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Study on Axial Compression Capacity of Double Limbs
Cold-formed Thin Steel Trapezoid Lattice Columns
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Abstract ; This paper proposed a laced double limbs thin steel trapezoid lattice column suitable for
light steel factories or large-span buildings, and studied its axial compression performance. The
finite element software ABAQUS was used to perform nonlinear analysis on the numerical model
of the double limbs lattice column with trapezoidal section. The stress development and failure
mechanism of the constructs were studied. The influence mechanism of column height and web
height on axial compression capacity of the lattice columns was analyzed. The effective width
method of the current code was used to calculate and analyze the ultimate bearing capacity of the
constructs. With the increase of the column height,the failure mode of lattice column turned from
strength to overall instability ,accompanied by distortional buckling failure of oblique edge,and the

YrFs B HA 2021 -06 - 13
E€WH : FXHARRFIEETH (51978422)
EE R & (1982—) , 20, Bl Ei , T+, TN FER RN 45 #y B B T 2 454 5 T



552 1) B A OUBHIE v 25 B A A T AR BT 5T 219

speed of axial compression capacity decreased quickly and then slowly. With the increase of web
height, the columns turned from instability around the real axis to instability around the imaginary
axis,and the bearing capacity firstly increased and then decreased. The code calculated value was
safe when the web height was in the range of 80 ~ 120 mm, whereas the result was not safe when
the web height was at 140 mm. The section form of the double limbs thin steel trapezoid lattice
columns was flexible,and the axial compression capacity was relatively high. The preferable web
height of the thin steel lattice column was in the range of 100 ~ 120 mm. It is recommended to
modify the stability factor ¢ to obtain the calculation formulas for the bearing capacity of the
double limbs thin steel trapezoid lattice columns.

Key words:double limbs lattice column ;cold formed thin steel ; axial compression capacity ; overall

stability ; lacing bar

Vs AN B T R R B
i ROSTERA, FHTIRZRR R
PHAREME Y B RBNES 2
FTORMIMI, ¥ W C I U B Z B4 R
S PG S S B AR S A2 DA 2 2540 1
TR DI REZEoR . A L SCE A A A AR L
AR AR Sy R S R e MR Rk
Ui EREPTS ERE L S . Tl AR B v 4
oA BE B Z R T Tl By KRB
J&= SEMELEH T A AR R TR UL
FEVA S THE A R A A ) AR 2 AN i il
P& AR ST e AN oE 3 Tk A 5N
PRTE W

PRATILE AIST BT O 1 Xof AR 0 XL
FRCPRA VR 5 R AL A (R4 1 T 183 ik
TR R )2 8 2 BE TR oy 2 A SR R
FEY (JGI227—2011) 70 %F 22 JBc B v A 110
R AR IR T PR S A AR AR
BNk, BARE NI EE T R S
(I AR S W RE A (2 I RR D AN R
GERIRFFE S E A oA A4 2078 2 AR AL 1
1) 7 231 BB AN AR R T BB I BIF ST 70 | 1
B = % 4 n] HE BT O 1k RAE o6 B RE L
M. A. DAR 451" %} 25 26 048 25 B BF A A
ARG o 2 WA B8 S K il Lb A3 1 91 <X g
MV E X CES PEAHEM 32 Sk RESE i 835
A. P. BONAB %" 5 iof B5U{E A5 400 2 B0 R F
R 41 L IR P2 AR T 5 M A ) R

PERE ; 5 7P 2 9T T A0 32 AR A O A
(452 J1 AL LA IR R [ 28, D i by 50 2
VA AT OB R SRS

T R B S — PR R OB
BRIV 2 B A R AT, >R A R OC 20 A 41
ABAQUS HEFLRA 1A 17 faf 284 FH R 19 9127
PERE , W HC N g A e S MBS AL B s F 5
A e R AR e JEE 2 B33 P TR A A% R A AR BIR
RIS THIFEMARLE] , 10 ARG E R F 1
BEFTA AR FROAR B33, S WUBcve 25 A%
FREAR BT A F e S bk aE

1 AR

1.1 LTS

— M E SR A RUB RS I8 SN AR A AL B
AERTEIE XA 1 R o P O A
NEMAMIE BB B T % R Al R G
A1 e e A i K R A R A TR 8 R il )
B, AR 1T R ks A2 b iy 2
AR MR (R I A 1 A R TS
PERE

A, Rt 5 RS M AR S B L.
900 mm.1 500 mm.2 100 mm. .2 700 mm,
3 300 mm Al 4 Fof 3 A A% B4 A I B = A
80 mm 100 mm 120 mm 140 mm f¥ 20 Fh T.
O AP A LA RSP PE L 1, kK x
PE x K212 mm x30 mm x2 mm, {09
5L TC900-80 i 4] , A 2 46 HE 7 T A5 Ay A



220 WHERKESMARBFR)

%38 %

A 900 mm AR = 80 mm,

| #E %b =40 mm 7 EEc=50 mm
| |

X a \k
g
< I
= I BE~1 mm
iE 0w (3 L
E| e 5
e =l K
fo
%
F®E%b,~60 mm

B 1 AR SR A R AT X
Fig.1 Section form of laced cold formed thin steel

trapezoid lattice column

1.2 HEEME

AT BRI/ BT ABAQUS 4 57 ML
JERRIE ¥ 25 AR A AR ASE Y | FE A7l e P g
St FEEE T, SR Shell S4R 72 HITAR L
FEFAIRE FEE 5% s b AR B Q235 XA, BN A A%
RO 8 R FHOBLE A 5t A 5 9 P ) 2 B 8 (D,
Kl2), Hrb JEIRSEEE £, =235 MPa, &, NJH
R A% | B PE AR E =2. 06 x 10° MPa , JA #4

S
[}

B2 WHAEER

Fig.2 Constitutive relation of steel

W kEmmm

()BT R

(OpFvis 2N

v =0.3,P14fiE E, HL0. 03E,

MU V2 25 AN AR R AT 25 ) 45° 1
HEAERAF PN 3L 2% | 28 55 5 43 ISR 1 4 ok T
PE IR e AR e AR AR Sk
TRV 0 53 53] e S A TR LA s a5, I T T
FUR T 754 H B EE S U e sl G,
RS AR R P o B A, 2 A R
SF44324 10 mm x 10 mm B, A7 BRITH A
i 3 s,

,
3 ARRITRER
Fig. 3 Finite element model
1.3 HRTERRIE
SE VECCHR [ 10 ] v 0 B v 45 i AN A%

PR % 0 3 4 SL-150-75-60-1705 #E4T 4
FROTALRIXS L EsHIE , IR E5 3 544 FR T
IR RN 4 Fis . A BRITTHBIREE R 51k
BB A — B, B B A R
W, i A BRI B A BR AR 281
118. 1 kN, il FR 7K 48 71 4 121.0 kN, —
FAHZE 5% LN, HAfrgk - (i i) & 5%
U, HIGIER SO BRI AT SE A B

140
120
100
z
% 80
60
ﬁ V.
40
20 — BAFSL-150-75-60-1705
- - ABAQUSH FRITAE R
0 0.5 1.0 1.5 2.0 2.5 3.0
] /mm
(cHiiEk - R Lk

4 BERIGGIESS R
Fig.4 Model validation results



42 4

& A OUBHEIE v 25 RS A e A T /R 3RS 221

2 R LA R

XF 5 ZHRUBRSIE ¥ 25 N AR A AL EA T4
AEAELJE fh o3 B, S AT PO B AR | o3 e 25 SR
£ /mm

+1.000 x 10:,
+9.167x 107}
+8333x 107
+7.500% 107}
+6.667x 107}
+5.833x 107
+5.000x 107
+4.167x 107
+3.333x 107
+2.500x 107
+1.667 x

+8333x 107

(a)h,=80 mm

i /mm

+1,000x 10°
=

SHLEEEGELLEE
FORTORRA AN aac
]
SASLASUASEAS
555555555555

ErRreher St vy
Lo LI BN A
LRSLSBRB Lo
wISBIASLISL
330009295

T

(b)h,=100 mm

SRR RS R R A 2 i M AR . X
TC900 ZF A ], Hay 1 565 — B e Ak e b A5
AW S o, AL S — [ s R
AL RS B ARAL

i /mm
10

&
@
g
E

355555555E=
53555553333
SRR

T N e —Y
BASBSBASLAS
BISBASBISBAS
XXRXXXKX XXX XX

ST
Shrbhhhheame—

XXXXXX XXX XXX

bbb
ORI R D
WA DO
BRBLS IR

BASEASSASBX

.
6]
°
O]
o
®
o
[§]
.

(c)h,=120 mm (d)h,=140 mm

Bl5 TC00 AL —Hrs Ak (e Hh AL
Fig. 5 The first-order eigenvalue buckling mode of TC900 columns

H 72 25 AR 1 5 A 7 g el O B 7
AR ] 205 AT R R R
UG LA BB R AL R, DR JLART B i LA
55— B RRAE A T A A, A A il S
I EL B FHL L/1 000, Hodt L AR B S 88
AT Je S S S 1) 81 PR 7B 0. 005 5 h, , HE:
Hoh, R

3 BUESHT
3.1 A%

ik ABAQUS A BR JTHL L / M1 15 2 A
(R v % A e AR A T U A T ¥4 2 R
RS FARE A P BB 15 21485 TR R /9 1 H)

;
)

SESPLLLLERELE oF
D e i
Cogobie-aicus
SRR
LT
RS

(2)TC900-80

(b)TC900-100
Bl 6 TC900 Z MRS %N H1 545 = Fl

Fig. 6 Stress distribution diagram of TC900 series at failure time

i & 7 Al 1, TC-2100 51 #1478 fin 2%
I, R PR 2 135 5) e KW I ek Ak
TERSFEIAT 23 R85 3L 2% Ab 5 it 25 1A v B2 1)
BN, ¥4 S8 ST S W BE B 0 K, i RS

TR B BR AR 28 07 | W BE 722 Ak e i SR T
A, LA TC900 , TC2100, TC3300 Z 31 44 14 K
], WK Z0 0 12 R LR 6 ~ &1 8 i .

I 6 A1, TC900 FE 3 ZE i SR X Ky
R IR, NI P <45 kN B, 1)
PEAEARI 7 43 A 34150 W 2 il e oy 3 Hp 2 1
KRN T E e T R e AL, BN
L M A F] P =100 kN B, #4 14F
TC900-80 FI#4 {4 TC900-120 4 7 % i FH
SR N S A TC900-140 FE A Ja)
Jet it B S IR A AR 30 W A i it 42
(UWLIE 6 (d)) s Bt A #1435 DA 3 B 15 v i A
Ab Je s e 5 85 4 e T e AR R

B F1/MPa AL

+3.669% 10
+3383x10;
3101 x 10
+2.8lex 10
2332100
224810
+[9a3x 10
+He9x 10
+11393%

1110 x 107
+§239% 100
413100
42.572%

()TC900-120

g
22
s

Edbb bbbkt
b et i P T, o g
FobobelrGo A W
B2BRRRARIIIINR
£o3SRTZJIGS=S
XX XXX XX XXX X

QRN

M =

(d)TC900-140

A el AR R AR S5y TR A, PR A%
[F1] A R B % b G B )R o B T 2~ i
X, B S B RN ) e A Al P R, 4R 4
AR A, B A PR T 2 R PR A



222 WHERKESMARBFR)

%38 %

B 1/ MPa

+3.678x 10}

(2)TC2100-80

(b)TC2100-100

I f1/MPa

-3.683 x 10;

RE F1/MPa

+
&
o0

a3
N}
x

XXX XXX X X X X X X
QARRIRII]IIIIINR

(a)TC3300-80 (b)TC3300-100

B J1/MP.

BRIINIAS
QLRCCRKIIINNINRIL L

ERRSIIIFIITI

(¢)TC2100-120
7  TC2100 Z5NBERZI R 15045 2= F

Fig.7 Stress distribution diagram of TC2100 series at failure time

(d)TC2100-140

I F1/MPa

(d)TC3300-140

8 TC3300 RFNMEIRES ZI W 15075 =

Fig. 8 Stress distribution cloud diagram of TC3300 series at failure time

& 8 A%, TC-3300 £ 41 3= % A #&
IR FEaREIR . HyF TC3300-80 — M3 2% i/ /)
FREHE K, M o — AR N, Bl Fa R 3
T, AR AR N 7 S BLG I AT P
73238 L% A A B A SR IS AR AL, 1k B il e
R SRBRAK P, =61.89 kKN, i 24 Hi
¥ b, =120 mm B, 748 - TR B, 4 14
HENRAZ JII85] s up B LRGN R AR AL 1 T 3%

120
—=—TC900-80
= TC1500-80
100 ——TC2100-80
~—TC2700-80
——TC3300-80
80

4
2 60
it
40

20

4 5 6 7 8 9
A B /mm
(a)h,=80 mm

WIS, R P B RN 7 P A G T e
4 2 BLCARIAT Y, e 48 e il & 2B R RS ER
B 1A v B 1 I, A 85 e ) 7 % B i
R, 100 FH 3 K IS A v B A A0 v ) 1 b
BRIEE AR TE
3.2 HE®E

9 Sy AN [a) 8 v 4 1 1 oy 28— 8 i
2L 10 AT XA A R AR 0 s ) i £

140 -
——TC900-100

120} - TC1500-100
——TC2100-100

+ TC2700-100

100 ——TC3300-100

80

TrE/kN

60

40

20

4 5 6 7 8 9 10
B AL /mm
(b)A,=100 mm

9 AL R E AT — il 2R 2k

Fig.9 Load-axial displacement curves of different column height



%52 & BEAE OSUBCHTE VS L RS A R R 3R TR 5T 223
” 108. 65 KN 4 % 61.89 kN, P, &g H

120,

IR AR S/KN
(=3

—a— h,=80 mm

80F _o 5 -100mm
—&— h,=120 mm
—v— h =140 mm
60 1 1 1
900 1500 2100 2700 3300
A /mm

B 10 FEE X ERE T B R
Fig. 10 Influence of column height on bearing
capacity of members

%t Fb 44 44 TC900 — 80 . TC1500 — 80 .
TC2100 - 80 . TC3300 — 80 , #% B 7&K 2% J1 M

1.71% .8.95% .25.48% .43.04% ; % Lt ¥4 1
TC900 — 100, TC1500 — 100, TC2100 — 100 .
TC3300 - 100, H& R A& 2% 77 I\ 126. 08 kN B
% 86.96 kN, P, FEIEIKIK N 2.81% 7. 17% |
15.08% 31.03% , £¢ b, F w8 X 4 4 il s b
BRI 5200 b 3, B A% AR A A = 1, AR
() A At A PR AR R BE ) 39 R B R
Rka 3 e e
3.3 SEEHEERSERIE

YEHL TC900 , TC2100 , TC3300 Z 41| A% fiif
B - NERSHRZR AN 11 s, 38 v e v o)
MR E T st 2 an & 12 Fos

1501 140 1201
125F 1201 Py 100f L
100k 7 1001 7\ 80t _'.5"')‘¥\
] v Z sot N R % 7\
v e ., = \
] 7S ; s ™ R 60 Ve
& Y TC900-80 o = S
- -~ TC900-100 | #7 —~ TC2100-80 .. T -
—~-TC900-120 or F7 L 1c2100-100 Z o 1C3300-80 .
25t - TC900-140 2ol &F —TC2100-120 20t 7 1&3380-190
Vi TC2100-140 # TC3300-140
0 i 2 3 4 50 1 2 3 4 5 6 7 8 0 7 4 6 8 10
] 2/ mm A4 B /mm ﬁh[’]ﬁg/mm
(a)TC900F& (b)TC2100F %) (c)TC3300& 3
11 AS[FEIRE R = 3k - Jb il 62 A% it &
Fig. 11 Load - axial displacement curves of different web height
» TC900 F FIA4 {4 v, 24 i Al v B2 by, 1
80 mmt % 120 mm, A5l E K48 71 DA 108. 65
120 KN 1% 5 128. 81 kN, #57 18.55% ; 24 &t =1

R AEII/RN
S
o

—8— [=900 mm
—e— L=1500 mm

sor —+— £=2100 mm
—¥— L=2700 mm
—— L=3300 mm

60 . . . . . . ,

70 80 90 100 110 120 130 140 150

AR E/mm

B 12 AR e A PR BT 5
Fig. 12 Influence of web height on bearing

capacity of members

J& by, {1120 mm $4 % 140 mm, KRR R
MR 2 118. 83 kN, F& Ik 7.75% , 7F TC2100
FAN | bifi o T A R B B, 7R T AR A R
55 TC900 F41—3, ¥ K Je i KIF REAIK,

H SRR BE /N, b A £ TC2100-120
HH LRI TC2100-80 7 4% 148 15 22. 83% , 14
4 TC2100-140 A Lt TC2100-120 7& %% 7 FE A%
7.04% , i TC3300 ZR5A4 {4 24 W AR = B
FH 80 mm 342 140 mm , A4 R 28 ) F e
K, B BR 7 28 J1 P, B 61.89 kN i 2



224 WHERKESMARBFR)

%38 %

102. 83 kN, #5 66. 15% .,

FH &] 12 AT Rt I A e B BG n, #4 42
R Z $25, H ok, =120 mm AL R
HRER IR BN B K AH 3 R A I e )2 L 3
Jry S S it A PR 2R 2k 0 R R, Qi E AR e
h, =140 mm A, 25 b YA
AH TR s Bt R Al v 388, ¥4 2 AR 480 A
FEFE . NE AR = B AR Al X A R Y AR B 7 2

SEMAVBET ) JE AR v E S, A8 T e
WA W S B A 5 R MR AR AT

4 WA

W RUBHE T ¥ 25 AN A6 A A 20 Fh T80
BAE A AL S HO AR B AR B AR P,
BRI BN & 13 fs, o L R )5
TR ;D R AR i ; F 28 5350l A
T i F, 2 58 ke il A il

140
AL
oL AL
eL+D
1200 vip PSR R,
visp YL
5 = .L+ XE AF,
B0} nF, YF,
= 80 uFy
® u /s, =80 mm
60 | ¢h,=100 mm uF,
Ah,=120 mm
vh,=140 mm

40 . . . . . ,
300 900 1500 2100 2700 3300 3600
/mm

13 FERKE
Fig. 13 Failure mode

LA FRIT 3 A v R, RUBCRE P v 725
AR AL AT L e S AR T AR i X A A ) 7
ANERE A IR 250 ) 0 25, BE G A
I, KA R R HLTR R A o 22
Lot A e A Pl Jg s 5 JEE A OR e
PRRFREIR . AR L<2 100 mm i}, 3222
oAy Jey s 5 BE R A SRy 78 + W 2% S R 5 BB OR
PR 445 L >2 100 mm B, 2k A 38
PRRFRIIR | HBEHE R s B2 s, iR
e S R AR M SRR AR AL

G AR TR R o JRE 384 0, s A A Al s 7

B B T, e KR B8 1 # F A
h,, 7€ 120 mm 7247, HL8% SR8 X DLy 15 5
AR A SRR R IR A IR 5 AT AT A
& I AR S AR A BN Rt IR XU
B TE V725 0 A% F A 174 A 17 B2 B 100 ~
120 mm 3N A,

5 MFRAEE S

HTAHRIu/rHrikff ABAQUS 545
TG4 TR 4 75 R R AN 45 ) R R )
(GB50018—2002) , 5K A 8 5 i 1 X 28
ST 5 (0 BUBRR T V2 25 AN AR AR AT 1F 4 70l e
AR, TS5 R 5 BT
Brads SR AT X e oA, RS OS2 Al 1
RS AR R AR

N, =¢Af. (1)
K @ MG Z TR E REG A, A R
T TR 5 f SR B0 RE B0 R i B 38, [T LA
AL o, K75 A 1158 g Al 2 A2 i 5
IRSIAN AR

Amz/ﬁ+ﬂ£< (2)
1

A, SRS xR il (y i) AR 4
s A ST AT B T 0 T AR Z 5 A, A
RS AT P ARAS ARHR AR B A T AR T, 5K
(1) AR A A, A RIE b, Yo,
BT E AL BRAT

M p/1<18ap I

b,/t=b/1. (3)

24 18ap < b/t <38ap K,

21. Sap 0-1 bC
A e

M b/1=38ap i ;
b, 25ap b.
. . (5)

S

[

t
R b WA TERE e AAEIEEE b, N A
HASESE ;o Fp B RE b, H3Z
X5eiE, HatB 4Rk 1 Pr,



42 4

& A OUBHEIE v 25 RS A e A T /R 3RS 225

F1 OSSR S A RO T a R T

Table 1 Comparison between calculation results of thin steel specifications and finite element analysis results

T4 Llﬁmﬁf J&éﬁ“ L ﬁﬁjﬁ ﬁ&j{ﬁfﬁ*ﬁ N,/kN P,/kN P,/N,
TC900-80 900 29. 60 0.938 370 99.26 108. 65 1.095
TC900-100 900 24.54 0. 955 416 113. 62 126. 08 1. 109
TC900-120 900 20.73 0. 967 436 120. 58 128. 81 1. 068
TC900-140 900 21.04 0. 966 451 124. 60 118. 83 0.954
TC1500-80 1 500 49.34 0. 861 373 91.25 106. 79 1. 170
TC1500-100 1 500 40. 90 0. 899 420 107.98 122.54 1. 134
TC1500-120 1500 34.56 0.920 439 115.51 125.26 1.084
TC1500-140 1 500 30. 31 0. 936 451 120. 73 111.76 0.925
TC2100-80 2100 69. 07 0.757 377 81.62 98.93 1.212
TC2100-100 2 100 57.26 0. 823 427 100. 51 117. 04 1. 164
TC2100-120 2 100 48.38 0. 865 449 111.07 121.52 1.094
TC2100-140 2 100 42.25 0. 891 458 116. 57 113.52 0.973
TC2700-80 2700 88. 80 0. 628 382 68. 61 80. 96 1. 180
TC2700-100 2 700 73.63 0.726 431 89. 49 107. 06 1.196
TC2700-120 2 700 62.21 0.797 447 101. 89 117.55 1. 154
TC2700-140 2700 54.32 0. 838 463 110. 96 110. 47 0. 995
TC3300-80 3300 108. 55 0. 502 388 55.71 61. 89 1111
TC3300-100 3300 89.99 0. 621 445 79. 03 86. 96 1. 101
TC3300-120 3300 76. 00 0.714 453 92.50 102. 83 1112
TC3300-140 3300 66. 40 0.774 469 103. 82 100. 63 0. 9690
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