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Keywords: Several concrete structures in tectonically active regions of the world are exposed to chloride ingress from
Corrosion seawater, saltwater, and other sources, making them vulnerable to corrosion-induced deterioration. Although it
Deterioration

is well-known that corrosion-induced deterioration influences the force-displacement behaviour of corroded
concrete components under cyclic loading, no adequate provisions have been incorporated into state-of-practice
seismic assessment procedures to account for the influence of corrosion on the modeling parameters and
acceptance criteria for concrete components. Using an extensive database of 418 material-level and 271
component-level test specimens with deformed bars, this paper presents simple formulations for evaluating the
residual yield strength, ultimate strength, ultimate strain capacity, and bond strength of corroded deformed bars.
Conclusions from the material-level study are then used in proposing approaches for predicting the flexural
strength, shear strength and failure mode of beam-column components with corroded deformed bars. Subse-
quently, a simple reduction factor formulation is proposed for predicting corrosion-induced deformation capacity
deterioration in corroded concrete components. The proposed reduction factor is demonstrated to be applicable

Residual seismic capacity
Concrete structures
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to current deformation capacity formulations in ASCE/SEI 41-17 and Eurocode 8.

1. Introduction

Civil infrastructures are exposed to aggressive environmental con-
ditions (such as concrete carbonation and chloride ingress) during their
life-cycle. Such aggressive conditions may result in the corrosion of
embedded steel reinforcement. Corrosion propagation in RC compo-
nents usually results in reduced steel cross-section, cracking and
delamination of concrete cover and bond deterioration [1-3]. A large
number of buildings and bridges in tectonically active coastal regions
are prone to corrosion attacks. Hence, from a seismic assessment
perspective, it is essential to ensure the availability of efficient seismic
assessment procedures to evaluate the response of corroded concrete
components.

Current seismic assessment standards (e.g. ASCE/SEI 41-17 [4] and
Eurocode 8 [5]) do not make provisions for evaluating the probable
performance of corroded RC components. One of the reasons for the lack
of codified provisions for assessing corroded components may be the
lack of experimental data and knowledge on the cyclic behaviour of
corroded components. However, several component- and material-level
tests have been carried out in recent years to fill this gap.

At the component level, studies [6-10] have looked at the influence
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of uniform and non-uniform corrosion of longitudinal and transverse
reinforcement on strength, ductility and failure mode of concrete com-
ponents. Available test data on the cyclic response of corroded beam-
column components have highlighted the significant corrosion-
induced reduction in peak lateral strength and deformation capacity at
lateral failure. It is also noteworthy that some of the aforementioned
studies also looked at retrofitted corroded components. Retrofitted
components are, however, outside the scope of the current study. At the
material level, studies [1,2,11,12] have discussed the adverse influence
of corrosion on the concrete-rebar bond of embedded bars, yield and
ultimate strengths, and ultimate strain capacity of corroded bare bars.

Based on experimental results on corroded components, it has been
concluded that codified seismic assessment procedures for pristine
components may overestimate the probable strength and deformation
capacity of corroded components [13]. It is, therefore, important to
develop appropriate seismic assessment procedures to (a) capture the
influence of corrosion effect on the failure mode of concrete compo-
nents; (b) predict the reduction in force-displacement parameters for
given corrosion levels in the transverse and longitudinal reinforcement
of the corroded concrete component.

Recent studies have proposed methodologies for predicting the
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deformation capacity of concrete columns. Goksu et al. [13] capture the
influence of bar corrosion on the ultimate tensile strain capacity of the
longitudinal bar in a moment-curvature analysis. The column drift ca-
pacity is then estimated from the computed curvature capacity using a
plastic hinge length equal to half of the column length. However, it is
noteworthy that Goksu et al. [13] do not consider the influence of stirrup
corrosion on the failure mode, strength, and deformation capacity of
corroded columns. Furthermore, the approach was calibrated using only
six test specimens.

The current study seeks to develop formulations for evaluating the
residual seismic capacity of beam-column components with corroded
reinforcement in terms of strength and deformation capacity. In this
study, extensive datasets of 418 material-level (229 bare bars and 189
bond tests) and 271 component-level (102 cyclic and 169 monotonic)
tests have been adopted in calibrating simple formulations that can be
easily used by practising engineers and researchers in assessing the
behaviour of corroded concrete beam-column components with
deformed bars. Firstly, formulations for predicting the residual yield
strength, ultimate strength, and ultimate strain capacity of bare
deformed bars are proposed. Subsequently, a model for predicting the
residual bond strength of concrete-embedded corroded bars is proposed.
Conclusions from the material-level study are then used in proposing
approaches for predicting the flexural strength, shear strength and
failure mode of beam-column components. Furthermore, a simple
reduction factor formulation is proposed for evaluating the probable
reduction in deformation capacity at the lateral failure of beam-column
components with corroded deformed bars. Lastly, it is shown that the
proposed reduction factor can be applied to current deformation ca-
pacity formulations in ASCE/SEI 41-17 and Eurocode 8.

2. Experimental database

One of the first steps in this study was a critical review of experi-
mental and analytical studies on the influence of corrosion on the ma-
terial- and component-level behaviour. For the purpose of this study,
five datasets of test specimens with deformed bars were collected. All
five datasets are provided in the Appendix.

Dataset 1 consists of 229 bare bar specimens subjected to monotonic
tensile loading [1,2,11,12,14-17]. The distribution of key parameters is
presented in Table 1. It is noteworthy that measured yield and ultimate
strength of bars are typically reported either in terms of apparent stress
fq (i.e. ratio of measured tensile force F, to the pristine cross-sectional
area of the bar Ap) or effective stress f, (i.e. ratio of measured tensile
force F,,rr to the average cross-sectional area of the corroded bar Ap corr,
computed from residual mass and length of the bar). For consistency
purposes, the reported residual strength values are in terms of apparent
stress.

Dataset 2 consists of 189 concrete-embedded straight deformed bar
specimens subjected to monotonic pull-out tests [18-25]. All the test
specimens in Dataset 2 suffered bond failure with no bar rupture. The
distribution of key parameters is presented in Table 2.

Dataset 3 consists of 36 flexure-controlled singly-reinforced beams
with corroded tensile reinforcement under monotonic loading [26,27].
The failure mode of the specimens in this dataset was identified based on
the published information. In this study, a specimen is classified as
flexure-controlled if no critical diagonal cracking was observed

Table 1

Distribution of key parameters in the collated bare bars database (Dataset 1).
Parameter Mean Maximum Minimum
Diameter of pristine bar d, (mm) 15 29 6.5
Yield strength of pristine bar f, (MPa) 439 550 250
Ultimate strength of pristine bar f,, (MPa) 580 400 666
Ultimate strain capacity of pristine bar ¢, 0.12 0.21 0.1
Mass loss (%) 15.2 82.4 0
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Table 2

Distribution of key parameters in the collated pull-out test database (Dataset 2).
Parameter Mean Maximum Minimum
Diameter of pristine bar d; (mm) 14 20 10
Yield strength of pristine bar f, (MPa) 442 460 315
Concrete compressive strength f°. (MPa) 29.8 41 17.7
Concrete cover to bar diameter ratio (c¢/dp) 4 7.5 1
Mass loss (%) 5 80 0

throughout the test. Dataset 3 consists of flexural yielding and bond-
dominated components. The distribution of key parameters is pre-
sented in Table 3.

Dataset 4 consists of 133 shear-controlled beams with corroded
stirrups under monotonic loading [10,28-37]. The beams were classi-
fied as shear-controlled if the behaviour is dominated by the initiation
and propagation of a critical diagonal failure plane. The dataset consists
of 121 doubly-reinforced and 12 singly-reinforced beams. The distri-
bution of key parameters is presented in Table 4.

Dataset 5 consists of 23 corroded beam and 79 corroded column
components under cyclic loading [6-9,38-52]. 93 out of the 102
corroded specimens have a corresponding pristine specimen. It is note-
worthy that poorly-confined components are not well-represented in the
database. Only six of the 102 specimens have a ratio of stirrup spacing to
effective depth (s/d) > 0.5. This may be attributed to the fact that poor
performance is expected of poorly detailed columns irrespective of the
corrosion level. Five column specimens have spliced longitudinal rein-
forcement. All five specimens are from a single test program [13] and
have a provided splice length of 40d;. The distribution of key parameters
is presented in Table 5.

Based on the literature survey of the experimental tests, a summary
of the influence of corrosion on the residual capacity of concrete com-
ponents is presented in Fig. 1. As shown in Fig. 1, reinforcement
corrosion directly reduces reinforcement cross-section and causes
volumetric expansion of corrosion products [1,6,53]. Chloride ingress
results in localized or pitting corrosion which typically concentrates at a
point or small area of the reinforcement, while uniform corrosion is
typically associated with carbonation [3]. The reduction in reinforce-
ment cross-section, pit formation, and stress concentration negatively
influences the stress—strain behaviour (i.e., strength and ductility) of the
corroded bar [1,2,16]. The volumetric expansion of the corrosion
products results in cracking and delamination of concrete cover [6,8].
The combined effect of concrete cover cracking and reduction in rein-
forcement cross-section leads to degradation of the concrete-rebar bond
[21,22]. Corrosion-induced modification of concrete and steel proper-
ties influences the failure mode, stiffness, strength and deformation
capacity at the component level [10,26,48,54]. Subsequent sections in
this study seek to develop approaches for predicting the failure mode,
residual strength, and deformation capacity of corroded components.

Table 3
Distribution of key parameters in the collated database of flexure-controlled
singly-reinforced beams with corroded tensile reinforcement (Dataset 3).

Parameter Mean Maximum Minimum
Diameter of pristine bar d; (mm) 9.5 10 8

Yield strength of pristine bar f, (MPa) 530 570 520
Concrete compressive strength f°. (MPa) 37 40 27

Mass loss (%) 11.5 30 2.5
Longitudinal reinforcement ratio p; (%) 0.9 1 0.47

Shear span ratio (a/d) 3 5.6 2.3
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Table 4
Distribution of key parameters in the collated database of shear-controlled
beams with corroded stirrups (Dataset 4).

Parameter Mean Maximum Minimum

Diameter of pristine bar d, (mm) 20 25 8

Yield strength of pristine bar f, (MPa) 456 580 370

Concrete compressive strength f. (MPa) 30.7 50 20.7

Tensile longitudinal reinforcement ratio p; (%) 2.3 3.2 0.6

Shear span ratio (a/d) 2.5 4.7 1.55

Mass loss in stirrups (%) 24 97.2 0

Transverse reinforcement ratio p; (%) 0.38 0.9 0.14
Table 5

Distribution of key parameters in the collated database of corroded beam-
column components under cyclic loading (Dataset 5).

Parameter Mean Maximum Minimum
Diameter of pristine bar d, (mm) 19 29 14

Yield strength of pristine bar f, (MPa) 433 610 355
Concrete compressive strength f’. (MPa) 32 45 16
Longitudinal reinforcement ratio p;, (%) 1.9 3 0.7
Transverse reinforcement ratio p, (%) 0.6 1 0.3

Shear span ratio (a/d) 3.84 11 1.76
Axial load ratio 0.17 0.6 0

Mass loss in stirrups (%) 8 35 0

Mass loss in longitudinal reinforcement (%) 7.5 54 0

3. Influence of corrosion on material and component level
behaviour

3.1. Strength of corroded reinforcing bars

Corrosion of the longitudinal and transverse reinforcement in con-
crete members significantly influence the cyclic response of the concrete
members.  Various  experimental and  analytical studies
[1,2,11,12,14-17] have been carried to evaluate the influence of
corrosion on the stress-strain response of bare reinforcing bars. All
experimental programs agree that the yield strength, ultimate strength,
and ultimate strain of bare bars are significantly influenced by corrosion.

Du et al. [1] recommend that the residual strength .o of a corroded
bar (having an initial strength f,) with mass loss of M% can be estimated
as:

foorr = fo(1 —0.005M) m

Eq. (1) is widely adopted in various studies. It is, however, note-
worthy that Eq. (1) suggests that the residual strength of a corroded bar

Corrosion
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with a mass loss of 100% is 0.5f,. Given that Eq. (1) was calibrated to a
database with M < 25%, Eq. (1) likely provides an unrealistic prediction
of residual strength at corrosion levels higher than 25%. Given the
extensive database available for this study, it is essential to assess the
adequacy of existing formulations for predicting the residual strength of
corroded bars.

As earlier mentioned, tensile test data are typically reported in terms
of apparent residual stress f, (i.e. F.or/Ap) or effective residual stress f, (i.
€. Feorr/Ap,corr)- By assuming that Ap, corr = Ap(1 — 0.01 M), the relation-
ship between f,; and f, is given as:

f(l

(1-0.01M) @

f. =
The general formulation for predicting the apparent residual stress of
a corroded bar is given as:

Ja=fo(1— M) (3)

where B is a reduction coefficient calibrated to experimental data.
Combining Egs. (2) and (3):

(1 - pM)

(1-0.01M) “)

fe=1

The residual tensile force capacity F.. can be evaluated from Eq. (3)
as fqAp or from Eq. (4) as feAp,corr-

The recommended value of § by different researchers [15,16,55]
ranges from 0.011 - 0.014. Fig. 2a and Table 6 explore the adequacy of
recommended f values. As shown in Fig. 2 and Table 6, the best estimate
of apparent residual stress is achieved using a p value of 0.013.

It is noteworthy that, based on the definition provided by Du et al.
[11, Eq. (1) is defined in terms of effective residual stress. Fig. 2b pre-
sents the relationship between the measured f./f, and mass loss. As
shown in Fig. 2b, Eq. (1) may overestimate the residual stress at high
corrosion levels. Hence, adopting a single coefficient (e.g. Eq. (1)) in
predicting the effective residual stress may not be appropriate at high
corrosion levels (i.e. M > 50%). In comparison, the more refined Eq. (4),
using a f = 0.013, can capture the strength deterioration at high
corrosion levels.

Fig. 3 and Table 7 explore the adequacy of the typically recom-
mended B values in predicting the ultimate strength of corroded bare
bars. As shown in Fig. 3 and Table 7, similar conclusions can be derived
in terms of predicting the ultimate strength of bare bars. Hence, a f value
of 0.013 is recommended for predicting the residual yield and ultimate
strength of corroded bare bars.

!
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Volumetric expansion
of corrosion products
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Concrete cover cracking Mlaterial
i i and delamination eve
Reduction in yield and Reduction in ultimate Degradation of
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Fig. 1. Influence of corrosion on seismic residual capacity of concrete components.
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Fig. 2. Influence of mass loss on residual (a) apparent yield strength (b) effective yield strength of bare bars.

Table 6
Adequacy of typically recommended p for predicting the yield strength of
corroded bars.

B Ratio of measured-to-calculated
Mean Median Coefficient of variation (%)
0.011 0.96 1.00 8.6
0.012 0.98 1.01 7.7
0.013 1.0 1.0 7.7
0.014 1.04 1.0 14.2

3.2. Ultimate strain of reinforcing bars

The influence of corrosion on the ultimate strain capacity of rein-
forcing bars is explored using Dataset 1. Out of the 229 bare bar tests in
Dataset 1, only 105 tests provided data on the measured ultimate strain
capacity. Fig. 4 depicts the influence of mass loss on the measured re-
sidual ultimate strain capacity of the bare bars in Dataset 1. As shown in
the Figure, there is a significant relationship between mass loss and
ultimate strain capacity. Various studies have proposed formulations to
define this relationship. Du et al. [56] proposed that the residual ulti-
mate strain capacity of a corroded bar (g, o) can be estimated as:

Eucorr = guo(l - OOSM) (5)

where g, is the ultimate strain capacity of a pristine bar.
Goksu et al. [13] proposed that &, corr can be estimated as:

1.2
O Measured
1 @ ---Equation (3) f=0.011
—--Equation (3) #=0.012
08 L ----Equation (3) #=0.013
s —-Equation (3) f=0.014
3 g3
~ 0.6 r .
3 ESNON O
= 04 RN
ol R
02 | MO
RN
0 1 1 1 S
0 20 40 60 80 100
Mass loss (%)

(a) Apparent ultimate strength

&40 if M 9%

Bugorr = { (1.79 — 0.38InM)¢,, it M > 9% ©

The adequacy of Egs. (5) and (6) is shown in Fig. 4 and Table 8. As
shown in Fig. 4, the Du et al. [56] formulation provides good &, corr €5-
timates for mass loss values lower than 20%. For higher mass loss values
(i.e. M > 34%), Eq. (5) predicts &, o equals zero. This conservative
assumption is attributed to Eq. (5) being originally developed using a
dataset of tests with M<25%. By assuming a lower-bound g, corr estimate
of 0.01 for Eq. (5) (i.e., to avoid dividing by zero), Eq. (5) provides a
mean ratio of measured-to-calculated of 5.25 with a coefficient of
variation of 272% for the whole dataset. However, for a subset of tests
with M < 30%, Eq. (5) provides a mean ratio of measured-to-calculated
of 1.05 with a coefficient of variation of 63%.

For the whole dataset, the Goksu et al. [13] formulation provides an
estimate with a mean ratio of measured-to-calculated of 0.8 with a

Table 7
Adequacy of typically recommended p for predicting the ultimate strength of
corroded bars.

B Ratio of measured-to-calculated
Mean Median Coefficient of variation (%)
0.011 0.96 0.98 7.0
0.012 0.98 1.0 7.1
0.013 1.0 1.0 7.2
0.014 1.02 1.0 10.0
1.2
O
1 G
0.8
S
<06
E\) ~~
& -
04 r
O Measured =
0.2 —Duetal (2005)
—Equation (4) #=0.013
0 1 1 1
0 20 40 60 80 100
Mass loss (%)

(b) Effective ultimate strength

Fig. 3. Influence of mass loss on residual (a) apparent ultimate strength (b) effective ultimate strength of bare bars.
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Fig. 4. Influence of mass loss on the residual ultimate strain capacity of
corroded bars.

Table 8
Adequacy of formulations for predicting the residual ultimate strain capacity of
corroded bars.

Author Ratio of measured-to-calculated
Mean Median Coefficient of variation (%)
Du et al. [56]* (all dataset) 5.25 1.0 272
Duetal. [56] (M < 30%) 1.05 1.0 63
Goksu et al. [13] (all dataset) 0.8 0.7 43
Proposed (all dataset) 1.03 1.00 42

*For specimens with M > 34%, a calculated g, co value of 0.01 was adopted,
instead of zero, in order to evaluate the ratio of measured-to-calculated residual
ultimate strain capacity of these specimens.

coefficient of variation of 43% (Table 8). As shown in Fig. 4, the Goksu
et al. [13] formulation overestimates &, .o across the entire mass loss
range.

To address the inadequacies of Egs. (5) and (6), a formulation fitted
to the dataset is proposed as:

Eycorr = {

As shown in Fig. 4 and Table 8, Eq. (7) provides an estimate with a
mean ratio of measured-to-calculated of 1.03 with a coefficient of
variation of 42% for the whole dataset. Eq. (7) is recommended for
predicting the residual ultimate strain capacity of corroded bars.

(1-0.03M)e,, if M<20%

(0.5 — 0.005M)e,, if M > 20% 2

1.8
16 O Measured
Eﬁ 1'4 @ ---Bhargava et al. (2007)
g 1~2 — -Chung et al. (2004)
é ~1 ------- Lee et al. (2002)
5 —Proposed
=038
§ 0.6
45 0.4 ..................
504 By wNTg O e
- - N
&)0.2 »E_EQ_E______'
0 ‘ ey :
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(a) Mass loss range of 0 — 30%
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3.3. Concrete-rebar bond

The bond mechanism between longitudinal reinforcement and the
surrounding concrete is critical to the lateral strength and deformation
capacity of concrete components. The required development length of a
bar is dependent on the concrete-rebar bond. Available experimental
data on pullout tests generally agree that corrosion level below 3% mass
loss improves the bond strength of embedded bars. Larger corrosion
levels result in a significant reduction in residual bond strength (Fig. 5).

Typically, corrosion-induced expansive radial pressure at the
concrete-rebar interface causes the development of hoop tensile stresses
in the surrounding concrete. Concrete cracking is initiated once the
induced hoop tensile stress exceeds the concrete tensile strength. The
mechanical interlock component of the concrete-rebar mechanism is
weakened by the concrete cracking, resulting in reduced bond strength
of embedded corroded bars.

Various studies have proposed analytical formulations for predicting
the residual bond strength of corroded bars not confined by transverse
reinforcement. Bhargava et al. [57] proposed that the residual bond
strength (ucorr) of a corroded bar not confined by transverse rein-
forcement can be evaluated as:

Uecorr = Ue1.192¢7 MM <y (MPa) (8)
where u, is the pristine bond strength.

Chung et al. [22] proposed that the bond strength of a corroded bar
not confined by transverse reinforcement can be evaluated as:

Uecorr = Ue2.09M 1% for M > 2% (MPa) )

According to Lee et al. [23], the bond strength (Tpmay) of a corroded
bar not confined by transverse reinforcement can be evaluated as:

Uegorr = 5.21-¢ %M (MPa) 10)

Eq. (10) assumes that u, equals 5.21 MPa.

The adequacy of the Bhargava et al. [57], Chung et al. [22] and Lee
et al. [23] formulations are explored using the database of pullout tests
on corroded bars (Dataset 2). Fig. 5 shows the influence of corrosion-
induced mass loss in the embedded deformed bars on the measured
bond strength. The adequacy of the discussed formulations is repre-
sented in Fig. 5 and Table 9. As shown in Table 9, the Bhargava et al.
[57] and Chung et al. [22] formulations provide conservative estimates
of the bond strength of corroded bars with a coefficient of variation of
60%. A better estimate of the bond strength of a corroded bar not
confined by transverse reinforcement can be derived by fitting a linear
formulation to the test data such that:

Uecorr = UV pSUe

1D

1.8
s 1.6 0 Measured
% 1.4 ---Bhargava et al. (2007)
E 12 —-Chung et al. (2004)
§ 1&g 0 o Lee et al. (2002)
‘208 —Proposed
0.6
% 0.4
~ 0.2

0

40 60
Mass loss (%)

(b) Mass loss range of 0 — 100%

80 100

Fig. 5. Influence of mass loss on the bond strength of corroded straight deformed bars.
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Table 9
Adequacy of formulations for predicting the bond strength of corroded straight
deformed bars.

Author Ratio of measured-to-calculated
Mean Median Coefficient of variation (%)
Bhargava et al. [57] 1.33 1.22 60
Chung et al. [22] 1.43 1.23 59
Lee et al. [23] 2.05 1.92 69
Proposed 1.07 1.12 40

where vy is the bond reduction factor and is taken as:

1 for M<2%
7, =< 0.2 for M =10% (12)
0 for M = 100%

A linear interpolation is required to evaluate for corrosion level be-
tween 2 % — 10% and 10% — 100%.

The adequacy of Eq. (12) is presented in Fig. 5 and Table 9. As shown
in Table 9, the proposed Eq. (12) provides an estimate with a mean ratio
of measured-to-calculated of 1.07 and a coefficient of variation of 40%.

Given the fact that the bond tests were carried out on specimens
without stirrups, the effect of stirrup corrosion on the bond strength of
corroded tensile bars can not be validated using pullout test data. A
simple approach is proposed for predicting the bond strength of
corroded longitudinal bars confined by corroded transverse reinforce-
ment. According to Orangun et al. [58], the bond strength of a bar
confined by transverse reinforcement (up) be represented as the sum of
the average bond strength at the failure of the bar not confined by
transverse reinforcement (i) and the bond strength of the bar attributed
to the confinement provided by the transverse reinforcement (u;). By
considering the influence of longitudinal bar corrosion on 1, (i.e., Eq.
(11)) and the influence of transverse reinforcement corrosion on ug, the
Orangun et al. [58] can be estimated as:

Up.corr = Uc,corr + Uy corr

¢ d  Avedren 1V
=y (12435 1509  Lrcordncor MP 1
{“( 30 1[,) 34505, | 127 00 as3)

where c represents the effective clear cover or clear spacing, [, is the bar
anchorage length A, is the total cross-sectional area of the corroded
transverse reinforcement within spacing s that crosses the potential
plane of splitting through the reinforcement being developed, fy; corr is
the residual yield strength of the corroded transverse reinforcement, n
and dp corr are the number and residual diameter of reinforcing bars
being developed or lap spliced.

By assuming uniform bond stress along the length of a corroded bar,
the development length of a corroded bar lgreq,corr Tequired to develop
the residual tensile strength f,, .orr Of @ corroded bar can be derived as:

_ f;‘.z‘arrdb.mrr (14)

ldre orr — 1
q,corr
ub,corr

3.4. Flexural strength

Previous discussions in this paper have focused on material-level
behaviour. This section examines the residual flexural capacity of
corroded beam-column components under cyclic loading (Dataset 5)
and singly- and doubly-reinforced RC beams with corroded tensile bars
subjected to three- or four-point monotonic bending tests (Dataset 3). It
is noted that all the considered beam-column components in the cyclic
database (Dataset 5) experienced flexural yielding. As earlier
mentioned, Dataset 3 consists of flexural yielding and bond-dominated
components.

The flexural strength of each specimen in Datasets 3 and 5 was
evaluated using section analysis. To capture the likelihood of bond
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failure before flexural yielding, the maximum developable tensile stress
in the tensile bars was assessed using the provisions of ASCE/SEI 41-17
[4], replacing the required development length with Eq. (14). A bond
failure is expected when the maximum developable tensile stress in the
corroded bar f; corr is lower than the f corr.

Fig. 6 shows the adequacy of predicting the flexural strength of
beams with corroded bars using the adopted methodology. For the
monotonic test dataset, the adopted approach provides a flexural
strength estimate with a mean measured-to-predicted ratio of 1.02 and a
coefficient of variation of 22.7%. For the cyclic test dataset, the adopted
approach provides a flexural strength estimate with a mean measured-
to-predicted ratio of 1.05 and a coefficient of variation of 24%.

3.5. Shear strength

Various formulations have been proposed for predicting the shear
strength of corroded beam components. These formulations are typically
based on codified shear strength provisions (e.g. ACI 318 [59],
GB50010-2002 [60]) with appropriate modifications to account for
concrete damage and steel corrosion effects. To evaluate the shear
strength of RC beams, this paper combines the ACI-ASCE Committee 326
[61] formulation for concrete contribution to shear and the traditional
formulation for stirrups contribution to shear (Eq. (15)).

; dl. Afud
V,=V.+V, = {0.16\/; + 17/%} bd+% (15)

Tests on shear-critical singly-reinforced beams without transverse
reinforcement are suitable for assessing the influence of corrosion level
on the concrete contribution to shear strength. However, such data is
scarce. Available experimental data on shear-critical singly-reinforced
beams without transverse reinforcement [62] suggest that the shear
stress capacity may not be significantly compromised by the corrosion
level in the longitudinal reinforcement (See Fig. 7). This can be attrib-
uted to the fact that the shear resistance contribution from the concrete
in the compression zone and the contribution from the aggregate
interlock action along the diagonal failure plane may be significantly
larger than the contribution of the dowel mechanism from the longitu-
dinal bars. Hence, the reduced dowel mechanism contribution from the
corroded longitudinal reinforcement may not significantly influence the
shear strength of the beam. Further testings are needed to validate this
conclusion.

Based on the limited available data, it is assumed that the concrete
contribution to shear stress capacity is not significantly affected by
corrosion. However, it is important to account for concrete section loss
from cracking and spalling when estimating the concrete contribution to
shear strength. If significant concrete cover delamination is observed,
the shear area (b.ordcorr) can be taken as the area of the concrete core in
Eq. (16).

corrtcorr
a N

deorr Ayt corrAeorr
Vaeorr = Veaan + Ve = {0.16\/5 +17p,% }b gy + il ncon oo

(16

The stirrup contribution is evaluated considering corrosion effects on
the stirrups. If fycor is taken as the apparent residual strength ac-
counting for the mass loss in the transverse reinforcement (Mp (i.e.,
computed using Eq. (3)), A, is taken as the pristine transverse rein-
forcement area Ayy. If fyr corr is taken as the effective residual strength (i.
e., computed using Eq. (4)), A, is taken as A,,(1-0.01M)).

Fig. 8 shows the adequacy of Eq. (16) in predicting the residual shear
strength capacity of shear-critical doubly-reinforced beams in Dataset 4.
As shown in Fig. 8, Eq. (16) provides a mean measured-to-computed
estimate with a 1.17 and coefficient of variation of 25%.
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Fig. 8. Adequacy of Eq. (16).
3.6. Failure mode of corroded RC components

Corrosion-induced failure mode switch has been observed in various
component tests. Typically observed failure mode switch cases include a
switch from a brittle-shear mechanism to a flexure-dominated mecha-
nism [10,54,62], a switch from a flexure-dominated mechanism to a
flexure-shear dominated mechanism [47]. Corrosion-induced failure
mode switch can be attributed to the influence of corrosion on the shear

capacity and flexural strength of the corroded component (i.e. flexure-
shear interaction).

For example, Fig. 9a is a hypothetical depiction of the influence of
corrosion on flexure-shear interaction in a component, with little or no
shear confinement, under monotonic loading. As depicted in Fig. 9a,
flexure-shear interaction in the pristine component results in a brittle-
shear dominated mechanism in the component. Due to reinforcement
corrosion, however, reduction in the flexural (V}, corr) and shear (Vi corr)
capacities of the beam may inhibit flexure-shear interaction, and this
results in the corroded component having a higher deformation
capacity.

Fig. 9b depicts the occurrence of corrosion-induced activation of
flexure-shear interaction as observed in cyclic tests on code-conforming
components (e.g. [47]). As shown in Fig. 9b, significant corrosion of the
stirrups results in degradation of the undegraded shear strength (i.e.
from V,, to V,, corr). Also, the longitudinal reinforcement corrosion results
in flexural strength degradation from V}, to V}, corr. Under cyclic demands,
the shear envelope and the flexural curve of the corroded components
interact, leading to an undesirable flexure-shear failure mechanism and
reduced ductility.

Hence, for adequate prediction of the seismic response of corroded
concrete components, the identification of the probable failure mode is
important. A proposed flowchart for predicting the failure mode of
corroded RC components is presented in Fig. 10. The flowchart has been
modified from the failure mode prediction procedure discussed in
Opabola and Elwood [63].

The residual flexural strength V;, corr of the corroded component is
computed through section analysis using fy, corr as previously discussed in
this paper. Modified component concrete cross-sectional properties
should be used if visual assessment suggests deterioration of the con-
crete cross-section. The flexural strength corresponding to maximum
developable tensile stress in the corroded bars Vj, o is calculated using
the provisions of ASCE/SEI 41-17, replacing the required development
length with Eq. (14). The ‘undegraded’ shear strength (V, cor) for a
corroded column is computed using a modified version of the Sezen and
Moehle shear strength model (Eq. (17)).

_ A, cor yl,corrdfm‘r + <05\/f70 1

Vocorr =
’ P M/vd

N
+ J
0.5\/F. Ay

where Ag corr is the residual gross cross-sectional area of the column.
As shown in Fig. 10, the probable failure mode of a corroded RC
component is defined by comparing the three calculated strength pa-
rameters (i.e. Vp,corr, Vb,corr» and Vj, corr). A shear capacity ratio (i.e. ratio
of calculated shear strength V,, cor to the flexural strength Vj, c4r) not less
than one is used to classify components as brittle shear-critical. As rec-
ommended in ASCE/SEI 41-17, the current study retains a shear

)o.SAW an
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Fig. 10. Flowchart for predicting the failure mode of corroded column components.

capacity ratio of 0.6 as the boundary between flexure and flexure-shear
failure modes because currently available test data on corroded com-
ponents do not suggest the need for any modifications. Apart from using
the shear capacity ratio as a failure mode index, even if well-detailed,
beam-column components with high shear distress (>0.3/f’, in MPa
units) may be flexure-shear controlled [64].

The observed failure mode of the 102 beam-column specimens in
Dataset 5 was compared with the failure mode approach described in
this section. The observed failure mode of each component in Dataset 5
was identified using an approach adopted in previous studies [63]. A
confusion matrix for this comparison is presented in Table 10. The data

along the principal diagonal indicate the number of components whose
failure modes were accurately predicted by the proposed approach. The
failure mode of 70%, 92%, and 92% of the flexure, flexure-shear, and
shear-controlled specimens, respectively, were accurately predicted.
Data above the principal diagonal indicate conservative failure mode
classification. For example, “15” indicates that there are 15 flexure-
controlled components conservatively classified as flexure-shear. 30%
of the flexure-controlled columns were conservatively predicted as
flexure-shear while 5% of the flexure-shear columns were conservatively
predicted as shear-controlled. On the other hand, the data below the
principal diagonal indicate unconservative failure mode classification.
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Table 10
Evaluation of failure mode prediction approach for components in Dataset 5.

Predicted failure mode

Flexure  Flexure- Shear  Total
shear
Observed failure Flexure 35 15 0 50
mode Flexure- 1 37 2 40
shear
Shear 0 1 11 12
Total 36 53 13 102

As shown in Table 10, only one shear-controlled column was uncon-
servatively classified as flexure-shear. In general, the failure mode
classification accurately predicts the failure mode of 81% of the test
specimens.

3.7. Deformation capacity at lateral failure

This section explores the influence of reinforcement corrosion on the
deformation capacity at lateral failure of concrete beam-column com-
ponents subjected to cyclic loading (Dataset 5). Three deformation
quantities were extracted from the force-displacement plots of each test
specimen — (a) the yield rotation (¢,) was estimated by drawing a secant
line from the origin to pass through the backbone curve at 70% of the
maximum lateral load (Vo) and made to intersect the horizontal line
corresponding to Viq. (b) the drift capacity at lateral failure (6,) is
defined as the drift corresponding to a 20% drop in lateral strength (c)
the plastic rotation capacity (6,) defined as the difference between the
measured yield rotation and drift capacity.

The collated Dataset 5 was binned into three groups: Group A con-
sists of test specimens in which only the longitudinal reinforcement was
corroded; Group B consists of test specimens in which only the trans-
verse reinforcement was corroded; and Group C consists of test speci-
mens in which both the longitudinal and transverse reinforcement were
corroded.

As previously mentioned, 93 out of the 102 corroded specimens have
a corresponding pristine specimen. For the specimens in the collated
dataset with a corresponding nominally identical pristine specimen, the
ratio of deformation capacity of the corroded specimen to the pristine
specimen was computed. Two deformation capacity ratios were
computed — the first in terms of drift capacity (8y,corr/Ouuncorr) and the
second in terms of plastic rotation capacity (6p,corr/Op,uncorr)-

Fig. 11 and Fig. 12 show the influence of corrosion level on the drift
capacity of specimens in Group A and Group B, respectively. The in-
fluence of longitudinal reinforcement on the deformation capacity, as
shown in Fig. 11, can be attributed to a reduction in the tensile strain
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(a) Drift capacity
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capacity of the corroded bars. The reduction in the deformation capacity
of components in Group B, as shown in Fig. 12, is attributed to the
reduced confinement effect of the transverse reinforcement as the
corrosion level increases. Apart from the influence of the reduced
confinement on the shear capacity, the deteriorated stirrups are unable
to constrain the longitudinal reinforcement effectively, resulting in an
early onset of longitudinal reinforcement buckling and degradation of
the concrete core.

As shown in Fig. 11 and Fig. 12, the available experimental data
suggest that the segregated influence of corrosion level of longitudinal
reinforcement and transverse reinforcement can be expressed using a
linear relationship as a function of mass loss. The reduction factor to
deformation capacity due to corrosion of longitudinal reinforcement
only (y7) can be estimated as:

Hu,mrr_groupA ep.z‘arr_groupA

v, = =

Hu uncorr_groupA Hp UNCOrr—groupA

=1-0.017M, (18)

where M; is the mass loss in the longitudinal reinforcement (in percent).
For the test specimens in Group A, Eq. (18) provides an estimate with a
mean ratio of measured to computed plastic rotation capacity of 1.0 and
a coefficient of variation of 24%.

The reduction factor to deformation capacity due to corrosion of
transverse reinforcement only (y;—) can be estimated as:

. gu.corr_groupB

‘//1—9

wuncorr_groupB

— Hp,mrr_gmupB -1 —OOZZM, (19)

Op uncorr_groupn

where M; is the mass loss in the transverse reinforcement (in percent).
Eq. (19) provides an estimate with a mean ratio of measured to
computed plastic rotation capacity of 1.0 and a coefficient of variation of
26%.

Furthermore, available experimental data were studied to assess the
likelihood of a higher level of corrosion-induced deformation capacity
degradation with increased axial load. Test specimens in Group A and B
were further subdivided into smaller bins based on mass loss in the
reinforcement (See Fig. 13 a & b). As shown in Fig. 13 a & b, currently
available data do not suggest any higher level of corrosion-induced
deformation capacity degradation with increased axial load. Fig. 13c
shows the influence of axial load on the reduction in deformation ca-
pacity for the entire database. As shown in Fig. 13c, no significant trend
is observed.

The test specimens in Group C were then used in assessing the
combined influence of longitudinal and transverse reinforcement
corrosion on the reduction in deformation capacity (i.e. (6p,corr groupc/6p,
uncorr groupc))- Firstly, an assumption was made that:
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Fig. 11. Influence of longitudinal reinforcement corrosion level (M;) on (a) drift capacity (b) plastic rotation capacity of beam-column components in Group A.
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Fig. 12. Influence of transverse reinforcement corrosion level (M,) on (a) drift capacity (b) plastic rotation capacity of beam-column components in Group B.
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Op corr_groupc — Fyw) (20 computed y; and the mass loss in the transverse reinforcement of the

O uncorr_groupC

Following Eq. (18), it was assumed that the relationship between y;
and 6y, corr groupC/Bp,uncorr groupc 1s linear, such that the relationship be-
tween y; and 6y, corr groupc/Op,uncorr groupc can be evaluated by comparing
the ratio of measured 6, corr groupc/Op,uncorr gropc t0 the computed
(using Eq. (18)) of each specimen in Group C. Fig. 14 shows the rela-
tionship between the ratio of measured 6y, corr groupc/Op,uncorr groupc t0

10

specimens in Group C. As shown in Fig. 14, the trendline of (6p,corr groupc/
Op,uncorr_groupc)/ W1 can be expressed using Eq. (19).

Hence, the reduction factor n to the deformation capacity of a
corroded beam-column component can be estimated as:

Op.corr

n= =y, (21)

gp.un('orr
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where y; and y; are computed using Egs. (18) and (19) respectively.

The adequacy of Eq. (21) is shown in Fig. 15 as a function of axial
load ratio. For all the specimens in the database, Eq. (21) provides an
estimate with a mean ratio of measured to computed reduction factor of
1.1 and a coefficient of variation of 27.1%.

Fig. 16 presents the range of reduction factors computed using Eq.
(21) for longitudinal (M) and transverse reinforcement (M;) corrosion
levels ranging from zero to 60%. As shown in Fig. 16, the residual
deformation capacity of corroded concrete beam-column component
degrades below 50% when transverse reinforcement corrosion levels
exceed 20%.

A key limitation of the current study is that Eq. (21) has been cali-
brated with data on flexure-, flexure-shear and shear-controlled beam-
column components. Experimental test data are needed to validate the
applicability of Eq. (21) to bond-controlled components. In the absence

le
um.corr max(0.0l; W)

el

of such experimental data, appropriate modifications can be made to
formulations for predicting the deformation capacity of bond-controlled
components (e.g., [63,65]).

The deformation capacity of a corroded specimen can be computed
by replacing 6p yncorr in Eq. (21) with any deformation capacity formu-
lation calibrated to a database of pristine specimens. Adopting the
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Fig. 15. Adequacy of Eq. (21) for all beam-column components.
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Fig. 16. Reduction factors for various corrosion levels in longitudinal (M;) and
transverse reinforcement (M,).

modelling parameter a in ASCE/SEI 41-17 for columns, the plastic
rotation capacity at lateral failure for a corroded column specimen not
controlled by inadequate development or splicing of longitudinal rein-
forcement is estimated as:

N V,
Aeorr =1 {0.042 - 0‘043Agf/ +0.63p, —0.023 Vp] for rectangular components

c

N v,
Qeorr =1] {0.06 - 0.O6A -+ 1.3p, — 0.0377"

gl o

} for circular components

(22)

Adopting the plastic rotation capacity model in Eurocode 8:3, the
plastic rotation capacity at lateral failure for a corroded specimen can be
estimated as:

23)

where y, equals 1.8 and 1.0 for primary and secondary seismic
members respectively (This coefficient is meant to convert mean values
of ultimate rotation to ‘mean minus one standard deviation’); h: is the
depth of cross-section; L, is shear span; v is axial load ratio;  and w’ are
mechanical reinforcement ratio of tension and compression bars; f’. is
the concrete compressive strength in Mpa; f,,, is the steel yield strength
in Mpa; ps is the transverse reinforcement ratio; o is the confinement
effectiveness factor, and pq is the steel ratio.

Fig. 17a shows the adequacy of Eq. (22). Eq. (22) provides an esti-
mate with a mean ratio of measured to computed plastic rotation ca-
pacity at lateral failure of 1.3 and a coefficient of variation of 35%.

Fig. 17b shows the adequacy of Eq. (23). ye = 1.0 was adopted to get
a mean estimate. Eq. (23) provides an estimate with a mean ratio of
measured to computed plastic rotation capacity at lateral failure of 0.98
and a coefficient of variation of 30%. It is noted that the higher level of
dispersion in Fig. 17 in comparison to Fig. 15 can be attributed to un-
certainty in the ASCE/SEI 41-17 and Eurocode 8 formulations.

4. Conclusion

Corrosion-induced deterioration influences the failure mode,
strength and deformation capacity of concrete components. Corrosion-
induced deterioration can switch the failure mode of a well-confined
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Fig. 17. Adequacy of (a) Eq. (22) (b) Eq. (23) for all beam-columns in Dataset 5.

component to an undesirable shear-dominated response. Also, the
strength and deformation capacity of concrete components are
adversely affected by corrosion. Despite the influence of corrosion-
induced deterioration on the residual seismic response of concrete
components, there are currently no seismic assessment provisions for
corroded concrete components. To address these concerns, this paper
has developed a seismic assessment procedure for assessing the failure
mode and force-displacement response of corroded beam-column
components.

Firstly, an extensive database of laboratory tests of 418 material-
(229 bare bars and 189 pullout tests) and 271 component-level (102
cyclic and 169 monotonic) corroded specimens with deformed bars was
developed. Key variables in the database include corrosion level in
transverse and longitudinal reinforcement, transverse reinforcement
detailing of components, axial load ratio on components, aspect ratio
and concrete strength.

The extensive dataset of bare bar tests was adopted in evaluating the
adequacy of typically recommended reduction coefficients (p) to
compute the residual strength of bare bars. It was concluded that a p
—factor of 0.013 is the most appropriate, provided a yield strength es-
timate with a mean ratio of measured-to-calculated of 1.0 and coeffi-
cient of variation of 7.7%. The B —factor of 0.013 provides an ultimate
strength estimate with a mean ratio of measured-to-calculated of 1.0 and
coefficient of variation of 7.2%. Using data from the bare bar tests, a
formulation was proposed to predict the ultimate strain capacity of
corroded bars. The proposed formulation provides an estimate with a
mean ratio of measured-to-calculated of 1.03 and coefficient of variation
of 42%. The monotonic pullout test dataset was used to develop a
formulation for predicting the residual bond strength of a corroded bar.
The proposed equation provides an estimate with a mean measured-to-
calculated ratio of 1.1 and a coefficient of variation of 40%.

The recommended approach for evaluating the shear strength of
doubly-reinforced beams provide an estimate with a mean measured-to-
calculated ratio of 1.17 and coefficient of variation of 25%. The rec-
ommended approach for evaluating the flexural strength of corroded
beam-column components provide an estimate with a mean measured-
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to-calculated ratio of 1.02 and coefficient of variation of 22.7% for
components under monotonic loading; and an estimate with a mean
measured-to-calculated ratio of 1.05 and coefficient of variation of 24%
for components under cyclic loading.

Using the component-level datasets, simple approaches were pro-
posed for predicting the failure mode and force-displacement parame-
ters of concrete beam-column components. The proposed failure mode
classification approach captures the likelihood of flexure-, flexure-shear,
shear- and bond-dominated mechanisms in the components. The failure
mode classification approach accurately predicts the failure mode of
81% of the 102 cyclic test specimens.

This paper proposes a simple reduction factor formulation to predict
the deformation capacity of corroded components as a function of the
corrosion levels in transverse and longitudinal reinforcement. The pro-
posed reduction factor can be applied to existing deformation capacity
formulations developed for pristine components. Applying the reduction
factor to the Eurocode 8 provisions, the proposed approach provides a
plastic rotation capacity estimate with a mean ratio of measured to
computed plastic rotation capacity at lateral failure of 0.98 and a coef-
ficient of variation of 30%. Applying the reduction factor to the ASCE/
SEI 41-17 provisions, the proposed approach provides a plastic rotation
capacity estimate with a mean ratio of measured to computed plastic
rotation capacity at lateral failure of 1.3 and a coefficient of variation of
35%.
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Dataset 1 — Tensile tests on bare corroded bars.

Author Specimen name dpp (mm) Mass loss (%) fyexp (MPa) fuexp (MPa) eyexp

Moreno et al. [2] R-d16 16 0.0 540.92 649.10 0.107
B-1 16 4.0 517.48 632.38 0.085
B-2 16 5.0 533.83 636.94 0.103
B-3 16 5.1 531.03 652.92 0.099
B-4 16 5.9 522.49 631.30 0.090
B-5 16 6.6 562.10 672.61 0.088
B-6 16 6.8 458.25 616.56 0.101
B-7 16 7.1 528.21 640.84 0.085
B-8 16 7.1 522.74 644.30 0.089
B-9 16 7.4 525.66 645.23 0.096
B-10 16 7.6 505.82 634.05 0.079
B-11 16 7.9 530.27 633.08 0.075
B-12 16 7.9 552.80 665.58 0.091
B-13 16 8.0 543.22 642.55 0.074
B-14 16 8.1 498.06 616.13 0.084
B-15 16 8.1 469.30 610.62 0.078
B-16 16 8.5 550.14 653.04 0.089
B-17 16 8.8 470.87 602.29 0.076
B-18 16 9.0 518.06 635.85 0.082
B-19 16 9.1 528.90 647.80 0.103
B-20 16 9.2 554.11 658.14 0.064
B-21 16 9.7 537.09 619.20 0.050
B-22 16 10.1 523.57 626.51 0.091
B-23 16 10.4 474.75 582.36 0.089
B-24 16 11.4 518.06 637.48 0.072
B-25 16 11.4 458.97 578.87 0.070
B-26 16 11.8 469.32 616.48 0.084
B-27 16 11.9 495.85 591.00 0.062
B-28 16 12.3 517.40 617.62 0.068
B-29 16 12.4 491.95 593.73 0.078
B-30 16 12.4 512.10 609.23 0.068
B-31 16 13.0 504.37 594.38 0.056
B-32 16 13.3 506.72 621.47 0.079
B-33 16 13.6 527.68 633.20 0.076
B-34 16 13.7 514.14 620.42 0.069
B-35 16 14.0 506.90 622.22 0.070
B-36 16 15.1 519.30 574.25 0.041
B-37 16 15.2 521.18 622.61 0.079
B-38 16 15.3 525.73 643.55 0.074

Ouet al. [15] N-0 13 0.0 305.60 405.80 0.140
N-1 13 27.4 332.54 391.27 0.028
N-2 13 49.4 163.07 280.69 0.038
N-3 13 49.7 249.10 443.72 0.066
N-4 13 51.7 234.10 319.26 0.029
N-5 13 53.3 163.60 347.58 0.078
N-6 13 59.6 204.24 361.60 0.027
N-7 13 67.5 141.05 274.70 0.062
N-8 13 70.9 220.54 334.68 0.008
N-9 13 82.4 104.18 138.34 0.010
N-10-0 16 0.0 250.60 399.80 0.111
N-10 16 5.9 260.99 416.37 0.110
N-11 16 10.2 228.83 369.53 0.096
N-12 16 28.7 249.55 409.33 0.099
N-13 16 33.8 234.70 392.55 0.062
N-14 16 37.8 241.74 424.23 0.050
N-15 16 38.5 224.11 357.54 0.109
N-16-0 19 0.0 413.20 622.90 0.120
N-16 19 23.2 360.47 535.30 0.074
N-17 19 35.2 235.93 490.25 0.022
N-18 19 50.7 243.06 341.14 0.007
A-0 13 0.0 420.80 641.20 0.127
A-1 13 8.5 423.10 672.73 0.108
A-2 13 9.5 423.12 666.00 0.076
A-3 13 12.0 382.55 619.34 0.080
A-4 13 13.2 421.77 635.29 0.070
A-5 13 13.7 409.59 661.26 0.076
A-6 13 13.8 429.59 654.59 0.053
A-7 13 14.9 449.97 670.59 0.090
A-8 13 15.3 417.32 651.04 0.074
A-9 13 18.6 377.38 622.29 0.069
A-10 13 21.3 417.06 643.64 0.059

(continued on next page)
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(continued)

Author Specimen name dpp (mm) Mass loss (%) fyexp (MPa) fuexp (MPa) ey exp
A-11 13 22.7 408.28 638.71 0.059
A-12 13 28.4 382.01 626.87 0.056
A-13 13 31.4 386.45 579.51 0.045
A-14-0 29 0.0 459.80 658.30 0.127
A-14 29 4.2 446.36 645.93 0.117
A-15 29 5.0 464.64 658.30 0.108
A-16 29 5.7 468.09 656.21 0.091
A-17 29 5.8 453.94 642.93 0.087
A-18 29 6.4 451.94 632.98 0.082
A-19 29 7.3 446.41 660.43 0.084
A-20 29 8.2 425.74 616.71 0.063
A-21 29 8.4 446.75 618.05 0.062
A-22 29 9.4 421.23 624.88 0.089
A-23 29 10.1 444.97 637.06 0.094
A-24 29 10.9 397.36 583.68 0.055
A-25 29 11.4 456.69 653.84 0.075
A-26 29 12.1 413.24 614.11 0.067
A-27 29 13.6 409.78 624.78 0.075
A-28 29 17.1 377.16 563.80 0.056
A-29 29 19.9 378.86 583.51 0.049

Yuetal [17] CB 16 0.0 542.00 631.00 0.210
6B 16 5.0 505.10 631.38 0.104
2F 16 6.3 511.10 623.13 0.096
2B 16 6.5 497.11 590.12 0.095
S5F 16 7.7 465.82 579.57 0.083

Apostolopoulos et al. [11] B400C-1 16 0.0 435.00 549.23 0.153
B400C-2 16 5.4 456.46 549.09 0.061
B400C-3 16 9.3 449.10 543.09 0.047
B450C-1 16 0.0 536.40 647.95 0.115
B450C-2 16 6.1 566.09 654.46 0.043
B450C-3 16 10.9 567.32 644.00 0.027
B500B-1 16 0.0 523.00 638.35 0.140
B500B-2 16 5.4 549.14 642.25 0.049
B500B-3 16 10.8 549.54 636.63 0.030

Moreno et al. [14] R-01-16 16 0.0 540.91 649.10 -
R-02-16 16 4.0 517.49 632.38 -
R-03-16 16 5.0 533.82 636.94 -
R-04-16 16 5.1 531.02 652.92 -
R-05-16 16 6.6 562.10 672.61 -
R-06-16 16 7.4 525.59 645.23 -
R-07-16 16 7.6 505.78 634.05 -
R-08-16 16 7.9 530.27 633.08 -
R-09-16 16 8.0 543.22 642.55 -
R-10-16 16 8.5 550.09 653.04 -
R-11-16 16 9.1 528.91 647.80 -
R-12-16 16 9.2 554.11 658.14 -
R-13-16 16 10.1 523.62 626.51 -
R-14-16 16 10.4 474.68 582.36 -
R-15-16 16 11.4 458.87 578.87 -
R-16-16 16 11.8 469.31 616.48 -
R-17-16 16 11.9 495.81 591.00 -
R-18-16 16 12.3 517.37 617.62 -
R-19-16 16 12.4 491.92 593.73 -
R-20-16 16 12.4 512.13 609.23 -
R-21-16 16 13.0 504.42 594.38 -
R-22-16 16 13.3 506.71 621.47 -
R-23-16 16 13.6 527.69 633.20 -
R-24-16 16 13.7 514.42 620.42 -
R-25-16 16 15.1 519.29 574.25 -
R-26-16 16 15.2 521.12 622.61 -
R-01-20 20 0.0 550.2 666.12 -
R-02-20 20 5.8 542.01 649.72 -
R-03-20 20 6.1 505.61 621.47 -
R-04-20 20 6.7 526.2 637.46 -
R-05-20 20 7.1 487.32 603.8 -
R-06-20 20 7.3 561.9 657.81 -
R-07-20 20 7.5 497.2 613.94 -
R-08-20 20 7.7 535.71 642.97 -
R-09-20 20 7.9 545.7 652.73 -
R-10-20 20 8.0 534.51 643.59 -
R-11-20 20 8.3 544.2 651.58 -
R-12-20 20 8.5 459.61 596.1 -
R-13-20 20 8.6 503.13 610.57 -
R-14-20 20 9.2 532.72 610.54 -
R-15-20 20 9.5 505.51 620.93 -
R-16-20 20 10.3 485.11 612.96 -

(continued on next page)
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(continued)

Author Specimen name dpp (mm) Mass loss (%) Syexp (MPa) fuexp (MPa) euexp
R-17-20 20 10.5 518.9 639.54 -
R-18-20 20 11.2 512.51 601.18 -
R-19-20 20 11.2 497.41 613.11 -
R-20-20 20 11.5 542.01 650.86 -
R-21-20 20 12.1 487.8 631.33 -
R-22-20 20 12.2 490.32 615.45 -
R-23-20 20 12.3 482.22 601 -
R-24-20 20 12.8 473.21 604.09 -
R-25-20 20 13.2 470.53 594.96 -
R-26-20 20 13.5 539.11 654.77 -
R-27-20 20 14.2 485.5 615.11 -
R-28-20 20 14.3 486.31 625.42 -
R-29-20 20 14.4 490.9 611.84 -
R-30-20 20 14.7 512.51 618.23 -
R-31-20 20 15.1 495.2 613.32 -
R-32-20 20 17.4 479.91 608.79 -

Zhang et al. [16] Atl 6.5 0.0 261.3 4229 -
At2 6.5 17.1 250.5 387.4 -
At3 6.5 29.4 236.8 367.4 -
At4 6.5 17.6 237.3 362.2 -
At5 6.5 22.7 244.1 378.2 -
At6 6.5 23.7 268.1 369.4 -
At7 6.5 22.2 246.5 376.8 -
At8 6.5 28.6 242.4 350.0 -
At9 6.5 28.5 232.3 348.2 -
At10 6.5 25.7 232.7 399.2 -
Atl1 6.5 16.2 231.7 389.6 -
Atl2 6.5 17.4 2425 3929 -
Atl3 6.5 20.2 245.2 383.4 -
Atl4 6.5 23.5 224.7 352.3 -
Atl5 6.5 15.6 246.2 388.6 -
Atl6 6.5 23.5 261.5 396.2 -
Atl7 6.5 18.9 256.3 411.0 -
At18 6.5 16.0 274.1 404.1 -
At19 6.5 18.5 282.4 390.2 -
At20 6.5 16.6 284.5 422.8 -
At21 6.5 22.5 276.7 382.3 -
At22 6.5 19.6 250.9 384.4 -
At23 6.5 18.0 266.5 390.4 -
At24 6.5 19.2 263.4 389.1 -
At25 6.5 20.3 256.0 370.6 -
At26 6.5 19.5 302.7 361.5 -
At27 6.5 20.2 274.8 409.3 -
At28 6.5 17.6 284.5 409.4 -
At29 6.5 29.7 244.5 378.0 -
At30 6.5 25.5 237.1 364.2 -
At31 6.5 21.0 239.6 3789 -
At32 6.5 18.3 244.2 370.8 -
At33 6.5 21.8 235.0 383.0 -
At34 6.5 19.0 251.5 391.8 -
At35 6.5 26.5 220.9 319.0 -
At36 6.5 16.4 279.1 398.9 -
At37 6.5 20.7 277.8 349.4 -
At38 6.5 17.2 269.7 400.7 -
At39 6.5 17.1 264.5 400.4 -
At40 6.5 18.7 254.2 348.2 -
At41 6.5 22.7 223.3 364.0 -
At42 6.5 31.2 240.7 359.8 -
At43 6.5 25.5 258.5 383.4 -
At44 6.5 27.2 261.2 374.0 -
At45 6.5 20.4 253.1 361.3 -
Btl 12 0.0 370.8 549.7 -
Bt2 12 10.0 387.7 561.5 -
Bt3 12 6.1 380.7 587.7 -
Bt4 12 6.0 375.8 488.3 -
Bt5 12 4.5 354.7 506.8 -
Bt6 12 12.3 347.8 476.5 -
Bt7 12 12.3 340.3 456.4 -
Bt8 12 9.1 380.9 547.2 -
Bt9 12 11.9 383.8 539.5 -
Bt10 12 39.7 350.7 374.1 -
Btll 12 20.5 348.0 552.7 -
Btl12 12 9.7 340.2 539.1 -
Bt1l3 12 9.3 363.1 567.3 -
Bt14 12 17.0 364.0 578.5 -
Btl5 12 18.3 364.7 564.8 -

(continued on next page)
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(continued)
Author Specimen name dpp (mm) Mass loss (%) fyexp (MPa) fuexp (MPa) ey exp
Btl6 12 27.2 375.9 564.5 -
Btl7 12 25.6 358.9 559.1 -
Btl8 12 24.0 360.9 556.5 -
Btl9 12 35.8 329.4 494.6 -
Bt20 12 35.6 352.8 531.3 -
Bt21 12 32.3 370.5 533.3 -

Dataset 2 — Monotonic pullout tests on corroded bars.

Author Specimen dp(mm) c/dp fc(MPa) mass loss (%) up, corr(MPa)

Yalciner et al. [24] R4SP1 14 1.07 40.8 8.9 3.7
R4SP2 14 1.07 40.8 4.1 13
R4SP3 14 1.07 40.8 2.47 11.2
R4SP4 14 1.07 40.8 2.72 11.7
R4SP5 14 1.07 40.8 4.32 12.2
R4SP6 14 1.07 40.8 4.33 12.2
R4SP7 14 1.07 40.8 4.09 13
R4SP8 14 1.07 40.8 6.51 3.2
R4SP9 14 1.07 40.8 14.52 2.1
R5SP1 14 2.14 40.8 1.37 18
R5SP2 14 2.14 40.8 3.45 9.6
R5SP3 14 2.14 40.8 5.56 3.3
R5SP4 14 2.14 40.8 1.4 17.9
R5SP5 14 2.14 40.8 1.69 16.9
R5SP6 14 2.14 40.8 1.6 17
R5SP7 14 2.14 40.8 3.57 8.9
R5SP8 14 2.14 40.8 5.36 3.7
R5SP9 14 2.14 40.8 16.65 2.1
R6SP1 14 3.21 40.8 0.69 19.1
R6SP2 14 3.21 40.8 1.69 13.4
R6SP3 14 3.21 40.8 2.66 12.4
R6SP4 14 3.21 40.8 0.68 17.9
R6SP5 14 3.21 40.8 0.66 18.9
R6SP6 14 3.21 40.8 0.84 18.3
R6SP7 14 3.21 40.8 0.88 18.2
R6SP8 14 3.21 40.8 1.6 13.7
R6SP9 14 3.21 40.8 3.81 1.3
R7SP1 14 1.07 40.8 18.75 4.3
R7SP2 14 1.07 40.8 8.9 3
R7SP3 14 1.07 40.8 14.66 2
R8SP1 14 2.14 40.8 6.87 6.5
R8SP2 14 2.14 40.8 17.33 1.8
R8SP3 14 2.14 40.8 6.4 5.5
R9SP1 14 3.21 40.8 6.27 3.2
ROSP2 14 3.21 40.8 0.68 18
RISP3 14 3.21 40.8 3.81 1.3
R13SP1 14 1.07 18.4 1.33 18.5
R13SP2 14 1.07 18.4 7.48 3.5
R13SP3 14 1.07 18.4 4.47 6.3
R13SP4 14 1.07 18.4 0.77 22.3
R13SP5 14 1.07 18.4 0.8 22.4
R13SP6 14 1.07 18.4 0.9 21.7
R13SP7 14 1.07 18.4 0.94 21.5
R13SP8 14 1.07 18.4 7.56 3.5
R13SP9 14 1.07 18.4 3.3 7.5
R14SP1 14 2.14 18.4 0 20.4
R14SP2 14 2.14 18.4 5.14 6.2
R14SP3 14 2.14 18.4 5.46 2.4
R14SP4 14 2.14 18.4 0.65 23.8
R14SP5 14 2.14 18.4 0.68 3.9
R14SP6 14 2.14 18.4 0.77 23.5
R14SP7 14 2.14 18.4 0.77 23.4
R14SP8 14 2.14 18.4 1.7 14
R14SP9 14 2.14 18.4 4.45 4.2
R15SP1 14 3.21 18.4 0 28.3
R15SP2 14 3.21 18.4 2.69 7.6
R15SP3 14 3.21 18.4 0.34 26.2
R15SP4 14 3.21 18.4 0.31 31.6
R15SP5 14 3.21 18.4 0.4 31
R15SP6 14 3.21 18.4 0.41 30.8
R15SP7 14 3.21 18.4 4.73 3
R15SP8 14 3.21 18.4 4.38 3.4
R15SP9 14 3.21 18.4 4.17 3.9
R16SP1 14 1.07 18.4 8.95 3
R16SP2 14 1.07 18.4 6.9 8
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(continued)

Author Specimen dp(mm) c/dp fc(MPa) mass loss (%) Up, corr(MPa)
R16SP3 14 1.07 18.4 3.41 6.8
R17SP1 14 2.14 18.4 9.9 5.9
R17SP2 14 2.14 18.4 4.86 1.7
R17SP3 14 2.14 18.4 1.72 13.8
R18SP1 14 3.21 18.4 0.34 26.9
R18SP2 14 3.21 18.4 0.34 31.7
R18SP3 14 3.21 18.4 3.08 6.1

Lee et al. [23] la 13 4.04 24.7 3.2 4
2a 13 4.04 24.7 16.8 1.5

Chung et al. [22] A13-2-0.1 13 5.77 28.3 0.1 20
A13-2-0.5 13 5.77 28.3 0.5 17
A13-2-1.0 13 5.77 28.3 1 20
A13-3-1.1a 13 5.77 28.3 11 14
A13-3-1.2 13 5.77 28.3 1.2 16.2
Al13-3-1.4 13 5.77 28.3 1.4 18
A13-4-0.9 13 5.77 28.3 0.9 16.4
A13-4-2.5a 13 5.77 28.3 2.5 20.6
A13-4-0.2a 13 5.77 28.3 0.2 16
A13-5-0.8 13 5.77 28.3 0.8 18.5
A13-5-1.9 13 5.77 28.3 1.9 20.3
A13-5-0.9a 13 5.77 28.3 0.9 14.1
A13-7-0.5a 13 5.77 28.3 0.5 16.7
Al13-7-1.4a 13 5.77 28.3 1.4 19
A13-7-2.2 13 5.77 28.3 2.2 14.4
A13-10-0.6a 13 5.77 28.3 0.6 16.1
A13-10-0.7a 13 5.77 28.3 0.7 15.4
A13-10-1.9 13 5.77 28.3 1.9 159

Cabrera [21] 2 12 6.25 40 0.71 23.5
3 12 6.25 40 2.42 19
4 12 6.25 40 6.9 13.5
5 12 6.25 40 8.3 12.5
6 12 6.25 40 12 8.5

Auyeung et al. [66] 3 19 4.68 28 0.72 7.66
4 19 4.68 28 0.72 6.96579
5 19 4.68 28 0.98 8.13709
6 19 4.68 28 1.23 4.91
7 19 4.68 28 1.44 3.445
8 19 4.68 28 1.7 4.24424
9 19 4.68 28 2.2 3.54146
10 19 4.68 28 2.88 1.9981
11 19 4.68 28 5.2 1.46068

Al-sulaimani et al. [67] 101 10 7.50 30 0.3 20.4
102 10 7.50 30 0.5 21.9
103 10 7.50 30 0.87 23.9
104 10 7.50 30 1.5 22.3
105 10 7.50 30 1.83 21.2
106 10 7.50 30 2.66 19.1
107 10 7.50 30 3.25 17.7
108 10 7.50 30 4.27 14.5
109 10 7.50 30 4.52 14.4
10_10 10 7.50 30 4.81 10.9
1011 10 7.50 30 6.67 9.7
1012 10 7.50 30 6.7 7.1
1013 10 7.50 30 8.75 3.1
1014 10 7.50 30 7.15 3.7
10_15 10 7.50 30 7.8 2.6
141 14 5.36 30 0.3 19.1
142 14 5.36 30 0.76 21
143 14 5.36 30 0.9 21.1
14 4 14 5.36 30 1.22 19
145 14 5.36 30 1.36 20.4
14 6 14 5.36 30 1.62 18.7
147 14 5.36 30 2.75 15.5
148 14 5.36 30 2.89 16
149 14 5.36 30 3 14.6
1410 14 5.36 30 3.33 13.2
1411 14 5.36 30 3.33 13.4
1412 14 5.36 30 4.29 10.7
1413 14 5.36 30 5.15 7.9
1414 14 5.36 30 5.45 4.8
1415 14 5.36 30 6.5 4.1
201 20 3.75 30 0.3 19.1
202 20 3.75 30 0.5 19.4
203 20 3.75 30 0.65 19.7
204 20 3.75 30 0.78 18.3
205 20 3.75 30 1.16 17.6

(continued on next page)
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(continued)

Author Specimen dp(mm) c/dp fc(MPa) mass loss (%) Up, corr(MPa)
206 20 3.75 30 1.67 13.7
207 20 3.75 30 1.86 15.7
208 20 3.75 30 2 14.4
209 20 3.75 30 2.69 11.8
20_10 20 3.75 30 2.87 11.4
2011 20 3.75 30 3.08 11.6
2012 20 3.75 30 3.13 11.7
2013 20 3.75 30 3.6 9.6
2014 20 3.75 30 4.25 8
2015 20 3.75 30 4.35 8

Almusallam et al. [19] 1 12 5.81 40 3.6 17.7
2 12 5.81 40 4 18.2
3 12 5.81 40 4.78 16.1
4 12 5.81 40 5.09 13.5
5 12 5.81 40 7 4.7
6 12 5.81 40 15.65 3.054287
7 12 5.81 40 20.5 2.86
8 12 5.81 40 32.5 2.8
9 12 5.81 40 48.25 2.34
10 12 5.81 40 60 2.2
11 12 5.81 40 80 1.82

Jin and Zhao [18] D1 12 4.17 17.7 0.12 8.92
D2 12 4.17 17.7 0.16 9.48
D3 12 4.17 17.7 0.24 7.36
D4 12 4.17 17.7 0.32 8.45
D5 12 4.17 17.7 0.43 8.39
D6 12 4.17 17.7 0.62 10.61
D7 12 4.17 17.7 0.81 11.34
D8 12 4.17 17.7 1.66 9.72
D9 12 4.17 17.7 4.64 7.5
D10 12 4.17 17.7 5.97 5.68
D11 12 4.17 17.7 8.7 4.45
D12 12 4.17 17.7 8.6 3.75
D13 12 4.17 17.7 9.95 2.54
D14 12 4.17 17.7 9.99 1.4

Soudki and Sherwood [25] 15-U-1 10 2.00 35 1 6.5
15-U-5 10 2.00 35 5 11
15-U-10 10 2.00 35 10 6.32
30-U-1 10 3.50 35 1 13.8
30-U-3 10 3.50 35 3 12.5
30-U-5 10 3.50 35 5 13.65
30-U-7 10 3.50 35 7 10.3
30-U-10 10 3.50 35 10 4.775
60-U-1 10 6.50 35 1 14.43
60-U-3 10 6.50 35 3 14.4
60-U-5 10 6.50 35 5 14.2
60-U-7 10 6.50 35 7 13.47
60-U-10 10 6.50 35 10 9.1

Dataset 3 — Flexure-controlled singly reinforced beams with corroded tensile reinforcement under monotonic point loading.

Author Specimen b(mm) D(mm) a/d dp(mm) fy(MPa) f'c«(MPa) mjoss(%) Vexp(kN)

Torres-costa et al. [27] B03 100 150 5.6 9.5 570 27 9.5 7.5
B04 100 150 5.6 9.5 570 27 16.5 4.3
BO5 100 150 5.6 9.5 570 27 17.2 4.5
B06 100 150 5.6 9.5 570 27 11.2 7.9
B07 100 150 5.6 9.5 570 27 10.1 7.5
B0O8 100 150 5.6 9.5 570 27 19.7 7.1
B09 100 150 5.6 9.5 570 27 18 6.5
B10 100 150 5.6 9.5 570 27 29.8 3.1

Mangat and Elgarf [26] 8.1.251 100 150 2.31 10 520 40 2.5 62.4
8251 100 150 2.31 10 520 40 5 58.2
83.751 100 150 2.31 10 520 40 7.4 53.0
851 100 150 2.31 10 520 40 9.75 49.4
8751 100 150 2.31 10 520 40 14.4 39
8.10.1 100 150 2.31 10 520 40 19 27.63
81.252 100 150 2.31 10 520 40 2.5 60.5
8252 100 150 2.31 10 520 40 5 57
83.752 100 150 2.31 10 520 40 7.4 51
852 100 150 2.31 10 520 40 9.75 46
87.52 100 150 2.31 10 520 40 14.4 32
8.10.2 100 150 2.31 10 520 40 19 25
8.1.25 4 100 150 2.31 10 520 40 2.5 60
8254 100 150 2.31 10 520 40 5 55
8.3.75.4 100 150 2.31 10 520 40 7.4 49

(continued on next page)
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(continued)
Author Specimen b(mm) D(mm) a/d dp(mm) fy(MPa) f<(MPa) Myoss(%0) Vexp(kN)

854 100 150 2.31 10 520 40 9.75 40

87.54 100 150 2.31 10 520 40 14.4 28

8104 100 150 2.31 10 520 40 19 15

6.1.25_3 100 150 2.31 10 520 40 2.5 61.4
6253 100 150 2.31 10 520 40 5 57.9
6.3.75_3 100 150 2.31 10 520 40 7.4 51.0
653 100 150 2.31 10 520 40 9.75 43.9
6.7.53 100 150 2.31 10 520 40 14.4 30.6
6103 100 150 2.31 10 520 40 19 15.9
7252 100 150 2.31 8 520 40 5 38.9
752 100 150 2.31 8 520 40 9.75 31.2
7.7.52 100 150 2.31 8 520 40 14.4 22.6
7102 100 150 2.31 8 520 40 19 16.8

Dataset 4 — Shear-controlled beams with corroded stirrups under monotonic loading.

Author Specimen b (mm) D (mm) a/d Longitudinal reinforcement Stirrups Vexp (KN)
Myoss (%) p1 (%) Myoss (%) pe (%)
El-sayed et al. [28] B10-200 200 350 2.91 0 3.43 7.2 0.25 157
B20-200 200 350 291 0 3.43 17 0.25 136
B10-150 200 350 291 0 3.43 10.3 0.34 166
B20-150 200 350 291 0 3.43 16.3 0.34 173
B10-100 200 350 291 0 3.43 9 0.50 204
B20-100 200 350 291 0 3.43 18 0.50 172.5
Lietal. [29] Bl 120 200 2.35 0 2.77 1.6 0.24 61.2
B2 120 200 2.35 0 2.77 3.4 0.24 58.15
B3 120 200 2.35 0 2.77 5.1 0.24 45
B4 120 200 2.35 0 2.77 6 0.24 55
B5 120 200 2.35 0 2.77 6.7 0.24 42.5
B6 120 200 2.35 0 2.77 7 0.24 52
B7 120 200 2.35 0 2.77 8.9 0.24 40
Yuetal. [31] Bs04-B 150 280 1.94 0 0.73 22.8 0.17 72.5
Bs04-A 150 280 1.94 0 0.73 26.6 0.17 65
Bs02-B 150 280 1.55 0 0.73 9.2 0.17 100
Bs02-A 150 280 2.03 0 0.73 8.8 0.17 65
Xia et al. [30] A-1 120 230 1.63 0 3.56 10.7 0.47 63.2
A-2 120 230 1.63 0 3.56 27 0.47 56
A-3 120 230 1.63 0 3.56 37 0.47 56.25
A-4 120 230 1.63 0 3.56 42.5 0.47 52.7
A-5 120 230 1.63 0 3.56 54 0.47 42.6
B-1 120 230 1.63 0 3.56 12.9 0.47 62
B-2 120 230 1.63 0 3.56 21.75 0.47 61.65
B-3 120 230 1.63 0 3.56 29.2 0.47 62
B-4 120 230 1.63 0 3.56 41.5 0.47 59.5
B-5 120 230 1.63 0 3.56 51.4 0.47 50
C-1 120 230 1.63 0 3.56 6.53 0.56 67
C-2 120 230 1.63 0 3.56 11.73 0.56 64.5
C-3 120 230 1.63 0 3.56 19.5 0.56 64.05
C-4 120 230 1.63 0 3.56 25.7 0.56 65.75
C-5 120 230 1.63 0 3.56 32.4 0.56 63.5
Higgins and Farrow [32] 8RA 254 610 2.15 0 2.55 0 0.52 594
8RD 254 610 2.15 0 2.55 28.9 0.52 471
10RA 254 610 2.15 0 2.55 0 0.42 578
10RB 254 610 2.15 0 2.55 13.2 0.42 507
10RC 254 610 2.15 0 2.55 23.1 0.42 467
10RD 254 610 2.15 0 2.55 26 0.42 405
12RA 254 610 2.15 0 2.55 0 0.35 489
12RD 254 610 2.15 0 2.55 33.8 0.35 443
Juarez et al. [34] V71-150 200 350 2.07 0 1.73 0 0.34 115
V81-150 200 350 2.07 0 1.73 0 0.34 120
V3M-150 200 350 2.07 0 1.73 26.85 0.34 68
V4M-150 200 350 2.07 0 1.73 47.63 0.34 91
V5S-150 200 350 2.07 0 1.73 64.94 0.34 80
V6S-150 200 350 2.07 0 1.73 56.72 0.34 86
V131-200 200 350 2.07 0 1.73 0 0.25 120
V141-200 200 350 2.07 0 1.73 0 0.25 98
V11M-200 200 350 2.07 0 1.73 37.67 0.25 77
V12M-200 200 350 2.07 0 1.73 26.85 0.25 87
V15S-200 200 350 2.07 0 1.73 64.94 0.25 80
V16S-200 200 350 2.07 0 1.73 64.94 0.25 89
Imam and Azad [33] A1-10 140 220 1.76 0 3.06 28.55 0.90 96.1
A2-10 140 220 1.76 0 3.06 30.19 0.90 81.6
A3-10 140 220 1.76 0 3.06 38.72 0.90 83.5
A4-6 140 220 1.76 0 3.06 20.93 0.90 88.5
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(continued)
Author Specimen b (mm) D (mm) a/d Longitudinal reinforcement Stirrups Vexp (KN)
Myoss (%) p1 (%) Myoss (%) pe (%)

A5-6 140 220 1.76 0 3.06 22.39 0.90 87.6
A6-6 140 220 1.76 0 3.06 19.39 0.90 90
A7-6 140 220 1.76 0 3.06 21.03 0.90 103
B1-10 150 240 1.76 0 2.86 29.42 0.84 80.9
B2-10 150 240 1.76 0 2.86 26.79 0.84 103
B3-10 150 240 1.76 0 2.86 22.98 0.84 105
B4-10 150 240 1.76 0 2.86 29.11 0.84 90
B5-6 150 240 1.76 0 2.86 16.79 0.84 119.1
B6-6 150 240 1.76 0 2.86 16.79 0.84 110

Rodriguez et al. [10] 123 150 200 4.71 12.3 217 78.2 0.39 37.3
124 150 200 4.71 15.4 2.17 86.6 0.39 27.9
125 150 200 4.71 15.1 2.17 93.8 0.39 31.4
136 150 200 4.71 13.5 217 86.6 0.39 29.1
135 150 200 4.71 13.8 2.17 93.8 0.39 33.9
215 150 200 4.71 10.7 2.56 66 0.39 38.6
216 150 200 4.71 11.6 2.56 82.6 0.39 36.2
213 150 200 4.71 14.1 2.56 86.6 0.39 26.6
214 150 200 4.71 15.4 2.56 97.2 0.39 28.7
315 150 200 4.71 16.9 2.56 97.2 0.79 27.7

Lu et al. [35] A-1 200 300 2.00 14.4 2.51 54.2 0.19 147.7
A-2 200 300 2.50 1.8 2.51 7.6 0.14 137.8
A-3 200 300 3.00 16.5 2.51 46.5 0.20 119.8
A-4 200 300 3.50 15.6 2.51 44.3 0.25 109.8
A-5 200 300 2.00 15.5 2.51 55.6 0.19 151.6
A-6 200 300 2.50 0 2.51 0 0.14 139.2
A-7 200 300 3.00 22.7 2.51 60.1 0.20 115.4
A-9 200 300 2.00 9.9 2.51 38.2 0.19 181.5
A-10 200 300 2.50 4.3 2.51 17.6 0.14 111.8
A-11 200 300 3.00 12.7 2.51 38.7 0.20 93.8
A-12 200 300 3.50 13.5 2.51 40.8 0.25 121.3
B-1 200 300 2.00 0 2.51 0 0.19 145.4
B-2 200 300 2.50 3.2 2.51 13.3 0.14 119.8
B-3 200 300 3.00 10.4 2.51 30.5 0.20 125.7
B-5 200 300 2.00 10.4 2.51 39.4 0.19 179.6
B-6 200 300 2.50 14.1 2.51 51.4 0.14 133.5
B-7 200 300 3.00 15.8 2.51 44.1 0.20 115.8
B-9 200 300 2.00 13.7 2.51 51.1 0.19 129.2
B-10 200 300 2.50 10.6 2.51 40.7 0.14 155.8
B-11 200 300 3.00 10.5 2.51 32.4 0.20 109.8

Xue et al. [36] B(39)-s0 120 240 2.64 0 2.20 0 0.39 74
B(39)-s1 120 240 2.64 0.8 2.20 6.1 0.39 72
B(39)-s2 120 240 2.64 1 2.20 8.3 0.39 74
B(39)-s3 120 240 2.64 1.6 2.20 14 0.39 69.5
B(39)-s4 120 240 2.64 1.8 2.20 16.3 0.39 70.4
B(39)-s5 120 240 2.64 0.9 2.20 19.3 0.39 69.5
B(52)-s0 120 240 2.64 0 2.20 0 0.52 84
B(52)-s1 120 240 2.64 0.8 2.20 5.5 0.52 87.9
B(52)-s2 120 240 2.64 0.7 2.20 9.1 0.52 80.7
B(52)-s3 120 240 2.64 0.7 2.20 13.4 0.52 72.1

Zhao and Jin [37] 1-0 150 180 3.00 0 3.04 0 0.30 40
1-1 150 180 3.00 0 3.04 0.6 0.30 40
1-2 150 180 3.00 0 3.04 1.8 0.30 40
1-3 150 180 3.00 0 3.04 2.4 0.30 48
1-4 150 180 3.00 0 3.04 3.3 0.30 50
1-5 150 180 3.00 0 3.04 4 0.30 46
2-0 150 180 3.00 0 3.04 0 0.44 48
2-1 150 180 3.00 0 3.04 0.4 0.44 42
2-2 150 180 3.00 0 3.04 0.7 0.44 40
2-3 150 180 3.00 0 3.04 2.2 0.44 44
2-4 150 180 3.00 0 3.04 3.5 0.44 42
2-5 150 180 3.00 0 3.04 4.9 0.44 52
3-0 150 180 3.00 0 3.04 0 0.30 36
3-1 150 180 3.00 0 3.04 0.8 0.30 38
3-2 150 180 3.00 0 3.04 2 0.30 48
3-3 150 180 3.00 0 3.04 3.8 0.30 40
34 150 180 3.00 0 3.04 3.8 0.30 46
3-5 150 180 3.00 0 3.04 3.7 0.30 46
0 150 180 2.20 0 2.71 0 0.22 60
1 150 180 2.20 1.5 2.71 0.8 0.22 60
2 150 180 2.20 2.8 2.71 1.7 0.22 65
3 150 180 2.20 4.2 2.71 2.7 0.22 68
4 150 180 2.20 6.6 2.71 4 0.22 69
5 150 180 2.20 8.6 2.71 5.1 0.22 68
6 150 180 2.20 11.6 2.71 6.3 0.22 72
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(continued)
Author Specimen b (mm) D (mm) a/d Longitudinal reinforcement Stirrups Vexp (KN)
Mioss (%) p1 (%) Myoss (%) pe (%)
7 150 180 2.20 14 2.71 7.2 0.22 70
8 150 180 2.20 19 2.71 8.3 0.22 67
9 150 180 2.20 26 2.71 9.2 0.22 62
Dataset 5 — Cyclic tests on corroded beam-column components.
Author Specimen b (mm) D (mm) a/d M; (%) Mt (%) s/d P/Agfc Vimax (KN) 6y (%)
Ou et al. [8] B12.5 300 500 3.5 1.38 1.7 0.23 0 158 4.8
B25 300 500 3.5 1.8 3.08 0.23 0 149 4.7
B50 300 500 3.5 2.19 4.08 0.23 0 148 4.4
B150 300 500 3.5 3.37 8.03 0.23 0 120 2.6
Ou and Chen [48] Bt-3 300 500 2.8 0 2.9 0.23 0 354.6 4.7
Bt-6 300 500 2.8 0 5.87 0.23 0 333.4 4.3
Bt-11 300 500 2.8 0 11.7 0.23 0 340.5 2.9
Bt-12 300 500 2.8 0 12.4 0.23 0 336.9 2.7
Bt-16 300 500 2.8 0 15.7 0.23 0 331.7 2.4
Bt-35 300 500 2.8 0 35.1 0.23 0 319 1.5
Ou and Nguyen [47] TB-6 300 500 2.8 5.16 6.54 0.23 0 292 4.0
TB-8 300 500 2.8 8.62 4.16 0.23 0 282 4.3
TB-13 300 500 2.8 13.82 10.9 0.23 0 240 3.4
TB-19 300 500 2.8 21.11 7.25 0.23 0 218 2.0
TB-32 300 500 2.8 29.35 11.3 0.23 0 217 1.7
TBH-4 300 500 2.8 5.02 15.7 0.23 0 292 3.4
TBH-6 300 500 2.8 5.37 16.4 0.23 0 289 4.2
B-3 300 500 2.8 3.26 1.45 0.23 0 258 4.3
B-9 300 500 2.8 8.74 0.95 0.23 0 260 3.9
B-13 300 500 2.8 12.94 1.05 0.23 0 248 4.6
B-16 300 500 2.8 15.75 1.76 0.23 0 209 2.8
B-33 300 500 2.8 32.92 2.62 0.23 0 200 1.5
TBt-15 300 500 2.8 16.56 1.56 0.23 0 269 2.7
Vu and Li [7] Cl 350 350 2.9 3.4 11.5 0.16 0.1 238.8 5.1
Cc2 350 350 2.9 6.1 14.4 0.16 0.1 193.2 4.7
C3 350 350 2.9 10.9 25 0.16 0.1 190.7 3.5
C4 350 350 2.9 3.4 13.6 0.16 0.25 254.4 3.2
C5 350 350 29 3.9 15.5 0.16 0.25 237.1 2.7
C6 350 350 2.9 7.3 23.5 0.16 0.25 250 2.5
Vu and Li [6] CC1 350 350 1.8 3.4 11.4 0.16 0.1 359 3.8
Ccc2 350 350 1.8 5.8 21.3 0.16 0.1 327.8 3.1
CC3 350 350 1.8 6.8 26.1 0.16 0.1 293.8 2.7
CC4 350 350 1.8 3.4 8.4 0.16 0.25 426.6 2.9
CC5 350 350 1.8 3.3 121 0.16 0.25 369 2.8
CC6 350 350 1.8 7.5 18.2 0.16 0.25 397.5 1.8
Ma et al. [49] C9-15 260 260 3.8 9.5 0 0.47 0.15 59.15 3.7
C4-25 260 260 3.8 4.1 0 0.47 0.25 69.23 4.5
C9-25 260 260 3.8 9.7 0 0.47 0.25 62.5 3.2
C9-40 260 260 3.8 9.3 0 0.47 0.4 62.1 2.5
C14-32 260 260 3.8 14.7 0 0.47 0.32 67.6 2.5
C11-60 260 260 3.8 11.3 0 0.47 0.6 69.5 3.1
Yuan et al., [50] C5-L0 300 300 4.3 3.83 0 0.30 0 67.38 3.2
C5-L40 300 300 4.3 3.99 0 0.30 0.4 66.3 2.7
C5-L60 300 300 4.3 4.45 0 0.30 0.6 70.4 3.2
C10-LO 300 300 4.3 8 0 0.30 0 64.4 2.7
C10-L40 300 300 4.3 8.41 0 0.30 0.4 64.45 3.2
C10-L60 300 300 4.3 7.96 0 0.30 0.6 65.56 2.3
CG10 300 300 4.3 7.16 18.6 0.30 0 62.2 3.2
Lietal. [9] RC-2 200 200 4.2 0 4.76 0.42 0.125 73.76 5.5
RC-3 200 200 4.2 0 12.9 0.42 0.125 66 5.2
RC-4 200 200 4.2 0 22.2 0.42 0.125 65.15 4.6
RC-5 200 200 4.2 0 9.23 0.42 0.125 65.56 4.6
RC-6 200 200 4.2 0 14 0.42 0.125 55.16 4.0
RC-7 200 200 4.2 0 15.6 0.73 0.125 65.7 4.5
RC-8 200 200 4.2 0 16.7 0.73 0.125 80 4.2
Lietal [51] N1C10 300 300 5.3 6.6 0 0.39 0.13 75 2.5
N1C20 300 300 5.3 18.5 0 0.39 0.13 60 2.0
N3C10 300 300 5.3 7.2 0 0.39 0.38 90 2.2
N3C20 300 300 5.3 17.7 0 0.39 0.38 85 2.0
Yang et al. [52] 772 210 210 4.9 5.1 6.5 0.49 0.18 60 3.6
773 210 210 4.9 8.3 14.8 0.49 0.18 60 3.8
774 210 210 4.9 13.25 7.7 0.49 0.18 60 3.5
774 210 210 4.9 16.8 9 0.49 0.18 47 3.3
Li et al. [38] CC-EDO-VA 250 250 5.9 9.9 12.6 0.28 0.25 46.85 3.2
Zheng et al. [39] SC2 200 200 2.8 2.53 5.32 0.34 0.3 138.4 3.2
SC3 200 200 2.8 4.54 8.13 0.34 0.3 132 2.8
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(continued)
Author Specimen b (mm) D (mm) a/d M; (%) Mt (%) s/d P/Aqfc Vinax (kN) 0y (%)
SC4 200 200 2.8 6.75 11.5 0.34 0.3 112 2.7
SC5 200 200 2.8 5.86 12.8 0.45 0.3 105.6 2.6
SC6 200 200 2.8 6.23 13.2 0.57 0.3 100.8 1.6
Zheng et al. [39] C1 200 200 5.7 3.73 5.62 0.34 0.2 48 6.0
Cc2 200 200 5.7 3.81 5.68 0.34 0.4 57 3.0
C3 200 200 5.7 3.58 5.66 0.34 0.6 54 21
C5 200 200 5.7 2.44 4.21 0.34 0.4 61.4 3.8
Cé6 200 200 5.7 6.2 9.6 0.34 0.4 52.5 2.8
Meda et al. [41] CcC 300 300 5.8 21.5 0 1.15 0.28 46 2.0
Guo et al. [42] Sp2 600 250 11 5 11.2 0.44 0.08 58 3.5
Sp3 600 250 11 9.74 19.8 0.44 0.08 53 3.0
Sp 4 600 250 11 15.2 30.2 0.44 0.08 53 1.7
Dai et al. [43] C-A-0.1 300 300 3.8 1.87 1.65 0.30 0.09 136 4.4
C-E-0.1 300 300 3.8 2.07 7.43 0.30 0.09 126 3.8
C-A-0.45 300 300 3.8 2.33 2.52 0.30 0.45 190 2.6
C-E-0.45 300 300 3.8 2.16 6.8 0.30 0.45 186 2.0
Karimipour and Edalati [44] WF5 250 250 4.8 2.7 6.5 0.39 0.10 73 4.0
WF10 250 250 4.8 5.4 8 0.39 0.10 73 4.0
WF15 250 250 4.8 6.9 10 0.39 0.10 70 3.6
WF20 250 250 4.8 9.5 15.5 0.39 0.10 60 3.5
Rajput and Sharma [45] UC15% 300 300 6.0 15.56 15.8 1.19 0.35 69 2.7
UC30% 300 300 6.0 30.16 22.6 1.19 0.32 67.6 2.0
Funaki et al. [46] CO07C-N3 400 400 2.3 0.6 0.9 0.17 0.2 410 3.0
CO9C-N5 400 400 2.3 1 1.7 0.17 0.2 413 2.5
C10C-N6 400 400 2.3 1.5 1.9 0.17 0.2 368 2.0
CO07C-F3 400 400 2.3 0.8 0.5 0.17 0.2 418 3.0
CO9C-F5 400 400 2.3 0.5 1 0.17 0.2 431 3.0
C10C-F6 400 400 2.3 0.5 1.1 0.17 0.2 403 3.0
C07C-L3 400 400 2.3 1.6 3.6 0.17 0.2 333 3.0
C07C-L5 400 400 2.3 3.7 5.3 0.17 0.2 346 3.0
C07C-L6 400 400 2.3 5.3 6.2 0.17 0.2 300 2.5
Goksu and IIki [13] NSX9 200 300 4 9 0 0.4 0.19 59.1 8.0
NSX13 200 300 4 13 0 0.4 0.19 45 6.0
NSX16 200 300 4 16 0 0.4 0.19 50.9 4.6
NSXx22 200 300 4 22 0 0.4 0.19 51.9 4.0
NSX54 200 300 4 54 0 0.4 0.19 44.3 2.0
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