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Abstract 

Reinforced concrete structures often need repair due to the corrosion of the reinforcement and for that, it´s 
strongly recommended to remove the contaminated concrete around the steel bars. This article highlights the 
structural differences between pillars, beams and slabs and that the removal of concrete can only done in the 
traction areas. Recalls the determinations of the Brazilian standard for reinforced concrete structure designs and 
draws attention to the risks of collapse structural when removing the concrete in the compression zones of the 
columns. Suggests that removing only the covering layer, combined with the use of corrosion inhibitors, can 
prolong the life of a structure, with acceptable costs and risks. 
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Introduction 

Reinforced concrete structures often need repairs, especially those located in aggressive environments or 
if they didn´t good built or if the materials used are low quality. However, if they wasn´t properly maintained, they 
can extend their life for a long time. 

To carry out structural repairs, it is necessary to know the structure and the pathologies that affect it, their 
causes and extent, the form of use of the building, the possibility of partial or total interdiction of the building and 
the financial costs that will be involved. 

Bertolini (2017) recommends that the reinforced concrete structures to be restore whenever there is 
concrete degradation or it to have its the reinforcement corroded and mentions several institutes that deal with 
this theme, such as the RILEN Technical Committee, 1994; Building Research Establishment, 2000; American 
Concrete Institute, 1996. 

The Portuguese standard NP EM 1504 (Monteiro, Trautwein and Almeida, 2020) incorporates the main 
recommendations made by several European institutions for the repair and protection of reinforced concrete 
structures, including definitions, product specifications, test methods, quality control and compliance check. 

The European standard EM 1504 (Sousa, 2011), which deals with methods of repair and protection of 
reinforced concrete, says that the preparation of the repair site must be rigorous, that the deteriorating agents 
must be completely removed and that the repair must involve the bar, but recognizes that it is difficult to achieve 
this. 

Andrade (1992, p. 97) states that “in order to repair reinforced concrete, contaminated or deteriorated 
concrete must be eliminated in 1 to 2 cm behind the corroded reinforcement in order to remove the oxides”. 
Helene (1992) recommends that the damaged concrete should be removed, but does not make it explicit that it 
must completely remove around the affected bar, nor does it determine a numerical value for the depth of the 
concrete cut. However, Helene, (1993) opines that “The domain of knowledge of the phenomenon and of the 
testing and diagnostic procedures can enable adequate evaluations and criteria for the correct implementation of 
localized repairs without risk of eventual migration of the corrosion cell as demonstrated by Monteiro and Helene 
(1993). 

These are recommendations that meet the need to make a lasting repair, however, from a structural point 
of view, it is important to check the effect that removing the concrete in the structural element considered, that is, 
whether it is on the slab, beam or column because they are elements that support and transmit tensions of 
different natures. 
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Note that any structural recovery involves risks, because there is a need to remove materials but this 
reduce the cross section of structural components. Therefore, it is necessary carefully evaluate the structure's 
capacity to support this reducing in its section without collapsing. 

The intervention strategy in a building must include a re-evaluate of its structural capacity or at least, an 
estimate of structural safety and functionality before, during and after the repair. Cabral (2000). 

It is important to remember that the structures are, in a simplified way, made up of slabs, beams, pillars 
and foundations that are subject to active efforts but have their peculiarities that must be respected when 
interventions are made in each one of them. This article analyzes concrete removal practices from slabs, beams 
and columns during structural repair work. 

Cutting concrete into slabs 

Structurally, the slabs are subject to bending due to the permanent and variable loads, of a single floor and 
transmits them to beams or columns that serve as support. It is possible to demolish an entire slab without 
affecting the safety of the structure as a whole and this still brings relief from the load on the beams and columns. 
Therefore, you can remove all the concrete from a slab, leaving its reinforcement fully exposed, without 
compromising the beams and columns.  

There is no difficulty in completely recovering or replacing the concrete of a slab on a certain floor of a 
building, such as the slab in Figure 1, which suffered a fire. The beams were reinforce and the slab remade with 
new reinforcement. 

 
Figure1: Slab after fire. Fortaleza/Br. 

Figure 2 with two photos, show an opening in the slab of the lid of an elevated reservoir in the city of 
Cascavel - Ceará caused by a water jet created by a water hammer, it did not affect the structure of the reservoir. 
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Figure 2: photos of the elevator of Cascavel/Br with a hole on the top slab 

 

Cutting concrete into beams 

The beams are subject to the effects of bending, therefore, to remove part of the concrete it is essential to 
analyze the bending moment diagram, by which it will be possible to determine where the concrete works under 
compression strength Cz (compressive zone)and where the concrete only has the function of protecting the 
reinforcement. In these places, contaminated concrete can be remove and later replaced without compromising 
structural safety. These are the zones where the concrete it is stressed Tz (tensile zone) or have the secondary 
paper or its only cover the steel. See Figure 3. 

 

Figure 3:Beam regions where concrete can removed, temporarily 
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Here are some examples of where the concrete was remove from the beams without major consequences. 
In a beam on the first floor of a six-story building, the concrete was remove to the passage of the sewer pipe. It 
hidden for thirty years by the wooden paneling lining. The building is less than 1,000 meters from Futuro Beach, 
in Fortaleza, which according to studies by Campos (2019) has the greatest environmental aggressiveness in the 
world. View Figure4. 

 
Figure 4: Removal of concrete from the beam for the passage of sewage pipes. 

The beam below on its the positive reinforcement of the balcony beam of a duplex house in Morro 
Branco Beach, Beberibe city, State of Ceará / Brazil, there is a PVC water pipe separating the steel bars from the 
concrete of the beam. The connection of the reinforcement with the concrete takes place through the stirrups. Its 
concrete cover there was a thin layer of mortar and paint. Figure 5. 

 

 
Figure 5: Balcony beam of a beach house, with PVC pipe. 

Cutting concrete in pillars 

The pillars withstand mainly compression due to the loads of the slabs and beams of all floors that are at 
levels above the level of the section under consideration. In them, the compressive stress its distributed between 
the concrete and steel sections. Therefore, the removal of any portion of steel or concrete increases the stress on 
the residual section and immediately reduces the strength of the column. 
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Often the density of steel is so great that there is very little space left for the concrete to surround the 

steel bars and demolishing the concrete in contact with the steel bars is extremely difficult and dangerous as the 
two photos  

Below. Figure 6 (with two photos). It could been see in these two examples, that the reinforcement cover 
is a thin layer of cement and sand. 
 

 

Figure 6. Pillar with rectangular section and pillar with circular section 

In some column with vertical cracks in the concrete (Figure 7, Situation 1), due to corrosion, when 
removing the covering layer, the stirrups could be find intact or broken. If they are broken, buckling can occur on 
vertical steel bars (Figure 7, Situation 2). However, when removing all concrete around the steel bars, the risk of 
buckling is greater.Leaving the vertical bars loose, if the stirrups are intact, the vertical bars can buckle in the 
direction of the interior of the section (Figure 7, Situation 3), however, if the stirrups are broken, buckling can 
occur out of the section, as shown in Figure 7, Situation 4. 

 
Figure 7: Removal of contaminated concrete on a generic pillar. 
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Therefore, in pillars it have be considered that the removal of the concrete around the bars (where 
corrosion attack has occurred) can be a very big risk. 

In this way, can be conclude that, in slabs there is no difficulty to replace all the contaminatedor 
carbonated concrete.In beams, it is also possible to replace the contaminated concrete in contact with the 
reinforcement (always with caution) in the stressed zone because in these areas the concrete does not has a 
structural function.However, in the pillars, as already mentioned, any removal affects the compressive resistant 
section. 

There are other aspects to be considered, when a failure occurs in a normally or under-reinforced 
structure, the concrete begins to crack due to the deformations caused by the loads as the reinforcement is unable 
to contain the elongation. In over-reinforced structures, steel does not allow deformation and concrete crushed 
abruptly and rupture can occur without warning.   

When the concrete section it´s reduced, it can be change from under-reinforced to the over-reinforced 
condition by reducing the concrete section, in which steel becomes predominant. According Botelho (1983, 
p.84)), “If the compressed area is loose, in relation to the loads, but the steel section is small, then this structure 
will start to show progressively cracks due to the enormous deformations of the steel. On the other hand, says 
Botelho (1983. P. 84),On the other hand, write Botelho (1983. P. 84), “If instead the steel section is loose and the 
concrete section its normal tensioned, if a load exceeds that expected, there will come a point where, with growing 
of the load, there will be an unexpected crushing of the concrete, without warning, and the structure will 
collapse.” 

In structural recovery services, there is no increase in load, but there area reduction, resulting in reduce 
the compressive resistance, which is equivalent. If the load is the same, but the sections are smaller, the tensions 
inevitably go to increase, obviously. (Figure 8). 

 
Figure 8: Four situations for a pillar under the same load 

Into columns, when removing the concrete that surrounds the steel bars, the resistance of the structural 
element, the reduction can be about of 20 to 30%. To support a reduction of this order, it is necessary to lighten 
the load or make a shoring that is difficult to execute and costly, most of the time making it impossible to hire the 
services. As an example, observe theFigure 9 with the photos of the pillar and the building. 
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Figure9: Pillar on a building`s ground floor and the building. 
This pillar have 16 irons CA 50 Ø 16 mm with a section of 25.0x50.0 cm or 1,250 cm2. If the concrete 

was removed around the bars on one side of the pillar only de cover with 2 cm, it would be: 25,0 cm–2.0 cm -1.6 
cm-0.5 cm -2 cmequal 18.9 cm, then section reduces to18.9x50.0, equal 945 cm2 correspond 24.4% in cross 
section of the pillar. If only the 2 cm cover layer had to removed, the reduction will be 23.0 x 50.0 equal 1.150 cm2 
or9%. This can be absorbed because, generally, the payload never realized totally. For this, all areas on all floors 
need occupied in the same time. For example, NBR 6120 (ABNT2002) determines15.0 N, for residential 
buildings. 

Note: one should not think about using the safety factor, as this intended to cover any non-uniformity of 
the materials, especially the concrete. 

Another way to relieve the load on the pillars is by shoring the slabs and beams, however, it have not be 
forgotten that the floors are designed to support their own loads, so it is necessary to dilute the loads of a floor by 
several lower floors or take them to the ground. Shoring the floor slab and ceiling beams in relation to the pillars 
relieves only the loads on the first floor, that is, it relieves 1/number of floors, so the psychological effect is 
greater than the effectiveness of the shoring. 

 Therefore, depending on the number of floors, the relief of this load is insignificant by only supporting 
the ground floor ceiling. In addition, it is necessary to check the pressure under the base plate of each strut, on the 
slab of the ground floor or on the ground. 

In buildings of medium height or with more type floors, the buckling effect that can occur when 
removing concrete around the vertical bars is significant, as the bars are contained only in the direction from the 
inside to the outside of the column, through the stirrups, if they are not broken by corrosion. 

As an exercise, consider a 15x30 cm pillar of a small building with 25 MPa concrete. Concrete alone can 
withstand 1,125 kN. If, 6 cm is removed, this corresponds to a reduction of 223 kN, which could be supported by 
23 metal struts, occupying an area of approximately 23 m2, around the pillar that can be half of the entire area of a 
small apartment, in several floors of the building, on several floors, 

On the other hand, when cutting part of rectangular sections subjected to compression there is also the 
creep effect of the concrete due to the increased pressure caused by the reduction of the cross section and the 
relaxation effect due to a certain degree of "unpacking" of the concrete in the immediate vicinity of the cut. 

In addition, there are a series of recommendations imposed by NBR 6118 (ABNT,2014) in relation to the 
pillars, including section 13.2.3 which establishes 19 cm as the minimum dimension and 360 cm2 as the minimum 
section for the columns.  

In this standard, paragraph 13.2.5, deals with beam openings and determines that only openings that 
simultaneously meet the following conditions are exempt from calculation verification: 

a) Holes in the traction zone and at least 2 times de high away from the support face. 
b) Hole size of a maximum of 12 cm and h/3. 
c) Distance between faces of holes, in the same stretch of at least two-times the high. 
d) Sufficient coverages and no sectioning of reinforcement. 
This standard establishes these parameters for the design of works carried out. Evidently, these 

precautions can be extrapolate to existing works, as they are recommendations so that the loads do not exceed the 
resistance of the structural elements. 

Conclusion 

In The structural restorations, the concrete removal cannot be seen only from the electrochemical point 
of view, which recommends the replacement of carbonated or chlorinated concrete around the corroded steel bar, 
but must prioritize the maintenance of structural security, just as it is don´t allow a perfect repair and, probability, 
more durable. 

In this way, if it is not prudent to completely remove the concrete around the oxidized steel bar, by the 
risk of collapse of the structure, partial repairs can be made, with the removal only of the covering layer, if 
inhibiting products are used, corrosion, because can stops or reduces the effects of electrochemical corrosion. 
Thus, the service life of the structure can to be extend.  

It is important to understand that the entire structure did built together, with the same materials and 
located in the same environment. The structure can present similar pathological manifestations; therefore, periodic 
corrective and preventive maintenance must done.  
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 The authors hope that this article will serve as a warning to those professionals who, although they may 
have knowledge of the pathological manifestations, but little practical experience in the structural repair process, 
who do not feel obliged to remove excess concrete, as this can cause damage biggest than the pathology itself. 
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