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Load bearing capacity and economic analysis of high-strength
steel square columns with cold-formed stiffeners

PANG Shiyun', WANG Weiyong', TAN Xingkui’, HUANG Dan', WANG Ziqi'
(1. College of Civil Engineering, Chongqing University, Chongqing 400045, P. R. China; 2. Chongqing

Bente Steel Structure Co., Ltd., Chongqing 400707, P. R. China)

Abstract: In practical application, arranging stiffeners on a section is a common method used to enhance the
stability of structural members. This study focuses on investigating the effects of cold-formed stiffeners on the
mechanical properties of high-strength steel tubular columns and evaluating the cost effectiveness of these
stiffened columns. An axial compression analysis model for cold-formed stiffened steel tubular columns was
established by using finite element ABAQUS software. The study explored the optimal stiffening configuration by
investigating the influence of stiffening shape, the number of stiffeners, stiffening spacing and stiffening size on
the mechanical performance of Q355 steel pipe columns. Furthermore, the reduction in steel consumption for high-
strength Q690 cold-formed stiffened steel pipe columns was analyzed when their ultimate bearing capacity was
equivalent to that of ordinary Q355 steel pipe columns. The results show that the addition of cold-formed
stiffeners significantly improves the axial compression bearing capacity of steel pipe columns. Interestingly, the

improvement in bearing capacity remains consistent even as the number of stiffeners increases. Notably, using a
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single semicircular arc stiffener yields favorable results in enhancing member bearing capacity. The spacing
between cold-formed stiffeners has minimal effects on the overall stability of the members. It is recommended that
the radius of the stiffener arc twice the thickness of plate. When achieving equal bearing capacity, the steel
consumption for cold-formed stiffened Q690 steel pipe column is about 35% lower than that of Q355 steel pipe
columns.
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Fig.1 Square hollow without and with cold-formed stiffener
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Table 1 Geometrical dimensions of square hollow columns in FE models

T 45 5 H/mm t/mm L/mm
S1L1 330 10 1 000
S1L2 330 10 2 000
S1L3 330 10 3500
S2L1 400 14 1000
S2L2 400 14 2 000
S2L3 400 14 3500
S3L3 600 20 3500
S4L3 800 25 3500
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Fig.2 Finite element model
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Table 2 The value of the section variable of tubular column with cold-formed stiffener

T L TR v [
N 1~3
b/mm t~13¢
R /mm t~3t
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Table 3 Comparison of the ultimate load between the test results and FEA

LY i 5 H/mm B/mm t/mm ¢,/mm L /mm P /KN Py JKN TR 2%
460B50-150x12 152.37 155.10 12.46 12.38 3118 2509 2573 2.5
460B70-100x12 104.43 104.75 12.35 12.43 2 828 1245 1330 6.4
550B30-100%12 100.12 100.92 12.60 12.63 1378 2 057 2152 4.4
550B30-150x12 156.49 152.59 12.82 12.77 1987 4117 4138 1.0
550B50-100x12 102.45 102.20 12.60 12.63 2103 1900 1961 3.1
550B70-100x12 102.17 102.30 12.60 12.63 2 828 1177 1210 2.7
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Fig.3 Comparison of the test results and FEA
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Fig.4 The form of stiffener
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Fig. 5 Load-axial displacement curves of members with different stiffener forms
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Table 4 Finite analyses results of different numbers of stiffeners

, Py =Py 3 e Py =Py-
AL G 5 N PFEA/kN % 2T o N PFEA/kN Al NZ0 o
N=0 N=0
S1L3 0 3588 S3L3-b2 0 14 615
S1L3-N1 1 4185 17 S3L3-N1 1 16 193 11
S1L3-N2-b2 2 4238 18 S3L3-N2-b2 2 16 439 12
S1L3-N3-b2 3 4244 18 S3L3-N3-b2 3 16 683 14
S2L3 0 6 804 S4L3 0 23 886
S2L.3-N1 1 7 502 10 S4L3-N1 1 26 884 13
S2L.3-N2-b2 2 7571 11 S4L3-N2-b2 2 27 364 15
S2L3-N3-b2 3 7529 11 S4L3-N3-b2 3 27 669 16
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Fig. 6 Comparison of ultimate load-bearing capacities of specimens with a stiffener or not
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Table 5 Finite analyses results

WAL G N  b/mm P, /kN /% RFY G N  b/mm P, /kN /%
S1L3-N2-bl 2 t 4200 S3L3-N2-b1 2 t 16 375
S1L3-N2-b2 2 2t 4238 0.9 S3L3-N2-b2 2 2t 16 439 0.4
S1L3-N2-b3 2 3¢ 4252 1.2 S3L3-N2-b3 2 3¢ 16 505 0.8
S1L3-N2-b4 2 41 4266 1.6 S3L3-N2-b4 2 41 16 513 0.8
S1L3-N2-b5 2 5¢ 4244 1.0 S3L3-N2-b5 2 5¢ 16 553 1.1
S1L3-N2-b6 2 6t 4330 3.0 S3L3-N2-b6 2 6t 16 550 1.1
S1L3-N3-bl 3 t 4244 S3L3-N2-b7 2 7t 16 630 1.6
S1L3-N3-b2 3 2t 4270 0.6 S3L3-N2-b8 2 8¢ 16 619 1.5
S1L3-N3-b3 3 3¢ 4281 0.9 S3L3-N2-b9 2 9 16 608 1.4
S2L3-N2-b1 2 t 7529 S3L3-N2-b10 2 10¢ 16 599 1.4
S2L.3-N2-b2 2 21 7571 0.6 S3L3-N2-bl1 2 11t 16 579 1.2
S2L3-N2-b3 2 3¢ 7603 1.0 S3L3-N2-b12 2 12¢ 16 604 1.4
S2L.3-N2-b4 2 41 7 642 1.5 S3L3-N2-b13 2 13¢ 16 596 1.3
S2L3-N2-b5 2 5¢ 7 666 1.8 S3L3-N3-bl 3 t 16 602
S2L3-N2-b6 2 6t 7 688 2.1 S3L3-N3-b2 3 21 16 683 0.5
S2L3-N2-b7 2 7t 7698 2.2 S3L3-N3-b3 3 3¢ 16 676 0.4
S2L.3-N2-b8 2 8¢ 7 800 3.6 S4L3-N2-b 2 t 27297
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Hks
T 2 = N b/mm P, /KN &/% 1Y G 5 N b/mm P..,/kN &%
S2L3-N2-b9 2 9t 7 699 2.3 S4L.3-N2-b 2 2t 27 364 0.2
S2L3-N2-b10 2 10t 7 694 2.2 S4L3-N2-b 2 3t 27 414 0.4
S2L3-N2-bl1 2 11¢ 7559 0.4 S4L3-N2-b 2 4t 27 451 0.6
S2L3-N2-b12 2 12¢ 7 545 0.2 S4L3-N3-b 3 t 27 591
S2L3-N3-bl 3 t 7501 S4L3-N3-b 3 2t 27 669 0.3
S2L3-N3-b2 3 2t 7 529 0.4 S4L3-N3-b 3 3t 271757 0.6
S2L3-N3-b3 3 3t 7531 0.4 S4L3-N3-b 3 4t 27 813 0.8
2= (P, ~P, )<100%/P, .
8r — 5 -
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Fig. 8 Finite analyses results of the series of S2L3 (/V=2)
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Table 6 Finite analyses results of different sizes of stiffeners

D 4 5 N R,/mm P,./kN &/%
S1L3-N1-R,1 1 t 3720
S1L3-N1-R,2 1 21 4185 12.5
S1L3-N2-R,1 2 t 3772
S1L3-N2-R,2 2 2t 4337 15.0
S1L3-N2-R,3 2 3¢ 4344 15.2

i e =Py, ~Pyy) ¥ 100% /Py
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Fig. 9 Load-axial displacement curves of the series of SIL3-N1 and S1L3-N2
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Fig. 10 Load-axial displacement curves of the series of SIL3-N2
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TR 21
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TE AR AE TSN AR R 1% 20 T 8 Q355S 1L3 A9 45 4 A FR T 43 45 5 433l 55 X6 1 Q355 9 B gz S0 78+ LA
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e E TR 3 M BE SR AR T, Q690S1L3-N1-t10 ¥ 25 Jin 24 49 4 A3 #4 14 i BR 7K 2% 7 3 78 F Q355S 1L3-NO-t10 4 &
FE A 4 W BR 7R 2 o DRI, 70 A0 A R AR PR 7R 28 1 A S B FTHR R, 1T DL 2 b s /)y Q690S 1L3-N1-t10 i 14 )5
BE IR BT A SR 0 B .

101 S, Mises

SNEG, (fraction=—1.0)

CEH: 75%)
+6.900e+02
+6.343e+02
+5.786e+02
+5.229e+02
+4.672e+02
+4.115e+02
+3.558e+02
+3.001e+02
+2.444e+02
+1.887e+02
+1.329e+02
+7.724e+01
+2.153e+01

——— Q355S1L3-NO-t10
— — Q355S1L3-N1-t10
- - - - Q690S1L3-N1-t10

0 ; ll() 1I5 2I0 2IS
i fmm
(a) TFER-Mi M (b) Q690S11.3-N1-t7RE IR K ff g 434
11 B Q355N =38 Q690 5K SILI MM IS BT Lt
Fig. 11 Comparison of analysis results for member S1L3 with Q355 steel and Q690 steel

FTHSILI RN A BRIT g R o nTLUE 2R H Q690 ¥ 45 i £ i i 44 45 A i B =0
Q690S1L3-N1-t10 4 £ A A7 244 )5 BE 7] LA 10 mm [ 4 6.5 mm , % J& SZ PR AR A4 5 BE AN 10 mm B4 7 mm, 54
BAF 30% . HH T Q690 4K A1 Hr 4% Sk Q355 M A1 M 4% A 1.2 /% . IR Ik, 5 Q355S1L3-NO-t10 J5 A4 45 A 41 Lt , 5k
Q690 H4 14 11 ¥ 25 fin 2 40 45 A AT LA D AR 16% . &1 11(b) 2 Q690S1L3-N1-t7 44 4 14 fi I8 452 =X 1 1 Jg 43
K,

®7 SILIHERTHSTER
Table 7 Finite analyses results of the series of S1L3

TR 2 5 N #/mm R agii P /KN p
Q355S1L3-N0-t10 0 10.0 Q355 2707 1.00
Q355S1L3-N1-t10 1 10.0 Q355 3123 1.15
Q690S1L3-N1-t10 1 10.0 Q690 5800 2.14
Q690S1L3-N1-t6 1 6.0 Q690 2585 0.95
Q690S1L3-N1-16.5 1 6.5 Q690 2945 1.09
Q690S1L3-N1-t7 1 7.0 Q690 3307 1.22

EoR PR T QIR RMAM B A R RN A B 5Py & Q355S1L3-NO-t10 4 1 IR F7 2 5 =P, /P 550

32 S2L3RFINEHZRFHEST

Q355S2L3 A& A A B o6 20 #4540 1) 5 % 13 Q355 A9 B Il S0 A9 4 A A B Q690 4K BAL I 430 4K A A X L &4
R 12 . m B 12 A A, Q690S2L3-N1-t14 ¥4 25 Jin 21 89 487 A% #4111 4% BIR 7K 28 g ] B 8 /&5 77 Q355S2L.3-N0O-
t14 FAS FERG R B BR 2 877 o RG> b 9/ Q690S2L3-N1-t14 fY Al 47 J5 &

F 2 8 AT AT, 24 SR YA A5 i #h e 5k 4 45 R m B XS, Q690S2L3-N1-t14 44 74 (1) A 44 J5 J& 1] LA A\ 14 mm [
99 mm, 5E WA 36%. P, AR R AR 2, 5 Q355S2L3-N0-t14 J5 8 A A AH LE , R HT Q690 4K 44 1)
Vo5 TN R AE AR T A BUAS 23.2% 0 &1 12(b) 29 Q690S2L.3-N 1-t9 4 4 i) il A A g 3 A1 14
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S, Mises

SNEG, (fraction=-1.0)

(CF3: 75%)
+6.900e+02
+6.343e+02
+5.786e+02
+5.229e+02
+4.672¢+02
+4.115e+02
+3.558e+02
+3.001e+02
+2.444e+02
+1.887e+02
+1.329¢+02
+7.724e+01
+2.153e+01

——— Q35552L3-N0-t14
— — (355S2L3-N1-t14
12F * Tt Q690S2L3-N1-114

frZR/MN

A/ mm
(a) fr BR—HLFE 2R (b) Q690S1L3-N 117 KR 153 4
12 EiE Q355NN 5 38 Q6903 S2L3 M Ay 4y #T & Rt bt
Fig. 12 Comparison of analysis results for member S2L3 with Q355 steel and Q690 steel

x8 S2LIFMRITHWER
Table 8 Finite analyses results of the series of S2L.3

5L 4 N t/mm BB 2T P..,/kKN p
Q355S2L3-N0-t14 0 14 Q355 5100 1.00
Q355S2L3-N1-t14 1 14 Q355 5852 1.15
Q690S2L3-N1-t14 1 14 Q690 11 068 2.17
Q690S2L3-N1-t9 1 9 Q690 5509 1.08

33 SIL3RFMEHZFEDN

Q355S3L3 H 8 H: A R T 20 A1 25 5 5 X6 I Q355 X B I8 SU A0 45 A LA B Q690 4K BRIk 40 X A8 A1 43 T 45 SR
Fbgb S s 13 Fr o fh 13 AT, Q690S3L3-N1-t20 ¥ 25 Jiit 2 4K 45 A #4120 4% PR 7 2% 7 38 185 T Q355S3L3-
NO-t20 F4 45 FE AL 1F B M B AR 2% 77 o BRI, T DAGE 4 M0 /) Q690S3L3-N1-t20 M 4 (9 JR B , LA 1k #1745 48 B A 1
H .

35
S, Mises

SNEG, (fraction=-1.0)

(CF: 75%)
+6.900e+02
+6.351e+02
+5.801e+02
+5.252e+02
+4.702e+02
+4.153e+02
+3.604e+02
+3.054e+02
+2.505e+02
+1.955e+02
+1.406e+02
+8.563e+01
+3.069e+01

—— Q355S3L3-N0-120
30 | — — Q355S3L3-N1-120

T R/MN

P /mm
(a) TR Rtk (b) Q690S2L3-N1-t9M IR = K f F7 43 A

13 I8 Q355NN 32 Q690 5K S2L3 M iy 4> i &5 R bt
Fig. 13 Comparison of analysis results for member S2L3 with Q355 steel and Q690 steel

2% 9 F] A, 20k FH A 2 2 s o AN A A NP XS L, Q690S3L3-N1-t20 A4 {4 (1) A 4 J5- B AT LA 20 mm [&
A312.5 mm, %G8 S BRAR R BE N 20 mm [E8 13 mm, A B 35%. L, 5 Q355S3L3-N0-t20 J5 H445 # A
FE L, K FH Q690 5 A7 114 ¥4 725 i £ A9 48 AL 1T LAV 2 il A 22% . &1 13(b) >h Q690S3L3-N1-t13 #4) {4 1) i ¥R 5 X A
N 343 A
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K9 SIIERTHWER
Table 9 Finite analyses results of the series of S3L3

AL A 2 o N #/mm iRyl P, /kN p
Q355S3L3-N0-120 0 20.0 Q355 11592 1.00
Q355S3L3-N1-120 1 20.0 Q355 13 306 1.15
Q690S3L3-N1-120 1 20.0 Q690 24 898 2.14

Q690S3L3-N1-t12.5 1 12.5 Q690 11 591 1.00
Q690S3L3-N1-t13 1 13.0 Q690 12 344 1.06

34 SAL3RIINMEFZFHES N

FEARAF T AR S AR R A9 00 R K Q355SAL3 H9 8 A A B T 43 T 45 21 43 391 5 %) I Q355 9 B I S0 4 A+ LA
Fe Q690 HY ALY LU A AL 3 Mt 25 R EAT X LG, A LA R AN A 14 s o i 14 a1, Q690S4L3-N1-t25 ¥ 25 il
S B A A PR R 2 ) 8 R T Q355 SAL3-N0-125 4 45 A A 1 A B A Ay o PRI, B A A A BR 2R 2 )
FH 25 S R, 0T RUIE 25 M0/ Q690S4L3-N1-625 A {9 J5 /2

S, Mises

SNEG, (fraction=-1.0)

CF3: 75%)
+6.900e+02
+6.363e+02
+5.826e+02
+5.288e+02
+4.751e+02
+4.214e+02
+3.677e+02
+3.140e+02
+2.602¢+02
+2.065e¢+02
+1.528e+02
+9.909¢+01

i #/mm ] +4.537e+01
(a) fifB—i B 2k (b) Q690S4L3-N1-t168 IR = K b F1 43 i

14 T Q355N S 38 Q690K SAL3 MM A T &L R ¥t
Fig. 14 Comparison of analysis results for member S2L3 with Q355 steel and Q690 steel

—— Q355S4L3-N0-125
— — Q355S4L3-N1-125
- - - - Q690S4L3-N1-125

210020, YR AL I m A E S X5, Q690S4L3-N1-t25 A4 44 (1) A 44 J& B 1) DA MK 25 mm [
N 16 mm, T E M 36%. I, 5 Q355S4L3-N0-t25 J5 SN A5 A5 A0 [t , K% FH Q690 5X A4 1) ¥4 25 il 35 4K 48 #3714
WD A 23.2%, K 14(b) Jg Q690S4L3-N1-t16 A4 £ ity B PRAS =0 7 20 A3 1

R10 S4LIFRTHWER
Table 10 Finite analyses results of the series of S4L.3

F T 2t N t/mm B kE P,../kN p
Q355S4L3-N0-t25 0 25 Q355 19 790 1.000
Q355S4L3-N1-t25 1 25 Q355 22 680 1.150
Q690S4L3-N1-t25 1 25 Q690 42 237 2.120
Q690S4L3-N1-t16 1 16 Q690 19 734 0.997

2 LT IR A E A BR R 2% A 2 SR B Q690 v AL N A v v AN A AR B AR Q355 M A AR, W T LBk
35% A AT IARREAR 22% 2244 o
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