% 43 5% 50 AR5 X ¥ TEFROP E DO Vol. 43 No. 5
2021 % 10 A Journal of Civil and Environmental Engineering Oct. 2021

DOI: 10. 11835/j. issn. 2096-6717. 2021. 031 T At 5 (R4 47124 (OSID)

RGEZZAF T o2 WERE R B R B K & 1 e 2K I&ﬁu

7}5]}5&13’11) ;E’Clbyﬁiﬁﬁéz
(1. BHXBEKRT a. BB RAREGEEAARABRIEZRERE ;b L RIEFR, &RAF 610031;
2. PEZAE G RIEA RN, RAE 610041)

OB AT EAERMAER A KA T R A A KRR X EMRE T W ET 2R X, B T4
K R R KRR ETA M, RIS T A R TR RES A, XA TH
Wby KL IR TR Z AR - N AR ST, BT R RN 1 B 2 R R = Yt Bt
AR AR R E IR T RGN T RE B EME T KT AZEL R
A BUH, LT R MK E A E TR ALERLE Z 7, AR AR EXELEMNG
i KOPEAE AT AT AR E R AR A WA B TR EREM R AR R S = 4
A HAEA , J2 IR 1SO-834 AR BERIEAEM K RIFSE, T E SR E RS R R 15504, R K
Z AR R AR B Fe B - AR S AR GG LA AT A s R R B A 0 B RRAT R A T i, AR
B B SORAT R R Z R R ) K A AR E BRI, ED AR RAERAK R KR IKEE
HAEsTreag ek bl B RAAAEF R EMAIAT AN, FREN . REG R =%
P NI EAAABER R E AR B K R EF TEMO AT A MG EHMERERE S H 4
HE FE R0 BTG IR AR A B R A BTG & 5 K3 45 Rop 68 4F

KHEIR A R RE AR BB R AT KA s K RIS A #GaE A2 H AT A

FESES:TU392. 1 XERFRERS: A XEHS:2096-6717(2021)05-0081-13

Fire resistance of cold-formed light gauge steel frame
floor systems under fire conditions

YANG Cheng'®'*, LUO Lang'® . SONG Qianyi*
(la. National Engineering Laboratory for Technology Geological Disaster Prevention in Land Transportation;
1b. School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, P. R. China;
2. China Southwest Architectural Design and Research Institute Co. » LTD, Chengdu 610041, P. R. China)

Abstract: Cold-formed light gauge steel framing (LLSF) structure is a new type of fabricated steel structure.

Fire resisting performance of LSF structure is the key factor that determines whether it can be promoted as
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a fabricated structure. However, for the LSF floor as one of the main load-bearing systems in LSF
structures, the number of full-scale fire tests available for reference is limited. Most numerical simulations
of LSF floors are limited to using two-dimensional heat transfer models to conduct temperature field
analysis, or to conduct thermal-mechanical coupling analysis of three-dimensional models based on
simplified linear temperature distributions. The difference between the analysis results of two-dimension
and three-dimension structural members could accumulate and evolve into the essential discrepancy during
force transfer when the structural scale is large and the system is complex. In order to describe the fire
resistance of this type of structure more accurately, a three-dimensional heat transfer model has been
established for the floor system composed of cold-formed thin-walled steel framework, structural plywood,
gypsum board, rock wool and other materials. According to the ISO-834 standard, the heating environment
is used to simulate the fire situation, the nonlinear heat transfer process and the thermal-mechanical
coupling analysis have been performed, and the three-dimensional nonlinear heat transfer mechanism and
the structural behavior with thermal-mechanical coupling characteristics have been described. In addition, a
more accurate modeling method of contact behavior has been proposed to reflect the contact force
relationship and deformation coordination characteristics among self-tapping screws, structural plates, and
light steel members. Based on the comparison with two sets of fire testing data for the full-scale floor
systems, the explanation of the structure behavior mechanism obtained by numerical simulation has been
given. In general, this model based on three-dimensional heat conduction and thermal-mechanical coupling
can effectively describe the LLSF spatial mechanical behavior under fire conditions. The results show that
the proposed three-dimensional heat transfer and three-dimensional thermal-mechanical coupling analysis
numerical model can be utilized to predict the fire resistance of LSF floor systems and evaluate the effective
factors on structural high-temperature behaviors via parametric analysis. The simulated non-linear
temperature distribution characteristics of the structure, the deformation evolution mechanism of the joists
and the final failure form are in good agreement with the test results.

Keywords: cold-formed light gauge steel; floor systems; fire resistance; fire conditions; heat transfer

process; mechanical behavior
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Fig. 1 Details of LSF floor test specimens
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Fig.3 Locations of temperature monitoring
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Table 2 Mechanical property reduction factors

of LSF elements™’

g/ C S AR e T I R A JoE 5 BE AT AR

20 1. 00 1.00
100 1. 00 1. 00
200 0. 85 0. 99
300 0.72 0. 95
400 0.58 0. 69
500 0.45 0.39
600 0.31 0.11
700 0.18 0. 07
800 0. 04 0. 03
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Table 3 Mechanical property of plywood and plasterboard
PR/ Brhrsm s/

Mt HEL/NES
(N *mm 2) (N *mm 2)

AR 8 086 38. 69 0.3

AFR 1124.7 4 0.23

SR R ST AR AR S ) 2R M RE AT
B TR RTE 20 CTF R R ZRE T o0
94 kN, 5 Baleshan ZEM 85619 90 kN % BR faf 2% T
LR ARE , PS5
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WIhG JLAR B B 23 52 ) 25 0 1k g . AR 4l Sk
(18], AU R i B 1 i JUART I 200 s JLAn] 5k B 1Y)
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R CHEHURA T DR g5 1 3853 - 30 HI 2K )
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TR Ry AR

DFGENE. X THUas 248 i k8 ok DL A —
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5
D= 1004 (3
e B2 AR T 3 2
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dr 9 000d @

Ko D R BR A AR Y B mm; LA IR R 1
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B omm; K 1R 2 19 4 4518 231 mm A
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Fig. 21 Deflected joist 2 of test 1 of transient state FEA
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Fig. 22 Deflected plots for test 1 joist 2
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Fig. 23 Von Mises stress distribution for test 1

I A B

joist 2 from transient state FEA
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Fig. 24 Von Mises stress result for cold flange of joist 2
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Fig. 25 Failure modes of joists from test 1

and transient state FEA
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Fig. 26 Deflected joist 2 of test 2
of transient state FEA
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state FEA and literature
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Fig. 28 Ambient side plasterboard conditions after test"’
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