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Research on ultimate bearing capacity of cold-formed
steel square hollow sections

WANG Xiaxin' ,CHENG Xin' ,LIAO Fang fang*
(1. Department of Civil Engineering, Taiyuan University of Technology, Taiyuan 030024 ,China;
2. School of Civil Engineering,Chang'an University,Xi’an 710061, China)

Abstract : Cold-formed square hollow section (SHS) members have been increasingly used in building steel structure
and it’s necessary to study the ultimate compressive and bending capacities of SHS with different thickness. The
Abaqus finite element model, considering the effect of initial geometric defects, geometric and material nonlinearity
and cold-formed effect, was established first and verified by previous experimental studies. A series of parametric
analysis on cold-formed SHS members was then conducted, with different section slenderness as well as different
axial force ratios in order to investigate their influence to ultimate bearing capacities. Through analysis of failure
modes and stress development process and based on four stress distribution models in the limit state, the effective
plastic width method (EPM) was proposed to calculate the ultimate bearing capacities of cold-formed SHS.
Compared with Chinese standards, European code and parametric study results, the proposed EPM is proved to
provide more accurate design predictions and convenient calculations.
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ding
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Fig. 1 Code for design method
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Tab. 1 Basic information of specimens
RVE R MHEER  b/mm  h/mm  t/mm  [/mm e/mm N, /kN = N,wm/kN  N,wm/N,,
SC1 Q345 140 140 10 820 0 2 649.6 2 631.0 0.993
SC2 Q345 150 150 8 850 0 2 465.7 2 546.9 1. 033
R SC3 Q235 200 200 8 1 000 0 2 806. 9 2 753. 8 0. 981
SC4 Q235 200 200 12 1 000 0 3 606.0 3 823.5 1. 040
SC5 Q345 200 200 16 1 000 0 5 873.4 5 875.7 1. 000
Stub _ 200X 100X 4  S355 100. 28 200.50  3.69 600 0 761 741.0 0.974
Stub _ 220X 120X 6  S355 120.02 220.60 5.85 600 0 1 648 1626.8 0. 987
Stub _ 200X 200X5 S355 201.50 200.00 4.72 600 0 1296 1 306.7 1. 008
Stub 200X 200X6 S355 199.70 200.00 5.90 600 0 1957 1933.8 0.988
. LC2 _200X200X5 S355 200. 44 200.94 4.92 700 77 816 816. 4 1. 004
S LC2 _200X200X6 S355 200. 25 200.20 6.10 700 72 1179 1150.4 0.976
LC2 _200X100X4 S355 100.70 200.10 3.96 700 60 597 613.0 1.027
LC2 _220X120X6 S355 120.50 219.00 6.25 700 67 1160 1132.8 0.977
LC4 _200X100X4 S355 200.44 100.64 4.06 700 35 471 459. 3 0.975
LC4 _220X120X6 S355 220.00 120.44 6.18 700 40 972 963.0 0.991
T 0. 997
I % 0.001
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Fig. 11 Stress development of typical beam column

A [ D5 R A B L B A A, TEAR BROIR S 22
RAEANRITIAL B A ) B2 2 04 Jay o etk oy, B J) 8 Je it
SR EURE N B RIEE, AFIKH) FEERK. 58
JEE b S L R 5 W S A ) R Je v R ) SRR g R 5
M AR BR DR 28, TG it P L 308 3 5 M 48R T 644 8 3 40 A
T 2 M) =) 0 e b ) S A B 220 T 2 e AR FRUIR 5.

3 I 6F A [s] B T BRI Al T B ) P ) R T e T
BBEAT 0 A7 J5 A BL, AR BROIR 25 IF Jsy 3 Jt h 2% 5 3
I BLR X, I HBE# 58J5 H A h B i) 9
K, RRIX 25w BUOE B K.

3.2 WRERFAES

T AR BN S T T A AR R K 2 7 B i H
AIBEJEE L 0 AR R, N2 000 A 45 2R v 42 BUAR
IRYUEARB S N, MARRGTZ RIS M., 535 %
HN, FI M, 4T T 494k, mlEl 12 fros, Hop
M, 3 2% T8 S B 0 4 4 4 AT 28 1k 2 .

M 12(a) sl LB, N /N, B 585 H i
RN, SRS, N/N, =1, SR
PR I RE % 1K 2 B8 o 4 AR A 5 S8 SR L AR
N, <<N,, HRBRES b T )5 e h i & A4, #m A fE
K IRy BT

ME 12(b) il LU, M, /M, B 98 % t
SR NI/ 4 NS B iV 8 o = N S A G P 1 D=
B3 I 2 S BRI e ) 3 A & A, A I RE A Bl
R B A R8T 8. Xk T 98 TR H AN B A A, AR
FRODRZS I, 0TI E Ik 21 4x 20 1 HLRE 0% & 4% A~ ) 72
BERSRACAE N, H M, Bl Sl b ) 984T B
gk, B % A M, /M, Bl E 60 38 R R R
HELL. 2 M, /M, =1 i, b7 & b D ) b2
RSy, BURIREIR B A BOm B Y M, /M, <
LIy, A ARy X IR RE 8 K e .

125 u

1,00 |— e,

= 5k
< 0.75
= 050}

0.251

000 —— o 90 T30 150 -n=0.3 - n=0.4
r - ) n=0.8 =—n=0.9

(a) R PR AT AR 3 1 (b) R IRHTE IR

12 FRTERBREABEHER
Fig. 12 The ultimate capacity results of FE models.
4 BAHEBEFEEX(EPM)

h T 25 TE R I e e onk HL TS AT A 1 AR R AR
BAOw g, EH W T MRk



110 o # M

B R

VYA
FOF

(A ARBFEAR) 553 %

(EPM), %77 ¥ 5 46 A1 i) B SR 25 DL B Al BR AR
IR 0 R HT4r ATHRAE , 45 2] T A ) TR b A
L1103 S A N S - R A G5 U= S G U = P E 3 4
JE R BRPE S S B T A8 T F A A 100 AR R T K
BN ASCRM TEMT 15<r<150 WIBETIE
A % PR TS RO P25 AR 28, 47 00 A5 00 9 1k B R 1.
4.1 REFREBEERRRERESN

BEARE T, M TR /AN, 4K
B 13k B A% PR R 2 i A T RE % 3k B 4 R m 2 k.
T e b B R B BE, TR BB R ih 19 & AR
R BELR 2 B Al A Hh R #2000, WA R ALK
FAEB X T A AR AR A B AH SR A, RN
NI IR Ty, AKX, ET M, BEkR
ARSI R K B Sy A 13 B, A T
it 8, BRI S AR H AL RN D
GBI, 49 B8 25 U7 T AR H AR R B E AR 3 it
AW

N.=pAf, (3)

ok, o RIE TR A RO R, 0= +

0.156<<1, HAEEEAKE, o=1.

b

|bﬂ/z | b2 s
o e . _ L — X
g — E— E|
=1 L=

13 WEMGEREERE S HEE

Fig. 13  The effective section and stress distribution model of stubs

4.2 REFAREEBRAZTHKEN

AR F X B R ARSI, X T A 5 5k
Fa A W) BT, AEAS [R] B4 98 )5 b A Ak e Ee H B R
S [ B ik T 3, MR A SRR B R T 4y
ATTEX A ] 43 S DU FhAF B, 5 ) el 14 (a) ~
() PR,

2 [~
—

b2 | b2
=~

(d)

— RUIK e BUE TIFRE TR S

B 14 ESHEHEERNBERNE NS HER
Fig. 14 The effective section and stress distribution model for

members under axial force and bending

(1) Yl Sy B/, fis s b B g 7= A 1) FE
T RAGATE M AR b BRI, 32 e 38 2% I Al 1
A Sy T JeE T R BRI, AR TE L S A ba
b, s ZREG A EEZIRE, REAERL, W
B 14 (a) R, Hob, 2 EBZY 15040 5 7efh E
YRR H 23 A AH T, B I B R HG A 20 98 2 A 2
B2 1%t o B R M, B35 A 0

M, :%(1)01 +0)(b—0)tf, 26, (b—2t—b) )t f, (4)

o A AL R 7 ) 58 BE 00 AR Bl g 1) P 5 2%
Pt T O

/71:(1791_/)+2/)ez_t}l-)/4 (5)

(2)FEE R a0 K, &hE J 77 A 0 K W F7 1)
ZRBEZ T, SAEERMZRES L,
HAERY BB ZEFEZ X, R, ZERZHM
WA T E R 8 & S A %k, ZhiE S
LERER, WE 14(b) iR, M, B9iHE AN

M,;%(bd+21)Z—b)<b—z>zfy (6)
Hor sz i @5 N I SEEE b, h
b2:<hd+z)+2bcz—%>/2 (7

(HFEEHE By —F WK, #iE=E8
EN NG ENR . SR ESNZERS . 1)
FREY, ZIEBRZGMBER BB, T EZ 2
Bx, WE 14(e) . eEE 14(b), EiRD
B EHR TN, ZTHEEGNZRNELNZ
TRIRSEARNE, HEE M, h

MU:%(%+2113—b)(b—t)tf;, (8)
Hop 2 5 G Y ST SEE b, Ry

m=(m4w+2af3N

Ty)/Z (9)



53 EEW, %

(4) S5 e B AR IR BT AR i, &2 3
. R Zh EHEIEME DM S EEHNTH%
AT IR IE R, BRI, i 14(d) PR, H
2R E A RUTEE R by, ARUTEERIBL IR /1.
WG 5200 G N ) 43 A vT S N Ik, 1
Moy hi by Z KW i, HE 14(b). (o)
L, M, B AR

M,=(ba fy—bs f1)(b—1)t/2 (10)
Horp Z R G IXREREN. S [ i REAR R
N (baw S,

1= b (11)
XtF B 14(b) ~ (D) ITEBL, 45 0.0 b B S 5y

AN M, AR, KB =FE LT
M, B R AU, 32 28 i PR X = O IR AR
Witz E, S S BT RN EE
BOEA R, B LU B RSB, LU 0 R A
RERL J7 2 RN B 2 b B O (% IRE A
Nue), PR OL, s (14) Bros.

S (o D) (=01, +2 (h—2—b))tf,. N<N.,

MI:
3 @hat2he =) 60ty N>No
(12)
Nowo= (b +2b0—b)1f, (13)
bel:{olb (14)
be=p:0—2t (15)
=0+ (0.3 280 L1ty (16)

600 01

L n=p B, RABIRG) P[RR N=nAf,=
N,, BIM,=0; AR (14) el f45 M, =0,
JF B 14(d) By R Ty 4 A B RS e wf [m 9 B 1] 13 |,
BEHH EPM REAS HE 2505 O 58 2 Il 20 Rl RS o, B
IS R bF.

4.3 EPM i)

77 i X EPM 5 EC3™ | GB50017M
GB50018'" DL R A7 B e 45 SR (FE) #4714 b, BRiE
Houette, FEH AT IR

Fi HR b R DY b 7 3 1 B A AR BR B AR 28 A
FRRTH g L mE 15 frox. oTLLEH,
EPM, EC3 fl GB50017 575 FR JC 45 S 34 4B ¥ 4%
¥, i GB50018 W A R 5F.

R DY Ty i B A R RS B R AR PR e
TR A R T B9 % e 45 SR i 16 BroR, AT
FLTE AR IR BT AR Wi+ 5B e T O sp, Hb
GB50018 i1 11 5 45 e & b 5P, 1 A< SC R $2 1
EPM g2 A R 4 1.

V4 75 AT A 25 40 B AR 2 Y 5 Hi
1.50
o FE
1.25F o EPM
. EC3
it o - = GB50017
--------- GB50018
B
S 0.75F
[
0.50F ey
0.25[ ;
1 1 L L L
1).()1)') 30 60 90 120 150

15 RRMIERE AL

Fig. 15 Comparison of ultimate compressive capacity

2.0 - FE 2.0 © FE
=0 ——HERM =0.1 ——ERM

1.6f = EC3 | 5| =0 ECS
. . — -GB50017 S~ —GB50017
R S p— GB50018 = GB50018
g eoserizny L 1.0} ey

0.4+ U:o

995730 60 90 120150 0 30 60 90 120150

=

1.5
.10}
=
=
S0.5

RS ~

By
) 30 60 90 120150
r

n-n5 *'EE
-e > ——EPM
Lo EC3

F
1 n=0.4 —-—EngM
8 EC3 . 3
- -GB50017 . °, = =GB50017
--GB50018 = 1.0F esseqiz--GB50018
S ey
W, Sosk TR N,
S0 R Ne o
—LL 0.0 2
) 30 60 90 120 0 30 60 90
r r
2.0t o= = FE = = FE
”:?'6 —EPM 20 /1:1:.7 ——EPM
15k EC3 EC3
o *, — -GB50017 15k <. - -GB50017
= = e GB5001:8 = = GB50018
L0 ==t SN1.0F sseeie
= . s A7 =z L
0.5 \e 0.5F T
\'-> > > \ N\
00—+~ L —— B 1 0ob—rt—r 1 1
0 30 60 90 0 20 40 60 380
o
_cn=08 —FBm 4 =09 < EBum
25F 0 -, EC3 : EC3
2.0 - -GB50017 3 * - -GB50017
A - GB50018 e s GB50018
<15 5 =
> a 2 2
Z1.0F e o = ’
0.5 TN 1 P
0 1 L 1 L 1 )
" 0 20 40 60 “() 20 40 60
r r

B 16 HRRFERF A LE

Fig. 16 Comparison of ultimate bending capacity

R T iR 5 A R T4 R A 83 E
T 25y m A T3 3 o, A R B, BT
TEBCA PRSP Ul I 7 B R E T, Hor EC3 1
WERERTER, EPM 56W T4 R&E W4,
BN R TR B T A

ASCHE B EPM LT 45 R IR 25 i A8 1w . g i)
P BRRLR T HORE ), R T AR B A2
O, RICRERS 25 4 R E 0 i TE R AE R, Tk
ANEOR T BH 4 28, SR T AR T 2 ) R AR BR K 2
JIRIRR ], PTORBIL class3 2RI & JE 37 W i e
HUL S classd ZEaK w5 5 FR i dh i 2, HAB A&



412 o @ OB R % % RBARFEWR) 5 53 %%
HEMG, EREWME, T TREAN R, eral rules and rules for buildings [ S]. Brussels,2005.
x£3 MHERARZAXME [5] Cen. Eurocode 3:Design of steel structures -Part 1-5;
Tab.3 Comparison of different predictions with FE results. Plated structural elements [S]. Brussels: Rue de Stas-
Ryt /Rore Rowe/Roee Rucioor /Rope Rocisoos /Rure sart, 2006.
S 0. 808 0.617 0.510 0. 454 (6] EP&)\E;'Q*”1I)%5W?E&%K,FP$}\E%*H
J%  0.0108 0.0210  0.008 6 0. 006 1 S i R 2 . 45 A B T b e : GBS0017-
e Rores Rogovs Rures Rucmsoorr « Ru.cusoos 2 BC FE A 20_17_ [S].dEnt: f}iﬂtlﬂkt}jﬁﬁﬁ,zml
WIG I EPM. EC3. GB30017. GBS0018 1147 72 5 i) it Ministry of Housing and Urban-Rural Development of
e s . the People’s Republic of China,General Administration
HORBS AR R SR of Quality Supervision, Inspection and Quarantine of
5 zﬂn:i/[,: the People’s Republic of China. Standard for design of
steel structures; GB50017-2017 [S]. Beijing: China Ar-

ARt b AN S A R Y 7/7\ = Ji W i /:j‘ chitecture & Building Press,2017.

TAHWRTTEAL, B THEL SR X ST (7] e R G R, b A R 2R R
WERIRRBE I, AT 4 B 8 AR . 4 75 0 TR 245 4 R LA - GB50018—

(1) 5 5 P L 2 6 0 45 7R 280 9 0 e 2002 (8], 4508 R BERE, 2002,

PR 2. A [E T D Bl E H 6 #4484 BRIk 7 B Ministry of Construction of the People’s Republic of Chi-
T 5 30 i fh 1 e A AR 2 TR ) R R G B Ak, na,General Administration of Quality Supervision, Inspec-
T 5 55 B 7R 2% ) A [ tion and Quarantine of the People’s Republic of China.

N -~ . . g Technical code of cold-formed thin-wall steel structures:
s (‘2 ) %I%Tﬁﬂqﬁ%&jﬁ L k@ﬂfif i f 3B50018-2002 [ S]. Beijing: China Planning Press,2002.
CETTD AR AL PARIRAVEITE oy peer o 5. mimsonsna e e
VUFPAS [ () N7 g 43 A A58, JF H B 25 € Il V3 1) b O I T R % 140 A L1, B ST HE AL 2015, 46
JETEOL, HIeE LRI (9) :853-856.

()FETF P N AR T EA S YAO Xingyou,GUO Yanli, LIU Zhongyong, et al. Ex-
ﬂ%ﬁﬁﬁ*& PR 7K 28 pagis] ﬁ’;ﬁ 1 P ﬁ B, ZFEA perimental study and load-carrying capacity analysis of
g T mE 428, HitE R, T H4E. cold-formed thin-walled steel axially-compressed rec-

(4) BATRITE X F 14 725 77 T 288 i A% BB 0 725 7K 2%, tangular hollow steel columns [J]. Architecture Tech-
IO LB RS, T 2P B B T LB A roloey, 2015, 46(9) :555°856.

LT Y T 1 7R 2 3 (9] WRARKE, ALK, 20057, 4. ¥ B R RE I B AR I I
G A BT ] [\ R 22k (B R BHEMD). 2016,
5 % 3L #k References 44(8):1190-1198.
WEN Donghui, SHEN Zuyan, LI Yuanqi, et al. experi-
(L] BB FER T R, S 1 SR T AR A 3 mental research on cold-formed thick-walled steel box

g o BT ). TREJI52. 2013,30(2) :872-578. stubs and comparison of results with related codes [J].

HOU Gang, TONG Lewei, CHEN Yiyi, et al. Testing Journal of Tongji University ( Natural science), 2016,

and analysis model for material property of non-thin- 44(8):1190-1198.

wall'ed coldfforrfled square hollow sections [J]. Engi- (107 2505 . 25050 JALAS . 256, 1 75 L B 00 0 2 1B 15 75
B i{{;@mz{iﬁig;;; A P L 15 D). R 025 . 2015,

BHOROy, By, RGN RS R R E 354 36(5):1-7.

2~ AW U} HEFULE A AR 201? +39(12):81-90. LI Yuangi, LI Gongwen, SHEN Zuyan, et al. Modifica-

TONG Lewel, HUO Tao, HOU Gang. Rescarch on de- tion method for yield strength of cold-formed thick-

sign formula for le.ld strcn}gth O[_ cold-formed rectan- walled steel sections considering cold-forming effect

g;l}:r'stéel tubes with medium-thick wall [J]. Journal [71. Journal of Building Structures.2015.36(5): 1-7.

of Building Structures,2018,39(12) :81-90. D11 MR A T R v 7 T B T R B 1

(3] e AR LRI g . @MW EEENE .
JG/T 178—2005 [S]. b5t o FE bRife it , 2005,
Ministry of Construction of the People’s Republic of
China. Cold-formed steel hollow sections for building
structures:JG/T 178—2005 [ S]. Beijing: China Stand-
ard Press, 2005

[4] Cen. Eurocode 3:Design of steel structures -Part 1-1:Gen-

P[], AR 45 M 2 4R, 2011,32(6) : 76-81.
HU Shengde, LI Lixin, ZHOU Jialin. Strain hardening
of thick-walled cold formed steel rectangular hollow
section [J]. Journal of Building Structures, 2011, 32
(6):76-81.

(F#% 438 W)



