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Abstract. Concrete damage on building is translated as a condition change from concrete
quality. The damage that is referred to can be in the form of physical change or concrete
quality downgrade on a building. This change can be caused by several reasons, such as
implementation error, building overload, building function change, inadequate building
maintenance, natural condition, and natural disaster. Concrete damage condition on
buildings can be identified by performing a condition rating assessment. Condition rating
assessment Is determined based on non-destructive examination. Assessment analysis
results show the concrete structure condition and the action that must be done.
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1. Introduction

Concrete is a construction material that has a distinct compressive strength, where if it’s assessed with
a large number of test objects, the value will spread around certain average values. How high or low
the value is depends on the field implementation perfection rating (PBI N.I.-2, 1971) [1]. Concrete is
the main material for building a structure that is usually used on highrise buildings. Concrete has basic
characteristics it’s strong against compression, but weak against tensile load. Concrete must have
certain compressive strengths according to the load-bearing function on each structure element. Terms
regarding concrete compressive strength refers to SNI 2847-2013 [2] and PBI N.L.-2 [1]. Concrete is
one of the main components of building structure that consists of shearwall, columns, beams, and slab.

Quality deviation in the form of concrete quality degradation can happen during the implementation of
building structure construction. Concrete quality degradation is the downgrade of concrete’s
compressive strength, which means the installed concrete’s compressive strength is lower than the
planned concrete compressive strength. This is caused by many possible factors, among which are
incorrect implementation process, inadequate concrete maintenance and compaction, installation or
material errors, incorrect formwork removal, incorrect casting height, weather, and less skilled
manpower. To identify the installed concrete’s quality condition, it’s needed to perform concrete
structure assessment using the testing method. Testing can be done on new or existing buildings.
Building material condition assessment is done with the visual assessment method, non-destructive
testing evaluation, and destructive testing including field and laboratorium procedure (SEI/ASCE 11-
99) [3].

Based on that issue, a concrete structure condition assessment method that can be applied on building
assessment practices in Indonesia needs to be determined.

2. Method
Building Structure Condition Assessment Determination is done with the following steps:
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2.1. Identification of Examination Type and Condition Rating Characteristics Determination

Concrete examination type identification is determined based on literature study and field practices.
Literature consists of national and international codes, and existing similar research results that are
publicized on national and international levels [4-7].

2.2. Concrete Structure Condition Assessment

Concrete structure condition determination is done with the following steps:

2.2.1. Data Collection

Data collection is done with field concrete examination on buildings using identified examination
types. Concrete examination is done to all types of structure elements.

2.2.2. Data Processing
The goal of data processing is to determine the concrete structure condition rating that is determined
using the non-destructive method. Data processing is done in two steps; determining the concrete
compressive strength, and determining the concrete structure condition rating,.
1. Determining Concrete Compressive Strength
Concrete compressive strength on each testing point is determined by combining the concrete
compressive strength value from field examination results by using the following formula [4]:

F =-24,674+0,653*R+5,752*V

Information:

F : Concrete compressive strength (MPa)
R : Rebound value

V. Wave velocity (km/s)

2. Determining Concrete Structure Condition Rating
Concrete structure condition rating is determined by categorizing concrete compressive strength
rating that is resulted from the first step based on the identified condition rating characteristics [8].

Concrete condition rating for the building structure as a whole is determined by using the
weighted-average method formula as follows:

n
> W, Cl
_ se=1 € c
SCI = S
Z:se=lwse
Information:
SCI : Structure Condition Index
Wws : Structure element critical weight

CI. : Combined condition index that occurs on each structure element
n : Number of investigated structure element

Critical weight for each structure element is determined accordingly to Table 1.

Table 1. Structure element critical weight

Structural Elements Ctitical Weight
Shearwall (Sh) 1
Column (C) 1

Beam (B) 0,7

Slab (S) 0,5
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3. Results and Discussion

This research is applied to buildings with reinforced concrete constructions. The identified testing type
is the non-destructive testing type in the form of Rebound Hammer and Ultrasonic Pulse Velocity
(UPV).

The characteristics used in concrete condition rating assessment can be seen in Table 2. Assessment is
done by using values between 1 and 3. 1 indicates very good concrete condition, 2 indicates concrete
condition that doesn’t fulfill criteria and needs repair, and 3 indicates concrete condition that doesn’t
fulfill minimum criteria and requires direct weight testing. For concrete condition that’s included in 3,
concrete repair or reinforcement is needed as soon as possible.

Table 2. Concrete Structure Condition Rating Characteristics

Condition Index Description Definition Category
1 Normal Very good condition F>100%
Requires maintenance
2 Ctitical Unacceptable conditions 80% < F <100%
Needs repair
3 Very Critical Unacceptable conditions F <80%

Requires direct weight testing

Data collection is done on highrise buildings that are existing buildings with dormant construction.
Condition index from each concrete compressive strength testing result on each structure element can
be seen on Table 3. Condition index is determind based on concrete structure condition index
characteristics.

Concrete structure condition index as a whole is determined based on condition index calculation
results on each element. The resulted structure condition index values as a whole equal to 3 — this

indicates that concrete structure condition is unacceptable and requires direct weight testing.

Tabel 3. Table 3. Concrete Compressive Strength Testing Results

Testing Result Compressive o
S];{:Iflt:;te Rebound UPV Strength C(;I:l:lil::m
Hammer (kg/s) (MPa)
Column 44.8 0.88 9.62 3
48.4 0.88 11.97 3
41.4 0.88 7.43 3
35.8 0.87 3.71 3
32 0.88 1.26 3
51 0.88 13.67 3
30.6 0.87 0.33 3
30.2 0.87 0.05 3
39.8 0.89 6.42 3
32.6 0.88 1.65 3
32.4 0.86 1.43 3
Beam 47.2 0.28 7.76 3
38 2.81 16.32 3
42.6 3.07 20.78 3
43.8 2.65 19.17 3
36 3.02 16.22 3
314 3.06 13.42 3
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Testing Result Compressive o
S]g:;t:;f Rebound UPV Strength C‘;‘I‘l‘;‘;"“
Hammer (kg/s) (MPa)

31.8 2.73 11.78 3
29.2 2.88 10.97 3
29.80 2.76 10.67 3
28.60 2.88 10.55 3
29.00 2.79 10.32 3
34.6 2.86 14.36 3
33.6 2.70 12.78 3
324 2.98 13.60 3
34.6 2.75 13.72 3
36.4 3.05 16.66 3
34.6 2.85 14.32 3
30.6 2.70 10.83 3
32.8 2.94 13.63 3
322 2.76 12.24 3
30.4 2.87 11.67 3
28.8 2.68 9.53 3
34.6 2.85 14.34 3
Slab 34.6 0.85 2.81 3
334 0.86 2.08 3
36 0.86 3.76 3
41.6 0.86 7.46 3
44.2 0.82 8.91 3
324 0.86 1.42 3

4. Conclusion

Based on analysis results, it’s concluded that concrete quality degradation has been done towards the
building structure elements. Condition index on each testing result indicates a very critical condition.
This means that concrete structure condition on that building is in a condition that can’t be taken
advantage of. If that building’s construction is to be continued, direct weight testing needs to be done
first. If the concrete compressive strength assessment results don’t fulfill the terms, concrete structure
reinforcement or dismantlement needs to be done. Cost efficiency must be considered in making this
decision.

5. References

[1] Direktorat Penyelidikan Masalah Bangunan. (1971). “Peraturan beton Indonesia.” PBI N.I.-2,
Direktorat Jenderal Cipta Karya, Departemen Pekerjaan Umum dan Tenaga Listrik, Jakarta.

[2] Badan Standarisasi Nasional (BSN). (2013). “Persyaratan beton struktural untuk bangunan
gedung.” Standar Nasional Indonesia (SNI) 2847-2013, Jakarta.

[3] Structural Engineering Institute American Society of Civil Engineers (SEI/ASCE). (2000).
“Guideline for structural condition assessment of existing buildings.” SEI/ASCE 11-99, The
American Society of Civil Engineers, The United State of America.

[4] Khoudja A.B., Zoubir M.S., Denys B., Said K. and Mohamed G., (2017). “Analysis of the
single and combined non-destructive test approaches for on-site concrete strength assessment:

General statements based on a real case-study”, Case Studies in Construction Materials 6, 109—
119.



2nd TICATE 2019 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 852 (2020) 012058 doi:10.1088/1757-899X/852/1/012058

[S] Wuryanti, W. (2013). “Penilaian keandalan struktur bangunan gedung eksisting: peraturan dan
implementasinya.” Prosiding Konferensi Nasional Teknik Sipil 7 (KoNTekS 7), S69-75,
Universitas Sebelas Maret (UNS), Surakarta.

[6] Tirpude, N.P., Jain, K.K., and Bhattacharjee, B. (2014). “Decision Model for Repair
Prioritization of Reinforced-Concrete Structures”. Journal of Performance of Constructed
Facilities, 28(2), April.

[7] Wiyanto, H., Lie, D. and Kurniawan, J. (2019). Critical Index Determination Method on Visual
Assessment of Concrete Damage for Buildings, Proceeding Tarumanagara International
Conference on the Applications of Technology and Engineering, 10P Conference Series:
Materials Science and Engineering 508 (2019) 012003 doi:10.1088/1757-899X/508/1/012003.

[8] Laboratorium Konstruksi & Teknologi Beton. (2016). Pemetaan Mutu Beton. Laporan Proyek,
Universitas Tarumanagara, Jakarta.



