AL (PP YESC) , 41(5), 35-46 (2026)
DOI:10.13206/j.gj2S25103001

ISSN 2096-6865

CN10-1609/TF

EXE TAX®

SlEEl

construction

(Chinese & English }

gjg.ic-mag.com

P2 A B e s R HEZR B K PR REATBR ST 40 B

Fwam:

AERT 2 !

(L. 00 Rl 30T 2 o B R TR B e AR % 5 0 FH W P 2 TREBF S8 vl W RS 25 B0 413000;
2. PR RF LR TR, KV 410075)

W E:CHRRERKRE T, M4 AT R T BN EME REE ., B, AR H &S MR
FEAER MK, S RIEE R LRGP T HEAGTKRABLAETLEL, LHXTERERGH R
TP MELEMERMREEL, ARG RFEAEG A BT, BB LR RA TR, EARMLREF
RREHEH A RGEIKEL . m AR RO R, TR R TR AR, AT AR e Lk P
WS EH KT RN GARAH P, BB LR AR - KM AM KA R- A AMBER ARTHEEHS
AW ELS R DS LT, A, RAR-ZhELERELA-D-FABE MM A- A ARABEAME SO A RLT
A M-SR EFTRAERENARZGRKRXBBATT RN, ARLHFTORE R REERTHEXBER
)RR, BB B LR A & B AR AT R B KR T AR Ah R B R AR A K R IY AT AR TR T AL MR A AT AR
B F, P& RABEA T A G ST R A& = AR R 45 My 09 40 K 5 AT B4 b 40 Kk it 7 ik 3 2 K
KR MA-HEGHRIZTMAER ;ARSI LR M AN 7K

1 # i

B -TR BE A A AR H A SR S NI PR
PEREIL R i T8RS R, T Z N T 2
JZ 5 RS A A T o TR BT R, X
% ] HE 48 25 0 1Y) 22 4 e RO R Y g L H i
W D27 0 2 G 2 B HEZR A BT K PEREIEAT T — &
H )5 5 A BROTAE ST .

2l A 25 (] HE 42 38 56 J7 1, Cardington ‘K % 32
BRI SR B — R 8 2 3%5 5 JE KU A - IR
BT AR A HEAL , HAE AR A R KR T T
T A APEREWT FE 2R, 24 i i 4 4 O 4 5 SR 4R 4K
SR N 2RI, 205 R 7 A BB AR R A L
RN, BE AR AR AR AL T 3R B 1 B B 1 1722, {H 2540 K
KGR . SCHR[4-7 130047 1 3 )2 3x3 5 2 N AL -
2 G i HE SR Y JR 8 K I L S SRR W < 32 MR
T A T A 22 R4 5% AR R ARLE T T 4 i B b ok B
B o TR S AR JOR Al B e A O L (R
R RGBSR R IR R T R DT 32 KA R
%% W I, BALTHT 32 K 20 R R A AR R 7 A ) I B ORS
BB IR BE 1 (CFST) 40 & 25 M e Kk g Jr 2% & A1

HEAT 5 22 (9 2 S THIAE B8 K 9 IR 56, n it Mg R 47
T CFSTAE 4Kl (B A9 ) YR BE 1= T HY Z2 1 [ HE 4L K
W, AR R iR T R T B RN, Y
SR e I HE SR A TR IR R IR T
F R 2R o 5 A SR ERE AR L HE R A T B
BEL I, T ATE 42 2 A i A BR B84 o X S5 iE AT T
CFST 4§ A 1R B + ZEHE 28 IR, 45 R R BT .Y
FURU DAY T B2 2 AR T AR A0 X, SR Y i 2 1L
/PN 2 M L B A E R AT K R R B G

Y TS5 A 1A 2 08 K IR I ME B R A i, 3 2
R A FRITER A B S A BR TR e %20 4 25 Al 4L
R PUKPERE AT IFSE . Wang!"" R AT BR OC R 7
FIREFRAM Huang %" JF % T A FRJCH ¥ VULCAN,
Xf Cardington IR AT T A BROTAEU , AL FLT
B 530 R AL AL 58 BT, bR A 1 R ] A
TIARRRF A RRW, A A ICHE O A B 1 1
AT A A E AR AR & A2 K AR TR ] 7 A i ) JEE

w5 58 { R B 4100 H (51978664, 52008159) &

S — VB ORIl VR, 2N FHR TR 1 A AR T
WAGVER T &% W+, ##%7 , dinfaxin@csu. edu. cn.

Wi H 91 :2025-10-30

35



FSCH AN EE R (T 3E30) ,41(5) ,35-46,2026

RN o REHCR F 52 BT 76 52 KR 110 min, A BRIC
HWRAAE R ER TR, BT AR R R
A A NME, CRST A 45 , 2 BN TR 2 T
(R T T HE 2R B KPR RE 3 W . CFST -9 TRBE - 414
RS- AE SR 7 1T, I R MR- AR R, T
e LA M R AT I AR R R ABAQUS
A BRITF AR AT KRR HEAT T = 4 7o - BR T
GYHT, S5 RV HIE SR R A B R AR R A R
RORE, L SCHR [ 12 32 1 5P 1 A 4 A T A BR
BARRL WA, 2EEATRIH ABAQUS A BRICHLE, % CFST
B TR BE £ (RC) 32 F- TRIAE SR (0 Bi Kk PEREHEAT T 4%
ZNA BRI T, T L SR TR 3R - ARy |
ARSI A K 56 & X CFST KE-RC #7257 T HE 22 (it
KAEREIEAT T = HE AR BR T M. Han % Bao
SO A Yang SR I BHA- AR R,
Xf CFST A -RC V- TAHE L BT K BEIEA T T = 4E -
SRFTBRIC AT, A A2k P TR B 48—y - AR A |
AR T AKE I R0 THBR IR 4 B v CFST HE-RC 3
S THESR Y J1 2847 A AT T = 4eFe SR A BRI/,
SERFIO AT KR A TR 2 T X R
RS RERE R AT BN S A HESE K A A
FE PR AR e i 2, FLHE 2 7 9 T ik A v ] B & A 1
Wo BeAh 2B AR 2 RO AR CFST -4 4
P(RCEE) TV IHAELE L IEREIEA T T — I
SERRW, R K I T AE SR R A PR S IR
PR RO, Y HELR K 2 SR IR A SR, 4% T
AR 29 114 T A AR B TP — 35, 7 246 2 A A R A X
R, HEE 2T ¢ A B I 2 47 26K L 14 /0N 7 348 o

25 ) HE 0 kTR0 rh R = A T AR AR T
%A FHOERZE IS . UL 5E % 45 H K 1k
P BE A4 23 18] AE ZE 30 JC P RE , 4T (5 IE 3% (A 45 40 1Y 22 42
AT LR FP KA A EEE X, oA X T
[F]AE 28 A 5 b R 5 80 % R F R BT i LA ASE AL
2 A RGERE Y JR FJE AT A TR EE T B AR R e B
TG, XE DA UL HL IR 32 Oy 1) 3R B 3 A 34 50 5 1 1 B K
AT o TR 5E B TR AR B SR PR T R UL R
TR, BERC AT i e AR, AN, B T
KGRI A FR TR 5T o, TRLEE R F A - A4y
BARE R 3= 1 AR I A R OCTHR R AEE (BRTE
B5REGW A FE L2 B, AR SCR I Fe -0k
TG 5 1R BE -1 - A DL BN - A K 56 &
AR A 1A R TR AR S 80 — 21 A5 22 72 ) e 42 K
TR AT AT BROCHEAL, A J5 Sk T R 4 A 45 ) 4 [R] AE
LR GERE BT K o0 B B ST BT K B vk B E JE A

36

2 REE N

T — MR 3 )2 3x3 5 1 B R POAE B 25 4, R
Yang %5 HEAT 19 T2 £ X R AT HR A% A% Ak iR
By Wang %5 HEAT (1 2x2 X A% 14 22 1R BE 1 Mk iR
LSRR Y 2x3 XM S BRI BE AR KRR SR
BRACHATH RS Rz kD S
LR K A AZ K (LT =) R TR A2
KT 52 KO 5 AR 2 AT 124 T k0K
X6 A7 BR TT AR AL AT 56

BXHE 22 B0 MR A0 an T 1 TR L BB RE 1 )2 2
3.5 m, 2322 B R3.0m, BE R4 5m,
TR0 AR R R 120 mm , 3 56 B B TE B X002 X fi) BT
2 8 mm [ B 125 mm (950 757 , #8 A 55 B0 2 i B4R
h 16 mm B R BT 3 32, A AT 1R1E 4 200 mm o, 2 HEY
SR R A5 2, A A5 A T A0 A o L SRk [ 4-
7] IR ORE W ER 1R .

)

(b) & ML b
B 32 3x3 B 4 i ah

Fig. 1  Test of a three-story three-span steel frame
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Table 1 Material properties of the test frame
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Fig. 2 Uniaxial stress-strain curves of concrete
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Fig. 3 Finite element model of the space frame
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Fig. 6 Comparison of calculated and experimental

temperature (T) - fire time (z,) curves for steel columns
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Fig. 7 Comparison of calculated and experimental mid-span displacement (8) - fire time (z,) curves for slabs
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Fig. 8 Comparison of calculated and experimental vertical displacement (8) - fire time (1) curves for steel beams
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Fig. 9 Comparison of calculated and experimental displacement (&) - fire time (,) curves for steel columns
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Fig. 10  Experimental cracks and maximum principal stress vectors on the slab top surface for the corner grid under fire only
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Fig. 11  Experimental cracks and maximum principal stress vectors on the slab top surface for the middle grid under fire only
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Fig. 12 Experimental cracks and maximum principal stress vector diagrams of the 2X2 grid continuous slab under fire
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Fig. 13 Experimental cracks and maximum principal stress vector diagrams of the 2X3 grid continuous slab under fire
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Finite Element Analysis on the Fire Resistance of Space Frames with Steel Columns and

Composite Floor Systems

Wenjun Wang' Faxing Ding®> Binhui Jiang® Zhiwu Yu® Jing Liu'
(1. Hunan Engineering Research Center of Development and Application of Ceramsite Concrete Technology , Hunan City University, Yiyang 413000, China;
2. School of Civil Engineering, Central South University, Changsha 410075, China)

Abstract:

In existing fire tests on space frames, significant deformations were observed in the components, yet the overall structure did not
collapse. Therefore, studying the fire resistance of space frames while taking into account the overall performance of the structure is of
paramount importance for ensuring the safety of the entire structure and reducing building fire protection costs. In existing finite ele-
ment (FE) studies on space frames, heam elements were typically used to model steel columns and beams, which made it difficult to
simulate the local buckling behavior of constrained beams and columns. For concrete slabs, shell elements were adopted, but they
struggled to capture the expansive deformation induced by the non-uniform temperature field along the thickness direction. In con-
trast, the aforementioned issues were effectively addressed by employing shell elements for steel beams and solid elements for concrete
slabs. Furthermore, in existing FE studies on individual components, when the thermal-mechanical-time constitutive relation was
applied to concrete and the thermal-mechanical constitutive relation was used for steel, the FE calculation results for deformation and
failure modes agreed more closely with the test results. Therefore, this study adopted an FE model combining shell-solid elements,
along with the thermal-mechanical-time constitutive relation for concrete and the thermal-mechanical constitutive relation for steel, to
simulate the fire test of the space frame with steel columns and composite floor systems. The FE calculation results for the temperature
and deformation of beams, slabs, and columns were in good agreement with the test results. Moreover, the stress contour plot of the
concrete slab accurately reflected the test phenomenon where the top surface of the reinforced concrete slab cracked while the bottom
remained relatively intact when the slab underwent large deformation under fire. The well-established FE model can provide a solid
foundation for subsequent fire resistance analysis of composite space frames and the development of fire resistance design methods.
Keywords: space frame with steel columns and composite floor systems; finite element analysis; element type; material constitutive

relation ; fire resistance
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