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Abstract - An experimental study on austenitic stainless steel (STS304 TKC and STS316 TKC) and lean duplex stainless steel
(STS329FLD TKC) square hollow section (SHS) columns subjected to centrally axial compression has been conducted to inves-
tigate the buckling behaviors of the compression members with both fixed ends. Main variables are steel type, column length
and width-thickness ratio. Buckling modes at ultimate state were classified into local buckling and global buckling. From tensile
material test results, cold-working hardening led to strength enhancement by 2.10 and 1.31 times, respectively compared to de-
sign yield stress and tensile strength. Compressive material properties of SHS members was also investigated through stub col-
umn tests. Stub columns and duplex stainless steel columns showed a local buckling mode. The test buckling strengths were
compared with those predicted by current stainless steel design specifications (American Society of Civil Engineers [ASCE])
and Eurocode[EC3]) for stainless steel compressive members, American Iron and Steel Institute (AISI) for carbon steel and
equations by other researchers. As a result, it is found that design strengths with compressive material test data of stub column
than tensile material data were close to test buckling strength.
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Table 1. Specimen list and measured dimension

€ 2HQIEA A3 AEA 9] B2 T Tt A

2.1 A9A A 4L A
A Lol A FYAAKKS D 3536) Y738 @ AH U
A 2B 1 A7 THSTS304 TKC, STS316 TKC)}h A
SEZAAA AH AP A ZFTHSTS329FLD TKC)S o
4o 8 AU (FAEFEZo] AF 0.5 A E AF
A o] =REE L A== 74%5 ZAR| el SIS
H2 U= APAE ARSIl B ST S ST 24

01

i
omill‘ﬂr

o
L

BT D79} F0|S 7|5 WA Ble]
157H9] A@AE ol A Heksto] el B 30 mm

Q1  AH[Uo| EA| AHQIZAZKSTS304) Ho|ASH0|E
(F3 Y H]: 200 mm)o]] ZHF 7T AFAE LAEH U EA
B8(Y308) 02 25 ElUTIG) BHREHS ottt
H|o] AZH|o| EQF V7 HPA| 248 AF Y=
T2 vEoA] gioith. AA| o] 8 M=o 27|(Fat
H]: 50x50 mme} 70x70 mm)<} ZHE 74 Z10](250 mm,
1,000 mm®} 2,000 mm) = 5}t AT A, o], A,
A, Z5AH] 2 APGHE Table 10f] 2] et AAAH

of|A] ‘M2 T, ‘ALS 9} ‘A28’ = QAE| U] EA A

#9128 A7391 STS304 TKCS} STS316 TKCE, DS H2

Actual L Width Width Area Width- Slendqrness Buckling
Specimen thickness I Wi W2 A thlckgnss ratio strength by

t, 2 ratio Ae EC3

(mm) (mm) (mm) (mm) (mm’) Wi, KLr (kN)
M-A1S-50x50%3xStub 2.97 248 49.36 50.24 555.5 14.94 6.52 113.88
M-A1S-70x70x3xStub 2.99 248 69.34 69.91 797.6 21.36 4.57 163.50
M-A2S-50x50x3xStub 2.98 248 49.42 49.92 555.7 14.78 6.52 113.91
M-A2S-70x70%3xStub 2.92 248 69.30 69.44 775.8 21.79 4.56 159.04
M-DS-70x70x1.7xStub 1.59 248 69.96 70.72 435.9 42.62 443 120.67
M-A1S-50x50%3x1 3.03 985 49.36 50.21 566.2 14.58 25.93 116.07
M-A1S-70x70%3x1 3.02 985 69.26 69.46 800.1 21.04 18.19 164.01
M-A2S-50x50x3x1 3.05 976 49.33 50.04 568.7 14.41 25.73 116.58
M-A2S-70x70x3x1 3.01 992 69.47 70.04 803.9 21.26 18.25 164.81
M-DS-70x70x1.7x1 1.63 982 70.01 70.69 448.7 41.30 17.58 127.44
M-A1S-50x50%3x2 3.02 199 49.27 50.25 564.3 14.64 52.69 106.02
M-A1S-70x70x3x2 3.14 2,001 69.25 69.88 833.3 20.28 36.98 170.82
M-A28-50x50%3%2 3.08 2,001 49.20 49.99 573.0 14.23 52.90 107.49
M-A2S-70x70x3x2 3.06 2,000 69.13 69.62 812.0 20.74 37.01 166.45
M-DS-70x70x1.7x2 1.81 2,002 70.08 70.53 496.9 36.89 35.87 149.91

310 FH2zsks] =2 4328 A5 E(EE A1683) 20204 109



A A AH QI A7} STS329FLD TKCE LFERATE A ¥
RE 50x507-2 Z+g73e] Zak ||, ¥ HAQl 3° E=
1.7 2 Vg7 FA, uhA g O 2 “Stub’, ‘1 T 2= 7t
7+ 73342101 250 mm, 1,000 mm, 2,000 mmE 2Ju] gk KS?
9] HAFEAEZ} EC3 7|24 (A1 23hHMol| 2Jgt
Table 19] A=W ES e L W= 52745l

S A7 (UTM)E AHg 3L 0m, 7Hele el lojz
3lo] 0.5 mm/min 2.2 Sshoict. 29 L Fugieh
MY S43l7] 9lste] Fig. 13} Zo] WA (LVDT)2
2E#H|9] Alo] A (strain gaugey S 3L WA L1
SAA91E Aok WA L29F L3k 247} 1974 7]
SRl £ The Yol 4 SHstEE S0
AT, T3 250 mm ARA AL A Qi
289 R 08 A& o] LS S ki 54
P23tk 2EHQ AN 715 1 1 EE AR
o 174, S 7} wioll 174 B2stol 715 S 6
AEH| A0|A(SG1 - SG6)E A 3to] 7}eef ut2

WY Woke 2ARICh

Zg7e] 74 9 A

= =
S5kt 3743 7159 | S= Fig. 12 D-D' @9
AEFRI Alo]A] o o5 AstaL, th-E-0] 27 A9
Aol A F=2 1HY} 30| Q591 KRS, 2 410 HH
T d-pl
200 op end-plate w
—F I 304 F
—E - E—
1 x w1
L1 L1
Fillet weld \
PR Fillet weld
2| &
—p 3| 3 D'— A-AT(F-F)
-C § § T L3 c—
gl g 2
S|
@ L
Bottom end-plate
_ . — L2
B B’
A 301 AT c-C’

e - 2

SpAVH 224 RS LEkRiTh M-DS-70x70x1.7x1 4
A 197} 4io] W5t 283t 3vi0] OBt el ot
ERdeh HEe Ee A9Ieka 25 E £719HE 0.09 mm-
0.34 mme] W91 == ek

23 A BAE

2.3.1 AAAZEA S

737 e 71414 AJ S mhetstr] Qs Al H
2 KS B 0801°] 1+78% 13BZ A|@H F 57]9] 73] o
S 7 G 1704 4719 A=A HS A F]5Ho] KS B 0802
(FSAELGAIA B ol ot T QIR E = 3513l
ok A=A A, Fig. 29 -2 Y- AP = A4S A3
ok A EATH 2 AR 57112 73l TSl & 20709 A=Al
AL 5ol Bt ASFA 4 B A=A 4442 Table 29]
“J2] STt Fig. 20| 4] A8 H 419] 7-9-=Fig. 1914 &4
F(weld)oll Al JF5F3 1L 7] thE Y|4 AFRE Al
ARETH Fre= FARIAIRE 8450 FFo = A&
53], STS329-70-47} ThE A FHE T WA Yelgth @ A&
gUo]| EA| AH| 1] AZTHSTS304 TKC, STS316 TKC)O]|
H| 3l FEE A AH AP A THSTS329FLD TKC)o] 9
EAE 9 = A YEEDL Aile WA UER
o} STS316 TKCE= T2 5 Hot 7 2A UEks:
1 5L 735l A= Z R Abo] 7 AR 3 50 mm
B AR 7150 YR AsH AS E o 3l
TF. KS D 353604 L AHUo| EA] AH|QIZ AT 739
FAFEAFE = 205 MPa, 7=+ 520 MPa, 534

Weld

SG5(SG6)

B-B' (E-E")

Fig. 1. Set-up of transducer(LVDT) and strain gauge
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Fig. 2. Stress-strain curves by tensile coupon test
Table 2. Material tensile test results
Actual plate| Young’s Yield Yield Tensile Yield Eloneation
Counon thickness modulus stress stress strength ratio IE%L n
P le E 6,001% | 6,02% 64 6,16, )
(mm) (GPa) (MPa) (MPa) (MPa) (%) .
STS304-50 3.01 161.82 315.73 519.42 784.82 66.19 44.38 6.12
STS304-70 2.98 157.43 299.26 468.47 719.53 65.11 52.56 6.80
STS316-50 3.02 174.19 375.69 480.88 650.55 73.92 42.97 12.83
STS316-70 2.98 131.22 269.41 410.04 626.05 65.51 49.68 7.41
STS329-70 1.61 165.82 424.85 603.35 741.05 81.40 33.20 8.75
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A= F s DA77 50x50Q1 ©ERoA AT
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LR ZE2 17 %, 9 % Aot et FEZ | AA AH|
I A7F9] Aol TUH 27 SRAE YR 4=
N BTt =R A EAIFE AT Table 29] I
741.05 MPa©]| H]3]] 57 % -2 423.12 MPa O & UepytT},

900
800
700
P i R 1
2 600 =" )
g /: -0y I
= 500 o ; }
~ 4 1
2400 | oA : !
& 300 | 1]
/7] 5,{/
200 ;;f' —— M-A1S-50x50%3xStub M-A1S-70%x70x3xStub
100 '[ —==- M-A2S-50x50x3xStub ---- M-A2S-70x70x3xStub
-+ = M-DS-70x70%1.7xStub
0
0 0.005 0.010 0.015 0.020 0.025 0.030 0.035

Strain (mm/mm)
Fig. 3. Stress-strain curves by stub column test
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Table 3. Compressive material properties of stub column test results

Length | Young’s modulus Yield stress Yield stress | Ultimate compressive stress
Specimen L E 0, 0.01 % 0,02 % Ou n

(mm) (GPa) (MPa) (MPa) (MPa)
M-A1S-50x50x3xStub | 248.5 150.28 252.50 591.46 799.67 3.62
M-A1S-70x70x3xStub | 248.0 173.34 348.50 528.03 598.32 5.58
M-A2S-50x50x3xStub | 248.0 156.20 358.16 547.93 656.92 7.26
M-A2S-70x70x3xStub | 248.0 177.89 285.74 481.28 569.33 4.89
M-DS-70x70x1.7xStub | 248.0 193.11 390.00 - 423.12 -
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Table 4. Test results

2 seQlel Az 219 G549 A% B 49H 947

Act}lal plate Width Ultimate IS5y el Slendgmess Strength
. thickness strength ratio .
Specimen Winax Wwit, at ratio
fe (mm) Puc ultimate state e P,./P
(mm) (kN) KL/r el el
M-A1S-50x50x3xStub 2.97 50.24 14.94 444.14 L 6.52 -
M-A1S-70x70x3xStub 2.99 69.91 21.36 477.16 L 4.57 -
M-A2S-50x50x3xStub 2.98 49.92 14.78 365.05 L 6.52 -
M-A2S-70x70x3xStub 2.92 69.44 21.79 441.69 L 4.56 -
M-DS-70x70x1.7xStub 1.59 70.72 42.62 184.44 L 4.43 -
M-A1S-50x50x3x1 3.03 50.21 14.58 321.05 F 25.93 0.72
M-A1S-70x70x3x1 3.02 69.46 21.04 449.43 F 18.19 0.94
M-A2S-50x50x3x1 3.05 50.04 14.41 295/%{ F 25.73 0.81
M-A2S-70x70x3x1 3.01 70.04 21.26 }6{5.92 F 18.25 0.92
M-DS-70x70x1.7x1 1.63 70.69 41.30 181.69 L 17.58 0.99
M-A1S-50x50x3x2 3.02 50.25 14.6}/ 135.44 | F with rotation of top end 52.69 0.30
M-A1S-70x70x3x2 3.14 69.88 ;6./28 353.19 F 36.98 0.74
M-A2S-50x50x3x2 3.08 49.99 14.23 179.93 F 52.90 0.49
M-A2S-70x70x3x2 3.06 69.62 20.74 325.36 F 37.01 0.74
M-DS-70x70x1.7x2 1.81 7/0.43 36.89 180.03 L 35.87 0.98
500 500 500
—— M-AIS-50x50x3x1 —— M-AIS-50x50x3x2
iy AT M-AIS-70x70x3x1 M-AIS-70x70x3x2
400 A 400 T | - MA2S-50x50%3x1 400 — - M-A28-50x50x3x2
N o[- - M-A28-70%70x3x1 _ - = M-A28-70x70x3x2
/ / ¢ |-~ M-DS-70x70x1.7x1 | == M-DS-70x70x1.7:2
g 300 i N B g 300
s | RN - |
5200 | RN . S 200 N
I —— M-AIS-50x50x3xStub e p
TN <+ M-AIS-70x70x3xStub 1~ i
100 | 3 A -~~~ M-A28-50x50x3xStub 100 | iy 3
b/ - = M-A2S-70x70x3xStub b
J -+~ M-DS-70x70x1.7xStub
0 0 &
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Axial displacement (mm) Axial displacement (mm) Axial displacement (mm)
(a) Stub column series (b) Column length = 1,000 mm (¢) Column length = 2,000 mm
Fig. 4. Load-displacement curves
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e - 2
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Fig. 5. Load-mid height lateral deflection curves
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Fig. 6. Fracture shapes at test end
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Table 5. Buckling strength comparison between design prediction and experiment result based on material tensile test

‘ Test ultimate strength |, . Des;gn(sg;gth Strength ratio
Specimen P EC3 & e

(kN) ASCEP! EC3 ASCEP! EC31
M-A1S-50x50%3xStub 444.14 Classl 288.54 288.54 0.65 0.65
M-A1S-70x70x3%Stub 477.16 Class4 373.64 346.16 0.78 0.73
M-A28S-50x50%3%Stub 365.05 Classl 267.21 267.21 0.73 0.73
M-A28-70x70x3xStub 441.69 Class4 318.10 286.33 0.72 0.65
M-DS-70x70x1.7xStub 184.44 Class4 162.85 132.11 0.88 0.72
M-A1S-50x50%3x1 321.05 Classl 294.08 282.26 0.92 0.88
M-A1S-70x70%3x1 449.43 Class4 374.81 350.66 0.83 0.78
M-A28-50x50%3x1 295.18 Classl 273.48 268.60 0.93 0.91
M-A2S-70x70x3x1 405.92 Class4 329.64 301.55 0.81 0.74
M-DS-70x70x1.7x1 181.69 Class4 17191 139.71 0.95 0.77
M-A1S-50x50%3x%2 135.44 Classl 203.93 181.77 1.51 1.34
M-A1S-70x70%x3%2 353.19 Class4 333.94 319.71 0.95 0.91
M-A2S-50x50%3x2 179.93 Classl 218.60 183.99 1.21 1.02
M-A28S-70x70%x3%2 325.36 Class4 283.99 263.32 0.87 0.81
M-DS-70%x70x1.7x2 180.03 Class4 178.77 158.02 0.99 0.88

Average - - - - 091 « 0.83 X

(0.87) (0.80)

"Average value except M-A1S-50x50x3x2

Table 6. Buckling strength comparison between stainless steel design and experiment based on stub column compressive test

. Design strength Strength ratio
Specimen Test ultm?;e strength Clg és;n Pgu s g P.f/Pug
() ASCE"! EC3¥ ASCE" EC3¥
M-A1S-50x50%3xStub 444.14 Class3 328.56 328.56 0.74 0.74
M-A1S-70x70x3xStub 477.16 Class4 421.14 387.23 0.88 0.81
M-A2S-50x50x3xStub 365.05 Class2 304.47 304.47 0.83 0.83
M-A2S-70x70x3xStub 441.69 Class4 373.37 352.06 0.85 0.80
M-DS-70x70x1.7%Stub 184.44 - - - - -
M-A1S-50x50x3x1 321.05 Class3 334.87 310.97 1.04 0.97
M-A1S-70x70%x3x%1 449.43 Class4 422.46 392.30 0.94 0.87
M-A2S-50x50%x3x1 295.18 Classl 301.78 295.73 1.02 1.00
M-A2S-70x70x3x1 405.92 Class4 386.91 370.45 0.95 0.91
M-DS-70x70x1.7x1 181.69 - - - - -
M-A1S-50x50x3x2 135.44 Class3 202.01 183.62 1.49 1.36
M-A1S-70x70x3x2 353.19 Class4 375.76 356.28 1.06 1.01
M-A2S-50x50%3%2 179.93 Classl 219.44 184.32 1.22 1.02
M-A2S-70x70%3%2 325.36 Class4 339.07 331.23 1.04 1.02
M-DS-70x70%x1.7x2 180.03 - - - - -
Average - - - - 1.01 * 0.95 x
(0.97) (0.91)

“Average value except M-A1S-50x50x3x2
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Table 7. Buckling strength comparison between carbon steel design previous literature and experiment based on tensile coupon
material test

Strength ratio (P/Pe)
Specimen Buchanan Young and Theofanous Huang and DM Modified
et al.”! Ellobody"™ et all® Young!'® DSM!'®!
M-A1S-50x50%3xStub 0.65 0.65 0.63 0.65 1.16 1.17
M-A1S-70x70x3xStub 0.73 0.73 0.72 0.73 0.98 0.98
M-A2S-50x50%3xStub 0.73 0.73 0.71 0.73 1.31 1.32
M-A2S-70x70x3xStub 0.65 0.65 0.64 0.65 0.93 0.93
M-DS-70x70%1.7xStub 0.72 0.72 0.71 0.72 3.26 3.27
M-A1S-50x50x3x1 0.79 0.83 0.73 0.90 1.48 1.57
M-A1S-70x70x3x1 0.74 0.78 0.69 0.78 1.00 1.03
M-A2S-50x50x3x1 0.82 0.86 0.76 0.93 1.51 1.59
M-A2S-70x70x3x1 0.70 0.74 0.65 0.74 0.97 1.00
M-DS-70x70x1.7x1 0.75 0.77 0.70 0.77 3.17 3.27
M-A1S-50x50%3x2 1.23 1.28 1.16 1.53 2.63 3.38
M-A1S-70x70x3x2 0.81 0.86 0.76 0.97 1.12 1.25
M-A2S-50x50x3x2 0.93 0.97 0.88 1.16 1.93 2.40
M-A2S-70x70x3x2 0.73 0.77 0.68 0.87 1.05 1.19
M-DS-70x70%1.7x2 0.79 0.83 0.73 091 2.75 3.14
Average 0.78 0.81 0.74 0.87 1.68 1.83
g 0.75)" 0.78)° 0.71)" (0.82)° (1.61)" (1.72)°

"Average value except M-A1S-50x50x3x2

Table 8. Buckling strength comparison between carbon steel design previous literature and experiment based on stub column test

Strength ratio (Pu/Puc)
Specimen Buchanan Young and Theofanous Huang and DSMI'S! Modified
et al Ellobody"! et al.l® Young™®! DSM!8!
M-A1S-50x50x3%Stub 0.74 0.74 0.71 0.74 1.32 1.33
M-A18S-70x70x3%Stub 0.81 0.81 0.80 0.81 1.10 1.11
M-A2S-50x50x3%Stub 0.83 0.83 0.80 0.83 1.49 1.50
M-A28-70x70x3%Stub 0.80 0.80 0.79 0.80 1.09 1.09
M-DS-70%x70x1.7xStub - - - - - -
M-A1S-50x50%3x1 0.87 0.92 0.81 1.01 1.65 1.77
M-A1S-70x70%3x1 0.82 0.87 0.77 0.87 1.13 1.16
M-A28-50x50%3x1 0.90 0.95 0.84 1.03 1.68 1.80
M-A28S-70x70%3x1 0.87 0.91 0.81 0.91 1.14 1.17
M-DS-70x70x1.7x1 - - - - - -
M-A1S-50x50%3%2 1.26 1.30 1.20 1.55 2.75 3.46
M-A18S-70x70%x3%2 0.91 0.95 0.85 1.08 1.25 1.41
M-A28S-50x50%3%2 0.94 0.98 0.90 1.17 2.01 2.65
M-A28-70x70%x3%2 0.91 0.96 0.85 1.08 1.26 1.40
M-DS-70%x70x1.7x2 - - - - - -
Average 0.89 0.92 . 0.84 0.99 . 1.49 1.65 .
(0.86) (0.88) (0.81) (0.94) (1.38) (1.49)

“Average value except M-A1S-50x50x3x2
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