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Abstract The thermal characteristics of concrete specimens were analyzed using cement paste specimens with
artificial cracks. In order to understand the temperature characteristics of the specimen depending on the crack depth,
the specimen was heated and the minimum temperatures of the specimens at which cracks appear were investigated
according to the crack depth. It was confirmed that the surface temperature distribution of the specimen varies
depending on whether the specimen is cracked or not, because of the single and multiple reflections of the incident
energy. Furthermore, as the temperature distribution of the specimen reaches a steady state, the temperature data tends
to decrease with the crack depth. Through the observation of the normalized temperatures, it was found that the
temperature of the specimens obtained from this experiment reached a steady state after 10 minutes. At this time,
the standard deviation of the normalized temperature is around 0.01 or less, and the temperature decreases linearly
with increasing crack depth. This result is considered to be closely related to the area where multiple reflections occur
in the cracked region. If the correlation between the crack region and the incident energy is analyzed for various
specimens, it can be applied to the diffuse reflection of the light.
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Fig. 1. Behavior of the incident thermal energy on the

specimen
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Fig. 4. Schematic diagram of the specimen

Table 1. Thermal properties of the specimen
Thermal
diffusivity
(mm/s)

0.53

Thermal
conductivity
(W/m/K)

0.63

Specific heat
capacity
V/g/K)
0.703

Density
(gfem’)

1.71
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Fig. 7. Temperature results on the surface of each
specimen according to the crack depth
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Table 2. Temperature results of all specimens

71&7]

Heating Temperature (°C)
e
1rpc 0 10 mm | 20 mm | 40 mm | 80 mm
(min.) mm
1 61.9 48.4 45.0 46.0 41.6
2 70.0 54.9 51.4 51.0 45.7
3 76.0 60.2 55.9 55.1 48.4
4 80.6 65.0 59.8 58.5 50.5
5 84.7 68.5 63.1 61.6 52.5
10 98.2 81.7 75.7 73.2 60.6
15 107.2 90.7 84.4 81.4 66.9
20 114.0 97.8 91.3 87.7 72.1
25 119.5 103.2 97.7 93.5 77.2
30 123.0 108.2 102.2 97.9 81.1
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095
TE 09}
=
E —. miu
g 0.85F — ::,:, 3::::
2of o im
08F oo |ame
———— 20 min
25 min
sk —=o== 30mi .
0.75 min N
1 L 1 1 L L L L
0 10 20 30 40 50 60 70 80 o0

Crack depth (mm)

Fig. 9. Normalized results of each specimen
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Table 3. Normalized results after 10 minute heating

Heating ti Normalized value
catin, 1me
() 10 20 40 80
mm mm mm mm
10 1 0.9273 0.8959 0.7418
15 1 0.9308 0.8970 0.7378
20 1 0.9333 0.8962 0.7374
25 1 0.9463 0.9064 0.7476
30 1 0.9441 0.9045 0.7494
Standard deviation 0 0.0084 0.0051 0.0055
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Fig. 10. Linear regression of the normalized results
after 10 minute heating

= = =
FUL o131 A Qe 71ES Al
@ ol e L5 B4 A7E st A
HE So]2ER ol §3te] #d Zolh A2 the 579
AR AR on, de AP} RAE AT
FARe] Zdojo] M LEEY Asl Tl ok
(@) DY Bolst LE9| WAS sHota] 9Astel
anel AAewg vusgct
(b) 7t AlHe] & RN LEBOEE HE]
onl, AFFALYS Foto] LEEHE 23}
.
(0) AR A, AR e oo wre) AN EW &
=R} QW oA e |, o wkal oo
g2 MsekS gletglon], At A el 7



HERE TP

S35 4198 A35, 2018

& Aol = ]lske] AP AR Al 0 mm AL
LxdolEE A9lstolrh

(d) Btske AjEe] SrEvolEE o9 417 3]7]
REe] 7)&7] FEAAE 0.0005, y EHe] FFE
AAR= 0.0038019, ofwf A sk SEdlolH S
o] FFuUAk= 001 olgkz v Aitetglar wd
Zolol wet 27k APHOR F2ska Aee
Zelsplk.

() ¥ Ao RS2 Al 2Rdxrt A
el ke e Zoldl wE o]y
7k AddA e sk Al Felsit

mpH o o
;‘5}}; i

A °1]L1XH FHBAE EATTHE SA T (black

cavity)o|2}1 & 4= Qle wE5-9} Yo UH
ol F29)/d(randomness)©] 2 o] WRkA} AE B

A H8F 5 9 Aol

(1]

(2]

[3]

(4]

[3]

(6]

References

B. B. Kang, Y. H. Cho, K. Y. Choe, “Abnormal
Diagnosis Technology Using Infrared Deterioration
Method,” Railway journal, pp. 51-56, December, 2009.

S. Bagavathiappan, B. B. Lahiri, T. Saravanan, J. Philip,
and T. Jayakumar, “Infrared thermography for condition
monitoring - a review,” Infrared Physics & Technology,
pp. 35-55, march, 2013.

DOI: https://doi.org/10.1016/].infrared.2013.03.006

S. Ranjit, K. S. Kang, and W. T. Kim, “Investigation of
lock-in infrared thermography for evaluation of
subsurface defects size and depth,” International Journal
of Precision Engineering and Manufacturing, pp.
2255-2264, October, 2015.

DOI: https://doi.org/10.1007/s12541-015-0290-z

M. Basheer, P. Ravindran, and K. Balasubramaniam, “A
thermographic approach for surface crack depth
evaluation through 3D finite element modeling,” In AIP
Conference Proceedings, pp. 1782-1789, march, 2015.
DOI: https://doi.org/10.1063/1.4914802

J. Qiu, C. Pei, H. Liu, and Z. Chen, “Quantitative
evaluation of surface crack depth with laser spot
thermography,” International Journal of Fatigue, pp.
80-85, February, 2017.

DOL: https://doi.org/10.1016/j.ijfatigue.2017.02.027

F. C. Sham, N. Chen, and L. Long, “Surface crack
detection by flash thermography on concrete surface,”
Insight-Non-Destructive Testing and Condition Monitoring,
pp. 240-243, May, 2008.

DOI: https://doi.org/10.1784/insi.2008.50.5.240

[71 W. J. Parker, R. J. Jenkins, C. P. Butler, and G. L.
Abbott, “Flash method of determining thermal diffusivity,

heat capacity, and thermal conductivity,” Journal of
applied physics, pp. 1679-1684, 1961.
DOI: https:/doi.org/10.1063/1.1728417

H F H(Ju-Yeong Jung) [HE]]]

©2013 2€ : st 7|AAA
(A

020161 8¥ : Uit 7|AAA
Fetah(FsH A

020161 99 ~ &A| : ALY
=979 A7

in Yoon) (A3 2]
©20021d 29 : KAIST 595
8t} (FsHAh
©2006%1 89 : KAIST 595
8ta} (A
¢2011'd 39 ~ &A) : UST H&A

26l Faug
20063 89 ~ @A :
A7 AT

#aw7]

A4 BUEE, G AM, AV

Cho) ("33

Pt
re
X
2
g
z

20109 8¢ : Zdistal 7] A w7}

EREAFET} (A
0201213 2¢ : Addigtnl 7AWz}

ERYxagea} (FEAAD
20159 3€ ~ &A] : Hr)Ed
setdgetn 2REA 2D 7P
(AL



A 7L ol

3t

pal

T ol WE =5

oF =
oF 5

i

3| &(Hui-Seung Yang) [E3]

]

02018 2¢ : Qlstughul A
EREISK))

of

al

A", WEez, 7AEA

89



