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Abstract - When steel bridges are exposed to fire, visual inspection after extinguishing the fire is essential to check safety of the
steel bridge and to immediately carry out emergency countermeasures such as stopping or passing of vehicles. In evaluation of
safety, serviceability and maintenance of a steel bridge, elevated temperatures and duration time affecting the mechanical pro-
perties of steels should be estimated rapidly after the fire. In this study, heat tests are carried out to examine visually the change
on the surface condition of heavy-duty paintings using an electric furnace. Steel plates are painted with four types of heavy-duty
painting systems of urethane, ceramic urethane, polysiloxane, and fluorocarbon and the steel plates were subject to temperature
at 100 °C, 150 °C, 200 °C, 250 °C, 300 °C, 400 °C, 500 °C, 600 °C for 30 and 60 minutes, respectively. The change in painted
steel surface such as color, glossiness, adhesion, delamination and cracking was investigated depending on the temperature and
duration. As a result, a visual inspection approach for estimating fire temperature and allowable temperature for weathering per-
formance of the heavy-duty paint systems are 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%)

C Si Mn P S

0.150 0.100 0.390 0.014 0.007

Urethane Ceramic Polysiloxane Fluorocarbon

Fig. 1. Painted test specimens

. Painting layer Designed film
Symbol Painting type thickness
y (Type I)
yp 1st 2nd 3rd (um)
Epoxy primer High solid epoxy Urethane
U Urethane (75 yum) (100 zm) (80 um) 255
. Ceramic protective paint | Ceramic protective paint Ceramic urethane
C Ceramic (75 yum) (100 zm) (80 um) 255
. Epoxy primer High solid epoxy Polysiloxane
S Polysiloxane (75 um) (100 zzm) (30 um) 255
Epoxy primer High solid epoxy Fluorocarbon
F Fluorocarbon (75 um) (100 zzm) (50 um) 225
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Table 4. Total number of test specimens

Duration time (minute)
30 60

Temperature
O

100
150
200
250
300
400
500
600

U
7
7
7
7
7

SRS RN N [ RS )
ST IS T S B B B AP T I 75}
ST RN T S B BN R IS T s

— | = |=|a|a|a|la|a|C
— == ||| O
———_= | N NN ||
— == || ||| T

23318 BARE 7|2 7B

& Aol A= ShA YA o TRt SHA] 2= oF R[5 A]
2o SIS HARSR | ffete] A7|=E ol &8st 71
AldE A
17|28 o] 8 7142 HA 51 2574 7=
AU o] 2 A7 AL, FH 250 =E5id, A
A ol 5 JHuI5te] AlHS ARSI 302 Es 6027F
7FEsHATt.

A e ol A[E S AA517] A5kl AU otE 7iH
73 A Ul 227 DAIA S & AstsHA Ht. 2 A
ol AR A7 2= AU o] 27t SR e

SRR ()

¢

SEEE= A7 oF 10202 ZgF o], 7Fd2r9] 2|4
At 3023 60-29] AlF2 A7 2 SEARR 125t

=

=]
1_0'11'.‘
A =

-
o Al T 5 27 4023 70:27F 7HE el

18]+ 4718 - - g - e

(587 el mEH, =AY T A0 A2
&

QP TS 0.2 B o] Brhe 5 e,

ARSI WA} 5 AJo] o] held
A E gl TAste] Brhste, A S-S LA
=g wel, 9, 25, Waolate] 471X £ st
A 2A3}e] B71gc

A S0 e m o] -2 W7t
57] gistol 47bAle) £ s}, A, 23 AHAY
ofli= 4 =lo] QA kA, EA0] st wtel de) Abg
1 gl o] R 9 FEES Sslel JTEEE
A B W BIse % A
32] AH IERO] FolrAlo] TASte] ALt
7V, A, Y 8 RS Sstel B s
R EERFUT

B, Y W B AW AR, B, R
Folod, 2 H91 0 3514 25}
of 3}, FeE 9 BAL A

o

R

3. 71949 A%
3.1 £ubo] FwAe] B}

HALEe} A|&Alho] e AlHe] TeyE WS
Fig. 3%} Table 59 elstsich. WA SARAU)2 42
71257} 57Fsto] whet 200 °ColA] AR Alpstel,
250 °ColA] Egt5HA) A= 9ich. 1231 250 Col A 3
o Aol 24 ot 2o WAysheor, 300 °CoA
ujo] B3 79 9 vhelrt @A WAt

ShHl 7 7P R.9) A4 AIKE 308, 6050 w2 WAy E
= ohukel o] AR Holi= 1w kot

=201 = A3 U A 2(FE A|1702) 20219 24 55



S0 ofah Ut FuMA] A o] AT Esio] Bt AF A A7

Symbol Duration time Temperature (°C)

ey Initial 200°C | 250°C | 300°C
30

8]
60
30

C
60
30

S
60
30

F
60

Fig. 3. Surface condition according to temperature and duration time
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Table 5. Change in surface condition
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Temperature and duration time (minute)
Symbol Suiftiee 100 °C 150 °C 200 °C 250 °C 300 °C 400 °C 500 °C 600 °C
condition
30 | 60 | 30 | 60 | 30 | 60 | 30 | 60 | 30 | 60 30 30 30
Discoloration o o o o A A x x x x x X X
U
Delamination o o o o o o x x x x x X x
Discoloration o o o o o o A A x x x X X
C
Delamination o o o o o o o o AN A X X X
Discoloration o o o o o o A A x x x X X
S
Delamination o o o o o o A A x x X X x
Discoloration o o o o o o A A x x x X X
F
Delamination o o o o o o o o x x X X x
o: extremely slight change, 2\ : marked change, x: extremely marked change
Svmbol Duration time Temperature (°C)
ym (min)
U 60
C 60
S 60
F 60

Fig. 4. Magnified surface condition (x20)
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Table 6. Discoloration and delamination

Surface Temperature (°C)
diti Symbol
condtion 100 | 150 | 200 | 250 | 300 |> 400
U O o AN X X X
Discoloration
C,S,F o o o A X X
U o (e} o X X X
S o o ) yAN X X
Delamination
F o o o o X X
C o o o o AN X
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Fig. 5. Residual glossiness
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Table 7. National Bureau of Standards (NBS) ratings

0.0-0.5 Trace (extremely slight change)
0.5-1.5 Slight (slight change) o
1.5-3.0 Noticeable (perceivable change)
3.0-6.0 Appreciable (marked change)
6.0-12.0 Much (extremely marked change) °
12.0 - Very much (change to other color) x
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Table 8. Color difference

Surface Temperature (°C)
diti Symbol
condition 100 | 150 | 200 | 250 | 300
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Table 9. Adhesion of paint film

Average adhesion (MPa)
Symbol
Initial | 100 °C | 150 °C | 200 °C | 250 °C | 300 °C
U 426 | 438 | 535 | 5.23 - -
S 387 | 409 | 559 | 563 | 5.12 | 4.66
C 431 | 391 | 428 | 507 | 560 | 459
F 517 | 517 | 633 | 7.25 | 6.06 -
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Table 10. Durability of heavy-duty painted steel

Symbol Surfage Temperature (°C)
condition 100 | 150 | 200 | 250 | 300
Color difference | o o X x x
Adhesion o o o - -
18]

Delamination o o o X x
Glossiness o o x x x

Color difference | o o VAN x x
Adhesion o o o o o

> Delamination o o o A x
Glossiness o o o x x

Color difference | o o AN x x
Adhesion o o o o o

¢ Delamination o o o o AN
Glossiness o o o x x

Color difference | o o o x X
Adhesion o o o x -

F Delamination o o o o x
Glossiness o o o x X
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