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Corrosion resistance of reinforced concrete
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Research on the corrosion of steel rods in concrete structures has been carried out.
Four types of samples were studied: reinforced concrete; with epoxy resin coatings; and
with conventional Portland cement and magnesium cement as binders. Corrosion resistance
was studied by electrochemical method, resistance method, internal rapid corrosion test
and field tests. The results show that the addition of mineral additives such as mineral
powder, fly ash and silica fume to Portland cement can improve the complex performance
of marine concrete, and the composite additive has a better effect on increasing the
resistance of concrete to chloride ion corrosion than a single additive.
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Koposiitna criiikicrs 3axizoferony Ha ocHOBi piznux nementHux marepiaais. Tao Cyn

ITpoBemeno mocnimsxeHHA KOpO3il cTanbHUX cTep:kHEH y 6eTOHHUX KOHCTPYKIiax. [Ho-
CHiA:KeHHA IPOBONUINCS Ha UYOTHUPHLOX THUIAX 3pPasKiB: 3aiizobeToHHI; 3 moKpurraMu is
€IIOKCUIHOI cMOJM; 3pasKaMu i3 3BMYANHOTO IOPTIAHIIIEMEHTY Ta 3 MATHI€BOTO IIeMEHTY B
akocri B’swyuwx Marepianis. Koposiiiny ecrifikicTh BHBYEHO eJIeKTPOXIMIiYHUM MeTOZOM,
METOLOM OIIOPY, BHYTPIIIHIM eKcIpec-TecTOM Ha KOPPO3il0 Ta HOILOBUMM BUNPOOYBAHHSAMI.
PesynbraTu moxasyoTb, 110 ZJOZABAHHA MiHepalbHUX A06ABOK, TAKUX AK MiHepaJbHUIA ITO-
POLIIOK, JeTKa 30Ja Ta MiKpoKpeMHe3eM, IO IOPTJIaHAIIEMEHTY, MOMKEe IIOKPAIUTU KOM-
niexkcHi xapaxrepucTuru Oerony. KommosuTHa gofaBKa Kpallle BILIMBAE HA IIiZBUIEHHS
cTifikocTti 6eToHY ZO XJIOpPMAHO-ioHHOI Koposii, HisK mpocTa mobamBKa.

ITpoBemenn! mcciemoBaHNA KOPPOBUM CTANBHBIX CTEPIKHEII B OETOHHBIX KOHCTPYKIIMAX.
Wccnepopanna nmpoBoguanch Ha 4eTHIPEX THUIAX 00paB3IIOB: :Kesie300eTOHHBIE; C IOKPBITUAMU
13 SIOKCUIHON CMOJIBI; O0pasilbl M3 OOBIYHOIO IOPTIAHIIIEMEHTa 1 113 MATHUEBOTO IIeMEHTAa
B KauecTBe BSLKYIUX MarepuanaoB. KopposuiinoHHas CTONKOCTH M3ydasach JJIEKTPOXIMU-
YeCKUM MeTOZOM, MEeTOZOM COIPOTHUBJIEHUS, BHYTPEHHUM SKCIPECC-TECTOM Ha KOPPO3UI0 U
TIOJIEBBIMU HCHBITAHUAMU. Pe3ynbTaThbl HOKAa3bIBAIOT, UTO Aob0aBJIeHNe MUHEPAJILHBIX moba-
BOK, TAKUX KaK MUHePAJBLHBIN IOPOIIOK, JeTydasd 30Jia I MUKPOKPeMHe3eM, K IIOPTJIaHAIle-
MEeHTY MOMKeT YJIYYIINTH KOMILJIEKCHble Xapagrepuctuxku Oerona. HommosurHas pobaBra
JIydllle BANSAET HA IIOBBINIEHNE YCTOHYMBOCTU 0eTOHA K XJIOPUIHO-UOHHOI KOPPO3UM, UYeM
npocTtasa mobaBKa.

1. Introduction pearance [1]. This also means that the dete-

rioration of the material properties of the

Durability of the reinforced concrete structure within a predetermined time
structure means the ability of the structure under the action of chemical, biological or
to maintain its safety, functionality and ap- other unfavorable factors will not lead to
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unacceptable failure probability of the
structure [2, 3]. When -calculating the
strength of reinforced concrete structures,
the time point of corrosion of steel bars is
usually taken as the end point of the calcu-
lation of durability. Reducing the diffusion
rate of chloride ions in concrete or increas-
ing the critical concentration of chloride
ions causing corrosion of steel bars is of
great significance to improve the durability
of reinforced concrete structures [4, 5].
With the widespread use of concrete
structures, the operating environment be-
comes more and more varied, and it is in-
evitably influenced by various external en-
vironments, leading to corrosion and dam-
age. Cement concrete is an alkaline material
with pH wvalue usually higher than 12,
which is easily eroded in the acidic medium,
including acid rain, acidic groundwater or
acidic soil, acidic industrial sewage and bio-
logical acid in sewage pipes, etc. [6, 7]. In
[8], the characteristics of damage and de-
struction of ordinary concrete and high-
strength concrete in 5 %, 10 % solution
and brine of a salt lake were studied. The
results show that: in the Na,SO, solution,

ions SO?{ lead to expansive failure of con-

crete, and in the MgSO, solution and salt
lake brine, the combined action of corrosive
ions SO sub 4 sup 2- and Mg?* in solution
will lead to cracking of the concrete. Data
of [9] show that the influence of the content
of impurity ions of sulfate and magnesium
on the strength of concrete is greater than
that of a water binder; sulfate and magne-
sium ions do not directly corrode the steel
bar, but indirectly affect the destruction of
the passivation film of the steel bar if chlo-
ride ions are involved. In [10], corrosion
potential, linear polarization, electrochemi-
cal impedance spectroscopy and cyclic po-
larization were used to compare the corro-
sion behavior of rebar in C50 and C80 con-
crete. The research shows that chloride ions
in C80 concrete mixed with silica fume
reaches the surface of steel bar slowly,
which indicates that the corrosion resis-
tance is better. The authors of [11] used the
method of computer simulation taking into
consideration the concrete mix ratio, struc-
tural characteristic parameters, building
construction environment and other condi-
tions; the forecast of the resource of rein-
forced concrete structures based on carboni-
zation and chloride-ionic corrosion of steel
rods has been studied. The authors of [12]
investigated the resistance of concrete rein-
forced with magnesium cement under condi-
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tions of one-factor erosion of mountainous
soil. It was found that concrete reinforced
with magnesium cement, after prolonged
erosion by seawater salt, has excellent cor-
rosion resistance, but reinforcement is cor-
roded to some extent. In [18], the resistance
method was used to study and analyze the
influencing factors of steel bar corrosion,
such as the relative humidity of the envi-
ronment, the invasion of chloride ions in
concrete, etc.; also the method of mathe-
matical simulation was used, and the corro-
sion of steel bar was estimated according to
the results of the resistance method, mathe-
matical calculations and potentiodynamic
method.

At present, magnesium cement concrete
is mainly used as a non-load-bearing struc-
tural material of buildings, and its research
mainly focuses on plain concrete specimens.
In order to expand the application of mag-
nesium cement concrete products in the
field of building structures, two kinds of
cementitious materials and two kinds of re-
inforced concrete specimens in the protec-
tion state of steel bars were made in this
experiment, and their corrosion resistance
was studied by prolonged immersion in a
binder solution of chloride, magnesium salt
and sulfate.

2. Experimental

2.1. Raw materials and mix design

The cement produced by China Cement
Plant meets the requirements of various
performance indexes of General Portland
Cement. Slag micropowder is obtained from
C95 grade mineral powder produced by a
company in Shanghai, with density of
2.9 gem 3, specific surface area of
420 m2-kg™! and total activity (24 d) of
101 %. Silica fume: the mass fraction of
SiO, is 91 %, the specific surface area is
1.8x10* m2kg !, and the total activity
(24d) is 121 %, was produced by Norwegian
Ekeng Company. Sulphuric acid: 98 % by
mass, density 1.84 g-cm™3, produced by
Shanghai Sulphuric Acid Plant.

The research shows that replacing 20 % —
30 % cement with mineral powder can im-
prove the acid corrosion resistance of con-
crete [14]. The addition of silica fume can
also improve the acid corrosion resistance of
cement paste specimens [15]. According to
this, four groups of composite cementitious
materials systems were designed for re-
search in this experiment: Mg-B, P.O-B,
Mg—-GHT and P.O-GHT, among which Mg-
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Table. Part number and mix proportion design

Test Cement | Coarse Fine Grade I | Water | Water | Phosphoric | Magnesium | Magnesium |[Rustin-

piece aggregate |aggregate| flyash reducing acid chloride oxide hibitor
number agent

Mg-B - 22.1 12.4 1.33 | 2.93 0.37 0.08 2.88 7.76 -
P.O-B 7 17.5 17.5 2.26 | 2.26 1.28 - - - 0.81
Mg-GHT | - 22.1 12.4 1.33 | 2.93 0.37 0.08 2.88 7.76 -
P.O-GHT| 7 17.5 17.5 2.2 6 2.6 6 1.28 - -
B, P.O-B, Mg-GHT and P.O-GHT, respec- sample suspension was filtered under vac-

tively, are samples of magnesium-reinforced
cement and conventional uncoated and
epoxy-coated Portland cement. The speci-
men number and mix proportions are shown
in Table.

2.2. Main experimental methods

2.2.1. X-ray diffraction

First, the sample was placed in a vacuum
drying oven, dried in vacuum at 50°C for
24 h, then it was ground in an agate mor-
tar, and the ground sample was passed
through a sieve with round holes of 45 um.

X-ray diffraction analysis was carried out
using a fully automatic X-ray diffractometer
d/max-iii from Nippon Science. The measure-
ment conditions are: Cu target (some samples
are CoO target), graphite monochromator, volt-
age 40 kV, current 30 mA, and scanning
speed 5 degrees/minute.

2.2.2. Determination of specific surface
area of cementitious materials

The specific surface area of cement, fly
ash and slag powder are determined in ac-
cordance with the provisions of Methods for
Chemical Analysis of Cement. The specific
surface area of silica fume is measured by
nitrogen adsorption method, and the equip-
ment used is an SSA-3500 specific surface
area tester.

2.2.3. Determination of chemically bound
water of cementitious materials

Sample preparation: the raw materials
are mixed according to a certain proportion,
and after stirring, the samples for hydra-
tion tests were made in the form of small
pieces of pure cellulose measuring
2 emXx2 cmXx2 cm; after curing to the speci-
fied age in accordance with the test condi-
tions, the surface layer was removed and
the middle part of the sample was taken.
Immediately after sampling, the sample was
impregnated with absolute ethanol to stop
hydration, while the absolute ethanol was
changed twice regularly. After extraction,
the hydrated sample was wet milled with
absolute ethyl alcohol and the hydrated
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uum. Then the slurry was put into a vac-
uum drying oven and dried at 50°C for
24 h. The dried sample was tested for
chemically bound water.

Determination of bound water: three
samples are weighed, which have been hy-
drated and dried in vacuum at each age,
each of which is about 1 g (+0.0005 g), and
dried at 105°C for 6 h. The dried sample is
heated to 950°C in a high-temperature elec-
tric furnace at a rate of 15°C/min, and kept
at a constant temperature of 950°C for 1 h.
Then, the sample is placed in a dryer to be
cooled to room temperature and weighed,
and the combined water of the sample is
taken as the average of the three samples.

2.2.4. Evaluation index of concrete dura-
bility

Generally, the durability test method of
concrete is used, but the damage test
method is destructive to the specimen and
unrepeatable to the same specimen, which
makes it impossible to carry out a long-term
test for the same specimen. Because of the
heterogeneity of concrete itself and the irre-
producibility of different specimens, this
will lead to inevitable experimental errors,
and the damage test requires a lot of man-
power and material resources. Therefore,
the durability of concrete is studied by
means of nondestructive testing.

According to the relative dynamic elastic
modulus specified in Test Methods for
Long-term Performance and Durability of
Ordinary Concrete [16], its calculation for-
mula is as follows (1):

LBV
r_E_O_WO’

1)

in which: E,, is the relative dynamic elastic
modulus of materials; E,, V, are, respec-
tively, initial dynamic elastic modulus and
ultrasonic velocity of materials before test-
ing; E,, V, are respectively, dynamic elastic
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modulus and ultrasonic velocity of materi-
als after a certain age.

An electronic scale with a sensitivity of
0.1 g was used to test the quality of the
workpiece. The calculation formula is as fol-
lows:

w 2
W, = VZ x 100% =
in which: W, is the relative mass (%) of the
test piece measured at the N time; W, the
mass of the test piece measured at the time
(kg); W, is the mass of the test piece meas-
ured initially (kg).

In this test, the indices of concrete dura-
bility obtained in [17], w;, Wy were chosen
as the evaluation parameters of concrete du-
rability. The calculation formula of relative
dynamic elastic modulus evaluation parame-
ter ; is as follows:

E,=0.6 (3)
®1="04

When o; < 0, the relative dynamic elas-
tic modulus is lower than 60 %, and the
failure is reached. When 0 < w; <1, the
relative dynamic elastic modulus is lower
than the reference value, and the failure is
not reached. When m; > 0, the relative dy-
namic elastic modulus increases compared
with the reference value.

The calculation formula of the relative
quality evaluation parameter w, is as fol-
lows:

M,=0.95 4)
®2="0.05

When , <0, the relative mass is less
than 95 %, and the damage is achieved.
When 0 < w, < 1, the relative mass is lower
than the reference value, and the damage is
not reached. When m, > 1, the relative mass
increases compared with the reference
value.

Electrochemical impedance spectroscopy
is an important research method to study
the electrode reaction kinetics and reveal
the corrosion and corrosion inhibition
mechanism of materials [18]. To study the
corrosion of reinforced concrete, sinusoi-
dal AC signals with small amplitude in a
certain frequency range are applied to a
reinforced concrete system; the periodic
characteristic of the ratio of the AC poten-
tial to the current signal is measured, as
well as a complex flat impedance diagram,
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impedance mode-frequency diagram and
phase angle-frequency diagram are meas-
ured [19, 20].

In this paper, the impedance spectrum
obtained in the electrochemical experiment
is processed by calculating the equivalent
circuit using the Zman software, and a
numerical solution of each parameter of
each coupled element is obtained to finally
obtain the polarization resistance Rp, solu-
tion impedance R, and capacitance C of
the steel bars.

_ 2Z(o) (5)
By = tan(0)”
_ 1 (6)
pr

In this electrochemical test, the mate-
rial density is 7.8 g/cm3, the electrode
area is 18 cm2, the scanning rate is
0.167 mv/s, the electrochemical equiva-
lent of steel bar is 28 g, and the test envi-
ronment temperature is about 25°C. In
order to avoid interference during the
test, the specimen is placed in a shielding
box connected with the earth.

2.2.5. Immersion corrosion test

In this article, the authors selected a
sulfuric acid solution for the study and
applied the full immersion method, in
which each group of samples is immersed
in a reservoir of water, and each sample of
a clean suspension is immersed in 2 liters
of solution. The initial H* concentration of
the acid solution is 0.01 mol-L™1, pH and
the pH value is 2. The level of the impreg-
nating solution is more than 2 cm above
the upper surface of the sample, and the
distance between each sample is at least
5 cm. The distance between the bottom sur-
face of the sample and the bottom of the sink
should be at least 2 cm to ensure that each
sample is completely saturated. The reaction
between the hydration products of alkaline
cement and acid consumes H*, so the residual
H* concentration of the solution is measured
by titration every 24 h.

Then, the acid solution was supple-
mented with concentrated sulfuric acid
until H* reached the initial concentration
of 0.01 mol'LL"! . During the test, the pH
value of the corrosion solution could be
controlled in the range of 1.9 ~ 2.4. The
solution was changed every 7 days, and
the acid consumption, mass loss and corro-
sion depth at specific corrosion age were
measured.
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d Corrosion
s~ depth

Fig. 1. Schematic diagram of acid corrosion
depth of clean slurry specimen.

2.2.6. Measurement and calculation of
corrosion depth

Nowadays, scientists at home and abroad
often use loss of strength to characterize
the acid resistance of mortar and concrete.
However, the measurement of strength is
discrete, especially when the degree of cor-
rosion is low, so it is difficult to express
the acid resistance of the samples only by
the change in strength, and it is not suit-
able for analyzing the kinetics of corrosion
[21]. Therefore, in this paper, we take the
corrosion depth as the main index, evaluate
the acid resistance of hardened cement
paste with composite cementitious materi-
als, and analyze its corrosion kinetics.

In this study, a steel brush (or sandpaper
or file) was used to scrape off the loose
corrosion layer on the side of the specimen,
and the thickness of the specimen after
scraping off the corrosion layer was meas-
ured by a vernier caliper (with an accuracy
of 0.02 mm), and compared with the initial
thickness of the specimen; and the corrosion
depth d (mm) was determined by calcula-
tion, as shown in Fig. 1. In the figure, d; is
the initial thickness, mm; d; is the thick-
ness after corrosion, mm.

The corrosion depth is calculated accord-
ing to formula (1), and is accurate to
0.01 mm:

do—d )

d= 3

Dashed lines are marked before measure-
ment to ensure consistency of measurement
points before and after measurement. 5
points are measured at equal intervals for
each specimen. After removing the maxi-
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Fig. 2. Corrosion degree of reinforced con-
crete with different protective layers in
350d.

mum and minimum values, the average
value is taken as the corrosion depth value
of the specimen, and the average value of
the corrosion depth of the three specimens
is taken as the representative value of the
corrosion depth of this group of specimens.

3. Results and discussion

3.1. Study on corrosion law of exposed
steel bars with different protective layers in
concrete

The self-corrosion potential, corrosion
rate and corrosion current density of bare
reinforced concrete with four ratios of
20 mm and 40 mm protective layers in the
coupling environment of chloride, sulfate
and magnesium salt were analyzed.

Depending on the corrosion condition of
exposed steel bars, the best cover thickness of
the steel bars in each concrete is estimated.
With the corrosion current density of rein-
forcement as the evaluation index, the corro-
sion degree of reinforcement after long-term
immersion for 350d is shown in Fig. 2.

It can be seen from Fig. 2 that the corro-
sion degree of the exposed steel bars varies
with the thickness of the protective layer.
Therefore, for magnesium cement concrete
and portland cement concrete with ratio 1,
the exposed steel bars have high corrosion
when the protective layer is 20 mm and
40 mm; while the exposed steel bars in
portland cement concrete with ratio 2 have
medium corrosion, when the protective
layer is 20 mm and high corrosion, when
the protective layer is 40 mm. Through the
above analysis, it can be concluded that the
bare steel bar has no ability to resist bittern
corrosion in magnesium cement concrete.

Functional materials, 28, 4, 2021
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Fig. 3. Influence of exposure time on corro-
sion potential of slag reinforcement.

3.2. Influence of fly ash content on corro-
sion potential of steel bars

Changes in the corrosion potential of
steel rods in fly ash concrete specimens at
different test times are shown in Fig. 3.
It can be seen from Fig. 3 that the corrosion
potential of steel bars increases gradually
with the extension of exposure time, then
decreases gradually, and finally decreases
rapidly. Since polycarboxylate superplasti-
cizer has a certain inducing effect, a certain
number of bubbles will remain at the inter-
face between steel bars and concrete during
the concrete forming process, and the steel
bars in concrete do not form a stable passi-
vation film in a short time, so the corrosion
potential is about —250 mV. With the pro-
longation of the exposure time and the en-
hancement of the stability of passivation
film, the corrosion potential of steel bars
began to move positively, which was about
-200 mV.

When the exposure time of concrete
specimens with 380 % fly ash reaches
400 days, the passivation film of steel bars
in the specimens will be destroyed and the
corrosion potential of steel bars will de-
crease rapidly; while the corrosion potential
of concrete specimens without fly ash will
decrease rapidly when the exposure time is
200 days. Therefore, the reasonable use of
fly ash to replace part of cement can pro-
long the damage time of the steel bar passi-
vation film in concrete and improve the du-
rability of the reinforced concrete struc-
ture. However, within the scope of this test,
the best content of fly ash is 830 %, and the
excessive content of fly ash will reduce the
durability of reinforced concrete specimens.
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Fig. 4. Influence of cementitious material
composition on durability of reinforced con-
crete structures.

3.3. Influence of cementitious material com-
position on durability of reinforced concrete

Generally, the pitting time of steel bars
in concrete is regarded as the end point of
durability life of the reinforced concrete
structure, and the influence of the cementi-
tious material composition on durability of
reinforced concrete is shown in Fig. 4.

It can be seen from Fig. 4 that after re-
placing part of cement with fly ash or slag,
the pitting time of reinforcement can be
prolonged, thus improving the durability of
reinforced concrete. At the same time, it
can be seen from the figure that the pitting
time of steel bars in concrete increases first
and then decreases with an increase in the
fly ash and slag content.

Replacing part of the cement with an
additive reduces the critical concentration
of chloride ions during steel corrosion, but
also reduces the diffusion coefficient of
chloride ions in concrete, improves concrete
resistivity and reduces the corrosion rate of
steel bars. Therefore, replacing part of ce-
ment with an additive has a positive effect
on the durability of reinforced concrete.

3.4. Effect of compound admixture on
chloride ion diffusion coefficient

Corrosion and expansion of steel bars in
concrete caused by chloride in marine envi-
ronment is one of the most important rea-
sons for the damage of concrete structures.
Therefore, reducing the diffusion rate of
chloride ions in concrete and prolonging the
time required for chloride ions to reach
steel bars are one of the important means to
improve the service life of marine struc-
tures. The chloride ion diffusion coefficient
is an important parameter reflecting the re-
sistance of concrete structures to chloride
ion permeability; so, the problem of effec-
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Fig. 5. Influence of fly ash content in com-
posite admixture on chloride ion diffusion co-
efficient of concrete.

tive reducing the chloride ion diffusion co-
efficient in concrete is one of the focuses
and hotspots in the durability research of
marine concrete structures at present.

To study the compressive strength and
the chloride ion diffusion coefficient of con-
crete specimens, the specimens with 50 %
of the total amount were selected. Fig. 5
shows the influence of fly ash content in
the composite admixture on the chloride ion
diffusion coefficient of concrete.

It can be seen from Fig. 5 that with the
total amount of composite admixture of
50 %, the chloride ion diffusion coefficient
of concrete specimens in different curing
ages first decreases and then increases with
an increase in the fly ash content in the
admixture, but they are all higher than in
samples with a 50 % fly ash content.

The concrete specimens with the lowest
chloride ion diffusion coefficient at differ-
ent curing ages are also different, and the
specimens with the 10 % fly ash content at
24 days age have the lowest chloride ion
diffusion coefficient. The main reason is
that the hydration activity of fly ash is
different from that of slag. Since the activ-
ity of fly ash is lower than that of slag,
prolonging curing age is most beneficial to
improve the hydration of fly ash in compos-
ite admixture.

3.5. Corrosion Ekinetics analysis

When testing for acid corrosion of hard-
ened cement paste with composite cementi-
tious materials, the corrosion depth and
corrosion time are fitted, and the fitting
curve is shown in Fig. 6.

It can be seen that there is a good corre-
lation between the fitted curve equation and
the test results, based on which, the rela-
tionship between acid corrosion depth d and
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Fig. 6. Immersion corrosion depth of clean
slurry specimen.

corrosion time ¢ under the test conditions is
summarized:

d = Kt". (7)

Where K, n is the test fitting index, which
depends on the composition of cementitious
materials and test conditions; ¢ is corrosion
time.

The equation of corrosion velocity v,
with corrosion depth as the index can be
obtained by differentiating the time t from
equation (8):

vy = Kntn-1, (8)

According to the experimental index =,
which is about 0.8, it can be seen that the
corrosion rate v; is a decreasing function of
the corrosion time #, which is consistent
with the phenomenon that the acid con-
sumption rate decreases.

It can be seen from the mathematical ex-
pression of v; that the corrosion rate de-
creases with the corrosion time. The investi-
gation of a concrete platform corroded by
an acidic river in [22] also shows that the
initial corrosion rate of concrete is faster,
and the later corrosion gradually slows
down. This may be due to two factors.
First, the degree of cement hydration in-
creases with age, the suspension gradually
becomes dense and stable, and its corrosion
resistance increases accordingly. Second,
the protective effect of the outer anticor-
rosive layer slows down the penetration of
the corrosive medium to a certain extent.
Acidic medium destroys the cement gel
through dissolution, which deteriorates the
properties of cement-based materials. The
corroded layer formed as a result of dissolu-
tion is loose, peels off easily and loses its
cementability and bearing capacity. How-

Functional materials, 28, 4, 2021
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ever, the corroded layer can avoid the direct
contact between internal cement stone and
acid, and has the function of slowing down
corrosion. The relationship between corro-
sion depth and corrosion time of four kinds
of composite cementitious materials in sul-
furic acid solution with pH = 2 is that the
corrosion rate decreases with an increase in
the corrosion time.

4. Conclusions

Chloride ion corrosion of reinforced con-
crete in marine environment includes two
key parameters: chloride ion diffusion coef-
ficient in concrete and chloride ion critical
concentration which causes corrosion of re-
inforced concrete. In this study, the effects
of the above factors on chloride ion corro-
sion of reinforced concrete were studied
under different environmental conditions,
using different cements and fly ash and
slag as mineral admixtures.

The electrochemical corrosion behavior of
epoxy-coated steel bars with different pro-
tective layers in magnesium cement con-
crete and Portland cement concrete was pre-
liminarily studied using polarization curves
and AC impedance spectroscopy under cor-
rosion environments of chloride, sulfate and
magnesium salt. It was concluded that the
epoxy-coated steel bars in magnesium ce-
ment concrete and Portland cement concrete
had low corrosion when the protective lay-
ers were 20 mm and 40 mm.

The fly ash and slag were mixed to re-
place part of cement. At the age of 24 days,
when the total amount of mixed cement is
50 %, the chloride ion diffusion coefficient
of concrete specimen decreases at first and
then increases with increasing fly ash con-
tent in the admixture. The chloride ion dif-
fusion coefficient is the lowest for the
specimen with 10 % fly ash. The influence
of admixture on the chloride ion diffusion
coefficient is mainly due to the fact that the
composite cementitious material system effec-
tively reduces the porosity and average pore
diameter of concrete, thus reducing the chlo-
ride ion diffusion coefficient.

The durability of reinforced concrete in-
creases first and then decreases with an in-
crease in the fly ash and slag content in
cementitious materials. The resistivity of
concrete and the charge transfer resistance
of steel bars increase first and then de-
crease, while the corrosion rate of steel bars
decreases first and then increases with an
increase in the fly ash or slag content.
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The relationship between acid corrosion
depth and corrosion time of the hardened
cement paste of cementitious materials is
that the corrosion rate decreases with in-
creasing corrosion time.

The study of the strength of reinforced
concrete is a complex and lengthy process,
because the mechanism of its corrosion is
more complicated, especially in the environ-
ment of the combined action of various ag-
gressive salt solutions. Therefore, it is of
great significance to study magnesium ce-
ment reinforced concrete. However, magne-
sium cement concrete itself causes some cor-
rosion of steel bars, so if we want to popu-
larize the wuse of magnesium cement
concrete, we must first solve the steel bar
corrosion problem. However, studies of the
corrosion behavior of reinforced concrete
with different proportions under the com-
bined action of chlorides, sulfates and mag-
nesium salts are still insufficient, and they
serve only as a guideline for future work in
this area.
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