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ABSTRACT: This research highlights the evaluation of the chemical and mechanical quality of reinforcing bars on the Lubumbashi
market including bars imported from South Africa (FA), Zambia (FZ) and those produced locally (FC ) by the only steel industry,
in the former province of Katanga, the iron processing company SOTRAFER, in acronym.

Indeed, this iron production sector is unexplored in the Democratic Republic of Congo while we are in the era of its
reconstruction. Consequently, this sector leads us to an almost total dependence on imported iron (steel) because the latter is known
throughout the world as the engine of development of modern societies. The samples of the locally produced reinforcing bars (FC)
were collected at SOTRAFER at the end of production, while the samples of the FA and FZ reinforcing bars were taken randomly
on the Lushois market in a hardware store specializing in sales to avoid errors.

The chemical characterization showed that the three natures of the reinforcing bars are similar with all the elements in
the 1SO 9001 standards which are Fe, Mn, Cu, Si, C, Cr, Ni, Mo, P, S, Nb, Co, Ti, V and Al except three chemical elements such
as Mo, Ni and Cu. This difference is, however, attenuated by the equivalent carbon content. The mechanical characterization showed
that all the different materials studied comply with the SO 6898 standard. The high values of the elastic limit resistances of 16, 12
and 10mm in diameter are observed respectively in the FC samples (436N/mm?); FA (450N/mm?); FC (475 N/mm?2). These
behaviors are also observed in the plastic phase.

KEYWORDS: Bars, Elastic strength, Equivalent carbon, Plastic resistance.

INTRODUCTION

Steel is known throughout the world as an engine of development for modern societies. This is the case for Europe. It is
mainly used in the field of construction such as the manufacture of beams as well as for the production of utensils.[1] In fact, it is
simply essential because its production is summarized in the steel industry processing oxidized iron ore,[2]

Often rich by reductive fusion to obtain an iron-carbon alloy called steel or cast iron depending on the grade of carbon
content [1,3]

In view of its numerous uses, specific additives are often added to metals to obtain so-called alloy steels with particularly
sought-after specific properties (www.degruyter.com). At the end of their life, steels are a special category of waste in the sense
that they can be 100% recycled while retaining the same properties as the initial materials.[4] Recycling is often carried out in an
induction furnace and currently in view of environmental problems; the iron market is crowded with so-called “recycled” steels,
especially since recycling has the advantage of saving so much raw materials.[5]

While our country, the Democratic Republic of Congo, does not appear on any list of countries classified as steel
producers, Australia and the Republic of South Africa come respectively in first position at the global and African levels. This
observation is a paradox because our country is full of iron ore resources, particularly in Haut-Katanga and in the western part of
Congo, along the border with Cameroon and Gabon. [6]
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We need even more as we are in the reconstruction phase of our country. The consequence is that we are called upon to
import steel. On the Lubumbashi market, our study area, there are mainly steels imported from Zambia (FZ) and those from South
Africa (FA).

However, let us point out that our country has a history in the production of iron with the megaproject initiated at the
time by President MOBUTU of the Maluku steelworks in Kinshasa which should be powered by vehicle scrap but it unfortunately
fell into disuse after few years of operation. [7, 8]

Currently, efforts are being made to produce construction materials locally. [9, 10]

This is particularly the case for cement with the relaunch of CARILU in 2020 in Kolwezi and GCKA in 2022 in Likasi. [11] In the
field of steelmaking, it should be noted that there is to date just one steelmaking company in the province of Haut-Katanga, the iron
processing company, SOTRAFER in acronym. This Indian capital company partly produces of iron since 2007, after three years of
construction of the factory and the start of the project, from the recycling of scrap iron in the form of waste in our environment. Its
production is mainly concrete iron (bar) used in construction. [12]

Il. MATERIALS AND METHODS
The analyze of the different samples were carried out within the SOTRAFER company. The production plant is located at latitude
of 8711500 South, longitude of 554750 East and an altitude of 1245 m. Its head office is located at No. 34, Avenue Savonnier at the
intersection with Avenue Victimes de la Rébellion, in the commune of Kampemba, city of Lubumbashi, Province of Haut-Katanga,
in the Democratic Republic of Congo.
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Fig. 1. Mapping the location of the company SOTRAFER/Lubumbashi (AMURI GAETAN)

The sampling of rebar’s from South Africa, Zambia and those produced in the DRC, more precisely from the
SOTRAFER Company in Lubumbashi, was carried out randomly, once, for three years(2020, 2021 and 2022) in order to avoid
estimation errors.

The procedure consisted firstly of collecting by sampling the three types FA, FC and FZ with dimensions of 10, 12 and
16 mm in diameter, used extensively in construction. For reasons of convenience, the FC samples were taken in the SOTRAFER
facilities after production while the FA and FZ samples were taken randomly on the Lubumbashi market in a hardware store
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specializing in the sale of steels. These bars from different sources were studied to assess the quality with a view to establishing a
clear diagnosis aimed at promoting this sector. These samples were characterized chemically, mechanically and microstructurally,
accompanied by a statistical analysis of the results.

The rebar’s from Zambia (FZ) and South Africa (FA) were purchased from the Lushois market, selecting three pieces
of 6m length from 268 pieces of bars of 10 mm in diameter constituting one ton, 3 pieces of 6m in length in 188 pieces of 12mm in
diameter constituting one ton and 3 pieces of 6m in length in 128 pieces of 16mm in diameter constituting one ton. For those of
SOTRAFER (FC), the selection was made on the day of production of the 10 mm, 12 mm and 16 mm diameter reinforcing bars.
This selection was made because of 3 pieces of 6m length of reinforcing bars in a batch of 300 pieces diameter for all three
dimensions. These different bars were designated FA from South Africa, FZ from Zambia and FC from the Democratic Republic
of Congo.

Fig.2. Samples of reinforcing bars of 10, 12 and 16mm diameter

The bars taken from the SOTRAFER installations after production as well as the various rebar’s purchased on the
Lubumbashi market were sent to the chemical and mechanical analysis laboratory of the Society de Transformation de Fir
(SOTRAFER) followed by a microstructural analysis carried out in the metallographic analysis laboratory of the Polytechnic Faculty
of the University of Lubumbashi where a cutting was carried out following the operating mode of each analysis.

Chemical characterization was carried out using the atomic emission spectrometer, [13,14]. This device was accompanied by the
sample preparation machine; the sample smoothing machine called sample machine.[15,16]
The mechanical characterization was carried out using the Universal machine testing. [17, 18]

I1l. RESULTS
111.1. Results of chemical characterization

The results of the chemical characterization of the 10, 12 and 16 mm diameter the bars of FA, FZ and FC are presented
in Figure 3, 4.
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Fig.4. Sequences of elements in the standard

Examination of the results obtained in Figures 3 and 4 show that 12 chemical elements are within the margin of the
international standard ISO 9001. Indeed, of all these elements, we note that iron is the most abundant element with a percentage
beyond 98%. For steels, the most important main elements are iron and carbon which lead to the characterization of several grades.
[19]

In our case, the iron content is beyond 98% while the carbon content varies from 0.19 to 0.22 confirming compared to
the standard that we are in the presence of low alloy steels, i.e.; the iron and carbon content are within the margin of the standard
used. Other chemical elements such as Mn, Si, S, P, Mo and Cr are accompanying elements which give the steels the desired
properties and precisely determine good low alloy steel compared to the standard used. 1SO 9001. This standard represents the limit
of each chemical element. [20,21]

Comparing the results obtained with the standard, we note that the carbon content impacts weldability, hardness, corrosion
resistance, tensile strength, resistance to weld decomposition, yield strength. On steels [22]

The presence of manganese in our samples contributes to the mechanical strength and forms sulfides improving
machinability while moderately increasing hardenability in cast iron and for steels this element prevents graphitization by
strengthening the atomic bonds between iron and carbon and acting as an anti-dote to sulfur because sulfur is less harmful in the
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form of manganese sulfide but harmful in the form of iron sulfide or free sulfur. [23] Speaking of silicon, the content is in the range
of 0.16 to 0.25 which is within the standard.

This element does not completely influence the properties of the steel but makes it more homogeneous during casting
thanks to its power to reduce the formation of sulphides. Its importance when encountered in large quantities allows good
deoxidation of the steel and improves the electrical resistivity, the resistance to oxidation of certain refractor steels and the crystalline
orientation required of magnetic steel. Phosphorus has a content of 0.015 to 0.38 in accordance with the standard.

The latter is a harmful element for steel when it exceeds the required standard and can cause enlargement of the ferrite
grain by increasing the brittleness of the steel and the fracture load while considerably reducing plasticity and ductility. As for sulfur,
its content varies from 0.014 to 0.034, which also complies with the standard. This element is also harmful at high contents because
it significantly influences the mechanical resistance of steels. [24] On the other hand, the high vanadium content increases resistance
to wear due to hard carbides as well as heat resistance for hot working.
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Fig.5. Chemical characterization of elements outside the 1ISO 9001 standard

Examination of the results obtained in Figure 5 show that 3 chemical elements (Ni, Mo, Cu) are outside the ISO 9001
standard. The high molybdenum content predisposes the materials to corrosion and reinforces the mechanical quality by improving
ductility and tensile test measurement. [25, 26]

Molybdenum even enters at levels of 7% in most standard stainless steels, even more in special stainless steels such as
C-22 (13%) and C-276 (16%) and from some % to 9% in super alloys. [27]

The high Ni content causes the steel to move from the face-centered cubic structure (little or no Ni) to the face-centered
cubic structure (at least 6%) much more in stainless steels. [28] The Nickel content varies from 0.09 to 0.15 also higher than 0.008%
and that of Copper significantly higher from 0 to 0.46 for the 10mm the bars from South Africa compared to the standard set at
0.3%.
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111.2. Statistical analysis
Table I. Statistical analyzes of the chemical characterization of FA, FC and FZ reinforcing bars of 10, 12 and 16mm diameter

DETAILED REPORT

Group Number of sample Sum Mean Variance
C (%) 9 1,85 0,21 7,70
Si (%) 9 1,82 0,20 0,00
Mn (%) 9 5,29 0,59 0,00
P (%) 9 0,22 0,03 5,46
S (%) 9 0,23 0,03 4,92
Cr (%) 9 1,64 0,18 0,00
Mo (%) 9 0,79 0,09 0,00
Ni (%) 9 1,00 0,11 0,00
Cu (%) 9 1,63 0,18 0,02
Al (%) 9 0,00 0,00 0,00
Nb (%) 9 0,00 0,00 0,00
Ti (%) 9 0,00 0,00 0,00
Co (%) 9 0,15 0,02 1,22
V (%) 9 0,00 0,00 0,00
Fe (%) 9 885,14 98,35 0,03
CE (%) 9 3,37 0,38 0,00

111.2.1. Variance analysis
Table I1. Analysis of variance on the chemical elements of FA, FZ, and FC reinforcement bars of 16 mm diameter

Variation of Squares of Degree of Mean F Probability  Critical value for F
source sum freedom squares

Between Groups 81393,78 15 5426,25 1721639,18 0 2,13

A inside the 0,40 128 0,00

groups

Total 81394,18 143

By examining Table’s I and II of the chemical characterization of the 10, 12 and 16mm reinforcement bars of FA, FC and
Fz, the chemical elements that constitute these reinforcement bars do not represent any influence because the value of the probability
found which is zero is greater than the significance threshold (0.05). By checking the calculated Fischer factor F(1721639.18), this
value is greater compared to the critical Fischer factor which is F(2.13). Therefore, we can say that the origins of the manufacturing
have the same behavior on the chemical level.

Table I11. Analysis of variance on the chemical elements of FA, FZ, and FC reinforcement bars of 10 mm diameter

Variation of Squares of Degree of Mean F Probability Critical value for F
source sum freedom squares

Between Groups 0,01 2,00 0,01 5,97 0,99 4,30

0 26560,07 33,00 804,85

Total 26560,08 35,00

The values obtained in Table Il relating to the analysis of variance on the chemical characterization of the
reinforcement bars of 10 of FA, FZ, FC show that the value obtained of file factor F (5.97) calculated and confirmed by the software
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used in this work (Excel), is higher than the critical file factor F (4.30) read in the tables. Therefore, we can say that there is not a
significant difference on the three reinforcing bars studied according to the null hypothesis.

Table I1V. Analysis of variance on chemical elements of 12mm diameter FA, FZ, FC reinforcing

variation of source  Sum of Freedom of Squares F Probability Critical value
squares degree Mean of F

Groups of between  0,0002 2 7,53 9,39 0,99 4,30

Inside the groups 26467,89 33 802,06

Total 26467,89 35

The values obtained in Table 1V relating to the analysis of the variance of the chemical characterization of the FA,
FZ, FC reinforcing bars of 12mm diameter show that the value obtained of Fischer factor F (9.39) calculated and confirmed by the
software used in this work (Excel), is greater than the critical Fischer factor F (4.30) read in the tables. Therefore, we can say that
there is not a significant difference on the three reinforcing bars studied according to the null hypothesis.

1V.3. Results of the mechanical characterization of FA, FZ and FC reinforcement bars of 16, 12, 10 mm diameter
The results of the mechanical characterization of the 10, 12 and 16 mm diameter reinforcement bars of FA, FZ and FC
are given in Table V

Table V. Results of mechanical characterization of 16, 12, 10 mm FA, FZ and FC reinforcement bars

HOLDI YIEL
GAUG
SIZE zECTIO iéMP EICE;NGT r':w/IASS/ E MAX UTS DISPLA ELON YIELD STRE
HEAT H LENG LOAD Y mm GATI LOAD ss
-—X
Mm mm?2 Mm Mm Kg mm m? N/mm? UTS
r:Q 16 15,69 193,10 500 250 1,55 78,42 13032553 (5)31’0 96,17 22,67 81630,00 422,67 20,33
F.z 15,73 194,36 500 250 1,56 78,67 106243 546,3 93,67 18,67 82746,67 425,67 22,00
16mm 33 3
F.C 16,00 201,04 500 250 1,58 80,03 112400~ 559,0 97,00 21,00 87760,00 436,33 21,67
16mm ,00 0
FA 12 11,72 107,78 500 250 0,86 58,57 63553, 5900 70,47 20,33 2072633 450,00 23,67
mm 33 0 3
F.z 11,72 107,83 500 250 0,86 58,60 61103, 566,6 69,33 18,00 46093,33 427,67 24,33
12mm 33 7
F.C 11,95 112,16 500 250 0,88 59,77 65610,  584,6 71,90 20,00 49653,33 442,33 24,67
12mm 00 7
;2 10 9,76 74,73 500 250 0,60 48,77 2736’ 812’0 60,00 22,67 35113,33 470,00 23,33
F.z 9,86 76,27 500 250 0,61 49,28 45720, 600,0 59,33 20,33 35903,33 470,67 21,33
10mm 00 0
;ri 10 10,02 78,74 500 250 0,62 50,08 g§483' 315’6 60,13 20,33 37423,33 475,33 22,67
YOUNG FA 10 FZ10 FC 10 FA 12 Fz12 FC 12 FA 16 FZ16 FC 16
MODULE 1036376,83 | 1162790,7 | 1168907,0 | 207063,33 | 4761904,7 | 119076,1 | 934579,44 113636,36 1041666,67
MPa 0 7 6 9

7351 *Corresponding Author: Kalaka Mayur C.

Volume 07 Issue 09 September 2024
Available at: www.ijcsrr.org
Page No 7344-7354


https://doi.org/10.47191/ijcsrr/V7-i9-52
http://sjifactor.com/passport.php?id=20515
http://www.ijcsrr.org/
http://www.ijcsrr.org/

International Journal of Current Science Research and Review

ISSN: 2581-8341

Volume 07 Issue 09 September 2024

DOI: 10.47191/ijcsrr/V7-i9-52, Impact Factor: 7.943
1JCSRR @ 2024 WwWw.ijcsrr.org

L

IJCSRR

Looking at Table V, we note that the three tests of 16 mm diameter reinforcing bars from South Africa, Zambia and the
DRC have an average maximum force respectively of 102553 N, 106243, 33N, 112400N and a minimum force of 81630 N;
82746.67N; 87760N.

these test pieces have an average of the following parameters: a surface area of 193.10 mm?, a diameter of 15.69mm, a
mass of 1.55 Kg, a maximum stress or resistance to attraction (UTS) of 531 N/mmg2, a minimum stress or elastic limit resistance
(YIELD STRESS) of 422.67 N/mm2, an elongation of 22.67% and a modulus of elasticity (Young's modulus) of 934579.44 MPa
for the bars frames from South Africa : an area of 194.36 mm2, a diameter of 15.73mm, a mass of 1.56 kg, a maximum stress or
resistance to attraction (UTS) of 546.33 N/mm?, a minimum stress or yield strength (YIELD STRESS) of 425.67 N/mm2, an
elongation of 18.67% and a modulus of elasticity (YYoung's modulus) of 113636.36MPa for the bars of Zambia and for the DRC, the
area is 201.04 mmz, a diameter of 16 mm, a mass of 1.58 kg, a maximum stress or resistance to attraction (UTS) of 559 N/mm2, a
minimum stress or yield strength (YIELD STRESS) of 436 ... elongation of 21% and a modulus of elasticity (Young's modulus) of
1041616.67 MPa .

These results show that the elastic phase is observed at an elastic limit stress respectively for each material of 422.67
N/mmz; 425.67 N/mm?2, 436.33 N/mmz2 exceeded this elastic limit, a plastic phase is observed at a maximum strength or resistance
to attraction of 531 N/mm?; 546.33 N/mm? and 559 N/mm? with a relative deformation of 22.67%, 18.67% and 21% which
corroborates the SABS 6898 standard set from 420 to 800 (N/mm?2).

The information provided in Figure 29 shows that the elastic phase of the specimen is observed at a certain elastic limit.
Beyond this elastic limit, we find ourselves in a plastic phase which is reached at a maximum resistance or resistance to attraction
with a very precise elongation. These results show that these materials of different origins remain compliant with the 1SO6828
standard.

Table VI. Statistical analyzes by ANOVA of the mechanical characterization of 12mm diameter FA, FZ, FC
reinforcing bars

Groups Number of Sum Mean Variance Standard deviation
samples

FA12 12 272900,1 20992,31 3,44 58643,84

FC12 12 1173417 9026,28 4,76 21817,12

Fz12 12 109231,7 8402,44 4,12 20292,11

Table VI shows that the average mechanical strength of 12 mm bars ranges from 8402.44 for the Zambian product to
20992.31 for the South African product. The standard deviations of the products are different from each other with high variability
for the South African product.

Table VII. Results of statistical analyzes by ANOVA of the mechanical characterization of FA, FZ, FC
reinforcing bars with a diameter of 10mm
Groups Number of Sum Mean Variance Standard
samples deviation
FA10 12 82921,85 6378,60 233065319 15266,48
FC10 12 87990,26 6768,48 263042486 16218,59
Fz10 12 83681,018 6437,00 236801640 15388,36

Table VII shows that the average of the components of the 10 mm diameter bars vary from 6378.60 to 6768.48 for the
South African and Congolese products. The standard deviations of the South African and Zambian bars are relatively close while
those of the DRC are slightly high, at 16218.59.
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1V.4. Comparative study of different reinforcement bars
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FIG. 6. Mechanical characterization comparison

Looking at Figure 10 of the mechanical characterization of reinforcing bars from different sources of 16, 12 and 10
mm in diameter, we see that the larger the diameter, the more the resistance decreases. The diameter also has a positive impact on
the resistance of the reinforcement bars. Therefore, non-compliance with required diameter leads to a negative influence on
mechanical strength. In general, these results show a better resistance of FC reinforcement bars of the dimensions of 20mm and
16mm diameter and FA of the dimension of 12mm diameter.

CONCLUSION

This study aimed to assess the quality of bars on the Lubumbashi market, including bars imported from South Africa
(FA), Zambia (FZ) and those produced locally (FC) by the only steel industry in the Haut-Katanga province, the Society de
Transformation de Fir (SOTRAFER).

Indeed, the samples of the locally produced reinforcing bars (FC) were collected at SOTRAFER at the end of production,
while the samples of the FA and FZ reinforcing bars were taken on the Lushois market in a hardware store. Specialized in sales.

The chemical characterization showed that the three natures of the reinforcing bars are similar with all the elements in
the 1SO 9001 standards which are Fe, Mn, Cu, Si, C, Cr, Ni, Mo, P, S, Nb, Co, Ti, V and Al, except three chemical elements: Mo,
Ni and Cu. This gap is however attenuated by the equivalent carbon content. The mechanical characterization showed that all the
different materials studied comply with the ISO 6898 standard. The high values of the elastic limit resistances of 16, 12 and 10mm
in diameter are observed respectively in the FC samples (436N/mm?); FA (450 N/mm?); FC (475 N/mm?). These behaviors are also
observed in the plastic phase.

The results obtained from the variance analyses of different materials of the dimensions of 10, 12 and 16 mm revealed
that at the level of chemical and mechanical analyses, there was no significant difference on all the parameters studied and that all
the reinforcing bars could perfectly be used in construction. Finally, the survey reveals that FA is reputed to be of better quality for
several reasons, including the psychological one although its price is lower than that produced locally.
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