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of Stainless Steel Tubular Columns Under Concentric Axial Compression
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Abstract - Buckling behaviors of cold-formed duplex stainless steel (STS329FLD TKC) and austenitic stainless steel (STS304 TKC)
hollow tubular column subjected to concentric axial compression were investigated in this study. A total number of § specimens with
both fixed ends has been tested. Main variable is slenderness ratio (four kinds of column length : 250 mm, 500 mm, 750 mm,
1000mm) with identical nominal diameter and plate thickness. Yield stress and tensile strength of duplex stainless steel were higher
by 41% and 18%, respectively than those of austenitic stainless steel. Local buckling, global buckling and its combination were
observed according to column length(slenderness ratio). Buckling strength got lower with the increase of member length
(slenderness ratio). Test buckling strengths were compared with those predicted by the ASCE(American Society of Civil Engineers)
specification, Eurocode 3 part 1.4 (EC3) and existing literature’ suggestion. Strengths of specimens with local buckling were
underestimated by current design codes and for specimens with global buckling, ASCE2002 and EC3 overestimated the buckling
strengths by the range of 2% to 26% due to no enough consideration of buckling reduction factor, slenderness ratio, buckling stress
and initial imperfection effect.
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1.AE (CoTFYAWNI)S okl 7] dhzol A H]7Feasrdo] vsg
3~58f) AL 7ot Aol [HEHLCC)SHOA 2H|Q1=]

A ASA2E FAR Hado] FFZ OIFYAT AL Azko wiol upgRje] £ Qx| H4s u] Qo] Q5] 9] WE
3] 9 A 8ol weh AT, I, I S A= of ok2su A9t Fof Bha)e 283t 1220|2761 83 &
B A Aol S7etl At A S BT IR L 2w v].8-0] Gk SobA A Hc. e, A% W 724
HilE Aol sHolM ASE HARPRAE #2834 8 A4AolN ek AdA 0= WalAo] 8 Pelie 12E
= AG5P7] R TRt A7 AT ek AHRIEAYS o) ZxAlEE AAEA] Eala Qi H o] YAk Eke Zo]
A, W7+, Wekd, e Sol eadiat epsAtt a8 31 7120 AglRlelAzld ]éﬁ ?LZS e (TEIE} )
9 Y22 HAIHAS SRR 7] ZE2AAA AHQl#| AT o] 7

Note.-Discussion open until February 29, 2020. This manuscript for —
27159, A ;ngy A2 A5l o5 A
this paper was submitted for review and possible publication on May #10] KSI #7112 28 A= G| it 4

07, 2019; revised June 28, 2019; approved on July 01, 2019. NEA, EEATS Y -SR] Tt A =942 ok
Copyright (©) 2019 by Korean Society of Steel Construction [31.[4] ol A= 20004 2Rl A5 S0 Q5] 2 AHUo|E
"Corresponding author. A AH1AEAZ} 7330] LA A= T3t A7 =0T,

Tel. +82-42-821-1121 Fax. +82-42-821-1590

E-mail. tskim@hanbat.ac.kr FAUEE T HAYEE S U T Aol tig AR o

A =R A3 1 A4S (EE A1615) 20193 84 273


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2019.31.4.273&domain=http://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

SHISARS T 7 AEE SERIEAE 0 7Te o) sl et A

TS Bl AETREA2A ) H84S eI

=, 48 Solile AEQIEAGE 128 HEE AAsto]
olof| thgt L2AA 7]50] A E|of A& Q1 A+ S5l -
HsH Q11 e} AERIZIAZ A2AHA 7180 2 nl eSS}
3]9] ASCE2002™, 3-8 2] Eurocode 3 Part 1.4%), 55 9l f-2l2)
ZOJASNZS!, AR A7 5] ARl ATZHT|(SSBA)] 7]
ZM Zo0] 9t} Young¥} Ellobody= k1491 @ AHLo|E
A 2 FEAAA AHQI A7) ARtdHo| ofd 4373
&l tiall EC39] 7B Aot A S gl 2,
Theofanous 5~ Yt WAIX| T AN AT EFIE 3T of
Ao N2 HFTAE AR, 2]0] Buchanan 5-&
SHAAR] LAY EA|, FEHAA, HiZlo]EA AH|RIE
27330 tigt AE E oA A-AatE EC39] SHANPRIE 12
2 A FH=02)S AN,

o] Aol A= I AE|RIZIA  FRAATE AP S gt
7|2 Q724 KSol 7+ =]0] 9ot ZA/dEokollA] 71 o] AJ4t
3 A-GSHL Q= 7| AR QAH YO EA AFQIE AT 7
Tt 2o AYA T2 AEQIZ| A7) 7HE A & =o)L
Bee =R FEUAA AHRIZIAZL 70 = AAFE SHUS
S e oy 9 7159 AleA Agdd dEEEA
= Bloks A A EH o= S

2. 2RI AGT APA AE 2 ARAE
2.1 A8A A8 4 74

KS D 35369] ks Axsto] ggsto] ARt 71 Al 48
ZHAA AHQ1E| A7 3THSTS329FLD TKC)} QAEUO|E
Al 2ERIZ|A7 73 THSTS304 TKCyS tVdo= geto] 172l
7 A5AY R 9 RS A2 2ARY ] Yl SA
U5 W= T 9 AT APAIE Aol T SRS
SRYRITE AA|Y FMG= 45| FALol(L)=E 250mm,
500mm, 750mm, 1000mm= A7JgHc}. Ag| Q2] A 73] T4
I= ¢60.5x2.8 0 2 AZgith. AHIRITAZY 7759 ol
= QAHUO|EA AHIRIZAIHSTSIA) Hjo]A EFo|E
(PL-200x200x20)E Aol 7152 Afolol BREHe A
YA, o], THAE, FHA, faF=do|AS, EC 39 gt
AR, APHE], EC3 7124]0] 23t &Sz 2l Table 19]]
gty ARAEoM SD= FEHAA AEHRIEAT
(Duplex stainless steel), ‘SA™= QAHUO|EA Ag|QlZ|A%}
(Austenitic stainless steelyS UERNL, ‘L25= A8]H] Zo]9l

274 QEAIFZES] =2 AR 1E AUS(EE A16135) 20199 8¢

25em(250mm)E, ‘DI’ o] AFoflA ARG o] T34
60.55 QJufgit}. 71840l 9Jgt Y2 EE ALl | 9%
AT 195GPa, FEEAA AFRIZ AT} QAFUO]
Al AE|Q1E A7) A= KSAFO] 7191 450MPa, 205MPaS:
Z-g-so] AFgol itk

Fig. 1.7} 20| A3A| S0l HAA(LVDT)E 2740 A4
Slo] SYF Y= HIE S795taL SDL25D1 AFA|(FA &
oJEo]] AEH|Q] Al0]R] SG1, SG2, SG3RH X)) E A 25t HE A
AA o thsf] Weld F2-2 ARt 550l 371, o] AEZHe|E
oF HelRo] Aetie} sl (FA o] 7 250mme} 500mm A
A= DA 50mm, FAZ 017} 750mme1 A A= 75mm, F-
Z4o)7}F 1000mmS] AFA= 100mmE Xl A7 o] Ax))of Z¢
ZF VI & 5749) &7 AEFRIACIAE F&fsto] sgAfoto]
TS AP T HSFE AR 7R HelAol & sl 7}
&5 0. 6mm/min® A4},

ol oM,

fm e

Table 1. Specimen list, geometry and design prediction

' Nominal Effective Slende Design
Length | Nominal | . Area |length factor|Class| mess
Specimen | L | Diameter thlcktness A K in | ratio streg(g:‘rgl by
(mm) | D (mm) (om) (mm?) (Boetnhdi:;ed EC3 KZ/, Put(kN)
SDL25D1 | 250 | 60.5 2.8 |507.55 0.5 1 | 5.70| 228.40
SDL50DI | 500 | 60.5 2.8 |507.55 0.5 1 [11.40| 228.40
SDL75D1 | 750 | 60.5 2.8 |507.55 0.5 1 [17.10] 228.40
SDL100D1| 1000 | 60.5 2.8 |507.55 0.5 1 [22.80| 225.96
SAL25D1 | 250 | 60.5 2.8 |507.55 0.5 1 | 6.12| 104.05
SAL50DI | 500 | 60.5 2.8 |507.55 0.5 1 [12.24] 104.05
SAL75D1 | 750 | 60.5 2.8 |507.55 0.5 1 [18.36] 104.05
SAL100D1| 1000 | 60.5 2.8 |507.55 0.5 1 [24.48] 103.42
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Fig. 1. Transducers(LVDTs) and strain gauge
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Fig. 2. Stress-strain curves
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Table 2. Material test results

Actual | Young's| Yield | Yield | Tensile [Proportional| Yield | Elong
o plate  Imodulus| stress | stress [strength| limit | ratio | ation

POn | thickness | E | Fypop, | Frozs| Fu Fpr \Fy/Fu| EL
t, [mm]| [GPa] | [MPa] [[MPa]| [MPa] | [MPa] | [%] | [%]

STSSFLD| 245 | 20582 [435.93626.68] 939.00 | 39752 |66.74|48.92 8.25
STRDELD| 241 | 15846 |433.26 |641.73| 94600 | 40699 | 6784|5293 | 7.63
STSRDELD| 248 | 217,60 34600 [582.17| 93784 | 43585 6208|5021 |5.76

Average 244 | 193.96 |405.09 [616.86| 940.95 | 413.45 |65.55(50.69(7.21
STS304

3.01 | 127.94 |257.12 |446.37| 756.48 | 213.57 |59.01|74.88|5.43

TKC-1
oo | 300 | 19160 |25938|438.96] 824.98 | 21604 (5321|8094 569
e | 301 | 179.72 |21598|424.26) 81659 | 20641 |51.96|80.14| 4.43

Average 3.00 | 166.42 |244.16 |436.53] 799.35 | 212.01 |54.72|78.65|5.19

3. 3ALEAY
3.1 A¥H

Fig. 3.2 %A 9] 2B 1A lC|A] F23 HMA(LVDT) A
AVE HeERdth 8ol (Weld) e A9fet SY+]
SGL, 8G2, SG3 2B RIACIAIE FAFBIIL A+ 0]l SG4, 5147
SG5E FARIT. Aol F-2 S2H0 LVDT2E, 90 34
3t 91x]9] A FA1R0] LVDT1L F4)30] Ax|5}0] 2
HAE SRt HAAO1= 0.6mm/minC 2 7Hsie] Ao
RegRict. ARPe AAAE Fhe g2 0= I, Table 1]
A ANE TABBE tiFo = ARE AgA|S] ASBHE
(t,), Bt BEA7(D, ), Bt TUAE Table 30 H2J310lr:

=g 0] = AB I AU (S A1612) 20191 8 275



FHES S T 7R 2ERIEIAG A 715 H=riso] det gz

3.2 484 4 74

3.2.1 oftge] 9 Xty

A FEAIOA AERIZIAT A7 ASFA ] =7
=, 7S AAE= e 23 9 AASEHHE Fig. 4.9, 5
S-S TS Fig. 5.0 Uerich AFFEWE (P, ), A¥
(P, ), 5L DHH] thet HH|wE {Js SDL25DI
ARAA e dHAE 7102 BAR AP, ) ASA
FE APSEAPEH|(A, )& Table 3] A2fsiSith F=FHl=F
Ado|(ArdHlol et o =i s, SR E = AAEE
O] 23t S AA|= =z o] ekttt FA4Zo]7F250mme] T
Z A3 SDL25D12} SAL25D1-S Fig. 4.(a)2}4.(e)o 412} Zo]
Hlo|AZ o] QRO 3R Thilo] S550] FFE o T =
B &]=(local buckling T-+= elephant foot buckling)o] gHAjs}o] &
=S 24515t

FA4o)7t 500mme] FEHAA 9 @ AHUo|EA] AHIQI
A7} 783 A A| SDL50D1L}FSALS0D1-2 27| 0f] GFekof|A]
RS o] TAE L AL 57 1ol met S oA A
Azkzo] HAYsto] F=7 w7 F 2A =] I Fig. 5.004 H=Hle}
7] SDL50D12}SALS0D1 9] 515-5 9] A2 Tt sl
o] ¥kl SDL25D19} SAL25D19| JATR= thE = B
T}. SDL25D12} SAL25D1 9] T4 Z A1 gol A o] &
25} A15F=] AI4E, SDL50D12F SALS0D1 2] 34 Aol A=tk
£ ZUF AAF o] TS AL -fARE I F=
go] ZAAe & Rt WeAsho] uehylth. FAdolrt
750mm, 1000mmS] A1&A|(SDL75D1, SDL100D1, SAL75DI,
SAL100D1):= Fig. 4.0x12} Zo] FF oA %14 Px}=zo] WA
E] it SR Az EAYTH AT A Ko oA Fig. 1.(a)
9] 8ol F o s Yatzo] TA¥ok= AZ RIsIrh

FEAAA AHIQIH AT D @ AU EA AFIQIZIAY 7
TARA L B oA 757 Fetol| whet dE2=E
= WolR= AR Bt F AERIE A AEAd Al
Table 5256 FEHAA AH|QIZ|AZHSTS329FLD TKC)-2 2
ZHUO|EA| 2H|IZ|A7H(STS304 TKO)ET & Jkeot &
< AAES 2= 0® Ueslal, 11 A9 |59 S=2uE
T FEHAA A AT ARA(SDAE2) 9] Yol oA
E|Uo| EA| AHQIZAZE AEA|(SAAZI2) Eot 1%~24% H
= A HePETh SRolA SRS QAHUR|EA A
AT} 7 AFA SAL25D19] 72, T A A= Bt 21%
Ae 3 S BYlou REUAA AHRIEAY
A4 SDL25D1 2] ek 207} ghi= A 0 & Uyt o=

276 SRRk =5 A3 1A APS(ED A1615) 20199 8%

A7

Fig. 2.9} Table 29] 7 2| Q12] 273 0] 0|5 A 2.4 Ag o) 2}
OJ(QAH oI EA) 2RI A7) MY Folof et w2 7
T AH 92 ANl uEt QAEO|EA AEQIZATY
“dae] =R = ol Fig. 5.(b)elret o] FEEl2A £F)RI
A7 7R 0|5 tigo] A5H o] vEhd 2l A2
= gk,

3.2.2 E315-13E 2 Sols-gHe] T

SDL25D1 AZA|(SGl, SG2, SG3 H2HE A9t 7E Al
Al disf Fig. 1.7} o] FFF] 37H(SGl, SG2, SG3)¢]
AEHR] AoRlg Raleta ARRel shio] AEHRIAC|A]
271(SG4, SGHE Fafstol ZAALPE S7Klel whet g
Y] AEHQ] HskE WSt

| mha

(HSAL50DI1

' »

(e)SAL25D1

N

(2)SAL75DI

(h)SAL100D1
Fig. 4. Fracture shapes at test end



APR|7E 71 2R A8 A1 SDL25D12F SAL25DI=AE|
AR EFO2 SAEA] 2k SDL25D19] SG2E A @f5taL
= Fig. 6.(2)2}6.(e)°A & 5= 31520 S5150] S7Hedol Wt 5
et oM S WY e (R(EEHE) 2= AU
o] S71h= A= et FAIE 7} 500mmo ]l A HA]
= $YFIA Fig. 1.(2)9] %(weld)—‘?‘—‘:‘ﬁokﬁ ZAAEt=o] &
AL 715 FA ) WS R0l A AFohtRo] Hjo] A o]
E7RA] 2] == SR st e Hole Aos
Uetdth S35 27[9AllM = A Al 24 A=/d=7H
A|¥o] SHY 7T 57Tl 2] etz gt 2
oR PSP 7|71 ashe 20z i AdA|
SAL75D13}SAL100D12] SG13} SG2ol4 &4 H Mg =77}
Fig. 6.(2)2}6.(h)ofl A2k o] Z 2] o] %ofl =P = ()7l
AP (= Ho|== @Ao] BE= U
Fig. 1.2] AdA| S0l A2 A LVDT13} LVDT29
A &7 LNt st ae] PAE Fig. 7.0 2513t FA414
0|7} 714 22 SDL25D1 7} SAL25D1-2 AR 22 M =] <] OF
2 208 dJEe] s F=S S| A3t HAAE 24
S1A] okoft FEZEAA AFRIYAZ} ARA(SDAFR) = &
Hola(weld) HHHHo] H2]E LVDT2004 4% A7}
LVDTI0lA 5785 ST IA UeRal, QAo EA|
ZHRQIZIAZY AHASAARZ)= HA LVDTIO] ARH B
Fo g PRzo] o A TE A= & 5 A Sole-FHe]
A S =R A o] WS ] AlRtske Aldols
o ol U2 5o 98l 5150] AlAfs] HAshHA]

FRHIAS Bk A0 Lebiek

Table 3. Test results

Actual | Measured Awa | Yield | Ultinuate | Modified . |Slendemess
. [thickness| Dianeter load | load | load | DUKInZ g
Specimen D/t,| A, mode at
t, | D Bl Be | P | A
e ¢ ) | Y ultimate state| ¢
[mm] | [mm] [kN] | [kN] [kN] KLk
Local
SDL2SDI | 255 | 6404 |25.11|491.98|273.09| 30638 | 30638 4 436
buckling
SDLSODI | 265 | 6379 | 2407 |509.03 | 260.14| 28205 | 27347 |FOCFeloball g o
buckling
SDL7SDI | 261 | 6400 |2452|50276|24042| 257.68 | 252.15 1324
Global
buckling
SDLIOODI| 253 | 6424 |2539|491.11[228.09| 237.34 | 23776 17.35
Local
SAL25DI | 3.03 | 6097 |20.10 |552.11|247.20| 31207 | 303.54 ) 548
buckling
SALSODI | 296 | 6091 | 2058 |538.84|21823| 24115 | 23364 |FOREOMA 000
buckling
SAL7SDI | 3.04 | 6093 |2004 |55283(199.73| 21212 | 207.59 1648
Global
SALIOODI| 304 | 6141 | 201855804 | 18494 19374 | 19200 | DKM | o6
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Table 4. Test results

Test Design strength
ultimate P,, [kN]
Specimen | strength

P, . Buchanan
[kiiﬁ ASCE | EC3 ot al. ASCE | EC3

Strength ratio

ut Pue

Buchanan
et al.

SDL25D1 | 306.38 | 286.74 |303.41| 306.38 094 | 0.99 0.99

SDL50D1 | 282.95 | 304.24 |313.98| 282.95 1.08 | 1.11 1.11
SDL75D1 | 257.68 | 296.02 |309.35| 257.68 1.15 | 1.20 1.13
SDL100DI1 | 237.34 | 284.37 |300.60| 237.34 1.20 | 1.27 1.14

SAL25D1 | 312.07 | 241.01 |241.01| 241.01 0.77 | 0.77 0.77

SALS0DI1 | 241.15 | 23522 |235.22| 23522 098 | 0.98 0.98

SAL75D1 | 212.12 | 241.33 |241.33] 229.26 1.14 | 1.14 1.08
SAL100DI | 193.74 | 243.60 |243.60| 219.30 1.26 | 1.26 1.13
Average 1.07 | 1.09 1.04
cov 0.150 | 0.155 0.121
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