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Abstract: The aim of this communication is a comparative study of various types of reinforcements made of
mild steel used in reinforced concretes in Senegal and Benin, in order to evaluate their standards. This
benchmarking is based on the study of the mechanical and microstructural properties of the various selected
products. The results obtained show that the ferrous alloys, used as reinforcing bars in Senegal and Benin, do
not respect the performance criteria recommended in the building sector (standard NF has 35-016). In fact, the
yield point, the elongation at rupture as well as the geometrical tolerances remain overall lower than the
recommended values. The conclusions proposed prospects for heat treatments that should ensure optimization
of the properties of the low alloy-treated steel used in the building sector. 
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INTRODUCTION

In Senegal as well as in Benin, the ferrous materials
recycling companies are very active in the steel waste
processing sector for steel waste and cast iron from the
local collection. The productions are mainly focused on
steel for the reinforcement of concrete sold in the national
markets. These reinforcements are widely used in civil
engineering and building constructions, which are very
active sectors in the regions of Dakar and Cotonou.

It should be pointed that Senegal and Benin
reinforcements are extremely fragile (Gaye et al., 2001;
Niang, 2005; Ndiaye, 2006). Ruptures frequently occur,
especially during the folding. As this defect compromises
the civil engineering constructions safety, we decided to
evaluate the quality of the reinforcements to identify the
origins of this problem in order that we could bring
solutions to the situation.

The targeted companies manufacturing range being
broad enough (5 to 20 mm diameter), we limited
ourselves to the study of the reinforcements with a
nominal diameter equal to 10 mm, which constitute the
major part of the production of these companies.

The main objective of this study is to verify if our
experiment samples respect the properties generally
requested from the reinforcements as specified in
standards (Ashby and Jones, 2005; Murry, 2010).

We were aware that the mechanical characteristics of
the structural steels must meet contradictory requirements:
good mechanical resistance and good plasticity. That why

we decided, in this study, to verify if the reinforcements
used in Senegal and Benin have:

C Sufficient yield point to exert an effective
reinforcement on the concrete which is a fragile
material

C Good resistance to corrosion in concrete as a basic
environment

C Adequate plasticity to undergo the folding which
they are submitted to during their implementation
without incurring damages

C Good weldability
C Adequate ribbed surface to improve the load transfer

(at the origin of the reinforcement mechanism)
between concrete as a fragile material, and the
reinforcement for concrete.

DATA ON THE REINFORCEMENTS

African reinforcements: The specifications of the
reinforcements produced in Senegal and Benin is very
briefly presented (Gaye et al., 2001).  For the products
which we are interested in, in this study, several
characteristics are taken into account:

C The reinforcements are ribbed to increase adherence
to the concrete, but no specification is given about
the  shape  and  dimensions  of  these surface reliefs

C The nominal yield point  of the reinforcements with
a nominal  diameter  dn  =  10 mm must be 410 MPa
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Table 1: Composition bracket aimed at by West African companies in
the manufacture of reinforcements for reinforced concrete

Element C Mn Si P S Cr
% Minimum mass 0.30 0.50 0.10 /  /  / 
% Maximum mass 0.60 0.70 0.25 0.055 0.055 0.5

C The reinforcements must be weldable
C The structural steels chemical composition must

include in the range of values empirically established
by the companies in consideration of the
manufacturing process and the level of requirement
set (Table 1)

In order to set a point of comparison with similar
products which quality evaluation criteria are more
elaborate, we will now present some relevant elements of
the reinforcements’ specifications manufactured in
Europe.

European reinforcements: In addition to the shape and
weldability characteristics necessary for these products
(Murry, 2010; Ashby and Jones, 2005), which we will not
be interested in this work, the NF A 35-016 standard
imposes especially the following characteristics:

C A guaranteed yield point, Ren = 410 MPa for the
reinforcements Fe E40, which are closer to the
African manufacture

C An stretching with minimum rupture, A% = 14%
C Tolerance on the linear density of the reinforcements,

)Xn / Xn  Eq (1), of ±10%

)Xn / Xn = (X-DSn)/DSn  (1)

C D is the density of steel, set by the composition and is
equal to 7.85 kg/dm3

C X is the measured linear mass of the reinforcement.
C The reinforcement shall be free of crack, even more

so to break after a simple bending test to 180º on a
chuck of 2.5×dn diameter

Equipment and methods: In this study, we chose to
study reinforcing bars with a nominal diameter equal to
10 mm, corresponding to the main production of two
Senegalese companies and one Benin company. For
reasons of confidentiality of the results, these companies
are identified by the initials: SN1 and SN2 for Senegal, BJ
for the Benin one. A reference European sample was used
and identified by the initials EUR.

All the experiments described below was conducted
at University of Thies - Senegal (Material Sciences
Laboratory - L2M) and at the Materials Shaping Centre
(CEMEF) of the Ecole Nationale Supérieure des Mines of
Paris - France (Mines ParisTech).

The mechanical properties were obtained thanks to a
traction device. The tensile tests were carried out

according to the NF A-03-151 standard specifications.
These tests were made on sample tubes of useful length
equal to 129 +/-1 mm. A hydraulic tensile test machine
trademarked Dartec, which has a maximum capacity of
320 kN with a maximum displacement of 250 mm was
used for the tests. The machine is provided with a Dartec
9600 control system managed by data processing
acquisition software, workshop 96. Measures were carried
out at full scale (300 kN) and constant speed (0.1 mm/s).

The yield point Re and the tensile strength Rm were
given (calculated from the initial diameter measured, but
also with the nominal diameter). In the same way, the
ultimate elongation point were measured on each sample.

Microstructures as well as chemical compositions
were analyzed respectively using a macrographic optical
microscope and an EDS (Energy Dispersive X-ray
Spectroscopy) analysis with a SEM (Scanning Electron
Microscope).

The optical microscope trademarked OLYMPUS
PMG3 connected to a computer equipped with a Visilog
software for images analysis, is used for the observation
of the samples.

The EDS Analysis with the scanning electronic
microscope trademarked XL30 ESEM, permitted to
identify the various alloy elements found in the samples
as well as their mass and atomic proportions. The
principle consists in bombing the surface of the sample
with a very fine electron beam which permits to sweep it
point by point. According to the type of detector, we can
collect secondary or retro diffused electrons in each
contact point. The retro diffused electrons infiltrate the
sample before returning back to the surface. The contrast
of the image is mainly due to the chemical composition.
The chemical composition of the samples is obtained by
averaging the general analysis made at the heart and at the
edge of each sample. Local analysis permitted to identify
various inclusions present in the sample. Hardness
measurements on the Vickers scale (HV) were made
according to the specifications of the EN-ISO 6507
standard. In practice, the hardness measurement
corresponds to the local indentation resistance of the
material considered. The micro hardness test is a simple,
fast and non-destructive test which permits to assess the
strain hardening, the effect of surface thermal treatment
and the diffusion kinetics. Measurements were taken with
a micro-hardness tester trademarked Buehler Micromet
series 5100, at the heart and on the edge of each sample
with a force of 100 gf. Thanks to the Omnimet software,
the measurement of the average length of the diagonal left
by the indenter directly gives the value of the hardness.

For  hardness  measurements and EDS analysis,
cross-sections are done using a chain saw on the rough
samples. On the other hand the microstructures
observations are made on samples obtained through
longitudinal sections using a thread saw. The longitudinal
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Table 2: Chemical composition of the samples and comparison with the European standard
Contents (Mass %) C Si Mn P S Cu Ni Cr Ceq 
Manufacturers’ Min. 0.30 0.10 0.50 / / / / / /
References Max. 0.60 0.25 0.70 0.055 0.055 / / 0.50 /
SN1 0.42 0.12 0.61 0.014 0.012 / / / >0.522
SN2 0.35 0.11 0.52 0.230 0.014 / / / >0.437 
BJ 0.30 0.18 0.43 0.019 0.015 / / / >0.372 
EUR 0.20 0.10 0.67 0.010 0.009 / / / >0.312
NF EN 10080 #0.24 / / <0.055 <0.055 <0.085 <0.013 / <0.520 

Fig. 1: Optical micrographs edge/heart of the samples

sections are then heat coated with a coating press
(MECAPRESS C-PRESI) in a conductor made of acrylic
resin and copper.

Finally, folding tests permitted to determine the
aptitude for the folding-unfolding of the reinforcements.

RESULTS

Results of samples chemical composition, of
micrographies, of hardness measurements and cracking
measurements are presented in the following paragraphs.
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Fig. 2: Levelled tensile diagram for the sample of (a) SN1 and
unlevelled for (b) BJ

Chemical composition: Table 2 summarizes the various
chemical elements found in our samples and their various
proportions expressed in specific percentage, obtained
through EDS (Energy Dispersive X-ray Spectroscopy)
analysis.

The samples were analyzed by spectrometry to assess
the contents in silicon, magnesium, phosphorus and sulfur
found in the alloys. The content in carbon was assessed by
the measurement of the carbon dioxide quantity formed
by high temperature oxidation of steel shavings. We thus
calculated a minimum value of the content in equivalent
carbon. For local analysis, we resorted to energy
dispersion spectrometry coupled with the scanning
electron microscope.

Thereafter our analysis was focused on the
microstructure and the various inclusions with direct
influence on mechanical properties.

Microstructure: Figure 1 presents the microstructures 
obtained through the optical microscope (MO)
observation, at  the  edge and at the heart of the samples

Table 3: Hardness edge/heart of the samples
Hardness (HV) Heart Edge Variance
SN1 207 209 2
SN2 188 208 20
BJ 173 192 19
EUR 183 269 86

Table 4: Mechanical characteristics of the reinforcements
Mechanical Re Rm A Energy at
properties (MPa) (MPa) (%) rupture (MJ/m2)
SN1 362 555 9.8 44.93
SN2 368 415 14 54.81
BJ 500 533 7.6 39.25
EUR 430 665 13 71.17

Table 5: Linear density and tolerance on the linear density of the
samples

Sample SN1 SN2 BJ EUR
Linear mass (X) 0.62 0.46 0.51 0.61
Dn (mm) 10 10 10 10
Dr (mm) 10.0 8.7 9.1 10.0
)X/X 0% -25% -17% 0%

Table 6: Results of the bending tests
Sample Cracks length after unfolding (:)
SN1 507.55
SN2 119.00
BJ 136.56

longitudinal sections. Hardness measured at the heart and
at the edge of each sample is also presented on these
diagrams (Table 3).

Tensile tests: The goal of this test is to determine below
mechanical characteristics:

Yield point Re (MPa): Pressure from which the
irreversible plastic deformation appears. The apparent
yield point Re is equal to the conventional limit Rp0,2 at
0.2% deformation in the levelled curve.

Tensile strength Rm (MPa): Maximum applied charge
divided by the initial section (nominal)

Ultimate elongation A (%): nominal deformation after
break. The curves of the tested samples are presented
under the characteristic shape of Fig. 2.

The examination of all the tensile diagrams permitted
to draw Table 4 which gathers the yield point, the tensile
strength, the ultimate elongation and the rupture energy of
the four samples. Considered individually, the mechanical
characteristics show that the Senegalese and Benin
samples respect the standard for some criteria and not for
others. However the unifying characteristic which is the
energy at rupture of the samples permits to do the
following classification: EBJ<ESN1<ESN2

Geometrical characteristics: The linear mass, one of the
characteristics of the reinforcements, is governed by the
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Fig. 3: SN1, SN2 and BJ cracks micrographs and their depths after unfolding

BJ: Weak transition SN1: ductile transition

Fig. 4: Transition cracking area, ductile-fragile

NF A 35-016 standard, setting the tolerance at ±10%.
Table 5 summarizes the data on the linear mass (X), the
nominal (Dn) and actual (Dr) diameters and the tolerance
on the linear density ()Xn /Xn) of the various concrete-
reinforcing steel samples.

The examination of this table shows that the
tolerances of SN2 and BJ exceed the value set by the
standard (±10%). This is reflected in the fact that the
actual diameter is lower than the nominal diameter for
both samples, whereas sample SN1 respects the standard.

Cracking after bending: The analysis of the results of
the bending tests and the micrographic observations
shows that all the cracks are localized on the
reinforcement’s ribs or prints. Micrographs of the cracked
areas as well as cracking depths measurements are
presented on Table 6 and Fig. 3.

DISCUSSION

The results of chemical composition in Table 2 show
that the samples contain high carbon rates compared to

the standard (0.24% maximum), with values decreasing
from 0.42% to 0.30%: %CSN1 > %CSN2 > %CBJ.

However, if one refers to the equivalent carbon rate
(Ceq), except SN1 which reached the maximum limit, all
the other samples have contents which respect the
maximum 0.52 value set by the NF EN-10080 standard.
The observation of microstructure micrographs on Fig. 1
shows that the Senegalese and Benin samples are made of
two ferritic-pearlitic components: ferrite appearing in
clear and the pearlite (aggregate of ferrite and cementite)
in dark. However the rate of pearlite is much higher in
samples SN1 and SN2 than in the Benin sample BJ.
Concerning the size of the grains, it is still smaller at the
edge than at the heart, which gives the following
classification: NSN2 < NSN1 < NBJ. We also note a stretching
and orientation marked of the grains in the direction of the
stretching on SN1 micrographies, which orientation is less
visible with BJ whereas it is not noted for samples SN2.

Other local observations also show two types of
inclusions such as sulphides of manganese and silicates.
The manganese sulphides have a stretched shape while
the silicates have a slightly round shape respectively
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coloured clear and dark against clear. These inclusions are
generally found at the samples edges level.

For manganese sulphides which are mainly found in
SN1 and SN2, their malleability constitutes a major asset
for the ductility of this type of reinforcing bars. On the
other hand the silicates, which are found in great quantity
in sample BJ, are weakening (Newby and Mills, 1989)
and (Kankam and Adom-Asamoah, 2002). 

These chemical composition and microstructure
results permit to explain the values of mechanical
properties (Re, Rm, A% and hardness) obtained during the
mechanical tests. The equivalent carbon rates are higher
and the presence of smaller grains in the Senegalese
samples does not automatically grant the highest
resistances. In fact, the Benin sample contains on the
other hand, silicates type inclusions that counterbalance
the carbon and the Hall-Petch effects observed on SN1
and SN2. However these silicates induce worse ductility
for the BJ sample.

The weak yield point of the SN1 sample permits to
obtain the weakest plasticity index (Re / Rm) of the three
manufacturers. This weak index (0.652), equivalent to the
reference sample index (0.646), results in practice in a
ductile behaviour and good malleability during the
shaping operation whereas the plasticity index of sample
BJ (0.938) suggests a rather weak behaviour.

Figure 4 shows micrographs of the break facieses
which were observed and analyzed at the MEB. It permits
to notice the existence of two types of breaking: the
fragile breaking area by cleavage, characterized by a
granular facies as well as a ductile breaking area
characterized by a fibrous facies.

The sizes of the grains, as well as the percentage of
pearlite in the samples justify the classification of the
average observed hardness: HVSN1 > HVSN2 > HVBJ.
However the variations of the hardness observed between
the edge and the heart of the samples result from the
variations in the size of the grains between these two
areas. This shows that the shaping process is better
controlled during the manufacture of SN1 compared to
SN2 and BJ.

The hardening of SN1, which affected the entire
sample, gives it hardness quite identical from heart to
edge. However it increases the tensile strength and
decreases the ductility of the reinforcement (Kumar et al.,
2008).

For the EUROPEAN sample, the microstructure is
completely different. It consists of a martensitic phase at
the edge as well as at the heart, with a more accentuated
structuring at the edges. This explains the hardness of 269
HV measured at the edges of the European sample, a
value which is much higher than that of the other samples.
This martensitic phase results from a heat treatment of

“martensitic toughening” type at the end of the shaping
operation, which heat treatment is not practiced for
African products. The surface aspect of the heat treatment
justifies the important variation between hardness at the
heart and at the edges.

The crackings noticed during the bending tests on the
samples confirm the results obtained during the tensile
tests, especially weak elongation at breaking in
comparison to the standard. Ultimately, the conjunction of
the characteristics like the chemical composition, the
microstructure, the size of the grains and the presence of
inclusions leads to obtaining a greater breaking energy for
the sample SN2, followed by SN1 and BJ. This
quantitative classification will lead the qualitative choice
of the samples during the manufacture of reinforced
concretes, knowing that a reinforcing bar will be all the
more interesting as its breaking energy is high.

However, these breaking energies are still yet lower
than the minimal threshold of 60 MJ/m2 imposed by the
NF A 35-016 standard and respected by the European
sample.

Finally, for lack of possibility to intervene on the
shaping processes to obtain a better calibrated end
product, we should take care that the non-respect of the
geometrical tolerances ()X/X) for samples SN2 and BJ is
taken into account during the sizing of the works.

CONCLUSION

In Western Africa the building industry experienced
very great evolution in the last few years. Face to this
change, this sector mQeets many difficulties today. We
witness repetitive building collapses causing much human
and material damage. The causes are diverse. Either
materials used are not adequate, or the standards are not
respected or else there is a lack of professionalism of the
actors in this sector. All this is mainly due to a lack of
control of the competent authorities in this extremely
sensible sector (Ndiaye, 2006; Niang, 2003, 2005).

This study permitted to draw an inventory of state of
the quality of the reinforcements produced by stretching,
this process being the most used in Senegal and in Benin.

Our approach is based on the mechanical and
microstructural characterization of products manufactured
locally. It permitted to obtain a great number of
experimental data that allow a comparative analysis of the
various samples properties.

For good control of the manufacture operation by
stretching, three elements are basic:

C The wire rod: It is the raw material. A good
ductility, low number of internal defects
(incrustations, stripes, and folds), a good surface
state and low quantity of calamine are the required
properties of the wire rod.
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C The die: It ensures cutting reduction and grants the
stretched product its final shape. It deserves special
control, because, face to strong pressures and high
temperatures, defects can be noted inside it,
especially its wearing or its oval shape.

C The lubricant: It decreases frictions at the interface
between the wire rod and the die. The lubricant must
have good stability at high temperatures and good
continuity at the contact between the product and the
tool.

The study of the mechanical and geometrical
properties reveals that none of the Senegalese and Benin
samples respects the NF A35-016 standard in its entirety.

Prospects: At the end of this work, two study prospects
can be identified:

C An in depth study of the resistance to corrosion
C A thorough study of the metal reinforcements heat

treatment as well as its effect on the quality/price
ratio of the reinforcements treated

The probable improvement of the mechanical
properties through heat treatments application could be
studied through two different protocols

C A hardening (austenizing 30 mn at 850ºC followed
by a water cooling) treatment which should lead to an
out of balance state with transformation of the
austenite in martensite.

C A treatment of standardization annealing (austenizing
30 mn at 850ºC followed by a controlled cooling in
the air) which should lead to a balancing of the
studied steels.
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