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Numerical Simulation Analysis of Thermal Distribution of Slotted
Light-gauge Steel Stud Walls Exposed to Fire
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2. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, Heilongjiang, China)

Abstract: A heat transferring analysis model of thermal distribution of slotted light-gauge steel
stud was developed using finite element analysis software ABAQUS to investigate some key
issues of the wall exposed to fire, such as the boundary conditions of the exposed side and
unexposed side, thermal properties of gypsum board, rock wool and steel, as well as the
interactive property parameters between different materials. Comparisons between the simulation
results and the related experimental data were done. Based on this, the parametric study was
then conducted to investigate their influence on the maximum temperature and average
temperature of the walls on the unexposed side. The results show that the finite element model
can effectively simulate the temperature distribution of the wall elements exposed to fire.
Sectional heights of the studs, the layer of gypsum boards and their arrangement have
considerable influence on the maximum temperature and the average temperature of the walls on
the unexposed side. Whilst the row number of slots on web only considerably affect the maximum
temperature of the walls on the unexposed side but barely affect their average values.
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Fig. 1 Light-gauge Steel Stud Benchmark Unit (Unit: mm)
YR R O 1 A A .y T AR T AR A R R T 1] Y
flead BAT — R LA R O 2 w3 iR e B 1R
JE EALZEHR 300 mm ) 45 1A B 5T AR B S A I
o AL AR 3 AL X ] 2 gk B R 88 5
L
1.2 #EHEEE

JORAERTR » FA A DX A 2 5 L = 3 Fhor
SRR SZ KT % 38 295 KT . e X T8 R

(1 Al St A L FT AR AR A AL B AR T o) O A

Fw . H

T A ,d°T [ 9*T | *T
Py 2 2 + 2
dt  cp dx dy dz

T BB e T2 O R LG e O R
B WEH ;0. y 2 B TR AL AL B A

SR 3 (1) AR B 1A 52 JCRiT A T PR IR 2%
PER S FEIRLRE Al 24 2] B A5 05 1 RE AH 45 L )

T(x,y.2,t=0)=T, (2

b To W PREE R 8 By 20 °C

K UGS 3 K30 B RIVAT 05 B 1A 2 floh 17 =3
AL 5 4 A AR T SO R R AL TG B R
Hh S A A2 ST A AR B AR B TSO-834 A i T ith
LRI L 0 I 2R K0S A G AR O AR 9 O LY ECL
(EN 1991-1-2:2002) 5 EC3(EN 1993-1-2:2005)
FEAY I 25 W oo (m® « C) 7' 0. 7558 SCBEAITY K
7 30 I R 20 °C L R AR RS S AR IO 40 R
PAEHERE 73 I 25 W e (m? « "C) " H1 0. 8,
1.3 #RBRISH

Ve ICG 3 A e T A B AR A RS N R A T
SRR 2 R AT B AT ORI 2 B 1 G B 1) A 2

) @)



%3 & RLE KRR THERIFILRME B3R E G HAAE T 91
o BRI B T B 5 5 B LA 3R A LE 4

KA HM A BT Feng %74 Wang™ T B B

PR T A E R LA o 5RRAR A, 1 Y/

SRR B AR A 1 A 2. DRI X s 1 3

H 42 75 19 5% 0 R K, AR PG # 7 OR BT GE B 0. 84 T W il ?

kJ o (kg + C) ' SHERE AL MERFT Wang ™ 2 1
Al oA A P R, LR 3. £ 1~3
203 B 7E LR AE IR 22 [ 25 A 2 UM 4 4%
PEARAE T 155
x1 ABWHILHRE
Tab.1 Specific Heats of Gypsum Board
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Tab.2 Thermal Conductivity Coefficients of

Gypsum Board

T/C 10 100 150 1200

Ae/[W e (m+°C)1]] 0.2600 | 0.2600 | 0.1500 | 0.319 5
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Tab.3 Thermal Conductivity Coefficients of Rock Wool
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Fig.2 Elements Employed in Finite Element Model
L& 1Co) T AT AGE TR ity 19 A% 3 23 B AN RO . ol AL
{1 58] 93T S5 A A AR 114 BT A R B2 Wi A L O g Ak 2
A o A BT o I 7 e R AR LI AT
30 B 2200 1 FL AT [ 9 W L B RS S R U £ R T
X

2 REBIGIE

W4 T Feng % 5K & T 2003 4 JF J& 1)
1SO-834 #r il JCRAE T 89 e i B 4 8% 1 0 B2 3
F18) S 5 o FH DA 38 0k A S i g N7 A R ST R Y 1Y)
EARPE S A RorE . ol PR B TE BE X 0 600 mm, 3
F a Je B R S EE D 100 mm, 530 RS2 15 mm,
T PR 25 B B2 A B AR i b R A R R
104 mm, TEAS , Je i W00 4 B 2 240 B A A B R
JEREH 12,5 mm, &3 Ky 2 MR A mTE XS
I A

21 \I3 3 3
S 3
5 4 5 4
6 i3
(a) kfha (b) WAfb

B3 SHEEEEASNLHE(SBA mm)
Fig.3 Cross-section Form and Gauging
Point Layout of Walls (Unit: mm)
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Fig. 4 Comparisons Between Simulation Results in the Paper with Test and Simulation Results for Specimen a in Reference [7]
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Fig.5 Comparisons Between Simulation Results in the Paper with Test and Simulation Results for Specimen b in Reference [7]
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Fig. 6 Influences of Row Number of Slots on Web
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Fig.9 Influences of Layer and Arrangement of

Gypsum Board
HITET 9 AT L A 8 A2 505 A B 7 SO B 1A
ST Fe e T BE 5 7 2 B R W P AR . AR LB
PR THT il B2 i g A R )2 B 39 o i e A
LA AR Z BOM AL L AE 52 K 60 min {5 B YL R
22 9 A B AR A L 30 AR 52 D X e R B AR 7 K T
I e i 5 P K4 R R B O A A

4 45 i

(DTEARTG KK 52 K38 P A0 8 AROT 24
A4 T« BT FL B e B 35 1 A B 1 470 K1k
AE . 0 T35 1A T LA B JE A AR e R AR
2 100 mm 35 P& C R SR BE O 124 mm) L LT K
T A 5 5 3 JEE AP PR B TR T 1 b i A BRI L
SE Y T BREL

(O FASRZ R R 73 B R W - e R e B S
A0 B AR B B A D7 A T AR RO BE B A I AR
TF AL B0 e e PR TR 9 i o i A P B R

TS AR T FLHE RO S5 1A T i i i J3E 2 o oK L
X 58 AT K TR - 43 R U R o A K

(3) 518 A J2 RO [R) I 7E 52 2K 60 min {2
Bl P 5 5 22 1) A0 AT B T 4 R 52 0 X o AR 355
AR T i e L BE 5 - 3 3 B A A

S & k-

References:

(1] @me.b fR.4 WS BT AL 3 95 1A 1% #1

PERE GBS ML) IR & S R, 2014 (10) : 134-
136.
JIN Xiao-fei, YANG Hua, LI Ming,et al. Key Param-
eters for the Heat Transportation Behaviour of Enclo-
sing Walls with Light-gauge Slotted Steel Studs[]].
Low Temperature Architecture Technology, 2014
(10):134-136.

[2] FAHOR.ERR RN S WRITAL RN s ES

i 47 A TN BT PR A BR T 20 7 [T . A SN 45
HHE . 2013,15(4) 1 1-7.
SHI Jing-bin, DONG Xiao-chen, YANG Xiao-jie,
et al. Finite Element Analysis on the Bending Behav-
ior of Light-gauge Slotted Steel Studs Subjected to
Uniformly Distributed Loading[J]. Progress in Steel
Building Structures,2013,15(4) ;1-7.

(3] Bk B, EEWRMEUK. 4065 EE T R g A 2

ROyt e ag L], ma R i Tl K% %4k, 2014,
46(8) :16-20.
GENG Yue, WANG Yu-yin, LIN Jing-mu. Bending
Behaviour of Full-scale Walls with Light-gauge Slot-
ted Steelstuds Subjected to Distributed Loading[]].
Journal of Harbin Institute of Technology, 2014, 46
(8):16-20.

L41 Afosk.5k &£ B4, 5. JF & 0O e B 5%k bt

BPEREARIT AT LT 77V K% A AR
2014,39(1) . 7-13.
SHI Jing-bin, ZHANG Lei, WANG Yu-yin, et al. Fi-
nite Element Analysis on Bending Behaviour of Ther-
mal Studenclosing Wall with Window Holes in the
Wall[J]. Journal of Guangxi University: Natural Sci-
ence Edition,2014,39(1) .7-13.

[5] #bea, D b, Phaizd, 5. AT FL R 5 e 5 B ik

PRUES TP P RE A BR T 40 A LT ], AR A S AR
2015(5) :40-43.
YANG Xiao-jie, MA Di, SUN Jian-yun, et al. Finite
Element Analysis on the Bending Behavior of Enclo-
sing Wall Elements with Light-gauge Slotted Steel
Studs[J]. Low Temperature Architecture Technolo-
2y.2015(5) ; 40-43.



S

% 3

» S

LA KRF MR T SU A2 AR AL B 38 IR 08 ) R AR B o A 95

[6]

[8]

(10]

[11]

[12]

BIREAS X 5L Ph G AR A5 R AR AL W e B
A b P R [ ], IR S AR . 2014(10) £ 39-42.
YANG Xiao-jie, LIU Qiang, SUN Peng-cheng, et al.
Experiments on the Sound Proof for Enclosing Walls
with Light-gauge Slotted Steel Studs[]J]. Low Tem-
perature Architecture Technology,2014(10) :39-42.
FENG M, WANG Y C,DAVIES ] M. Thermal Per-
formance of Cold-formed Thin-walled Steel Panel Sys-
tems in Fire[ ]J]. Fire Safety Journal,2003,38(4) :365-
394.

FENG M, WANG Y C. An Experimental Study of
Loaded Full-scale Cold-formed Thin-walled Steel
Structural Panels Under Fire Conditions [ J]. Fire
Safety Journal,2005,40(1) :43-63.

SHAHBAZIAN A, WANG Y C. Calculating the
Global Buckling Resistance of Thin-walled Steel
Members with Uniform and Non-uniform Elevated
Temperatures Under Axial Compression [ J]. Thin-
walled Structures,2011,49(11):1415-1428.

CHEN W.YE J H,BAI Y.et al. Full-scale Fire Ex-
periments on Load-bearing Cold-formed Steel Walls
Lined with Different Panels[ ]J]. Journal of Construc-
tional Steel Research,2012,79.:242-254.

it Bk TAN Kang-hai, #2959 BE R 9 K 19 5T K
WHEITE RS L] KL RSF5%M: A RF¥
R, 2006,26(6) :55-60.

JI Lin, TAN Kang-hai, ZHAO Jun-hai. Fire Resist-
ance of Thin-walled Steel Channel Column and Pa-
rameter Analysis[J]. Journal of Chang’an University:
Natural Science Edition,2006,26(6) :55-60.

PR30, G R R LR S A TE R T

[13]

[14]

[15]

[16]

[17]

FPERELT]. TR 1% ,2009,26(12) . 167-174.

CHEN Ju,JIN Wei-liang. Behaviour of High Strength
Cold-formed Steel Columns Under Elevated Tempera-
tures[ J]. Engineering Mechanics, 2009, 26 (12) :167-
174.

LhRp 7N L REZE RS DG TR AR T R v 2 R s 1 R
Pk PERE A R IC r Hr A T [T, By 9 0l K L2 % 4R
2012,32(2) :205-209.

MA Qi jie. WANG Pei-jun,ZHENG Ying jie. Compu-
tational Modeling of Cold-formed Lipped Channels
with Slotted Webs for Fire-performance Analysis[J].
Journal of Disaster Prevention and Mitigation Engi-
neering,2012,32(2) :205-209.

GUNALAN S, KOLARKAR P N, MAHEN M. Ex-
perimental Study of Load Bearing Cold-formed Steel
Wall Systems Under Fire Conditions[ ]J]. Thin-walled
Structures,2013,65(4) :72-92.

BB B e R I G 2 R T (D] s
IR « Iy JR ¥ ol K% 5 2006.

YIN Da-wei. Thermal and Flexural Property of Light-
gauge Steel Stud Wall[ D]. Harbin: Harbin Institute
of Technology,2006.

WANG H B. Heat Transfer Analysis of Components
of Construction Exposed to Fire[ D]. Salford: Univer-
sity of Salford,1995.

P W . AR T L A% B e i B9 08 O O IR i F 5
[D]. MR « W R i Tolk K%, 2012,

YAN Yu-teng. Thermal Insulation Performance of
Light-gauge Slotted Steel Stud Enclosing Walls[ D].
Harbin: Harbin Institute of Technology,2012.



