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EFFECT OF MEMBER GEOMETRY AND BOUNDARY CONDITION OF PLATE END EDGES ON
RELATIONSHIP BETWEEN ELASTIC BUCKLING STRENGTH AND ULTIMATE STRENGTH OF
COLD-FORMED THIN-WALLED STEEL MEMBERS

=R AT, AR BT O BT
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Kazuya MITSUI, Kikuo IKARASHI, Hinako MITSUHIRO,
Ryosuke MAKIEDA, Tomoki KOBASHI and Ryohei KUWADA

In this study, which focuses on thin-walled members subjected to axial compressive forces, column tests and finite element analysis are conducted
to elucidate the effects of boundary conditions at plate end edges and member geometry on the ultimate (i.e., post-buckling) strength of thin-walled
members. It is found that the boundary conditions at the plate end edges do not influence the ultimate strength of the thin-walled members; however,

the rate of increase from the elastic buckling strength to the ultimate strength varies depending on the member geometry.

Keywords: Cold-formed steel columns, Local buckling, Distortional buckling, Boundary condition, Post-buckling strength, Direct strength method
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Table 1 Symbols related to direct strength method in AISIY

Pc: Nominal axial strength [N] (= 4¢F) Ag: Gross area [mm’]

Peu: Critical elastic local buckling load [N] E: Young's modulus [N/mmz]
Py: Yield axial strength [N] (= 4gF) Fere: Global buckling stress [N/mm’]
Pou: Critical distortional local buckling load [N] F,: Yield stress [N/mm’]

P, Distortional post-buckling strength [N] Py Local post-buckling stnregth [N]
F,: Yielding and global buckling stress [N/mm’]

(* V ne/PLrI )
(: vV R“/Pcrd )

A Slenderness factor of local buckling [-

Jq* Slenderness factor of local buckling [-

)t Slenderness factor of global buckling [-] (= v/Fy/Fere )

MIGEM 2, 2%, BEERGN ) 2R E 2 EEERE L HE
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FIEMISHE £ 3R 1.4 D X H IHEINTW»E D2,

1—0.24272
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AL D REL T2, WERMIHOFIRSA & Bl e L
RBAICIZ Y R 7L — F RSN TE ST, SRBEHEDIFES A
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Sz FEERRE E LBificiz, WE60mmoIy F7L— k%
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TWw3, TIGHEBIEL, MiSov-oE2KkEL, FALEZHRTT
WKIEEERIT o708, Zh o FEDERETIC KIETHE M TH
%, METZEREET— ISR X DT L w5, T
ORISR SN L TR 2 78 nici$T2 7 79 v PIRO
K pyfby, A3, WEW SRR ISR L CTld ™ = 78 wicxid 2 ) v
PO I dib, HEEM 2 R T-TH 270 ™, No. 1 2»5 No.
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Table 2 Test parameters and symbols

L:Member length [mm] By
L.: Effective length [mm)] by

ooem: Elastic local buckling stress
obtained from EM [N/mm’] QL
ocaem: Elastic distortional buckling stress
obtained from EM [N/mmz]
oere: Elastic flexural buckling stress of
simply supported member [N/mm’]

1= tn2tp)|

omx: Ultimate (Post-buckling) stress
obtained from column test [N/mm’]

@IH unit: mm
ooursa:Elastic local buckling stress ow.arsa: Elastic distortional buckling stress
obtained from FSA [N/mmz] obtained from FSA [N/mmz]

omev: Ultimate local buckling stress  owew: Ultimate distortional buckling
obtained from EM [N/mm’] stress obtained from EM [N/mm’]

oursa: Ultimate local buckling stress oedrsa: Ultimate distortional buckling

obtained from FSA [N/mm’] stress obtained from FSA [N/mm’]

Table 3 Material properties obtained from coupon tests

Nmeinal M?asured ?lating Young's Yield stress | Tensile stress
thickness thickness thickness modulus o [N/ J—
te[mm] | fn[mm] oam] | E[Nmm?y | O Dm0 o [N/mm]
1.6 1.61 28.2 192000 380 450
32 3.23 24.4 186000 319 442

SLLEHELTHREL TS, No. 125 No. 6 13H/E% 1.6 mm 12
B L, BUEEESAEL 52 ERMEL Tw B, JERMEFERICE
VB R RS 2720, No. 7,8 TEMEZ 32mm & LTw
%, TR ME ARG O TR &g VB KO TGRS G
MET g8k 2 SRR S N BHY v TR Coin, HFEY » ZHIME Lun &
DRJE % RIHAD Table 4 IZRY ., AWIETIZOI AR ZFHET 5 7%
O, HEY v FiE - A2 R L 2 0RBEbREL TV 3,

A I3 7 L A 7 — BB I & O BUFRh FE AR 2 L v 3,
Fig. I(b) IR T X I IFH A 72y ¥ LOFITEWR & ik z s v 5
CETHEMAZEEL TS RED, TV F L —F2EHELTL
VIREBIATH - TH, MWDK D E 3R EZ T 55, i)
SEEM IR O AT R R R S T o e o, BRI B A
Wit L 72 0§ A7 =Y Oz GARY , KODAE & @Az —%
IETCVD, HABEOBERSEMEE A 72y Dic & b iBiEosy
il ) OMFEESTRE N TS, HBEMH» S F A4 72y
DOEHL F TOMEEE 27 mm TH 27O, GRMTERES L 1%
WWHEEMIFOBER LU HMEFF O A ITHEMES L L) 54 mm £
$, BEXRHOLHEIZZ Y F 7L = FBEAIN TS 7% 66 mm
B, ZREHE ETOFA 72y Dic4 fpidoR@EL, Wko
WA E LT 4 72y POMERZFML TW3,

WEEMHEOEREA2EZE L2V X -5 (EM) KLV E
L 7 REERR 0 8 X A AR 7 OBRIEIERRTN 1) 0ersiv, Oeraim,
MR HAI SR & LRI L 2 i P BRI 7T 0o, FSA 12D L
FARNT 71 75 2 CUFSM™ 2> 53K @ & 1 2 [RERIE IR B & 6D A3 A
JiE O SRV JE R i T Gertrsa, Oerarsa DEIFRYE% Table 4 12789, Fig. 3 13
No. 6 (C-89x89x10x1.6) Zf & LT, Zh 5 EHIRA & RS DR
REEEZ/RL T3, Table 4 FORFOHEIE, WIFEMIDOBIH S
% PRI SEER & [l — & L7 EM 20 5 B & 2 IR, W hsa 8

T Kifc edge— =

/>i End plate \/E
(6mm) /T Bearing plate’ #
" TIG welding | |# IStrain gauges LVDTs E
' ' I g
" EL 1 § Cross-section gy ccimen é’
il ot f " v T]; 2
Specimen =]
o~ i~ Bearing plate "O‘"
Knife edge g
1 TIG welding| |" & T‘?
" End plate " <
6 mm 3
v ( ) 2| y E 4
(a.1) Simple (a.2) Clamped 5 <

(a) Difference in boundary conditions (b) Test setup and gauge arrangement
Fig. 1 Strain gauge arrangement, LVDT arrangement, and Test setup

2
0.5 4/bw s00 O IN/MM?] N, 6 (C-89x89x10x1.6)
- T T T T Tr7eT TreoT TreeT T
Simply supported \ H FSA result
No. 1,2, 4, 6: L = 500, 1000 mm 4 — Gerst
0.4L E 400 " ° U:VZVJFu E
Clamped supported Fe - I s R
No. 1,2, 3,4,5,8: L=500, 1500 mm \ —— Yielding
0.3 No. 6, 7: L =300, 500, 1000, 1500 mm | 300 \ — Flexural

""" Flexural- ]

No. 7 torsional
02 No. 4 on 200
“r No.8 1 B
No. 3 ° o °
No. 6 7

0.1L No.24 o 9 100} Energy method

0¢=1.6mm No. 5 Oerl.EM Gerd EM

— Pinned  — Pinned

B¢=32mm No. 1 - Cll:g-?ped - C‘lz?xfped

0.0 L L N ' 0 Levd Lovid h L
00 02 04 06 08 pyp, 10 10° 10° 10° I [mm]

Fig. 2 Cross-sectional geometries  Fig. 3 Elastic buckling stress
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Table 4 List of specimens and summary of test results

C-BuxBxDxt B Boundary Elastic bucklig stresses g [N/mm’] Test results | Ultimate bucklig stresses w, g, [N/mm’] PredictAion results
(Requirement for lip ~ Name “ _ condition at EM FSA EM FSA Omax/MIN{ 1, Tra}
length”/ stiffnessz’) {mm] plate edges OcrlEM  Oecrd EM Ocre OcrlFsA  OcrdFsA T Mode Onl.EM Ond,EM Ol Fsa Ond,FSA EM FSA
C-80%44.5x0x1.6  No.1-05c 500  Clamped - 170 1541 - 172 | 220 D - 198 - 200 1.11 1.10

(NG/ING) No. I-15¢ 1500  Clamped - 163 171 166 D - 194 - 200 0.85 0.83

No. 1-05p 500 Pinned - 163 1541 226 D - 195 - 200 1.16 1.13

No.1-10p 1000  Pinned - 163 385 168 D 194 - 200 0.87 0.84

C-100x55x10x1.6  No.2-05c 500  Clamped | 247 387 2934 | 234 248 | 227 L 259 287 254 237 0.88 0.96
(NGNG) No.2-15¢ 1500  Clamped | 241 297 326 211 L 145 257 143 237 1.46 1.47
No.2-05p 500 Pinned 241 316 2934 235 L 257 264 254 237 0.92 0.99

No.2-10p 1000  Pinned 240 276 734 230 L 206 249 204 237 1.12 1.13

C-80x44.5x12x1.6  No.3-05c 500  Clamped | 385 706 2054 | 370 414 | 269 L 291 351 287 295 0.92 0.94
(NGNG) No.3-15¢ 1500  Clamped | 380 544 228 170 F 110 325 110 295 1.55 1.55
C-140x75x30x1.6  No.4-05c 500  Clamped | 129 3338 6706 | 119 272 | 201 L 216 380 210 247 0.93 0.96
(OK/OK) No.4-15¢ 1500  Clamped | 122 590 745 183 L 168 334 167 247 1.09 1.09
No.4-05p 500 Pinned 122 892 6706 187 L 212 370 210 247 0.88 0.89

No.4-10p 1000  Pinned 121 400 1677 191 L 194 291 193 247 0.99 0.99

C-100x80x10x1.6  No.5-05c 500  Clamped | 225 254 6107 | 211 139 187 D 253 240 248 180 0.78 1.04
(NGNG) No.5-15¢ 1500  Clamped | 218 167 679 157 D 149 197 147 180 1.06 1.07
C-89x89x10%1.6  No.6-03¢ 300  Clamped | 248 498 20699 | 219 120 | 226 D 272 315 261 167 0.83 1.35
(NG/NG) No.6-05c 500  Clamped | 237 232 7452 175 D 254 230 247 167 0.76 1.05
No.6-10c 1000  Clamped | 231 165 1863 153 D 198 195 195 167 0.78 0.92

No.6-15¢ 1500  Clamped | 230 145 828 150 D 131 184 131 167 1.15 1.15

No. 6-05p 500 Pinned 230 127 7452 223 D 252 171 247 167 1.30 1.34

No.6-10p 1000 Pinned 230 127 1863 152 D 198 171 195 167 0.89 0.91

C-80x44.5x20x3.2 No.7-03c 300  Clamped | 1668 4380 5831 | 1569 1149 | 320 L 306 319 306 319 1.05 1.05
(OK/OK) No.7-05c 500  Clamped | 1620 2468 2099 265 L 285 319 285 319 0.93 0.93
No.7-10c 1000  Clamped | 1600 2101 525 203 F 216 319 216 319 0.94 0.94

No.7-15¢ 1500  Clamped | 1597 1902 233 144 F 152 319 152 319 0.95 0.95

C-89%65x15%3.2 No.8-05c 500  Clamped | 1228 1019 4005 | 1162 651 | 268 D 288 319 288 302 0.93 0.93
(NG/NG) No.8-15¢ 1500  Clamped | 1204 792 445 193 F 150 313 150 302 129 1.29

Ji & & OVl T R o i N R IS )T db B, EM & FSA 253K ¥
2 I DS AR R AT 12 22 B3 U T B DU, EM (B IR & [H
BEACHRERMIRO RS2 FELFF & LT3 DICH L, FSAIZ
AISTIC 2 6 WIS R E L TR L T3 2 L ERD—DTH 5.
F7, FHELOOPRERBHOER D, 72 7L7 7V D
EREDGIHMT H B L AL EER L T3 DKL, CUFSM
TRV =7 L7 7P OBEAROEHMENT HANOBE)EFFEL T
W5, ZOEROERICK ST, WMWK DOEIZEL,
FSA D J7 S W A3 & M it ) %2 A% < B 2 h3dH 5. ARiwC
TIEF e 2 56000 & B & L7 B A3 A ST ) & 8 i S C 1
REINDZONHERM DO ST, Ak, EFSHIREL M
R Tt 773 =1k Appendix 2 128 LT\ 5,

2.2 EREBRHER

Table 4 IZFEBHHERD ~EZRT. cuwsw, ouaen 1Z, WEEMIHOBIR
Gt 2R L 72 EM 2 6 R F 2 Pk m ) 2 X (1.1), KX (1.2) icfk
AT 32 LETROLFHERE L T AER D& TH b,
FEEEDORBEEM IR OB RS L HMEI NI N TV B, gues
Ouarsa 13 CUFSM 2> & 15 72 JRI S HE it 35 K OV WD 7% 7 o8 Jet} D S5 /[ i e A e
M6 3 0ersrsa, Owarss 2 3 (11), A (12) ITARA L R & L 0w
AR DOEERBIN I TH 5. ZOEHTTETIE, WEEMHOE
REMD ML 2D, KERE— For/NERMNA 2 HH L <
W37, EREOBERFMFLEHEMEIRBRMIN TR, o &
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Mode 13 J8 i FE B CRERE S Nz i Kt 77 & BRIC & 0 HIE L 72 oKt
NRDOMEHRE—FTHY, L, D, FldZNnZNmEEE, wisHmEE,
HH T % 30k 9 %, Fig. 4 DHEMDIE ) o 1%, Table 3 ICRTH- F
JE 6, Z R 7o MR 4, (IS X DB L 72 lTdH 5. Ml HT 2
B2 6 % RIS SIS WIET B2 0, Ic X D IHHEL L 22 fiTH 2. K
ik T DABRA DO ETIREE b Fig. 4 IR L T 5, KT & fEH
FREIRICHE L O LIRE 0.45F & o LUl 13 Appendix 112778 LT3
¥ 9, WBRAEB O L I EFEM GO BIRS & BIESR & L 74
RIZOWTHR S, Fig. 4(a, b) IEREBHEIC & > THRKIM T 0w %3
Z 7oK TH 5. Fig. 4(a) IS8T No. 4-15¢ Tk, SR P e it
TIFNERH IE B O R BTG 05T A R B L, Wil 23 A 12
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Fig. 9 Effect of eccentricity on ultimate strength and buckling behavior
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Fig. A.1 Result of evaluation of ultimate strength by gross area
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(a) Local buckling (b) Distortional buckling
Fig. A.2 Result of evaluation of ultimate strength by effective area
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