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ABSTRACT 

The analysis of the mechanical properties (strength, hardness and impact) of steel is of 

paramount importance in industries in Nigeria. Limitless number of structures has failed due 

to mismatch in the load bearing capacity, impact, strength and hardness of steel structural 

members in Benin, Nigeria and the world at large. The mechanical properties of structural 

steel are mainly affected by their grain size, heat treatment, atmospherics exposure, low and 

high temperature. The Rockwell impact testing machine, Brinell hardness test procedure and 

the Avery-Denison universal testing machine were used to evaluate the impact, hardness as 

well as the tensile strength of the structural steel. The relationship between the mechanical 

and chemical properties and environment of each specimen were analyzed. According to the 

experimental results, the mechanical properties: tensile strength, hardness and impact strength 

of structural steels in Benin metropolis were good and in line with ASTM A706 standard and 

are therefore good for structural purposes.  
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1. INTRODUCTION  

Structural steel is a category of steel construction material that is produced with a particular 

cross section or shape, and some specified values of strength and chemical composition. 

Structural steel composition, strength, size, shape, strength, and storage are controlled in most 

advanced countries. The word structural steel includes a broad variety of low carbon and 

manganese steels that are used in great numbers for civil and marine engineering 

applications. Numerous structural steels also include minor quantities of significant additions 

of other elements like Nb, V, Ti and Al. These are called High Strength Low Alloy or micro-

alloyed steels. The advantages steel offers to the construction industry have long been 

recognized by designers and developers. The versatility of steel gives architects the freedom 

to achieve their most ambitious visions. Structural steel is an essential component of 

stadiums, shopping centers and commercial developments. Structural steels are manufactured 

in section and plate shapes and are normally used in bridges, buildings, ships, and pipeline, 

parking garages. 

Structures are required to provide conducive and safe environment for various human 

activities. Naturally, one of the three basic needs of man is shelter, which is universally 

accepted and recognized as essential for life sustenance and survival. During manufacture of 

structural steels and assembly of steel structures, there is a wide range of testing and 

inspection carried out to ensure the materials satisfy their specifications or are fit for the 

required purpose. Routine testing is often in-house and it is vital that the limits of the test 

methods are known and the meaning of the results are understood. The same understanding is 

needed when interpreting specifications for quotations or when assessing test results supplied 

by others. The ductility and strength (measured by a tensile test), related hardness properties 

and fracture toughness (or impact resistance) are the three most frequently required material 

properties in order to avoid issues like building collapse. 

 

The findings of Oseghale et al. (2015) and Folagbade (2002) revealed that poor structural 

design, use of substandard building materials, non-compliance with approved building 

design, poor workmanship, lack of qualified and appropriate professionals to ensure quality 

construction are major causes of building collapse in Nigeria. 

 That building collapse incidence are still regularly occurring despite increasing diffusion of 

engineering knowledge over the years calls for some reexamination of developments in 

building production and control process.  

Several studies have been carried out on improving the mechanical properties of steel, Hamad 

et al., (2011) investigated the hardness variation over the different diameters of the same AISI 

4140 bar. Statistical and graphical analyses are performed to access the distribution of 

hardness measurements over the specified area. Hardness value is found to have a slight 

decrease trend as the diameter is reduced. However, an opposite behaviour is noticed 

regarding the sequence of the sector indicating a non-uniform distribution over the same area 

either on the same face or considering the corresponding sector on the other face (cross 

section) of the same material bar. Alani A. and Aboutalebi M.  (2013), did a study and 

presented comparative experimental data on the mechanical properties of steel to proof that 

hardness of steel varies with grain sizes. 



Oisakede, M.O. and Sadjere, E.G. Journal of Engineering for Development, Vol. 14(2), June (2022) pp. 36 - 47 

38 
 

Osarenmwinda J. O. and Amuchi E. C. (2013) worked on Quality Assessment of 

Commercially Available Reinforced Steel Rods in Nigeria Markets, principally their 

investigation was to ascertain the yield strength, ultimate tensile strength, breaking strength, 

percentage elongation, hardness and energy absorbed respectively of reinforced steel rods 

obtained from Lokoja , Kogi state and Oshodi, Lagos State if they met the ASTM A706 

recommended standard. From the results obtained from the study, they concluded that the 

available steel rods in Lokoja and Oshodi were suitable for structural purpose.  

There are lots of materials available to the engineers. Each of these materials has its 

characteristics, applications, advantages, limitations and cost. The task of knowing the 

properties and behaviour of all types of available material becomes enormous and 

challenging. That means that adequate knowledge of materials and properties will no doubt 

help the engineers and designers to avoid mistakes that may lead to engineering failure. An 

understanding of the properties of materials is essential in both design and applications in any 

engineering project if it is to prove satisfactory for its intended purpose. Neil and Ravindra, 

(1996).  

2.   Materials and Methods 

2.1 Materials  

The materials that were used in the course of this work include: Concrete reinforcement bars 

of 12mm and 8mm of sizes (diameter). 

2.2 Method 

The test specimen was grit blasted using alumina grits and then cleaned. This procedure was 

adopted from Smith and Yirmani (2000). 

2.2.1 Tensile Testing using the Avery-Denison Universal Testing Machine 

The specimens were cut to 50cm length and clamped to the tester. The load was then applied 

on specimen; this was done by using the load wheel of the testing machine to release the 

force of the hydraulic fluid which caused a tensile stress to develop in the material. Readings 

were then taken from the scale of the tensile testing machine for the ultimate tensile strength 

and yield strength for each stop of the pointer that lasted for more than 5s. At the ultimate 

tensile value of the material, the material experienced fracture. The specimen was then 

unclamped and readings taken for the new length, and the difference in length from the 

fractured specimen and the initial test specimen gave the amount of linear change the material 

can withstand before fracture. 
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Figure 1:  Avery-Denison testing machine with material in place for testing (before and after 

fracture) 

2.2.2 IMPACT TEST 

The pendulum was moved up to its locked position and ensured that it is locked in place. 

Then the sample was placed in position by simply laying the specimen against the stops 

supported on both sides, with the notch facing away from the direction .While ensuring that 

the path of swing for the pendulum is clear, the pendulum was released using the two hands 

release mechanism and the reading recorded from the display of the test machine. The 

procedure was repeated for 4 more test materials. 

 

 

Figure 2: Rockwell Impact Testing Machine 
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2.2.3 Hardness Test: Brinell Hardness testing procedures 

 

 
 

Figure 3: Brinell Hardness testing machine  

The specimen was cut to about 5cm and the surface was smoothened with a hand file, 

thereafter the specimen was placed on the holder making sure that the indenter is centralized 

on the material and the bottom part can be held securely. The load was placed on the hanger 

and the machine was switched on, thereafter the load on specimen was released with the level 

arm and the indenter was pressed into the sample by an accurately controlled test force. The 

load was then removed, the indentation measured and the hardness calculated using the 

Brinell hardness procedure. 

 

3. Results 

3.1 Tensile Testing Results 

Figure 4 shows the specimen after the tensile strength test with the Avery- Denison machine 

and the results were tabulated below 

 

Figure 4: Sample specimen after tensile testing 

The following readings were obtained with specimens tagged S1-S10 showing the averages 

taken from the various readings from different construction sites in Benin City. 
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Table 1: Tensile and Yield strength result 

SAMPLE 

 

Yield 

Strength/Ys 

(KN) 

Ultimate 

Tensile 

Strength/UTS 

(KN) 

Initial 

Length/

L0 

(mm) 

Final 

Length/Lf 

(mm) 

Percentage 

Elongation  

/%e 

Diameter 

(mm) 

S1 42 62 50 55.50 11.00 11.00 

S2 42 65 50 55.50 11.00 12.00 

S3 43 65 50 55.00 10.00 11.00 

S4 44 70 50 55.00 10.00 11.00 

S5 39 63 50 55.00 10.00 12.00 

S6 39 60 50 55.00 10.00 12.00 

S7 16 23 50 55.80 11.60 08.00 

S8 40 60 50 55.90 11.80 12.00 

S9 38 61 51 59.00 17.65 11.00 

S10 17 23 50 54.90 9.80 08.00 

    

3.1.1. Characteristic and Yield Strength  

The yield stress and characteristic strengths were calculated and the results are shown in 

Table 2 below: 

Table 2: Characteristic Strength Tests Results with Corresponding Diameters. 

SN MARK 

NUMBER 

DIAMETER 

(MM) 

AREA 

(MM2) 

YIELD 

STRENGTH/ 

Ys(KN) 

CHARACTERISTIC 

STRENGTH (N/MM2) 

1 S1 11.00 94.03 42 446.67 

2 S2 12.00 113.10 42 371.35 

3 S3 11.00 94.03 43 457.30 

4 S4 11.00 94.03 44 467.94 

5 S5 12.00 113.10 39 344.83 

6 S6 12.00 113.10 39 344.83 

7 S7 08.00 50.27 16 318.28 

8 S8 12.00 113.10 40 353.67 

9 S9 11.00 94.03 38 446.67 

10 S10 08.00 50.27 17 338.20 

3.1.2. Comparison of the Characteristic Strength with Code requirements: The 

characteristic strengths computed from the yield strengths were compared with the code 

requirements and are presented in the Table 3: 
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Table 3: Comparison of Characteristic Strengths with Code Values. 

S/N MARK CHARACTERISTIC 

STRENGTH 

(N/mm2) 

ASTM (A706) 

Min. Provision 

REMARK 

1 S1 446.67 415.00 Above standard 

2 S2 371.35 415.00 Below standard 

3 S3 457.30 415.00 Above standard 

4 S4 467.94 415.00 Above standard 

5 S5 344.83 415.00 Below standard 

6 S6 344.83 415.00 Below standard 

7 S7 318.28 415.00 Below standard 

8 S8 353.67 415.00 Below standard 

9 S9 446.67 415.00 Above standard 

10 S10 338.20 415.00 Below standard 

3.1.3. Comparison of the Ultimate/Yield Strength ratio with Code requirements: Table 4 

shows the ratio of the ultimate to yield strength. It can be seen that the ultimate to yield 

strength ratio values in respect to all the ten samples are above the minimum code provisions 

which is 1.15. The values obtained for the 14 local samples are relatively higher than those 

obtained for the foreign bar samples, which are very close to the minimum. 

Table 4: Ultimate to Yield Strength Ratio Values for the Samples 

S/N MARK ULTIMATE/YIELD 

STRENGTH 

RATIO 

ASTM A706 

Min Provision 

REMARKS 

1 S1 1.48 1.31 Above Code Value  

2 S2 1.55 1.31 Above Code Value  

3 S3 1.51 1.31 Above Code Value  

4 S4 1.59 1.31 Above Code Value  

5 S5 1.62 1.31 Above Code Value  

6 S6 1.54 1.31 Above Code Value  

7 S7 1.44 1.31 Above Code Value  

8 S8 1.50  1.31 Above Code Value  

9 S9 1.61 1.31 Above Code Value  

10 S10 1.35 1.31 Above Code Value  

 

It can be observed that all the bars are above Code Value minimum requirement. This is an 

indication of a good manufacturing process within the production line. However, when the 

ratio is high, it is not good either. It implies high carbon content which may lack ductility. 

 

3.1.4. Percentage Elongation: Table 4 shows percentage elongation for the ten samples 

collected. From the table, it can be seen that most of the reinforcement bar samples met the 



Oisakede, M.O. and Sadjere, E.G. Journal of Engineering for Development, Vol. 14(2), June (2022) pp. 36 - 47 

43 
 

minimum code requirements on elongation, however, S10 failed to reach the value of 10 

percent requirement. 

Table 5: Elongation Comparison 

S/N MARK ELONGATION ASTM (706) 

PROVISION 

REMARK 

1 S1 11.00 10.00 Above code value 

2 S2 11.00 10.00 Above code value 

3 S3 10.00 10.00 Above code value 

4 S4 10.00 10.00 Above code value 

5 S5 10.00 10.00 Above code value 

6 S6 10.00 10.00 Above code value 

7 S7 11.60 10.00 Above code value 

8 S8 11.80 10.00 Above code value 

9 S9 17.65 10.00 Above Code Value 

10 S10 9.80 10.00 Below code value 

 

This sample that failed in elongation should not be used in reinforcement as they will not give 

warning prior to failure due to low ductility. This lack of ductility usually leads to sudden 

collapse without warning. 

3.1.5. Cross - Checking Samples with Parameters Tested: Table 6, tensile test parameters 

are cross checked with each diameter sample. The remark column indicates how each 

diameter sample performed. The keys are given at the end of the table.  

Table 6: Compliance Check 

S/N MARK CHARACTERISTIC 

STRENGTH 

(N/MM2) 

Elongation 

(%) 

 

Ultimate/Yield 

Strength Ratio 

 Remarks 

 

1 S1       Complied  

2 S2       Partially Complied 

3 S3       Complied 

4 S4       Complied 

5 S5       Partially Complied 

6 S6       Partially Complied 

7 S7       Partially Complied 

8 S8       Partially Complied 

9 S9       Complied 

10 S10       Partially Complied 

 

Legend: √ => Satisfactory ; x => Unsatisfactory 

When all parameters measured as indicated above are compared with the code specified, it is 

observed that some samples complied with the code requirement and others did not. 
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3.2 Brinell Hardness Testing 

The samples S1, S2, S3 and S5 which are used for the hardness test are also from the same 

site as those (S1, S2, S3, and S5) used for the tensile strength above. 

The Brinell Hardness Number can be calculated by the relation given below: 

𝐵𝐻𝑁 =
2P

D(D−√D2−d2)
                                                                                                           (1) 

Where: 

P = applied force (kg) 

D = diameter of indenter (mm) 

d = diameter of indentation. 

For the Brinell Tester used,  

P = 3,000kg 

D = 10mm 

And the diameter of indentation for the various specimen are calculated as shown below and 

included in Table 6 below. 

For S1, the diameter of indentation d = 4.403mm, 

Thus,   BHN = 
2P

D(D−√D2−d2)
 = 

2∗3000

10(10−√102−4.4032)
=  187.00 

 

For S2, the diameter of indentation d = 4.195mm, 

Thus,   BHN = 
2P

D(D−√D2−d2)
 = 

2∗3000

10(10−√102−4.1952)
=  207.00 

 

For S5, the diameter of indentation d = 4.603mm, 

Thus,   BHN = 
2P

D(D−√D2−d2)
 = 

2∗3000

10(10−√102−4.6032)
=  170.13 

 

For S3, the diameter of indentation d = 4.102mm, 

Thus,   BHN = 
2P

D(D−√D2−d2)
 = 

2∗3000

10(10−√102−4.1022)
  = 217.00 

The values obtained for the Hardness number are recorded in Table 6 and the values checked 

against the ASTM A706 for compliance. 

 

Table 7: Hardness Test Results 

SAMPLE 12MM(S5) 12MM(S2) 11MM(S1) 11MM(S3) ASTM 

STANDARD 

HARDNESS(BHN) 170.13 207.00 187.00 217.00 179.00 

COMPLIANCE didn't 

comply 

Complied Complied Complied Complied 

 

The minimum required value of Brinell Hardness Number (BHN) for carbon steel by ASTM 

A706 is 179BHN.The 12mm steel rod(S5) had a hardness value of 170.13BHN did not meet 

standard. However, all other samples met the minimum requirement.  



Oisakede, M.O. and Sadjere, E.G. Journal of Engineering for Development, Vol. 14(2), June (2022) pp. 36 - 47 

45 
 

 
Figure 5: Sample specimen after brinel hardness test 

 

3.3 Impact Testing 

The energy absorbed for the various specimen (S1,S2, S3, S5) are listed in Table 7 

 

 

 

Figure 6: Sample specimen after impact testing 

 

Table 8: Impact Energy Test Result 

 

SAMPLE 12MM(S5) 12MM(S2) 11MM(S1) 11MM(S3) ASTM 

STANDARD 

IMPACT 

ENERGY(J) 

44.74 30.09 42.03 35.00 27 

COMPLIANCE Complied Complied Complied Complied Complied 

 

The energy absorbed by these samples have values that are greater than required minimum by 

ASTM A706 standard of 27J. However it is observed that the specimen S5 has the highest 

absorbed energy than others and this may be due to the fact that it had the lowest hardness 

value and best ductile material observed from the percentage elongation results. 

 

4. Conclusions  

Structural steels are both imported and produced locally in Nigeria. there are more than 100 

compositions that go as structural steels and they don’t all have the same mechanical 

properties. Hence, structural steels are always tested before use for construction as required 

by law by structural engineers. This study was meant to establish that what is foun within 
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Benin Metropolis is within the acceptable range. The mechanical properties (tensile strength, 

hardness and impact strength) of structural steel (steel reinforcement rods) obtained within 

Benin Metropolis was studied and the following conclusions made: 

1) The results obtained from the tensile tests ranged from 318.28N/mm2 to 467.94 N/ mm2 

for the yield strength and it was observed that only 40% of the specimen met up with the 

ASTM requirement of 415.00N/mm2, it therefore means that most of the steel reinforcement 

rods in Benin metropolis have low yield strength.  

2) For 1.35 to 1.62 for the Ultimate to yield strength ratio, 100% of the selected samples met 

the requirement set by ASTM which shows that the steel materials have a good ultimate to 

yield strength ratio, as compared with the ASTM (A706) minimum requirement of 1.31. 

 3) For 9.80% to 11% for percentage elongation, 90% of the test specimen met the required 

value, which implies that these steel materials are ductile enough as also compared with 

ASTM (A706) standard requirement of 10%.  Generally only 40% of the steel materials 

complied with all the general specification for tensile strength for ASTM A706. 

4) The Hardness result ranges from 179.13BHN to 217BHN with 75% of the specimen 

having values greater than the minimum ASTM requirement of 179BHN, which on the 

average is good enough.  

5) From the impact resisting ability of the samples, values ranging from 30.09J to 44.74J 

were obtained, with these values all the specimens met the above the minimum ASTM 

requirement of 27J. This is very good as it shows that the Structural Steel in Benin metropolis 

will to a good extent resist high velocity forces on it. And by so doing reduce the likelihood 

of failure due to impact. 

From the results obtained from the study, it can be concluded that the available steel rods 

within Benin metropolis on an average of all three properties are suitable for structural 

purposes provided the steel rods used are same with the above analysed.    
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