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Abstract: Tensile behaviour was investigated for reinforcing steel bars used in the Nigerian Construction
Industry; this was done to ascertain the level of conformity of the tested parameters with the standards. A total
of thirteen (13) companies operating in Nigeria were considered and (19) nineteen samples selected randomly
with each sample containing ten specimens which were used in the tests. Out of the nineteen (19) samples,
thirteen (13) were locally produced in Nigeria, while six (6) were imported. Thus, a total of 190 specimens were
used for the experiment. It was found that eleven (11) samples out of the nineteen (19) samples examined failed
to meet the requirements of BS4449:1997 in respect of the characteristic strength. In case of the Ultimate: Yield
ratio, while only one (1) out of the nineteen (19) samples did not record the minimum values of 1.25 as
prescribed by the code.
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I Introduction

Reinforcing steel bars play a key role as a construction material whose properties must be known to the
users before being applied for design or construction purposes.

Steel reinforcing bars available in the Nigeria’s Construction Industry are obtained from both internal
and external sources. The internal sources come mainly from both the indigenous major plants and the mini
mills located in different parts of the country. Imported steel bars coming into the country are mainly from
Russia and Ukraine. Others are those procured for specific uses by multinational companies for some specific
projects, and are imported directly by the multinational company concerned.

Most local construction companies in Nigeria make all their reinforcing steel procurements from the
open local markets with-out any technical information that guide users on the appropriate use.

A general survey on steel at random from the accessible companies was carried out on these samples.
Out of the nineteen (19) samples from where specimens were collected, one (1) sample failed completely the
bend test and five (5) samples failed out of the nineteen for the elongation. Many of them are foreign samples.
Thus, the need for testing reinforcing bars so as to obtain information on their properties prior to use cannot be
over emphasized.

1. Samples Preparation And Tests

2.1 General Survey

A general survey of all Steel rolling mills in the country was undertaken and samples from those into
production were taken for these tests.

From the survey, it was observed that the idea that led to the development of Iron and Steel Industry in
Nigeria was born in 1958 by the Federal Government. That the steel rolling mills in the country can be classified
in three phases or divisions as follows: (a) Ajaokuta Steel (b) Delta Steel Company with inland rolling mills at
Katsina, Jos and Osogbo. Last group is (c) the private mini mills combined together. While Ajaokuta is yet to be
completed, Delta’s concept is to process and pass billets as raw materials for Katsina, Jos and Osogbo rolling
mills. Then the mini mills which are mainly foreign dominated are privately owned with many of them being in
operation before the establishment of the ones earlier stated Above Code Value. For example, the first steel
plant in Nigeria was in the group of mini plants and was established at Emene near Enugu in 1962 by the
Eastern Nigerian Government. These were followed by two (2) similar plants which were established in Lagos
in 1968 and 1970 respectively by private initiative.

2.2 Samples Collection
The samples were collected from 14 different companies as earlier stated. Six of the companies are
foreign and their actual names are not known but only the countries of origin are specified. Thus, there are
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nineteen samples from fourteen different companies including the foreign ones which were considered for the
test.

The Sample diameters collected from the local sources depended on the available sizes as at the time of
the research within the company. For samples from foreign sources, only diameters available in the Nigerian
Construction Industry / market were collected.

2.3 Samples’ Labeling

All the fourteen companies from where the samples were collected were labeled in an alphabetical
order as A, B, C ...N. The order of identification does not mean A is better than B, as the designations are only
for identification purposes. For example: A;,T and AT imply company A, twelve millimeter diameter for
tensile test and company A, ten millimeter diameter for tension test respectively and so on. In each diameter,
ten specimens were tested for complete test. The value presented in this paper is an average of ten (10) for each
test ( be in bend or elongation).

2.4 Samples Preparation

Ten specimens were tested for each diameter as earlier stated. Each specimen consists of a length of
500 millimeters. Each specimen diameter is measured in three places and the average is obtained as the
diameter. Then each specimen was subjected to tension in accordance with the BS4449:1997 provisions, and
after fracture, the yield and ultimate strengths as well as characteristic strength were calculated. The results of
the tensile tests are presented in tables 1 and 2 below:

2.5 Tensile Tests
The results of the tensile tests indicating the yield stress, ultimate stress and their ratios are as shown in
table 1 below:

Table 1.0: Yield Stress, Ultimate Stress , Ultimate /Yield Ratio and Elongation.

S/No Mark Yield Stress | Ultimate Stress | Ultimate/Yield, Elongation
(N/mm?) (N/mm?) Ratio (%)
01 AT 357.43 529.83 1.55 16.50
02 AT 410.40 656.60 1.60 13.90
03 BioT 390.30 536.60 1.46 19.60
04 BsT 368.24 483.31 1.31 23.82
05 CisT 503.41 918.82 1.84 8.33
06 CioT 364.58 531.10 1.52 19.93
07 CeT 405.13 549.32 1.35 21.17
08 DgT 463.08 621.50 1.39 1.67
09 ExsT 367.05 576.12 1.64 19.83
10 ExoT 318.95 449.38 1.43 24.27
11 Fi T 415.60 633.21 1.52 19.07
12 G, T 419.56 715.25 1.69 14.83
13 HisT 499.26 599.75 1.22 14.53
14 1,T 369.11 612.53 1.69 14.50
15 JsT 572.81 693.40 1.21 2.67
16 KioT 574.38 660.17 1.22 10.07
17 LT 505.18 599.62 1.21 14.93
18 Mo T 563.70 642.94 1.08 11.77
19 NisT 551.72 645.41 1.26 13.90

2.6 Characteristic Strength
Following the yield load, the yield stress and characteristic strengths were calculated using the code and the
measured diameter were included as shown in table two (2) Below:

Table 2 : Characteristic Strength Tests Results with Corresponding Diameters.

S/No | Mark Measured Diameter (mm) Characteristic Strength (N/mm?)
01 AT 11.88 350.00
02 AT 9.65 410.00
03 BT 9.56 390.00
04 BeT 7.44 368.00
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05 CiT 15.82 482.00
06 CioT 9.55 357.00
07 CeT 7.46 387.00
08 DgT* 7.23 463.00
09 EpsT 24.56 363.00
10 = 19.57 317.00
11 Fi, T 114 334.00
12 G T 11.48 408.00
13 HigT 15.52 493.00
14 11,T 11.40 369.00
15 JgT* 6.50 573.00
16 KioT* 9.36 549.00
17 Ly, T* 11.82 500.00
18 My T* 9.23 547.00
19 NigT* 15.60 545.00

1. Analyses And Discussion Of Results:
The test results were analysed and discussed to arrive at a reasonable conclusion. It is important to
note that each diameter comprises ten (10) specimens and average values were used throughout.

3.1 Characteristic Strength
The characteristic strengths computed from the yield strengths shown in table 2 Above Code Value and
Below Code Value are compared with the code requirements, and are presented in table 3 Below:

Table 3.0: Comparison of Characteristic Strengths with Code Values.

S/No | Mark Characteristic BS4449(1997) Min. Provisions | Remarks
Strength(N/mm?)

1 AT 350.00 460.00 Below Code Value
2 AT 410.00 460.00 Below Code Value
3 BioT 390.00 460.00 Below Code Value
4 BsT 368.00 460.00 Below Code Value
5 CiT 482.00 460.00 Above Code Value
6 CioT 357.00 460.00 Below Code Value
7 CeT 387.00 460.00 Below Code Value
8 DgT* 463.00 460.00 Above Code Value
9 ExsT 363.00 460.00 Below Code Value
10 EyoT 317.00 460.00 Below Code Value
11 Fo T 334.00 460.00 Below Code Value
12 G T 408.00 460.00 Below Code Value
13 HigT 493.00 460.00 Above Code Value
14 1, T 369.00 460.00 Below Code Value
15 JgT* 573.00 460.00 Above Code Value
16 Ko T* 549.00 460.00 Above Code Value
17 L, T* 500.00 460.00 Above Code Value
18 My T* 547.00 460.00 Above Code Value
19 NygT* 545.00 460.00 Above Code Value

* Implies foreign bars
Observing carefully, eleven out of nineteen samples (58% < 60% ) fall below code value as the characteristic
strength value as specified by the code (460N/mmz2) . This is not good enough as these values are usually used
for design value (0.87fy ), where fy is the characteristic strength.

3.2 Ultimate to Yield Strength Ratio

Table 4 below shows the ratio of the ultimate to yield strength. It can be seen that the ultimate to yield
strength ratio values in respect of all the nineteen samples are above the minimum code provisions which is 1.15
. The values obtained for the fourteen local samples are relatively higher than those obtained for the foreign bar
samples, which are very close to the minimum.
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Table 4: Ultimate to Yield Strength Ratio Values for The Nineteen Samples
* Implies foreign bars

S/N Mark Ultimate/Yield BS4449/ 1997 Min Provisions Remarks
Strength Ratio

1 AT 1.55 1.15 Above Code Value
2 AT 1.60 1.15 Above Code Value
3 BioT 1.46 1.15 Above Code Value
4 BsT 1.31 1.15 Above Code Value
5 CieT 1.84 1.15 Above Code Value
6 CioT 1.52 1.15 Above Code Value
7 CeT 1.35 1.15 Above Code Value
8 DeT* 1.39 1.15 Above Code Value
9 ExsT 1.64 1.15 Above Code Value
10 EyoT 1.43 1.15 Above Code Value
11 Fio T 1.52 1.15 Above Code Value
12 G T 1.69 1.15 Above Code Value
13 HieT 1.22 1.15 Above Code Value
14 I, T 1.69 1.15 Above Code Value
15 JgT* 1.21 1.15 Above Code Value
16 Ko T* 1.22 1.15 Above Code Value
17 L, T* 1.21 1.15 Above Code Value
18 Mo T* 1.08 1.15 Below Code Value
19 NigT* 1.26 1.15 Above Code Value

It can be observed that bars samples M T which is a foreign sample is Below Code Value minimum
requirement. This could be as a result of cooling process which is a manufacturing fault within the production
line. However, when the ratio is high, it is not good either. It implies high carbon content which may lack
ductility.

3.3 Percentage Elongation

Table 5 shows percentage elongation for the nine samples collected. From the table 5 below, it can be
seen that most of the local bar samples met the minimum code requirements on elongation, while most of the
foreign bars did not meet the minimum codes requirements. Serial numbers 5, 8, 15, 16 and 18 failed to reach
the value of 14 percent and on observing carefully serial numbers 5, 6 and 7 are of the same company, but
sample no. 5 failed to satisfy the elongation requirement. Secondly, samples nos. 15 to 19 and also no. 8 are
foreign companies and only the sample with serial number 17 passed.

Table 5: Percentage Elongation Values For The Nineteen Samples

S/No | Mark Elongation (%) Min. BS4449/1997 Provisions | Remarks

1 ApT 16.50 14.00 Above Code Value
2 AT 13.90 14.00 Below Code Value
3 BioT 19.60 14.00 Above Code Value
4 BgT 23.82 14.00 Above Code Value
5 CiT 8.33 14.00 Below Code Value
6 CioT 19.93 14.00 Above Code Value
7 CeT 21.17 14.00 Above Code Value
8 DgT™* 1.67 14.00 Below Code Value
9 ExT 19.83 14.00 Above Code Value
10 ExT 24.27 14.00 Above Code Value
11 FioT 19.07 14.00 Above Code Value
12 GppT 14.83 14.00 Above Code Value
13 HieT 14.53 14.00 Above Code Value
14 1, T 14.50 14.00 Above Code Value
15 JgT* 2.67 14.00 Below Code Value
16 KpT* 10.07 14.00 Below Code Value
17 L, T* 14.93 14.00 Above Code Value
18 My T* 11.77 14.00 Below Code Value
19 Ny T* 13.90 14.00 Below Code Value

www.iosrjournals.org 9 | Page



Tensile Tests on Reinforcing Steel Bars in The Nigerian Construction Industry

These samples 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.

3.4 Other Some Measured Parameters:

Some measured parameters during the tension test were selected and compared to design strength. The
minimum design strength for reinforcement is 0.87 fy, where fy is the characteristic strength. In table 4.6 below
, the characteristic strengths are compared with the design strength which is 400N/mm?, when the minimum
characteristic strength is 460N/mm? as specified by the code.

Table 6 : Comparison of Characteristic Strength with Design Strength.

S/No | Mark Characteristic Measured Design | Design Strength | Difference Remarks
Strength Strength (N/mm2) | (0.87fy- N/mm?) (%)
(N/mm?)

01 AT 350.00 305.00 400.00 -24.00 Unsatisfactory
02 AT 410.00 357.00 400.00 -11.00 Unsatisfactory
03 BT 390.00 339.00 400.00 -15.00 Unsatisfactory
04 BsT 368.00 320.00 400.00 -20.00 Unsatisfactory
05 CyT 482.00 419.00 400.00 +5.00 Satisfactory
06 CyoT 357.00 311.00 400.00 -22.00 Unsatisfactory
07 CeT 387.00 337.00 400.00 -16.00 Unsatisfactory
08 DgT* 463.00 402.00 400.00 +1.00 Satisfactory
09 ExT 363.00 316..00 400.00 -21.00 Unsatisfactory
10 ExT 317.00 276.00 400.00 -31.00 Unsatisfactory
11 F,T 334.00 291.00 400.00 -27.00 Unsatisfactory
12 GpT 408.00 355.00 400.00 -11.00 Unsatisfactory
13 HieT 493.00 429.00 400.00 +7.00 Satisfactory
14 13, T 369.00 321.00 400.00 -20.00 Unsatisfactory
15 JgT* 573.00 499.00 400.00 +25.00 Satisfactory
16 KT * | 549.00 78.00 400.00 +20.00 Satisfactory
17 L, T* 500.00 435.00 400.00 +9.00 Satisfactory
18 My T* | 547.00 476.00 400.00 +19.00 Satisfactory
19 Ny T* 545.00 474.00 400.00 +19.00 Satisfactory

From table 6, it can be observed that eleven (11) samples which are mostly local steel reinforcement out of
fourteen local ones 78.6 percent of local reinforcement failed to meet up with the minimum design strength of
400N/mm?. That is to say seventy eight point six percent (78.6 %) of the local samples failed to meet up with
the minimum design strength. This is very dangerous. The summary of the various parameter values for the
different diameters tested as shown in table 7 below:

Table 7a: Parameter Summary for Tensile Tests (Companies A To E):

S/No. | SAMPLE ApT | AT | BT | BgT CieT | CioT | CoT | DgT | EpsT | EpoT
PARAMETER

01 Diameter(mm) 12 10 10 8 16 10 8 8 25 20

02 Characteristic 350. | 410.0 | 390. | 368.2 | 482. | 357. | 387. | 463. | 363.0 | 317.
Strength(N/mm?) | 0 3 0 0 0 0 0

03 Standard 465 | 0.0 0.0 0.0 13.0 | 44 111 | 0.0 2.4 1.0
Deviation

Table 7b: Parameter Summary for Tensile Tests(Companies F To N):

SIN SAMPLE Fi,T | GgT HpT | 1T Jio T KT L, T My T NigT
0.
PARAMETER
01 Diameter(mm) 12 8 12 16 12 10 12 10 16
02 Characteristic 334.0 | 573.0 | 408.0 | 493.0 369.0 | 549.0 500.0 | 547.0 546.0
Strength(N/mm?)
03 Standard Deviation | 49.6 | 0.0 6.8 3.7 0.0 15.71 2.9 10.1 3.7

The value of standard deviation will determine the skills of the people that are under employment. The
small the value indicates high skilled personnel were employed. Values below or equal to five are an indicative
of highly skilled personnel and Above Code Value five indicates employment of low skilled men which lead to
bad products, etc. About five samples from company C, F, H, K and M have values Above Code Value five. A
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balance must be maintained for effective administration and good output .The five companies mentioned above
employed unskilled labour leading to poor product production.

3.4 Cross - Checking Samples with Parameters Tested

From table 8 below, tensile test parameters are cross checked with each diameter samples and see if
each parameter sample passed all the parameters. Such parameters are Characteristics Strength and Ultimate to
Yield strength ratio. The remark column indicates how each diameter sample performed. The keys are given at
the end of the table.

The characteristic strength was calculated from the equation

characteristic strength, f av is the average yield stress and SD is the standard deviation.

fy = fav — 1.64 SD where; fy is the

TABLE 3.6: TESTING OF SOME SELECTED BEND AND TENSILE TEST PARAMETERS.

S/No | Mark Characteristic Strength | Elongation (%) | Ultimate : Yield Str. Ratio | Remarks
(N/mm?)
1 AT * N N Partially Complied
2 AT * b N Partially Complied
3 BioT ® A N Partially Complied
4 BsT * W A Partially Complied
5 CiT W » N Partially Complied
6 CaoT ® W N Partially Complied
7 CeT * W N Partially Complied
8 DgT* W » N Partially Complied
9 ExsT ® W N Partially Complied
10 ExT * N N Partially Complied
11 FioT ® M M Partially Complied
12 GpT * N N Partially Complied
13 HieT W N N Partially Complied
14 1T * N N Partially Complied
15 JgT* W ® ® Partially Complied
16 Ko T* W * N Partially Complied
17 Ly T* < 5 N Partially Complied
18 MyoT* A * * Partially Complied
19 Ny T* + N Partially Complied
Legend: < => Satisfactory ; X => Unsatisfactory

When all parameters measured as indicated above are compared with code specified, it is observed that it all
indicated for the entire samples that they are not totally compliant with the code requirement.

v. Conclusion
Based on the tensile test conducted and the analyses/ observations carried out the following
conclusions were made.

1. The characteristic strength values for most of the locally produced bar samples are low compared to the
BS4449:1969,1995& 1997 standards for high tensile steel which is 460N/mm? minimum value. Sixty
percent of the sample fall Below Code Value .

2. The characteristic strength values in respect of the local bars suggest similarities with characteristics
strength of mild steel. This implies the products are actually mild steel and are retread and openly sold as
high tensile steel in the market.

3. Most of the locally produced bars have recorded satisfactory percentage elongation with corresponding
unsatisfactory characteristic strength values and vice versa in the case of foreign bars.

4. Most of the reinforcement bar samples complied with the minimum ultimate to yield strength ratio as
specified by BS 4449: 1969 and 1997 code provisions.

5. Seventy One percent (71%) of the samples design strength value failed below the code specified design
values.

www.iosrjournals.org 11 | Page



Tensile Tests on Reinforcing Steel Bars in The Nigerian Construction Industry

Five of the fourteen companies (thirty six percent) ie 36 % of the companies where samples were collected
used unskilled labour in their factory production as such, companies are hardly checked by Government
Agency.

From the characteristic and design strengths, most of the high tensile steel in market in the Nigerian
Construction Industry are retreaded mild steel as high tensile steel. This should be carefully checked.

A constant check and re evaluation by Government agency within the industry is recommended and cannot
be over emphasized.
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