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ABSTRACT 
Some properties of steel bars for concrete reinforcement produced by Nigeria Spanish Engineering Company, Kano 

were investigated. The properties investigated were chemical composition, yield strength, tensile strength, percent 

elongation at fracture, and hardness. The results obtained were compared with standard values set by the Standards 

Organisation of Nigeria (SON). The steel bars under investigation did not carry any specification, contrary to the 

requirements of the SON. The comparisons were based on grade 410HD.   

Two of the investigated samples had carbon compositions of 0.38% and 0.28%, which are within acceptable limits 

while the third had carbon composition of 0.47%, which is above the acceptable maximum of 0.39%, however, they 

all had high amounts of residual elements. The samples all met the minimum yield strength requirement of 

410N/mm
2
 with percent elongation values greater than the minimum acceptable limit. There was lack of uniformity 

in the chemical composition and properties of products of different product batches. 

 

SIGNIFICANCE: Steel reinforcing bars are of great importance in the construction industry. Poor quality steel bars 

used for concrete reinforcement could lead to failure of civil structures with consequent loss of 

lives and property. Nigerian Spanish Engineering Company is one of the pioneer producers of 

reinforcing steel bars from the northern part of Nigeria. It is important to know the company’s 

compliance with SON standards. 

 

KEYWORDS: Concrete reinforcement, Standard specification, Carbon content, Yield strength, Percent 

elongation.  

 

1.0  INTRODUCTION 

The history of building construction is intimately related to the availability of suitable materials and the ability of 

craftsmen and engineers to exploit their properties of strength and durability. Until the 19
th

 century, the abundance 

of the World’s forests and its geology determined the types of material available for construction, namely earth and 

clay, stone and timber and helped to promote the use of the two principal building systems, the use of heavy load – 

bearing walls or a light frame work (Pevsner Architectural Guides, 2005). 

The use of metals in the building industry was originally for decorative purposes rather than for structural 

applications. Wrought iron nails, hinges and other necessary components were the most common forms but lead and 

copper were also used for roofing purposes (Pevsner Architectural Guides, 2005). The structural use of iron only 

began in the late 18
th

 century with Abraham Darby’s Iron Bridge made entirely of iron arches and ribs cast in a 

foundry and transported to the building site for assembly (Pevsner Architectural Guides, 2005). 

In the textile mills of the early 19
th

 century, the use of iron beams and columns made it possible to increase the 

useful floor area. Although the exterior walls of the building were constructed in brick or stone masonry, the use of 

non-combustible iron in the interior also reduced the threat of fire, making it popular for a wide variety of new 

buildings (Pevsner Architectural Guides, 2005). Iron continued to be used on a grand scale only for major structures 

such as bridges. Due to the brittle nature of cast iron, it was essential to use wrought iron and eventually steel in 

place of cast iron in building construction.    

Steels are a class of iron-carbon alloys, with other elements added; steels comprise one of the most widely used 

materials both as final products (e.g. automobile parts, concrete reinforcing bars, electrical transformer parts, e.t.c.) 

and in manufacturing equipment for processing (e.g. rolling mills for fabrication, extrusion presses for processing 

polymers, reactors for carrying out chemical reactions, etc. The popularity of steel in the construction industry is due 

principally either in part or in combination to the following: (a) low cost, (b) wide range of properties attainable, (c) 
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amenability to manipulation by various heat treating procedures (Brooks, 1979). One area where steel is consumed 

in large quantities is in the building industry for the reinforcement of concrete.  

 

2.0 LITERATURE REVIEW 

2.1 Concrete Reinforcement 

In a broad sense, concrete implies a composite material consisting of an aggregate of particles (gravel and sand) that 

are bound together in a solid body by some type of binding medium, that is a cement (Callister,1997). The two most 

familiar concretes are those made with Portland and Asphaltic cements, in which the aggregates in both cases are 

gravel and sand. Asphaltic concrete is widely used primarily as a paving material, whereas Portland cement concrete 

is employed extensively as a structural building material. Plain concrete will accommodate extremely high 

compressive stresses, but any appreciable tension will cause rupture and consequent failure. 

The strength of concrete may be increased by reinforcement. This is usually accomplished by means of steel rods, 

wires, bars or mesh, which are embedded in the fresh uncured concrete. Thus the reinforcement renders the 

hardened structure capable of supporting greater tensile, compressive, and shear stresses. In the extreme condition 

whereby cracks develop in the concrete, considerable reinforcement is still maintained. 

Based on failure analysis of a plain concrete beam, crack usually starts at the bottom and propagates upwards 

leading to the reduction of the cross-sectional area containing the crack (Glanville, 1972). It is advantageous, 

therefore that a metal bar with a high tensile strength and the ability to stretch minimally be embedded on the 

tension side of the concrete. As the concrete sets, it grips the bar firmly, so that for any crack that forms, the bar acts 

as a tie rod holding the two sides of the crack together. On this basis, the load on the beam can be increased until 

either the full compressive strength of the concrete is developed or the stress in the metal bar reaches its useful limit.  

It has been established that the metal which can fulfill this requirement in concrete reinforcement is steel because its 

coefficient of thermal expansion is nearly the same as that of concrete and in addition, steel is not rapidly corroded 

in the cement environment. A relatively strong adhesive bond is therefore formed between it and the cured concrete. 

This adhesion may be enhanced by the incorporation of contours into the surface of the steel member, which permits 

a greater degree of interlocking (Callister, 1997). 

Generally, reinforcing bars are produced either as plain rounds or ribbed bars. Ribbed reinforcing bars are bars in 

which the surface is provided with lugs or protrusions on the surface, which inhibit longitudinal movement of the 

bars relative to the surrounding concrete. The surface deformations are hot formed in the final roll pass by passing 

the bars between rolls having the patterns cut into them so that the surfaces of the bars are forced into the 

depressions in the rolls to form the characteristic deformations (McGannon, 1970). Plain rods have greater ductility 

and are used where greater deformation is permissible before failure. They are preferred in structures which are 

located in areas that are prone to tremors such as earthquakes. Ribbed bars, on the other hand have greater yield 

strength and are therefore preferred for greater load carrying responsibilities. With ribbed bars, smaller load carrying 

members can be constructed whereas much larger constructions will be required with plain rod reinforcements to 

carry the same or even lower loads. 

At one time, reinforcing bars were regarded as low-grade, undemanding steel products and were often produced 

from diverted casts that were out of specification for the originally intended order. However, with the trend towards 

higher strength steels and the requirement for good fabrication characteristics, reinforcing steels are now made to 

high quality standards (Llewellyn and Hudd, 2000). 

Generally, material specifications are given to uniquely define the qualities of a material necessary to serve, most 

efficiently, a given need. The specifications generally indicate the material composition as well as relevant 

properties such as mechanical properties as well as heat treatment given the material. With the information provided 

in the specification, it is possible to determine possible modifications of the properties if and when it might be so 

required using certain treatments. 

When materials are procured for an on-going project at different times over a considerable period of time, it is 

necessary to have consistency in the relevant properties in all the materials procured. However, this is difficult to 

achieve where adequate product specifications are not available. 
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2.2 Mechanical Properties of Steel.  

Mechanical properties are characteristic responses of a material to applied forces. They are usually broadly 

categorised into strength and ductility properties. Strength properties are related to the ability of the material to resist 

applied forces, while ductility is a measure of the ability to undergo permanent changes of shape without rupturing.   

The mechanical reactions of metals to applied forces are extremely diverse, depending upon the exact nature of the 

forces and conditions under which they are applied. In selecting tests for predicting suitability for service therefore, 

observance of these facts is of paramount importance. While it is proper to use the actual service test to test the 

suitability of a material for service, in most cases it is impracticable and, accordingly, simple tests must be 

employed. 

Many steel products are sold based on mechanical property specifications and much of the testing carried out by the 

steel producers and/or consumers is for the purpose of ascertaining whether or not a given specification is being met. 

The tests of interest in this work are mainly tension and hardness tests. Yield strength, tensile strength, and the 

percent elongation at fracture, the main mechanical properties used in the specification for reinforcing steel bars are 

obtained from the tension test. The hardness test on the other hand is widely used for inspection and control, 

variation in hardness of samples taken off a production line can easily indicate when the process is out of control 

(McGannon, 1970). The hardness test is therefore of importance when the consistency in the properties of products 

is of interest. 

A look at reinforcement steel bars available in the market, shows that most if not all do not carry any specification. 

A visit to many of the local producers also revealed that many of them do not undertake any serious measure of 

quality control testing. In view of the aforementioned reasons, this study is aimed at investigating some properties of 

reinforcing steel bars from Nigerian Spanish Engineering Company, Kano, one of the local producers of reinforcing 

steel bars. The properties to be investigated include: chemical composition, tensile properties and hardness. The 

results will be compared with the standard set by the Standards Organisation of Nigeria (SON) under the Nigerian 

Industrial Standards for steel bars for concrete reinforcement. The work will also involve checking the consistency 

in properties of the products. 

 

3.0 MATERIALS AND METHODS 

3.1 Materials 
The materials for the work were 12mm ribbed reinforcing steel bars. The bars were obtained from Nigerian Spanish 

Engineering Company, Kano over a nine month period. Three samples were obtained over this period with a time 

interval of three months between procurements. The three samples were labeled A1, A2, and A3 respectively. 

3.2 Analysis of Chemical Composition. 

Each of the obtained samples was drilled to obtain chips, which were used in the analyses. Chips of known 

composition were also obtained. These were used as a control for the test. The metal analyzer, which is a 

commercial emission spectrometer, was switched on and left for 2 hours to get it heated up. Chips of the standard 

sample were placed in the metal analyzer and the requisite commands were punched into the computer keyboard. 

After a time lapse of 2 minutes the result was displayed on the screen. The displayed result was then compared with 

the already known composition to confirm that the machine was functioning properly. The chips of the first sample 

of unknown composition were then placed in the machine and the composition observed on the screen. A print out 

was obtained for the specimen. Before testing for the composition of the next sample the accuracy of the machine 

was again checked using the standard specimen. This procedure was followed until all the specimens of the samples 

under study were subjected to the test. 

3.3 The Tensile Test 
The tensile test specimens, one for each of the three samples were subjected to the tensile test using a universal 

testing machine. The test was conducted to the failure of the specimen. The yield stress and tensile stress were 

obtained from the graphs, which had been plotted by the machine in the course of the test. 

3.4 Hardness Test. 
The Brinell hardness test was conducted using a Wolpert testwell hardness tester. Test specimens were cut from 

each of the samples being investigated. The specimens were ground to provide a smooth flat surface prior to testing. 

The prepared specimen was secured on the machine platform and a 2.5mm indenter with a load of 187.5kgf was 

applied gradually onto the specimen for duration of 10 seconds. The load was then removed and the indent diameter 

was read from the screen. Four readings were taken from which an average value was obtained. Using the obtained 

indent diameter, the hardness value was read from the supplied tables.  
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4.0 RESULTS AND DISCUSSION 

 

Table 3: Chemical composition of samples under investigation 

Sample  

No. 

Elements 

(%) 

 C Mn P S Si Cu Sn Ni Al Cr W Pb Co Fe 

A1 0.380 0.52 0.080 0.06 0.680 0.17 2.001 0.082 0.620 0.240 0.910 0.013 0.202 Bal. 

A2 0.288 0.91 0.022 0.10 0.601 0.23 1.201 0.122 0.404 0.033 0.502 0.016 0.112 Bal. 

A3 0.470 0.71 0.060 0.05 0.480 0.22 2.450 0.006 0.850 0.130 0.240 0.102 0.024 Bal. 

Table 4: Tensile and Hardness values 

Sample No. Yield strength 

N/mm2 

Tensile strength 

N/mm2 

Percent elongation 

% 

Hardness 

BHN 

A1 528.2 605.6 21 164.3 

A2 491.0 592.4 26.4 142.5 

A3 535.9 656.5 19 187.0 

 

Table 3 shows the chemical composition of the different samples under investigation. The steels are basically plain 

carbon steels. This means that carbon more than any other constituent, determines its properties and to which no 

special alloying elements have been added in any appreciable amounts (Allen, 1979). However, the properties of 

plain carbon steel may be modified by the effects of residual elements, which are usually picked up from the scrap, 

deoxidizers, or furnace lining. 

The carbon compositions of the samples are: 0.380%, 0.288%, and 0.470% for A1, A2, and A3 respectively. The 

maximum carbon composition for steel bars for reinforcement of concrete for steel grade 410HD as given by 

Nigerian Industrial Standard NIS 117 of 1981 is 0.35% ± 0.04. A2 conform to this standard. The value for A3, 

however, is much higher than the maximum permissible value. This may probably be due to poor refining practice. 

The high carbon content will likely affect the ductility and impact properties of the steel (Honeycombe, 1982). 

The variation in carbon composition among the different samples, from 0.288% for A2 to 0.470% for A3 is quite 

significant and will result in variation in properties of products from the different product batches. This suggests 

poor production control in the firm under study.  

The manganese composition is 0.520%, 0.910%, and 0.710% respectively. Manganese is normally present in all 

commercial steels and in plain carbon steel it varies from about 0.30-0.80%, but in special steels it may run as high 

as 25.0%. Manganese combines readily with any sulphur in the steel, forming manganese sulphide (MnS), and 

preventing sulphur from combining with iron, which would lead to hot shortness (Allen, 1979). Any excess 

manganese (over the amount necessary to satisfy all the sulphur) combines with whatever carbon is present, forming 

a carbide of manganese (Mn3C). Mn3C increases the strength and hardness of steel. Manganese also increases the 

strength of low carbon steels by strengthening ferrite. 

Silicon content of carbon steels varies from 0.05% to 0.30%. Silicon is present in significant amounts of 0.680%, 

0.601%, and 0.480% respectively in the samples under study. Silicon restricts the formation of γ-iron causing the γ- 

area of the iron – carbon equilibrium diagram to contract to a small area referred to as the gamma loop 

(HoneyCombe 1982). This means that silicon encourages the formation of bcc iron (ferrite).    

Composition of tin in the samples is, 2.001%, 1.201%, and 2.450% respectively. This is very high for plain carbon 

steels. 

The relative composition of sulphur, are 0.060%, 0.100%, and 0.05% respectively. While sulphur compositions of 

0.06% and 0.05% are within acceptable limits of 0.050 ± 0.010 (NIS 117: 1981), 0.10% is too high. This is likely to 

cause some problems such as reduction in strength and weldability (Allen, 1979). 

The relative phosphorous compositions of the three samples are 0.08%, 0.022%, and 0.06% respectively. The 

compositions of 0.06% and 0.022% are within acceptable limits (0.050 ± 0.010%, NIS 117: 1981) but the 

composition of 0.08% (A1) is rather high and may lead to some undesirable effects such as production of directional 

properties. High phosphorous content in steel increases the tendency towards coarse grained steel and therefore may 

weaken the steel (Allen, 1979). 

The aluminium composition is 0.620%, 0.404%, and 0.850% for A1, A2, and A3 respectively. These compositions 

are high and may contribute to grain refining and hence lead to an increase in strength. 

Elements such as nickel, chromium, molybdenum, copper, and tungsten, which are present in the steels as shown 

Table 3 generally, increase the hardenability of carbon steels. For applications in which ductility is important, the 

 G.B. Nyior, A.K. Oyinlola, O.B. Oloche, S.B. Hassan 



Journal of Engineering and Technology (JET) Vol. 2, No. 2 August 2007 

5 

 

increased hardness from these residual elements may be serious (McGannon, 1970). Highlighting the importance of 

adequate ductility of reinforcing steel, (Bresler, 1974), stated that, steel yielding followed by concrete crushing 

without steel rupture or premature bond or shear failure (that is ductile failure) is considered mandatory in 

earthquake and blast resistant design and that it is in fact desirable in all designs.   

The percent composition of residual elements can be seen to be quite high. The total percentages of residual 

elements were 5.78%, 4.253%, and 5.322% for A1, A2, and A3 respectively. These values are close to the upper limit 

for low alloy steels, which is 5% total alloying elements (Allen, 1979). This may be attributable to improper sorting 

of scrap prior to charging. 

Table 4 shows the tensile properties as well as the hardness values of the reinforcing steel bars under investigation. 

The properties evaluated from the tensile tests were yield strength, tensile strength, and percent elongation at 

fracture. The results gave yield strength values of 528.2N/mm
2
, 491.0N/mm

2
, and 535.9N/mm

2
 for A1, A2, and A3 

respectively. Values of tensile strength were 605.6N/mm
2
, 592.4N/mm

2
, and 656.5N/mm2 respectively. All the 

samples tested meet with the standard of 410N/mm
2
 yield strength recommended by the Standards Organisation of 

Nigeria (NIS 117: 1981). It can be observed that the higher the carbon contents of the steel, the higher the yield 

strength. As pointed out by Allen (1979), the influence that carbon has in strengthening and hardening steel is 

dependent upon the amount of carbon content and the microstructure. The microstructure of steels with carbon 

composition equivalent to the ones under investigation consists basically of ferrite and pearlite, pearlite being 

stronger than ferrite. The greater the carbon content the greater the percentage of pearlite in the microstructure 

(Williams, 1983). 

The tensile strength also varies in a similar fashion, increasing with carbon content. This may also be attributed to 

the increase in pearlite in the microstructure with increase in carbon content. According to Burns and Pickering 

(1964) this could be attributed to the fact that pearlite workhardens much more rapidly than ferrite.   

The minimum elongation value of 12% (NIS 117: 1981) is surpassed by all the steel samples under study, the values 

being 21%, 26.4%, and 19% respectively for A1, A2, and A3. The percent elongation values decrease with increasing 

carbon content. This could also be explained by the increasing pearlite content of the microstructure with increase in 

carbon content of the steel. According to Burns and Pickering (1964), pearlite has an adverse effect on ductility and 

toughness of plain carbon steels. They explained that the low energy absorbed in impact tests on pearlitic structures 

arises from the fact that many crack nuclei can develop on pearlitic interfaces coupled with the high workhardening 

rate which restricts plastic deformation in the vicinity of the crack. 

The results of hardness tests carried out on the samples are shown in Table 4. Hardness values of 164.3, 142.5, and 

187.0 BHN for A1, A2, and A3 respectively were obtained confirming the statement of Allen (1979) that hardness of 

any steel will depend chiefly upon its carbon content and heat treatments regardless of the amount of special 

alloying elements present in the steel. Hardness tests are especially well adapted to checks of uniformity of products. 

If a product or treatment passes out of control, the departure from uniformity can frequently be detected in hardness 

changes in the product. From the results of the hardness test, a great variation in the results (from 142.5 to 187.0 

BHN) has been observed. This is an indication that there is no uniformity in the properties of the steel reinforcing 

bars from different product batches. 

 

5.0 CONCLUSION 

 

The study was carried out to investigate some properties of reinforcing steel bar products of Nigerian Spanish 

Engineering Company, Kano. 

It was found that the reinforcing steel bars from the company did not carry any mark to identify the specification. 

The products consist of a high percentage of residual elements. There was also no uniformity in the properties of the 

products from the different product batches. 

Most of the properties of the investigated product samples met the standards set out in the Nigerian Industrial 

Standards for steel bars for the reinforcement of concrete. 

 

 

 

 

 

 

 

 

 

 G.B. Nyior, A.K. Oyinlola, O.B. Oloche, S.B. Hassan 



Journal of Engineering and Technology (JET) Vol. 2, No. 2 August 2007 

6 

 

6.0 REFERENCES 

 

1. Allen, D.K. (1979), Metallurgy, Theory and Practice, American Technical Society, Chicago, 168 – 281. 

2. Bresler, B. (1974), Reinforced concrete engineering, volume 1, John Wiley and Sons, New York, 42 - 59 

3. Brooks, C.R. (1979), Heat treatment of ferrous alloys, Hemisphere Publishing Corporation, New York, 1. 

4. Burns and Pickering (1964), Effect of pearlite on toughness measured by charpy impact transition 

temperature, Journal Iron and Steel Institute, 202, 899. 

5. Callister, W.D. (1997), Materials Science and Engineering – an Introduction, John Wiley and Sons Inc., 

New York, 515 – 517. 

6. Glanville, W.H. (1972), Concrete construction, Cement and Concrete Association, London, 3-8. 

7. Honeycombe, R.W.K., (1982), Steels: Microstructure and Properties, Edward Arnold Publishers Ltd., 

London, 28-55. 

8. Llewellyn, D.T. and Hudd, R.C. (2000), Steels: Metallurgy and Applications, Butterworth – Heinemann, 

Oxford, 179-182. 

9. McGannon, H.E. (1970), The making, shaping, and treating of steel, United States Steel, Herbick and Held 

publishers, Pittsburgh, 254 - 256 

10. Standards Organisation of Nigeria, Nigerian Industrial Standard, NIS 117 : 1981, Steel bars for the 

reinforcement of concrete. 

11. Pevsner Architectural Guides (2005), Iron and steel in construction, http://www.Looking at 

buildings.org.uk. 

12. Williams, R.V. (1983), Control and analysis in iron and steel making, Butterworths publishers, London, 

200 - 205 

 

 

 

 

 G.B. Nyior, A.K. Oyinlola, O.B. Oloche, S.B. Hassan 

http://www.looking/

