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This study investigates experimentally the uniaxial stress-strain behavior of reinforcing steel bars under
various low strain rates, quasi-static from 0.001 12 s to 0.006 70 s. The main objective of these tests was to
give an indication of the effect of the low strain rate variation on the uniaxial, monotonic, stress-strain,
elongation-strain, section reduction-strain curves of reinforcing steel bars. The results of the tensile tests
indicate that the yield strength and the ultimate tensile strength of reinforcing steel bars increase as the strain
rate increases; while the elongation and section reduction of reinforcing steel bars do not appear to be
substantially affected by the low strain rate variation. It was also observed that the smaller reinforcing steel bars
were more affected by low strain rate variation, although sometimes inconsistently, than the relatively bigger
ones. Thus, one should be more precautious while testing smaller reinforcing steel bars. Furthermore, a new

regression formula is proposed for both yield strength and ultimate tensile strength with an “R squared” of 80%.

This formula may be used as a means by which some quick verifications and checking may be done.
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INTRODUCTION

Materials used in sectors such as transportation
(highway, road, tunnel, etc.), building industry, hydraulic
construction (dam, dike, etc.), are stressed in different
ways with much variation of solicitations from one
another. Such variations may impact the behavior and
response of those structures. Strain rate or load rate is
one of the key parameters that feed such variations. And,
for decades many researchers have studied the effects of
strain rate on the mechanical properties of various
materials especially concrete and metals [e.g. MONJOINE,
1944; RESTREPO-POSADA et al., 1994; FILIATRAULT and
HOLLERAN, 2001; ZHANG et al., 2018].

It is commonly recognized that for metals and
alloys the plastic flow behaviors and the corresponding
deformation mechanisms are vastly influenced by the
loading rate [WEI et al., 2004 ; WEI, 2007; GEIGER et al.,
2008 ; MISHRA et al., 2008; BOYCE and DILMORE, 2009 ;
CADONI et al., 2009 ; XIONG et al., 2009 ; YU et al., 2009;
SUO et al., 2013; YUAN et al., 2016]. In addition, the strain
rate is established to be one of the factors affecting the
resistance to plastic deformation [WEI, 2007; MISHRA et
al., 2008; SUO et al., 2013].

A tremendous amount of work has been done to
determine the impact of stain rate on engineering
characteristics of steels. Necessarily, only a few studies
will be mentioned herein. Among those researchers
Ludwik was considered by DAVIS [1938] to be perhaps the
first researcher who in 1909 observed the effects of
varying strain rate on the mechanical properties of
metals. Many others have also pointed out in
convergence view the effect of strain rate on metals
engineering parameters. For instance, it was observed
that the strain rate had negligible effect on the elastic
modulus and the stiffness of steel in the strain-hardening
range [WAKABAYASHI et al., 1984]. It was also recognized
that, as the strain rate increases, the yield strength and
tensile ultimate strength of steel increase linearly with
logarithmically increasing strain rate [SOROUSHIAN and
CHOI, 1987; FUJIMOTO et al., 1988; KASSAR and YU, 1992;
OBATA et al.,, 1996; GIONCU, 2000; SANCHEZ and
PLUMIER, 2000], while ratio between the ultimate stress
and the yield stress drops, and higher strength steel is less
susceptible to strain rate effects compared to lower
strength steel [MONJOINE, 1944; RESTREPO-POSADA et

al., 1994].
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The same conclusions were made by PENIN
[2010] and DUNAND [2013]. PENIN observed an increase
of stresses on a steel DP450 with the increase of strain
rate but this time in uniaxial and biaxial tensile tests with
strain rate from 1073 s7! to 10°® s7%. Likewise, DUNAND
presented conclusions  after

similar conducting

monotonic tensile test on TRIP780 steel.

Although monotonic tensile test was the most
common type of steel test used for these studies, most of
these researches were conducted with more focus on the
influence of intermediate to high strain rate on concrete
and metals in order to evaluate the response of structure
design for dynamic solicitations such as seismic ones
during an earthquake. Very limited researches have been
carried out on the effects of strain rate on reinforcing
steel under monotonic tensile test at low strain rate such
as those recommended by ISO 6892-1 [2016] at ambient
temperature.

In fact, ISO 6892-1 recommended a couple of
ranges of strain rate to be used for the determination of
the tensile strength, percentage elongation fracture,

percentage total extension at maximum force,
percentage plastic extension at maximum force, and
percentage reduction area; especially  after

determination of the required yield/proof strength
properties, the estimated strain over the parallel length.
Among them the extreme ranges are 0.000 25 s* and
0.006 70 s, both of them with a relative tolerance of +
20%.

Accordingly, in common practice these ranges are
used with no further correction. Based on assumption
that no significant variation should be found between
results from the preceded ranges. Unless, this seems to
not be the case. Indeed, the EU funded project TENSTAND
[LOVEDAY et al., 2004] which addressed i) the issues of
computer controlled tensile testing, ii) validation of
tensile software, iii) the issues of speed of testing and iv)
the measurement of Modulus with a view to providing a
sound technical basis for further development of the
Standard, expressed the fact that while most tensile
testing Standards specify the rate at which the testing
should be carried out, still there is a variation from results
made either form tests carried slowly or rapidly, or from
tests conducted under relatively stable strain rate. They
asserted also the fact that the tensile strength, formerly
known as the ultimate tensile strength was less sensitive

to testing speed, and thus the testing rate was permitted
to be increased after the determination of proof strength,
or when upper and lower vyield strengths, had been
determined. This enabled a shorter time of testing.

Unlikely, no much attention seems to be caught

from researchers in order to light these asserts.
Therefore, it is observed that the strain rate influence
steel parameters value only from low strain rate to high
one. This concern is expressed as no much attention have

been paid to a small range such as 10®° s to 10* s,

KIRUMBA and RICARDO [2019] pointed out the
major role of engineering properties of steel bars in
design and construction processes, especially in Kinshasa
Industry. They expressed also the importance of those
parameters to be determined accurately and known by
users before being applied for design or construction
purposes. Consequently, clarification of the role of low
strain rate on the steel bars properties should be of
paramount importance.

In order to comprehend the influence within
relatively small range between low strain rate on
engineering parameters of reinforcing steel bars, an
investigation has been conducted over a number of
reinforcing steel bars with five different diameters in size.
As stated by FROLI and ROYER-CARFAGNI [1999], the
simplest and by far most widely used test for this purpose
is the tensile test, hence monotonic tensile test was
conducted for investigating the effect of low stain rate on
engineering properties of steel bars. Alike of 300
specimens were tested in the Strength Materials
Laboratory of Civil Engineering department, Polytechnic
Faculty, of the University of Kinshasa.

MATERIALS AND METHOD

Equipment and Specimens used

The test program was conducted in a 200-kN-
capacity, automatic operated, servo-hydraulic (MATEST
S.P.A. universal testing machine). The two ends of the
steel coupons were gripped into the crossheads of the
loading frame. The applied load was measured
automatically by the testing machine displayed onto
computer screen. The average tensile strain of the steel
was obtained from the ISO 6892-1-Method A2, which is
based on the crosshead separation rate. The ISO 6892-1-
Method A2 is used in indirect manner in order to estimate

the estimated strain rate over the parallel length. For
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each test, the tensile stress-strain curve of the steel was
recorded by a data acquisition system.

Monotonic tensile tests were conducted on three
hundred (300) cylindrical reinforcing steel coupons for
different strain rates within a small range. The range of
strain rate considered was typical low stain rate
ISO 6892-1 [2016]
temperature under quasi-static condition (0.00112/s,

0.00223/s, 0.00447/s, and 0.00670/s).

recommended by at ambient

The the
preparation and the operating procedures for monotonic

detailed description of sample
tensile test obtaining steel bars engineering properties
can also be found in our previous paper [KIRUMBA and
RICARDO, 2019]. Tensile tests at four (4) different strain
rates (0.00112/s, 0.00223/s, 0.00447/s, and 0.00670/s)
were conducted in the present study. For every company,
fifteen (15) experiments were conducted for each strain
rate to check the repeatability. The quasi-static uniaxial
tensile tests were conducted using a universal testing
machine aforementioned.

Products from four (4) local companies were
used. These local companies are the same as those
revealed by writers’ previous paper [KIRUMBA and
RICARDO, 2019]. The samples were collected from four
(4) different companies as earlier stated. Thus, there were
twenty (20) samples from four (4) different companies
which were considered for the tensile tests.

In clear, the writers disposed:

15 Samples of 6-mm For every company
diameter

15 Samples of 8-mm For every company
diameter

15 Samples of 10-mm For every company
diameter

15 Samples of 12-mm For every company
diameter

15 Samples of 14-mm For every company
diameter

All of them were ribbed surface steel bars.

Samples Preparation

Initial overall geometric dimensions were

measured on all specimens prior to testing. An

alphabetical order such as A, B, Cand D, was used in order
to labeled all the specimens selected for the study. This
identification is neither

order of increasingly nor

decreasingly in respect to the corresponding specimen
properties. In addition, this order has been used
randomly only for the current experimental identification
purpose. Every letter implies a single company. In each
diameter for a company, fifteen (15) specimens were
tested for complete test. The value presented in this

paper is an average of fifteen (15) for each test.

The lengths 400-mm were used for all diameter
bars from 6 to 14 mm. Each specimen diameter is
measured in at least three places and the average is
calculated and recorded as the diameter value.

Method of testing

Tensile test is a destructive one, performed at
ambient temperature, consists of imposing an increasing
deformation at a constant speed and measuring the force
required to impose this deformation. An extensometer
measures the elongation of the specimen, and a
dynamometer measures the effort. The result is displayed
on a screen or plotter via a data acquisition system [BS EN

10002-1, 2001].

The current study used a quasi-static tensile
uniaxial test which is performed under relatively slow
speeds. In such regime inertial effects are not considered
in equilibrium equations and analysis. In addition, unlike
in intermediate and high speeds tests, the effects of heat
are not considered as the heat has time to dissipate so
that one can consider the test as isotherm.

A test was kept on until the specimen fractured
and there was a sudden drop in the load. Only results in
which failures occurred in the free-length of the specimen
were considered valid for the determination of the tensile
strength.

RESULTS AND DISCUSSION

As there is no local standard currently available
for tensile test, ISO 6892-1 [2016] is used in this study. The
characteristics such as yield strength, ultimate tensile
strength, elongation, and section reduction are calculated
from information recorded in the tensile tests, and they
are compared to one other while taking into account the
strain rate variation.

The tensile strength was computed according to
the following formula (1):

P
O =0 (1)
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Where:
o : Tensile stress,
P - Applied load,

Ay Initial cross-sectional area of the sample.

Figure 1 depicts an example of data recorded in
tensile tests. The graphs recorded from the three
hundred (300) specimen tests were estimated to be too
much to be contained in this paper. As such, only this one
is shown here for illustration purposes. It should be
warned that this does not mean all graphs have the same
shape.

R B R & 2
B BEBEBERE

Tensile Load (KN)

. E & & 8
8§ BE R BB EBEREEER

T Tames 5000 10000 14000 X000 8000 0000 M000 40000 44000 50000 55000 6000 €400 70000 THO00 #0000

Displacement (mm)

Figure | : Example of Data Recorded in Tensile Tests: Tensile load (KN)
versus Displacement (mm)

The raw load-displacement data were stored on
disk and later converted to engineering units. Figure 1
shows examples of the data recorded during a typical
tensile test. Those data were used to compute yield
strength, ultimate strength, elongation, and so on.

The strain was calculated using the formula (2)
below:

(2)

: Strain,
: Elongation,

v L : Original gauge length.

Yield strength was calculated from data taken
from the graph (Load versus elongation). And elongation
at fracture (or ductility) in percent (%), D, was computed
from formula (3) as:

D = %100 (3)

Hence, the mentioned elongation in the following pages
refer to ductility in %.

Crossheads separation rate is defined by ISO
6892-1 as “displacement of the crossheads per time”.
Method A2 from ISO 6892-1 was used which is based on
the crossheads separation rate. This method is used in
indirect manner in order to estimate the estimated strain
rate over the parallel length by applying formula (4).

(4)

chLc*eLc

Where:
v I : constant crosshead separation rate,
v L, : parallel length,
Vo€, : estimated strain rate over the parallel
length.

According to ISO 6892-1 percentage reduction of
area, Z, can be calculated from formula (5):

7 =275, 100 (5)
So
Where:
v S : Original cross-sectional area of the

parallel length,

v Su
fracture.

Minimum cross-sectional area after

From ISO 6892-1 the standard uncertainty, u, of
the value of a parameter can be estimated from formula
(6):

N

u=-_r (6)
Where:
v s standard  deviation of  the
measurements,
v n : number of observations being averaged

to report the result of the measurement under
normal circumstances.

The above formulae were used for calculations
throughout the current study. The results are presented
in the follow section.

For every of the four (4) parameters of steel bars
studied graphs were plotted. First, a set of two graphs are
presented. Secondly, six graphs are added in Appendix
section with more details. In the first set, two principal
graphs are represented. Variations of the concerned
parameters (yield strength, ultimate tensile strength,
elongation, section reduction) of reinforcing steel bars
and variations of the standard

with strain rate,
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uncertainty (herein called uncertainty) of reinforcing steel
with their diameter, are presented.

The first figures (Figures 2, 4, 6, and 8) of the two
principal graphs expressed the variation of the concerned
parameters (yield strength, ultimate tensile strength,
elongation, section reduction), which are made from
average values of the four companies (A, B, C, and D)
based on their corresponding parameter.

The second figures (Figures 3, 5, 7, and 9) of the
two principal graphs assert the variation of uncertainty of
every parameter, which are based on the standard
deviation performed from different strain rates and the
number of observations being averaged to report the
results of the measurements under normal circumstances
(number of tests conducted and validated).

in the
Appendices A, B, C, and D. Those graphs show the

Another set of graphs is depicted

variation of uncertainty of every parameter (yield
strength, ultimate tensile strength, elongation, section
reduction) respect to reinforcing steel bar diameters. The
last one is made from average values from different strain
rates. In addition, variation of the aforementioned
parameter with strain rate for every reinforcing steel bar
diameter (@6 mm, @8 mm, @10 mm, @12 mm, @14 mm)
are plotted. The specificity of the second set of graphs
(Appendices) is that variation of every single company for
all reinforcing steel bars is expressed with the strain rate.

Yield Strength

The the
reinforcing steel bars at various strain rates, and the

yield strength-strain curves for

uncertainty-reinforcing steel bar diameters curve, are

520.00

500.00
% 460.00

N 440.00
420.00

YIELD STRENGTH (N/MM2)

400.00
0 2 4 6 8
STRAIN RATE (0,001/S)
—— 6 mm ——@8 mm @10 mm

—%—@12 mm @14 mm

Figure 2 : Variations of yield strength of reinforcing steel bars with strain
rate.

displayed in Figures 2 and 3, respectively.

Itis observed from Figure 2 that the yield strength
increases with increasing strain rate for all reinforcing
steel bar diameters except the 6-mm one, while this
variation is lightly from 0.00223/s to 0.004478/s.

6.00
5.00 °

4.00

3.00 L

2.00

Uncertainty (N/mm?2)

1.00

0.00
4 9 14 19

Diameter (mm)

Figure 3 : Variations of uncertainty of reinforcing steel bars with their
diameter - Yield Strength.

Another is that the
uncertainty seems to be affected by the reinforcing steel

important observation

bar diameters. Indeed, from Figure 3 the uncertainty
appears to decrease with the increasing of the reinforcing
steel bar diameter. The last observation may justify the
relatively high impact of strain rate variation on smaller
reinforcing steel bar diameters.

740.00
720.00
700.00
680.00

~

./_/'\.

2.00 4.00 6.00
STRAIN RATE (0,001/S)

660.00
640.00
620.00

ULTIMATE STRENGTH (N/MM2)

600.00

0.00 8.00

—&—Bar @6 mm Bar @8 mm Bar 10 mm

== Bar @12 mm == Bar @14 mm

Figure 4 - Variations of ultimate tensile strength of reinforcing steel bars
with strain rate.

Ultimate Tensile Strength

The ultimate tensile strength-strain curves for the
reinforcing steel bars at various strain rates, and the
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uncertainty-reinforcing steel bar diameters curve, are
displayed in Figures 4 and 5, respectively.

6.00
5.00
4.00
3.00

2.00

Uncertainty (N/mm?2)

1.00

0.00
4 9 14 19

Diameter (mm)

Figure a: Variations of uncertainty of reinforcing steel bars with their
diameter - Ultimate Tensile Strength.

Figure 4 shows that in general the ultimate tensile
strength increases with increasing strain rate; although
for reinforcing steel bar of 6-mm diameter in size the
variation is displayed in a non-uniform manner. Another
tendency observed is that between 0.00447/s and
0.00670/s ultimate tensile strength seems to decrease
lightly without affecting the general tendency. Likewise,
for the vyield strength, the uncertainty from ultimate
tensile strength decreases with the increasing of the
reinforcing steel bar diameters. This may be seen from
Figure 5. The last observation may justify the relatively
high impact of strain rate variation on smaller reinforcing
steel bar diameters.

26.00

V./ 24.00

g )NP/*_/QK 22.00
z
o) 20.00
<
o 18.00
=4
S 16.00
w .—-_.\./.
14.00
12.00
0.00 2.00 4.00 6.00 8.00
STRAIN RATE (0,001/5)
—l— Bar #6 mm Bar @8 mm Bar @10 mm

—%—Bar @12 mm —e—Bar @14 mm

Figure b : Variations of elongation of reinforcing steel bars with strain
rate.

Elongation

The elongation-strain curves for the reinforcing
steel bars at various strain rates, and the uncertainty-
reinforcing steel bar diameters curve, are displayed in
Figures 6 and 7, respectively.

(e]
oo/

0.10 °

0.18

0.16

0.14

0.12

0.08

Uncertainty (%)

0.06
0.04
0.02

0.00
4 6 8 10 12 14 16

Diameter (mm)

Figure 7: Variations of uncertainty of reinforcing steel bars with their
diameter - Elongation.

From Figure 6 it appears that the elongation is not
much affected by strain rate increasing. In contrast to the
the
uncertainty from elongation increases with the increasing

yield strength and ultimate tensile strength,

of the reinforcing steel bar diameters. This may be seen
from Figure 7.

Section Reduction

The section reduction-strain curves for the
reinforcing steel bars at various strain rates, and the
uncertainty-reinforcing steel bar diameters curve, are
displayed in Figures 8 and 9, respectively.

45.00
40.00
35.00

— ¢ 30.00

25.00

20.00

15.00

10.00

5.00
0.00
8.00

SECTION REDUCTION (%)

o°

00 2.00 4.00

STRAIN RATE (0,001/S)

6.00

——Bar @6 mm Bar @8 mm Bar 10 mm

—%—Bar @12 mm —&—Bar @14 mm

Figure 8 : Variations of section reduction of reinforcing steel bars with
strain rate.
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It is observed from Figure 8 that as the
elongation, section reduction is not much affected by
strain rate increasing, even though reinforcing steel bar of
12-mm diameter seems to be affected relatively more
than the others. In contrast to the yield strength and
ultimate tensile strength, the uncertainty from section
reduction shows an apparent decrease with the
increasing of the reinforcing steel bar diameters, unless
one should notice that the values of the concerned
parameter are in percentage in which the minimum and
maximum are between 0.16 % (or 0.0016) and 0.39% (or
0.0039), respectively. The last assertion means that all
uncertainties are less than 0.5%. Thus, it can be inferred
that the uncertainty from section reduction is negligible.
This may be seen from Figure 9.

Overview

All properties have been normalized using the
guasi-static tests as a base. It can be seen that the strain
at strain hardening is influenced by the low strain rate.
The yield strength and the ultimate tensile strength were

690.00
670.00 ®
650.00
630.00
610.00

590.00

Yield Strength (N/mm?2)

570.00

550.00

0.00 1.00 2.00 3.00

4.00

more affected by the change in the strain rate for the
range of strain rates used in the test program. However,
it is observed that strain rate has negligible effect on the
elongation and section reduction of reinforcing

0.45
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0.30

0.25

0.20

Uncertainty (%)

0.15 ©
0.10
0.05

0.00
4 6 8 10 12 14 16

Diameter (mm)

Figure 9 : Variations of uncertainty of reinforcing steel bars with their
diameter - Section reduction.

Y =16,851In(X) + V'
R2=0,8

5.00 6.00 7.00 8.00

Strain rate (0,001/s)

Figure |0 : Variations of Yield Strength of reinforcing steel bars with strain rate.

steel bars in the strain-hardening range. These results
agree with early observations by [SOROUSHIAN and CHOI,
1987; FUJIMOTO et al., 1988; KASSAR and YU, 1992;
MONJOINE, 1944; RESTREPO-POSADA et al., 1994; OBATA
etal., 1996; GIONCU, 2000; SANCHEZ and PLUMIER, 2000;
PENIN, 2010; DUNAND, 2013]. Unless, for the first two
parameters for reinforcing steel bars of 6-mm diameter
this conclusion seems not to be the case.

According to TANNOUS and SAADATMANESH

[1998], the developments in the materials used,

manufacturing technique, and quality control may have a
serious impact on the properties of reinforcing steel bars
products. This should also be account for uncertainty
analysis.

The vyield strength increased as the strain rate
increased. The mean yield strength increased by 6.1%
when the strain rate increased from 11.2 x 10-4/s to 67 x
10-4/s. The ultimate tensile strength of reinforcing steel
bars increased also as the strain rate increased. This
increase in ultimate tensile strength was less than the

CONGOSCIENCES ~ VOLUME 7| NUMBER 3 | NOVEMBER 2019

http://www.congosciences.cd 142

© 2017 ACASTI and CEDESURK Online Journal. All rights


http://www.congosciences.cd/

CONGOSCIENCES

650.00

630.00

610.00

590.00

Ultimate Tensile Strength (N/mm?2

570.00

550.00

0.00 1.00 2.00 3.00

4.00

Y = 16,851In(X) +Y'
R2=0,8

5.00 6.00 7.00 8.00

Strain rate (0,001/s)

Figure Il : Variations of Ultimate Tensile Strength of reinforcing steel bars with strain rate.

increase in yield strength of reinforcing steel bars. The
mean tensile strength increased by only 4.8% when the
strain rate increased from 11.2 x 10-4/s to 67 x 10-4/s.

Based on the results throughout the current
study, regression models are proposed both for yield
strength and ultimate tensile strength from the results of
all tests, and presented along with best-fit logarithmic
regression lines in Figures 10 and 11. These two Figures
(10 and 11) are the results of common tendency for yield
strength and ultimate tensile strength, respectively, for all
data from the four companies steel bars.

The formula (7) is proposed in order to take into
account the low strain rate effect on both yield strength
and ultimate tensile strength:

Y =16.851In(e, ) + Y’ (7)
Where:

e Y - can be replaced by unknown yield strength or
unknown ultimate tensile strength,

o Y - can be replaced by known yield strength or known
ultimate tensile strength,

e ¢ :estimated strain rate over the parallel length.

This regression model seems to be a well representative
of the general tendency with an “R squared” of 80%. This
formula should be used as a means by which some quick
verifications and checking may be archived.

CONCLUSION

Based on the test results obtained, the following
observations can be drawn on the effect of low strain rate

in on the uniaxial mechanical properties of reinforcing
steel bars:

v" Even in range of low strain rate, the effect of strain rate can
cause relative increases in yield strength and ultimate tensile
strength of reinforcing steel bars.

v" The effect of strain rate appears to be inconsistent on the yield
strength and ultimate tensile strength of reinforcing steel bars
of B-mm diameter.

v" The elongation and section reduction of reinforcing steel do not
appear to be substantially affected by the strain rate.
Finally, a new regression formula is proposed for
both yield strength and ultimate tensile strength with a
“R squared” of 80%. This formula should be used as a
means by which some quick verification and checking may
be archived.

Further testing is required to investigate the
effect of low strain rate reinforcing steel bars properties.
In particular, information is required on the following:

v" The low strain rate effects on bigger reinforcing steel bars
such as 18, 20, 22, 32-mm diameters.

v" The metallurgical and chemical composition influence at low
strain rate effects of reinforcing steel bars.

v" The combined effects of low strain rate and high temperature
on the monotonic behavior of reinforcing steel.

RESUME

Influence de la variation des faibles vitesses de
déformation sur les parameétres de I'essai de traction
uni-axiale des barres de fer.

Cette étude traite de maniere expérimentale le
comportement des parametres d'essai de traction uni-
axiale des barres de fer sous l'influence des différentes
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faibles vitesses de déformation, quasi-statiques,
comprises entre 0,001 12 s et 0,006 70 s. 'objectif
principal de ces essais était de donner une indication de
I’effet de la variation de faible vitesse de déformation sur
les courbes d’essais uni-axiales, monotones, Contrainte-
Déformation, Allongement-Déformation, Réduction
section-Déformation, des barres de fer. Les résultats des
essais de traction indiquent que la limite d'élasticité et la
résistance a la traction des barres de fer testées
augmentent dans le méme sens que la variation de la
vitesse de déformation dans la plage qualifiée de
« faible » ; tandis que I'allongement et la réduction de
section des barres en acier sont sensiblement moins
affectés par cette variation. Il a également été observé
qgue les barres de fer des faibles diametres étaient plus
affectées par la variation de faible vitesse de déformation,
bien que parfois de maniére non consistante. Ainsi donc,
il est recommandé d’étre trés prudent lors du test de
barres d'acier d'armature des faibles diameétres. En outre,
une nouvelle formule de régression est proposée pour
prendre en compte cette variation de la limite d'élasticité
et celle de la résistance a la traction, avec un coefficient
de détermination appelé aussi « R-squared » de 80%.
Cette formule pourra servir a de vérifications rapides de
maniére efficace.

Mots Clés:

Limite Elastique, Ultime,
Allongement, and Congo.
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APPENDICES
A. Yield Strength
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Figures A.l. Variation of Yield strength Uncertainty with steel bar diameter based on average from different Strain Rates; A.2. Yield Strength versus
Strain Rate: a) Steel Bars A6 mm: b) Steel Bars B8 mm; c) Steel Bars 410 mm; d) Steel Bars B12 mm; e) Steel Bars 814 mm.

Note: A, B, C, and D represent the four (4) companies which products were tested.
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B. Ultimate Tensile Strength
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Figures B.I. Variation of ultimate tensile strength uncertainty with steel bar diameter based on average from different Strain Rates; B.2. Ultimate Tensile
Strength versus Strain Rate: a) Steel Bars BB mm; b) Steel Bars B8 mm; c) Steel Bars A10 mm; d) Steel Bars B12 mm; e) Steel Bars 814 mm.

Note: A, B, C, and D represent the four (4) companies which products were tested.
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C. Elongation
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Figures C.|. Variation of elongation uncertainty with steel bar diameter based on average from different Strain Rates; C.2. Elongation versus Strain
Rate: a) Steel Bars B6 mm; b) Steel Bars B8 mm; c) Steel Bars B10 mm; d) Steel Bars B12 mm: e) Steel Bars B14 mm.

Note: A, B, C, and D represent the four (4) companies which products were tested.
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D. Section Reduction
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Figures D.. Variation of section reduction uncertainty with steel bar diameter based on average from different Strain Rates; C.2. Section Reduction
versus Strain Rate: a) Steel Bars BB mm; b) Steel Bars A8 mm: c) Steel Bars BI0 mm; d) Steel Bars 812 mm: e) Steel Bars B4 mm.

Note: A, B, C, and D represent the four (4) companies which products were tested.
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