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BIAXIAL BENDING STRENGTH AND DESIGN OF COLD-FORMED SINGLE ANGLES

HHmET SEEET Foe
By Haruyuki KUSAMA, Hidehiro FURUTA and Takashi ARAI

An idea to produce the design formula of cold-formed single angles under biaxial
bending is presented in this paper. The biaxial bending test, the total of 25 specimens, of
the cold-formed single angles with a typical section in current use was performed under
the practical conditions. The analytical model based on the FEM is proposed to simulate
the experimental results. The comparison between the computed and the experimental
data presents a good agreement for practical purpose. The parametric computation to
investigate the reduction of ultimate strength of single angles is done for the variation_of
the eccentricity and the equivalent slenderness ratio. The reduction coefficient, called Q-
factor, is introduced to estimate the strength reduction due to the eccentric loading. As a
result, it is found that the ¢ type curve of ECCS including Q-factor, may predict the
lower bound for the ultimate strength of the cold-formed single angles.
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Table 1 Test Specimen Dimensions and Test Results

Series [No.] b t A Ix Ix | L Pu Jou/oy Ax
[cm] | [em] | [em?] | [em®] | [cm] | [em]] [kN]

1]5.00410.305[2.893[7. 157 1.573 1150 35.820.577 | 1.036
214.998(0.315(2.985 | 7.349 | 1.569 | 150 | 34.20 | 0.534 | 1. 039

A 315.007{0.313|2.972 | 7.348 | 1.572 | 150 | 34.30 | 0.538 | 1. 036
415.006]0.305(2.894 | 7.166 | 1.573 | 150 | 34.64 | 0.558 | 1. 036
514.975]0.310]2.925 | 7.143 | 1.563 | 150 | 34. 79 | 0. 554 | 1. 043
114.989710.313(2.961[7.2691.567 [ 125 40.3310.635[0.867
214.99310.307|2.905| 7.150 | 1. 569 | 125 | 38.91 | 0.624 | 0. 866

B 315.045(0.308|2.946 | 7.406 | 1.586 | 125 | 43. 32 | 0.685 | 0. 856
415.008]0.315]2.991|7.395| 1.572 | 125 | 41. 26 | 0.643 | 0. 864
515.09010.308]2.973 | 7.613 | 1. 600 | 125 | 40. 38 | 0.633 | 0. 849
1(5.001]0.309(2.932(7.239 [ 1.571 [ 100 [ 41.01 | 0.652 | 0. 691
214.97310.307|2.892 | 7.061 | 1.563 | 100 | 44. 84 | 0. 722 | 0. 695

C 315.002(0.305]2.896 | 7.156 | 1.572 | 100 | 44. 05| 0. 709 | 0. 691
415.028(0.318|3.026 | 7.541 | 1.579 | 100 | 46. 84 | 0. 721 | 0. 688
514.98310.318 [2.998 | 7.333 | 1.564 | 100 | 44. 74 | 0.695 | 0. 695
114.97310.310[2.924 ] 7.132 [ 1.562 [ 75{50.18 | 0.800 | 0.522
215.02010.306(2.912 | 7.247 [ 1.578 | 75| 46.99 | 0.752 | 0.516

D 314.996(0.306]2.901 | 7.151 | 1.570 | 7549.34|0.7920.519
415.002(0.307]2.910| 7.188 | 1.572 | 75| 50.67 | 0.811 | 0.518
514.98310.315]2.975|7.281 | 1.564| 7551.35|0.804 |0.521
114.98010.315[2.974[7.270 [ 1.564 | 50 50.04 [ 0.784 | 0. 347
214.99410.308|2.919|7.186| 1.569 | 50 | 53.12 | 0.848 | 0. 346

E 314.98110.306|2.888 | 7.074 | 1.565 | 50 | 50.96 | 0.822 | 0. 347
414.980(0.315(2.974 | 7.270 | 1.564 | 50 | 48. 71| 0. 763 | 0. 347
514.99910.31913.017 | 7.427]1.569 | 50 54.59 | 0. 843 | 0. 346

BETERBRARTIC, SHRKOME LY, HEAKE & 06ES O ECE - THE L ZhbDFHiE
FUEAAOMHEER Z 5T E T 2 2 0DFEAME L Lk, Tablel KKHHEAKOBENTEDOFHME, BiEES
A ERRT, EHROb, tIZFHRE, BHMZNFLONEOFEEHFH L T35, BIEHEA, Fig IR
NExEED Y OWHE2KE— AV PLEABE (9) CHELONLFERC L > TRDZ, ENHLOX%E
APPENDIXIC/RT o %7z 1 (2[ElHR 2 IR, LARKETH 5,

(2) FE&IH®E

Fig.21C FZE#FE % Set-Up L 72BR D IEEi 5 & I O BB % 7R3 BFREE OB E K —1~T J v 7'ic
LY @HAEEEAEHTSH D, FEPERZOEEFRIK LR L S IR ETTA S C L5 mIRETH 50 B
TR IC (2300 X 300 X 50mm D IE HTESHEM % B O . & bic, ¢ B IC T EFH T (End-Tee) % K + T
O3, #3k% D End —Tee CEES A FCREE L. ERRORMICI ISR A S X 1 5 468
a2l —rTEBXS5C LK. 2% b, IIBEEOSEARAHR. FHERBCEwTREEE SN, B
HECHRZSICHB & & %o HEA %L Set-Up L 2830 EEF % Photo 11ICR T

Top Plate

End-Tee

Ead
®
@
2

L.

Specimem

[ce >

2100

Fig.2 Front and Side View of : ;
= ngg Sggciménfﬂniivmg] Photo. 1 Restrained End of Experimental Column

—178—



100

50

35

35

@

(€]

@

Fig. 3 Dial Gages for Deflection and Rotation
at the Column Center [Unit:mm]

Photo. 2 Measurement of Deflection and Rotation

B IC A o CRAET B HEMEOEH AT 2 RBET 5 2DIC, Fig.2 DR ICO~®DKEITRL %2
HrBEOHRENICESESHR O T 2T — PR RY M 2o Fig.3 RERRICET 2 2 HEDKFLEA &
MEEEZEIET 2 2D CRANZ LA YT — VOB RRL TS, KFAAEMELA ¥ 17 —vDe®
DIE»HOEEB LN S, EEAEETERECHEEKCER YN bl O 2 ACsT 3K FEME X[ ¥
AMF—P@LOTHIEL, ENOLDEDER 2 D00 X A4 Y%7 — Y OREFEERLI00mm TR T2 C &I X Y E
BEWICKD BT L & Lk CHNODHAGERT % Photo 2107 T o HH L 2RBEIIBEARENS0tDT L2 7
—BERABRECH 5, AL b, HERANEOKEDOREKCE 3 ¥ CIAERIEIC X V82T
B, ERLBE, T4 VRALERENBE D TR — SO~@DEH bR IBIEEEOF O TFHY -V %
EEEHL, 20U FHMEZHEINE T EMHIEIIC X ) FEEETTA 570

3. EREREBER
(1) FORMFIE & WIS

1005 [5R ) REZ TR o 7225, »wThoHe
HERSHD X 5 AR _ETFRER A B X ORI
BOLNEDP DT 02%DFTHDOA 7 £y b
BT X D MPRER R R ® 7co BRIGTI0, . BEMELR
BE., X7V vHvDOFHES X UVERERERZ N
Z1n215+ 13N /mm?, 184+ 11kN /mm?, 0.234+
0.027TH %0 Thboy, EQFEE LB D

L % o—o Outside
e—eo average
< a—a inside
+ @ tension
9 — : compression
%
E &
gl 1 < W% |
=" 2 S s

Fig. 4 Measured Residual Stress Distribution

EHENE 3 X USSSCALM O AFREo, = 245N /mm?, B = 206kN /mm2X i€\, LA L. AROEBRIHIZ®
CEATHBRERBEAESS X UMEBEEBBON TS DT, THIESSCAMOE#ETH 2 L Ebh 3,
KEERC R — LTSI X D 5138 ) SRERH R ER D L 725, YU (3 LITUSH o0 R & SR & < (bhile

BERREAZCLETREL TV,

Fig.4iC [LFESAOSMA & MEIEECHIE L 72 REF HEoBRRBISNAH 2R T OENEAML AETEA
fl, @ENAFHHIOTFEEEEDLT . COME Y, HEONHITRERCH, FMITE5ER YIS, BT

—179—



FANERIE D ERISHIBETFEET 2. TN OBRBISHOBRARERREBRKIEHCEETS 2 25, BETLL
Ntk WMEOFEEEIFR NI A, #o T BRBCHGEIEREOMHE NI RIE T RS TE
R, BB OB S CHANTHERECNEWTHS 5, Ak, BIEEADPAVED, Fig.d b6l
BREICHOHCFERHBEINThAVE S ICEL % UWIER X b pE ST nIEHESZHE T e nTE
B2, TNBEANIL T2 e MIERHBEL, ELVCRECHAAIECE A AL L Bbid,
SFEEOHE, yIHEOWM 2b A uy/L, vo/LOBRKEOFEEE X UBHERZERZR TN, (0.75%
0.18),/1000, (0.92£0.23),/1000T3 B wIh b EBTBII OF AR A D E™ 1/500% 9, 7\
Metal Building Systems Manual®EFZ5H 2.1/1000" X D /h& v, HTOBEELEHD b5 b 0o iRk
BFHAC BT 27 bABOE#EE — Fidug, vod dERFEFETH %,

(2) WD

Fig.5, Fig 6ICEN R LERFEAL, DIDHRAIB 31 5 KFEN, v, LElEH. D7 T 7 %RTo Os
U ARERES AL, FEHR+ 2 HERITC X > THB LR AR TH 5, u., v OIEDERENLER
DEL Fig 1 Ox LySaDIEDHIAICE Ure T & R L . D IEOH 3 FZRAED il 2 b y§IC 8 2~ 5 REFE
FbOVIEEL AT L2 BHT 50 7. AROGHFNCHEER 752 5 KOMBIEENEND Y ) — XD
EEHICH T 2 /RSN R RL T b, MMEHET 3 &, BX0BRA 3 MEREGTERU X 5 2%E2s
AR TR L2005, Ck VlniEflcE 2 2 & T 52, SHFKOTTE —£NiiR» b &R
L7ez & 2 TRFIZET 5,

(1) AERCHTHEAINBHAREE S L, WSO ZHNAZERE x#Eh b BT 2807

EWTH Y HERARGR X v a5k T 2,

Uu/o-y o-u/a-y

08 © "

0.577

0.554
0.534

R

0.5

0.6
0.4

0.5

0.3 0
Cu R TR 4 k
[E 3] vc} exzperimental 0 Ue
0.2k &-A ¢ 3 Bt v, . |- experimental
A-A
eb A 0.2} s
anelytical
0.1k e 01bL analytical
1 1 L 0.0 1 4 L 1 1
0 5 75 25 =5 2.0 00 2.0 40 60 80 10.0
Ue (X1071) , ve(mm); pe(rad X10~2) ue (X1071) , ve(mm); Pe(rad X10-2)
Fig. 5 Average Stress - Center Fig. 6 Average Stress — Center
Deformation Curves(Al) Deformation Curves(D1)

—180—



(i) v ICHBL Tu OERNE { RATTERIC ST By, /v, OHRHER, Bh3~5%5BETH 2,
T, MEBARATEZBA, ZRIMAT L3 2BAICE T, u OERHANEET 2,

(iil)  [EHRZEN S HEEHEFAR L D BET 28, ToEdBR/hE v,
(iv) HEREERENEY, BAWERCET Su, v, ¢ DEHRBIEAEL A 2,
(v) FELWHBERIELZ .

Table 1ICEKBFEORAMEP, . ¥ X UCBRISHTERKICILE WieljAIE oy /o, %R T 7, FEIKC

AL oNexii b b BB IRAC L > TEREN B,

Ty

1 L
M= A ®)
T I,

E

Fig. 73 #tiCo, /o, %, BENC L ZHRD . FRICX > TELWARAFNEEZ 72y P LADDTH D, B
D7D ICHHEICK T 5 ECCS DFRFHAERB MR Ok 2 BT T o RAFMEOTF -2 %D &5 K
BLCELDTHEIAR L AT ARV & iE, RB)DLEEDLSREL IR L VWS L TH D,

K(3) & TR MREMFEENR T30

e o,/o
TH3, Ll BBl X 51, AEBTRSE Y

& U e B LTRSS (AR C 5B REE & 4Ly
BHEBEESCHEETR Y, AYEERLEET 1O .
PCLRBHTREV, oL ABALD, %
7o FHRICHT BIES L, AISCTRRERT
R Y — LS (P B SR LR EEARAE

0.5f TR

ELTHEI RFTASEL LI > CE An, Fig.7T N
2o bHAER LS 0, A OBIEREE ORI HIR T e experimental \\\\‘—\
R Z DR HIICEHE T E A C & 27 BT -0 analytical
55,
1 i 1
0 0.5 1.0

Fig. 7 Experimental and Computed Data
of Maximum Average Stress

4. BfEFHTEVERZE

Tl AFEONE & L B— LTS OBIRRE e+ 2 1 Do e 7 L 2 81ET %,

ABFFE D EEC B 7o (LTESBEE DA IC D W T BT % &, End-Teek &% 7o LIIBHIEE % —D D&k &
ZNATREEE L Rt o 3 CE S5, ., IWBEEOS ZE Y KL T i, End TeelCHHEAN:
WX N 2T ERERE & BAT C L SHES, T oel, (WSO AR ELY B L CREERMSE & T
breeT 3,

IR 2 BEBAT & L ORI 2 R v 5 &, Bl d, B% 3 RKOTHPIEEER % v TR
RS LT B L, HEMHHOBRAME T F AL L AAFBEREFALATRE R DR V. XTDOHE,
LA, HEMIRC BT 2 N AERE E DX S KRET 20 & v S RIERAE T TL B,

TR, 2oRMECED XA VDI, LEEESAE 3 ROTHEHIIRER ORE M & B £ T
%% 5. FNIC X D End-TeelCHIH X 1 7 [LTBSRAE DERSY © SR ERTA & L C28) L, SHEBERRAN
Y2 il— FTEBTHA5 L, 0%l FErp OB W TR OBTEZETY » FE 35 T & 23
*5.

—181—




@ L AR ER ARSI C LELERw b %, 186 BHELET 2 BHBRNTER
QUAD4 TH 2, *DEFROEHEE X UUFE SR (20, 211 L v, HIEERH OMRIC X 2 BTEED
BET%2 TRV, Fig8IURTIIFA v & a " E— Y R RE L ko FIMEILIBHEDL/ 28 2R L TE D, ¥
7oy BRBEREBRZFTASHSKLEL A 2 0KEER(xy,2) b RLTH %,

Fig8it 5T, filKabcdef23End-Tee (CEE & 1 5 HHHIESTH D | migds L UhiZEnd-Tee & R %
RS LT 280 F O DECHR T 2B OIS TH 5. REROSMRAKICH LT, beg, gkh, hee
OFEMEETCEILTH Y, T Fh., 29, 30, 3lmmTH B,  FigRENS X 51, EHEMHERX (Top-
Plate) — (End-Tee) — (fifEHr b)) — (LML) ~emET 5, /o, WBHDRFTONR L L
e ByE . EAKHERL P 2B CHREBICERT 2, 20X 7 LT 2855, Fig8omgs X UhiC
THEPVEHZ €5 C L @EEN TR [tk b, 2KD R F OFESIER S X UEnd-Tee L #HRED
BSHEIC AL BRI A kOB e B TERVRLTH S, LA Ly End Teeldz HHIC—EEAEN ¥4
U 27z, (WEHMEDdeifE d —HEMEELTWE L ELTLINTHS 5,

BlbomzZR L, DITKHAT 28T 7 v 5 L UBTFER SR L 2.

(1) defBBcRIEBERYEAT 2,

(ii)  Red LYSMAEICHARE T OBIREERep T BT 5,

(i) EREHEPEApicaHEICERT %,

(iv) RGBSR, fites & Chitz FAEMOARE L. ZRUNOEA, /b, EEREMGAEL A

LT 5,

(v) HIREROPHEMF T I AR & RET 5.

(vi) RERHIRE I [dvon MisesBIDRERRHN 2 EHT %,

(vii) (UBSEEOWTHE-NERATME L T 5, 2% H, EEEOMITE 50 X50X3.2mm & {RET %0
(vi) WA b A DO Fue vo & DIERFEHRET 50 £ ORAEGEFISROMEE LAEICE

»TL/1000 & 3 5,

(ix)  #EI I X O BRSOt Ly R SEERSy defICBRIHIZENT % 5- 2 5 ZENCHIAIFT %
iz,

(x)  FHREBIEITORY, COBMOBUERTC LELEFIHINABE=a— v s 27 v E?
HEMAT 3,

COHTEF AL X > TR LN FEREEAL, DIOEN,, v MR %Fig.s, Fig.6ICFRTRT. MHEX D,
BB A ERE LT 2 EhBIFI Y (a2 — FLTWE T &5 4 5,  Figd, FigloRFEL
FEFEAL, DIORAHERIC 317 22 5AIENIONHRTH b0 SNV SARSERCHT . ThPhDIEN
UNSADIEE  — v II~Z6TED U, EREOISNSIREEE FIRFH L T w5, EREAL, DL b,
RUNCRER T % EET X NIRBEEILEE O 2% b, Figdk XUTFig 0Kk 51 3 ERIZ6TRRCH 5, THE
OB WxBlE b ) OEIFERHEAL, 2RI o CHFREICRRIERARET 50 T OB 2
26, BRIZ6FITRIRICRERZHEA LT 25, HRIZ6FHIRIC 351 5 IBRIER 23 A, BIRERECE2,
C ORBREBOERIEF I EZBRE RN L A0 FA 7~ Uh b BT 2 0 2 3 C% 5, ¥ 7. Figlow,
BRSNS HE, RU DV ICX 2HRANEERARET 2 2 L 2R LT, FRICH AT CoBER
RHRT 2 LA TE S, Photo 3ICEREED1 DM HEH OIREEER R T o

—182—



Finite Element Analysis

Fig. 9 Stress Distribution Pattern

under the Maximum Load(Al)

Fig. 10 Stress Distribution Pattern

under the Maximum Load(D1)
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Photo. 3 Section Deformation due to Twisting
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