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Investigation on Distortion Buckling Behavior of Cold—formed

Thin—walled Steel Built—up Box—section Columns

LI Yanchun®,ZHOU Tianhua, DING Jiahao, LI Chenyang,ZHANG Xingchun
(School of Civil Engineering,Chang’an University,Xi’an 710061, China)

Abstract: In order to study the distortional buckling behavior of cold—formed steel (CFS) built—up box—section

columns, firstly,9 C—section columns,9 U-section columns,and 21 built—up box—section columns composed of C—

section and U-section were investigated by the axial compression tests and numerical simulation. The buckling char—

acteristics and mechanical behaviors of the columns were investigated. On this basis,a set of hypothesis models were

proposed to study the influence of screw spacing on the deformation,the ultimate capacity,and the relationship be—

tween the screw spacing and the half—wavelength(A,) of CFS built—up box—section columns. The results show that: 1)

The number and half-wavelength of distortion buckling are different for the specimens with different screw spacing.

2) When the screw spacing is less than 0.9, the ultimate capacities of built—up box—section columns are greater than

the sum of the ultimate capacities of C—section and U-section columns, that is, the splicing effect of 1+1>2. 3) When

the screw spacing is greater than 0.9, the ultimate capacity of the built—up box—section column is gradually close to
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the sum of the ultimate capacities of the C—section and U-section columns,i.e. 1+1=2. In order to calculate the ulti—
mate capacities of CFS built —up box—section columns,an approach to predict the elastic critical load of distortion
buckling was proposed based on the direct strength method (DSM) in American code,and then the calculated results
were applied to the DSM to obtain the ultimate capacity of CFS built—up box—section columns. The results obtained
from the calculation method are in good agreement with the experimental and numerical simulation results , which sug—
gests the accuracy and applicability of the proposed method in this paper.

Key words: cold—formed thin—wall steel ; built—up box—section columns;distortional buckling; critical buckling

load ; calculation method
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Fig.1 Composition and dimension of test specimens
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Fig.2 Labeling rule of specimens
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Fig.3 Measuring instruments for initial imperfection
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Tab.1 Mechanical properties of steel

i J&E/mm f,/MPa Ji/MPa E./GPa 8/%
1.5 305.4 369.70 1.89 34.0
2.5 323.4 360.95 2.12 03
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Fig.5 Arrangement of strain gauges and displacement meters
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Fig.6 The failure phenomenon of 140 series specimens
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Fig.7 The failure phenomenon of 160 series specimens
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Fig.8 The failure phenomenon of 180 series specimens
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Tab.2 Bearing capacity of test results of C and U section columns

JUfTef/mm IR (E/KN i A3/ kN JUTBREA/mm  XIR(EAN A B /KN
K G P,/P, G Py/P,
5 5, P, P, 5 5, P, P,

C1-140-0-A1 056  0.12 64.1 1232 0.52 || C2-140-0-A1  0.26 0.1 477 99.9 0.48
C1-140-0-A2 052 0.23 67.3 125 0.54 || C2-140-0-A2 044  0.18 48.1 99.7 0.48
C1-140-0-A3 048 024 69.5 125.1 0.56 || C2-140-0-A3 033  0.15 44 99.8 0.44
C1-160-0-A1 023 026 144.6 701.1 021 || C2-160-0-A1 031 0.25 101.4 694.2 0.15
C1-160-0-A2 031  0.15 1439 705.3 020 || C2-160-0-A2 024  0.15 1116 690.2 0.16
C1-160-0-A3 034 035 148.4 686.4 022 || C2-160-0-A3 025  0.14 106.4 693 0.15
C1-180-0-A1 034 024 1527 772.1 020 || C2-180-0-A1 032  0.25 1142 761 0.15
C1-180-0-A2 045  0.18 150.9 794.9 0.19 || C2-180-0-A2 033  0.24 108.6 7415 0.15
C1-180-0-A3  0.44 021 149.9 776.3 0.19 || C2-180-0-A3 029  0.21 110 751.7 0.15

T8 R4 58, ik PRI . Py H Po Py F1 Pyt SRR, y It 1 278 CTERAT, 2 7R U JERUAL.
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Tab.3 Bearing capacity of the test results and the finite element results for CFS built—up box columns
KRS S/mm 8/mm Po/kN Puy/kN PN Ps/P, PslPy K4 Si/mm 8,/mm Ps/kN Puy/kN Py/kN P3P, Ps/P,
C3-140-150-A1 0.66 0.17 120.5 1209 1253 1.00 0.96 || C3-160-1000-A3 0.56 0.55 3120 3042 3204 1.03 097
C3-140-150-A2 0.66 0.14 124.1 121.7 128.1 1.02 097 | C3-180-300-A1 0.55 030 356.8 2809 3430 127 1.04
C3-140-150-A3 0.54 0.12 121.6 1215 126.1 1.00 0.96 | C3-180-300-A2 0.61 045 3209 302.7 3319 1.06 097
C3-160-300-A1 0.53 035 3523 309.1 3506 1.14 1.00 | C3-180-300-A3 0.63 045 3346 3133 3635 1.07 092
C3-160-300-A2 048 0.60 3583 321.1 3525 1.12 1.02| C3-180-600-A1 0.59 035 3286 291.7 3134 113 1.05
C3-160-300-A3 044 0.60 355.7 3058 3526 1.16 1.01 | C3-180-600-A2 0.58 050 3427 2947 3160 1.16 1.08
C3-160-600-A1 0.54 045 332.0 293.1 3205 1.13 1.04 || C3-180-600-A3 0.61 055 3541 3112 3326 1.14 1.06
C3-160-600-A2 0.56 0.60 337.5 309.0 325.8 1.09 1.04 |l C3-180-1000-A1 049 035 3255 3135 3169 1.04 1.03
C3-160-600-A3 0.61 045 337.7 302.6 327.1 1.12 1.03 || C3-180-1000-A2 0.51 050 3412 2969 2983 115 1.14
C3-160-1000-A1 0.58 045 3106 302.6 306.7 1.03 1.01|| C3-180-1000-A3 0.53 0.50 326.6 2989 301.8 1.09 1.08
C3-160-1000-A2 0.59 0.55 3156 3064 3042 1.03 1.04
FEE 1.09  1.02
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Fig.10 Comparison of the failure mode of specimens
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Tab.4 Comparison of theoretical calculation results and finite element results of

bearing capacity for distortional buckling specimens

JUAT R fmm

R AR al/(kN- o /(kN- 2k gTing DREHIAE PR BRI BETHE py Py P
s ME oy oy a0 ¢ 1w mm®) K/mm H/mmo py AN Pyu/kN Pus/kN P /kN P Pe P
C 60 60 10 2 850 8817 4331 130 65 34761 32021 39507 38548 111 1.09 088

U 64 60 — 2 85 922 — 130 91 34619 32021 39507 35808 103 1.08 088

130 117 34494 32021 39507  341.80 099 1.08 087

DI 130 130 34226 32021 39507 32981 096 1.07 087
130 200 33942 32021 39507 32505 096 106 086

130 250 33136 32021 39507 31928 096 1.03 084

130 300 32550 32021 39507 31341 096 1.02 082

G 75 75 10 2 850 S627 2795 150 75 40093 33735 47748 43141 108 L1O 084
U 77 75 — 2 850 593 — 150 105 39730 33735 47748 38345 097 1.18 083

150 135 39538 33735 47748 36430 092 1.17 083

D2 150 165 38581 33735 47748 34461 089 1.14 081
150 195 38128 33735 47748 33632 088 1.13 080

150 225  381.02 33735 47748 32987 087 113 080

150 300 35425 33735 47748 32064 091 105 074

G 100 S0 10 3 850 9297 7451 140 70 62504  609.95 63887 65841 105 L02 098
U 106 50 — 3 850 2419 — 140 98 62293  609.95 638.87 64835 104 1.02 098

140 126 62058  609.95  638.87 62582 101 1.02 097

D3 140 154 619.13  609.95 638.87 61018 099 1.02 097
140 182 61749  609.95  638.87 59649 097 1.01 097

140 210 61587  609.95 63887 59170 096 101 096

140 280 61285  609.95 63887 57609 094 1.00 096
e R A
k= 0.064 0.061 0.073




98 R R A4 (A AR BER)

2021 4F

Je i1 IR GRS 5 o SR G BN T 5 o SR
WA Jeet I SR 0 ). AR SCHEET TR LA C TR v e A8
et 65 SR 17 T % 7 F49 2 I8 () S ARl UL 4 5]
$9:0.51,.0.7A,.0.91, . 1.1A. . 1.3X,.1.51,.2.0A,, LABF
FE BT[] B X 2 S gl D B P s e A, L A,
& C IR AR IS T P, A B CUFSM. 1 15 3].
BEAh, S AR S SR CFS DR ARTEAE (&l
11(h)) PR RN , ASSCHE H PRI FRAR S 1 1R i3
BT . (DC TE A U T2 A PR BRL R 179 1% B 5 J3 =2
JFRRECE 11(a)); QPFA L Z B A E 2
JEE 114 e A 4R T A W IR R 3 T Vo L RRE (&l
11(e)).

Ay Ay Ay by
- [Tz 7 Z 72 T 77
=3 , =
< ol —_s| Al e oy i dx
Lot N I
b o~ | } b

(a) (b) (c)
B 11 AR AR
Fig.11 The finite element simplified model

BRRITAHT S R 2% 4 K& 12 FIE 13, AT 45
PAF 4518

D 4 ATAL BEEMRET BRI K, BFE R TR AR
T R BR AR R ST Py BTSN, (HARF CJEAT U
TE 1 BRL AR T S AR A B AR 3R ) 2 Py, H/N T3
PRI K2R ) Pos. [RIBS, Prat/ Prva P/ Prs 19733
B39 1.07.0.88, J7 2243520 0.061.0.073. H L
R, SRET BEA AR B BR AR AR A TR AL = A
G R AR PRR T Z 1], B BHRRET 29 SRR
XEOFE AT AR AL (14 52 D) R BE HAT — & 12, (0
BT 1R] B A4 AR AL X R TR R T A HE AR R 1 R I IR AN
IR,

2)LA DRI M), W 12 ATLATE i, BB 84T
B 1 A WRETTRI R /N 0.9A, B, 48 T w4 1Y)
BIRE S RT C M U B R R 3
ZFN B 14152 BPFE R0 s BRET TR BE R T 0.9A, B,
FETE AR AT R 1 f ROR % iz i C B U B
R e KRB Z A B 141 =2, IR 4T A
I A R P X B A5 AR T A P BR AR 2 7 3 AR/ N HL %
[EE AR N, [RIBE, g3 4 a1, D2 F1 D3 X5
D1 A R Z5E. L, ASChPFE AL #im

AIRET I BB SR AL T 254K, DAl MERET a]
X DFE AR A TE R B B

3) i 13 w1, BL D1, CFS BFE AR TE
WRIEFERY C T RTE ALl S A WAL R
R et i U B AR AT A SR AR R, U TR
B 1T C OB MK 1 IRAE Y R

500
—o— PR A
—— PFGATEAE
—o— A
g 400 | o o
R
bt
% 0——0—0*_."_\.\.
% —_— - —
X 300 -
200 1 1 1 1
50 100 150 200 250

BT 8] B /mm
B 12 ST BB KA AR IRAKE ) 4 %o
Fig.12 The influence of screw spacing

on the ultimate strength of specimens

(opiZ 0L
738 J ) ThT

PrE AT AL
742 J oty ) T

B 13 s RurEE
Fig.13 Diagram of the distortional buckling

PRI AL

5 ‘ITAIEEIN

T RS E R A XU 1Y CFS 548
FEAE BB BRARE T, DA Y — R 3T
Jivk, B CUFSM {13453 C B A U JE P
JRCHEPF B4 Je i i S 280, PP B SR E TSP PR
IR RIAE AR BR AR Ty, 38 TR B A5 215



55114 FHOR AT BV RE RN P S AT AL O AL i b PRI 99

B FE AR AL g g 72 e b A PR A 2 . e rp 5
T S far R ), C TR 48 T AT A9 A A8 IRUIR £ T ] B
(e) 5Pk A, BydR/ME, B L = min (Aq,e);U JE
AT R B S iR S PR K
51 E#EEE

S IE] AIST MLYE o B 58 B2 12 (DSM) BUAE - il
e BR A& 2 1 P, = min (P, Py, Py), HH P,
Py Py 3 50 Ay A T a7 288 S ¥ e o fr 230 722 S
iy 2. = A ) iy g T AL

(DL VIR
(0'658A‘Z)Py,/\c < 1.5;

])ne = (1)
(03T pa> 1.
2) JRrih et
P., A < 0.776;
P]: 0.4 0.4
" Pcr Pcr]
[1—015( ])": ) ]( ])"e ) Rley/\] >O776
(2)
3 WAL Jeth i
P\ < 0.561;
])nd: 0.6 P 06
Pcr( Load
[1-0.25(\});) ]( 5 | P.A>0561.
(3)

KW P =A, A = VPP Py = A, fu, A =
V Py/Pcr(l P = Agfmh/\c =V Py/Pcre 3 P jﬂ%ﬁﬂﬂ}?ﬂﬂﬂ
TF s Py R Je 38 ett HAT 28 5 P RS S AT 2K 51, A
Jet B GEREE 5 £ S SRS St I SR TT 5 A0 W 728 T I
SIS 3 A SRR AT ) B AT T AR
5.2 ATEAENKIE

WA R E A0 S A BT S5 )
WATXT LG, G5 R a3k 3 f13k 4 & 14 B, ATAR LA
JLAS

WS R 3 FIEk 4 al AL R 45 1 (Py) BRI
LR (Posy) FUAEL Pa/Posy WY 5 2253 51 R
1.09 #10.068, ARITER (P) FMIIRIFRELR
(Posw) HCAE Pop/Posy WIRESSE RN 2243510 0.97 F
0.064. Xf Lt 25 R 0] T H 45 B 1115 CFS #TE#K
PR A AR I AR B R I PR~ B AT AT

2)HE 14 AIHL XF CFS #8EAH PFA i AR
JE A E LKA 0.5 < N < 3.0 B, A S 5
AR FARST  H 578 BROCES AR 22 AR A, BB AL
AT T CFS A6TE 8 DFA A i i A2 i i
TR

' % AT
1.0 hig — DSM

0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
Ag
(a)D1

% AT
Y ——DSM

0 05 10 15 20 25 30 35
Ag
(b)D2

0 0.5 1.0 1.5 20 25 30 35
Ag
(¢)D3
B 14 CFS#t&-MMtas DSM 4R 55 A L4 R pbdx
Fig.14 Comparison of DSM results with the finite

element results of CFS built—up box section columns
6 % it

LTV 5 RE YR D5 A E A A A
I BB ST R SRR L 43T, 75 DU L
FREELNE.

1) A2 i il 5 2 P, AR B i 5
T2 Py W /e Py < Py H Py < Py B}, 0 AR W7
Je .



100 R R A4 (A AR BE R

2021 4F

2)CFS PFAFETE I (4 A8 e il 44 % A F LA
B CIEATE, H C IR S MGl —E &+
NI ICA MK, IS ULRH LA A (4 U TR fi g
X AR C TEARTE Ak B 2 )RR, I
PER T CFS PRAARTE A AR 1 Je i 5 e

3)MBETEIIE/INT 0.9, B, BEA A Ak R AR )
KF CIEH U TR A FR A 3R 22 A, G s e A
Jeth RS AN B I 5 HRAT R R R T 0.9A, B, BEEHERY
W BR AR 2 S Wi 0T C FE AN U FEAR A A AR BR AR 2%
JIZ A, AR e LT3 R AR AR R AT 2 ], HLIEET
V) K, W 2 i P G B f F P Bt 2. 45
FUTIRET A B IS CFS BEAFETE #R A1 A0 AR 2R
7 B WA et AT — R A

A)VARSCIEF I T E R AR T CFS BF
B RO AL A S AR T, KA Ry
S5 RTARIEES R IE AT AR SO iE R R
NP AH A 24 IR T2 I T AT R T
PE. IbAh, PE—Pe T CUFSM BKEANBETTE CFS
PEAFETE A SR I A A 2 [, AT PRA R
TR BT TR A T ARG A 4.

S 30k

[1] LAU S C W,HANCOCK G J. Distortional buckling formulas for
channel columns [J]. Journal of Structural Engineering,1987,113
(5):1063—1078.

[2] KWON Y B,HANCOCK G J. Tests of cold—formed channels with lo—
cal and distortional buckling[J]. Journal of Structural Engineering,
1992,118(7):1786—1803.

(3] &F, ML, AT, 55 WL -A R 1 P W RERUR 30313
ks ()] IR (AAFRIM),2019,46(9):31—
43.

GUAN Y,ZHOU X H,SHI Y, et dl. Study on calculation method for
in—plane stiffness and bearing capacity of thin-walled steel compos—
ite floor [J]. Journal of Hunan University (Natural Sciences),

2019,46(9):31—43. (In Chinese )

[4] YOUNG B,CHEN J. Design of cold—formed steel built—up closed
sections with intermediate stiffeners[J]. Journal of Structural Engi—
neering, 2008, 134(5):727—737.

[5] ZHANG J H,YOUNG B. Experimental investigation of cold—formed
steel built—up closed section columns with web stiffeners [J]. Jour—
nal of Constructional Steel Research,2018,147:380—392.

[6] AISI North American specification for the design of cold ~formed
steel structural members : AISIS100-16[ S ]. Washington DC : Ameri—
can Iron and Steel Institute ,2007: 7—S8.

(7] 45T, BhAT A, TRAH R 55 i TRV 25 B A SR 5 AR T AT
Z AR R BB o) ). 1E5ISEH ,2011,41(6) :36—41.
LI'Y Q,YAO X Y,SHEN Z Y, et al. Load—carrying capacity of 550
MPa high—strength cold—formed thin—walled steel built—up box sec—

tion columns [J]. Building Structure,2011,41 (6):36—41. (In
Chinese )

(8] Vo2 Wi ERIILE H 4 AR M : GB 50018—2002 [S]. Jbat: i [H
T A, 2002 19—20.

Technical specification for cold —formed thin —walled steel struc—
tures: GB50018—2002 [S]. Beijing: China Planning Press,2002:
19—20. (In Chinese)

(9] =¥EH. WG SN R R HIDF& M A il R 807100

SHHERTELD | P2 K R,2010:1—91.
YUAN T T. Experimental and theoretical research on bearing capac—
ity of closed—section multi—limbs built—up cold—formed steel com—
pression columns [D]. Xi’an:Chang’an University,2010: 1—91.
(In Chinese)

[10] 205 ¥, V& & W RERVIN OURBHR-& ARTE #URTAT Rl 10 52 0 PEREBF T
(D). P4 K2, 2015: 1—110.

LI F T. Study on the axial mechanical properties of cold —formed
thin —walled steel built —up box —section columns [D]. Xi’an:
Chang’an University,2015: 1—110. (In Chinese )

[11] S, RIRAE 5= 5T, 55, o L T BE B BN B A AR T IR 7 A

AEPERRARBT T[] ). HARRS I TR, 2012,34(4) 46—
52.
NIES F,ZHOU T H,YUAN T T, et al. Experimental analysis on be—
havior of cold—formed steel box built—up section columns under axi—
al compression [J ]. Journal of Civil, Architectural & Environmental
Engineering,2012,34(4):46—52. (In Chinese)

[12] NINGK Y,YANG L, YUAN H X, et al. Flexural buckling behaviour
and design of welded stainless steel box—section beam—columns|J J.
Journal of Constructional Steel Research,2019,161:47—56.

[13] DAR M A,SAHOO D R,JAIN A K. Axial compression behavior of
laced cold —formed steel built —up columns with unstiffened angle
sections [J]. Journal of Constructional Steel Research,2019,162:
105727.

[14] 58 Je, BRI, A4S, 960MPa 12 58 5 A9 A4 il 1AL SR 3 A 1

AE ST e [T ], IR K224 (A SRR ,2017,44(1)
102—111.
XU K L,SHI G,LIN C C. Analysis and design method on local
buckling behavior of 960 MPa high strength steel columns under ax—
ial compression [J]. Journal of Hunan University (Natural Sci-
ences),2017,44(1):102—111. (In Chinese )

[15] SCHAFER B W. CUFSM4.05—finite strip buckling analysis of thin—
walled members [ M |. Baltimore : Department of Civil Engineering,
Johns Hopkins University,2012: 1—84.

[16] &JEARBLANAL: 55 134 =il iL% 4% GB/T 228.1—2010
[S ] AbmT: B bRIE i, 2011,

Metallic materials — Tensile testing—Part 1: Method of test at room
temperature : GB/T 228.1—2010 [S]. Beijing:Standards Press of
China,2011.(In Chinese)

[17] LA Z, fL#E%E, B 0I0. ABAQUS LARSLBIFFMELM]. Jbat: A
MR HL ik, 2014:28—181.

JIANG B Y,KONG X H,LUO Y Y. Detailed explanation of
ABAQUS project example [M ]. Beijing: Posts and Telecom Press,
2014:28—181. (In Chinese)

[18] ZHANG J H,YOUNG B. Numerical investigation and design of cold

formed steel built—up open section columns with longitudinal stiff—

eners| J ]. Thin—walled Structures,2015,89:178—191.



