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Abstract

Traditional fire analysis usually assumes uniform temperature field distribution and employs
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standard temperature-time curves for simulation, which significantly differs from non-uniform
temperature distribution in actual fire scenarios. The temperature field distribution characteristics
of steel components under traveling fire were investigated using FDS-ABAQUS coupled analysis
with Adiabatic Surface Temperature (AST) method to bridge the transition from fire scenario to
structural heat transfer analysis. The numerical model was validated against NIST localized fire test
data, demonstrating its accuracy in predicting temperature field distribution and deformation char-
acteristics. A rectangular steel tube (250 x 250 x 8 x 8 mm) was simulated under rapid traveling
fire conditions with a propagation speed of 2.5 mm/s and heat release rate of 5 MW for 3600 s. Re-
sults revealed significant non-uniformity in the temperature field under traveling fire, with peak
temperatures exceeding 950°C at the component center during 1950~2000 s. The temperature field
distribution exhibited distinct dynamic characteristics, verifying the limitations of traditional uni-
form temperature field assumptions. The research findings provide important theoretical basis and
computational foundation for fire-resistant design of large-space steel structures.

Keywords

Traveling Fire, Steel Component, AST Temperature, Numerical Simulation

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

EE R AL & PURMEREAL S AN LA SR AR R, TR R E @ AR B2 R . AR
PHUK BT, ARG AT R BOE KR THR NI 2 340, FFR A 1SO 834 Frifk il i 2 1=l A 2
BTHR 2 S . SR, LB kR F, R RAE R ST, Rl 2R E A5
I3, ZHEAAE TR SR S 2 JOIRES o X PN AR IR 57 KGR 0 T S 25 4] 1) g 7 AR 8 M
HRELW. L, X7 L@ Gmaiig, BT RINGE I, 0 AR AT 550K o BT 2% 18 s
R B K KI5

Bk, —MENESREHE S KRN, SEGR SRR R, X 25 A4 1) Fm R AR 8
HEAEEEW, ZEAT, BESAIERS, miRX(800°C A 1200°C) 5KIEX (200°C £ 400°C)[FMAA1E
BEIEE, SEUREAEZIKAL RN /2], Jiang 53] OpenSees BUA I, K KRALFESAE
SE R AR R, SEGRIR X L5 T AR Tiang SE[4]BTFERM], KRAL R
AR s 2 Re e 5 A IO AGE P, JUHRAE 2 @ s b a] R 51 A B L5135 . Dai %5518 CFD A
FRRRREK I, 3878 1 KO R AR A KR A R R 8 52 AR 73 A1 R 225 SR . Nadjai 25[6]BEAT B RRUAE K
FARITESE, K RALRE I AL ST T 535 B S9N EE M BT K R RE . RS TR e o s s .

#8)) K 5 PRI AR 25 ST 23 A PN BN 25 A% 4% 38 AR AR Ge K ORI,y KA A 50 2 2 45K 1B
Kvert i KBk . Stern-Gottfried [7]38H 7 “#8 8K K Jj7%°%” (Travelling Fires Methodology, TFM),
SRUAAE G BT T S TR AR B R R R A, SR 7B RS K R SIS RHER M . 48)5, Rackauskaite Z5[8]K
Ji& 1 iTFM (Improved Travelling Fires Methodology), #5823l /12458 3B K 9 Xof A4 45 ) AN JE o £ 25
Mg, A TR F. Zhang 25915 iTFM JCRBIREAT T8, PAIGUERE RS T1E
FER ) KR SFAT N A R

2 SRR S K RAEAN [R5 S A R A o — 2B FE SR A10], JIBAE BT 5 R IR

DOI: 10.12677/mos.2025.142149 262 e RSE TR


https://doi.org/10.12677/mos.2025.142149
http://creativecommons.org/licenses/by/4.0/

HIS g

JG# % (Heat Release Rate, HRR) & A i lE R . HRR I NS S BUIGEAERBIEZ IR, FHP K ek X 5%
MYEE . B S, HRR &, 13 ma X h, R R R, KR M R E T 2 . b 4h,
HRR [AARAbIE R KOG AL TR I FREEIN TR R B AR . W IR A S 0 A 3% 5%, & HRR X InT RE RN A%
TS, BENR KGR 50 . Nan 251013 T iTEM, Bk 9 AE G 3 2 48 E 500 A 3
o X — BRI TR T Y 5 70 A FCJERTIS TE E RS B, 4R T KR AL HREE S5 HRR K
R, WA 1o ARSCRAEE FIPGE K KRS SR EAE 2.5 mm/s BLRKHN A HRR K 5K FF S (304 T B %
RGBT

Table 1. The relationship between fire spread velocity and HRR
1. KRIEHRES HRR BIXH

Fire duration

No. Category V (mm/s) HRR (W/m2K) (min) Fire model
1 Slow-Const 0.5 1 MW 300 Alpert model
2 Slow-Var 0.0-1.0 0.0 MW - 2.0 MW 300 Alpert model
3 Medium-Const 1.25 2.5 MW 120 ECI model
4 Medium-Var 0.0-2.5 0.0 MW - 5.0 MW 120 Alpert-EC1 model
5 Fast-Const 2.5 5.0 MW 60 ECI model
6 Fast-Var 00-5.0 0.0 M\i\g(—)gg MW - 60 Alpert-ECnll-(I)nglised ZIB
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Figure 1. Time-temperature curve of the specimen. (a) Comparison of LF positions; (b) Comparison of MW positions
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Figure 2. Time-central deflection curve of the specimen
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3.0 x 9.0 m, HEIIEEI S m. KALE 0.1 m H FERTH A KIFERTE, KIERHEBEAFEEEN 3 m,
BRSO 1< 1m, it 94y, Wil 3 s,

X F AT ) FDS 848, 76 XYZ J5IafE R A 0.06 m (351 4% . FDS A e, F4E 21 148
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Figure 3. Schematic of the oil pan and component positions under moving fire
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Figure 4. FDS simulation of the moving fire scenario
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Figure 5. Distribution map of AST meas-
urement points
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Figure 6. Mesh division of the structural model
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Figure 7. Time-Temperature data at the beam’s fire expo-
sure location
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