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Abstract: This article presented results of impact corrosion on reinforce concrete
beams during time with previous loading. Before testing the RC beams were loaded
by 37% and 75% from bearing-capacity load of undamaged corrosion beams. There
were tested two types of beams. First type beams were tested under force loading
action and second type beams were tested under force loading and corrosion action.
As an aggressive environment were used the 10% solution of sulfuric acid H2SOa.
Such environment takes place in separate chemical manufactures, galvanic
workshops, flue pipes of thermal power plants. The results of experimental studies
have established that the effect of the aggressive environment with simultaneous
loading significantly impairs the stress-strain state of reinforced concrete beams.
Bearing capacity due to the yielding of reinforcement bars for specimens with the
simultaneous action of aggressive environment and previous loading of 37% and 75%
takes place on 51...53 and 58...60 days. The destruction of these specimens, by crushing
compressive concrete, at previous loading 37% occurred after 75...79 and at previous
loading 75% - after 79...88 days. The history loading does not impact significantly on
beams failure, on finite deflections and timing exhaustion bearing capacity since the
start of the simultaneous action of aggressive environment and loading.
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1. INTRODUCTION

Reinforced concrete constructions are one of the most popular materials for the
present time and its study is constantly engaged (Bobalo, et al., 2018; Fadhil et al.,
2018; Khmil et al., 2018; Koz, 2017; Al Saffar et al., 2019; Sobol, el al., 2014). Often,
as a result of increasing design requirements or increasing of seismic resistance
(Kramarchuk et al., 2018), such structures need to be repair and strengthen (Brézda
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et al.,, 2017; Blikharskyy, et al., 2018; Krainskyi et al., 2018; Vegera et al., 2018;
Tayeh et al., 2013).

Reinforced concrete constructions of buildings and structures with aggressive
environment are exploited under difficult conditions (Selejdak et al., 2014). In the
stress-deformed state of such structures, in addition to the type of load affected by
corrosion processes occurring both in concrete and in reinforcement (Blikharskyy et
al., 2019; Blikhars’kyi and Obukh, 2018; Zhang et al., 2014). Frequently, concrete
structures are operated without the direct influence of an aggressive environment.
However, due to emergency situations, malfunctions of technological equipment of
chemical production, chemically active substances fall on the surface of reinforced
concrete structures, causing concrete and reinforcement corrosion (Al-Sherrawi et al.,
2018; Selejdak et al., 2018). In order to study the features of a change in the stress-
strain state in such conditions, the following experimental studies were performed.

2. RESEARCH METHODOLOGY

For the experimental research there were made three series of reinforced concrete
beams by the sizes of 2100x200x100 mm with stretched reinforcement 2314 bars
A400C accordingly, and in compressed area 205 Bp-1. The transverse reinforcement
was @5 bars Bp-1 with step of 75-100 mm. The concrete mix of series is accepted
with fine aggregate 10-20 mm. The concrete compressed strength made 44 MPa. In
general, 6 beams (two specimens in each series) were tested.

Firstly, in order to define bearing capacity of undamaged experimental beams (Mmax),
they were tested by 4-point bending till they failure. Applying of a short term load was
achieved with two concentrated forces in one-third of their span. Thus, deflection,
presence and evolution of cracks, deformations of concrete and reinforcement were
noted. Ultimate limit state (ULS) of beams passed due to the reinforcement’s yield in
the stretched area with the following failure by crushing of the compressed edge of
concrete.

For the research of effect of simultaneous acting of the corrosive environment and
load on bearing capacity, two beams of each series was investigated, while one of the
beams of each series were subjected only by corrosive environment. The beams were
marked BD. Schemes of special equipment on which the experimental research was
carried out presented on Fig. 1.

Fig. 1. Equipment for experimental testing of beams for a long-term load effect (a) and for a
simultaneous action of long-term load effect and aggressive environment (b)
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Beams undergoing a simultaneous action of the corrosive environment and loading
were previously loaded to a level 37% (specimens BD-2.3, BD-2.4) and to a level 75%
(specimens BD-2.5, BD-2.6) from bearing capacity (ULS) of undamaged beams
(without previous loading and without corrosion). Beams under corrosion action
marked in the end of name with “c”. The loading’s value was controlled by special
ring-balance dynamometers. As corrosive environment of 10% solution of sulphuric
acid H,SO. was used. Such environments occur in separate chemical productions,
electroplating shops, smoke pipes etc. High concentration of solution also resolved for
rather small period simulation effect of simultaneous acting of the corrosive
environment and loading.

A solution of acid was poured into a specially fixed bath on the beams, treated with
anticorrosive coatings. There was constant control over the concentration of
aggressive environment. When the concentration of acid is reduced by more than 1%,
the solution is changed.

During testing deformation of the compression of concrete was measured and with
the help of specially developed technique the deformations of the upper fibers of the
concrete were determined. The deflections of the beams were measured using the
mechanical gauges fixed on the special steel frame, fixed at the neutral axis of the
beams above the supports. The error in this method of measuring deflections does
not exceed 1%. In addition, on the stretched reinforcing bars were fixed special steel
holders, which stand outside the baths and allowed to measure deformations of bars.

3. RESULTS OF THE EXPERIMENTAL STUDY

RC beams were in aggressive environment up to 50 days (BD-2.5-0.75c¢ with previous
loading 75%) and up to 64 days (BD-2.5-0.37c¢ with previous loading 37%) with an
increase in the. The increasing of compression deformation of concrete for specimens
with previous loading 75% were from e,0=140x10° to £,=300x10° and for ones with
previous loading 37% they were from g,0=70x10° to £,=180x10°. The deflection of
beams increased nonlinearly with a sharp increase after the 50th and 64th day. This
state indicates the achievement of stresses in the tension rebar’s at the beginning of
the yield stress, that we have interpreted as the bearing capacity of the tested beam.
Physical destruction of the beams with previous loading 75% has occurred by
crushing of the compressed concrete and was reached after 60 days and after 79
days for beams with previous loading 37%. The physical destruction of beam BD-2.4-

0.37c has occurred from shear. The results were showed in the Fig. 2-5.
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Fig. 2. Compression deformation of concrete for load level 0,37Mmax during the time
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Fig. 4. The maximum displacement of RC beams for load level 0,37Mmax during the time
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Fig. 5. The maximum displacement of RC beams for load level 0,75Mmax during the time
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The overall view of beams destruction can be seen in Fig. 6, 7. It should be noted that
the corrosion of concrete passed from the moment of filling of fixed on the beams of
baths with acid solution. This is evidenced by the white precipitate, which was
constantly formed on the surface of beams. As a result of the acid reaction with the
components of the concrete is the appearance of gypsum (CaSO.-2H,0):
Ca(OH)2+H2S04=CaS04-2H,0 1)
Quartz sand and granite crumb practically did not affect corrosion and fell from the
surface of the beam as corrosion of the cement stone. The corrosion of concrete
beams led to a decrease in the size of the cross section of beams, which was the
main reason for the growth of deflections and deformations of compressed concrete.
RC beams, which were under loading without corrosion influence, had a slight
increase in deflections from 6.8 to 8 mm for BD-2.6-0.75 (with previous loading 75%)
and from 2.6 to 3.2 mm for BD-2.3-0.37 (with previous loading 37%).
The growth of the deformation of the concrete in the compressed zone was also
small: Ae,=30x10 for the previous loading 75% and Ae,=20x107 for previous loading
37%. A significant increase of concrete’s deformations of beams under the
simultaneous action of corrosion and preloading is Ae,=160x10° (previous loading
75%, specimen BD-2.5-0.75c) and Ag,=117x10° (previous loading 37%, specimen
BD-2.4-0.37c).
Thus the presence of corrosive environment significantly affects the stress-strain state
of beams under load.

Fig. 6. The overall view of failure of experiment beams of level 0,37Mmax

At the next stage of experimental studies on beams that were under loading without
aggressive environment, were mounted baths and filled the same 10% solution of
sulfuric acid H»>SOs4. The increase of deflections when aggressive environment
appeared was more intensive. However, in comparison with the beams on which the
aggressive environment acted from the beginning of loading, the intensity of the
increase of deflections was less (Figure 4, 5). The type of destruction of the beams
was similar. After 50 days (at a level of 0.75 Mmax) and after 70 days (at a level of 0.37
Mmax), & sharp increase of deflections was observed, indicating the achievement of
yield stresses in the tension bars. In the next time the physical destruction of the
beams was appeared due to the fragmentation of the compressed concrete at 59 day
at a level of 0.75 Mnax (BD-2.6-0.75c) and at 88 day at a level of 0.37 Mmax (BD-2.3-
0.37c¢). In this case, the final deflections of the beams were 12.38 mm at a level of
0.75 Mmax and were practically equal to the maximum deflection of the beams on
which the aggressive environment acted from the moment of loading. The final
deflection of the beam at a level of 0,37 Mmax (BD-2.3-0.37c) was 14,8 mm, which
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exceeds the value of the final deflection of the beam, on which the aggressive
environment acted immediately from the moment of loading (BD-2.4-0,37c) by 18.2%.
This can be explained by the fact that the bearing capacity of the beam with a smaller
bend of BD-2.4-0.37c was exhausted from shear, so the deflection did not reach the
maximum value.

......

Fig. 7. The overall view of failure of experiment beams of level 0,75Mmax

Table 2.
Experiment results

Before influence .
During influence (H.SO
(H>S04) g (H2S04)
. Time, days
Specimens
pect Displ., | Def., | Area, | Displ., | Def., | Area, Conc- Typeof
. 2 5 , | Rebars destructio
mm x10° | cm mm x10 cm i rete
yield . n
failure
BD-2.3-
3 0,6 20,3 | 205 14,80 315 87 79 88 bending
0.37c
BD-2.4- 0 0 206 | 12,52 | 187 | 82 75 79 shear
0.37c
BD-2.5- .
0.75¢ 0 0 201 12,50 348 104,3 53 59 bending
BD-2.6- 1,1 34 | 203 | 12,38 | 353 | 1072 | 51 60 bending
0.75c
Notes:

“Displ.” It's means the displacement of RC beams during the time.
“Def.” it's means the deformation of compressive concrete during the time.

As we see from the table 2 the exhaustion bearing capacity due to the yielding of
reinforcement bars specimens BD-2.3-0.37¢ and BD-2.4-0,37c loaded to a level of
37% from load-carrying capacity of ULS of control beams takes place on 51 and 53
days, for beams loaded to a level of 75% (BD-2.5-0.75¢c and BD-2.6-0.75c) takes
place on 75 and 79 days.

The failure of the beams, by crushing compressive concrete took place later on
58 ... 60-day, 79 ... 88-day loaded levels at 75% and 37%, respectively.

At the same time, in the beam of the BD-2.4-0.37c, the destruction went through from
shear (Fig. 2). The reason for this destruction was corrosion of practically all
transverse bars.

So from these experimental studies we can conclude that history loading does not
impact significantly on beams failure, on finite deflections and timing exhaustion
bearing capacity since the start of the simultaneous action of aggressive environment
and loading.
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4. CONCLUSIONS

1. The performed experimental researches have established that the action of the
aggressive environment with simultaneous loading significantly impairs the stress-
strain state of reinforced concrete beams.

2. The deformation of concrete and deflection is more intense than in the beams,
which only the load is applied. This is due to the reduction of the area in 1.9 ... 2.5
times after the impact of corrosion.

3. Bearing capacity due to the yielding of reinforcement bars for specimens with the
simultaneous action of aggressive environment and previous loading of 37% and 75%
takes place on 51...53 and 58...60 days. The destruction of these specimens, by
crushing compressive concrete, at previous loading 37% occurred after 75...79 and at
previous loading 75% - after 79...88 days.

4. The history loading does not impact significantly on beams failure, on finite
deflections and timing exhaustion bearing capacity since the start of the simultaneous
action of aggressive environment and loading.
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