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Column Square Section Fire insulation coating

thickness (mm)

Width x thickness (mm?) 1-hr 2-hr 3-hr
FRR FRR FRR
Box 200x15 12 22 31
Box 250x15 12 22 31
Box 300x15 12 22 31
Box 300x20 12 19 27
Column H-Shaped Fire insulation coating
Section thickness (mm)
Web (length-thickness)- 1-hr 2-hr 3-hr
flange (length-thickness) FRR FRR FRR
(mm)
Web (400-8) — Flange 14 25 36
(300-25)
Web (500-8) — Flange 15 27 40
(300-25)
Web (500-8) — Flange 15 27 40
(300-30)
Web (500-8) — Flange 13 24 34
(350-30)

Table 1. Section properties
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versus FEM analysis results
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FCT  FCT base on Eq.1&2
Column section  FRR  base (DCR)
(hr) on 0.1) (04) (0.7
Eq.6

Box200x15 1 9.6 4 5.1 9.7
Box200x15 2 192 102 148 194
Box200x15 3 288 199 245  29.1
Box250x15 1 9.5 4 4.7 9.3

Box250x15 2 19 9.8 14.4 19
Box250x15 3 285 195 241 2838

Box300x15 1 10.6 4 4.5 9.1
Box300x15 2 21.1 9.6 142 188
Box300x15 3 31.7 193 239 285
Box300x20 1 7.7 4 4 4.2

Box300x20 2 15.3 4.8 9.4 14
Box300x20 3 23 145 19.1 237
H400-8-300-25 1 12.4 5.3 84 116

H400-8-300-25 2 248 208 239 27
H400-8-300-25 3 372 362 394 425
H500-8-300-25 1 13.7 77 108 139
H500-8-300-25 2 27.3 231 263 294
H500-8-300-25 3 409 38.6 417 449
H500-8-300-30 1 12.5 5.5 86 118
H500-8-300-30 2 25 209 241 272
H500-8-300-30 3 37.5 364 395 427
H500-8-350-30 1 12.2 4.8 8 11.1
H500-8-350-30 2 243 203 234  26.6

H500-8-350-30 3 364 358 389 42

Table 2. Required FCT for different column sections

Comn 551 gy 53 0l &yl daly oY) Jsdr olisl

;g;)ymwﬁﬁuw‘owuduob,aﬁa
Y b Lol o Jalas 1y Lo s s ablis
Cales 5 VL s b 4y e el ) UG5 e e

&Lﬁc)l"d)\ LSJL;.WJ.)J l)’.’.J 43},:&;;4)1.;4 S0 .bﬁl?:AJ:.&}.v



VENY Il /8 oyl / YE 0ygs

9. Venkatachari S., Kodur V. 2020, System level response
of braced frame structures under fire exposure scenarios,
170, 106073.

10. Kraus P., Mensinger M., Tabeling F., Schaumann P.
2015, Investigations of steel elements with intumescent
coating connected to space-enclosing elements in fire.

11. Podolski D. 2017, Temperature distribution in
intumescent coating protected steel sections: The
University of Manchester (United Kingdom).

12.Hautala J., Kangashaka I., Malaska M., Pajunen S.
2021, Resistance of partially protected steel beams in fire,
4(2-4), 1849-55.

13. Anvari A, Torra-Bilal 1., Mahamid M.,2019, The
Behavior of Structural Steel Elements with Damaged Fire
Protection Material. Structures Congress 2019; American
Society of Civil Engineers Reston, VA.

14. Zakwan F., Krishnamoorthy R., Ibrahim A., Ismail R.,
2020, Finite Element Analysis of Coated (Intumescent
Coating Protection) Cellular Steel Beam (CSB) Expose to
Fire. IOP Conference Series: Materials Science and
Engineering; IOP Publishing.

15. Li G., Wang P., Wang Y. 2010, Behaviour and design
of restrained steel column in fire, Part 1: Fire test, 66(8-9),
1138-47.

16. Wang P., Wang Y., Li G. 2010, Behaviour and design
of restrained steel column in fire: Part 2. Parameter study,
66(8-9), 1148-54.

17. Agarwal A., Choe L., Varma A. 2014, Fire design of
steel columns: Effects of thermal gradients, 93, 107-18.
18. Dwaikat M., Kodur V., Quiel S., Garlock M. 2011,
Experimental behavior of steel beam—columns subjected to
fire-induced thermal gradients, 67(1), 30-8.

19. Li G., Wang W., Chen S. 2009, A simple approach for
modeling fire-resistance of steel columns with locally
damaged fire protection, 31(3), 617-22.

20. Jin H., Chun Q. 2020, Research on fire-resistance
capacities of steel columns with partial-damaged fire
protection coating, 24(6), 1893-902.

21. Inc A. ABAQUS Analysis User’s Manual, Version
6.14.2014.

22. B. Standard. 2005, Eurocode 3-Design of Steel
Structures: Part 1-2: General Rules—Structural Fire Design.
European Committee for Standardization Brussels,
Belgium.

23. B. Standard. 2002, Eurocode 1-Actions on structures:
part 1-2: General actions: actions on structures exposed to
fire Design. European Committee for Standardization
Brussels, Belgium.

24. MHUD. 2023, "Iranian National Building Code 10,
steel structure design. Tehran (Iran)." In.: Ministry of
Housing and Urban Development (In Persian).

25. Beyler C., Beitel J., Iwankiw N., Lattimer B. 2007, Fire
resistance testing for performance-based fire design of
buildings, Final report, The Fire Protection Research
Foundation Quincy, Quincy.

26.BS 476-20. 1987, "Fire Tests on Building Materials and
Structures — Part 20:Method for Determinationof the Fire
Resistance of Elements of Construction (General
Principles)." BSI, UK.

Yo

BB e Jl gy o JSEH oo Lo 5
Sl Ll Ll a3l O oS Ol (Su) S
KB S @ g Ol pli)l SRS s Jl s
Ll 0l Ot gl 2 Olay Sulsdl el e

B bl S Cos D b b 4 Lols ol .
Olas 5 Oldl ks, 655 g5 B 3 (DCR) 54 50 a5l
G- b anils (2T 3 o Ot sde ol 5 5 SoenS
5wl Ol VL o 5l sae DCR il LS
ool Bl SalS AiEs YO B YO spdm 55 Ot SienS
(g3 sl sla s @L_» 31 eslazad L o
bodd Clablows 0t (S8 Oloj anlons gl il
G G el ey Trr SO Al
slgiy s @uszcia.amjwuzsu sl o b
RGSUV PR W

Loalie 53 ol iaps 55 sdel Sy Ll .
solis Olatle Lo Ol jde oas e golgiiy dbal,
@\);Awguﬁ,pbfo)\ﬁ&u&;ﬁ@w
A Sl bl 5 es) e GG 5 Seen Dose

A.Ujﬂfdajbjﬁ\)‘_gjzi.ﬁ

&l N
1. Bazant Z., Zhou Y. 2002, Why did the world trade center
collapse? Simple analysis, 128(1), 2-6.
2. Kotsovinos P., Usmani A. 2013, The World Trade
Center 9/11 disaster and progressive collapse of tall
buildings, 49, 741-65.
3. Behnam B. 2019, Fire structural response of the plasco
building: A preliminary investigation report, 17(5), 563-80.
4. Shakib H., Pirizadeh M., Dardaei S., Zakersalehi M.
2018, Technical and administrative assessment of Plasco
building incident, 16,1227-39.
5. Chaboki M., Heshmati M., Aghakouchak A.A. 2021,
Investigating the Behaviour of steel framed-tube and
moment-resisting frame systems exposed to fire, Structures
Journal.
6. Qin C., Mahmoud H. 2019, Collapse performance of
composite steel frames under fire, 183, 662-76.
7. Jiang J., Li G., 2017, Disproportionate collapse of 3D
steel-framed structures exposed to various compartment
fires, 138, 594-607.
8. Jiang J., Zhang C. 2018, Simulating the Response of a
10-Storey Steel-Framed Building under Spreading Multi-
Compartment Fires, 7(4), 389-96.



S SBT S| e s Sl Lga e S0 s Tabloma i gy Calies b gl (5l Jad s,

Parametric equations for design of fire insulation coating thickness of steel columns

Mahsa Chaboki ', Ali Akbar Aghakouchak **

1- Ph.D. student of Structural Engineering, Faculty of Civil and Environmental Engineering, Tarbiat Modares
University, Tehran, Iran

2- Professor of Structural Engineering, Faculty of Civil and Environmental Engineering, Tarbiat Modares
University, Tehran, Iran

Email: *a_agha@modares.ac.ir

Abstract

This paper investigates the effects of various parameters, including support conditions, the Demand to
Capacity Ratio (DCR) of the member under gravitational loads, the section factor (the ratio of perimeter to
area), and the fire insulation coating thickness on the fire resistance duration of steel columns under fire effects.
To this end, four steel H-shaped columns and four steel tube columns with the height of 4 meters, are subjected
to the standard fire curve (ASTM E119) from four sides, and the effects of different parameters are studied.
Initially, a heat transfer analysis is carried out on the 2D cross-section of columns with its fire insulation coating
in Abaqus software. Then, a nonlinear general static analysis is performed on a 3D steel column model
subjected to gravity (concentrated axial) and thermal loading simultaneously.
Results of this study indicate that the columns only expand but do not deform significantly until approximately
250°C. After that, a decrease in the steel strength and stiffness and as a result, a decrease in fire resistance and
bearing capacity of the steel column occurs. This is accompanied by an increase in the mid-span horizontal
displacement of the column and an increase in the effect of the P- bending moment, which results in the
column failure at about 500°C to 650°C. The column failure is defined as the time when the column cannot
maintain the applied load (when the sudden decrease in axial force and sudden increase in axial displacement
and moment initiates). In this case, while the column axial force remains constant, the induced bending moment
is amplified but the element axial and bending moment capacities are simultaneously decreased at elevated
temperatures. The results also show that the fixed or pin support condition on the bottom end of the column
does not significantly affect the column failure time under fire effects. In square box columns, the increase in
the section thickness increases the fire resistance duration of the steel column. However, increasing the section
width does not significantly affect the column failure time. In H-shaped columns, the increase in the flange
thickness and the decrease in the column web height increases the column fire resistance duration. On the other
hand, the results indicate that the section factor, the initial load level of the member due to gravitational loads,
and the fire insulation coating thickness have a significant effect on column failure time to the extent that with
the increase in DCR of the member from 0.3 to 0.7, the failure time of the column decreases by about 25 to 35
minutes.
Based on the results of this study, two formulae have been presented to calculate the failure time of protected
columns by CAFCO300. The results of these formulae have also been compared to a relationship proposed in
Chapter 10 of the Iranian National Building Regulations. It is found that the results of these formulae are fairly
similar, when the initial DCR equals 0.7. Therefore, the relationships of the present study provide a more
optimal and accurate design of the fire insulation coating thickness, because this load level can only occur in
structures that are not designed for lateral loads and are designed only under gravitational loads.

Keywords: Steel tube column, Steel H-shaped column, Abaqus software, Heat transfer analysis, Nonlinear
static analysis, Fire insulation coating thickness design.
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