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An Approach for Estimating Heated Temperature in Steel Bridge
Based on Surface Condition Change of Heavy-Duty Painting Systems
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Abstract - In this study, an approach for quickly estimating the heated temperature of a fire damaged steel bridge by visual in-
spection was experimentally studied. In the test, 4 types of general heavy-duty painting systems of urethane, polysiloxane, cer-
amic, and fluorocarbon according to the Korean Construction Specifications (KCS 14 31 40) were heated by electric and gas
furnace equipments. The heating temperatures are 200 °C, 300 °C, 400 °C, 500 °C, 600 °C and heating duration time is fixed at
30 minutes. From the test results, the difference of paint surface change according to the types of painting systems and heating
methods was not significant and the heated temperature could be estimated from the change in paint surface change. Visual in-
spection procedure for judging traffic restriction or resumption was proposed.
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Table 3. Painting system of specimens
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Table 1. Material properties

Yield Tensile Elongation
Material strength strength at failure
(MPa) (MPa) (%)
SS275 342 416 40
Table 2. Chemical compositions (Unit: wt%)
Material C Si Mn P S
SS275 0.150 0.100 0.390 0.014 0.007
2 3
Fluorocarbon Urethane PolySiloxane Ceramic urethane
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Fig. 1. Painted test specimens
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Paint Painting layer Paint film
Symbol | Painting type 1 thickness
colors Ist 2nd 3rd (um)
Inorganic Zinc High solid epoxy Fluorocarbon
F Fluorocarbon Gray (75 um) (100 zm) (50 zm) 225
. Inorganic Zinc High solid epoxy Urethane
U Urethane White (75 um) (100 zim) (80 um) 255
. . Inorganic Zinc High solid epoxy Polysiloxane
S Siloxane White (75 um) (100 im) (60 um) 235
. Inorganic Zinc Ceramic protective paint Ceramic urethane
C Ceramic Gray (75 um) (100 zm) (75 um) 250
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Table 4. Total number of test specimens

Temperature Electric furnace Gas furnace
) Flu|s|c|F|U|s|cC
200 1 1 1 1 1 1 1 1
300 1 1 1 1 1 1 1 1
400 1 1 1 1 1 1 1 1
500 1 1 1 1 1 1 1 1
600 1 T T T O O I T O R A
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Fig. 2. Electric furnace test setup
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Temperature (°C)

Time (min)

Fig. 4. Temperature changes according to heating time

Table 5. Temperature range and determination of temperature
conditions during actual experiments

Designed Measured .
Brick
temperature | temperature T Gas valve
0 0
200 200 = 30 7 Half open of
2nd valve
300 300 + 24 4 Full open of
2nd valve
Full open of
400 400£35 7 2nd and 3rd valves
Half open of
500 S00:£25 3 2nd and 3rd valves
Full open of
600 600+ 34 3 2nd and 3rd valves
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Fig. 6. Surface condition according to temperature and duration time
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Fig. 6. (Continued)

gafol ol Wsrt. el Y
WISH: 7} 1] eigtel Bt /bl o) e lee)
YR A0 2 B 5 Uk DL e A
e R.5-8 Fig 70 ek

94 =720t = A4 A2 (U A1772) 20226 49

7t Lo e =AY e v SRS m,
Fig. 7(a)°ll WERH 23} o] 7] = 7+ 9] 73-%- 200 °Co]
M 455 ZAAIE 80 % - 83 %2 FHH-3-8-2 e
o™, 300°CE 7t 757 etol wheh B4R Aot A
SEAAI = 9F 70 % =2 ZHAetar, Al A= 26 %, -2



Gloss retention (%)
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Fig. 7. Gloss retention
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Fig. 9. Change between black and white with temperature
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Fig. 10. Change between red and green with temperature
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Fig. 11. Change between yellow and blue with temperature
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Table 6. National Bureau of Standards (NBS) ratings

< Sensitive expression of .
N.B.S unit color difference Rating
0.0-0.5 Trace (extremely slight change)
05-1.5 Slight (slight change) o
1.5-3.0 Noticeable (perceivable change)
3.0-6.0 Appreciable (marked change)
AN
6.0-12.0 Much (extremely marked change)
12.0 - Very much (change to other color) X
50 B Fluorocarbon
B Urethane
B Siloxane
g 40 Ceramic
3 % Change to other color
§ 30 A Marked change
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5 20
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Table 7. Surface change of heavy-duty painting systems

Tem(l?)ecr;l ture Discoloration Paint film condition
100 Extremely slight )
change

. Extremely

200 Slight change slight change
Extremely marked
300 change Blistering, partial
(darkening or delamination

yellowing)
400 Blackening Delamination
500 Whitening Delamination
600 Whitening Delamination
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Slo] 7FF-L = 200°C, 300 °C, 400 °C, 500 °C, 600 °C2] 7}
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A3t
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S7Fatoll whet g A o] S5l dHRlel 2F 10 %-
20 % %= 45k IL, 300 °Coll A BaGA| A A
SAMAE ©F 30 % F %, Al Ao A= of
30 % - 80 % H = 74313tk

(3) 3 & UuksA] wAA o] EH/dE Hsks
B g £ELEE FHY 4 e ARAR
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