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Finite Element Analysis of Cold-formed Thin-walled Steel Three Open

Limbs Built-up Columns Under Axial Compression
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Abstract: The finite element model involving materials nonlinearity, geometric nonlinearity and
contact nonlinearity was established, the influences of slenderness ratios, screw connection
spacings, maximum width-thickness ratios on cold-formed thin-walled steel three open limbs
built-up columns under axial compression were analyzed by using ANSYS finite element program.
Results show that the slenderness ratio has great influence on the bearing capacity of axial
compression and the axial compression performance for class A, B section built-up columns, with
the increase of the column slenderness ratio, the ultimate bearing capacity gradually decreases.
For two class section built-up columns, when screw connection spacing has arranged 450,300,150
mm, the ultimate bearing capacity of axial compression and the rigidity are little affected. For the
three different lengths to the two class section built-up columns, as different thicknesses of the
basic component plates cause different width-thickness ratios of the section, the ultimate bearing
capacity of axial compression and the rigidity are obviously affected. When length and thickness

of class A, B section built-up columns are same, and the basic component web height is increased
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from 89 mm to 140 mm, the ultimate bearing capacity of axial compression is not obviously im-

proved.

Key words: cold-formed thin-walled steel; built-up column; ultimate bearing capacity; nonlinear

finite element; axial compression performance

0 35

A W RE T 25 R VR S — PO BUZS MR R L O
AERAEA EARE T N B C AR U R i R
AKE P 5 18 A R T 3 4T A R T 2
G SRR AE y EERE ARz B TR A
R TR N 45 b A 2 B A 30 AR Ak 1T o ) T A R N ik
B, 2% E X AR R A SEE &k
W AT S v [ 1) 27 38 0 PF G S AR AT — 2E AR O F
I8 ARJE I TR DG SLAE A AH ST IR A &

AR SCH AT 2 ol T 2 TR 1Y) ¥ S T RE TR AN T
H =B DFA AR B PR RE#EAT T pr Ao, %
FIH ANSYS F FRITHR 7 0] 52 i ¥4 25 T RE B 4 PF
B AR A LY R T % 2 R BE AR A K B R L
A BRITSET T o0 7 0 % 25 BE AL AN T 1 =
Je DFG 37 A Bl M R A R )

1 ARTEEWET
1.1 ANSYS JL{aj{& 5]

Atk C RN U R4 25 3 BE 70 49 5L 7 1
PRt B B A SR ET DRG0 B A 7 AT A 2
3 AB R, PRGBS A RS ILE 1,
AR ILE 2,

i

ST4.8%% H
EE- I

(a) AZHEH
Bl #HEeEHEEEE RS (B4 :mm)

Fig. 1 Section Types and Dimensions of

(b) BA

Components (Unit;mm)

1.2 BARTHER

FIAT ANSYS A7 [R T 2 7 2 47 K402 A7 ). 2
HRSCRRE3 o 2R A 2800 42 58 #1.J0 Shell181 #5240 57
FEAD S B2 SR = 4 25 4 924K BT Solida5 L)
ST4. 8 9 AU H WMRAT . A5 S7 AT S 8 F0 5 52 22 i)

Lo
EER < i _
A -
B s
A \‘
SN e e <,
s {B> Tep
(a) AKHRT (b) BABE
B2 seEEit

Fig.2 Designs of Columns

ST i+ 57 RE A5 0 B =2 8] A N7 T - A k. A
R B AR TS R S B 1 DU AR T 29 2« 24 AR
TR g S T BT A1 RS Bl E UL UL UL B
T i A 39 53l Al UL U 8 S A T s T i
PrA s = J5 AL S B — A S B RS
TE M S5 s BTN = 77 ) (2 8% fr 28k . 42 i B 45 DX %K
p=0. 3" EEHER J1 o= f,/V/32192. 86 MPa. f,
JeE 5 BE o SEAEAT BROTECRL LA 3,

%

YRET AT

YRAT KR

(a) AR

(b) BRI

3 AHARTER
Fig.3 Finite Element Models of Columns
1.3 #I%AER b B K i
S7RETE I A 2 AR A A B 0 A R AT LA



%3

X) Bk A R R AT O S B A AR b R PR AR A TR T AT 121

Iy RWIRZE - JLART 4] i tofe g R 5% A% L ) 490 B dfe S
JUAT ) iy e o 3 2, 45 32X 19 400 250 ot 47 280000 v
A A 4 Jm) 7 e B
225 SRR A ]~ (7] AR SO R 5 — i i ¢/ 750
JURTHI IR i B (2 SR 7 AR BE D S ok 25 1B 5% A% L 1 i
1 25 U0 A5 T
A SCA BRI B BT R RHE LA U2
FE Ml AR R R B F L AR DEAT AR 2k T i 2 BT 3T T
RASIE B i S WA TT 56 o Jit IR #E W %6 F Von Mises
JeEh I 0 5 b o U S5 49 56 1) SR T D)
L4 XHEaH
A BRTT 53 A i A R 07 -0 78 O 2R R T SCHR L7 ]
IR I A P iR DL P A BT A P SR P AR R E=
223 GPa, JHFA L n=0. 3, JE IRTRE f,=334. 03 MPa,
500
400

300

J% J3/MPa
3
(=3
(=4

(=3
(=3

=}
|

5 10 15 20 25
MNAZ/1072
B4 MA-METHs

Fig.4 Stress-strain Curve

2 BRTSHUSH

SRR S UL B CA-140-1. 6-2400-S450 Fn A
FEAR PG LAY S PG S AR e C T SR AS A 1 AR
T = JE Ry 140 mm, e A PRARBF ) 1.6 mm,
SEAEACRESY 2 400 mm, § XA B IR ET % 2 8] B
450 mm, HARMR IR
2.1 FHRITHWEIE

Bk CA-140-1. 6-1200-S300 F1 CB-140-1. 6-
1200-S300 A BRIT 43 A 25 2R 5 SCHR L7 ] v B X Bz i
B 5 AT R A b WL 5

i &5 ] A R TT g3 B A B 0 57 AR A PR K 2
735 3CHR L7 ] A8 07 ik 50 3 1 A BIR 7 2 07 A 25 AE
150 2647 » 25 PR SEAE IR AN TR 22 00 16 ik B %
T A 1 S5 U 6 B AR SO SR TR A R T o3 i
D5 ¥k WA A0 .
2.2 K4HtE

A AN B SR S AR S B 12 AR 11 A
I SRR A LAY L O 19~ 160, RLERAS 70 A 3
Bl e R S R A L S R ih & TIPS

2401
200
- 160}
-
&/ 120
& sok —o—3C ik [ 71341
—o—3CHR L7142
ol & ——xI71R 3
£ —*—ANSY S 7 4
0% 2 4 6 8 10 12
AL #/mm

(a) XfFCA-140-1.6-1200-S300

2407
200
> 160F
-
| 120 &
ool BTk
L —o—3Cik (71112
——3CHR (7143

40 ¥

—*—ANSY S #r & J
2 4 6 8 10
AL #/mm
(b) WFCB-140-1.6-1200-S300

Bs5 HRTHMEIE
Fig.5 Finite Element Analysis Verifications

7T il AR BR AR 28T B A L Y AR AR R
2.2.1 HOREEX

VAL 3 OR8N S A T o ol
KA EL BRI 0 F A SR SL HE R B 58 v B
A AR B S SL AR B O S8 v B 2 il
Jo T BBEAS  itE  EEel L R R 3
WA T AL, A R N7 H 2 T IR A A
Shy W 78k HA BB A B 2 AT S AT e ph 2l A IR A X
e A Oy VA W 72 T W BB R D 5 e S A R
B,
2.2.2 BRAEN

SR A BR R 28 Bt A A L % 72 Al O 2R il 2 L TR
6. A BRI M A5 2 1 ST AE R BRAR BT L& 1.

3001

_m AXHT
e e B
<
R 200f
<
= 150
BX
~ 100t
30, 30 60 90 120 150 180

K4t
B 6 HERRABHNERKMAILKXRME
Fig. 6 Relations of Ultimate Bearing Capacities and
Slenderness Ratios of Columns
AN 6 L3 1 A X A ek v AE K 4i H
ARAEIE [ 22. 306 3 NE] 150. 823, HAR BRR 1 A



B2 A K4 b By 19, 267 34 N F] 154, 137,
LR B R R S M 227, 08 kKN F [k 125. 10 kN, &
i 44.91% . A UL, BF A 37 A 5l AR BR AR 28 ) B 5
ST AT A 20 LU B R R

g5 BRI A Al B R PG ST AT %) Al A PR R 2

122 EHAFE TRFR 2011 4
x1 AEKALLERTOTER
Tab.1 Finite Element Analysis Results for Different Slenderness Ratios
] . jﬁz’ FasE W | . L fa | R
o RS R KE/| KAt 250 Pa/kN gist | % RS R KE/| KAt 280 Pa/kN .
mm mm
CA-140-1. 6-3900-S300 |3 900{150. 823| 0.238 |163.19 CB-140-1. 6-3600-S300 |3 600|154.137| 0.229 |125.10
CA-140-1. 6-3600-S300 |3 600|143.236| 0.262 |172. 96 CB-140-1. 6-3300-S300 |3 300|141.292| 0. 269 |134.56
CA-140-1. 6-3300-S300 |3 300|135.080| 0.292 |179.59 . CB-140-1. 6-3000-S300 |3 000|128, 447| 0.320 |154. 20 .
CA-140-1. 6-3000-S300 |3 000 |126. 283 0.329 |189.70 Sl CB-140-1. 6-2700-S300 |2 700|115, 603 0. 384 |164.05 =t
CA-140-1. 6-2700-S300 |2 700 |116. 784 | 0.377 |195. 96 i CB-140-1. 6-2400-S300 |2 400|102, 758| 0. 466 |175.21 i
N CA-140-1. 6-2400-S300 |2 400|106. 537 0. 440 |205. 82 N CB-140-1. 6-2100-S300 |2 100| 89.913 | 0. 566 |186. 81
A% CA-140-1. 6-2100-S300 |2 100| 95.515] 0.520 |204.12 B CB-140-1. 6-1800-S300 |1 800| 77.068 | 0.672 |195.98
CA-140-1. 6-1800-S300 |1 800| 83.714] 0.619 |212.40 CB-140-1. 6-1500-S300 |1 500 64.224 | 0.757 |201. 79| VAW
CA-140-1. 6-1500-S300 |1 500| 71.155] 0.713 |217.16 i 15 CB-140-1. 6-1200-S300 |1 200| 51.379 | 0.822 |216.18 E;
CA-140-1. 6-1200-S300 |1 200| 57.893] 0.792 |222.07 CB-140-1. 6-900-S300 900 | 38.534 | 0.871 |214.95|3F . fF
CA-140-1. 6-900-S300 | 900 | 44.013]| 0.851 |230. 96 il CB-140-1. 6-450-S300 450 | 19.267 | 0.941 |227.08 %?‘;
CA-140-1. 6-450-S300 | 450 | 22.306| 0.931 |233.92 Ji i
W Pa AWK E T .
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Tab.2 Finite Element Analysis Results for Different Screw Connection Spacings
y SCAE | BRAT ‘ SCAE | BRET I
iz N et/ (Bl | Pa/kN| PA o iz A4 et/ (Bl | Pa kN | PR g
mm mm mm mm
CA-140-1. 6-2700-S450 450 189. 57 CB-140-1. 6-2700-S450 450 151. 65
CA-140-1. 6-2700-S300 |2 700| 300 193. 81 4.95 CB-140-1. 6-2700-S300 |2 700| 300 158. 36 9.92
CA-140-1. 6-2700-S150 150 198. 95 CB-140-1. 6-2700-S150 150 166. 70
CA-140-1. 6-1800-S450 450 |213.91 CB-140-1. 6-1800-S450 450 186. 64
A Z& | CA-140-1. 6-1800-S300 |1 800| 300 [216.01 2. 86 B 2§ | CB-140-1. 6-1800-S300 |1 800| 300 190. 57 5.18
CA-140-1. 6-1800-S150 150  |220.02 CB-140-1. 6-1800-S150 150 196. 31
CA-140-1. 6-900-S450 450 |226.33 CB-140-1. 6-900-S450 450 |212.15
CA-140-1. 6-900-S300 900 300 229.06 3.41 CB-140-1. 6-900-S300 900 300 217.39 5.57
CA-140-1. 6-900-S150 150  |234.04 CB-140-1. 6-900-S150 150 |223.96
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Tab.3 Finite Element Analysis Results for Different Width-thickness Ratios
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