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Comparative Evaluation of Concrete Compressive Strength According to the Type
of Apartment Building Finishing Materials Using Nondestructive Testing

Seong-Uk Hong'"

Abstract: In the case of apartment building, it is difficult to conduct non-destructive testing due to the actual presence of people and the dust and

noise generated during the core test, so inspections are performed each time in the common area and underground parking lot, and the tests are conducted
on the finishing material rather than on the concrete surface due to low-cost orders. As the process progresses, poor inspection is inevitable. In addition,
the proposed formulas for strength estimation have large fluctuations depending on the differences in test conditions and environments, and even if

they show the same measured value, the deviation between each proposed formula is large, making it difficult to accurately estimate strength, making

it difficult to use. Accordingly, we would like to select finishing materials mainly used in apartment complexes and compare and evaluate the compressive
strength of concrete according to the type of finishing material by using non-destructive testing methods directly on the finishing materials without
removing the finishing materials. The reliability evaluation results of the estimated compressive strength of concrete using the ultrasonic velocity method
according to the type of finishing material are as follows. The error rate between the estimated compressive strength and compressive strength derived
through the ultrasonic velocity method shows a wide range of variation, ranging from 21.83% to 58.89%. The effect of the presence or absence of

finishing materials on the estimated compressive strength was found to be insignificant. Accordingly, it is necessary to select more types of finishing

materials and study ultrasonic velocity methods according to the presence or absence of finishing materials, and to study estimation techniques that

can increase reliability.
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Table 1 Specimen list .
Finishing Finished  Design 0
No - Specimen materials surface  Strength EA
1 UFC - - 3 500
2 SFC-1 Coat 1 3
3 SFC-2 Patterned coat 1 3 (b) Mlxmg
4 PFC Water based paint 1 21 MPa 3
5 WEC-1 Wall paper 1 3
6 WFC-2  Wall paper(silk) 1 3
7 WFC-3 Wall papet:(sﬂk) | 3
embossing
UFC : Unfinished concrete
SFC : Spray finished concrete
PFC : Paint finished concrete
WEFC : Wall paper finished concrete (c) Compaction (d) Finish
Fig. 1 Concrete Specimen
Table 2 Mixing ratio of concrete
Unit weight [kg/m’]
Maximum size of coarse aggregate  Slump  Air content ~ W/C S/a Aggregate AE
[mm] [mm] [%0] [%0] [%0] Water Cement —— .
Fine Coarse Water reducing agent
25 80 5~7 51 44 156 306 797 1034 1.830

J. Korea Inst. Struct. Maint. Insp. 33



AletAT) AL el AHH T A PA=KS F 2731 (KS,
2023) 2 ASTM C 597 (ASTM, 2023)0l| &35} Fig. 29} 74|
Tt 2A4H 2g9&EEE A3 A7(Kim et al. 2016;
Hisham nad Qasrawi, 2000; Roh, 2001; Oh,1987)°ll &]3F 4
215 B3l 2B E 4FAEE FHSATE ZAXEE 9
&) 2§33+ A A= KS F 2405 (KS, 2022)0ll F31o] Fig, 29}
Zo] ZAE FAEE SHSIAT

w

Al 24
gz

rl

A ol me A E =7t =et %@%‘%— =
£ vl Jrlelr] 98 2e9EEE ST 2905 E 3
TS 7 A UFC+=3784.67Tm/s, SFC1+= 3979m/s, SFC2
£ 3916.67m/s, PFCE= 3890.67m/s, WFC1<L 4028.67m/s,
WEFC2+ 4096.33m/s, WFC3+E 4318.5m/s 2 Fig. 33} Zo] U

(a) Ultrasonic pulse velocity
method

(b) Compressive strength test

Fig. 2 Experiment methods
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Fig. 3 The average value of ultrasonic pulse velocity method
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18.50MPa, WFC1- 16.48MPa, WFC2+: 19.04MPa, WFC3+=
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=] k< ) z}g«] W #4342 Table 301 VJERATEH
FAZEO Htgk JJrUFC 19.37MPa, SFC1-2-23.55MPa,
SFC2+= 222MPa, PFCE 21.65MPa, WFC1- 24.6MPa,
WFC2+ 26.06MPa, WFC3= 30.83MPa® UERIT 547
Zo} FEAEE vusly =EH oAl Fda A
UFCE 3.9%, SFC1S 35.44%, SFC2¥ 14.73%, PFCE
17.24%, WFC1-252.71%, WFC2E 41.76%, WEC3E 40.47%
2 YT
JEA S 8}3] A=
datd FAJEAEE =
=2 w3 Q82 HFZhS Table 4a+7 lUrE}kkE‘r.
FA7=0] Btk A7 UFCE 27.46MPa, SFC1-S-29.48MPa,
SFC2+ 28.83MPa, PFCE 28.56MPa, WFC1-S 29.99MPa,

Table 3 The average value of Architectural Institute of Japan ultrasonic
pulse velocity method

Compressive  Estimated  Error
. UPV .

Specimen (m/s) strength strength ratio

(MPa) (MPa) (%)

UFC-U 3784.67 20.17 19.37 3.9
SFC1-U 3979 17.83 23.55 35.44
SFC2-U 3916.67 19.87 222 14.73
PFC-U 3890.67 18.5 21.65 17.24
WFC1-U 4028.67 16.48 24.60 52.71
WFC2-U 4096.33 19.04 26.06 41.76
WFC3-U 4318.5 21.97 30.83 40.47
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Fig. 4 The average value of compressive strength



WEFC2+ 30.69MPa, WFC3+= 33.01MPa® UERIT 547
=9} ASHEE vwstd =F2H 3-89 Hia 2
UFC=36.25%, SFC1-270%, SFC2E46.3%, PECE 54.64%,
WEFC1< 88.1%, WFC2E 66.64%, WFC3+= 50.31%% LFEk

4% 25HEEE AV edTA ASAE T2

5 AUSHEE =239 FAUASA =} =57
2 AE-0] HFES Table 53 2o] Uelith =
=9 FAHAES Bgk 23 UFCE 17.64MPa, SFC12
2423MPa, SFC2= 22.1MPa, PFCE 21.23MPa, WFC1-&
25.85MPa, WFC2+=28.14MPa, WFC3+ 35.67MPaZ WERs}
o A=) AFAEE vlusty =EH 23480 HiF
Z A3} UFCE 12.51%, SFC1-E 39.03%, SFC2E 15.37%,
PFCE 15.01%, WFC1-259.06%, WEC2+ 53.37%, WFC3+
62.58%% L EFTE

Table 4 The average value of Materials Research Society of Japan
ultrasonic pulse velocity method

Compressive  Estimated Error
. UPV .

Specimen (ms) strength strength ratio
(MPa) (MPa) (%)

UFC-U 3784.67 20.17 27.46 36.25
SFC1-U 3979 17.83 29.48 70.00
SFC2-U 3916.67 19.87 28.83 46.3
PFC-U 3890.67 18.5 28.56 54.64
WFC1-U  4028.67 16.48 29.99 88.1
WFC2-U  4096.33 19.04 30.69 66.64
WEFC3-U 4318.5 21.97 33.01 50.31

SFC1-& 20.7MPa, SFC2: 17.17MPa, PFCE 15.67MPa,
WEFC1<23.49MPa, WFC2+ 27.35MPa, WFC3+ 39.99MPa
2 UeRth A=} 4SAEE vlusty E5H 24t
2] HH#k A3} UFCE 52.28%, SFC1L 18.09%, SFC2+=
21.67%, PFC= 17.41%, WFEC1-2 41.33%, WFC2E 49.61%,
WEFC3+ 82.4% 2 LERSTE

4% 2594 T E /8 A7 (Hisham and Qasrawi, 2000)
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Table 6 The average value of Kim’s ultrasonic pulse velocity method

Compressive  Estimated  Error
. UPV .

Specimen (m/s) strength strength ratio
(MPa) (MPa) (%)

UFC-U 3784.67 20.17 9.63 52.28
SFC1-U 3979 17.83 20.7 18.09
SFC2-U 3916.67 19.87 17.17 21.67
PFC-U 3890.67 18.5 15.67 17.41
WFC1-U 4028.67 16.48 23.49 41.33
WFC2-U 4096.33 19.04 27.35 49.61
WFC3-U 4318.5 21.97 39.99 824

Table S The average value of KEPCO Research institute of Technology
ultrasonic pulse velocity method

Table 7 The average value of Qasrawi’s ultrasonic pulse velocity
method

Compressive  Estimated Error Compressive  Estimated Error

. UPV . . UPV .
Specimen (ms) strength strength ratio Specimen (ms) strength strength ratio
(MPa) (MPa) (%) (MPa) (MPa) (%)

UFC-U 3784.67 20.17 17.64 12.51 UFC-U 3784.67 20.17 9.90 50.92
SFC1-U 3979 17.83 24.23 39.03 SFC1-U 3979 17.83 17.03 9.52
SFC2-U 3916.67 19.87 22.1 15.37 SFC2-U 3916.67 19.87 14.77 25.07
PFC-U 3890.67 18.5 21.23 15.01 PFC-U 3890.67 18.5 13.79 25.30
WFC1-U  4028.67 16.48 25.85 59.06 WEFC1-U 4028.67 16.48 18.83 14.40
WEFC2-U  4096.33 19.04 28.14 53.37 WFC2-U 4096.33 19.04 21.32 19.96
WEFC3-U 4318.5 21.97 35.67 62.58 WFC3-U 4318.5 21.97 29.46 34.36
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o} FEA=E W Q242 PFFS Table 87} Zo] 1}
Bt =29 FAAES] Hgk 23 UFC+ 15.77MPa,
SFC1< 23.28MPa, SFC2= 20.97MPa, PFCE 19.98MPa,

WFC1 25.1MPa, WFC2+ 27.63MPa, WFC3+ 35.9MPa=

Table 8 The average value of Roh Yoon-gi’s ultrasonic pulse velocity
method

Uelgth F9705e) ASHEE vwsl] =5 289
Hi+4k A3} UFCE 20.47%, SFC1-L-33.42%, SFC2+= 13.17%,
PFCE 8.25%, WEC1-2 53.93%, WFC2+ 50.65%, WFC3+
63.65%% UERSTE

Table 9 The average value of Changhee-Oh’s ultrasonic pulse
velocity method

Compressive  Estimated Error Compressive  Estimated  Error
. UpPVvV . . UpPVv .

Specimen (m/s) strength strength ratio Specimen (m/s) strength strength ratio
(MPa) (MPa) (%) (MPa) (MPa) (%)

UFC-U 3784.67 20.17 15.77 20.47 UFC-U 3784.67 20.17 19.14 5.06
SFC1-U 3979 17.83 23.28 33.42 SFC1-U 3979 17.83 22.09 27.18
SFC2-U 3916.67 19.87 20.97 13.17 SFC2-U 3916.67 19.87 21.13 12.1
PFC-U 3890.67 18.5 19.98 8.25 PFC-U 3890.67 18.5 20.75 12.35
WFC1-U 4028.67 16.48 25.10 53.93 WEFC1-U 4028.67 16.48 22.83 4233
WFC2-U 4096.33 19.04 27.63 50.65 WEC2-U 4096.33 19.04 23.86 29.72
WEFC3-U 4318.5 21.97 35.90 63.65 WEFC3-U 4318.5 21.97 27.24 24.09

Table 10 Experimental results

Estimated compressive strength (MPa)

. UPV  Compressive strength (1) (2) 3) 4) (5) (6) )
Specimen -
(m/s) (MPa) Error Ratio (%)
) @ €)) “ () (0) Q)
19.37 27.46 17.64 9.63 9.90 15.77 19.14
UFC 3784.67 20.17
39 36.25 12.51 52.28 50.92 20.47 5.06
23.55 29.48 24.23 20.7 17.03 23.28 22.09
SFC1 3979 17.83
35.44 70.00 39.03 18.09 9.52 33.42 27.18
222 28.83 22.1 17.17 14.77 20.97 21.13
SFC2 3916.67 19.87
14.73 46.3 15.37 21.67 25.07 13.17 12.10
21.65 28.56 21.23 15.67 13.79 19.98 20.75
PFC 3890.67 18.5
17.24 54.64 15.01 17.41 25.30 8.25 12.35
24.60 29.99 25.85 23.49 18.83 25.10 22.83
WEFC1 4028.67 16.48
52.71 88.1 59.06 4133 14.40 53.93 42.33
26.06 30.69 28.14 27.35 21.32 27.63 23.86
WFC2 4096.33 19.04
41.76 66.64 53.37 49.61 19.96 50.65 29.72
30.83 33.01 35.67 39.99 29.46 35.90 27.24
WEC3 4318.5 21.97
40.47 50.31 62.58 82.40 34.36 63.65 24.09
Average of error ratio - - 29.46 58.89 36.70 40.40 25.65 34.79 21.83
(1) Fc=21.5VP-62.0 Architectural Institute of Japan
L. (2) Fc=10.4Vrp-11.9 Materials Research Society of Japan
Existing
Compressive (3) Fc=33.91Vr-110.7 KEPCO Research institute of Technology
Strength (4) Fc =56.974Vp- 206 Kim et al
Estimation (5) Fc = 36.72Vp - 129.077 Qasrawi
Equation .
(6) Fc=(372.7Vp - 1250.2)x0.1 Roh Yoon-gi
(7) Fe=(152Vp - 383.9 )x0.1 Changhee Oh

36 SIRIPESFICL XM RG] =2 F M 287 M12(2024. 2)
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