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Abstract - To develop a visual inspection method for determining necessity of emergency measures after small scale fire at steel
bridges, this study carried out fire experiments on heavy-duty paintings using an electric furnace. Steel plates were painted with
heavy-duty painting systems of urethane, ceramic urethane, polysiloxane, and flourocarbon stated in Korean Construction
Specification (KCS 14 31 40: 2016 Painting) and they were subject to temperature at 100 °C, 200 °C, 300 °C, 400 °C, 500 °C, 600 °C,
700 °C for 30 minutes, 60 minutes, 120 minutes, respectively. The change in surface state of paint film was investigated depending
on the fire temperature and duration from color change, gloss and paint deterioration (delamination, cracking, blistering). As
a result, the heavy-duty paintings change its color at 200 °C - 300 °C and paint delamination, cracking, blistering are observed

at 300 °C - 400 °C.
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150 mm= HAHRt A% 71 A HS ESAE EHAZ(SSPC
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Table 1. Material properties

Material properties

Specimen Yield Tensile Elongation

stress stress at failure
(MPa) (MPa) (%)

Parent 342 416 40

metal

Table 2. Chemical compositions
Chemical composition (wt%)
C Si Mn P S
0.150 0.100 0.390 0.014 0.007

—

Urethane Ceramic Polysiloxane Fluorocarbon
Al5F3ATt. 88275 73 A o A EAY] A= 4 2 o & Fig. 1. Painted test specimens
Table 3. Coating system of specimens
. Coating layer Measured film
Symbol Cf[)atl:g thickness
yp Ist 2nd 3rd (um)
Epoxy primer High solid epoxy Urethane
U | Uscthane (75 um) (100 m) (80 um) 255
Thermal endurance: continuous 93 °C, intermittent: 121 °C
Ceramic protective paint Ceramic protective paint Ceramic urethane
C Ceramic (75 pm) (100 im) (80 pm) 255
Thermal endurance: continuous 93 °C, intermittent: 121 °C
Epoxy primer High solid epoxy Polysiloxane
P Polysiloxane (75 pum) (100 pum) (80 pum) 255
Thermal endurance: continuous 93 °C, intermittent: 121 °C
Epoxy primer High solid epoxy Fluorocarbon
F Fluorocarbon (75 pm) (100 zim) (50 pm) 225
Thermal endurance: continuous 93 °C, intermittent: 121 °C -
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Table 4. Number of test specimens

Temperature Duration time (minute)

4 30 60 120
100
200
300
400
500
600
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Fig. 3. Change in temperature inside chamber
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Fig. 4. Temperate - time curve
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Fig. 5. Surface condition according to temperature and duration time
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Fig. 5. Surface condition according to temperature and duration time (continued)
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Fig. 5. Surface condition according to temperature and duration time (continued)

Table 5. Change in surface condition

Temperature and duration time (minute)
Symbol Ciﬁ‘('lfi?f:n 100 °C 200 °C 300 °C 400 °C 500 °C 600 °C 700 °C
30 | 60 |120] 30 | 60 (120 30 | 60 [120| 30 | 60 |120| 30 | 60 [120| 30 | 60 |120| 30 | 60 | 120
Discoloration X X X X X X ¢} o ¢} o o o o ¢} o o o o o o ¢}
Y Delamination | X | x | x | x [ x | x | x| x| o|o|]o|o|o|o|o|o|o|OoO|O]O]|oO
Discoloration X X X X X X ¢} o ¢} o o o o ¢} o o o o o o ¢}
¢ Delamination | X | x | x | x [ x | x | x| o|o|o|o|o|o|o|o|Oo|oOo|O]|O]O]|oO
Discoloration | x | x | x |A|A|A]Jo|o|o|]o|o|o|o|o|]o|o|o|]o]|o]|o]|o
? Delamination | X | x | x | x [ x | x | x | x |[A|o|o|o|o|o|o|o|o|o|o]o]|o
Discoloration X X X X X X ¢} o ¢} o ¢} o o ¢} o o o o o o o
F Delamination | X | x | x | x [ x | x |o|o|o|o|o|o|o|o|o|oOo|o|OoO|O]O]|oO
x: extremely slight change, /\: perceivable change, o: extremely marked change
Table 6. Change in surface condition simplified
Suiies Temperature (°C)
Oy 100 200 300 400 500 600 700
Discoloration X x(P) o o o o o
Delamination x x x(F) o o o o
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3.2 200 °Coll A 9] Tut FHA e W}

G UFHA ERALE 200 °CHE] o] LAy
2 Selstert. o] Bk JFH 02 BrIely] gfstol 7t
F2w7200°CU ) U A5 B L M2 =
HelrkFig 6 2.

7HE.% 200 °Co] o] E2h9] =L Table 7] vt
ERd A3} o] 76 - 880f| A4 44 - 622 2F 30 % - 40 % F =

Table 7. Change in glossiness

RIS - I 2 - 1718 - e

AE* = V(AL*)2 + (Aa*)? + (Ab*)2 €))

o714 L'RHE 8718 Toe Ao B} 1Ao) A
2 e, a'ghe BT 22T A, b
L3} S 7he] BAS Lrehdc. el 1 Ak A1
A} 0] 7t gro] Wk Lehiict.

NBS units = AE* x 0.92 @)

Zt TAAO) W AL, Aa’, Ab', AE" 4 NBS 552
Z}Z} Tables 83} Table 99 LFEFU QiTh. S-&|ghA| o] M=}7}

7P 2o, At A, EAarA A, A=A o 208 A
Symbol Before After Reduction ratio (%) A7+ AASA AT E5] A=A E2-L 7}
U 87.9 61.3 30 L 200 °CollA] SRFO 2 E FES] &Rl 7Hs3t 9]
C 79.9 50.7 37 ANZ}71 2EAY ST
P 83.6 59.6 29
Table 8. Color difference
F 76.0 44.6 41
Symbol | AL" | Ad" | A" | AE NBS rating
200°C 742 - T MAAS o] g3te] AR B
20l 9J2|9] ', 4", 'S Z2A5}0] Zizho] WBlERS A4k} U 0.375 | -0.330 | -0.660 | 0.8 0.8 (slight)
1 0]= 2] (1)o] tYs}o] &.ﬁ]’(AE*)—% ﬂ'%ﬁl“ﬂqi”]. 1 C 0.730 | -0.585 | -1.845 | 2.1 | 1.9 (noticeable)
unitsS ARG CH!, F 0.015 | -0.275 | -3.140 | 3.2 | 2.9 (noticeable)
After After
Symbol Before Symbol Before
No. 1 No. 2 No. 1 No. 2
U200 C200
P200 F200

Fig. 6. Surface condition at 200 °C
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Table 9. National Bureau of Standards (NBS) ratings

Npswi | S amsion
0.0-0.5 Trace (extremely slight change)
0.5-1.5 Slight (slight change)
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)
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300 °Co} 250 <A A 73%0115 A FET
S -FAekL it 1Al YAHEE FI0T2FS10TS] AL
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A 77kt Ik wetA] o] Aol 2Asto] 128 el
Ao} TAHEEL SAEYA] L% 250 °C7HR) 9]
ZHEEH 2 Fe Aok S Bl 4 91% Aelc.
%31 vio} o] gl sh7h e
wx} SUPAE Y A8 XéEOﬂ m}a}i} 5%
Agolut WIE 42 59 713 ;
ek Zo] Fasich A7 iﬂﬂlé«l Aol v
(Table 10)0] 1} EAA el o] oJ8) A =S Tjekaon 2
3 4 AR A T g Aol thet 3 7152

A5 AAolct,

1

Table 10. Color change of concrete!"”!

Tem(;lecr;l ture Color change
-300 Slight change
300 - 600 Pink or red
600 - 900 Whitish grey
900 - 1,000 Buff
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Table 11. Change in surface condition for heavy duty paint

Tem(}:)cg;l ture Discoloration Delamination
-200 Slight change No change
200 - 300 Perceivable change
300 - 700 Extremely marked change
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