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ABSTRACT

The growing importance of maintaining and extending the functional lifespan of reinforced concrete structures has
resulted in an increased emphasis on non-destructive testing techniques as essential tools for evaluating structural conditions.
Non-destructive testing procedures offer a notable benefit in assessing the uniformity, homogeneity, ability to withstand
compression, durability, and degree of corrosion in reinforcing bars within reinforced concrete structures. This study aimed
to evaluate the existing condition of partially constructed residential buildings in Rewari district, located in the state of
Haryana. The reinforced concrete structure of the building had been completed eight years ago, however, the project was
abruptly stopped. Prior to recommencing the construction, it is important to assess the present state of the structure in
order to evaluate the deterioration in Reinforced Cement Concrete (RCC). The building’s state was evaluated by visually
inspecting the building, conducting on-site examinations, and analyzing samples in a laboratory. The findings emphasize the
assessment of the robustness and durability of concrete to ascertain the degree of deterioration and degradation in the
structure. The study incorporates visual inspection, and non-destructive evaluation utilizing different instruments to evaluate
the corrosion condition of reinforcing bars. In addition, selected RCC columns, beams, and slabs undergo chemical testing.
It has been observed that the strength results and chemical results were within permissible limits.
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1. Introduction

The durability and safety of existing RC buildings de-
pend on various factors such as material quality, construction
practices, exposure conditions, and maintenance. Over time,
these structures may exhibit distress such as cracks, corrosion
of reinforcement, spalling, and reduced load-carrying capac-
ity. Traditional visual inspections alone are insufficient to
comprehensively evaluate their condition. Non-destructive
testing methods (NDT) offer a non-invasive way to assess the
integrity of concrete and identify hidden defects. By utilizing
NDT techniques, engineers and researchers can gain valuable
insights into the structural health, material properties, and po-
tential vulnerabilities of existing buildings. This information
helps in decision-making regarding repairs, strengthening,
and maintenance of the structures. The process of evaluating
the integrity of a structure involves finding any significant
bending or deformation in its structural components, mis-
alignment, damage caused by impact, extensive cracking,
deterioration of concrete, or loss of steel section that requires
a thorough structural examination before any repairs can be
made. It is important to take into account degradation pro-
cesses such as freeze-thaw and sulphate assault since they
might indirectly contribute to the corrosion of the reinforce-
ment when evaluating the situation '],

The imperative for conducting comprehensive struc-
tural condition assessments of buildings, especially those
constructed with reinforced concrete, arises from the intrin-
sic vulnerability of structures to various degradation mech-
anisms over time. The primary concern driving the need
for structural condition assessment is the assurance of pub-
lic safety. By identifying and addressing deterioration at
an early stage, engineers can implement targeted mainte-
nance and rehabilitation strategies to mitigate further damage
and enhance the overall durability of the structure. Under-
standing the condition of a building’s structure allows for
the implementation of cost-effective maintenance practices.
Conducting structural condition assessments promotes the
longevity of existing structures, reduces the demand for new
construction, and minimizes the environmental impact asso-
ciated with demolition and reconstruction. Regular structural
condition assessments ensure compliance with govt. regula-
tions, mitigating legal liabilities, and safeguarding against

potential legal actions resulting from structural failures!!l.

Understanding the complex and multifaceted deteriora-
tion mechanisms affecting reinforced concrete structures is
fundamental to the development of effective structural con-
dition assessment strategies. These mechanisms, driven by
environmental, material, and loading factors, contribute to
the degradation of structural components over time. A com-
prehensive examination of these deterioration mechanisms
provides the context necessary for selecting appropriate non-
destructive testing (NDT) methods and interpreting assess-
ment results accurately. Many non-destructive evaluation
(NDE) tests for concrete members are available to determine
in-situ strength and quality of concrete. Some of these tests
are very useful in the assessment of damage to RCC struc-
tures subjected to corrosion, chemical attack, and fire and
due to other reasons. The term ‘non-destructive’ is used to in-
dicate that it does not impair the intended performance of the
structural member being tested/investigated. The nondestruc-
tive evaluation has been broadly classified under two broad
categories viz ‘in-situ field test’ and ‘laboratory test’ 57,

The present work focuses on the condition assessment
of an existing 8-year-old residential building. The present
study aimed to examine the deterioration that occurred during
the period when the construction was halted after the com-
pletion of the reinforced concrete (RC) frame structure. The
initial condition assessment of the structure involves a visual
inspection to identify surface damages, flaking, coloration,
and local weaknesses. In the second phase, various in-situ
non-destructive tests were done and samples were taken
for laboratory testing to conduct compressive strength mea-
surements, carbonation measurements, and chemical tests.
Finally, analysis of the results from various non-destructive
testing (NDT) methods was combined to assess the quality
of the structures.

2. Methodology

The structure considered for the present work was an
RCC building located in Rewari, Haryana, India as shown in
Figure 1. The original plan was a building with G+7 floors.
Construction was commenced in 2014; but was halted after
the construction of G+2 floors. Currently, the remaining
work is planned to be resumed for completion. Before pro-
ceeding with the remaining construction, the owner decided

to assess the current condition, quality, and durability of the
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structure. The typical floor plan of the building is shown in

Figure 2.
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Figure 2. Typical floor plan of the building.

The condition assessment of the building was done by
carrying out various non-destructive tests on RCC structural
elements of the buildings on the stilt floor, 1st floor, and
2nd floor. A test plan was prepared based on the preliminary
visual inspection, in which locations of sample elements for
testing were decided and marked on the drawing as shown in
Figure 3. Figure 4 shows the non-destructive tests including
ultrasonic pulse velocity (UPV) test, rebound hammer test,
concrete core compressive strength test, carbonation test,

half-cell potential measurement test, and chemical test for

chloride and sulfate performed on the different locations of
the building.

2.1. Visual Inspection

A visual inspection was conducted to identify surface
damages, flaking, coloration, and local weaknesses. A test
plan was prepared based on the findings of this inspection.
The locations of sample elements for testing were marked
on structural drawings (e.g., Figure 3) to ensure systematic
coverage of the stilt floor, 1st floor, and 2nd floor.
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Figure 3. Typical Framing plan with ID marking.

2.2. Ultrasonic Pulse Velocity

The Ultrasonic Pulse Velocity (UPV) test is utilised
to assess the overall integrity of the concrete. This test is
frequently used to assess the uniformity of concrete, find
cracks within the concrete structure, locate areas of incom-
plete filling, and analyze the deterioration of concrete. An
Ultrasonic Pulse Velocity Test was conducted on the accessi-
ble sample locations of Reinforced Concrete (R.C.) Beams,
Slabs, and Columns. Both direct and indirect scanning tech-
niques were employed at the site. The tests were conducted
using the Proceq PL-200 equipment produced by M/s. Pro-
ceq, a Swiss-based business. The rebound hammer test and
ultrasonic pulse velocity test were performed as per Indian
standard code IS:13311-1992 (Part 1)[3],

2.3. Rebound Hammer Test

The rebound hammer test is a fast and efficient method
used to evaluate the integrity of concrete by quantifying
the surface hardness of a specific structure. The rebound
number is a quantitative indicator of the mean compressive
strength of the concrete surface. A series of rebound ham-

mer tests were performed on various locations of reinforced
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concrete (R.C.) slab panels, beams, and columns. The re-
bound hammer test was conducted as per Indian Standard
code IS:13311-1992 (Part 2)P1.

2.4. Half Cell Potentiometer

A test was done to measure the potential difference
in half-cells on randomly selected accessible places of re-
inforced concrete (RC) components. The purpose of the
test was to determine the extent of corrosion in the reinforc-
ing bars. The experiment was conducted utilising a copper-
copper sulphate solution in a half-cell. The test was con-
ducted according to IS: 516-2021 (Part-5)[1%],

2.5. Carbonation

In order to evaluate the degree of carbonation, which
refers to the reduction of alkalinity in the cover concrete that
is crucial for preventing potential corrosion of the steel. The
test was conducted on the extracted concrete core samples.
The uncovered region was subsequently saturated with the
sample solution containing a diluted ethyl alcohol solution
of Phenolphthalein as an indicator, to assess the level of

carbonation 1,
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(c) UPV test

(b) Rebound hammer

(d) Half-cell potential measurement (e) Concrete core cutting (f) Concrete core samples

Figure 4. In-situ non-destructive testing on the concrete.

3. Results and Discussion from 25 MPa to 40 MPa; whereas the average values for stilt,
1st and 2nd floor were 35 MPa, 39 MPa, and 38 MPa respec-
3.1. Rebound Hammer Test tively. Considering the over-estimation in surface strength

due to carbonation hardening, the estimated compressive
The rebound hammer test was carried out on the col- gyenoth can be taken 20-30 MPa. Average compressive

umn and beam/slab of the building and results have been strength for columns is 30 MPa whereas for slab and beam
presented in Figures 5 and 6, respectively. It was observed it was 32 MPa. The compressive strength of concrete can be

from the test results that the compressive strength varied estimated to be in the range of 25-30 MPa.
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Figure 6. Rebound Hammer test results for slabs and beams.

3.2. Ultrasonic Pulse Velocity Method

The UPV test was conducted on the different elements
of the selected structures and the results were interpreted in
terms of quality since the velocity signifies the quality of
the particular specimens or elements. The results of UPV
in the form of quality have been shown in Figure 7. The
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value of Ultrasonic Pulse Velocity value was in the range
of 2.86 to 4.43 Km/s. Around 80% of the test results were
above 3.75 Km/s, which is classified as “Good” concrete
quality for concrete of above M25 grade as per IS: 516071,
The remaining 20% results were in the doubtful conditions

which signify the poor quality.
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UPV Test

Summary

H Good B Doubtful

Figure 7. UPV test results.

3.3. Half-Cell Potential Test

A half-cell potential test was performed to assess the
probability of corrosion in the reinforcement steel bars. The
test results were depicted in Figure 8 and results vary from
=127 mV to —328 mV. Approximately 71% of the investi-

gated locations showed a 50% likelihood of corrosion (with
uncertainty), while 30% of the locations had a 10% proba-
bility of corrosion. The 90% probability of corrosion had
zero percentage of the investigated locations as shown in

Figure 8.

Corrosion probability (%)

0

B Corrosion Probability 10% B Corrosion Probability 50% B Corrosion Probability 90%

Figure 8. Corrosion probability.

3.4. Carbonation Depth Measurements

Figure 9 shows the carbonation depth of the different
structural components. For columns, the test results range
varied from 16mm to 33 mm. Considering the concrete cover
of 40 mm for columns, it is assessed that cover depth of 50
to 75% has been carbonated and at this stage, reinforcement

steel bars not vulnerable to corrosion.

The carbonation depth for slabs and beams ranges from
14 to 30 mm. Given the nominal concrete cover of 15 to
20 mm, it is expected that the reinforcement steel bars are
susceptible to corrosion, since nearly the entire depth of the
cover concrete has undergone carbonation.
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Figure 9. Carbonation depth of the different samples.

3.5. Chemical Testing on Hardened Concrete teraction between calcium and the excessive sulphates. The

sulphate content in concrete is quantified as a percentage

3.5.1. Determination of Sulphate

relative to the weight of the concrete. The permissible limit

The sulphate determination test is conducted to mea- .
P . o for the test is 4.0%. Sulphate (as SO3) content % by weight
sure the amount of sulphates in concrete and results have

. 0 S .
been shown in Figure 10. High concentrations of sulphates of cement is 1.43 to 2.16%, which is within the specified

cause the deterioration of concrete due to the chemical in- limits 4%,
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Figure 10. Sulphate content test.
3.5.2. Determination of Chloride permissible limit for the test is 0.6 kilogrammes per cubic

The chloride determination test is conducted to deter- centimetre. Chloride content in concrete , as results shown

mine the amount of chlorides present in concrete. High levels 1 Figure 11, ranges from 0.13 to 0.2 kg/ m?, which is within

of chlorides result in the corrosion of reinforcement bars. The the specified limits of 0.6 kg/m3[®].
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Chloride Test
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Figure 11. Results of chloride test.

3.5.3. Determination of pH Level in Concrete

The pH level of fresh concrete generally varies between
12 and 14. The pH level of concrete will markedly decrease
due to the loss of alkalinity and carbonation. If the pH level in
the structure falls below 10, the concrete’s alkalinity will be
insufficient to prevent rebar corrosion, resulting in the degra-

dation of the building. The pH of the various specimens was
within the range and thereby, there is lesser chances of corro-
sion. The pH of the concrete samples was in the range of 11.2
to 12.4 indicating moderate loss in alkalinity of concrete, as
shown in Figure 12. This could not be correlated due to lesser

numbers of pH and Chloride tests than carbonation tests.

pH Test
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Figure 12. Variation of pH for different samples.

3.5.4. Core Compressive Strength Test

Fifteen concrete core samples were taken to assess the
compressive strength of the concrete. Nine samples have
been taken from the columns (three samples each floor), and

six samples were obtained from the beams and slabs (two
samples per level). The compressive strength of the different

specimens have been shown in Figure 13. The average core
compressive strength of column was 30 MPa and 32 MPa for
slab/beam. The minimum value of core compressive strength
was 15 MPa and 24 MPa and maximum core compressive
strength was 36 MPa and 40 MPa, for column and slab/beam,

respectively.
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Core Compressive Strength
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Figure 13. Compressive strength of core samples.

4. Conclusion

In the present study, assessment of a reinforced con-
crete building was done using the different non-destructive
tests such as rebound hammer, ultrasonic pulse velocity, core
test, carbonation test, pH, half-cell potential measurement
and chemical test. It was found from the core compressive
strength test and NDT test results, the compressive strength
of the concrete was estimated to be M25. It has been reported
by that design grade of concrete in the structure is M-25, so
the in-situ concrete compressive strength can be considered
at par with the design strength and hence satisfactory. The
status of corrosion in the reinforcement steel bars, based on
the NDT test can be considered satisfactory, as no location
of high risk of corrosion was found during the evaluation.
Chemical test results indicate that Chloride and sulfate con-
tent are within the acceptable limits and hence considered

satisfactory.
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