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EVALUATE THE INFLUENCE OF CONCRETE STRENGTH ON
THE LEVEL OF CORROSION OF STEEL REINFORCEMENT IN
REINFORCED CONCRETE BEAM STRUCTURES, TAKING
INTO ACCOUNT THE APPLIED LOAD

Vo Van Nam, Nguyen Trong Tam
Ho Chi Minh City University of Transport, Ho Chi Minh City, VIETNAM

Abstract: In coastal areas, transportation infrastructure using reinforced concrete beam structures always works
in environmental conditions with high corrosive agents, under the effect of load, the level of corrosion of steel
reinforcement in the structure is high. The beam condition becomes more severe, which leads to a decrease in the
beam's bending resistance. The level of corrosion of steel reinforcement in reinforced concrete beam structures
depends on many influencing factors. These factors need to be seriously researched and evaluated to provide
early warning results for designer, construction worker, operater for exploit the project safely and effectively.
This article presents the results of research evaluating the influence of concrete strength on the level of corrosion
of steel reinforcement in reinforced concrete beam structures, often taking into account the effect of load causing
beam bending. Reinforced concrete beam samples were made with concrete at different strength levels: C30,
C40 and C50 MPa; Then it was loaded with a yoke system with a loading level equivalent to 0.8Pmax of the
destructive strength of the concrete sample. After the yokes were loaded, the beam samples were subjected to
accelerated corrosion testing in a highly concentrated salt water environment. concentration equivalent to 3.5%
NaCl for a period of 30 days, equivalent to an actual exploitation time of about 35 years. The corrosion rate of
steel reinforcement is increased by supplying direct current to create an electrolytic corrosion environment,
ensuring that the steel bars are corroded equivalent to the estimated calculated time. Beam samples after
accelerated corrosion testing were evaluated for damage in terms of reinforcement volume.
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OLEHKA BJIMAHUA ITPOYHOCTU BETOHA HA YPOBEHb
KOPPO3UU CTAJIbBHOM APMATYPBI B )KEJIE30OBETOHHBIX
BAJIOUHBIX KOHCTPYKIMAX C YYETOM NPUJIOKEHHON

HAI'PY3KH

Bo Ban Ham, Heyen Yone Tam

XOUMMHHCKUIN YHUBEPCUTET TpaHcnopTa, r. Xomumud, BBETHAM

AHHOTanusi: B mpuOpexHbIX paiioHaxX TPaHCMOpPTHAs MH(MPACTPYKTYpa C NPHUMEHEHHEM >KEIe300€TOHHBIX
0aJOYHBIX KOHCTPYKIMH Bcerja paboTaeT B YCIOBHSAX OKpY’Karolled Cpeibl C MOBBIILICHHBIM COIEPKaHUEM
arpecCHBHBIX areHTOB, MOJ JCHCTBHEM HAarpy3Kd ypOBEHb KOPPO3HM CTalIbHOW apMaTypbl B KOHCTPYKLHUH
yBenurBaeTcs. CocTosHUEe 0AJIOUHBIX JIEMEHTOB CTAHOBUTCS OOJee TSHKEIBIM, YTO TPHUBOJIUT K CHUIKEHHIO HX
CONPOTHUBJICHHSI N3rHOY. YPOBEHb KOPPO3HMH CTaJbHOW apMaTyphl B JKeJIe300€TOHHBIX 0ATOYHBIX KOHCTPYKIIMSIX
3aBHUCHUT OT MHOTHX BIHMSIONINMX (AaKTOPoB. DTH (HAaKTOPhl HEOOXOJMMO CEPbE3HO M3y4aTh U OLEHUBATH C LEIIbIO
PaHHETO MPeIyNpPEeXICHUS sl CTPOUTEINEH, TPOSKTUPOBIIMKOB M ONIEPATOPOB ISl o0ecIieueHns: Oe30nacHoN 1
3¢ PEeKTUBHOM SKCIUTyaTallMy MPOeKTa. B cTaThe MpeAcTaBIeHb! Pe3yNIbTaThl NCCICIOBAHUHN IO OLICHKE BIMSHUS
MIPOYHOCTH OETOHA Ha yPOBEHb KOPPO3UM CTAIBHON apMaTypbl JKeJIe300€TOHHBIX OaJOYHBIX KOHCTPYKIHH C
Y4eTOM BJIMSHUS HArpy3KH, BBI3BIBAIONICH H3rHO OasOuHBIX AmMeMeHTOB. OO0pasipl Kene300eTOHHBIX 0aloK
M3rOTaBIMBaINCh W3 OeroHa pasHon mpounoctu: C30, C40 m C50 Mlla; 3arem ero HarpyXaium cC
HCIOJIb30BaHUEM CHCTEMBI XOMYTOB C YPOBHEM Harpy3kH, SKBUBajeHTHbIM 0,8Pmax paszpyaromniei mpoyHocTu
oOpa3siia OctoHa. [lociie HarpyxeHusi 00pasibl 0aT0YHBIX JIECMEHTOB B TeueHue 30 aHeil ObUTM MOJBEPrHYTHI
YCKOPEHHBIM HCIBITAHUSIM HAa KOPPO3UIO B BOJHOM Cpele C BbICOKOM KOHLICHTpAaLMEd COJIM, SKBUBAJICHTHOU
3,5% NaCl, 4to cooTBeTCTBYeT (JaKTHIECKOMY CPOKY OSKCILTyaTtanuu okoso 35 ser. CKOpocTh KOPpO3UH
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CTaJIbHOM apMaTypbl yBEJIMYMBAETCS 3a CYET

noJjaynu  MOCTOSAHHOI'O
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TOKa JJid CO3aaHusA Cpeabl

3J'IeKTp0J'IPITPI‘leCKOI>i KOppo3uu, 06ecnqu/IBa}0meI71 KOPPO3UI0 CTaJIbHBIX CTep)KHeﬁ B TCUCHHUC PACUCTHOI'O
BPCMCHHU. O6pasu1>1 Oaltlok Tmocie YCKOPCHHBIX KOPPO3MOHHBIX HCIBbITAaHUN OLICHUBAJIMCh Ha MNOpPEeAMET

TTOBPEXICHHUH 110 00BEMY apMHUPOBAHHSI.

Karouessie cioBa: [IpounocTs 6eToHa, jkes1e300eTOHHAsT KOHCTPYKIHS,
YPOBEHb KOPPO3UH CTAIIH, IPUIIOKEHHAS HAarpy3Ka.

1. INTRODUCTION

The influence of the level of reinforcement
corrosion on the behavior of reinforced concrete
structures is an issue of great research interest in
the world [1-23]. Because this is the basis for
evaluating the load-bearing capacity of corroded
reinforced concrete constructions in strongly
aggressive environments such as sea areas and
polluted areas.

With steel reinforcement used in reinforced
concrete structures, the level of corrosion of the
steel reinforcement is greatly influenced by the
behavioral state and material structure of the
protective  concrete  layer. When  the
reinforcement is still surrounded by solid
protective layers of concrete, the alkaline
environment in the concrete is high enough to
create a protective film for the reinforcement. If
this protective film is destroyed, the steel
reinforcement will corrode [6,7,8,11,12,22,23].
One of the important reasons why the passive
membrane is destroyed is the penetration of
chloride ions from the outside environment into
the position of the reinforcement. Micro cracks
that appear in the protective concrete layer will
facilitate chloride ions to penetrate faster,
putting the structure at risk of corrosion sooner
than expected [10,11,14,16]. Different types of
reinforced concrete structures are also studied,
in order to find differences in the design of
reinforced concrete structures. In 2016, a group
of authors from Cairo University, Egypt
published research results on the difference
between the corrosion process of steel
reinforcement on  prestressed reinforced
concrete beams and this process on reinforced
concrete. Traditional steel, Behavior of corroded
bonded fully prestressed and conventional
concrete beams; Research results have shown

that the effect of corrosion due to aggressive
environments has a strong effect and quickly
reduces the bending resistance of conventional
reinforced concrete beam structures. This has
less impact on prestressed reinforced concrete
beam structures under the same experimental
environmental conditions. The team also
pointed out that the reason why prestressed
reinforced concrete is less affected is because
cracks in the concrete develop less. In addition,
high-strength steel is surrounded and protected
by concrete mortar and pipe, so it is difficult for
corrosive agents to come into contact to
promote the corrosion of steel reinforcement
[15]. Applying technology in building models to
decode the behavior of reinforced concrete
structures when the reinforcement is corroded
has also been widely deployed in recent times:
In 2018, an announcement by a research team
from Chalmers University of Technology by
using the finite element (FE) model to evaluate
the behavior of reinforced concrete beams
subject to steel bar corrosion. The research
results concluded that the corrosion process
changes the load-bearing cross section of the
beam. reinforcement, reducing the bond force
between concrete and reinforcement, thereby
affecting the load-bearing capacity of reinforced
concrete beams [17]. In 2020, a research team
from the University of Technical Education. Ho
Chi Minh City for proposing an algorithm and
developing an independent calculation program
to evaluate corrosion behavior affecting the
bending capacity of reinforced concrete
structures [18]. As stated, the material structure
is a factor that directly affects the level of
corrosion of steel reinforcement in reinforced
concrete structures, so the strength of the
concrete used to make beams - plays the role of
a protective concrete layer. Protection that
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prevents corrosive agents from coming into
contact with the reinforcement is a parameter
that needs to be evaluated and analyzed in
detail.

This study will clarify the influence of concrete
strength on the corrosion level of steel
reinforcement in reinforced concrete structures.
Reinforced concrete beam samples will be
tested for accelerated corrosion with different
loading levels before being immersed in a
corrosive environment. The corroded beam
samples were then evaluated for damage to the
steel reinforcement due to corrosion.

The results of this research will contribute to the
corrosion analysis of reinforced concrete

structures in practice, taking into account the
effects of load and environment; is the basis for
predicting the lifespan and operating capacity of
these structures.

2. EXPERIMENTAL PROGRAM

An experimental procedure was established to
collect data to serve the assessment and analysis
of the influence of concrete strength for making
reinforced concrete beams on the level of
corrosion of steel reinforcement in reinforced
concrete beam components considering to the
effect of load.

Fabrication of beam
samples

4-point bending determines

Loading beam samples

P, to damage the
sampleu

with load levels of 0.8P,,

Soak the samples for
30 days in NaCl
accelerated corrosion
medium
(5%0)

Pick up the samples soaked
for 30 days, remove the
protective concrete layer,
separate the cleaning steel
bar and weigh to determine
the mass.

Etermine the amount of]
wear by subtracting the
weight after soaking
from the initial steel

weight

Figure I. Procedure for performing the experiment

2.1. Materials for making samples
Concrete C30, C40, C50 has an expected

compressive strength at 28 days fc' of 30, 40
and 50 MPa, respectively. The mix composition
of concrete (mix batch Im3) is designed
according to ACI211.1-91 standard [13].

In there:

fc': Compressive strength of concrete.

C30, 40, 50: Concrete symbols with fc' are: 30,
40, 50 (MPa)
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Table 1. Mix composition for Im3 of concrete

Type of Material type

concrete Stone Sand  Cement Watgr
(Kg) (Kg) (Kg) (lit)

C30 1060 848 395 170

C40 1087 625 407 175

C50 1164 773 453,5 195

Average compressive strength of concrete when
compressing and testing samples:
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Table 2. Average compressive strength of concrete

Type of oY

concrete max (kN) f’c (MPa)

C30 302,5 38.6

€40 410,6 50,39

€50 5258 5832
In there:

f’c: Compressive strength of the sample

Steel used to make beams: D10, smooth round,
fy = 240 MPa. The steel bars are weighed to
determine their weight before making the beam
sample.

In there:

D10: Symbol of reinforcement diameter.

fy: Tensile strength of steel.

2.2. Fabrication of beam samples

The beam samples manufactured for experiments
have dimensions of 500x100x100 mm [13, 14,
16]. Quantity of 07 beams. In which: 01 beam
determined the bending resistance force BX_ . of
C30, 06 beam samples tested for accelerated
corrosion considering the influence of applied
load corresponding to 03 concrete levels C30, C40
and C50.

The number of beam samples for each concrete
level is made in reserve for the purpose of
providing compensation samples when unplanned
incidents occur during the testing process.

stainless sl\eel plate

500 —100—

Figure 2. Dimensions and structure of
experimental beams

Figure 3. Completed beam sample

38

Vo Van Nam, Nguyen Trong Tam

2.3. Accelerated corrosion experiment

The corrosive environment is simulated by a
concentrated NaCl solution (3,5%) combined with
creating an electrode that activates the electrolytic
corrosion environment, helping the corrosion
process progress faster. The current intensity
remains at 0.3A [11, 12, 14]. The corrosion rate
of reinforcement is increased by applying
electric current, ensuring that the reinforcement
is corroded to a maximum of 25% reduction in
diameter compared to the original within the
expected time.

Catot Anot
1 8]

NaCl (3.5%) NaCl (3.5%)

RC Beam

RC Beam

Connect stainless steel sheet
in Cl- migration step Connect stainless steel net
+ -
Connect rebar in
electrochemical

corrosion step

Concrete

Sponge

\

Stainless steel net

Figure 4. Description of Electrode Corrosion
Equipment

After being manufactured for 28 days, beam
samples will be loaded in pairs - 2 beams with a
load level of 0.8Pmax of sample C30 and
immersed in an accelerated corrosive
environment.

Figure 4. Loading beams for beam samples
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The duration of the accelerated corrosion
immersion test is specifically calculated based
on the theory of corrosion of steel reinforcement
in reinforced concrete structures.

The volume of steel consumed is related to the
magnitude of current in electrochemical
corrosion cells. Using Faraday's law to describe
the mass loss of steel due to corrosion:

M/oss = M(:orrit ( 1 )
zF

In there:

- Mioss is the loss of consumed steel volume (g);
- M is the atomic mass of Fe ion, M = 56 g/mol;
- z 1s the valence of Fe,

- F is Faraday's constant, F = 96,500 C/mol

- t is the corrosion time in seconds (s).
Corrosion current density icorr 1S defined as the
corrosion current per unit steel surface. If the
length unit Lo= 1 cm and the diameter unit d is

mm, a relationship between Icorr (A) and icorr
(LA/cm?) can be obtained as follows:
2

I/ =1><7rii x10-6=10"7xzdi

corr 1 O corr corr

The percentage loss of reinforcement mass is p,
we have the mass loss of reinforcement as:

: 3)

With ps=7.85g/cm® and Lo=1cm we get:

z(dY
M, =pM, =p—| — - =0.0616pd>
loss p s p4(10) pA p

4)
Combining equations (1), (4), with z = 2.5
(average value for Fe*" and Fe*"), the corrosion
time t in years is related to p and icorr (uA/cm?)
as after:

M _ 2.5% 96500 x 0.0616 pd” —26.799P9
Ml 56xxdi x107 x3600x24x365 i (5)
Liu and Weyers (1998) [12] proposed the following corrosion rate:
. 3006 ~0215
i,,, =0.926exp| 7.98+0.77711In(1.69C, )_T_ 0.000116R, +2.24¢ (6)

In there:

- icor is the corrosion rate (LA/cm?);

- Ct is the total chloride content at the depth of
the steel surface (kg/m? of concrete);

- T is the ambient temperature (K);

- Rc is the ohmic resistance of the concrete
cover layer (Q);

- t is the time since the start of corrosion (years);
Liu (1996) [11] established the regression
relationship between the ohmic resistance of
concrete Rc and the total chloride content for
field exposed samples as follows:

R, =exp[8.03-0.549In(1+1.69C,)|  (7)

Lopez et al [10] studied the relationships between
concrete resistance Rc and environmental relative
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humidity (H) based on experimental results. They
give the following relationship:

—7.2548 [

R =90.357H 1+exp(5—501—-H)] (8)
In equation (6), C: total chloride content will
change over time, C: is based on Fick's second law
of diffusion (considering the initial chloride
concentration of concrete to be 0) as follows:

c 1
C(c,t)z{Cs [1—e;ff2—\/D_tj}xmxyc )

In there:

D - chloride diffusion coefficient in concrete;

Cs - chloride concentration on concrete surface;
¢ - Depth of the concrete layer protecting the
steel bar;
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t - time (t = ti+At);

Ye - the density of concrete.

The results of calculation and processing have
determined the time for soaking beam samples
in an accelerated corrosive environment with
the aim of creating a corrosion process for the
reinforcement sample reaching about 25% of
the initial reinforcement volume in a specific
time. Soak the sample for 30 consecutive days.
During the accelerated corrosion immersion
period, if an interruption occurs, the sample will
be soaked for a corresponding period of time.

Figure 5. Girder specimen in corrosive
environment

After soaking the beam samples for 30 days, they
will be salvaged, the protective concrete layer
will be removed, the steel bars will be removed
and the surrounding steel rust and concrete
adhering to the bars will be cleaned and then
weighed to determine mass.

Figure 6. Sample after immersion in accelerated
corrosive environment
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Figure 7. Steel reinforcement is corroded after
removing the concrete layer

Figure 8. Weigh the reinforcement sample to
determine the level of corrosion

3. RESULTS AND DISCUSSION

The mass of steel consumed by corrosion in the
accelerated corrosion test is calculated by the
difference in mass between the steel types
before and after the accelerated corrosion test.
In fact, the corroded steel reinforcement is not
balanced between sections. In this experiment,
iron ore can be pre-formed by loading, so the
mid-span  position is considered as a
representative disclosure in the steel corrosion
price war. These data are set up in tables to
conduct analysis and evaluation.

Table 3. Weight of corroded steel reinforcement
Initial volume Amount of Corrosion level

Sample of corroded steel of steel
symbol reinforcement reinforcement reinforcement
M; (2) Mioss(2) p (%)
C30 560 141.5 25.2
C40 572 1344 23,5
C50 568 130,07 22,9

International Journal for Computational Civil and Structural Engineering
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A relationship chart between the strength of
concrete for making reinforced concrete beams
and the level of corrosion of steel reinforcement
due to the influence of an environment
containing chloride ions is built on experimental
results of corroded beams in a corrosive
environment move fast.

Effect of concrete strength on the level of
corrosion of steel reinforcement

26

N
U
20
5
;
g

N
H

Corrosion level of steel
reinforcement (%)
N N
N w
..'-
%
)
o

25 30 35 40 45 50 55

Compressive strength of concrete(MPa)

Figure 9. Effect of concrete strength on the level
of corrosion of steel reinforcement after 35 years

Through the results of accelerated corrosion
testing (same soaking time) of reinforced
concrete beam samples with different strengths,
loaded with the same load level of 0.8Pmax of
sample C30, we see: Corrosion level
Reinforcement in reinforced concrete bridge
beam components is inversely proportional to
the strength of concrete used to make the beam.
When concrete strength increases, the level of
corrosion  of  reinforcement  decreases
specifically at 25% for C30 concrete and
approximately 23.5% for C40 concrete and 23%
for C50 concrete (same working conditions).
The slow decrease in the level of corrosion of
reinforcement in beam samples with increasing
strength is because the tensile strength of
concrete increases slowly with the grade of
concrete, so increasing the tensile capacity of
concrete protects the position. The grain under
the beam at the mid-span shear eye is
insignificant, thereby having little impact on the
ability of concrete to prevent crack development
at the tensile grain of the beam.

Volume 20, Issue 3, 2024

4. CONCLUDE

The influence of concrete strength is significant
on the level of corrosion of steel reinforcement
in bending reinforced concrete beam structures,
especially when reinforced concrete beams
work in environments containing chloride ion
corrosive agents;

The level of corrosion of steel reinforcement in
reinforced concrete beam structures, taking into
account the effect of load, is affected by many
factors: thickness of protective concrete layer,
temperature, humidity, ..., so it is necessary to
present detailed evaluation studies with full
parameters affecting the above process.
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