
Journal of Mechanical Engineering Research and Developments 

ISSN: 1024-1752 

CODEN: JERDFO 

Vol. 44, No. 10, pp. 28-36 

Published Year 2021 

28 

Analysis of the Mechanical Conformity of the 

Reinforcement Steels Used in Nigerian Market to the 

Standards 

Begmyrat Kulmedov *, Abubakar Dayyabu, Sanusi Abdulganiyu, Abdullahi Abubakar 

Hassan

Department of Civil Engineering, Nile University of Nigeria, Abuja, Nigeria. 

* Corresponding author e-mail: begmyrat.kulmedov@nileuniversity.edu.ng

ABSTRACT 

Population growth in cities couple with lack of spaces for building forced people and government to embrace 

the concept of high-rise building. The construction of high-rise building involves proper idealization, estimation 

of loads, analysis of idealize structure, adequate specification of sizes and material. The paper investigated the 

mechanical compliance of market supply by reinforced concrete iron rod in with BS 4449 requirement of 

diameter, yield strength, elongation, and stress ratio through hydraulic universal testing machine. As a result, 

among the eight manufacturers only F and H complied to the size specified on the reinforcement. On yield 

strength only F and on % elongation only C, E and H complied with standards. 
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INTRODUCTION 

The rapid urbanization coupled with the rate of urban growth in Abuja-Nigeria through migration of people 

looking for better life and safer environment as a result of poverty and security challenges. This has made the 

housing authorities of the city to improve on space utilization policy through encouragement and approving only 

storey building within the metropolis. According to National Bureau of Statistics of Nigeria the population of 

the Federal Capital Territory (FCT) was 1,406,239 in 2006, and 3,564,126 in 2016 expected to increase over 6 

million by 2035 by the rate of 9.3 % higher than that of national population growth rate of 2%. During the past 

decades, the development of reinforcing materials caused a revolution in the structure of high-strength and high-

performance cement-based concrete [1]. The construction of multi-storey buildings involves deep knowledge of 

structural systems analysis and design, use of quality materials, quality construction supervision with aim of 

achieving; strength and stability requirement; resistance to weather and ground moisture requirement; durability 

requirement; fire resistance requirement; resistance to passage of heat requirement and resistance to passage of 

sound requirement.  

Cities in Nigeria have been witnessing growth in high-rise building due to lack of spaces and economic growth 

of the city centers. As a result, the demand for building materials, especially reinforcement steel and cement are 

on the increase and the market is flooded with different steel products. Stake holders in the building industries 

are making effort of ensuring quality construction in a bid to save life and properties of Nigerian citizens. 

Standard organization of Nigeria (SON) conducts quarterly factory inspection visit to all manufacturers of these 

materials quarterly to ensure that the materials produced meet the requirements of the relevant standards. All 

reinforcement steel rods for reinforced concrete produced in the country have identification mark for purpose of 

monitoring and traceability [2]. From council for the regulation of engineering in Nigeria, it has been 

established that construction of any single storey in waterlogged area as well as building of two-storey and 

above including fall structures and factory buildings, shall be carried out by a registered engineer or registered 

engineering company [3]. 
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Despite the efforts of different stake holders in building construction industry in Nigeria, the country is still 

experiencing building collapse especially in the city centers.  Building collapses in Nigeria have been on the 

increase. There are frequent media reports of collapsed of buildings in major Nigerian cities including Lagos, 

Abuja, and Port Harcourt having higher occurrences with little happening in other cities [4]. Highlight the 

causes of building collapse to include faulty design, negligence, incompetence, faulty construction, foundation 

failures, extraordinary loads [5]. In study by Odusote and Adeleke stated that structural failures, use of poor 

workmanship, incompetent supervisors, unauthorized conversion of bungalow to storey buildings, carelessness, 

rainstorm, faulty design/implementation, use of substandard materials, excessive loading, disregard for building 

resolution, improper drainage, contravening the given approval, are responsible for incessant building collapse 

[6].  

Based on the above-mentioned causes of building collapse in Nigeria researchers from time-to-time stake 

holders do conduct investigation into the quality of building materials in Nigerian market [7]. Most of the 

samples examined did not meet the requirements of NIS 117 and BS4449 in respect of steel bar diameter, 

characteristic strength, and ductility, ultimate to yield strength ratio. In another study, investigated the level of 

conformity of reinforced steel rods used for structural purpose in Nigeria with relevant to local and international 

standards [8]. However, indicate the need for constant quality check and re-evaluation by regulatory authorities 

within the industry from time to time to ascertain the due quality before any product is used for construction 

purposes to avoid inconsistency problem. The paper examined the steel reinforcement properties of yield 

strength, ultimate strength, percentage elongation, ductility, and diameter conformity of Abuja market available 

reinforcement steel through an experimental observation, analysis, and comparison with Nigerian Building Code 

reinforcement steel requirement and standard organization of Nigeria requirement on building materials [9]. 

MATERIAL AND METHOD 

The research sources the reinforcement steel from the Abuja building material market Diye-Diye. The 

reinforcement was among the product supply in the month of June 2021. The Reinforcements steel considered 

for the research was among the most prominent manufacturers with good history of constant production and 

supply over the last ten years. The manufacturers considered are YXS-steel; Abuja-steel; Top-steel; KAM-steel; 

ASH-steel; Loadstar-steel; XXL-steel, TMT-steel and they are named alphabetically, A to H as shown in Figure 

1. 

Figure 1. Steel bars used in the experiment 
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As a diameter 12 mm reinforcement was considered due to its higher demand in construction industries based on 

Abuja development control requirement of 12 mm to be used in design of floor slabs. The sample was prepared 

in accordance with the standard procedure stated in EN-ISO 377. Six specimens were obtained from each of the 

manufacturers’ product, three specimens for tension test and the remaining three specimens for bending test. In 

other words, the experiment included forty-eight testing sample, twenty-four samples for tension test and the 

remaining twenty-four samples for bending test. Servo hydraulic universal testing machine UTM 7001 as shown 

in Figure 2 used for the experiment. The machine work in accordance with EN ISO 6892-1, EN ISO 15630-1, 

EN ISO 7500-1, ISO 679, ISO 1920-4, ASTM E290. The testing machine has a loading capacity is 2000 KN, 

deformation measurement accuracy of 2.5 micrometer and operate at speed of 0-50mm/min for displacement 

and 0-25 KN/s for load [10]. 

 

Figure 2. Servo hydraulic universal testing machine UTM 7001 

Tensile tests of these steel samples were conducted under displacement-controlled mode to capture the complete 

stress-strain curves and particularly the post-yield response of the steel bars. The formulations for calculation of 

cross section area, yield strength, ultimate strength and % elongation of steel bar is given below by Eqs. (1)-(4) 

respectively:  
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RESULT AND DISCUSSION 

The paper examined the steel reinforcement properties of yield strength, ultimate strength, percentage 

elongation, ductility, and diameter conformity of Abuja market available reinforcement steel in the month of 

June 2021. The reinforcement steels were assessed based on Nigerian standard organization of Nigeria, Nigerian 

building code requirement and British standard BS8110 [11]. The experimental result of for the twenty-four 

samples from eight manufacturers is presented in Table 1. The table include the measured diameter; yield load; 

ultimate load; yield stress; ultimate stress; % elongation; modulus of elasticity and stress ratio.  
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Cross sectional area and mass requirement 

Despite the effort by SON of enforcing and making into law that all reinforcement steel rods for reinforced 

concrete produced in the Nigeria have to have identification mark of the manufacturer, size, manufacturing date 

for purpose of monitoring and traceability. From the eight manufacturers only four were having their names on 

the steel reinforcement, the names of remaining 4 steel bars were learned from the vendors. Manufacturing date, 

out of the eight manufacturers only two were having the manufacturing date written on the steel reinforcement. 

Sizes, all the manufacturers have sizes on the reinforcement steel however, only two manufacturers complied, 

the remaining six manufacturers supply reinforcement steel far less than the written sizes.  

According to investigations (BS 8666:2020; BS 4449:2005) the cross-sectional area and mass of the bars shall 

be calculated on the basis that steels have a mass of 0.00785 kg per square millimeter per meter run. From the 

result of weight and cross-sectional area in Table 1 none of manufacturers satisfy the requirement of BS 4449 as 

shown in Figure 3. 

 

Figure 3. The cross-sectional area and mass of the steel bars 

Steel reinforcements are increasingly being used day by day as a structural material. The complete stress-strain 

curve of the material in compression is needed for the analysis and design of structures [12]. In this 

experimental study, an effort has been made to construct the stress-strain curve experimentally for steel 

reinforcement bars for compressive strength ranging from 453 to 579 MPa. Experiment results are shown in 

Figure 4. 
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Table  1. Experimental result for Twenty-Four Samples 

Tensile Testing Result 

Steel 

Type 

Production 

date 

Steel 

Diameter 

Measured 

(mm) 

Mass/m 

(kg/m) 

kg/mm2/m 
Change in 

Length 

(mm) 

Yield 

Load 

(KN) 

Failure 

Load 

(KN) 

Elongation 

(mm) 

Area 

(mm2) 

Yield 

Stress 

(N/mm2) 

Avg. 

Yield 

Stress 

(N/mm2) 

Ultimate 

Stress 

(N/mm2) 

Avg. 

Ultimate 

Stress 

(N/mm2) 

Elongation 

(%) 

Avg. 

Elongation 

(%) 

Ultimate/yield 

stress ratio 

A 12/12/20 11.52 0.695 646.00 42.63 50.27 46.00 104.24 408.96 482.23 7.67 

A 12/12/20 11.52 0.690 
0.00667 

647.00 49.76 56.65 47.00 104.24 477.36 434.78 543.44 506.44 7.83 8.17 1.16 

A 12/12/20 11.52 0.700 654.00 43.58 51.46 54.00 104.24 418.01 493.65 9.00 

B 12/3/21 11.41 0.672 666.00 38.26 45.71 66.00 102.26 374.13 446.99 11.00 

B 12/3/21 11.41 0.682 
0.00664 

667.00 38.63 46.49 67.00 102.26 377.79 377.08 454.61 452.62 11.17 11.00 1.20 

B 12/3/21 11.41 0.680 665.00 38.79 46.66 65.00 102.26 379.32 456.28 10.83 

C N/D 10.23 0.488 684.00 28.29 41.20 84.00 82.20 344.14 501.19 14.00 

C N/D 10.23 0.486 
0.00594 

687.00 33.54 45.94 87.00 82.20 407.97 388.07 558.85 543.72 14.50 13.83 1.40 

C N/D 10.23 0.490 678.00 33.88 46.95 78.00 82.20 412.10 571.13 13.00 

D N/D 10.16 0.576 655.00 33.75 45.07 55.00 81.08 416.24 555.85 9.17 

D N/D 10.16 0.570 
0.00706 

644.00 36.79 47.58 44.00 81.08 453.73 437.94 586.80 574.59 7.33 8.11 1.31 

D N/D 10.16 0.571 647.00 35.99 47.12 47.00 81.08 443.86 581.13 7.83 
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E N/D 9.80 0.576 685.00 32.23 44.13 85.00 75.44 427.29 584.97 14.17 

E N/D 9.80 0.570 
0.00759 

684.00 32.33 43.37 84.00 75.44 428.62 427.80 574.90 578.83 14.00 13.50 1.35 

E N/D 9.80 0.571 674.00 32.25 43.50 74.00 75.44 427.48 576.62 12.33 

F N/D 13.35 0.886 638.00 66.69 77.92 38.00 139.99 476.40 556.60 6.33 

F N/D 13.35 0.892 
0.00635 

642.00 65.79 76.85 42.00 139.99 469.98 484.16 548.95 556.89 7.00 6.17 1.15 

F N/D 13.50 0.890 631.00 72.45 80.90 31.00 143.16 506.09 565.11 5.17 

G N/D 11.68 0.700 638.00 51.43 60.54 38.00 107.16 479.96 564.95 6.33 

G N/D 11.68 0.701 
0.00655 

648.00 49.92 60.19 48.00 107.16 465.89 436.96 561.68 535.40 8.00 7.06 1.23 

G N/D 11.68 0.702 641.00 39.12 51.39 41.00 107.16 365.04 479.56 6.83 

H N/D 12.50 0.843 668.00 41.45 62.94 68.00 122.73 337.76 512.81 11.33 

H N/D 12.50 0.836 
0.00681 

678.00 40.74 60.45 78.00 122.73 331.96 340.77 492.53 508.96 13.00 12.56 1.49 

H N/D 12.50 0.828 680.00 43.27 64.01 80.00 122.73 352.59 521.53 13.33 
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Figure 4. Stress-strain curve of used sample types 

Strength Requirement 

High-yield bars are manufactured either with a ribbed surface or in the form of a twisted square. Ribbed bars are 

usually described by the British Standards as type 2 bars provided specified requirements are satisfied, and these 

are the bars most commonly used.  High-yield steel bars are only slightly more expensive than mild-steel bars, 

because of their significant stress advantage, high-yield bars are the more economical. Nevertheless, mild steel 

bars are sometimes preferred in water retaining structures and shear members where the maximum steel stresses 

are limited in order to reduce the tensile strains and cracking of the concrete [13]. From the result obtained from 

laboratory analysis of eight manufacturers of Abuja market suppliers, only manufacturer F satisfy the 

requirement of BS 4449 as indicated in Table 1. However, majority of Nigerian structural designers were using 

characteristic yield strength of 410 N/mm
2
 in design of reinforced concrete structures [14-16]. Based on this 
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idea among the eight reinforced steel manufacturers five have satisfied the requirement while still three fail this 

requirement.  

% Elongation Requirement 

% Elongation is the measure of reinforcement ductility or ability of materials to undergo gradual deformation. 

Materials with higher ductility do not collapse suddenly. From the experiment conducted and presented in Table 

1, out of the eight manufacturers only C, E and H satisfy the ductility requirement of BS 4449. 

CONCLUSION 

At the time of high demand of residential building cause by migration to cities as a result insecurity and looking 

for better life in Nigeria and many cities around the globe.  Report of building collapse on daily news in major 

cities is also on the rise, mostly attributed to poor design, poor construction materials and poor construction 

supervision.  The paper experimentally investigated market supplied reinforcement bars for reinforced concrete 

construction in the month of June 2021 from building material market of Diye-Diye Abuja Nigeria.  The 

investigation was conducted on diameter compliance, strength compliance, % elongation or ductility compliance 

and stress ratio compliance all in accordance with BS 4449. Among the eight manufacturers only F and H 

complied to the size specified on the reinforcement. On yield strength only F complied with the requirement. On 

% elongation only C, E, and H together complied with the requirement. 

RECOMMENDATIONS 

 Standard organization of Nigeria should intensify effort to ensure that building materials either imported or

manufacture in Nigeria conforms to standard requirements.

 Professionals in the building industry should be certifying the supplied building materials in registered and

certified laboratories always before usage.

 Professionals in the building industry should be reporting none complied manufacturers to relevant

authorities. For proper punishment and sanctions according to the provision of Nigerian constitution.
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