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ABSTRACT : Mutiara 1 Hotel in Yogyakarta was iconic heritage old buildings, which are planned to be change 

function as shopping centers, require comprehensive structural assessments to meet technical feasibility standards 

in support of building permit applications in Indonesia. The objective of this study is to evaluate the existing 

quality of concrete in structural elements—specifically beams, columns, and slabs—as a basis for structural 

calculations. The investigation employed both non-destructive testing (NDT) and destructive testing (DT), 

including Ultrasonic Pulse Velocity (UPV), rebound hammer tests, core drilling, and hardness testing. According 

to SNI 1727:2020, the design live load for hotel buildings is 4.79 kN/m², which increases to 6.00 kN/m² for 

shopping centers—a 125% increase. The average concrete strength obtained from all testing methods exceeded 

25 MPa. In reference to SNI 2847:2019, public building structures must use concrete with a minimum compressive 

strength of 21 MPa and reinforcement steel with a yield strength of 360 MPa. Structural analysis results indicated 

that while most elements remain reliable, several require strengthening. Carbon Fiber Reinforced Polymer 

(CFRP)is recommended can increase axial capacity in columns by 139%, shear capacity in beams by 543%, and 

flexural capacity by 109% with one strip. 
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I. INTRODUCTION 
According to Government Regulation in Lieu of Law No. 2 of 2022 pertaining to Job Creation in 

Indonesia, all instances of constructing a new building or modifying the use of an existing structure must include 

the submission of a Building Approval (PBG) application. The Building Approval (PBG) is mandated as an 

essential legal requirement for both new projects and changes to existing building functions. [1] [2] . In detail, the 

application for PBG (formerly Building Construction Permit or IMB) and Certificate of Functional Suitability 

(SLF) has been regulated in Law 28 of 2002 concerning Buildings, PP 16 of 2021, Regulation of the Minister of 

Public Works and Public Works 19 of 2018 concerning IMB and SLF of Buildings through electronically 

integrated Business Licensing Services, and the Minister of Public Works and Public Works Number 27 of 2018 

concerning Building SLF. The former Mutiara I Hotel building located on Jl. Malioboro, Yogyakarta, which has 

been an asset of the Yogyakarta Provincial Government since the Covid 19 period, is no longer operating and will 

be converted into an MSME Shopping Center as well as in the context of restructuring the relocation of traders in 

the Malioboro Area [3] [4] [5] [6]  . The 4-story hotel, which was built in the 1970s, is one of the architectural 

icons whose façade is preserved [7] [8]. With the transfer of functions from hotels to shopping centers, the burden 

becomes greater so that to ensure the certainty of structural strength, a study and evaluation of structural laboratory 

tests must be carried out as the basis for input for the restructure calculation [9]. The building is old, but the DIY 

earthquake in 2006 with a magnitude of 7.1 when Richter is still visually good [10].  To ensure the technical 

condition is carried out by the method of non-destructive test and structural damage test to obtain valid parameters 

of a number of structural elements of columns, beams and reinforced concrete slabs [11] .   

The problem of data supporting existing technical planning is only found working drawings, there is no 

information on concrete quality, steel quality and reinforced concrete specifications which are usually described 

in the contract support [12, 13]. Meanwhile, in the recalculation of structural planning due to changes in function 

that have an impact on the increase in loading, data on the compressive strength of concrete and the tensile strength 

of steel, steel arrangement patterns, and building vibrations are needed [14] [15] [16]. 

The purpose of the research is to analyze the quality of concrete and steel in concrete structures such as elements 

of blocks, columns and building plates that are more than 50 years old by the destructive test method and the non-

destructive test method of the structure. The novelty of this study is an assessment of the structure of the old 

building 4 floors older than 50 years to be used from hotel functions to shopping centers with NDT and DT 

methods testing all structural elements of columns, beams and slabs so as to provide recommendations for the 

sustainability of the building. 

http://www.ajhssr.com/
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In maintaining the strength of the existing building structure so that it continues to function for a longer period of 

time, a structural assessment is needed to assess and know the condition of the existing building structure to ensure 

whether the building is safe and not at risk [17] [18] [19].  If the existing technical data is not enough, then to find 

out the strength of the structure, a test must be carried out with a test method without damaging and or a test 

method with damaging the structure. Non-destructive test methods include Pulse Velocity Test, Covermeter and 

Scanning Rebar Test, Hammer Test, Vibration Test. Meanwhile, destructive testing (DT) includes the Coredrill 

Test and Brinell Hardness Test. The quality of the f'c concrete press and the tensile strength of the fy reinforcing 

steel are important data inputs in the calculation of restructure. Based on SNI 2847:2013, ACI 318-11, ACI 

214.4R-10 and ACI 228.1R-03 on buildings to find out the quality of concrete is not always the same as the quality 

of cylindrical test strips, due to the influence of workmanship and other factors. The number of concrete test pieces 

has a great effect on the quality of the equivalent concrete, especially if the deviation of the data is large enough. 

The use of the Ultrasonic Concrete Tomography (UCT) Test can be used and gives better results than the 

Ultrasonic Pulse Velocity (UPV) Test, especially if the structure can only be accessed on one side [20] 

II. LITERATURE REVIEW 
2.1. Building Service Lifetime Estimation  

The life of the building is reviewed from the functional, technological and economic aspects of the  [21]. In 

building planning, this function is an important factor in the serviceability of the structure. Generally, the design 

life or service life of a building for residential buildings, offices, schools, hospitals, hotels according to ISO 15686-

1 and SNI 03-1734-2000 is 50 years.  The age of the building will affect the durability of the reinforced concrete 

structure which will reduce the quality of the room environment [22]. Factors that can change the age of a building 

include quality of design and material. environmental conditions (extreme weather, pollution). intensity of use. 

maintenance level [23]. 

 

2.2. Rechange Building Service Lifetime Estimation  

Economic and environmental considerations are as light as making the historic iconic old building into a 

shopping or tourist center. [24] [25].   Based on SNI 1727:2020 concerning the Minimum Design Load for the 

live load of hotel fungi is 4.79 kN/m2, while the function of shopping centers or shops is 6.00 kN/m2. In addition, 

considering the location of the earthquake area, earthquake resilience planning for building structures is partly 

regulated in SNI 1726:2019. The increase in living load will affect the building safety factor which can be analyzed 

from the calculation of the structure.  

 

2.3. Desturctive and Non-Destructive Testing  

Structural property testing is carried out if there is no supporting planning archive data through destructive 

(DT) or non-destructive NDT testing), such as UPV testing, hammer testing, covermeter, coredrill, Brinell testing 

[26]. Some NDT methods research such as the Schmidt rebound hammer test are quite representative and effective 

for estimating the compressive strength of reinforced concrete such as studies conducted by [27] and [28]. DT 

with core drill will take concrete core samples can produce actual concrete pressure strength [29]. The results of 

the study estimate the strength of the concrete pressure of the NDT Scmidth hammer test method are generally 

greater than the DT core drill method which has an actual value [30] [31]. 

 

2.4. Structure Analysis  

The restructure analysis was carried out to ensure the reliability of the building that meets technical and 

safety requirements [32]. Several National Indonesia (SNI) standards related to building structure analysis SNI 

1726:2019: Earthquake Resilience Planning Procedures for Building and Non-Building Structures (adopting 

ASCE 7 and IBC). SNI 2847:2019 Structural Concrete Requirements for Buildings, SNI 1727:2020 Minimum 

Load for Building and Structure Design, SNI 7833:2012 Procedures for Evaluating the Performance of Existing 

Building Structures, SNI 7972:2013 Procedures for Strengthening Concrete Structures of Buildings. If there are 

structural elements that are at risk of being unsafe, then the option of reinforcing steel plate jacketing with shear 

connector and Carbon Fiber Reinforced Polymer (CRFP) reinforcement is carried out to qualify, where the cross-

sectional capacity is greater than the accepted load [33].  

 

III. METODE PENELITIAN 

This research on the 4-storey Ex Hotel Mutiara is an old building built in 1970 on Malioboro Street, 

Yogyakarta. Because there is no archive of planning documents, the quality of concrete and the quality of 

reinforcement are unknown. The laboratory test targets the reinforced concrete structure elements of columns, 

beams and slabs of the 1st, 2nd, 3rd and 4th floors. The testing method is non-destructive testing through UPV 

Testing and Hammer Testing and the destructive testing method through coredrill testing.  
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Table 1. Types of Testing 

 
The equipment and technical collection and laboratory testing were carried out in partnership with PT. Qies 

Nusantara Consultant, and actual testing of compressive strength at the Concrete Construction Laboratory of 

Tarumanegara University.  

IV. RESULTS AND DISCUSSION 

Performing a feasibility study on the functional adaptation of an old hotel—now functioning as a shopping 

centre—requires reassessment of the load-bearing capacity and structural integrity due to the change in use. Under 

Indonesian law, any building intended for conversion, renovation, or new construction must apply for a Building 

Approval (PBG) along with a Certificate of Functional Suitability (SLF), as delineated in Government Regulation 

Number 16 of 2021. The findings derived from both destructive and non-destructive tests have played an 

instrumental role in guiding the redesign process. 

 

4.1. UPV Pundit Test Results.  

Non-Destructive Testing with UPV Pundit in accordance with Code BS 1881: Part 203:1986 and ASTM 

C597-16 [34]. The Pulse Velocity measurement method is carried out in 3 ways, namely direct transmission, semi-

direct transmission, and indirect/surface transmission depending on the surface condition of the construction 

element [35] [36]. The results of the test of 20 elements (column 9 units, beam 8 units and slab 3 units) obtained 

a concrete pulse velocity criterion of 3249.2 m/s which is in the category of medium concrete conditions (3000 - 

3500 m/s). This condition if associated with the quality of compressive strength of concrete is included in the 

normal category. For concrete quality according to the formula based on ASTM C597 – 16, the average quality 

of column concrete is 28.15 MPa, beam concrete is 25.11 MPa, slab concrete is 25.60 MPa. In SNI-2847-2019, 

in the planning of public building structures, the quality of concrete compressive strength is required to be at least 

21 MPa. Based on the Guidebook on Non-destructive testing of concrete structures, Ch.11.1.4.4 based on ASTM 

C215 Test Method for Fundamental Transverse, Longitudinal, and Torsional Resonant Frequencies of Concrete 

Specimens converts Indirect factor to direct factor by increasing the velocity result by 5% - 30%. In this case, an 

indirect factor value of 10% was taken. 

 
Figure 1 . Pulse Velocity Values and Concrete Criteria 

 

4.2. Schmidt Hammer Test Results.  

Non destructive testing with Schmidt hammer test to determine the homogeneity of concrete surface quality 

based on BS 1881 Part 202:1986 and ASTM G80S-89. Test method by applying impact loads (impacts) on 

concrete surfaces. The bounce distance arising from the mass at the time of collision with the concrete surface of 

the test specimen can give an indication of hardness also after calibration. Schmidt Hammer tests were carried out 

on 24 elements (column 11 units, beam 10 units, and slab 3 units) with an average result of 30.38 MPa. For the 

average quality of column concrete is 28.00 MPa, beam concrete is 31.93 MPa, slab concrete is 31.20 MPa. As 

per SNI-2847-2019, the minimum requirement of compressive strength of concrete is 21 MPa for Structural 

Concrete Requirements for Buildings. 
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Fig. 2. Hammer Test Result. 

 

4.3. Covermeter and Scanning Rebar Test Results. 

To determine the position and arrangement of reinforcement in existing concrete structures, covermeter and 

scanning rebar testing is used. The result was for main column structure with cross section 400x600 mm had 

10D19 mm main reinforcement (plain) and tie D8 plain 150-200 mm spacing, 15-48 mm concrete cover. Beams 

300x570 mm, plain main reinforcement, 14D22 mm plain main reinforcement, tie D8 spacing 130-200 mm, 

concrete cover 25 mm. Slab with thickness 1500 mm had plain reinforcement as-X steel D8 spacing 100-160 mm, 

as-Y D8 spacing 100-160 mm concrete cover 40 mm. The results of the covermeter test above show that the 

reinforcement used for both the main reinforcement and the stinging reinforcement is using plain reinforcement, 

then if it is associated with the regulation when it does not in accordance with SNI 2847-2019 article 20.2.1.1 it 

is not allowed to use plain reinforcement for the main reinforcement or the stinging reinforcement. Similarly, the 

thickness of the concrete cover on several columns, beams and plates does not in accordance with SNI 2847-2019 

article 20.6.1.3.1, which is 40 mm for the structure of the beam, column and 20 mm for the slab structure. 

  

Fig. 3. Covermeter and Scaning Rebar Test (Example) 

 

4.4. Core Drill Test Result.  

Core drill testing or also called core concrete drilling is the testing of cylindrical concrete test pieces from 

drilling on building structures that have been implemented. A common way to measure the strength of concrete 

in the actual structure is by cutting the concrete with a rotating round drill. The sample taken (cylindrical shape) 

is then taken to the laboratory for compressive strength testing. The standard used in this test is ASTM C 42, SNI-

1974-2011 Concrete Core Compressive Strength Test Method Drilling Concrete cylinders are obtained depending 

on the size of the drill bit diameter, generally between 50 mm to 150 mm. The results of the Core drill Testing on 

8 structural elements were obtained from the core drill with a size of D = 45 mm L = 90 mm obtained with an 

average compressive strength estimation of column concrete of 25.58 MPa, beam 34.61 MPa, and slab 35.89 MPa.  

For the evaluation of the calculation of the structure of the weed, a strong pressure value of concrete fc' 25 MPa   

was taken. From the results of compressive strength testing is accordance with SNI-2847-2019 regulation as the 

standard for the minimum structural quality concrete compressive strength requirements of 21 MPa. 
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Fig. 4. Core Drill Test Result 

 

 
Fig. 5. Comparasion Core Drill and Hammer Test Result 

 

4.5. Brinell Hardness Test Results 

Tensile strength testing of the reused steel was not conducted in the laboratory due to building conditions, 

as sample cutting was not feasible, so only by the Brinell Hardness testing method. Examination of existing steel 

reinforcement is carried out by the method of dismantling part of the column until the reinforcement is visible and 

then testing is carried out [37]. The results of the examination in the form of Brinell unit hardness (HB) values 

were then correlated with the ultimate tensile strength value in accordance with ASTM E140-Standard Hardness 

Conversion Tables for Metals Relationship Among Brinell Hardness, Vickers Hardness, Rockwell Hardness, 

Superficial Hardness, Knoop Hardness, Scleroscope Hardness, and Leeb Hardness. The results of steel testing by 

means of hardness test at 8 points have obtained an average tensile strength of plain rebar fy 363 MPa. The 

maximum tensile strength result is fy 385 MPa with a minimum value of 360 MPa. This value is accordance with 

the minimum requirements for building structures based on SNI 2052-2017, which is 350 MPa. In the current 

regulations for the structure of Building, non-plain finned reinforcement must be used, while the existing 

reinforcement of Building is deform type. This regulation cannot be used as a standard guideline because in the 

era of the building around 1970 there was no need for finned reinforcement. 
 

 

Table 5 . Hardness Test Results 
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4.6. Restructure Design Analysis Results 

Based on the test results, the structural redesign analysis used a concrete compressive strength fc' 25 MPa 

and a steel yield strength fy 360 MPa. In accordance with SNI 1727:2020 on Building Loads, the live load 

increased from 4.79 kN/m²—applicable for hotel use—to 6.00 kN/m² for commercial or shopping center 

functions, representing a 125% increase [38]. Structural analysis indicated that several elements required 

strengthening, with Carbon Fiber Reinforced Polymer (CFRP) identified as a recommended reinforcement 

method. Application of one strip of MAPEI-type CFRP was found to enhance axial load capacity in columns by 

139%, increase shear strength in beams by 543%, and improve flexural capacity by 109%. These findings have 

been implemented by the building owner to optimize the continued use of the structure, thereby supporting 

improved utility and contributing to the local economic sector. 

 

V. CONCLUSION 

Converting hotel structures older than 50 years into shopping centers leads to an increase in live load of 

125%, thereby requiring a full-scale structural reassessment in accordance with Indonesia’s building permit 

requirements. Destructive and non-destructive tests indicate that both the concrete and steel of the current structure 

achieve the basic structural strength needed. For the purpose of reconstruction analysis, the study adopted design 

values of fc' 25 MPa for concrete and fy 360 MPa for reinforcement. The overall structural analysis confirmed 

that about 90% of the elements exhibit satisfactory reliability; however, certain components were flagged for 

potential upgrade through the use of Carbon Fiber Reinforced Polymer (CFRP). Specifically, calculations based 

on MAPEI-type CFRP suggest that applying a single strip can improve axial load capacity by 139%, beam shear 

strength by 543%, and flexural capacity by 109%. 

 

VI. ACKNOWLEDGEMENTS 

Thank you to Department of Cooperatives and SMEs of the Special Region of Yogyakarta, CV. Karya Sejati, 

Technical Laboratory Cokroaminoto Yogyakarta University and PT. Qies Nusantara Konsultan which provides 

support for the cost of activities. 

 

REFERENCES 
[1] Riau, Harta and &. Diana, "Building Permit Improvement through Building Management Information System 

in East Java Province: Case Study of Madiun City and Gresik Regency," Sang Pencerah: Jurnal Ilmiah 

Universitas Muhammadiyah Buton, 9(2), p. 393–402, 2023.  

[2] N. Nurokhman, R. A. Wibowo, A. Saputra and G. & Hariyanto, "Study of the Implications of the Job Creation 

Law on Regional Regulations on Building Construction in Wonogiri Regency," Nuansa Akademik: Jurnal 

Pembangunan Masyarakat 9, no. 1, p. 25–38, 2024.  

[3] L. Hendriyati, "The Influence of Online Travel Agents on Room Reservations at the Mutiara Malioboro Hotel 

Yogyakarta," Media Wisata, 17(1), pp. 1-10, 2021.  

[4] Supeno and Wangsit, "Traveloka Customer Hotel Service Satisfaction Assessment Analysis (Case Study of 

Hotels in Malioboro Area Yogyakarta)," Perspektif Vol. 16 (1), pp. 50-61, 2018.  

[5] D. Yustiani, R. Nooraeni and A. & Lumaksono, "Detecting the Relationship Between Hotel Ratings and Hotel 

Occupancy Post Covid-19 Pandemic," Jurnal Kajian Pariwisata, 5(1)., p. 

https://doi.org/10.51977/jiip.v5i1.1078, 2023.  

[6] Nurkholis, Wilarso and P. and Sukamto, "Design and Build an Application for Monitoring the Spread of Covid-

19 Based on GIS for the Cileungsi District," E3S Web Conf., 500, pp. 1-7, 2023.  

[7] M. Kurniawan and C. Meytasari, "Study of Local Wisdom Values in Star Hotel Architecture and Vertical 

Housing in the Yogyakarta Cultural Heritage Area," Inersia,Vol 15 (1)., pp. 56-61, 2023.  

[8] Y. Haryanto, N. G. Wariyatno, G. H. Sudibyo and S. N. & Purnomo, "Load Capacity of Reinforced Concrete 

Beams with Near Surface Mounted Reinforcement Method Using Petung Bamboo," Jurnal Aspirasi, pp. 105-

118, 2015.  

[9] F. Z. B. Hernita, "Efektivitas Kekuatan Struktur Kolom Akibat Perubahan Fungsi Gedung Pada Proyek Magna 

One Surabaya Terhadap Beban Gempa," Jurnal Vokasi Teknik Sipil Vol 1 (1), pp. 96-103, 2023.  

[10] M. D. P. Muflihul Iman, "Evaluasi Tingkat Kerusakan Dan Keandalan Bangunan Gedung Perkuliahan A, 

B,Dan C Pada Kampus ISTN Jakarta," Saintech, Vol 34 (4), pp. 42-49, 2024.  

[11] E. Juarti and Y. Noorlaelasari, "Investigasi Keandalan Struktur Beton Bertulang Dengan Alat Pundit Lab Pada 

Bangunan Gedung Penunjang Pendidikan," Potensi, pp. 59-64, 2017.  

[12] P. Maryoto and S. J. dan Junius, "Problems that occur in planning drawings and technical specifications during 

the construction process," in Thesis, Surabaya, 2006.  

[13] Ningsih and D. Untari, "Computer Aided Design / Computer Aided Manufactur [CAD/CAM]," Jurnal 

Teknologi Informasi DINAMIK Vol X (3), pp. 143-149, 2005.  

[14] M. Zacharia and G. Turuallo, "Analysis of Earthquake Resistant Steel Structures with the SRPMK System 

(Special Moment Resisting Frame Structure) Based on SNI 1729:2015 and SNI 1726:2012," Rekonstruksi 

Tadulako 1 (2), pp. 9-16, 2020.  



American Journal of Humanities and Social Sciences Research (AJHSSR) 2025 
 

A J H S S R  J o u r n a l                 P a g e  | 152 

[15] Sihombing and Noven, "Structure Design of Office Building 6 Floors," Jurnal Ilmu Teknik Vol. 2 (2), pp. 1-

12, 2022.  

[16] A. Nur Rahmawati and D. & Novita Ningrum, "Upper Structure Design of "Rusunawa Universitas Bojonegoro" 

Building 6 Floors," Jurnal Teknik Sipil, 6(2),, pp. 65-76, 2021.  

[17] E. Brandt and M. Rasmussen, "Assessment of building conditions," Energy and Buildings, Vol 34 (2), pp. 121-

125, 2002.  

[18] M. Sinou and S. & Kyvelou, "Present and future of building performance assessment tools," Management of 

Environmental Quality: An International Journal, Vol 17(5), pp. 570-586, 2006.  

[19] L. Bragança, R. Mateus and H. & Koukkari, "Building sustainability assessment," Sustainability, 2(7), pp. 

2010-2023., 2010.  

[20] N. Nurokhman, H. Kristiyanto and M. R. Iskandar, "Evaluation of Destructive and Non-Destructive Testing of 

Existing Hotel Structures for Shopping Centre Conversion," Asian Journal of Engineering, Social and Health 

Vol 3 (7), pp. 1575-1583, 2024.  

[21] A. Straub, "Estimating the Service Lives of Building Products in Use," Journal of Civil Engineering and 

Architecture 9 , pp. 331-340; doi: 10.17265/1934-7359/2015.03.011 , 2015.  

[22] W. P. S. Dias, "Factors influencing the service life of buildings," Engineer: ournal of the Institution of 

Engineers, Sri Lanka,, p. 46(4)., 2013.  

[23] J. R. Krentowski, "Assessment of destructive impact of different factors on concrete structures durability. 

Materials," Materials, 15(1), p. 225, 2021.  

[24] H. Mulyandari, "Tipologi Perubahan Fungsi Lahan Bangunan Di Perkotaan Studi Kasus Perkembangan 

Bangunan Komersial Penggal Jalan Monjali–Jalan Abu Bakar Ali Yogyakarta," Jurnal Teknik Sipil dan 

Perencanaan, 16(2), pp. 151-162., 2014.  

[25] J. Jablonska and E. & Trocka-Leszczynska, "Reconstruction with a change of function–ergonomics of the hotel 

environment. In Advances in Human Factors in Architecture, Sustainable Urban Planning and Infrastructure," 

in Proceedings of the AHFE 2019, Interna, 2020.  

[26] B. B. Tefera and A. G. & Tarekegn, "Non-Destructive Testing Techniques for Condition Assessment of 

Concrete Structures: A Review.," American Journal of Civil Engineering, pp. 10-13, 2025 (13).  

[27] M. Shariati and e. al., "Assessing the strength of reinforced concrete structures through Ultrasonic Pulse 

Velocity and crete structures through Ultrasonic Pulse Velocity and Schmidt Rebound Hammer tests," 

Scientific Research and Essays, pp. 213-220, 2011. 6(1).  

[28] K. Sanchez and N. Tarranza, "Reliability of rebound hammer test in concrete compressive strength estimation," 

Int. J. Adv. Agric. Environ. Eng, pp. 198-202., 2014. 1(2).  

[29] Z. Citra, P. D. Wibowo, Y. Malinda, A. Wibisono and R. & Apdeni, "Evaluation of Concrete Quality with Core 

Drill Test Based on SNI 2847-2019 on Column Structure of Laboratory Building," CIVED, 10(2), pp. 603-

609., 2023.  

[30] R. Šadzevičius, T. Sankauskienė and P. & Milius, "Šadzevičius, R., Sankauskienė, T., & Milius, P. (2015). 

Comparison of concrete compressive strength values obtained using rebound hammer and drilled core 

specimens. In International scientific conference RURAL DEVELOPMENT 2017.," in In International 

scientific conference RURAL DEVELOPMENT 2017, Lithuania, 2015.  

[31] I. M. Alshaikh and A. M. & Zeyad, "Reliability of the tests’ results of Schmidt Hammer and core cutting for 

assessing actual compressive strength of concrete," Journal of Building Pathology and Rehabilitation, 7(1), p. 

70., 2022.  

[32] M. Hammad, A. Bahrami, S. A. Khokhar and R. A. & Khushnood, "A State-of-the-art review on structural 

strengthening techniques with FRPs: effectiveness, shortcomings, and future research directions," Materials, 

17(6), p. 1408., 2024.  

[33] T. C. Triantafillou, "Strengthening of structures with advanced FRPs," Progress in Structural Engineering and 

Materials, 1(2), pp. 126-134., 1998.  

[34] S. Hong, S. Yoon, J. Kim, C. K. S. Lee and Y. & Lee, "Evaluation of condition of concrete structures using 

ultrasonic pulse velocity method," Applied Sciences, 10(2), p. 706, 2020.  

[35] S. R. a. M. Z. Md. Safiuddin, "Effect of Different Curing Methods on the Properties of Microsilica Concrete," 

Australian Journal of Basic and Applied Sciences, 1(2), pp. 87-95, 2007.  

[36] H. S. Al-Aasm, "Empirical formula for assessment concrete compressive strength by using ultrasonic pulse 

velocity," International Journal of Engineering & Technology, 7(4.20), pp. 113-117., 2018.  

[37] G. Leyi, Z. Wei, Z. Jing and H. & Songling, "Mechanics analysis and simulation of material Brinell hardness 

measurement," Measurement, 44(10), pp. 2129-2137, 2011.  

[38] N. Nurokhman, H. Kristiyanto, M. Iskandar and E. Masduq, "Evaluation of Destructive and Non-Destructive 

Testing of Existing Hotel Structures for Shopping Centre Conversion," Asian Journal of Engineering, Social 

and Health, vol. 3, no. 1, pp. 1575-1583, 2024.  

 

 
 


