter for the first one, compression strength and moduli for the second,
tensile strength and density for the third, and porosity for the fourth. LS gathers on some proper-
ties and differs on others according to the second factorial plan. Dano 1 is a dense, resistant stone
with poor porosity and low pore diameter. Kamboinsin has the second-best mechanical properties
and higher porosity values than Dano 1. It represents the best compromise between mechanical
and physical properties. Dano 2 follows and is the most porous stone in this study. Diebougou
presents the weakest mechanical properties but has a higher pore diameter

3.2 Determination of the optimal sample size for LS

Figure 5 shows the stress-strain curves for the Dano 1 quarry as a function of specimen dimen-
sions. These are the mean curves, with the range of variation representing the dispersion around
the mean value of the individual curves considered. The results show that maximum strength and
modulus values increase as specimen dimensions increase, up to 25 cm of edge length, where the
curves seem to merge for specimen dimensions greater than 24 cm square.
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Figure 5. Characteristic sample stress-strain curves for different sample sizes.
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Figure 6. Variation of secant modulus as a function Figure 7. Variation of secant modulus as a function

of specimen deformation and size for the quarry of of specimen deformation and size for the quarry of
Dano 1. Dano 2.
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Figure 9. Variation of secant modulus as a function
of specimen deformation and size for the quarry of
Kamboinsin.

Figure 8. Variation of secant modulus as a function
of specimen deformation and size for the quarry of
Diebougou.

Figure 6, Figure 7, Figure 8, and Figure 9 confirm the observations made in Figure 8 and pre-
sent the trends on the other quarries. Thus, the sample size for accurate characterization of LS
differs from the ones proposed in the common standards concerning building stones. The optimal
sample size for laterite stone is about 25 cm edge cubic sample. Based on the results, laterite stone
characteristic compression strength varies from 2 to 14 MPa, and the elastic modulus from 100 to
5000 MPa depending on the sample size. The results have also shown that the representative
sample size for laterite stones should be greater than those suggested in standards for other natural
stones. The representative sample size is fifteen to twenty times the size of the greater coarse
particle or macropore present in the stone.

4 CONCLUSION

This study proposed an optimal and representative sample size for testing and evaluating laterite
stone's main mechanical properties. Measurements conducted in the laboratory have shown that
laterite stone's main mechanical properties, such as unconfined compressive strength and elastic
modulus, vary greatly depending on the tested sample's size. Many experiments have been con-
ducted to evaluate the variation range and the optimal and representative sample size. Four quar-
ries were identified, and the stones extracted from them were characterized in the laboratory to
determine their main mechanical properties. Based on the mechanical and physical properties
values measured, a principal component analysis was carried out to assess the representativeness
of the selected quarries concerning the types of lateritic stone found in Burkina Faso. For each
case, a dozen specimens were tested. Based on the results, laterite stone characteristic compres-
sion strength varies from 2 to 14 MPa, and the elastic modulus from 100 to 5000 MPa depending
on the sample size. The results have also shown that the representative sample size for laterite
stones should be greater than those suggested in standards for other natural stones. The repre-
sentative sample size is fifteen to twenty times the size of the greater coarse particle or macropore
present in the stone, about 25 cm of edge for a cubic shape.
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