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Abstract. Reinforcement corrosion has been identified as the leading cause of reinforced concrete
structural degradation. Concrete structures are more susceptible to environmental factors such as
corrosion, which affects the component’s service life. As concrete is a heterogeneous material, it is
difficult to understand the fatigue crack growth phenomenon in the combined effect of carbonation
and chloride-induced corrosion. Corrosion accelerates the crack growth rate, and the combined action
of corrosion and fatigue ultimately reduces the concrete structure’s strength, durability, and fatigue
life. Corrosion fatigue life assessment is essential for the design of reinforced concrete structures.
An important challenge in predicting the corrosion-fatigue life is investigating the effect of corrosion
due to carbonation and chloride ingress with fatigue crack propagation. A probabilistic fatigue life
prediction model based on Fick’s law of diffusion has developed by incorporating important parame-
ters of carbonation-induced corrosion, chloride ingress corrosion, and environmental aggressiveness
with time. Chloride and carbon dioxide ingress, corrosion pit growth, stress intensity factor, fre-
quency of the cyclic load, humidity, temperature, and combined chloride and carbon dioxide attacks
are considered.

1 INTRODUCTION tion are fatigue damage and reinforcement cor-
rosion. Corrosion-damaged RC structures have

Corrosion is a prevalent phenomenon seen a more complicated fatigue failure process than

in several categories of civil infrastructure.
The long-term durability of reinforced concrete
(RC) structures is significantly compromised by
the corrosive effects of chloride-induced and
carbonation-induced corrosion. In addition, the
permeation of chloride in concrete structures is
influenced by several environmental factors, in-
cluding temperature and relative humidity. The
diffusivity of carbon dioxide and chloride has a
substantial influence on the corrosion process in
concrete structures. In RC structures, material
degradation will be brought on by both repeated
loads and environmental factors. The main
causes of RC structure performance degrada-

RC structures without corrosion. The explana-
tion is that the collapse of RC structures brought
on by the combined action of corrosion and fa-
tigue is a linked process of their reciprocal ef-
fect rather than a simple superposition of these
two failure elements.

Concrete carbonation is a chemical reaction
that occurs between penetrated carbon dioxide
and calcium hydroxide (a result of alkaline ce-
ment hydration). This reaction lowers the al-
kalinity of the concrete, destroying the pas-
sive layer that has developed around the steel
bars. This process leads to initiate steel corro-
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sion [1,2]. Carbonation, in general, does not
influence the qualities of the concrete material
itself and even improves internal pore structures
and enhances density through the formation of
carbonation salts. When the carbonation is near
the surface of the reinforcement material em-
bedded in the concrete, the pore solution with a
low pH value might make the passivation coat-
ing on its surface unstable, ultimately dissolv-
ing it and causing reinforcement material cor-
rosion. In contrast to chloride-induced steel
corrosion, concrete carbonation results in ho-
mogenous deterioration of the reinforcing sur-
face [3]]. Generally, reinforced concrete often
experiences the simultaneous influence of many
corrosion causes rather than being affected by a
single one alone. These elements tend to mutu-
ally reinforce one another, resulting in height-
ened and more severe deterioration of the rein-
forced concrete. One potential effect of carbon-
ation on concrete is the elevation of free chlo-
ride ion levels. This is due to the reaction be-
tween carbon dioxide and Friedel’s salt, which
leads to the conversion of bound chlorides into
free chlorides [4l,5]].

The degradation of structural performance in
RC structures is considerably exacerbated by
the reinforcement corrosion and fatigue dam-
age brought on by different repetitive loadings.
Additionally, the stress concentration caused
by the rebar’s pitting corrosion damage will
lead to the early initiation of a fatigue frac-
ture [|6,7]. The structural performance decay
caused by fatigue damage at the pit-induced
stress concentration will thereafter worsen sig-
nificantly, which will ultimately result in a sig-
nificant decrease in the dependability and ser-
viceability of deteriorating RC structures [}, 9]].
As a result, coupled corrosion-fatigue damage
becomes more harmful to RC structures that are
already failing, necessitating an urgent need for
service life evaluation. Corrosion when cou-
pled with fatigue on the structure leads to rapid
degradation of the strength, loss of cross sec-
tion of rebars and increased crack propagation
rate compared to structure only under fatigue
loading. Efforts have been made to learn how

the serviceability of the structures have been af-
fected. This paper mainly deals with the crack
propagation in the structure under fatigue load-
ing coupled with the corrosion effect. The chlo-
ride ion transport equation in concrete is formu-
lated considering multiple factors such as car-
bonization, load, saturation, relative humidity,
and temperature. The following model consid-
ers the corrosion pit as a notch, a concept that
many researchers have used to find the fatigue
life of the structure coupled with corrosion in
probabilistic approaches.

2 CORROSION MECHANISM IN REIN-
FORCED CONCRETE

Concrete has an alkaline character, as seen
by its pore solution pH range of 12-13, which
effectively passivates the embedded reinforcing
bars. The passivation process of steel is com-
promised by the presence of chloride ions or a
decrease in the alkalinity of concrete resulting
from carbonation. The carbonation process in
concrete involves the chemical interaction be-
tween portlandite (C'a(OH )2) present in the ce-
ment matrix and carbon dioxide (C'O,) gas, re-
sulting in the formation of calcite (CaCOs).
The process of carbonation occurs due to the
chemical reaction between carbon dioxide and
calcium hydroxide present in concrete. The
process involves the dissolution of carbon diox-
ide gas in water, resulting in the formation of
carbonic acid (HyCOs). This acid then com-
bines with calcium hydroxide, leading to the
precipitation of calcium carbonate (CaCOs).
The calcium carbonate mostly accumulates and
forms a lining inside the pores. The reduction
in hydroxyl ions (OH ') results in a decrease
in the pH of the pore water, transitioning from
a value over 12.5 to below 9.0. This shift in pH
destabilises the passive layer, which may lead
to the onset of general corrosion under the con-
dition that there is a enough presence of oxygen
and water in the vicinity of the rebar.

Chloride-induced corrosion is often more
hazardous and costly to remediate, but
carbonation-induced corrosion of reinforce-
ment bars may impact a broader array of re-
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inforced concrete structures on a bigger mag-
nitude. Both corrosion methods may lead to
a substantial decrease in the structural load-
bearing capacity by diminishing the cross-
sectional area of the steel reinforcement bars,
impairing the steel’s ability to elongate, and
inducing extensive cracking in the concrete.
The formation of a compact oxide coating on
the surface of reinforcing elements may effec-
tively inhibit corrosion, since high alkalinity
cement hydration products are present inside
the concrete. The depassivation property of
chloride ions is responsible for the corrosion
of reinforcement material in concrete. When
a sufficient amount of chloride ions permeate
the oxide film via interconnected pores and
cracks, the pH of the surrounding pore solu-
tion decreases, leading to the destruction of
the protective film. Consequently, corrosion of
the reinforcement material is initiated. More-
over, it is of utmost significance to note that
the chloride ions possess the ability to func-
tion as catalysts, so facilitating the corrosion
process without undergoing any consumption
themselves [10]. Hence, the ingress of chloride
ions into the concrete matrix perpetuates the
degradation of the concrete structure, so exem-
plifying the fundamental attribute of chloride
corrosion. Furthermore, in contrast to the ho-
mogeneous corrosion resulting from concrete
carbonation, chloride-induced steel corrosion
manifests as pitting corrosion [[11]].

3 CORROSION-FATIGUE MODEL

In light of the above succinct description, it
is important to appropriately address the link
between crack formation and corrosion prop-
agation in the fatigue life prediction of RC
bridges. This study consider corrosion pit as
a notch in fatigue life evaluation models for
RC bridges. Considerations include chloride in-
trusion, corrosion pit development, severe con-
crete cracking, fatigue crack growth, and ef-
fect of enviromental factors on corrosion. This
section introduces an approach for predicting
the corrosion-fatigue life of RC bridges. Three
steps make up the full process: (1) develop-

ment of fatigue cracks prior to the start of cor-
rosion; (2) competition between the growth of
corrosion pits and fatigue cracks; and (3) iden-
tification of structural collapse. This frame-
work accounts for cyclic load, corrosion pit-
induced stress concentration, concrete cracking,
seasonal environmental change, and carbona-
tion effect on chloride ion ingress.

Corrosion of the reinforcement is mostly
brought on by chloride intrusion. Chloride in-
filtration causes reinforcement to get depassi-
vated, which then triggers the beginning of steel
bar corrosion. The process of chloride ions en-
tering concrete is complicated and involves a
number of different transport mechanism. The
process of diffusion is thought to be the main
mechanism of chloride ion infiltration into con-
crete. The diffusion procedure is explained by

Fick’s second law.
0C (x,t)

2
_p, 2t 0
ot ox?

Where D, is the chloride diffusion coefficient
(em?/year), C(z,t) is the chloride ion con-
centration (percentage weight of concrete), ¢
is the time (after concrete exposed to chloride
source), = is the depth in concrete in the dif-
fusion direction. Solution for this differential
equation is given by:

C(x,t) = C()[l — GTfN%] (2)

Where, () is the equilibrium chloride concen-
tration on the concrete surface, and erf is the
Gaussian error function.

The penetration of chloride ions leads to the
depassivation of the reinforcing material, which
in turn triggers the onset of corrosion in the re-
bars. The time at which corrosion begins is
mostly influenced by the concentration of chlo-
ride ions, the properties of the concrete, chlo-
ride diffusion coefficient and the thickness of
the concrete cover. The corrosion initiation time
is determined by the conditions that C'(x, t) ap-
proaches threshold chloride concentration (Cyy,)
and the depth x equals the concrete cover thick-
ness.

C lerf~1(1 — Cin
B 4Dcl Cs

T; )] 3)
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Where, 7; is the corrosion initiation time (year),
() is the concrete cover thickness (cm), Cj, is
the threshold chloride concentration which is
the value at which the passivation layer of re-
inforcement is destroyed, (percentage weight of
concrete), and C is the surface chloride con-
centration (percentage weight of concrete). A
number of surface chloride concentration val-
ues are considered so that for different C val-
ues, the crack length can be calculated. Value
of U, changes depending upon the position of
the structure from sea shore, atmospheric con-
ditions and seasonal changes etc. C; according
to seasonal changes is taken into consideration
for pointing out the real-life scenario for calcu-
lating the crack length at different situations. A
range has been taken to find the Cj in different
seasons shown in Table

Table 1: Range of surface chloride concentration in dif-
ferent seasons

Season (s range(% wt of concrete)
Winter 0.15-04

Spring 0.4-0.58
Summer 0.5-0.87

Autmn 0.3-0.68

The diffusion rate of chloride in unsaturated
concrete has been shown to be significantly in-
fluenced by several characteristics, including
porosity, environmental elements such as tem-
perature and relative humidity, and service cir-
cumstances such as load case and stress state.
The estimation of the diffusion coefficient D,
for unsaturated concrete under loading and car-
bonation conditions may be conducted using
the multifactor technique in the following man-
ner:

Dat = Dyes fu(t).fo(T)-fo(RH). f1(d).f5(C).
fs(R)

where D, s is the diffusion coefficient refer-
ence chloride ion concentration. The functions
fi(8), [o(T), fs(RH), fu(d), f5(C), fe(R) are
responsible for explaining the relationship be-
tween chloride diffusion coefficient and many

“)

factors such as concrete age, temperature, in-
ternal relative humidity, concrete degradation,
electrostatic interaction, and chloride binding
capacity due to carbonation. Based on the com-
pound sphere model, Xi and Bazant [12] sug-
gested a model for forecasting the effective dif-
fusion coefficient of cement-based composites,
which is written as:

D, = 0,201 5)

P24V,

Where, V,, and D, are aggregate volume frac-
tion, aggregate diffusion coefficient and diffu-
sion coefficient of hardened cement paste re-
spectively. The chloride diffusion coefficient of
cement paste was established based on an ex-
tensive collection of experimental data as: [2]

- 2.14 x 10~10¢27
P g2™(3 — ¢g) + 14.44(1 — ¢2™)

The porosity of cement paste, denoted as ¢y,
may be defined by the water-cement ratio (w/c)
and the rate of cement hydration (h) [45].

w/c—0.17h
go= 2221
w/c+0.32

D

(6)

(7

In order to make the computation simpler, h
can also be computed using the following for-
mula, which was discovered by regression anal-
ysis using the experimental data from published
literature [|14]:

—0.103¢9-0719

h = 0.716¢%-0%1
1 erp( w)e

) (®)
where ¢ is curing time in days.

The phenomenon of cement hydration is
well acknowledged to result in a progressive re-
duction in porosity and a subsequent limitation
of chloride diffusion over time. The impact of
concrete age on the chloride diffusion coeffi-
cient in concrete may be expressed as:

filt) = (2L ©

The reference age, denoted as t,.¢, is typically
set to 28 days. The decay index of time is rep-
resented by the variable m=0.15.
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The diffusion coefficient of chloride in con-
crete is influenced by temperature due to its im-
pact on the absorption heat and the frequency
of thermal vibration of the diffusant. The rela-
tionship between temperature and chloride dif-
fusion coefficient in concrete may be described
by Arrhenius’ law [16].

Ur, 1 1

RAT) = el =)0

The activation energy of the diffusion process
(Ur) may be expressed in kilojoules per mole
(kJ/mol). In this case, Ur is equal to 41800
J/mol. Tj represents the reference temperature,
which is 273.15 K. T" denotes the current tem-
perature in Kelvin (K).

Furthermore, the chloride diffusion coeffi-
cient in concrete is humidity dependant. The
effect of internal relative humidity on the chlo-
ride diffusion coefficient in concrete is shown

by [15] as Egq.
(1 — RH*)

f3(RH) =[1+ m]fl

(1)
The critical humidity, denoted as RH., is the
point at which the diffusion coefficient de-
creases by 50% between its highest and low-
est values. Specifically, RH., is equal to 75%.
The presence of external elements such as tem-
perature, shrinkage, and creep may result in the
development of early faults inside the material.
Microscopic cracks might potentially develop
throughout the course of maintaining and using
concrete structures over an extended period of
time. The acceleration of chlorine transport in
concrete is attributed to the presence of micro
fractures, therefore necessitating the consider-
ation of the impact of early flaws on chloride
transport in concrete. The phenomenon of con-
crete cracking is intricately linked to the water-
to-cement ratio (w/c) of concrete, denoted as

Eq. [12]

fi(d) = ~[1000(“

3 c

The movement of chloride ions is impeded by
the electrostatic field generated by the presence

)2 1050(%) +287] (12)

of other ions in the solution. This effect may be
quantified as stated in reference [|17].

fs(€) =1 — kign.C” (13)

where k;,, and ' are two constants, k;,, =
8.333 and 7' =0.5.

Certain chloride ions undergo reactions with
hydration products, resulting in the formation of
Friedel’s salt. Additionally, a portion of these
ions are adsorbed onto the surface of hydrated
calcium silicate or enclosed inside the layers of
C-S-H during the transportation process [18].
The chloride binding capacity plays a signifi-
cant role in determining the chloride diffusion
coefficient in concrete, as shown by previous
research [19]. Given the impact of concrete
carbonation on the binding capacity of chloride
ions expressed as Eq. [14]

1
fe(R) = A1 eR) (14)
where ¢ is the reduction coefficient of chloride
binding capacity caused by carbonation and R
represents the value that evaluates the chloride
binding capacity of concrete shown in Eq[T5]

_ (1+6027d)/2 Cyq < 1.77kg/m? 1)
o BCETY Oy < 1.7Tkg/m?

The process of carbonation in concrete has dual
effects on the movement of chloride ions. One
aspect to consider is that carbonation leads to
an expansion of the solid phase inside concrete,
which may be related to the interaction between
the internal alkaline components of the concrete
and C'O,. This expansion results in a reduc-
tion of porosity and hinders the passage of chlo-
ride ions. In contrast, the process of carbona-
tion has an impact on the diffusion of chloride
ions inside concrete by altering the mechanism
of chloride binding. The process of carbonation
has the potential to disrupt the adsorption and
binding mechanisms, resulting in the eventual
release of chlorides that were previously bound,
into the pore solution. Consequently, the pro-
cess of carbonation leads to an elevation in the
concentration of free chlorides within the pore
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solution, thus expediting the diffusion of chlo-
rides.

The pitting depth in specimen is given by
an integration of equation proposed by [20]
for total maximum pit depth in terms of time
and corrosion rate measured as current density

(uA/ecm?).
P(t) = 0.011R, / foorn (£)dt (16)

Where, p(t) is the corrosion pit depth (mm), Ry
is the ratio of the maximum pit depth to uniform
corrosion depth, i.,.-(t) is the corrosion cur-
rent density. Corrosion current density 7., (%)
is given by [21] proposed at any time ¢ as a func-
tion of concrete water/cement ratio (w/c) and
the cover and is given by

oo (1) = 32.1(1 — 2)~18% (+ — T7)702 /Cy(17)

C

Where, % 18 the water/cement ratio and can
be estimated from the Bolomey’s formula as
w/e = % is the compressive strength of
concrete (MPa), C is the concrete cover thick-
ness (mm).

After substituting the values of i...(t) in

Eql[T6] updated corrosion pit depth is :

p(t) = A(t = T,)*™ (18)
__ 0.0116%R *32.1*(1_1”/0)71‘64)
where A = 0 T _

As corrosion progresses and when the crack
width reaches a certain threshold crack width,
rate of crack propagation increases. [22] con-
sidered this rapid progression and proposed an
additional factor called acceleration coefficient,
which gives the accelerated crack length after
certain time period from corrosion initiation.
The modified equation for corrosion pit depth
is:

t

P(t) = 0.0llRo/ Georr(t)dt (19)
T;

There were two models proposed by [23] for

finding out the rate of change of pitting depth

with respect to time caused by pitting corrosion.

First one considered the pitting depth as a notch
in the beam. And the other model considered
the pitting depth as a surface crack. The present
working model considered the pitting depth as
a notch. The fatigue crack length of concrete is
given by:

da

— = CAK)"f (20)

Where, % is the fatigue crack growth rate
(mm/sec), C, m are the fitting parameters es-
timated from experimental data, f is the fre-
quency of cycles, A K is the stress intensity fac-

tor range (M Pa+/m) and can be calculated as
AK =Y Aov/ma 21

Where, Y is the geometric correction factor, Ao
is the stress range of tensile rebar (MPa), a is the
fatigue crack length. When taking pitting cor-
rosion into account, the equation is adjusted to
account for the depth of pitting. The amended
equation is as follows:

da m

o = C(BEy)"f (22)
Where, AK, is the stress intensity factor
range at the root of corrosion pit. This stress
intensity factor was determined by [24] which
is given by:

AKyp = YAJ\/ w(a+ p(t)[l — e 70 H D (23)
Where ’a’ is the equivalent initial flaw size(mm)
is given by:

o l(AKth)Z
“TA\Aoyy

(24)

Where, A Ky, is the threshold stress intensity
factor range (M Pa+/m) and k; is the stress
concentration factor and is given by:

k; = 3.453(p(t) + 0.0056)%%? (25)

Y is a geometric function and is determined us-

ing Eq20]
Y = G(0.752 + 1.2865 + 0.37H?)  (26)
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Where, G = 0.92(2)SecB/“22 H = 1 —

B
Sinf3, B = Z&, dis corrosion pit depth P(t), D is
the diameter of the rebar. By substituting Eq[23]
in Eq. and f = %, the following expres-
sion for rate of crack propagation (mm/cycle) is

obtained.

/
da” _ C[YAU\/W(CL +p(t)[1 — e o F D) m(27)
dN
Where, (a+p(t)[1 —e_ﬁ(k’?_l)]) is called as ef-
fective crack length and is denoted by a’. This
pit depth expression is used for a’ and used to
find the rate of crack propagation per cycle. The
Eq. 27| rewritten as:

!

_da oy

28
C[Y Aovrd] (28)

The integration process yields the number of cy-
cles necessary for creating an effective fracture
length, denoted as a’. The resulting equation is
observed as Eq[29]

at% — (a’)lf%

N= (Z — 1) « C x Y™ x gmgm/2

(29)

Where, a is the equivalent initial flaw size, a’ is
the effective crack length, m and c are material
Paris law constants, Y is the geometric correc-
tion factor, o is the stress applied.

4 RESULT AND DISCUSSION

The combined effect of concrete carbonation
and repetitive stress significantly impacts the
structural integrity of reinforced concrete struc-
tures and diminishes their operational lifespan.
In this study, a model is developed to estimate
the corrosion-fatigue life of reinforced concrete
subjected to both carbonation and repetitive
loading considering other environmental factor
affecting it such as concrete age, temperature,
internal relative humidity, concrete degradation,
electrostatic interaction, and chloride binding
capacity due to carbonation. The observations
are calculated till the 40 years of age of struc-
ture. Material properties and other parameter

values used for calculation of different variables
are tabulated in Table

Table 2: Depicting the values for different parameters

Material Properties Value
Elastic modulus of concrete 31,500 MPa
Elastic modulus of rebar 210 GPa
Yield strength of rebar 480 MPa
Threshold stress intensity factor range  3.157 (M Pay/m)
Concrete poisson ratio 0.2
Diameter of uncorroded rebar 25 mm
Concrete cover thickness 35 mm
Threshold chloride concentration 0.045 MPa
Chloride diffusion coefficient 0.4 cm?2 /year
Water to cement ratio of concrete 04
Porous zone of concrete around rebar 0.002 mm
Creep coefficient of concrete 2
Maximum to uniform pit depth ratio 4

The findings indicate that the primary factor
contributing to the overall fracture length is the
depth of corrosion pits. The overall equivalent
fracture length and pit depth exhibit variations
for varying surface chloride concentrations.

25

——Cs=0.1
Cs=0.2

Pit Depth P(t) (mm)

20 30
Time (Years)

40 50

Figure 1: Variation of Corrosion Pit depth with time
(years) with different surface ion concentration without
considering environmental and carbonation effect.

Figure [I|demonstrate the corrosion pit depth
fluctuation over time (years) with varying sur-
face ion concentration without taking ambient
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and carbonation effect into account. The cor-
rosion initiation time for C,= 0.1, 0.2, 0.3, 0.4,
0.5, 0.6, 0.7 is calculated as 26.82,10.39, 7.38,
6.08, 5.32, 4.83 4.47, 4.2 years respectively.
Whereas, Figure @ shows the environmental and
carbonation effects on corrosion pit depth over
time (years) with varying surface ion concentra-
tions. The combined cabonation and chloride
ingress corrosion decrease the corrosion initia-
tion time. The rise in chloride content is accom-
panied by an increase in both pit depth and crck
length.

2.5

——Cs=0.1

=
tn

-

pit depth P(t) (1nm)

0.5

0 10 20 30 40 50
Time (Years)

Figure 2: Environmental and carbonation effects on cor-
rosion pit depth over time (years) with varying surface
ion concentrations.

During a certain three-month period, which
may be considered a season, the propagation of
crack development is seen to align with a curve
that corresponds to the concentration of chlo-
ride on the surface. For instance, throughout
the summer season spanning three months, the
fracture propagation curve aligns with an av-
erage surface chloride concentration of around
0.6. The plot of crack growth rate (da/dN) vari-
ation with time and with surface ion concen-
tration ignoring environmental and carbonation
effects is shown in Figure [3] and with consid-
ering environmental factors and carbonation ef-
fects in Figure 4. The crack propagation rate in-
creases when carbonation and chloride penetra-
tion are coupled with environmental effect. The
time at which first crack starts also decreases

when carbonation and chloride penetration are
coupled.

0.25

o
o

——Cs=0.1

Cs=0.2
0.15 Cs=0.3
Cs=0.4
Cs=0.5
0.1 Cs=0.6
——Cs=0.7

Crack growth rate (da/dN)

e
=
h

cnnssee®™

0 10 20 30 40 50
Time (Years)

Figure 3: Crack growth rate (da/dN) variation with time
and with surface ion concentration ignoring environmen-
tal and carbonation effects.

025

e
fa

——Cs=0.1
Cs=0.2
Cs=0.3
Cs=0.4
Cs=0.5
Cs=0.6

——Cs=0.7

0.15

Crack growth rate (da/dN)
e
[

0.05

T

0 10 20 30 40 50
Time (Years)

Figure 4: Environmental and carbonation effects on Vari-
ation of the crack growth rate (da/dN) with time and sur-
face ion concentration.

When carbonation and chloride penetration
corrosion occur simultaneously with the effects
of fatigue loading, crack growth rate and crack
length is also observed to be increased. From
the Figure [5] It can be seen that crack growth
rate without considering the environmental and
carbonation effect in coupled corrosion fatigue
model is less than that observed with consider-
ation the evvironmental factors and carbonation
at 40 years. The results of the predictions fluc-
tuate depending on whether the seasonal fluc-
tuation is taken into account, particularly when
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the environment is quite hostile. As a result, it
is advised that the influence of seasonal fluctu-
ation should be taken into account for corrosion
fatigue modelling.

0.05

0.045
0.04
0.035 ——With Environmental and

carbonation effects

0.03 Ignoring environmental and

E% 0.025 carbonation effects

0.02

0.015

0.01

0.005

e

0 0.5 1 15
Crack length (mm)

Figure 5: Relationship between the crack development
rate (da/dN) and crack length for a C value of 0.1.

S CONCLUSIONS

Based on Fick’s second law, considering car-
bonation, load, saturation, humidity, tempera-
ture and other factors, the crack growth rate
model under coupled corrosion fatigue in con-
crete is established. The combined effects of
corrosion and fatigue have a considerable im-
pact on the degradation of structures, leading
to a substantial decrease in their remaining ser-
vice life. The presence of corrosion pits leads
to localised stress concentration, which in turn
promotes the initiation and growth of fatigue
cracks. Neglecting the influence of carbonation
and seasonal environmental effect may lead to
an overestimation of the fatigue life of struc-
tures. Hence, damage analysis for the seasonal
climate and associated concrete and rebar re-
quires further research. Additionally, because
of how challenging natural environmental con-
ditions are for the beginning and spread of cor-
rosion and fatigue cracks, considerable theoreti-
cal and experimental research is also necessary,
including modelling of geographic variability
and variable load.
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