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Clarification of the Thermal Properties of Intumescent Paint and
Suggestion of the Required Fire Protection Thickness for
Steel and Composite columns

Kim, Sun-Hee' - Chi Yeol Ok’ - Choi, Sung-Mo’

'Ph. D, Department of Architectural Engineering, University of Seoul, Korea
*Korea Institute of Construction Technology, Korea
*Professor, Department of Architectural Engineering, University of Seoul, Korea

Abstract: Other countries(USA, Europe) have performed the fire resistance design of buildings by the alternative
performance design methods, which are based on fire engineering theories. However, in Korea, the process on the
alternative fire resistance performance design has only suggested without any applications for real steel structures.
Therefore, In the case of steel structures stagnant research on refractory measures face difficulties in introducing fire
resistance design. In this study, first of all, Intumescent paint was analyze the thermal properties(thermal conductivity,
specific heat and density). In Sequence, using the section factor by H-standard section propose of section concrete filled
steel tube and hollow. finally presents a reasonable thickness Intumescent paint takes time to target performance of the
proposed cross-section steel tube.

Key Words: Standard Section, Section factor, Intumescent paint, Fire protection thickness, Thermal properties
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Table 3. Thickness of Intumescent Paint Status

HE7)% Hz B
Wt e 577 Wt s I 557
(hour) (mm) (hour) (mm)
1 0.70~0.75 1 0.70~0.85
2 2.75~2.90 2 1.95~3.55
3 17.40 3 17.25
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Table 6. Standard H-shaped Cross-section Hp/A

Comparison

H | B tw tf | A(m®) | Hy(m) | Hy/A(m™")

0.35 | 0.25 | 0.009 |0.014| 0.010 | 1.88 190.14

0.25 | 0.25 | 0.009 | 0.014| 0.009 | 1.48 164.70

03 | 0.3 | 0.01 |0.015| 0.012 | 1.78 152.14

0.35 | 035 | 0.012 | 0.019| 0.017 | 2.07 121.80

04 | 04 | 0.013 |0.021 | 0.021 | 2.37 110.66

05 | 02 | 0.01 |0.016|0.011 | 238 214.80

Erdds 7He
Section factor’} AR+ : —Z: =
THHES A Al P A Gl = RoE
AsHU 3 RFEdde AFFxol
x300x10x150] 2} ZRx| e} ¢lHe] F57
Eabd oF 279 10 FFoE V1Y HYE A
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Table 7. Width Thickness Ratio Limits

B9 43 7
o731 0.11F/F, 1.49/E/F,
— 955 — 44.0
ZAYE 0.15E/ F, 2.26\/ E/ F,
Y7 — 130.8 — 66.7
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Table 8. Hollow Steel Section Hp/A Comparison

D(mm)| t(mm) | D/t | A(m®) | Hp(m) | Hp/A(m™)
300 12 | 25 | 0011 | 0942 | 86.76
300 10 | 30 | 0.009 | 0.942 | 103.40
300 8 38 | 0.007 | 0.942 | 12836
300 7 43 | 0.006 | 0.942 | 146.20
9 | 300 6 50 | 0.006 | 0.942 | 169.98
g | 300 5 60 | 0.005 | 0.942 | 203.29
350 12 | 29 | 0013 | 1.099 | 86.25
350 10 | 35 | 0011 | 1.099 | 102.89
350 8 44 | 0.009 | 1.099 | 127.86
350 7 50 | 0.008 | 1.099 | 145.70
350 6 58 | 0.006 | 1.099 | 169.49
B(mm)| t(mm) | b/t | A(m®) | Hp(m) | Hp/A(m™)
300 12 | 23 | 0014 | 1.200 | 86.81
300 10 | 28 | 0.012 | 1.200 | 103.45
300 9 31 | 0.010 | 1200 | 114.55
300 8 36 | 0.009 | 1.200 | 128.42
7+ | 300 7 41 | 0.008 | 1.200 | 146.27
g | 350 9 37 | 0.012 | 1.400 | 114.04
350 8 42 | 0.011 | 1.400 | 127.92
350 7 48 | 0.010 | 1.400 | 145.77
400 10 | 38 | 0.016 | 1.600 | 102.56
400 9 42 | 0.014 | 1.600 | 113.67
400 8 48 | 0.013 | 1.600 | 127.55
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Table 10. Composite Section Hp/A Comparison

D(mm)| t(mm) | D/t | A(m’) | Hp(m) |Hp/A(m")
400 10 40 | 0.012 | 1256 | 102.51

400 9 44 0.011 | 1.256 | 113.61
400 8 50 0.010 | 1.256 127.49
o | 400 7 57 | 0.009 | 1256 | 145.33
613 400 6 67 0.007 | 1.256 | 169.12
° 400 5 30 0.006 | 1.256 | 202.43
450 10 45 0.014 | 1413 102.22
450 9 50 0.012 | 1.413 | 113.32
450 8 56 0.011 | 1.413 | 127.20
450 7 64 | 0.010 | 1.413 145.04
450 6 75 0.008 | 1413 168.83
B(mm) | t(mm) b/t | A(m2) | Hp(m) Hp/A(m-1)
400 12 31 0.019 | 1.600 85.91
400 10 38 0.016 | 1.600 102.56
400 9 42 0.014 | 1.600 | 113.67
400 8 48 0.013 | 1.600 | 127.55
z} 400 7 55 | 0.011 | 1.600 145.40
3 400 6 65 0.009 | 1.600 169.20

450 12 36 0.021 | 1.800 85.62
450 10 43 0.018 | 1.800 | 102.27

450 9 48 0.016 | 1.800 113.38
450 8 54 0.014 | 1.800 127.26
450 7 62 | 0.012 | 1.800 145.11
A Ay ZFHHHID I 53 Section
factor& 23 FEAN W9 ] wEels 49 @
A % 83 o] Aelsh & 113 o] HF A
A3t
240 0
210 o
180 ° °
150 D =400mm t=Tmm—>O O Hp/A of H shape
120 | - T 152,14
o
9% r D =450mm t =7mm
60
30 |
D/t
0 1 1 1 J
20 40 60 80 100

(a) Circular CFT
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Fig. 8 Composite(CFT) Section Hp/A Comparison

Table 11. Proposed Standard CFT Section
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Table 12. Proposed Fire-Resistant Paint Thickness
Case IP Thick. (mm)

60min | 90min |120min|180min|240min| Q(J/K)
sauare | g0 | 250 | 380 | - : 70
-gmpt\/
Cireular) 1o 6 | 320 | 450 | - - 42
-empty
Square
CFT 1.8 2.6 4.0 6.2 9.1 913
Circular
CFT 2.0 33 5.1 6.2 9.5 653
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Clarification of the Thermal Properties of Intumescent Paint and Suggestion of the Required Fire Protection Thickness for Steel and Composite columns
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Case Diameter Thickness  B(D)/t Hp/A

Unit (m) (m) (m™)
Square 03 0.07 41 146.27
—e;mptv
Circular 0.3 0.07 43 146.20
-empty
Square
CFT 0.4 0.07 55 145.40
Circular
CFT 0.4 0.07 57 145.33
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