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Abstract: Damage to concrete buildings after fire is a serious problem that can affect structural integrity. Fire
causes a decrease in concrete strength due to spalling and changes in microstructure. Research shows that
exposure to high temperatures and cooling methods affect concrete deterioration. Carbonation tests on the
columns, beams and slabs of the EA Building, Faculty of Engineering, Universitas Negert Makassar, showed that
the entire structure experienced significant carbonation, which could cause reinforcement corrosion and a
decrease in strength. Evaluations carried out through visual observations and laboratory testing, showed that
although most of the structure was still strong, some parts required immediate repair. The use of additives and
improved grouting techniques is proposed to improve post-fire resistance. This study aims to provide guidance
for evaluating the performance of structures after exposure to high temperatures and provide recommendations
for improvement.
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I. INTRODUCTION

Damage to concrete buildings after fire is a severe problem that can affect the structural integrity of the building. Fire not
only causes physical damage to the concrete surface, but can also affect the mechanical properties of the concrete material
itself. High temperatures during a fire can cause concrete to experience spalling, namely the peeling of the surface layer
of concrete, as well as a decrease in the strength and stiffness of the material due to changes in the internal microstructure
of the concrete. Research shows that the damage caused by fire depends on the composition of the concrete, the duration
of exposure, and the maximum temperature reached.

One of the main problems faced after a fire is a decrease in the load capacity and safety factors of concrete buildings.
Grouting voids or emptiness in pre-fabricated concrete joints is one of the critical issues that is often encountered. These
voids can exacerbate damage when the concrete is exposed to high temperatures, resulting in a decrease in connection
ability and structural stability. Other problems include reduced ductility and increased risk of structural failure such as
rebar fracture or tensile failure of joints.

To overcome the problem of concrete damage after burning, various solutions have been proposed in research. One of
them is the use of additional materials such as plastic fibers in the concrete mixture to increase resistance to spalling and
improve structural stability after burning, as discovered by [1]. In addition, improvements in grouting techniques and the
use of better constitutive models to analyze stress and slip in half-grouted joints were also advocated by [2][3]. The use
of alternative materials such as biochar in concrete mixtures has also been studied by [4] to increase resistance to high
temperatures while reducing the carbon footprint of concrete production. This solution is expected to improve the safety
performance of post-fire concrete buildings and provide better guidance for the evaluation of structural performance after
exposure to high temperatures, as demonstrated by [5].

The evaluation method typically begins with a visual condition survey, in which a detailed inspection of the building is
conducted to identify signs of damage such as cracks, discoloration, and structural deformation. This step is essential to
get an initial picture of the areas most affected by heat and fire. Annerel and Taerwe [6] emphasized the importance of
visual inspection as the first step in evaluating post-fire damage.

Some tools commonly used in the evaluation of concrete buildings after burning include the Schmidt Rebound Hammer
used to measure the surface hardness of concrete, which provides an indication of the residual strength of the concrete
after being exposed to high heat. The Schmidt Rebound Hammer is advantageous in determining which parts of a
structure experience significant strength reduction [7]. Ultrasonic Pulse Velocity Test (UPV) is a non-destructive tool
that measures the speed of ultrasonic waves passing through concrete. Changes in wave speed can indicate internal
damage such as cracks or changes in material density due to heating. This technique is often used by [8] to identify
internal damage. Carbonation Test measures the level of carbonation in concrete which can be accelerated by high heat.
Excessive carbonation can reduce the alkalinity of concrete and increase the risk of corrosion of steel reinforcement.
Annerel and Taerwe [6] also mentioned the importance of carbonation tests in post-fire evaluation. The pH Test
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determines changes in concrete pH that can be caused by exposure to heat and fire, providing information about the
possibility of corrosion of steel reinforcement in the concrete. Van Coile et al. [9] emphasize the importance of these
tests in structural analysis after a fire.

The results of the various tests are then analyzed to determine the level of damage and remaining structural strength of
the building. Analytical methods include statistical evaluation and numerical modeling to assess structural performance
after a fire. For example, finite element analysis can be used to simulate the structural response to loads after fire damage,
as was done by [8]. Additionally, a reliability-based approach is often applied to ensure that structures that have been
exposed to fire still meet applicable safety standards. This analysis takes into account uncertainties associated with fire
duration and material characteristics that change due to heat exposure [9].

In the case of the EA FT UNM Building after the fire, testing was carried out by carrying out visual observations of all
structural elements, as well as direct testing in the field to review the strength of the concrete material, both lightly,
moderately and heavily damaged. Evaluation of a concrete building after a fire is a crucial step to determine the extent
of the damage and determine the necessary repair steps. This evaluation process involves various methods and equipment
to obtain an accurate picture of the condition of the structure after the fire.

The EA Building, Faculty of Engineering, Makassar State University is a three-story reinforced concrete construction
building with a building area of 914 m2. Over time, in utilizing the function of the EA building, in 2001 this building
experienced a fire. As usually happens in building construction that experiences an extraordinary event in the form of a
fire, there will be damage to construction elements and degradation of the quality of construction materials. In the case
of the EA FT UNM Building after the fire, tests were carried out by carrying out visual observations of all structural
elements, as well as direct testing in the field to review the strength of the concrete material, whether lightly, moderately
or heavily damaged.

Therefore, the aim of this research is to describe the condition of the concrete quality in the EA Building, Faculty of
Engineering, after being burnt after 21 years, visually and using direct inspection tools in the field. The hope is that if it
is known that there is true strength degradation, it can be used as a recommendation for building improvements so that it
can be used according to its function and strength.

Il. RESEARCH METHOD

The type of research that will be used is descriptive research. This type of research is descriptive because this research
describes a current event which begins with a survey and data collection in the field. The second step is to carry out
literature studies using more in-depth analysis which is realized by more focused and comprehensive data processing
which ends with drawing conclusions.

Data collection is carried out by field visits and visual observations of building damage, collecting secondary data relating
to the dimensions of structural elements, particular matters if necessary and the quality and method of construction,
examining the temperature and distribution of fires throughout the building area, collecting primary data in the form of
sampling and testing in the field and laboratory, and analysis of field and laboratory test results.

The testing stages carried out in this research were field testing and testing at the Materials Testing Laboratory,
Engineering Faculty, Civil Engineering Education Department, Makassar State University. In order to evaluate the
suitability of the building structure of the EA Building, Faculty of Engineering, UNM, several stages of activities were
carried out as follows:

1. Visual observation (Visual Check), either with the naked eye or with the help of a camera and checking for
damage, especially cracks. Investigation of other structural defects such as porous, holes, peeling and so on. This activity
is carried out primarily on components that function to carry loads, both vertical loads and horizontal loads.

2. Testing the quality of materials using non-destructive testing methods. For Concrete Testing, the Schmidt
Rebound Hammer is used.

Through concrete quality analysis, it can be evaluated whether the concrete meets the specified standards or not. If the
concrete does not meet the standards, then corrective action or modification to the concrete composition is required to
improve its quality. Concrete quality analysis is very important in ensuring that concrete is of good quality and can be
used safely and effectively in construction.

I1l. RESULT AND DISCUSSION

Observations on the beams were carried out using the non-destructive test method on floors 1 and 2. On the 1st floor
(Figure 1), the results of the observations showed that 90.5% of the beams were in good condition, 1.7% had moderate
damage, and 7.8% suffered serious damage. Meanwhile on the 2nd floor (Figure 2), 95.7% of the beams were in good
condition, 1.7% had moderate damage, and 2.6% had severe damage. The damage found included discoloration, hairline
cracks, spalling and structural deformation at several points.
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Figure 1. Damage to 1st Floor Beam

Figure 2. Damage to 2st Floor Beam
Observations on the plate also used a non-destructive test method and were divided into three damage categories. On the
1st floor (Figure 3 and Figure 4), 58.8% of the plates were in good condition, 7.8% had moderate damage, and 33.4%
had severe damage. Meanwhile on the 2nd floor (Figure 5 and Figure 6), 89.1% of the plates were in good condition,
2.2% had moderate damage, and 8.7% had severe damage. Damage to slabs often takes the form of loose concrete,
exposed reinforcement, and significant deflection.
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Figure 4. Peeling concrete on 1st floorslab
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Figure 5. 2nd-floor concrete slab

Figure 6. 2nd-floor concrete slab
Column observations were carried out on three floors with results showing that most of the columns were in good
condition. On the 3rd floor, 98.4% of the columns were not damaged and 1.6% were seriously injured (Figure 7). Floor
2 shows 96% of the columns are in good condition and 4% have light to moderate damage (Figure 8). On the 1st floor,
although the majority of columns were in good condition, some columns showed significant damage in the form of loose
plaster, brittle concrete, and long cracks (Figure 9).

Figure 8. Cracks in Columns
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Figure 9. Longitudinal Column Crack on Floor 3
The following is Table 1, which summarizes the percentage of damage to beams, plates, and columns on each floor
observed:
Table 1. Visual Recapitulation of Damage Percentage

. Moderate Severe
Element Floor No Damage Light Damage Damage Damage
Beam 1 90.5% - 1.7% 7.8%
Beam 2 95.7% - 1.7% 2.6%
Slab 1 58.8% i 7.8% 33.4%
Slab 2 89.1% - 2.2% 8.7%
Column 1 965 - 45 -
Column 2 96% - 45 -
Column 3 98.4% - - 1.6%

Thus, it can be concluded that although most of the building structure is still in good condition, there are several points
that have experienced significant damage that require immediate repairs to ensure the safety and reliability of the building.
Based on the results of carbonation tests carried out on the column, beam and slab structures of the EA Building, Faculty
of Engineering, UNM, several important things can be concluded regarding the condition of the concrete and the potential
for damage caused by carbonation. The carbonation test on the column (Figure 10 and Figure 11) shows that the concrete
has experienced carbonation, indicated by no color change when sprayed with a phenolphthalein solution, which shows
a pH of less than 9.5. The depth of carbonation that reaches the reinforcement indicates the potential for corrosion of the
reinforcing steel and a decrease in the strength of the concrete. This has the potential to reduce the durability and structural
strength of the column.

On the beam, the test results show a similar situation to the column, where there is no color change after being sprayed
with the phenolphthalein solution (Figure 12). This indicates that the block has also been carbonated with a pH of less
than 9.5. As a result, the depth of carbonation that has reached the reinforcement results in a risk of corrosion of the
reinforcing steel and a decrease in the structural strength of the concrete in the beam.

The carbonation test on concrete slabs (Figure 13) shows results that are consistent with observations on columns and
beams. The absence of color changes on the plate after being sprayed with a phenolphthalein solution indicates that the
plate has also undergone carbonation with a pH of less than 9.5. This suggests that carbonation has reached the
reinforcement, potentially causing corrosion and reducing the quality of the concrete.

Overall, the results of carbonation tests on columns, beams and plates indicate that the entire concrete structure has
experienced significant carbonation that reaches the steel reinforcement. This suggests the threat of corrosion in the
reinforcement which can result in a decrease in the diameter and strength of the reinforcing steel, as well as reducing the
overall strength of the concrete structure. Therefore, immediate remedial action is required to strengthen and protect the
structure from further damage. Degradation of the mechanical properties and durability of reinforced concrete structures
occurs when exposed to fire, depending on the characteristics of the material, the duration of the fire, and the method of
extinguishing. Research shows that although the durability of concrete with characteristic strengths of 20 MPa and 35
MPa decreases due to exposure to high temperatures (200°C, 500°C, and 700°C) and rapid cooling, no advancement of
the carbonation front is found under slow cooling conditions [10].
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Figure 12. Carbonization test on blocks
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Figure 12. Carbonization test on Plate

The following is Table 2 which summarizes the carbonation conditions of various structural elements. Based on these

results, mitigation measures such as the application of anti-carbonation coatings or concrete injection should be
considered to maintain the structural integrity of the building.
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Table 2. Recapitulation of Carbonation Test Results

Element Car_bonatlon Carbonation Depth  Potential Damage
Indicator

Corrosion of
reinforcement,
decrease in strength
Corrosion of
reinforcement,
decrease in strength
Corrosion of
reinforcement,
decrease in strength

Reaching

Column  No color change X
reinforcement

Reaching

Beam No color change :
reinforcement

Reaching

Slab No color change X
reinforcement

Based on the results of hammer tests on the structure of the EA Building, Faculty of Engineering, UNM, tests were
carried out to determine the strength of concrete in various structural elements such as columns. This hammer test uses
the Hammer Test Matest Model 116081 which has been calibrated before use. Calibration is carried out using the
Calibration Anvil tool to ensure the correct correction value from the hammer test tool.

From the results of the hammer test on the columns of the EA Building, Faculty of Engineering, UNM, on the 1st floor
there are 36 test points spread across 18 columns, while on the 2nd and 3rd floors there are 20 test points spread across
10 columns on each floor. The results of this test show variations in concrete strength in various building structural
elements. Overall, the hammer test results provide an accurate picture of the compressive strength of concrete in columns
and help in assessing the overall structural condition of the building.

The hammer test gave varying results on each floor of the EA Building, Faculty of Engineering, UNM. On the 1st floor,
testing at 36 test points showed relatively consistent concrete strength with slight variation in rebound values. This
indicates that the concrete on the 1st floor is of reasonably good quality. On floors 2 and 3, although the number of test
points is smaller (20 points on each floor), the test results show several points with lower rebound values, indicating
differences in concrete strength at various locations. These variations are essential to pay attention to because they can
reveal areas that need further attention or improvement. Daungwilailuk et al [11] evaluated the depth of concrete damage
in reinforced concrete structures exposed to fire using Non-Destructive Test (NDT) and Destructive Test (DT)
techniques. The results show that the heating time of 30 minutes does not show severe effects on the reinforced concrete
slab compared with other cases. The damaged concrete layer was found to be 30-45 mm thick in slabs exposed to fire for
60 and 90 minutes.

From the results of the hammer test, it can be concluded that although most of the concrete structures show adequate
strength, there are several points that show indications of lower strength. This can be caused by various factors, including
material quality, casting method, or environmental conditions that affect the concrete. Based on these findings, it is
recommended to carry out repairs or strengthening at points that show low strength. Additionally, regular monitoring and
additional testing can help ensure that the structure remains safe and in good condition. Implementing preventive
maintenance and repair actions can extend the life of a structure and ensure the safety of building users.

1V. CONCLUSION

The conclusions from the damage analysis to the EA Building, Faculty of Engineering, UNM, are as follows:

1. Observation of the blocks shows that most of them are in good condition, but there are some that are badly
damaged. On the 1st floor, 90.5% of the beams were in good condition, while 1.7% had moderate damage, and 7.8% had
severe damage. On the 2nd floor, 95.7% of the beams were in good condition, 1.7% had moderate damage, and 2.6%
had severe damage. Damage to beams includes discoloration, hairline cracks, spalling, and structural deformation.

2. Most of the columns are also in good condition although some have significant damage. On the 3rd floor, 98.4%
of the columns were not damaged and only 1.6% were seriously damaged. On the 2nd floor, 96% of the columns were
in good condition and 4% had light to moderate damage. Meanwhile on the 1st floor, several columns showed damage
in the form of loose plaster, brittle concrete and long cracks. This damage indicates a decrease in the durability and
structural strength of the column.

3. Concrete slabs show more significant variations in condition. On the 1st floor, 58.8% of the plates were in good
condition, 7.8% had moderate damage, and 33.4% had severe damage. On the 2nd floor, 89.1% of the plates were in
good condition, 2.2% had moderate damage, and 8.7% had severe damage. Damage to the slab includes loose concrete,
exposed reinforcement, and significant deflection, which affects the stability and strength of the slab.
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