5 46 2555 2 ) B K kTR E iRk Vol.46 No.2
2026 4F 4 Journal of Disaster Prevention and Mitigation Engineering Apr. 2026

DOT:10.13409/j.cnki.jdpme.20240923003

MK AT NS
B0, 2EBE, BE, A kS

(1. A3 K2 AR TR 2B, I 2000925 2. [R)BF K2 A TR B 9 i d¢ 4 1) 1 S 56 =, U 2000925 3. [R5 R
FAF T B (R A R A A, L 200092)

WE: M- KRASHL —FEERE AEXZHOH B E RN, AR KBEFRTE 2 RAKMAITF %
SAR-RAE G R KERRITTRAL . BRELT HEANIEF M- KA KA AL TR A A
KRR HBIE T AL A 09 A, KGR T 30 9E 69 2015 5 A7 AL AL 3440 - K 206 A 09 40 KM R SR AT AR 4L, 48 R
TR EEHS KRR Fe it KR, 5 R (R) AT, BB, BEAMSWRER T AMEE K
R OBEAMBEALRENSR-KAGAET KBGOGB mNE, EREV FTHER LR DAL T ARE
PREBAE, MABIRRGAS MO ENAZTELEB AL, KR THEMN-RASEARREX L2H HA,
Ko hahsahe £ B X AREHIR , KM R KA KAE, 9 R & KB W3R . Fr &k fe K am skt
- RS ARG A KR Yo B3, KA F A RE OB AMEE A o4 F 3T R- R A S AR & KAR TR 77 A 48 K%
A4 A Ae K H A R E . SO AR A B e AT KARFR K T 4b 40 (R ) A, BLAT # LA 4R- K& 4
i K AR P0G 3% & b R AL K,

KR B-RALE A ke s BUA ST B KRR ; S8 Hr

FE 4K S: TU398.9 X HERFRIRAD: A X EHS: 1672-2132(2026)02-0313-12

Analysis of Fire Resistance Performance of Steel-timber Composite Columns
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Abstract: Steel-timber composite columns are a new type of prefabricated component that is green,
low-carbon, and highly efficient in load-bearing. However, research on their fire resistance perfor-
mance remains notably limited. Numerical analysis methods were employed to investigate the fire re-
sistance performance of steel-timber composite columns. Firstly, a numerical analysis model for the
fire resistance performance of steel-timber composite columns considering thermal coupling effects
was established. The accuracy of the numerical model was then verified using fire test data. Subse-
quently, based on the validated numerical analysis model, the fire resistance performance of steel-tim-
ber composite columns was simulated. Their axial displacement, fire-induced failure mode, and fire re-

sistance were revealed and compared with those of pure steel (timber) columns. Finally, parameter
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analysis was conducted to investigate the effects of timber density, moisture content, encasing timber
thickness, and steel ratio on the fire resistance of steel-timber composite columns. The results indicat-
ed that for composite columns with low load ratios, axial deformation was dominated by thermal ex-
pansion, whereas for those with high load ratios, axial deformation was dominated by compressive de-
formation. There were mainly two failure modes of axially loaded steel-timber composite columns un-
der fire conditions. Short columns with small slenderness ratios primarily underwent strength failure,
while long and slender columns with large slenderness ratios both experienced overall buckling failure.
The load ratio and slenderness ratio significantly influenced the fire resistance of steel-timber compos-
ite columns. Timber density, moisture content, encasing timber thickness, and steel ratio also had a
significant impact on the fire resistance of steel-timber composite columns, but their influence trends
differed between short and long columns. In addition, the fire resistance of steel-timber composite col~
umns exceeded that of pure steel (timber) columns, and the smaller the load ratio, the greater the in-
crease in the fire resistance of the steel-timber composite columns.

Keywords: steel-timber composite column; fire resistance performance; numerical analysis; fire resis-

tance; parameter analysis
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Fig.1 Cross-section of steel-timber composite column
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Table 1 Mechanical properties of steel at room

temperature
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Table 2 Mechanical properties of timber at room

temperature
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Fig.2 Numerical model for fire resistance analysis of

steel-timber composite column

-2 G FE BT KV BB EE 23 B 00 34 43 4 W
23, A A KA KR, A
500.2 500.4 0006 000 mm PY A4~ ]t itk 4% BR 4
M fF 4% L 0.2.0.4 0.6 ,0.8 PU AN 25 4%

3 N-RA AR e (D 1A

A=ul/i (D
o, p TR B R AR U A A i B — I
B4 BUCR 0.7 L o 241G FE i BE L i O 216 F R A i
Ml A2 Fe U (2) 15
E I+ E.I
E A+ E.A,
Ko, EE 43 5 R AR WA ISP AR RS A
B At 5 1 1, 43 531 R AR 0 T 5% P R R0 b 1 5% P
R 5 ACA LG B R AR AT T FRUCRN B9 A 8T T

315

(2)



®3 HESHHKGESA

Table 3 Specimen groups for numerical analysis

S AERE/mm KA REZ A MHL
STC500 i /
STC500(20) = 0.2
STC500(40) 500 12 I 0.4
STC500(60) = 0.6
STC500(80) = 0.8
STC2500 i /
STC2500(20) = 0.2
STC2500(40) 2500 60 & 0.4
STC2500(60) = 0.6
STC2500(80) = 0.8
STC6000 i /
STC6000(20) 2 0.2
STC6000(40) 4 000 145 = 0.4
STC6000(60) = 0.6
STC6000(80) = 0.8
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Fig.4 Load-displacement curves of timber columns at room

temperature
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Table 4 Fire resistance of timber columns under different

load ratios

e R R R O BRI TR A BR A
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i JI/KN H/% Befti/min  #UE/min ’
EC200-30 318 30 34 31.2 —8.2
EC200-50 530 50 16 16.9 5.6

(a) EC200—30 i
6 AFEZ KBIRBIE S

Fig.6 Failure modes of timber columns in fire
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Table 5 Critical temperature and fire resistance at yield

of steel column

Il 3 5 /°C ifit KA B /min
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B, 2% H.L.UT.Di S B 58 b (38 50 4 18 RS
AR H150 mm X 100 mm X 2 mm X 2 mm , 3
] S5 78 AR b, 35 2% A 43 78 50 mm JBE R B, KBSk
FACTHEAS A B AR TH] R H TTE 26 5 2 fil, 25 5% 7+ it
i 28 2 ISO 834 A i Tk il 26, 45 43 B7 45 31 (9 5K B
FHE LS H.L.T.Di % B 50 25 Bk 4730 He o

XF A R 10 Fros . Sk BF A RIca b
25 R 5 IR 45 R A — B0, R I AE 0~100 “CTHR
Bro 4R LT 100 CHE I i, A BR oo 45 R At 5
SRR WETHR ML B — BB E SR
FE B, TR PR R I B AR T K G 7% T RE R I A
BRI . AM oK ZER TS N R
xR AR IR R S e BT XF AR R ] AR IT
R I R R N2 [ 2 Sl D) 3 o Bl O
ARG AL S E O E A, T
SO AR A A AR HKPERE T

180
160+
140F  —— i — iR '
o 120 - - HET—BR i
Q 100+ w
80
B g0l
40
20F
0 10 20 30 40 50 60 70
B (a] / min
(a) S5 B B FHR I 28
3501 1
300
o e — 324 ;
o= --- BRT—RE

0 10 20 30 40 50 60 70

HiHE] / min
(b) FHRSTHE M2

F10 AR A AR E THR M 2T
Fig.10 Comparison of temperature curves of steel-timber

composite columns

2 W-KRAEHRNANERES T
21 EETHRERAHEAN
TE XN - A2 A dE 24T BT KOk RE A BT i, 7 S it

318

P18 TN LA Bl v R 2, A5 B 415 B TR T il
JEM BRAR L F7 o B IR A [ g B A A 2 A A 1 i 2
— A B h A & 11 R iR IE S &l 12 firs o
W 255 v B, A LA 0 il AN PR A 3 ) i 22
JIN A T R £H A A IR il R A BR R 3 7 WL 3K 6.
500 mm A A FE L AR EERR , 2 500 mm .4 000 mm,
6 000 mm =5 41 A FE W35 & A 4 1A 1 B3R .

%% —
z ! o« -
f:lBOD J P — “""-...‘“«.
o .1 ey
gloorf e y
1200 F 4 S
T g0} Ap e e
600 .'I 4+  —=— STC500 —*— STC4000" "~
308 A7, T STCZ500—— STC6000
2 4 6 8 10 12 14 16 18 20
i A / mm

PO T A A A A A 2 — Tl 7 37 3% i 26
Fig.11 Load-axial displacement curves of steel-timber com-

posite columns at room temperature

Bl

(a) STCH00 (b) STC2500  (c) STC4000  (d) STCE000
K12 #IR T N-ARH SRR &
Fig.12 Failure modes of steel-timber composite columns at

room temperature

F6 BEERTHEN-NASERRKEAN
Table 6 Ultimate bearing capacity of axially compressed

steel-timber composite columns at room temper-

ature
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Table 7 Axial loads for fire resistance performance analy -

sis of steel-timber composite columns

Bl 17 4 L B3 /KN
STC500(20) 0.2 575.0
STC500(40) 0.4 1150.0
STC500(60) 0.6 1725.0
STC500(80) 0.8 2300.0

STC2500(20) 0.2 524.2
STC2500(40) 0.4 1048.4
STC2500(60) 0.6 1572.6
STC2500(80) 0.8 2096.8
STC4000(20) 0.2 359.2
STC4000(40) 0.4 718.4
STC4000(60) 0.6 1077.6
STC4000(80) 0.8 1436.8
STC6000(20) 0.2 186.8
STC6000(40) 0.4 373.6
STC6000(60) 0.6 560.4
STC6000(80) 0.8 747.2
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Fig.14 Failure modes of steel-timber composite columns in fire
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