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Assessment of Fire-Damaged Mortar using Color image Analysis

Kwang-Min Park'™, Byung-Do Lee?, Sung-Hun Yoo®, Nam-Hyuk Ham®, Young-Sook Roh’

Abstract: The purpose of this study is to assess a fire-damaged concrete structure using a digital camera and image processing software. To simulate
it, mortar and paste samples of W/C=0.5(general strength) and 0.3(high strength) were put into an electric furnace and simulated from 100 C to
1000 C. Here, the paste was processed into a powder to measure CIELAB chromaticity, and the samples were taken with a digital camera. The RGB
chromaticity was measured by color intensity analyzer software. As a result, the residual compressive strength of W/C=0.5 and 0.3 was 87.2 % and
86.7 % at the heating temperature of 400 “C. However there was a sudden decrease in strength at the temperature above 500 °C, while the residual
compressive strength of W/C=0.5 and 0.3 was 55.2 % and 51.9 % of residual strength. At the temperature 700 ‘C or higher, W/C=0.5 and W/C=0.3
show 26.3% and 27.8% of residual strength, so that the durability of the structure could not be secured. The results of L*a*b color analysis show that
b* increases rapidly after 700 C. It is analyzed that the intensity of yellow becomes strong after 700 ‘C. Further, the RGB analysis found that the
histogram kurtosis and frequency of Red and Green increases after 700 C. It is analyzed that number of Red and Green pixels are increased. Therefore,
it is deemed possible to estimate the degree of damage by checking the change in yellow(b* or R+G) when analyzing the chromaticity of the fire-damaged

concrete structures.
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Fig. 1 CIELAB(L*a*b) color space
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Fig. 2 CIELAB(L*a*b) color space
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Fig. 4 Compressive strength and mass loss ratio as a function of fire
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Fig. 5 Compressive strength and mass loss ratio as a function
of fire exposure (W/C=0.3)
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Table 2 Color Information of heated paste powder
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9 Relationship between temperature and L*, a* and b* components

w/C Temp CIELAB RGB(sRGB color space) HEX Color Code Color description of
L a* b* R G B of RGB HEX Color Code
20 76.9 -0.87 5.78 192.8 189.9 179.2 #COBDB3 Grayish yellow
100 80.8 -0.96 5.00 202.9 200.8 191.2 #CAC8BF Grayish yellow
200 80.2 -1.04 5.74 201.6 199.1 188.2 #C9C7BC Grayish yellow
300 78.9 -0.85 7.39 199.7 195.3 181.6 #C7C3B5 Grayish yellow
400 77.6 -1.04 7.95 196.2 191.8 177.1 #C4BFB1 Grayish orange
0.5 500 76.3 -1.10 8.31 192.7 188.2 172.9 #COBCAC Grayish yellow
600 71.2 -0.67 8.28 179.5 174.1 159.3 #B3AE9F Grayish yellow
700 68.1 -0.58 8.66 171.6 165.7 150.4 #ABA596 Dark grayish orange
800 69.9 -0.48 10.56 178.0 170.4 151.8 #B2AA97 Dark grayish orange
900 70.9 -0.31 12.64 182.4 172.8 150.6 #B6AC96 Grayish orange.
1 000 68.8 0.24 13.73 178.4 166.8 143.2 #B2A68F Dark grayish orange
20 71.5 -0.53 5.42 178.5 175.0 165.3 #B2AFAS5 Dark grayish orange
100 74.9 -0.77 4.69 186.7 184.5 175.7 #BABSAF Grayish yellow
200 74.8 -0.85 5.05 186.6 184.2 174.8 #BABSAE Grayish yellow
300 74.4 -0.85 5.75 186.0 183.1 172.5 #BAB7AC Grayish yellow
400 72.0 -1.01 6.03 179.4 176.6 165.5 #B3B0AS5 Grayish yellow
0.3 500 70.9 -0.94 6.32 176.8 173.6 162.0 #BOADA2 Dark grayish orange
600 69.8 -0.68 6.60 174.5 170.5 158.6 #AEAA9E Dark grayish orange
700 68.7 -0.81 7.69 172.1 167.5 153.7 #ACA799 Dark grayish orange
800 67.7 -0.69 9.61 171.0 164.7 147.7 #ABA493 Dark grayish orange
900 68.9 -0.62 11.56 175.7 167.7 147.3 #AFA793 Dark grayish orange
1 000 67.9 -0.04 13.13 175.1 164.6 141.9 #AFA48D Dark grayish orange
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Fig. 10 Relationship between temperature and max. Frequency (R and G)
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Fig. 11 Relationship between temperature and Red color histogram
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Fig. 12 Relationship between temperature and Green color histogram

J. Korea Inst. Struct. Maint. Insp.

89



u] ] 3} ol A o] A 7% (pixel intensity) S UERNH, Y=
2 A ¥ %(pixel frequency)E YERATEH
b* A= B3 U314 700 CTo] ol A Red X Green A4
o W=7t olA™ 900 CollA Hoigko] Yelbdth o=
L*a*b A9} 5U3HA 700 ColZo) A FAa o] g Al
EV}EolR= A2 AT, W/C=0.52] Red A4 Rl T=+=
700 ‘Coll 41 40 177°] 900 CollA 69 149 = =03 2™, Green
Al I =40 051004 71 1592 o3RI Th W/C=0.32] Red
AU = =33 4119014 44 191 2 =01 ™, Green A4 11
TE32 727914 43 6792 =0l T
700 C 2 900 Coll s Fsl= 3| 2E13 2] § o] M3
e Ae gRlsigon, 84s Aoz Adatr] 95t
o =5 B39 HE W/IC=0.52] Red 3|2E1# HE=
700 ‘CollA 11.96°] 900 CollA] 22.99F =04 2™, Green
S| 2ET# HEE 1150004 23.522 sobHTh W/iC=0.39]
Red 3|2ETH HEE 87394 13.8302 =olxom,
Green 3| 2E 13 HEE 839004 13.342 SolX
AEZ 072 2571 sl Wt Red 2 Greend] 24)(3}
Ao BolA = A& 1T = AR TE =3 Fig. 11 Z 129]]
= W/C=0.5 & 0.3 EF Red pixel intensity= 19814
223, Green pixel intensity = 21594 238 Alo]ol] FE-3E & o] Q)
o, 7tE 250 WE zpo]= vH|EkATh

>

5.8 E

7t 23e) W R2ER ] FEAE 2 Ho|AE A
Hdz‘z}dl J?&r?‘f AT A vt 22 AES QAT =3 Y

S W ARE T AR 1% ALE 2851 9
alof A%2Ql A AR TEo| Basih

1) 71E 2% 400 C 7M1 & ¢t 5 7HE8-0] W/C=0.52
87.2 %, W/C=0.3286.7 % +=2| = £45 E?&E}.
T2 500 C ol 3ol A 543 Z= AskF Uebst
], W/C=0.5= 55.2 %, W/C=0.3251.9 %2 %%7&5
EEo] YERTH 700 C ol A= W/C=0.5+= 12.7 %,
W/C=0.310.0 % 2] =4 5= HE8-0] YeEhstt)

90 SIRPEZFICL XRS5 =27 H 233 M 3E(2019. 5)

2) L*a*b £4] A3} 700 C o] FHE b*7} FA3] HolA &=
A7} el 0] 700 ol 5o A gt o] 77}
A= Ao s BA=ELH

3) RGB 4] A3 700 C o] FHE R & G| 3| ~E 1
=7} EokA = Z21e gRlstit ol =E3AR +G)
o] HA 4y 0] BolA= 2l o8 B HT

018 FAMIH 7| Y7 AtA T Y 71 LALY
ol 3@ AT 7A(52635433) ILITh ool 7+

o A
2 rlo
)

fo
N
o
il

O

References

1. Wikipedia. Available at : wikipedia.org/wiki/CIELAB color_space
Kang Y.H. (2014), Compressive Properties of Ultra High Strength
Concrete Exposed to High Temperature, Journal of the Korea
Concrete Institute, 26(3), 377-384
3. Hancock, C, Roberts, G.W. (2012), Detecting Fire Damaged
Concrete Using Laser Scanning, International Federation of
Surveyors(FIG) Working Week, Rome, Italy, 6-10 May
4. Luo, H.L, Lin, D.F, Yu, C.C, Chen, L.Y. (2013), Application of
Different HSI Color Models to Detect Fire-Damaged Mortar,
International Journal of Transportation Science and Technology,
2(4), 303-316
5. Khoury, G.A. (1992), Compressive strength of concrete at high
temperatures : a reassessment, Magazine of Concrete Research, 44
(161),291-309
6. Piasta, J. (1989), Heat deformation of cement phases and
microstructure of cement paste, Materials and Structures,
17(102), 415-420
7. color-hex. Available at : https://www.color-hex.com

N

Received : 01/21/2019
Revised : 01/24/2019
Accepted : 01/30/2019



2 X :EATEFA DS YL EIYE FXEL UXE FhE} D o] x| T2A|A AZE OIS BEte] E4E HIIE 5] 9
3l 71 % Aot} o] 2 8l W/C=0.5(LRE 4 5) D 0.3(2AE) Y 22 D o] AE AR E A7) 2] Yo 100 TollA 1000 CT7HA 3141
& ZARE T EAE D AT 248 B35 o 7| A Hlo] 2Ex ROy e 2 71851 CIELAB A =5 243191, t A4 71w}
ZAEE ZYS T A4 A= B4 (color-intensity analyzer) 2ZE O] Z RGB M =& SA3Ith 1 23 7149 25400 C 7= 4574
E ZEEE0] W/IC=0.55 87.2 %, W/C=0.3-286.7 % 2] HE &4 AT 211} 500 C o)A s F4% 4= Ashy| Yehg o,
W/C=0.5%55.2 %, W/C=0.3-251.9 %2] &&= zkE8-0) YERT 700 C o)/doll = W/C=0.5526.3 %, W/C=0.3-227.8 % o.2H +x
E TS FRE 5 Gl FFoI AU L*arb 4 A7 700 T o] FHE] b*7t F23] ol & A7t Uelth o] 700 Co] ol A =
T F=7t A A= AL 2 AR T8 RGB 4 A7 700 C o] SHE| R D GO 5| ~E0F HE D W=Vt HolAe A& RIS
th o= R % G HA(SR)o] ol Aoz Bt ek sh4) T8 & Y& T E AT B4 =3 (b £2R+G)Y| WEkE
IRIst= 2082 EF A EE ddste 2lo] 7Hs 8 A o = dAddrt.

HAMLO : ZIYE 712 A F&, ot ek A= B CIELAB A A A|, RGB A A A|
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