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Lateral-Torsional Buckling Strength of Monosymmetric
Doubly Stepped I-Beam subjected to Pure Bending
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Abstract  This study investigates elastic lateral-torsional buckling(LTB) of monosymmetric doubly stepped
I-beams subjected to pure bending based on finite element analysis(FEA). The results from the FEA are used
for new design stepped equation, Cst. The equations are compared with the results from the FEA. The
comparison indicates that the new equation provides a good relation with the FEA results. The maximum
difference between two results is of 11%. The new equation could be easily used to calculate the elastic
lateral-torsional buckling moment resistance of monosymmetric stepped I-beams and to expand the new equation
for developing LTB equations of monosymmetric stepped beams subjected to general loading conditions such as
a concentrated load, distributed load, or a seres of concentrated load.

Key Words : lateral-torsional buckling, Monosymmetric, pure bending, beam design, finite element analysis

1. M2 E]%131[1,2], AISC LRFD HA7|Z[3], =21 EFAY
A-BFEAGASAAREE A= A Al B-HEH
2T AAHo) L AlFe] Folgh thaket Pl 1gn  HFPES APPshe 7IEAe AbshL gl AISC
7h g 9w B 9] AMEI itk 53] 4 LRFD AAVIEE]E oSt dHE 7 198 2o
£770e TR A 137 wEkel Qlold Ul Ad F-HIEY HEAES e Ao AllsiES Agtet
ol AR o FREMETL BYsA Hol, FAA L Utk
Qe 8-S 18 AR E= sRERA] 27HH Y
SN ARG A %@A%Z SR
v HHE 7 18 594 2- lE 4%011 ks )
= ol ¥

WAIAA} : EREA] (jonpark@smu.ac.kr)
M5 0949 039 259 F4Y 099 059 19Y AL 099 0549 27

e

1020



S WokEe W A30Y duadnel PuEY A2 4w
A GemulE o 4445 LwAA dol: a, §, o] 4R mawct
E=SbA [ =yZol Wigh o 22 male; Gogg = ATOIAE SSRC Guidelole] A9tHS Eef )
A JNEEA C, =4l A ol R B AR S I e
_ CeT . Aoy 2gne] HFYE(M,,,) AHAE fEHad
9Y S0 SR muh wele Q%Y
Basg Uslel %01y Tl 1gno) gy g O oo ST S SR MINTAPIS
FJES A7 wp 9lom,  SSRC Guidefgle Teorcl e ARksRAl gt
Kitipornchai®} Trahair [7], Nethercot [8]9] HALZANE
Sz AFH el FulEy AF AP

okt ol Alksha ek

G,
KL; | VELGT(B,+\/1+ B, + BY)]

@

cr T

w3,
2(KL,)

£l
GJ’

o714 K=AAZAAG B =

2 EC

(KL,)’GJ’
d=ttio] & o Le=yZol tigt ¢
Amule; [=xZo| gigt B X muE

Trahair[2]+= B|X]X| Zolu] A7t
WISHE A 19 thef thee) 7}
=

B, =0.9d (

B, =

b3t )

=

M.

s

oy M= [1-24a(1— py)] M,
?3)

o714 My= AWM G, Al=E AlQlgt ZH(M,.,)
2} v, o, B, v whEsRol 9le] A2 ]
A Aol W ofEd Gt EAshs Holle A#st
%] 3]

Park3} Stalhngs[lO]E
FARAES} 8ot
B F-HIEY #HEAE

=

ez ]

b4

ost = Qi ocr

=l

o

0:]7]}# Mocﬁ% /‘\—] (1)4' 7]—_, Ct—‘ I\H
Ao Aol e ulet o)

At

e

1021

Yu5Y HEAEE A flete] 3349
ZS| A2 Il ABAQUS[12]7} ARE-E| 9o H,
(Shell Element)¢] S4RQ A7} AMEE QT 18 1& B
Qo] AMSE HEA BEH 1T ko
Slem, T 2t Qe Ak ThAws) 19ne] A
of FUEE ROl ek E 12 SfHlo] AH U2
ARghe ey ek

[e)

ol=

22.86

889 165

3048

(32 1] a5 meleha(ers] om)
al al
tfl
A
(a1 U=
ol al
By Ly @,
I,
(b) FH=

(32 2] spx=d



[® 1] fetassidmd 5447 9 oA

BA A 210 GPa
A4 80.77 GPa
g2z E 5 4
=~ 8.57x10°m

&=
HEGAS 4.24x10°m*
HAra 1.49%10°m®

LEHY ARE Aol SAA S E|xA] 2
ot EAI5HA] oH= 15 ThASABAQUS[12] Z& 1548
olgslo] fEtas sj4lE AT s dite Y
A5 915k SSRC Guide A|HAI1 2|(2)2h B mLE] G
o} si4fo] *FQ—EI 2d 3 S 87l S5 1271,
= 23671 dasvh ALEHYE u AY
TARE g ‘%EHH Ak

ol

A&TH 1520) GRS o B 9] Lolua
o u)), BEWA Hulgao] Hl Y(EAA A9 u))
o] Wel b oz AMgElE g AEdH 1gn

B A AR EE a=0~0.333, B=1~14, y=1~
1.82 ﬂX’]B‘]—@]:]_ 7 2= (;).H/}joﬂ /\]-—8-% malo]
a, B, v #& YeEhla gon, & 29| sjimEe o

1,
HAE(p=—77)7F 03, 0.7 F Aol BF 2GE{ch

p o B ol
0.167 1.0 1.2; 1.4; 1.8
0.167 12 1.2; 1.4; 1.8
0.167 1.4 12; 1.4; 1.8
0.3 0.250 1.0 1.2; 1.4; 1.8
& 0.250 12 1.2; 1.4; 1.8
0.7 0.250 1.4 1.2; 1.4; 1.8
0.333 1.0 12; 1.4; 1.8
0.333 12 12; 14; 1.8
0.333 1.4 1.2; 1.4; 1.8

a9 32 3i}% d8ar) AR %@Riﬁﬂ’ﬂi‘%ﬂ

7} 0391
Wiz ‘RlDP.

[32 3] 34 fehassis =l

.51 P dor 24 1730154 BTH95:00 2005

7 primatic Sean
J O ol ABAS/STAORD Tersion

706400

[2 4] B2 2= (p=03)

o35 g A T2 ABAQUS[I2]S 223}

1022



&4 HohEe W QU gusdn Py 42 P
[E 3] g3tass)s dat me0i
a B v Mg(kN-m) fasnz
12 494
1.0 1.4 589 C”G =03
1.8 815 st
1.0 418
0.167 12 1.4 643
1.8 885
1.0 457
14 1.4 673
18 955 T
12 483 5
10 14 574 (a) Qo] Aol mE Aol
18 765
1.0 435 T
0.25 12 14 644
1.8 883 .
1.0 472 0=03
1.4 1.4 694 st
18 967 =
12 473
1.0 14 551 14 -
1.8 734
1.0 464 . ‘ , , ‘
0.333 1.2 1.4 663 ° H e # #
18 889 ki e
10 512 (b) AR AT} )
14 1.4 749 [33 6] alldZzte} Ak Bla(p =0.3)
18 1,028
2
B0 57
sa0250
Mst: Qt Mocr (5a) - o
0.45 (5 1.4 ~0 =0T -
C,=1+1.25a"% (4" —1) by Cit )
C,=1+1.2a"%(34'°—1) (5¢)
iy
A7|A M, = dAEHES vh= oftt Agks] ol
Hs) d=diy 1919 F-uEE H2HP=EE Ve, ' . ‘
M, ., & HIXA] o] ) 2k gl ux] o] A S T
o RURHOT ALEE Mo YuEY HBPES o B
njgit} 4] (Shys AZHPAEZ(p)7} 03¢ ALoln, 4 (a) 2ol AR (ol whE A3 vjw
(50)= EHAZ(p)7t 0.731 H-2-olct

1023



£33 =5x] A|10Y A5E, 2009

22

("rp =07

18

14

08 10 12 14 16 18 20 22 24

DB 15
(AR

(b) AAN AT vl
(32 71 A 2atel A2k B]i(p=0.7)

a9 63} 7 ulA A Zo] Yo A fkaialal Au
o} AlotEl o] ATE vjwati %u}. Zﬂ%% 2l A4
o8 BASHYI F3R 44 AIGPES Hog HA

sisich. QA0 )7} 0381 A9 ARk ks 5
S ss|aaniere] eAEE 1%~ 1
Qom, A%YHE(p)7h 079 AL oA =
2%o]ch

11%~

MINITAB[11]& AME3IS] A|2L e AARS A oks)
Atk M2 A4 FRER b AT B =] v
LHEHYOm, ohe 2o AES 92 4

F

2 Ak A3t fEessdAn vEg St F
Zako] 10% 9] A1E ol Y-S HUT
% qlglek. mrebd AQHE Al Abgstol At
FoulEy HIFEst AT Wl 2L

lct.

4

d7E 5 e gommEsFol 2
o 48 7 £ FujAeE @
SR ¢kl 7HASEAL P& o2 H(Beam) A
ol 87 1sstct. Bt ket 5L W A9
FuEY 2w YA AL A7) 2 A7
ARl 4% 2 @ 4 Uk

_T:LOI'O r

Oll
S

(o]
=

o2 s

[1] Timoshenko, S., and Gere, J., Theory of elastic
stability, McGraw-Hill, New York, 1961.

[2] Trahair N.S., Flexural-Torsional Buckling of Structures,
CRC Press., 1993.

[3] American Institute of Steel Construction (AISC), LRFD
Specification, 4th. Edition, Chicago, Illinois, 2005.

[4] ORHEESE, R A A A G A
1996.

(5] U, BF AAF00), “USHY 13220] v
59 /T oRtERsts =BY, And, 4A

3,pp871-883, 8, 2002.

[6] Theodore V. Galambos, Guide to Stability Design
Criteria for Metal Structures, Fifth Edition, John Wiley
& Sons Inc., 1998.

[7] Kitipornchai, S. and Trahair, N. S., “Buckling Properties
of Monosymmetric I-Beams”,
Division, Vol. 106, No.ST-5, pp. 941-957, 1980.

[8] Nethercot, D. S., "Elastic lateral buckling of beams," in
Beams and Beam Column: Stability in Strength, Applied

Journal of the Structural

Science Publishers, Barking, Essex, England, 1983.

[9] Park, J. S., Lateral-Torsional Buckling of beams with
Continuous  Bracing, ~PhD
University, 2002.

[10] Park, J. S. and Stallings, J. Michael, “Lateral-Torsional
Buckling of Steeped beams”,
Engineering, ASCE, Vol. 129, No. 11, pp.1457~1465,
2003.

[11] MINITAB 14 Korea, Statistic, Minitap INc., 2007.

[12] ABAQUS Ins., ABAQUS/Standard User's Manual(ver.
6.7-2), 2007.

dissertation,  Auburn

Journal of the Structural

1024



o Wike s W YEYA Juagne JHEd FHE A
Ht = M(Jong Sup Park) [&35] ) 2 A ZHJeong Jae Oh) [E=| 2]
e 19944 29 : wetsly EE3) © 20099 29 : AEoistal Al
AEelT} (2aHAh 2gF8 (F3HAh
° 19969 8¢ : wTStu EEF * 20099 3 ~ @A : Pt
Azsla (2aAh L AR AEF S AAR
e 2002 129 Auburn
University (-&8H}FAD
* 20059 9% ~ @A : APist
A AL AT} ma
<P Rop <BARop
Tzps), weEsh Azzkd, AES T3 wgTEh s, fARS

1025




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


