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While it has been known for decades that even for quasi-static loading, increments in strain rate lead to
increased stresses in the inelastic range, this effect is often ignored. However, accurate knowledge of the
stress-strain characteristics of reinforcing bars is an indispensable prerequisite for the safe design of new
structures and the realistic assessment of the structural safety of existing ones, and the strain rate depen-
dency of the reinforcing steel characteristics should thus be accounted for in many situations. An exemplary
case is quality control: Reinforcing bars produced today are periodically tested to check their conformity
with specifications, determining their stress-strain characteristics in standard tensile tests. However, the
applied quasi-static strain rates may vary considerably, but are not commonly reported. Hence, the results
are subject to considerable uncertainty. Another relevant case is the structural safety assessment of existing
structures affected by local corrosion of the reinforcement: Their cross section (and hence, stiffness) varies
considerably along the bar axis and consequently, the strain rate in corroded sections is significantly higher
than in non-corroded sections, leading to higher yield stress and tensile strength.

This study investigates the effect of quasi-static strain rates on the stress–strain characteristics of modern
reinforcing bars based on a comprehensive experimental campaign. In four series of experiments, 41 tensile
tests on three different types of reinforcing bars were conducted, applying strain rates between 0.004 ‰/s
and 1.0 ‰/s. Compared to the static stress, an increase of up to 8% in the dynamic stress was observed,
depending on the type of reinforcing bar. Based on these observations, a simplified model for the strain rate
dependency was developed and validated against experimental data, showing excellent agreement.

� 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Numerous studies investigated the influence of strain rate on
the mechanical behaviour of steel and recognised an increase of
stresses in the inelastic range with higher strain rates. The effect
is particularly significant for very high strain rates, in the order
of 0.1 s�1 to 1000 s�1, which occur in structures in the context of
impacts, explosions, and earthquakes. Due to the high damage
potential in these situations, researchers thoroughly investigated
the related strain rate effects, partially in combination with high
temperatures, on reinforcing bars in structural concrete (see e.g.
[1–7]). Studies carried out in the 1970s and 1980s [8,9] observed
quite considerable strain-rate effects also at very low, quasi-
static strain rates (10�6 s�1 to 10�3 s�1). However, though impor-
tant in the context of quality control, corrosion and fatigue of rein-
forcing bars, no recent studies are known to the authors that
consider quasi-static strain rates in modern reinforcing bars.

The effect of quasi-static strain rates is particularly relevant in
quality control of reinforcing steel by means of tensile tests. The
testing standards EN ISO 6892-1:2016 and EN ISO 15630-1:2017
allow strain rates for quality control between 0.25 ‰/s and 8 ‰/
s, which leads to relevant variations in measured yield stress and
tensile strength. As it is uncommon to report the strain rate applied
in the tensile test, this issue impedes a direct comparison of results
among different testing laboratories. Moreover, it introduces a cer-
tain amount of arbitrariness when assessing the conformity of a
production batch, particularly where the characteristics are close
to the required limit values.

Additionally, the effect of quasi-static strain rate may be rele-
vant in experimental campaigns on structural concrete, particu-
larly in the field of corrosion investigations: Reinforcing bars
with non-constant cross section over their length, as commonly
investigated in corrosion studies, exhibit different strain rates
and therefore different strengths in the intact and corroded sec-
tions, respectively. This is due to the varying cross section reduc-
tion along the bar axis and the correspondingly varying tensile
stiffness EA. In this context, it is important to note that apart from
the effect of strain rate, many other influences have to be consid-
ered when assessing the structural safety of corroded reinforced
concrete structures. These are in particular various steel
microstructures with distinct mechanical properties within the
cross section in quenched and self-tempered (QST) reinforcing bars
[10–13]; three-dimensional stress states near the damage zone for
local corrosion [14]; and bending effects for localised corrosion pits
due to a shift of the neutral axis [14–16].

In 1967, Lampert et al. [8] conducted tensile tests on four types
of reinforcing bars produced the 1960s (brand names ‘‘Tor”, ‘‘Roto”,
‘‘Caron” and ‘‘Box”) at quasi-static strain rates varying between 0.05
‰/s and 1.04 ‰/s. They thoroughly analysed the rate dependency of
the exhibited stresses and stated that (i) the dynamic stress, with
running testing machine, is between 3% and 9% higher than the sta-
tic stress at halts, depending on the initial stress and the steel type;
(ii) even small applied strain rates increase strength considerably;
and (iii) static stress is independent of the preceding strain rate.
Ten years later, Krempl [9] conducted tensile and relaxation tests
on AISI Type 304 steel at low strain rates varying between 10�5

‰/s and 10 ‰/s. He stated that (i) the increase of the inelastic stress
depends on the strain rate; (ii) the static stress is independent of the
preceding strain rate; and (iii) relaxation time depends on the
applied stress and the preceding strain rate. Krempl hypothesised
that a boundary between elastic and inelastic deformation does
not exist, but inelasticity is rather a gradually developing process,
similar to the modelling approach of Ramberg & Osgood [17].

Contrary to the numerous studies on the influence of medium
and high strain rates on the stress-strain characteristics of steel
in the past, the data set is scarce for modern reinforcing steel at
2

quasi-static strain rates. This missing data impedes a proper sepa-
ration of the effects of different phenomena on the stress-strain
characteristics of corroded reinforcing bars as described above,
and complicates a reliable comparison of test results from different
laboratories in production quality control. The present study closes
this knowledge gap with a comprehensive experimental campaign
on 41 specimens of three types of reinforcing steel, tested at strain
rates between 0.004 ‰/s and 1 ‰/s. Stresses were found to
increase by 8% from static to dynamic state for a strain rate of 1
‰/s and by 5% when comparing strain rates of 0.004 ‰/s and 1
‰/s. Based on these findings, a simplified model is developed to
describe the strain rate dependency of the mechanical characteris-
tics of modern reinforcing bars in the inelastic range.

2. Experimental programme

The experimental campaign carried out in the structural labora-
tory at ETH Zurich aimed at investigating the influence of strain rate
on the relaxation and stress-strain behaviour of reinforcing bars in
the inelastic range. The four test series A1-A4 comprised a total of
41 reinforcing bars of three different types of reinforcement. Series
A1 contained 13 cold-worked (CW) reinforcing bars of the product
type ‘‘BSW-Superring TWR” (B500B) that were hot-rolled,
stretched, and coiled for transportation. Series A2 contained 14
hot-rolled, quenched and self-tempered (QST) reinforcing bars of
the product type ‘‘BSW Tempcore” (B500B) that were delivered as
straight bars. Series A3 contained 13 QST reinforcing bars of the
product type ‘‘Pittini BST500 Jumbo HD” (B500B) which had been
coiled for transportation and subsequently straightened before
delivery (referred to as QST-R bars). Series A4 contained two rein-
forcing bars of each type of Series A1 and A2. All reinforcing bars
had a nominal diameter of 20 mm and a length of 1200 mm and
had been delivered to the laboratory as straight bars with the
required length. Reinforcing bars of the same type were taken from
the same production batch. CW bars contained a perlitic/ferritic
microstructure, whereas QST and QST-R bars consisted of distinct
layers of perlite/ferrite (core), bainite (transition zone), and marten-
site (outer annulus). More information on the different types of
reinforcement used, particularly regarding their microstructural
composition and its implications on the stress-strain characteris-
tics, can be found in [18] and in a companion paper [13].

All reinforcing bars were loaded displacement controlled until
failure, applying varying strain rates, in a universal tensile testing
machine of type Schenck 480 kN, containing an Instron controller.
They were instrumented with a linear variable differential trans-
former (LVDT, type WLH50 from Messotron with nominal
stroke ±25 mm) of 300 mm gauge length for elongation measure-
ment. After weighing the specimens and installing the LVDT in the
middle of the bar’s axis, they were installed (clamped) in the test-
ing machine without any further preparation. In Series A1 to A3,
the strain rate was kept constant throughout the entire tensile test
at either 0.004 ‰/s, 0.01 ‰/s, 0.04 ‰/s, 0.1 ‰/s, 0.4 ‰/s, or 1 ‰/s.
To investigate the relaxation behaviour of the reinforcing steel, the
displacement of the machine head was stopped, and elongation of
the reinforcing bars kept constant for at least 2 min at a range of
strain values (A1: 5‰, 20‰, and 35‰; A2: within yield plateau,
25‰, 40‰, and 60‰; A3: 5‰, 20‰, and 50‰). For Series A4, the
strain rate was varied within the same test to validate the results
of the previous three series.

3. Results and discussion

3.1. Basic observations

Fig. 1 shows the stress-strain diagrams of Series A1 to A3 with
colours indicating the various strain rates. Stresses are calculated



Fig. 1. Stress-strain diagrams of Series A1 to A3. Reinforcing bars were tested at the
indicated strain rate. Triangles indicate the peak stress and corresponding strain. (a)
A1: Hot-rolled, cold-stretched reinforcing bar, coiled (CW); (b) A2: QST reinforcing
bar, straight; (c) A3: QST-R reinforcing bar, coiled.
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using the reinforcing bars effective cross sectional area determined
by their weight. The different curve shapes, evident when compar-
ing the stress-strain curves of Series A1 to A3, are due to the differ-
ent production methods of the reinforcing bars [13]. The CW
reinforcing bars (A1) lack a pronounced yield plateau and exhibit
lower strains at peak load due to the cold-working. The QST rein-
forcing bars (A2) obtain favourable mechanical characteristics by
their composed microstructure layers, exhibiting a pronounced
yield plateau and higher strain at peak stress. The QST-R reinforc-
ing bars (A3) are produced in the same way as the QST reinforcing
bars, except that they are coiled for transportation, which may –
but need not – lead to the absence of a yield plateau (as observed
in these tests) as the bars undergo plastic deformations when
being coiled.

The difference in stresses observed at equal strain caused by the
varying strain rates is obvious for all Series A1 to A3: The measured
stress at a given strain in the plastic phase increases with higher
strain rate. Furthermore, the stress decay from dynamic stress
towards static stress due to relaxation when the machine was
stopped at various strain levels is clearly visible in Fig. 1. For a
3

given strain rate, the magnitude of the stress decay between stop-
ping and restarting the machine was found to increase with higher
initial stress rinit at the beginning of the machine stop. Therefore,
in all further plots the stress decay is normalised with respect to
the initial stress level rinit. Fig. 2 shows the normalised stress
decay over time for CW and QST reinforcing bars for machine stops
at various strain levels and for different strain rates. The stop dura-
tion was set to 2 min for most of the experiments (similar to [8]),
and to 45 min for the remaining few tests. A logarithmic decay over
time, with increasing slope in the first phase after stopping, was
observed. For the higher strain rates of 1 ‰/s and 0.4 ‰/s, the slope
decreased after 70. . .100 s and 400. . .500 s, respectively. For the
slow strain rate of 0.004 ‰/s, the decay kept being logarithmic
even after 45 min, without showing indications of a decrease of
the slope. This leads to the conclusion that strain rate before stop-
ping influences both, the magnitude of the stress decay and its rate.
Furthermore, it indicates that a duration of the machine stop of
2 min, as commonly used in materials testing, is not sufficient
for tests conducted at low strain rates to reach steady state and
determine the static stress.

Plastic strains in metals and related strain rate effects are
caused by movements of dislocations through the crystalline
grains. Orowan was among the first researchers describing the
underlying mechanism [19–22]. He postulated the Orowan equa-
tion relating the macroscopic plastic shear strain rate _cpl to the
microscopic parameters:

_cpl ¼ kqmbv ð1Þ
where k = dislocation orientation factor (Schmid factor), qm= mobile
dislocation density, b = magnitude of Burgers vector (characterizing
the intensity of a dislocation), and v = mean dislocation velocity.
Further, one may assume that v is related to the microscopic shear
stress by the power function v=sn, where n depends on the material
properties [19,21]. On the other hand, the macroscopic plastic shear
strain rate _cpl is proportional to the macroscopic plastic strain rate
_epl in direction of the applied force, which is in turn approximately
equal to the total strain rate _e ¼ _epl þ _eel � _epl in the plastic phase of
a tensile test [21]. Hence, since the microscopic shear stress s is pro-
portional to the macroscopic exhibited tensile stress r and the Tay-
lor factor [23], one gets the proportionalities:

_epl

qm
/ _c

qm
/ v / sn / rn ð2Þ

Generally, the mobile dislocation density qm is not constant, but
increases with e.g. plastic deformation [22,23]. However, it is obvi-
ous from equation (2) that for equal values of qm (i.e., at a specific
strain value in a test), the exhibited tensile stress r must increase
with the strain rate, i.e., r / ������

_epl
n
p

.

3.2. Proposed modelling approach of relaxation behaviour

The influence of strain rate on the stress-strain diagram of a
reinforcing bar can be mathematically described using a function
depending solely on the applied strain rate, but independent of
the strain at stopping. Experimental data and the findings of [9]
imply that stresses at a given strain e decay to the same static
stress r0ðeÞ, independently of strain rate. The final stress decay
therefore can be written as Drð _e; eÞ ¼ rinitð _e; eÞ � r0ðeÞ. Normaliz-
ing with the initial stress yields:

Dr _e; eð Þ=rinit _e; eð Þ ¼ 1 � r0ðeÞ=rinit _e; eð Þ ¼ C _eð Þ ð3Þ
Here, Cð _eÞ denotes a variable only depending on the strain rate.

The independence of C from a specific strain value e is assumed
based on the findings in Fig. 2. The difference in the stress decay
Dr� _e1; _e2; eð Þ and the ratio between the corresponding dynamic



Fig 2. Normalized stress decay over time for machine stops (at different strain levels) for various strain rates. (a) A1: hot-rolled, cold stretched reinforcing bars (CW); (b) A2:
QST reinforcing bars, straight.
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stresses, rinit _e2; eð Þ=rinit _e1; eð Þ, for two different strain rates _e1 and
_e2 at a specific strain level e can be determined from Eq. (4) (see
Fig. 3 (a)).

Dr� _e1; _e2; eð Þ ¼ rinit _e2; eð Þ � rinit _e1; eð Þ ¼ Dr _e2; eð Þ � Dr _e1; eð Þ
¼ C _e2ð Þrinit _e2; eð Þ � C _e1ð Þrinit _e1; eð Þ

! rinit _e2 ;eð Þ
rinit _e1 ;eð Þ ¼ 1�C _e1ð Þ

1�C _e2ð Þ

ð4Þ
If Cð _eÞ is known, the dynamic stress-strain diagram for any

strain rate _e2 can be calculated using the stress-strain diagram
determined at any other strain rate _e1.

The value of Cð _eÞ presumably depends on the material charac-
teristics of the reinforcing bar. It can be determined empirically
using the measured stress decays at various strain rates, applying
Eq. (3). However, while the stress at the beginning of the stress
decay rinitð _e; eÞ was measured, the static stress r0ðeÞ would theo-
retically only be reached after an infinitely long stop, and clearly
was not reached in most of our experiments (see Section 3.1.).
Hence, the following procedure was used to estimate the decay
from dynamic to static stress (compare Fig. 3 (b)):

The results shown in Fig. 2 imply that stresses had (almost)
fully decayed after machine stops of 2 min duration for the exper-
iments with a strain rate of 1 ‰/s. Assuming the static stress r0ðeÞ
to be independent of the applied strain rate, as proposed by [9], its
value observed with a strain rate of 1‰/s, r0 _e1 ¼ 1; =s; eið Þ, at a
Fig 3. (a) General approach to determine stress decay exhibited for reinforcing bars te
slightly in strain level.

4

specific strain ei equals the static stress observed at the same strain
ei for all experiments of one series conducted with any other strain
rate. Thus, the static stress obtained at _e1 ¼ 1‰=s is used as refer-
ence static stress r0;ref ðeiÞ. The stress decay in a test with any other
strain rate _e2 is then determined by the difference between the
stress at the beginning of the machine stop, i.e. rinit _e2; eið Þ, and
r0;ref eið Þ ¼ r0 _e1 ¼ 1‰=s; eið Þ. Since the machine was stopped
manually at distinct strain levels, the actual strains ej at stopping
differed slightly from the targeted strain level ei. Hence, the refer-
ence static stress r0;ref ej

� �
– which was not directly measured at

this same strain – was corrected based on the measured dynamic
stresses in the experiments with a strain rate of 1 ‰/s, assuming
the stress decay Dr _e1; eið Þ to be constant.
3.3. Determined values for normalised stress decay C _eð Þ and
conclusions

Fig. 4 shows the normalised stress decay C _eð Þ ¼ Dr _e;ð eiÞ=
rinit _e; eið Þ for Series A1, A2 and A3 as a function of the applied
strain rate. The symbols indicate the corresponding strain level at
which the machine was stopped. Results deviating by more than
40% from the median for Series A2 (QST) or 15% of the median
for Series A1 and A3 (CW and QST-R), shown in grey, were treated
as outliers and were not considered for the regression of C _eð Þ.
Table 1 contains the mean and coefficient of variation CoV for each
strain rate and test series.
sted with different strain rates; (b) approach to correct stress decay if stops differ



Fig. 4. Normalised stress decay as function of the applied strain rate in the tensile
test. Experimental results are shown in black and grey, the corresponding
regression line in red, and the results of Lampert et al. [8] in blue for comparison.
(a) A1: hot-rolled, cold stretched reinforcing bars, coiled (CW); (b) A2: QST
reinforcing bars, straight; (c) QST-R reinforcing bars, coild. (For interpretation of the
references to colour in this figure legend, the reader is referred to the web version of
this article.)

Table 2
Model coefficients for different types of reinforcing steel in Eq. (5).

CW QST QST-R

q [–] 0.0728 0.0762 0.0587
m [–] 0.0095 0.0183 0.0041
_emin [‰/s] 2.2 10-8 6.9 10-5 4.8 10-15
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The results clearly indicate that higher strain rates lead to larger
stress decays, approximately following a logarithmic relation. As
the static stress r0ðeÞ is constant, the measured dynamic stress
thus increases with higher strain rates, to an extent depending
on the steel type. Whereas for QST-R reinforcing bars the increase
is rather low, it is more pronounced for the CW and quite consid-
erable for QST reinforcing bars.
Table 1
Mean and Coefficient of Variation CoV for the normalised stress decay C _eð Þ for the three S

strain rate [‰/s] 0.004 0.01

CW mean [%] 5.32 5.07
CoV [%] 19.2 14.9

QST mean [%] 2.36 3.18
CoV [%] 49.9 37.9

QST-R mean [%] 4.99 5.44
CoV [%] 5.4 5.6

5

Note that there is a significant difference between dynamic and
static stress even for very low strain rates. To correctly validate any
calculation model with experimental results, the authors therefore
recommend using dynamic rather than static steel characteristics,
as in many conducted experiments the applied strain rate – partic-
ularly at failure – is still higher than the smallest strain rate applied
in the present test series.

A regression of the data shown in Fig. 4 with a logarithmic for-
mulation yields an empirical estimation of C _eð Þ:

C _eð Þ ¼ Dr _e; eið Þ
rinit _e; eið Þ ¼ q þ m � log _eð Þ P 0 with _e in ½‰=s� ð5Þ

The coefficients q and m can be determined separately for each
type of reinforcing steel and are reported in Table 2. As C _eð Þ has to
be positive to represent a physically meaningful stress decay, the

equation is only valid for applied strain rates _e P _emin ¼ 10�q=m.
Table 2 also reports the minimum strain rate for the given
coefficients.

The scatter of the data shown in Fig. 4 differs depending on the
reinforcing bar type. While the CW and QST-R series show a com-
parably low variation, the scatter in the QST series is higher, partic-
ularly for higher strain rates. Note that the static stress r0ðeÞ for
experiments with strain rates lower than 1 ‰/s was calculated
using the procedure described in Section 3.2., which may affect
the accuracy, and that the given regression coefficients are strictly
speaking only valid for the tested samples or production batches of
reinforcing steel. Nevertheless, the results can serve as an estima-
tion for calculations using the characteristics of other batches of
the same reinforcing bar type.

In Fig. 4 the results of the experiments of Lampert et al. [8] are
included in blue. Their test results obtained for the steel types
Caron, Roto, and Tor are compared with the results of the CW ser-
ies, as they are also cold-worked steels. The relaxation as a function
of the strain rate was less pronounced in their tests compared to
the CW series, although the slope of a possible regression is similar.
The steel type Box is compared with the QST series, although it is
not a quenched and self-tempered reinforcing steel, but a hot-
rolled steel without further treatment (traded as ‘‘naturhart” in
German). However, its stress-strain diagram is similar, showing a
pronounced yield plateau at about 430 MPa, with a tensile strength
of 590 MPa at a strain of 17%. The results of normalised stress
decays as a function of strain rate are almost equal to the QST
series.

It is worth noting the implications of the findings on the peri-
odic quality monitoring of reinforcing steel. According to EN ISO
6892-1:2016, the strain rate for determining the tensile strength
can be chosen freely among the values 0.25 ‰/s, 2.0 ‰/s or 6.7
eries A1 to A3 (CW, QST and QST-R reinforcing bars).

0.04 0.1 0.4 1.0

6.12 7.13 7.31 8.06
12.0 36.1 27.7 28.9

5.77 5.75 7.31 6.84
32.3 20.0 36.0 28.9

4.91 5.51 5.57 6.71
8.9 9.3 12.9 25.1
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‰/s for method A (control of cross-head via extensometer) or up to
8 ‰/s for method B (control of cross-head via force measurement).
To estimate the effect of these high strain rates, the normalised
stress decay can be approximated using Eq. (5), and the stress ratio
between two different strain rates can be determined from Eq. (4)
for any given strain. Table 3 shows the results of these calculations
for the admissible strain rates of EN ISO 6892-1:2016. Assuming
that a batch of reinforcing bars exhibits a yield stress fy of
490 MPa and a tensile strength fu of 650 MPa at a strain rate of
0.25 ‰/s, a yield stress of approximately 505 MPa and a tensile
strength up to 670 MPa will be measured at a strain rate of 8 ‰/s
(QST reinforcing bar). With a given minimum threshold of
500 MPa for the yield stress [24], the same batch would either fail
or pass the quality control, depending on which strain rate was
applied for the tensile test. The authors therefore highly recom-
mend indicating the applied strain rate for every tensile test and,
eventually, including a correction factor for the strain rate used
in a future revision of EN ISO 6892-1:2016.
3.4. Validation of proposed values for C _eð Þ

In Series A4, varying strain rates were applied during the tensile
test of one reinforcing bar, similar to the experiments of [9]. In
Fig. 5, changes in strain rate at various strain levels and the corre-
sponding sudden change in stress are clearly visible. With the val-
ues of Table 2 and Eqs. (4) and (5), these stress changes can be
predicted using the stress before each change in strain rate. There-
fore, this test can serve as a validation for the determined regres-
sion. Considering the variability of the results of tensile tests
even in the same batch of reinforcing bars, the predicted stresses
(red lines in Fig. 5) due to changes in strain rate match the original
data very well, except for the QST reinforcing bars at higher load
levels.
Table 3
Estimated normalised stress decay C _eð Þ and stress ratio for various strain rates, and tran
respectively.

_e [‰/s] C _eð Þ [%] r _eð Þ=r _e ¼ 0:25‰=sð Þ [–]

CW QST QST-R CW QST QST

0.25 6.7 6.5 5.6 1.000 1.000 1.0
2.0 7.6 8.2 6.0 1.009 1.018 1.0
6.7 8.1 9.1 6.2 1.015 1.029 1.0
8.0 8.1 9.3 6.2 1.016 1.030 1.0

Fig 5. Stress-strain diagrams of tensile tests of Series A4 at varying strain rates as indicat
shown. (a) QST reinforcing bar; (b) CW reinforcing bar. (For interpretation of the referen
article.)
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4. Conclusions

This study investigated the effect of quasi-static strain rates
between 0.004 ‰/s and 1.0 ‰/s on the stresses in the plastic range
for reinforcing bars of three different types (hot rolled & cold-
stretched, hot-rolled & QST in straight bars, and hot-rolled & QST
on coils). Based on 41 tensile tests with various quasi-static strain
rates, it was found that compared to static stresses, dynamic stres-
ses increase logarithmically up to 8% with increasing strain rate.
Furthermore, experiments confirmed that the preceding strain rate
does not influence the static stress, but affects the relaxation time
required to reach the static stress when pausing a displacement-
controlled test. A model was proposed which describes the relation
between static and dynamic stress by a function C _eð Þ only depend-
ing on the strain rate. The coefficients of this function depend on
the material characteristics and may vary for different steel types,
maybe even among different production batches. Nevertheless, the
values given in Table 2 can be used as first estimates. The model
matches very accurately with the results of the validation tests.

The implications of the findings on the periodic quality moni-
toring of reinforcing steel production were discussed. Since the
definition of yield stress and tensile strength is highly dependent
on the applied strain rate, it is highly recommended to document
the strain rate used for each tensile test. The authors suggest
implementing a correction factor for the strain rate used in a future
version of the standard EN ISO 6892-1:2016.

Furthermore, the findings of this study related to the influence
of strain-rate on the stress-strain behaviour of reinforcing bars are
an important step towards a better understanding of the overall
response of corroded reinforcing bars. They allow to reliably sepa-
rate effects induced by the applied strain rate in experiments on
corroded reinforcing bars from other effects induced by the corro-
sion damage. One of these effects, the influence of a distinct
sformation to absolute stress values for yield stress and tensile strength, fy and. fu,

estimated fy [MPa] estimated fu [MPa]

-R CW QST QST-R CW QST QST-R

00 490 490 490 650 650 650
04 495 499 492 656 662 653
06 497 504 493 660 669 654
07 498 505 493 660 670 654

ed. In red, the modelled stresses and the deviation from the experimental curve are
ces to colour in this figure legend, the reader is referred to the web version of this
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microstructure layers in QST reinforcing bars, has been investi-
gated in a parallel study, and is discussed in a companion paper
[13]; further effects, such as the three-dimensional stress states
near localised corrosion pits, or bending moments due to a shift
of the neutral axis in case of a unilateral damage, are currently
being researched by the authors, in order to finally be able to accu-
rately assess the residual safety of corroded reinforced concrete
structures.
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