52755 3 #OSOW oM o B Vol. 27 No. 3
202543 H Progress in Steel Building Structures Mar. 2025

S L 57 A 384 50 R 35 47 A

oA T RS
(1.ANETT I 2 @& s AT &= H R E L 4 e, A0 23000152, ZRIRMMLIGER A BRA E A N H
EFRPHLIZ Y 8 TR AR5 53, & 00 2300865 3. M8 R @ik i o B A PR A &, i 200002)

WOE: OB E S AP BT R R 2 AT AR T REIE FH 2R U A Y R, XA IR R L3 T2 M sk A%
WE AT TR T BRI BT I T o S X B (0 48 TR BE A A R AT T3 TR A R B kP e
FLALAUL, o3 B R B ASE T T B AR 37 A AN () S R0 BEL 7 K T B 39 T 18 3L 35 3 A TRIRS) T A A B 5 %) )2
ML RN R HEAT T 36 T 8L AR S5 40 10 B0 K 1k 8 U7 ELASSH0L A5 3] 1 25 SR A K R0 T 1Y) J= 55 4 1 Tt R PR o I
JESETF oA A A B T ORI T AN < SRR R 55 0 A9 A TR BB b R AR R SR K T 7 R A DA
SEPE 3 R AR B B AR TR O m LA 9 2 26 A8 R SR B K R it o

KEIW TR WG LT T OB 5 TR A L B K TR B i R

HESEE . TU3LT XHRARAER: A XEHE: 1671—9379(2025)03— 0046 — 09

DOI: 10.13969/j.jzgjgiz.20240816001

Fire Resistance Design of Steel Roof for Terminal Building of
an International Airport

HU Zhong"*, ZHOU Jian*", DING Lin’
(1. Hefei Urban and Rural Construction Bureau, Hefei Construction Quality and Safety Supervision Station, Hefei 230001,
China; 2. Anhui Civil Aviation Airport Group Co., Ltd., Hefei Xingiao International Airport Reconstruction
and Expansion Project Construction Headquarters, Hefei 230086, China; 3. East China
Architectural Design &. Research Institute Co., Ltd., Shanghai 200002, China)

*Corresponding author: jian_zhou@ecadi.com

Abstract : In order to ensure that the fire resistance design of large-span steel roof structures meets the requirements of safety,
reliability, functional applicability, and economic rationality, a special fire resistance design based on simulation was
carried out for the steel roof of T2 terminal building of Hefei Xingiao Airport. Firstly, component based fire resistance
simulations were conducted on typical concrete-filled steel tubular columns and steel columns, analyzing and
comparing the temperature field distribution and fire resistance of components without fire protection and under
different equivalent thermal resistance fireproof coating protection. The fire resistance performance of roof trusses and
steel beams was simulated based on the overall structure, and the fire resistance of roof components considering
thermal expansion effect was obtained. Finally, based on the analysis results, a fire-resistant design scheme was

proposed for the concrete-filled steel tubular columns and steel columns supporting the steel roof, which were
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protected by an intumescent fireproof coating to achieve a 3-hour fire resistance, and the steel roof components more
than 9 meters away from the floor were not protected by fire protection.

Keywords: terminal building; steel structure; fire design; fire resistance; fire simulation; intumescent fireproof coating

HRAfE CE ST B K HLE ) (GB 50016—2014) g 22
KX F B K SEYCN T G b s 50, SRR S = 3
25 H8 FE T 0 2 3.0 h By T KR BR ISR, K R 38 T U R
1.5 h T R BR LK

it JCAR B R 3.0 h 0 4 A 38 SR AR I Ik T 7 kiR
BEHEAT B4 o f ol B SR R B R S5 A I T A R IX
S, AN ELR LA 5 WO AL R % AT 2 AR L
K FAE B2 ik 280 7 U sk a0 A7 B KGR AP (8 4 T #8001 Ak
UL [63] JE FRIT T 38w DLk 3 B AR R A, LR BE AR 6T IR Y
A R Ak 28 b7 U 25 2 B R G VR o BRI IL L AE T R T K
% R A R R, 75 BT R SR R 5 0 R B A i
R LS B9 0 HL [ i A ) 3R TRTALSR .

T AR R A7 1.5 b ) R 235 g e A 5 R P IR ik A Bl
JOGBEAT B KRS, X TR AT LA AE ORI
T T ) 2 2L R B v R R T A R B R R R EL
Jite T R R R AR AT 3 B K S R v, TR AR D R 5
S5 R0 5 M T 0T JK 0 0 R R LT &5 R T I 1 kR
e 6 1 A X AR, R I LA AN 0 2 7 A B T e

T F 2006 AFAAT T A S T REAT Mk R AR AN 4
FI B AR FLIE ) (CECS 200—2006), 8 vk 38 4 T
ZI)he KBS KA [R5, A] R A B2 AR i 1 e
BT I ¥ B SEBR kR T I DL G B 45+ AT K PR RE
B 5% b o O 5 45 # B kR BV ) (GB 51249—
2017) V8 U WA T 4 R B oK B T A O TR A
G5 i K30 B 1 37 IR T T 1 R R 1 i K L 1
KT W ) A T 25 ] R K 485 4 e R
LA BRIT /M 7 i o KRBT T IE ik g £ A
BREERG AR KT Y )0 b I R L B RO
KK T 5% R AER B VEREBEAT T ST . RS R K
L 24 A AN A AT A IR R B R ) #E AT 1 K e
I8 o AF K SR AN 45 4 IEAT B K e AT S T SR
PEREAL b A8 3] T ARSI A B A T

ARSCUL A N+ [ BR b T2 il 2 B3R TN
i), B S X S R 5 0 R AN A TR BRE A KA SEAT TSR
TG 1 (R BTk e A B, A3 BT AN ELER T TG By K PR
FRULE AS 7] 45 25 B0 BHL Bl X U BHAR 3 T 10 6L B2 37 40 A A 14
it KA PR o BRI X 5 M AR RN SR AT T TR AR A
MM RE T BRI, 15 5 1T 2 SR K RN T Y R 5
A AT KR PR o e AR AR A3 T 485 SR 0t 7 T 3% TR AN = o5
25K SR R B K R i

1 BEEHHR

A N8B BF [ bR AL T2 M oh A8 8 2 5w B4 ok
3500 m®, H 1 A 2 S BEAR IR LA K 3 4% AR IR A A, AR
PO KA 1380 m, R AU K B8 B 420 m, I THAF IR % 77
42 4 000 5 AWK . Hoh T 98 29y 478 m, HEVR 24
R 267 m, T B A A S5 A Sk 15 A BELJE 2 04 5 A TR
T HEBR R TR K B A4, R T B b 2 R 42 m,
eI ETR .

B1 #ZHNRE
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Fig. 2 Distribution of functional areas in main building

a) BRIFKE

b) EHIRE
3 AEXARX
Fig.3 Skylight in different forms



48 O A R

527 %

FEF R R 0 A B O R w5 R AN TR A SR
TRFE R S5 R R

XTI S RT XH, 85 5 22 08 81 K 6 Ak 1w R B AR
HEZ 0 25 1, SR T LA A 58 A B A 4 25 ) AT
IR FLER I A I IR S T IR R R .
Fr 28 b 1] 3 KB BE R 70.0 m, bR 8% AT b 0 45 0 1 BE Ry
3.5 mo TEWIN R U B K DX 38 A0 R )8 Bk X3, % = 47
BO7 ) AT R AR o A T AR A L (R B AT KR
BRE, Gl 4 it s, e KA I RSE 2 54 m X 36 m, WY IE 38
il SRR AT RN S R e, R TR L
AN BHE Y o I 5% T rp i X B B4R IR A 1.5 m
W E A 1.1 m, 2K A B R A9 2.0 moiie 3 T35
M 1.1 m, BRI R R T

\ SEH

T

A

2
TIHH)

zﬁafﬁgrw}% S
REMD 54 | 54| sa | su |54 | 54 | 54
B4 FHEEFEARE(RAM:m)

Fig. 4 Layout of main building roof (unit:m)
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Fig. 5 Structural layout of hanging curtain skylight area
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Fig. 6 Overall composition of main building's steel

roof and its supporting structure
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Table 1 Information of concrete-filled steel

tubular columns

N AE AR & /mm RAAES/m  RRFER
ZA D2 300~1 200X 50 11.82 0.40
ZB1 D2 000~1 100X 50 18.90 0.48
B2 D1 500~1 100X 40 22.42 0.50
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Fig.7 Concrete-filled steel tubular column ZB2
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Table 2 Thermal performance parameters of materials
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Fig.8 Temperature field calculation model

of concrete-filled steel tubular column
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Fig. 9 Diagram of fire resistance calculation model
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Fig. 10 Sectional temperature-time relationship

curves of column ZB2 without fire protection
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Fig. 11 Sectional temperature distribution of column

ZB2 without fire protection (unit:C )
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Fig. 12 Top displacement-time relationship curves of

column ZB2 without fire protection

24 BEREPBANSEERPFAONERELIESWN
S
MR ZB2-T1.ZB2-T2 . ZB2-T3 . ZB2-T4 fE4: ZB2
FETH 3 BB 5B N 0.10 m®°C:W 1,0.07 m*C-W !,
0.05 m*C-W ' H10.02 m*"C-W " % Jig2 ik 51 7 42 ) .

2.4.1 BEHnihER

FEBT K URBHR ST N S5 IR B L AR b T R
BT R B, EL B U R S R R A A A T e
T RS R B O R A ZB 2 A I
YA AN IE 13 FroR o 45 AT R A AP RE TR BE v R

N=]
/m

1200 ¢
1000 | —1S0-834
800 + — N A EE
O VRt
:: 600 ---JREE R
400
200 |
0 4000 8000 12000 16000
t/s
b) #HZB2-T2
1200 ¢
1000 |
800 |
©
600 —1S0-834
& 400 | — W A EE
—— TR
200 + - - - VR A
0 5000 10000 15000 20000
t/s

d) #AZB2-T4

B 13 BB AR ERIPRME ZB2 B IR E -1 6 5k R &

Fig. 13 Temperature-time relationship curves of column ZB2 protected by intumescent fireproof coating
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Table 3 Temperature at all measuring points after

3 hours of standard fire C
AR AR 9N RE REEdE O mRELPC
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Fig. 14 Temperature distribution of cross-sections under

different equivalent thermal resistances (unit: C )
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7B2 protected by intumescent fireproof coating
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Table 4 Fire resistance of concrete-filled steel tubular

columns protected by intumescent fireproof coating

oI REA Fa g/ (m*>C-W ) it K ALFR /h
ZB2-T1 0.10 >4.00
ZB2-T2 0.07 3.37
7ZB2-T3 0.05 2.53
ZB2-T4 0.02 1.28
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Fig. 20 Typical fire scene location distribution
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Fig. 21 Calculation model of steel roof
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Fig. 22 Mises stress distribution contour before and
after temperature rise under the most unfavorable
loadcase (unit: MPa)
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Table 4 Critical temperature of maximum

load ratio member

St i H Py
HHRRX WHRIERXAAH  HERK SAELRRHHS
L 6 - im E /°C L W Rim E/C
0.60 542 0.94 383

H 2 AT AL, A2 T8 T S R TR K 0 I R KT
P I 38 O 542 °C 5 % R T iR A K 0 e fie RAT
PEB I S RE O 383 'Co R KRG F T W R A 1
£ Fi 55 I I L E 4% 0% T ah i R BE R WIS E AT B AR
AT AR UE S5 40 2 42

5 BiAIEHERERE

AR08 R B I 0l LRIV 53 445 5 , S8 2440 401 iy X
F AU 3 0 2 2 B H SRR HE AT 7 BT < 0 T R
kR BEOROR R LE T AR 3 B 2 P T, A
ARNT0.07 m*CW I IR B KRBT (R . 3
B8R 010 S 7R R SRR A it B B4 3 g 4%
T AR N T 0.20 mPC-W 9 1K 8 7 o 9B



54 O A R

527 %

PEAT ORI R A BN T B KRR i TR
DL, X BE BB T /N T 9 m AR AN IR R A &
FEAETETE AR, 3R Tt KA R O 1.5 hoBdy I ik 28 5 2k
BT R

6 it

AR SO M BT R ML S T2 i i 6 A == = 1) i 7R 4 A
TRBE ALY BAE BN = 55 0 R BEAT T 4k M g 7 AT 4L
0T A BN 4518

(1) JC Bl K AR 3 00 5K 45 TR E + 4F ZB2 it K il R Sy
53 min. R FHAETH KA PR Ky 3.00 h 9 2140 T, 25 S A BH R
/NT0.07 m*C-W 1 0.10 m*C-W " i i Ik 51 b7 & 04 bt
XS TT LA b9 ey BE S L PN 00 1 AT AR 3P ) Tl
B3 BIFE K 2 3.37 h AL 4.00 h L b, o] 3 2 A% A9 i 2 A% BR
kK.

(2) JC B AR 09 5 A KL ZD (Y i ik B A
26 min. FHTEM KR K 3.00 h 9 & 1E T, 45 2 P BH
0.15 m*°C-W 1,0.20 m®°C-W ' {4 JiZ ik 28 B)7 Jc 14 ) % 4
T LA B9 s B 9 B DY 0 R PR R AT DR AP T KA PR 43
S 4E K F 3.63 h A1 4.00 h L b o TG B kAR B AS 89 AE
LMZ11iif k% BR A 20 min, SR 78 it DA BR R 3.00 h 9 %
P 2 BE S 0.20 m>CW L4 5 1K 284 197 K040 Bk xof 1
T LA E 9 i BE 98 [P0 R R R AT DR S T kA B 4
K 3.48 ho SRR By JCHE i J5 35 AT i 2 A 1) Tk i
PREZEK

(3) F ANFI LI KIS 5 1M 2°F 24 % 18 U Ak %
N7, & T 9 m Y R g A AT d oK e 2K L 0.89~
0.94 , XF 7 AT i 5438 B Sk 383 °C, i F LAY 0 3 5 A
AR A7 A BE o AE AN SR BB K AR AP T A 1 T L 3
FE A% 6 2L T 2K i PR 2K

5% CHk

(1] e CRIERE A 5 I & @i 8 . @ 5 B kA
GB 50016—2014[S .t xt: b [ 3% 3 piAt, 2014,

Ministry of Housing and Urban-Rural Development of the
People’s Republic of China. Code for Fire Protection Design
of Buildings: GB 50016—2014 [ S]. Beijing: China Planning
Press, 2014.(in Chinese )

Hh I TR B bR AL P2y B A B K R B
CECS 200—2006[ S 1. dt5% « o = 3+%1) 1 pii 4t , 2006.

China Association for Engineering Construction Standardization.
Technical Code for Fire Safety of Steel Structure in Buildings:
CECS 200—2006[ S ].Beijing : China Planning Press, 2006. (in
Chinese)

rh A N B LR A B B 2 0T A AR 2 A BT o R
B - GB 51249—2017[S 1. b5t « ob 3181 i Bt , 2017.

Ministry of Housing and Urban-Rural Development of the

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

People’'s Republic of China. Technical Code for Fire
Protection of Building Steel Structures: GB 51249—2017[S].
Beijing: China Planning Press,2017.(in Chinese)

W9 AREM w5 B A A A AR 4 A BT K R R A
B T 73 Hr [T ], 46 77 52 38 K 2 24 i, 1998, 22(4). DOT: 10.
3969/j.issn.1673-0291.1998.04.011.

YANG Naixie, XU Guobin, GAO Ri, et al. Nonlinear finite
element analysis of space frames against fire [J]. Journal of
Beijing Jiaotong University, 1998,22(4).DO1:10.3969/].issn.
1673-0291.1998.04.011.(in Chinese)

FEK 2 [ 8 . K I3 S0 B2 3 v IE O A HE I SR 45 4 i
DRI ] BN ZS M, 2008, 10(6) : 25-30.

DU Yong, LI Guoqiang. Critical temperature of regular half-
octahedra grid structure in uniform fire temperature field [J].
Progress in Steel Building Structures, 2008, 10(6) : 25-30.(in
Chinese)

XUE S D,HE Z Y, LI X Y. Performance of beam string
structure under fire[ J].Spatial Structures,2011,17(2) : 90-96.
DOI:10.13849/}.issn.1006-6578.2011.02.015.

BECK AR K SRR R A AN G 24 TR AT R i R R 3T
B AT [T]. @ HEE 24 L, 2018, 39(5) : 76-83.DOI: 10.
14006/j.jzjgxb.2018.05.010.

CHENG Fei, DU Yong, ZHANG Yongzhen. Experimental
study on fire resistance of axially restrained steel chords with
large slenderness ratio at elevated temperature [J].Journal of
Building Structures, 2018, 39 (5) : 76-83. DOI: 10.14006/].
jzjgxb.2018.05.010.(in Chinese)

PRI, Bl RS X R AR A TR R 2 s 5 IR T ] AR
KW CA KRB /R ), 2001,29(6) : 24-34.DOT:10.3969/].
1ssn.1000-2243.2001.06.004.

HAN Linhai, TAO Zhong, LIU Wei.Concrete filled steel tubular
structures from theory to practice [J]. Journal of Fuzhou
University (Natural Sciences Edition),2001,29(6) : 24-34.DOI:;
10.3969/].issn.1000-2243.2001.06.004.(in Chinese)

LIE T T, CHABOT M, IRWIN R J. Fire resistance of
circular hollow steel sections filled with bar-reinforced
concrete [R]// Proceedings of Internal Report, No. IRC-IR-
651. Ottawa: National Research Council of Canada.

European Committee for Standardization. Eurocode 4: Design
of Composite Steel and Concrete Structures—Part 1.2:
General Rules Structural Fire Design: EN 1994-1-2:2007[ S].
Brussels: European Committee for Standardization, 2007.
P S AR, B A R R R AL i o R B o B
R [T]. HE % 4, 2022, 37(5) £ 40-43.DOT: 10.3969/].
1ssn.1004-552X.2022.05.012.

LU  Shichang, YU Nianhao, HUANG Yiliang. A
comprehensive review of fire safety design considerations for
large civil airport terminal buildings [J].Construction Safety,
2022,37(5) :40-43.DOI:10.3969/j.issn.1004-552X.2022.05.
012.(in Chinese)

(T#E75])





