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Abstract Steel bars are important engineering materials
for structural application. In Nigeria, due to incessant
building collapse occurrences, it is important to further
investigate some of the mechanical and chemical properties
of reinforcing steel bars produced from scrap metals in
order to ascertain their compliance with the required
standard. Three diameters (10, 12 and 16 mm) of the
reinforcing steel bars were chosen from each of the eight
steel plants (A—H). Chemical composition analyses and
mechanical tests (yield strength, ultimate tensile strength
and percentage elongation) were performed using optical
emission spectrometer and Instron Satec Series 600DX
universal testing machine, respectively. Hardness values of
the samples were obtained by conversion of tensile strength
based on existing correlation. The results showed that

J. K. Odusote - W. Shittu
Department of Materials and Metallurgical Engineering,
University of Ilorin, Ilorin, Kwara State, Nigeria

J. K. Odusote
e-mail: odusote.jk@unilorin.edu.ng

W. Shittu
e-mail: ruud750.sw@gmail.com

A. A. Adeleke (P)

Department of Mechanical Engineering, University of Ilorin,
Ilorin, Kwara State, Nigeria

e-mail: adeleke.kunle@ymail.com

P. P. Ikubanni

Department of Mechanical Engineering, Landmark University,
Omu-Aran, Kwara State, Nigeria

e-mail: ikubanni.peter @lmu.edu.ng

0. Adeyemo

Midwal Engineering Services Limited, 5B Elengaza Mall, Ikota,
Lekki, Lagos, Nigeria

Published online: 22 August 2019

carbon contents, hardness values, yield and ultimate tensile
strengths of some of the steel bars were found to be higher
than the BS4449, NIS and ASTM A706 standards. The
steel bar samples were also found to possess good ductility
with samples from steel plants C and D. By observation, all
the 12 mm steel bars from steel plants A to H met the
required ASTM and BS4449 standards except samples
from plant G. This study revealed that most of the inves-
tigated reinforcing steel bars have reasonable yield
strength, ultimate tensile strength, ductility and hardness
properties when compared with the relevant local and
international standards. Therefore, they are suitable for
structural applications where strength and ductility will be
of paramount interest.

Keywords Reinforcing steel bars -
Universal tensile machine - Chemical composition -
Mechanical properties - Structural applications

Introduction

Steel is regarded as one of the most widely used engi-
neering materials in the world for structural purposes. In
both developed and developing world, the steel industry is
recognized as one of the most outstanding outlets of
industrialization and economic growth [1]. Steel products
find applications in building and construction, oil and gas,
mining, telecommunication, automobile and many other
industries [1]. Steel bars are largely used as reinforcement
in concrete for structural support of buildings and other
critical constructions [2, 3]. This is due to its good bonding
properties with concrete, its closeness in thermal coeffi-
cient of expansion with concrete, good weldability for site
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fabrication, among others [1, 4]. Reinforcing steel bar plays
a significant role as construction materials, and thus, its
properties must be ascertained before being used for
structural support in order to reduce or eliminate the inci-
dences of building and structure failures, which have
become more rampant in Nigeria. These failures have
usually resulted in loss of lives and properties, thereby
making regular examination and characterization of steel
bars used as reinforcement in concrete even more impor-
tant. Currently, most of the reinforcing steel bars used in
the construction industries in Nigeria are produced majorly
from scraps. Several researchers [2, 5-10] have investi-
gated causes of collapse of building in Nigeria, and some
have worked on improving the mechanical properties of the
reinforcing steel bars through heat treatment [11-13]. One
of the major causes reported is that the structural properties
of some of the reinforcing steel bars used in the actual
constructions do not conform to relevant standards. In
addition, it was revealed that qualified engineers are often
not involved in the construction work [5].

In order to reduce or avert further loss of lives and
properties associated with building collapses and structural
failures, chemical composition analyses and mechanical
properties of steel bars produced from scrap metals needed
to be investigated. Therefore, in this study, the chemical
and mechanical properties of reinforcing steel bars locally
produced from scraps in Nigeria were investigated and
compared with relevant local and international standards to
ascertain their suitability for structural/construction
purposes.

Materials and Methods
Materials

This research work was carried out in December 2016—July
2018 at Lagos and Ilorin Nigeria. Reinforcing steel bar
samples locally produced from eight different steel plants
were obtained from local steel markets in Lagos State,
Nigeria. The bars were identified using Standard Organi-
zation of Nigeria (SON) identification and classification
marks [14]. Three diameters (10, 12 and 16 mm) of the
reinforcing steel bars were selected from each of the eight
steel plants making the total number of samples used for
the study to be twenty-four. The samples were each coded
based on the steel plant (A, B, C-H) and samples diameter,
R (10, 12 and 16 mm). For example, samples from plant A
were identified as A;R;g, AsR ;> and A3R ¢, Wwhere A, A,,
Aj and Ry, Ry5, Ry, represent the samples plant name and
diameters, respectively. The subscript stands for the sample
number and diameter of the sample, respectively. Similar
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approach was used for the identification of samples from
other steel plants.

Chemical Composition

The chemical analysis was carried out using an optical
emission spectrometer (LMFO06, serial number 15007384).
The 16-mm-diameter samples were prepared to fit into the
15-mm-diameter standard orifice of tungsten carbide disk
to be mounted on the machine. However, the smaller
diameters (10 and 12 mm samples) were incorporated into
tungsten carbide disks equipped with 10- and 12-mm-di-
ameter holes. The samples were ground and then polished
to produce a smooth and flattened surface that was free of
contaminants before being mounted on the machine. The
test was performed in accordance with the specifications
prescribed by NIS [15]. The average elemental percentage
by weight (wt.%) of the samples was displayed on a
monitor connected to the equipment.

Tensile Test

Each test sample was neatly cut into three specimens of
300 mm each for the three samples sizes as shown in
Fig. 1. The test was conducted using an Instron Satec
Series 600DX universal tensile test machine with capacity
of 600 kN. The specimen was mounted on the tensile test
machine and subjected to continuous tensile loading at the
rate of 10 mm/min to the point of fracture. For better
reliability of the results, the test was repeated three times
and the mean values were recorded. The average percent-
age elongation was determined by fitting the two ends of
the fractured samples together.

Evaluation of Hardness

The hardness properties of the test samples were obtained
by linear interpolations from standard strength—hardness
conversion table [16]. The reported data are the mean of
the different tests and analyses.

Results and Discussion
Elemental Composition

The carbon (C), manganese (Mn), silicon (Si), chromium
(Cr) and other major residual elemental constituents of the
samples from different steel plants are presented in
Tables 1, 2 and 3, respectively. The carbon contents range
from 0.20 to 0.35% for the 16 mm reinforcing steel bars
from the various steel plants (Table 1). From Tables 1, 2
and 3, the 10 mm test samples have higher carbon content
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Fig. 1 Tensile test specimen

300 mm
Table 1 Elemental composition of 16 mm reinforcing bar samples
Samples

Element (wt.%) A3Ry6 BsRi6 CiRy6 D;Ry6 EsRj6 FiRye G3Ry6 H;R6
C 0.200 0.220 0.190 0.200 0.230 0.340 0.210 0.350
Si 0.240 0.100 0.120 0.340 0.150 0.180 0.140 0.240
Mn 0.850 0.660 0.360 1.340 0.500 0.630 0.580 0.750

0.030 0.020 0.030 0.020 0.010 0.030 0.020 0.030
S 0.060 0.060 0.050 0.030 0.060 0.060 0.060 0.070
Cr 0.200 0.320 0.160 0.070 0.110 0.190 0.270 0.260
Mo 0.020 0.020 0.020 0.020 0.010 0.020 0.030 0.030
Ni 0.130 0.210 0.150 0.060 0.090 0.160 0.140 0.140
Al 0.001 0.002 0.002 < 0.001 0.004 < 0.001 0.002 < 0.001
Co 0.010 0.020 0.010 0.010 0.008 0.010 0.010 0.009
Cu 0.220 0.480 0.380 0.140 0.200 0.330 0.310 0.330
Nb < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 < 0.004
Ti < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
v 0.007 0.009 0.005 0.0600 0.006 0.007 0.008 0.010
W < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007
Pb < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Sn 0.020 0.030 0.030 0.008 0.020 0.020 0.020 0.0200
Mg < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
As 0.004 0.002 0.004 0.005 0.002 0.004 0.003 0.002
Bi 0.002 0.003 0.003 0.003 0.003 0.002 0.003 0.003
Ca 0.002 0.001 0.005 0.001 0.002 0.001 0.006 0.005
Ce < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Sb 0.006 0.005 0.006 0.004 0.003 0.005 0.004 0.004
Se 0.004 0.003 0.003 0.004 0.002 0.003 0.003 0.002
Te 0.004 0.003 0.003 0.003 0.002 0.003 0.003 0.002
Ta 0.040 0.050 0.050 0.060 0.050 0.050 0.050 0.040
B 0.004 0.001 0.006 0.001 0.002 0.002 0.001 0.004
Zn 0.007 0.002 0.040 0.004 0.010 0.010 0.003 0.002
La < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Fe 97.900 97.800 98.400 97.600 98.500 97.900 98.100 97.700

Major elements are given in bold

than 16 and 12 mm samples. The sulfur (S) and phosphorus
(P) contents of 16 mm samples are in the range of 0.03—
0.07% and 0. 01-0.03%, respectively, as displayed in
Table 1. Table 2 shows that the S and P content of the
12 mm samples are in the range of 0.01-0.08% and 0.01-
0.05%, respectively. The S and P contents of 10 mm
samples are in the range of 0.007-0.18% and 0.0006—
0.04%, respectively (Table 3). The reinforcing bars from
steel plant D have the highest Mn contents for 16 mm

(1.34%), 12 mm (1.52%) and 10 mm (1.51%) samples.
Tables 1, 2 and 3 show that there are thirty-one (31) ele-
ments all together in the reinforcing steel bars of various
diameters.

Mechanical Testing

The yield and ultimate tensile strengths for the reinforcing
steel bars of varying diameters from different steel plants

@ Springer
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Table 2 Elemental composition of 12 mm reinforcing bar samples

Samples

Element (wt.%) AR 6 BoRg CyR 6 DRy EsRy6 FR¢ GyRy¢ HyRy6
C 0.200 0.270 0.400 0.400 0.360 0.280 0.320 0.330
Si 0.210 0.130 0.210 0.320 0.060 0.230 0.150 0.190
Mn 0.830 0.620 0.590 1.520 0.480 0.560 0.560 0.660

0.050 0.030 0.050 0.010 0.030 0.040 0.010 0.050
S 0.010 0.080 0.070 0.010 0.070 0.070 0.070 0.020
Cr 0.250 0.230 0.150 0.030 0.160 0.110 0.220 0.330
Mo 0.020 0.020 0.010 0.004 0.010 0.020 0.030 0.040
Ni 0.160 0.150 0.120 0.005 0.100 0.110 0.260 0.170
Al 0.010 0.004 0.010 0.040 0.005 0.002 0.008 0.010
Co 0.010 0.020 0.010 0.006 0.009 0.010 0.010 0.010
Cu 0.300 0.340 0.250 0.030 0.270 0.250 0.410 0.400
Nb < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 < 0.004
Ti < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
\% 0.005 0.006 0.004 0.060 0.005 0.005 0.009 0.007
w < 0.070 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007
Pb < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Sn 0.030 0.020 0.030 0.007 0.030 0.020 0.020 0.020
Mg < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
As 0.005 0.003 0.006 0.005 0.004 0.005 0.003 0.007
Bi < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Ca 0.007 0.002 0.003 0.008 0.003 0.003 0.005 0.010
Ce < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Sb 0.007 0.006 0.010 0.003 0.008 0.006 0.004 0.008
Se 0.006 0.004 0.008 0.004 0.007 0.004 0.004 0.006
Te 0.003 0.040 0.003 0.003 0.003 0.003 0.003 0.004
Ta < 0.020 0.030 < 0.020 < 0.020 < 0.020 0.020 0.050 < 0.020
B 0.001 0.001 0.005 0.003 0.001 0.002 0.008 < 0.002
Zn 0.003 0.004 > 0.050 0.002 0.030 0.005 0.002 0.003
La < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
Fe 97.700 98.100 98.000 97.500 98.300 98.200 97.800 97.500

Major elements are given in bold

were compared with standards and are presented in Figs. 5
and 6, respectively. The yield and ultimate tensile strengths
varied from 313.31 to 630.12 MPa and 456.82 to
748.80 MPa for the various steel bars of different diame-
ters. Figure 7 shows the percentage elongation of all the
reinforcing steel bars of different diameters. The percent-
age elongation varied from 12 to 31.33% for the steel bars.
The hardness values of all the reinforcing steel bars of
different diameters from various steel bars are presented in
Fig. 8. The hardness values varied from 11.59 to 18.89
HRC for all the steel bars from different plants.

Effects of Elemental Composition on the Properties

The carbon contents of the 16, 12 and 10 mm steel bars in
this study indicate that they are either low- or medium-

@ Springer

carbon steel according to the classification of Roberts and
Reza [17]. Compared to various standards, the samples
from different plants did not have consistent carbon content
as shown in Figs. 2, 3 and 4. This variation in carbon
contents of samples from the same steel plants revealed the
detrimental effects of using scraps for the production of
steel products though there might have been measures
taken to control carbon content. Carbon is one of the major
determinants of mechanical properties of steel products;
thus, its variation may imply discrepancies in strength and
ductility of the steel sample [18]. The sulfur and phos-
phorus contents which are the major deleterious elements
in reinforcing steel bars are generally within the proximity
of the recommended standards as shown in Table 4. The
various deleterious and residual elements present in 16 mm
reinforcing steel bar in the present study were compared
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Table 3 Elemental composition of 10 mm reinforcing bar samples

Samples

Element (wt.%) ARy BiR;o CiRyo DRy ER;o FiRo GRyo H,Ro
C 0.190 0.250 0.310 0.250 0.350 0.300 0.230 0.420
Si 0.050 0.130 0.260 0.330 0.070 0.200 0.160 0.220
Mn 0.910 0.670 0.900 1.510 0.470 0.570 0.610 0.700

0.020 0.030 0.040 0.001 0.020 0.020 0.040 0.004
S 0.030 0.080 0.080 0.007 0.050 0.050 0.180 0.090
Cr 0.020 0.180 0.200 0.040 0.160 0.180 0.250 0.310
Mo 0.005 0.020 0.020 0.007 0.010 0.020 0.030 0.030
Ni 0.002 0.120 0.220 0.020 0.100 0.130 0.160 0.160
Al < 0.001 < 0.001 0.005 0.010 0.001 0.002 0.009 < 0.001
Co 0.003 0.010 0.020 0.005 0.010 0.010 0.020 0.010
Cu 0.030 0.290 0.390 0.050 0.170 0.200 0.004 0.400
Nb < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 < 0.004
Ti < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001
\% 0.005 0.009 0.005 0.0700 0.005 0.006 0.008 0.010
w < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 < 0.007
Pb < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Sn 0.002 0.020 0.040 0.004 0.020 0.010 0.030 0.020
Mg < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.002 < 0.001
As 0.002 0.004 0.006 0.003 0.005 0.003 0.006 0.003
Bi 0.004 < 0.002 < 0.002 0.003 < 0.002 0.002 0.002 0.003
Ca 0.002 0.003 0.004 0.003 0.002 0.005 > 0.010 0.003
Ce < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002
Sb 0.004 0.006 0.010 0.005 0.007 0.005 0.010 0.007
Se < 0.001 0.005 0.007 0.004 0.004 0.002 0.007 0.002
Te 0.003 0.004 0.004 0.004 0.003 0.003 0.004 0.003
Ta 0.070 0.040 < 0.020 0.060 0.030 0.040 < 0.020 0.030
B 0.001 0.001 0.004 0.002 0.007 0.002 < 0.002 0.002
Zn 0.004 0.003 0.040 0.002 0.020 0.007 0.002 0.004
Fe 98.600 98.100 97.400 97.600 98.400 98.200 97.800 97.500

Major elements are given in bold

with the report of previous studies [19, 20] and standards
and are presented in Table 4. The manganese content of
some of the investigated reinforcing steel bars are also
lower than the recommended standards. This is as a result
of high amount of sulfur present in the samples. Manganese
nullifies the negative effect of sulfur in steel if present in
the right proportion to form MnS as against the undesirable
FeS which is a brittle compound that affect the mechanical
properties of reinforcing steel bars negatively. The phos-
phorus contents of the 16 mm reinforcing steel bars for all
the steel plants are lower than the recommended standard
(Table 4); thus, the steel samples displayed good ductility
properties [21]. Despite all the inconsistency in the phos-
phorus and sulfur contents of the samples, the yield and
tensile strength of the majority of the samples still met the
required minimum standard for the samples to be used as
reinforcement materials. This may be as a result of the

combined effects of other residual elements such as man-
ganese and silicon which are good deoxidizers in steel and
therefore improves mechanical properties [4, 22]. The
contributory effects of chromium, copper and nickel
alongside the carbon content could also account for the
strengths that met the various standards [18].

Yield Strength and Ultimate Tensile Strength
Correlation with Standards

The stress at which deformation changes from elastic to
plastic is the yield point which gives the yield strength
[21]. The yield strength of reinforcing steel bars that can be
used for structural and construction applications was
benchmarked at 415, 500 and 420 MPa by ASTM A706
[24], BS4449 [23] and NIS 117 [14], respectively. Rein-
forcing steel bars from plants A, D, G (16 and 12 mm) and
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Table 4 Carbon and other major residual elements in the 16 mm reinforcing steel bars compared with previous studies and standards

Samples C Mn Si S P Cr Mo Cu Ni References
A3R 6 0.200 0.850 0.240 0.060 0.030 0.200 0.020 0.220 0.130 PS
BiR6 0.220 0.660 0.100 0.060 0.020 0.320 0.020 0.480 0.210 PS
CiRy6 0.190 0.360 0.120 0.050 0.030 0.320 0.020 0.380 0.150 PS
DsR6 0.200 1.360 0.340 0.030 0.020 0.070 0.020 0.140 0.060 PS
EsRj6 0.230 0.500 0.150 0.060 0.010 0.110 0.010 0.200 0.090 PS
FiRy6 0.340 0.630 0.180 0.060 0.030 0.190 0.020 0.330 0.160 PS
G3R6 0.210 0.580 0.140 0.060 0.020 0.270 0.030 0.310 0.140 PS
H3R 6 0.350 0.760 0.240 0.070 0.030 0.260 0.030 0.330 0.140 PS
PSM 0.112 0.580 0.149 0.060 0.071 0.186 0.009 0.256 0.118 [19]
IFSM 0.277 0.720 0.319 0.057 0.069 0.138 0.005 0.285 0.115 [19]
PHSM 0.194 0.610 0.245 0.049 0.043 0.264 0.013 0.245 0.104 [19]
Al6 0.329 0.555 0.176 0.036 0.042 0.164 0.0001 0.261 0.112 [20]
B16 0.169 0.579 0.228 0.047 0.056 0.204 0.0001 0.292 0.085 [20]
NIS 117 0.350 1.200 0.300 0.040 0.040 [20]
BS4449 0.250 1.000 0.400 0.050 0.050 .. e .. . [23]
ASTM A706 0.300 1.500 0.500 0.035 0.045 [24]

PS present study
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H (12 and 10 mm) have yield strength that surpassed the = from B have yield strengths that are higher than NIS 117
recommended standards. However, reinforcing steel bars [14] and ASTM A706 [24] standards but lower than

@ Springer



J Fail. Anal. and Preven.

BS4449 [23]. Reinforcing steel bars from other plants
(varying diameters) have lower yield strength compared to
the standards as shown in Fig. 5. The reason for this pattern
cannot be ascertain due to the presence of numerous
residual elements which is a major disadvantage of using
scraps as the key raw material for the production of rein-
forcing steel bars [5, 7, 18]. The UTS which is the
maximum load reinforcing steel bars can withstand before
fracture for the reinforcing steel bars varied from each
other as shown in Fig. 6. The NIS 117 [14], BS4449 [23]
and ASTM A706 [24] standards recommended that the
UTS of reinforcing steel bars should surpass 500, 600 and
590 MPa, respectively. All the steel bar samples from
various plants met this requirement except 16-mm-diame-
ter sample from steel plant C with UTS of 456.82 MPa,
which is below the required standards. It is generally
observed that there are a lot of differences in the
mechanical properties and chemical compositions of steel
bar samples from the same plant. Reinforcing steel bars
from steel plants C and D have similar percentage elon-
gation at all the diameters as against various variations
from samples from other steel plants. It implies that they
possess similar ductile nature. The percentage elongation
of the steel bars in the present study competes favorably
with previous studies as shown in Table 5. It can be
observed that they are higher than what was reported by
Adeleke and Odusote [7] for reinforcing steel bars that
does not meet required standards. Insufficient ductility of
reinforcing steel bars has direct influence on the ductility of

Table 5 Mechanical properties of 16 mm reinforcing steel bar
samples compared with previous studies

YS UTS % Hardness
Specimen (MPa) (MPa) Elongation (HRC) References
AsR ¢ 581 699 17.0 17.6 Present study
BiRy¢ 502 635 17.7 16.1 Present study
CsR6 313 457 26.3 11.6 Present study
D3Ry6 550 703 20.0 17.5 Present study
E3Ry6 347 511 31.3 13.1 Present study
F3Ry6 412 607 23.7 15.5 Present study
G3Ry6 574 657 16.7 16.7 Present study
H:R ¢ 412 673 20.0 16.9 Present study
EC 460 597 9.0 21.2 [7]
1C 486 586 11.7 20.2 [7]
SC 551 626 9.1 19.6 [7]
SF 400 693 18.0 479 [5]
usS 450 652 28.0 443 [5]
NS 400 611 28.0 47.3 [5]
AS 325 660 25.0 45.5 [5]
Type L 429 679 29.2 [26]
Type F 415 610 27.9 [26]

reinforcement concrete structural members [25]. Figure 7
shows that all the reinforcing steel bars have sufficient
ductility to resist unfavorable distribution of plastic
deformations and premature tensile fracture and buckling
under use.

Hardness and Percentage Elongation

Hardness is the resistance of materials to abrasion [21].
Hardness of the 16 mm reinforcing steel samples from
steel plants C and E does not meet any of the required
ASTM (15.46 HRC) and BS4449 (13.48 HRC) standards as
shown in Fig. 8. Conversely, all the 12 mm steel bars from
steel plants A to H meet the required ASTM and BS4449
standards. However, only the reinforcing steel bars from
steel plant G does not meet the required standards among
the 10-mm-diameter bars. Table 5 shows the hardness
value (HRC) of the steel bars in the present study compared
to some results from previous studies [5, 7, 26]. The
hardness value of a typical steel bar diameter (16 mm) is
far lower than the results obtained by Alabi and Onyeji [5];
and Adeleke and Odusote [7]. Alabi and Onyeji [5]
reported that the high hardness value was due to high
carbon content in the studied samples and recommended
that reinforcing steel bar must have high hardness value to
be effective in construction and structural applications.
When the hardness value is lower than recommended
standards, the performance in service will be definitely
affected. Another notable pattern in the hardness values of
the reinforcing steel bars from the same and different steel
plants varied from one another. This could also be due to
various contributions of the residual and deleterious ele-
ments present when scraps are used as major source of raw
material for steel production. Apeh [27] also reported that
most of the steel bars made from scraps sold in FCT, Abuja
market, were mild steel claimed to be high-yield steel even
though the chemical properties did not meet required BS
4449 standard. It was also stated that only 19% of the steel
bars analyzed met required percentage elongation. Varia-
tions in the chemical, percentage elongation, hardness and
tensile strengths of steel bars produced from scraps (ST44-
2 and ST66-2) were also reported by Buliaminu [28].
Meanwhile, investigated steel bars manufactured from
billet in Pakistan were reported by Rafi et al. [29]. The
chemical composition met required ASTM standard, while
it was observed that some did not meet required standard
for yield strength. It thus implied that, regardless of the raw
materials used for the production of steel bars, there is a
possibility of variation in its chemical and mechanical
properties. Therefore, based on the findings of this study, it
is recommended that reinforcing steel bars produced from
scraps and billets should be thoroughly tested before
application at various construction sites to ascertain their
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quality in order to avoid further loss of lives. Researchers
can further look into the means of reduction of various
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Fig. 8 Hardness value of the 20
reinforcing steel bar samples
compared with some standards
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Conclusions

The chemical and mechanical properties of reinforcing
steel bars from local steel plants have been investigated.
The chemical analyses showed that there are thirty-one
(31) major, residual and deleterious elements present in the
reinforcing steel bars. Variations in carbon contents as well
as manganese, silicon, sulfur and phosphorus had varying
impacts on the mechanical properties of the reinforcing
bars. The outcome of the investigation also revealed that
some of the samples have yield strength that surpasses the
recommended standard specifications and can be useful for
structural/construction purposes. In conclusion, most of the
steel bars met all the standards in terms of yield strength,
ultimate tensile strength ductility and hardness values and
can thus be used for structural applications.
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