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Abstract

Buildings collapse has now become a recurrent phenomenon in Céte d’Ivoire.
Therefore, this study was conducted to find out the reasons for these disas-
ters, and check in particular to the extent, and concrete steel bars produced in
Cote d’Ivoire and used in buildings’ structures are involved. Samples having
6, 8, 10 and 12 mm in diameter steel taken from the five (5) major manufac-
turers or suppliers of the Ivorian market were subjected to physical, chemical
and mechanical tests to determine their performance. A comparison of these
results with the NF EN 10080 and NF A35 080-1 standards made it possible
to calculate the probability to have out-of-standard products in a structure.
Pieces having 60 cm were cut from three bars of the same thickness and then
subjected to tests. These are the chemical test by optical emission spectrome-
ter, physical tests by caliper measurements of diameter, height of bolts and
ribs and calculation of linear mass, and tensile tests with the help of hydraulic
press. These tests made it possible to determine the characteristics of the steel
bars. Then, these characteristics were compared with standards NF EN 10080
and NF A35 080-1, in order to judge their conformity for construction. Fi-
nally, the likelihood of having non-standard steel bars in a structure is calcu-
lated. These tests indicate that the relative surfaces of the bolts of the various
bars HA6, HA8, HA10 and HA12 vary from 0.146 to 0.323 respectively; 0.120
to 0.312; 0.101 to 0, 297 and 0.142 to 0.482. Likewise, their calculated linear
masses of these bars are respectively between 28.3 mm® and 222 g/m; 50.3
mm? and 395 g/m; 78.5 mm® and 617 g/m; and 113 mm® and 888 g/m. In ad-
dition, their yield strengths and elongations at break vary from 344 MPa to
582 MPa and from 0.2% to 15% respectively. According to analysis of these
results, 100% of steel bars would lead to a steel-concrete adhesion that com-
plies with standard requirements and 100% have a linear mass or density
lower than the standard. Similarly, on the mechanical aspect, 70% of steel
bars have a yield strength lower than 400 MPa and 95% have an inappropriate
ductility. Non-compliance with cross-sections, inadequate performance and

DOI: 10.4236/msce.2020.89001  Sep. 9, 2020 1

Journal of Materials Science and Chemical Engineering


https://www.scirp.org/journal/msce
https://doi.org/10.4236/msce.2020.89001
http://www.scirp.org
https://www.scirp.org/
https://orcid.org/0000-0002-7202-4306
https://doi.org/10.4236/msce.2020.89001
http://creativecommons.org/licenses/by/4.0/

C. H. Kouakou et al.

non-compliance with the chemical composition of steel bars expose buildings
to low durability and even sudden collapse of their structural elements. Con-
crete steel bars contribute a great deal to failures found in buildings.
Keywords

Building Collapse, Steel Bars, Standards, Adhesion, Mechanical Performance

1. Introduction

Over the last ten years, the construction industry in Coéte d’Ivoire has expe-
rienced a real dynamism. Unfortunately, this growth in activity has been asso-
ciated with a series of disasters and building collapses in Abidjan. This pheno-
menon of building collapses has become recurrent and disturbing, especially
with the high number of casualties.

It is unbelievable that buildings keep collapsing, more precisely ordinary
buildings (at most four-storey buildings) despite all the normative requirements
that govern the construction industry and the large number of engineers. How-
ever, numerous failures brought about either in the supporting ground, in
achieving the structure or in the quality of building materials can lead to this
situation. Indeed, designing a stable and long-lasting structure requires a robust
structure (framework) generally made of steel bars containing concrete of which
quality is a function to the performance of its constituent materials. Conse-
quently, this research aims to understand the reasons for buildings’ collapse on
the ground of the performance analysis of steel bars produced by companies in
Cote d’Ivoire.

Steel bars are incorporated into concrete to make up for the concrete’s tensile
strength deficiency [1]. The construction industry in Abidjan has so far in-
creased the number of steel bar manufacturers or importers to more than a
dozen [2], five of which are actually in operation. The most commonly used
concrete steel bars are of diameters 6, 8, 10 and 12 mm, and they must comply
with the requirements of NF EN 10080 and NF A35 080-1 standards [3] [4].
Thus, this article helped finding out from various tests, the geometrical, physical,
chemical and mechanical characteristics of concrete steel bars from these five
manufacturers. The results obtained were compared to prescribed standards in
order to assess the probability that a failing bar may be found in a building’s

structure.

2. Equipment and Methods
2.1. Equipment

The equipment consists of steel bars of diameter 6, 8, 10 and 12 mm, acquired
from the five concrete steel manufacturers known in Cote d’Ivoire. The bars are

12 m long bolts steel bars.
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2.2. Methods

2.2.1. Sampling

To test the mechanical performance of concrete steel bars produced by a com-
pany, we randomly select three 12 m long bars with diameters of 6; 8; 10 and 12
mm. Then each bar is cut into several 60 cm pieces (samples). The same is re-
peatedly done for products from the five identified companies. Finally, three
samples of diameter 6, 8, 10 and 12 mm per company from different steel bars of
same diameter are used for each test. Table 1 shows the total number of samples

as per diameter and per company for a given test.

2.2.2. Experimental Techniques

1) Chemical analysis of bars

The chemical analysis of bars was carried out with a Spectromax spark source
optical emission spectrometer. Since the measuring port could only accommo-
date samples having 14 mm in diameter at least, the analysis was carried out on
special steel bars supplied by the 5 manufacturers (HA14 or HA16).

This spectrometer makes it possible to determine the concentration of thir-
ty-two (32) chemical elements as well as the carbon equivalent value. However,
control indicators according to the NF EN 10080 [3] standard are only related to
the elements: C, Mn, Cr, Mo, Ni, Cu, S, P and N as well as C,, (the equivalent
carbon). The C,, value is given by the formula:

C, :C+w+Cr+Mo+V+N1+Cu' (1)
i 6 5 15

2) Geometric measurements

To identify the geometrical parameters of steel bars, a 30 cm caliper with a
0.02 mm precision was used. It was used to measure the height of bolts and ribs,
the diameter of a bar and the spacing between bolts in accordance with NF EN
10080 [3] standard (Figure 1). The number of ribs and bolts slant were also de-
termined (Figure 1). In addition to these parameters, the bolt area proportion
(PSrv), the relative bolt area (Srv) and the linear mass of bars (Ml) are calculated
from the following formulas.

h: bolts height; ¢ bolts spacing; B bolts slant; a: bolts flanks slant; ¢ nominal

bar diameter

Table 1. Number of samples as per company and per diameter for a test.

Steel bars diameter Companies Total
(mm) FAl FA2 FA3 FA4 FA5
6 3 3 3 3 3 15
8 3 3 3 3 3 15
10 3 3 3 3 3 15
12 3 3 3 3 3 15
Total 12 12 12 12 12 60

FAx: Manufacturern’x.
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RN

Figure 1. Descriptive elements of a concrete steel bar.

Srv = kF, sin—2— @)
ndc

Ml = (3)

m
i
with & number of oblique or transversal bolts rows; Fj: area of the longitudinal
cross-section of a rib along its axis

3) Mechanical tensile test

The tensile strength of steel bar samples is determined using a TESTWELL
tensile press associated with a HOYTOM type computer device. This machine,
which operates at constant load, allows to continuously record the force and the
displacement undergone by the sample and then calculate the tensile strength

(o), the strain (&) and the stress coefficient (2) from the formulas:

U:— 4

= (4)
/-1

g =1 (5)
lO
S -8

z=2_" (6)
SO

with [ and /; initial and final length; & and S; initial and final section; F applied
force. These values made it possible to draw the stress-strain curves in tension
from which the following parameters are determined:

- the yield strength or modulus of elasticity (Re);

- the maximum tensile strength (Rm);

- the ratio Rm/Re;

- the elongation at break (A%).

2.2.3. Data Processing

Data were processed according to the diagram in Figure 2. The test values ob-
tained from samples taken from the different manufacturers are compared with
the threshold values set by the standards. If the average value is below or above

the threshold value of 5%, the sample is defective, otherwise it is of good quality.
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3 samples from the manufacturer:
FA1; FA2; FA3; FA4 and FAS per
diameter

Average X = XX/3

A 4

Comparison to the normative value

(5 %)
y v
Meets the standard (RN) Defective (D)
(n = number of specimens (number: 20-n)
out of a total of 20)
3 v
Probability: Probability:
P(RN) = /20 P(D) = 1-P(RN)

Figure 2. Data processing diagram.

3. Results and Discussion
3.1. Physical and Geometrical Characteristics

The average values of physical and geometrical characteristics are summarized
in Table 2.

3.1.1. Nominal Diameter and Linear Mass

The theoretical cross-sections and linear masses for steel bar types (HA6, HAS,
HA10 and HA12) are 28.3 mm® and 222 g/m; 50.3 mm” and 395 g/m; 78.5 mm’
and 617 g/m; and 113 mm”® and 888 g/m, respectively. A comparison of the sec-
tional area and linear mass values obtained for the different steel bar types from
the various companies generally shows deficits of up to 29% and 28% respectively
of the theoretical sectional area and mass (Table 2). These discrepancies can be
explained by the desire for manufacturers to make more profit or by problems in
bars shaping process.

Steel bars HA12 and HA10 for FA1 and HA10 and HAS for FA3 have diame-
ters equal to or greater than the nominal diameters because their sectional devia-
tions have zero or positive values. Thus, 10% of the bars studied have diameters
equal to the nominal diameters and 80% of the steel bars produced have
cross-sections lower than the nominal values. This is likely to affect the strength
of the structural elements (foundations, columns, beams and floors), as the di-
mensioning calculations carried out by the Ivorian engineering offices are based

on these nominal diameters. This results in a low reinforcement and leads to the
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Table 2. Physical and geometrical characteristics of steel bars.

Steel type Manufacturer Section obtained Es Ml Emt hv(mm) Ev(mm) Iv(°) hn(mm) PSrv (%) Srv
FA1l 21.2 -25.0% 168 -24.5% 0.1 4.81 60 0.3 42 0.146

FA2 23.8 -16.0% 159 -28.3% 0.9 2.72 60 0.5 51 0.323

HA6 FA3 23.8 -16.0% 172 -22.7% 0.6 4.44 50 0.2 39 0.213
FA4 23.8 -16.0% 172 -22.7% 0.6 4.44 60 0.2 47 0.256

FA5 25.5 -9.8% 170 -23.4% 0.7 4.26 50 0.4 39 0.307

FA1l 49.0 -2.6% 304 -23.0% 0.1 5.68 55 0.6 43 0.120

FA2 40.7 -19.1% 274 -30.6% 1 4.92 60 0.5 55 0.237

HAS8 FA3 554 10.2% 358 -9.3% 0.7 6.11 65 0.9 26 0.153
FA4 44.2 -12.2% 299 -24.3% 0.1 6.19 60 0.4 73 0.312

FAS5 36.3 -27.8% 296 -25.1% 0.1 4.68 50 0.5 54 0.216

FA1 78.5 0.1% 470 -23.8% 0.2 6.48 55 0.5 36 0.101

FA2 67.9 -13.5% 466 -24.5% 0.2 5.55 60 0.6 39 0.297

HA10 FA3 80.1 2.1% 489 -20.7% 0.3 7.82 65 0.4 45 0.190
FA4 65.0 -17.1% 479 -22.3% 0.1 7.47 60 0.5 34 0.177

FA5 58.1 -26.0% 463 -24.9% 0.1 6.09 50 0.5 43 0.226

FA1l 113.1 0.1% 678 -23.6% 0.5 7.76 75 1.2 42 0.144

FA2 95.9 -15.1% 647 -27.2% 1.7 6.55 60 0.3 42 0.298

HA12 FA3 109.4 -3.2% 666 -25.0% 0.1 6.85 65 0.8 34 0.142
FA4 96.8 -14.4 678 -23.6% 0.1 6.49 60 0.6 68 0.482

FA5 79.2 -29.9 658 -26.0% 0.1 8.30 50 0.9 71 0.239

Es: Deviation from section; MI: Linear mass obtained; Emt: Deviation from theoretical mass; hv: Height of bolts; Ev: Spacing of bolts; Iv: Slant of bolts; hn:

Height of ribs; Srv: Relative area of bolts; PSrv: Proportion of bolt area.

appearance of damaging cracks on poorly dimensioned structural elements.
These cracks reflecting a lack of solidity can affect other elements such as maso-
nry supported by poorly calculated beams [5]. On the other hand, the impor-
tance of steel bars’ diameters lead to non-compliance with structural provisions,
especially bars embedding and spacing between them into concrete. This rein-
forcement densification hinders large aggregates placement during concreting,
which causes segregation. The corollary is an increase in porosity, and therefore
a decrease in the mechanical strength and durability of reinforced concrete and
causing the corrosion of reinforcements [6].

According to NF EN 10080 and NF A35 080-1 standards [3] [4], permissible
linear mass deviations are +4.5% for bars with a diameter greater than 8 mm and
+6% for bars with a diameter less than or equal to 8 mm. All characterized sam-
ples have linear mass deviations beyond this tolerance. Thus, 100% of steel bars
produced do not meet the linear mass requirements prescribed by these stan-
dards.

3.1.2. Characterization of Adhesion between Steel Bars and Concrete

According to Eurocode 2 [7], which deals with the calculation rules for rein-
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forced concrete structures, and Leonhardt and Momming in Makni and Daoud
[8], the relevant parameter for assessing the quality of steel bars adhesion is the
relative surface area of bolts. This consideration is confirmed by Zuo and Dar-
win [9] who, in a study, observed that when the relative surface area of a bar de-
creases from 0.085 to 0.11, the measured slippage for adhesion stress decreases
by 50% to 70%. Moreover, the NF A35 080-1 standard [4] assesses the adhesion
of a steel bar from bolts relative surface. For this standard, adhesion is acceptable
when the relative surface is greater than the limit value of 0.035 for HA6 and
0.04 for the three other types of bar. In addition, bolts heights and spacings, and
the heights of ribs shall be included respectively:

- for HA6, between 0.18 and 0.9 mm; 0.4 and 7.2 mm; 0 and 0.9 mm;

- for HAS, between 0.24 and 1.2 mm; 3.2 and 9.6 mm; 0 and 1.2 mm;

- for HA10, 0.3 to 1.5 mm; 4 to 12 mm; 0 to 1.5 mm;

- for HA 12, between 0.36 and 1.8 mm; 4.8 and 14.4 mm; 0 and 1.8 mm.

The measurements made on steel bars from different manufacturers con-
tained in Table 2 indicate that whatever the manufacturer and steel type, the
values of bolts relative surfaces are above the limit values. All these steel bars
would thus have good adhesion to concrete. In addition, all the manufacturers
meet the requirements of this standard for bolts relative surface area and slant.
On the other hand, about other parameters (height and spacing of bolts, and ribs
height), the manufacturers who respected the guidelines prescribed by this stan-
dard are the ones for bars type HA6, FA3, FA4 and FAS5, for the HA8, FA2 and
FA3, for the HA10, FA3 and HA12, FA1 and FA2.

In addition, the NF EN 10080 standard [3] assesses the adhesion of a steel bar
from bolts surfaces proportions. The adhesion is acceptable when bolts relative
surfaces proportion reaches the minimum value of 75%. The results obtained on
the different tested samples (Table 2) indicate that, whatever the bar type, bolts
relative surfaces proportions are below this limit and would therefore be poor.

Thus, considering bars adhesion, 100% of the characterized steel bars are in
compliance with NF A35 080-1 standard [4]. On the other hand, compared to
NF EN 10080 standard [3], none (0%) of the bars are good.

3.2. Chemical Composition of Steel Bars

The main chemical characteristics of the studied steel bars are listed in Table 3.
The table shows that the main element of steel, Fe, has contents between 97.7
and 99.3%. The other elements, notably C, S, P, N and Cu, have contents ranging
from 0.0679% to 0.243%; 0.0143% to 0.0392%; 0.0291% to 0.0412%; 0% to
0.0405% and 0.0092% to 0.188%, respectively. The carbon contents below 2%
confirm that the studied bars are made of steel, since according to literature,
steel is a metal alloy consisting mainly of iron and carbon in proportions be-
tween 0.02% and 2%. Furthermore, Roy and Blin-Lacroix [10] classify steel into
the following categories: extra-mild, mild, mid-mild, mid-hard, hard and ex-
tra-hard for carbon contents of 0.05% to 0.15%; 0.15% to 0.2%; 0.2% to 0.3%;
0.3% to 0.6%; 0.6% to 0.75% and 0.75% to 1.2%, respectively. According to this
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Table 3. Chemical composition of concrete steel bars.

Maximum values

Chemical elements FAl FA2 FA3 FA4 FA5 according to NF EN
10080 Standard
Iron (Fe) 97.7 99.3 98.3 98.3 99 -
Carbon (C) 0.194 0.0679 0.218 0.243  0.0931 0.24
Sulphur (S) 0.0154 0.0239 0.039 0.0392 0.0143 0.055
Phosphorus (P) 0.0299 0.0258 0.0412 0.0386 0.0291 0.055
Nitrogen (N) 0.0193  0.0022 0.0405 <0.001 0.0026 0.014
Copper (Cu) 0.014 0.0092 0.144 0.188 0.0115 0.85
Manganese (Mn) 1.36 0.412 0.491 0.546 0.332 -
Chromium (Cr) 0.0667 0.0187  0.266 0.18 0.31 -
Silicon (Si) 0.405 0.049 0.216 0.202 0.134 -
Vanadium(V) 0.124 <0.00050 0.0038 0.0019 0.0016 -
Nickel (Ni) 0.0148 0.0081 0.0733 0.0821 0.0082 -
Aluminium (Al) 0.0026  0.0009 0.0021 0.0024  0.002 -

Molybdenum (Mo) 0.0057 0.0034 0.0322 0.017 0.0031 -
Carbon equivalent (C,,) 0.462 0.142 0374  0.392 0.213 0.52

Chromium equivalent (Cr,,) 1.2874 0.1691 0.9462 0.803  0.7151 -

classification, manufacturers FA3 and FA4 produce semi-soft steels, manufac-
turers FA2 and FA5 produce extra-soft, and manufacturer FA1 produces soft.
According to these authors, only mild, mid-mild and mid-hard steels are suita-
ble for the reinforcement of reinforced concrete. Thus, two manufacturers (40%)
have steel that do not comply with this recommendation.

In addition, depending on a specific application, chromium is added to steel at
levels ranging from 0.25% to 30% to improve its mechanical properties and cor-
rosion resistance [11]. Precisely between 0.5% and 9%, chromium increases the
harden ability and retention of mechanical properties at temperatures above
room temperature, and at higher contents, at least 12%, it improves corrosion
and oxidation resistance. Thus, steel is considered stainless when its chromium
content is greater than 13% by mass [12]. All characterized bars have a chro-
mium content ranging from 0.01% to 0.31%. These are oxidizable steel and
therefore likely undergo corrosion under favorable conditions.

Moreover, according to NF EN 10080 standard [3], a quality concrete steel bar
must have a chemical composition close to that given in Table 3. According to
the results obtained (Table 3), manufacturers FA2, FA4 and FA5 produce steel
that comply with the chemical requirements of this standard. Thus, 40% of steel
bars are of poor quality, as both manufacturers have products with nitrogen
contents above the limit of 0.14% imposed. Indeed, an increase in nitrogen con-
tent leads to a decrease in the steel ductility [13] [14] and therefore a possible

tendency to break sharply. However, the standard specifies that this nitrogen
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limit may be exceeded in the presence of fixing elements. According to Mon-
tagnon and Moraux [15], the nitrogen-fixing elements are titanium and alumi-
num, but the nitrogen content is much higher than that of these two nitrurigenic

elements. Thus, their effect could be neglected.

3.3. Mechanical Properties under Tensile Test

The tensile tests carried out on the various samples resulted in stress-strain
curves that are grouped into two sets according to curves shape. Figure 3 shows
a copy of these two shape types. They correspond to hot-rolled steel bars (Figure
3(a)) and cold-rolled steel bars (Figure 3(b)). Hot-rolled bars have higher elon-
gation than cold-rolled bars. FA1 and FA3 produce hot-rolled bars, while FA2,
FA4 and FAS5 produce cold-rolled bars.

Table 4 displays the actual values of the apparent yield strength (R.,), the
yield strength (Re), the tensile strength (Rm), the elongation at break (A) and
the stress coefficient (2).

Eurocode 2 and BAEL 91 [7] [16] recommend a minimum yield strength of
400 MPa for concrete steel bars. Bars of type HA6 of FAL, FA2 and FA3, type
HAS8 of FA3 and FA4, and type HA12 of FAl and FA2 have yield strengths
above this minimum value. The yield strength is an intrinsic parameter of the
product, its variation from one bar to another depends on the chemical compo-
sition and/or the structure of steel bars, and therefore on their shaping.

Table 4 displays the values of bars apparent yield strength. Comparison of
these values with the minimum yield strength defined by the standards indicates
that bars from FA1l and FA3 of HA10 type and from FAI of HA12 type have

(@ (b)
500.0 400.0
450.0 :
3500 |
400.0 L (
3000 |
350.0 [
£ 2500 [
300.0 Shake
F 7
& g
S 250.0 £2000
;’ wn
g 200.0 I
@ 1500
150.0
100.0 f
100.0
50.0
50.0
0.0 0.0 e
0.0% 5.0% 10.0%  15.0% 0.0% 1.0% 2.0% 3.0%

Elongation (%)
Elongation (%)

Figure 3. Stress-strain curve of steel bars under tensile test (a) Cold-rolled bar; (b)
Hot-rolled bar.
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Table 4. Tensile strength.

Steel Type ManufacturerRe,, (MPa) Re,/Re,,, Re (MPa) Rm (MPa) Rm/Re A (%) Z (%)

FA1 542 1.36 406 406 1.00 2.5 43.8
FA2 505 1.26 424 424 1.00 2.5 53.5
HA6 FA3 474 1.19 398 398 1.00 0.9 44.4
FA4 474 1.19 398 398 1.00 0.9 44.4
FA5 470 1.18 424 433 1.02 0.2 54.4
FA1 408 1.02 398 492 1.24 9.3 47.0
FA2 467 1.17 378 378 1.00 1.5 61.8
HAS8 FA3 447 1.12 492 582 1.18 108 63.1
FA4 464 1.16 408 422 1.04 3.5 65.6
FA5 523 1.31 378 378 1.00 1.2 44.8
FA1 344 0.85 344 449 1.31 119  60.3
FA2 427 1.07 369 384 1.04 2.5 56.3
HA10 FA3 378 0.95 385 489 1.27 8.0 52.0
FA4 431 1.08 357 376 1.05 1.5 60.8
FA5 521 1.30 385 392 1.02 3.0 45.5
FA1 363 0.91 363 485 1.34 150 59.9
FA2 467 1.17 396 405 1.02 1.8 57.5
HA12 FA3 505 1.26 489 573 1.17 5.5 61.7
FA4 429 1.07 367 387 1.05 7.3 56.7
FA5 534 1.34 374 389 1.04 3.6 48.6

Re, < Re, - These three bars are of poor quality. This is due to their structure,
which is also a function of the rolling pressure. According to Ashby and Jones
[17], this pressure increases linearly from the edge to the core of bars. Indeed,
for a bar with a large diameter, it would require a significant forming pressure to
reach the right structures, thus the optimal value of the apparent yield strength.

The value of the Rm/Re ratio is used to determine the steel grade. According
to Eurocode 2 and NF A35 080-1 standards [4] [7], grades A, B and C must have
minimum Rm/Re values of 1.05, 1.08 and 1.15 respectively. For only grade C,
there is a maximum value of 1.35. According to this classification, 10% of the
studied bars could be grade A; 30% grade C and 60% are non-compliant because
they do not meet the requirements of the least stringent grade (1.05). None of
the HA6 bars meet this requirement. It should be noted that the grade com-
monly used is grade A. Class B and C products are recommended for bridges [7]
and seismic constructions [18].

For elongation at break, Husson and OCAB [19] [20] recommend minimum
values of 14% for 400 MPa steels. Thus, only 5% of bars meet this recommenda-
tion, the others have very low or almost zero elongations.

With respect to the stress-strain coefficient, 70% of the bars have formally
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mixed fractures and 30% have mixed or ductile type breaks, according to the
classification made by Dénéréaz [21].

This mechanical analysis showed that none of the characterized steel bars
meets all the normative requirements and technical recommendations. Thus,
100% of the products are rigorously evaluated as mechanically non-compliant. It
should also be noted that some of the values obtained are to be worried about
regarding their structures solidity, being agreed that the structural calculations
are made on the basis of BAEL 91 or Eurocode 2 [7] [16] specific normative val-

ues.

4. Conclusions

This study made it possible to take stock or make inventory of fixture of the

quality of concrete steels produced and sold in Coéte d’Ivoire. Samples of the

most commonly used concrete steel bars in the building industry were subjected
to physical, mechanical and chemical characterizations. We can make the fol-
lowing conclusions:

- 100% and 80% of steel commercially available in Abidjan have, respectively, a
linear mass that does not comply with the standards requirements and a di-
ameter that is smaller than the nominal ones.

- 100% and 55% of steel have low adhesion to concrete, because their bolts
height and surface area do not reach the minimum value prescribed by the
standards.

- the mechanical characteristics of most steel do not meet the normative re-
quirements of high adhesion class Fe 400 bars. Non-compliant products are
70% for yield strength, 75% for tensile strength and 95% for elongation. In
addition, two (2) manufacturers produce hot-rolled steel bars and the other
three (3) produce cold-rolled steel bars.

- 40% of steel is extra-mild steels and 60% is mild steel. These steel bars have
poor corrosion resistance.

All the characterized steel bars are not in compliance with the normative re-
quirements. Some of the values obtained are to be worried about regarding their
structures solidity, being agreed that the structural calculations are made on the
basis of specific normative values, either BAEL 91 or Eurocode 2. All these fail-
ures are likely to contribute a great deal in the appearance of cracks on walls, and
especially in the sudden collapse of some buildings.

Also to limit the damage caused by the use of these poor quality products,
regular quality checks and sanctions that may go up to withdrawal business au-
thorization should be highly considered. On the other hand, to guarantee the
quality of the works, a study of the performance (bending resistance, porosity,
adhesion) of a concrete beam containing a combination of steel bars conforming

to standards and non-standard should be carried out.
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