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Effects of flange and web slendemess ratios on elastic flange local
buckling of doubly symmetric I-girders

Jeong-Hwa Lee', Kee-Sei Lee’, Nam-Joo Byun', Young-Jong Kang"
'School of Civil, Environmental and Architectural Engineering, Korea University,
’Research Institute for Mega Structure Technology, Korea University

2 oF A ARTF vpde] Bl el Ajw Fiee A Hlste] FrjHon U HdoH, ofE TXE] ASE
37 AA ZBAARA AAE ThsatA & @ okuel, AvE a7 WS Al7|a vk 58] s o] B, BEGEE
oF 480MPaZ, ANk 728 7] B} oF 50% v At v s AR AR g A st = #E A
of GEFE ME 5 vk A e B A2 dod F e, v A AEE A diste] uls- st
14 A9 44 5582 45 FWA Y AAxis 24stng, e 442 g2 4% 29X &4 F= Jxe

2 4 4 L B0 AL E BUES e ol %Y
13 A99] E04 gzl VA G B4 etk FHasAN A, G IR} AFUEE B A%
A9 Qe W olUe) FAAsh Bwe) Ao o] weh = G W o BeHA)

Abstract Increasing the strength of structural materials allows their self-weight to be reduced and this, in turn,
enables the structures to satisfy esthetic requirements. The yield strength of high-performance steel is almost 480 MPa,
which is approximately 50% higher than that of general structural steel. The use of high strength materials, however,
makes the sections more slender, which can potentially result in significant local stability problems. The strength of
slender element sections might be governed by their elastic buckling behavior, and the elastic buckling strength is
very sensitive to the boundary conditions. Because the web provides the boundary conditions of the compressive
thin-flange, the stiffness of the web can affect the elastic buckling strength of the flange. In this study, therefore,
the effects of the flange and web slenderness ratios on the elastic flange local buckling of I-girders subjected to a
pure bending moment were evaluated by finite element analysis (FEA). The analysis results show that the elastic local
buckling strength and buckling modes were affected not only by the web support conditions, but also by the flange

and web slenderness ratios.
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Fig. 1. Load and boundary conditions
(a) Boundary conditions (b) Uniform moment
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H=1000mm Slle t(7 cases)

Fig. 4. Cross section of FEA model[8]

Table 1. FEA models[8]

by(mm) Dy(mm) t(mm) tw(mm) A Y /\w
5-33.3 5-50 7.5-50 20-200
500 1000
(18cases) | (7cases) | (18cases) | (7cases)
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Fig. 5. Comparisons elastic flange local buckling
strength from FEA with theoretical strength of
hinged and fixed flanges[8]
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Elastic flange local buckling coefficient
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Elastic flange local buckling coefficient according
to web slenderness ratios

3.6 SUX|et ERES| MFH|I7t EHIX=ZZ
=ofl ojxle &
oA AH gk nhe} o), FAA| ] FA AL B
o FGF & opuz), A AAe] G WA HH, &
AA| o} Ege) g S WA A wel
A, ZAA ] Aol we FWA] 9y S5 Al
o vigh dxte] £4o] dasitt



B AFE &8 = EA) AT 8B, 2016

[N}

k=0.425(Hinged flange)
Kk=1.277(Fixed flange)
----- ke=0.76(AISC. Eq)

= = =ke=0.35(AISC. Eq)
------- w=200

—¥— aw=100

—
%

Elastic flange local buckling coefficient

60 80

Mlby/2t)

8. Elastic flange local buckling coefficient according
to flange slenderness ratios

Fig.

k=0.425(Hinged flange)

H] 2 e k=0.425(Hinged flange)
£ 18 ——— k=1.277(Fixed flange)
= P 2w=200
z 16
g —*— w=100
Ed 14 k=1.277(Fixed flange —w=90
] 12 —>—)w=80
g _ —o—w=60
; 1 —0— hw=40
E 0.8 —w=20
&
e 0.6
-]
E 0.4
£
Z 02
=
0

Flange local buckling

o

0.5 1 15 2 25

Flange to web slenderness ratio

(/h)

Fig. 9. Elastic flange local buckling coefficient according to
flange to web slenderness ratios()\f/A“,)

Fig. 8& FA| 9] Agn]o] whe} @ azAsE v
Bl 1@ azo Tk Fig. 7oA & 4 9= 2 2ol 9
Ao A7y S7rE s IAAAEAK=1.277)
datm,  EAe] Agavt
(k=0.425)° 7I7HA= AL & -

R= nn
o A7} og-ae-
o

7F - 2 (N, >80) oM = A%
TR} v F7E S
Fig. 77 Fig. 8=
BaaEATel G t’] ]
ofue}, SA;A|e] A7
L}

(S
z

B~
ek

=
lo

A9\ <23)5 B
HERCRES

2

_])«

462

W) o} Brgke] AgH| 7} A 2ol A
74 Fig. 8¢] a4 2hsl 24w o]
2|9} Brglo] Akt ol A& 2p
3

pad

Jg TAA RS
o] AHIEI(A/ A0l wtet
2|9l AA gz i“ﬁ]rgl Al
23 Fig. 7% Fig. 8%+ , Al
o eiitel Baos Fuse A3t
e, ) QA
g1 Fpolg ek A7)
o2 g o= X
& UrE}LH~ Az A,
191 2e] A WA AN 33

=

Ao 2% 5 U A

el thei A
%}Hltﬂ(Af/A ,)oﬂ

A

sl
o] o
=

3 S

A
setg)

AT/ A 7E F 191 Aol
o] 22121 el 7, A
7F 21 o]3lRl A9l AL e = AG T 48]
oF AAHIHI(A,/A,)7F 0125004 A 20 gz
2150 =) L oake] Au]u] o
o & ol st BARA=ATE 54
Ao = YepWt AguH 7} 012520 2H2
sto] W™ FAS Qlte], AEE ZdA
gog By wAshe 89S FAAh

3 3 Fwol gig A=A Yehlo] B
A 3 FHaEATE HUkE

LAAA]

z7

g

60
s Flange local buckling —— k=23.9(Hinged web)
'E ——k=39.6(Fixed web)
£ Nk Web bend buckling === hw=200
8 —k—iw=150
o k=1.277(Fixed web
2 o4 Eixedwe) | iwe100
% \ ——hw=80
EZ30 | —o— hw=60
] k=0.425(Hinged web) —0— Aw=40
3
= —— hw=20
z 20
]
=
£ 10 f
=
= 0 0.1251 | 0.15 - <

0 0.2 0.4 0.6 0.8 1

Flange to web slenderness ratio

(/h)

Fig. 10. Elastic web-bend buckling coefficient according
to flange to web slenderness ratios(A;/A,,)
Fig. 102 232 £59 B9 $22 v



ol% A 13 AvY EWA BRI HE &

3 gj

Aot R Ao G

Y

Fzreh WA e BHe] Al
7&44013}. APl 7 0158 Ahe

Hﬂ LAAA 22 (k=39.6)7F
Az o) BB
EH A
AE A}ek, A
%‘—‘ o] =

b bl
Faro] WAH = AFun 7} 0.1252
HlH] 0.1259014 0.1594& &
F7F Al AR EHE 1S
kA, WA FRFIelAN Z
FTAELS AN #AE 2
APHIRI(A/N,) 01258 71E2
HE, 0158 7Eo® 559 A
oF 5= itk AlAuIE] 0.12590A4 0.
H-yho] g zg-o] o]

P 2 o 12
>
=
>

Y
N

g0 ]
)

]

oo 2 H; no2 L
Lo e
- -
O.\?u rzl
ol
[edh 1o
o N
L7
= &
e
pa)
o
fru
i&‘l
o
i,
o

Nz gt
B
e o

_?L'JHI

=

e,
)
o,
=2

463

3. fele s

(1

[2]

B3]

[4]

[3]

[6]

E}A

oL
'y
!
3

=
o

Lo
B

©

AISC[2] A 1
A, #—401 B

= AGl &

a0
oX,
Y
i
2
N

N
N
o L DN

o o
ol
_
i
Y

JFI
S A
rﬂ
o
ol
N

)
_O|L
£
Ju
dr
[n]
1o,

X
ol
=

My = L2
Ny
2L rlr

>
wn
0
N
il
0 O
1>
rlo

)
3
il

X
oo
=
=)
=
—
[\
W
i
N
o
[e]
=
)
=
z
N
-

Xlgl TR AujH oz wety
o, AAZHE] 7} 01550 JL A 9= Brsto] 3

o] WAE T a8k AN ZE 0.1259014

0.1501 4= ZWA| <} HH-3e] Ja 289 o]

- 2 IS 5§ JUh
References

AASHTO, AASHTO LRFD Bridge Design Specifications,
American  Association of State Highway and
Transportation Officials, Inc., Washington, D. C., 2014.

AISC, Specification for structural Steel Buildings,
American Institute of Steel Construction, 2010.

Korean Ministry of Construction and Transportation,
Standard Specifications for Highway Bridges, Korea,
2012.

C. H., Lee, K. H., Han, D. K., Kim, C. H., Park, J. H.,,
Kim, S. E., Lee and T. H., Ha, Local Buckling and
Inelastic Behavior of 800 MPa High-Strength Steel
Beams, Journal of Korean Society of Steel Construction,
vol. 24, no. 4, pp. 479-490, 2012.

DOI: http://dx.doi.org/10.7781/kjoss.2012.24.4.479

D. L., Johnson, An investigation into the interaction of
flanges and webs in wide-flange shapes, in: Proccedings
1985 Annual Technical Session, 1985.

E. Y., Cho and D. K., Shin, Flexural Strength of HSB
Steel Girders Due to Inelastic Lateral-Torsional



F=AIS71E8 8] =2 A AlTd A8E, 2016

Buckling-Sections with Slender Web, Journal of Korean
Society of Steel Construction, KSSC, vol. 24, no. 2, pp.
217-231, 2012.

DOL: http://dx.doi.org/10.7781/kjoss.2012.24.2.217

[7] J. H., Kim, K. Y., Kim, J. H., Lee, K. S., Kim, Y. J,,
Kang, Flange Local Buckling(FLB) for Flexural Strength
of Plate Girders with High Performance Steel(HSB 800),
Journal of Korean Society of Steel Construction, KSSC,
vol. 26, no. 2, pp. 91-103, 2014.
DOL: http://dx.doi.org/10.7781/kjoss.2014.26.2.091

[8] J. H, Lee, K. S., Lee, J. N, Byun, Y. J., Kang,
Characteristics of Elastic Flange Local Buckling of
Doubly Symmetric I-girder subjected to bending
moment, Conference of Korean Society for Advanced
Composite Structures, 2016.

[9] S. P. Timoshenko, J. M. Gere, Theory of Elastic
Stability, Dover Publications, Inc, N.Y., 1961.

0| H 3lJeong-Hwa Lee)

2011 8¢ : AMg¥slr|eistu

ANFER BEFE (T

-2013L 84 : gt AFAH3
_Tv_-a 3 (_g_fs_]'-)d,\].)

99 ~ EA : ;g

Zﬂw*]&]i@ 8t (dALA)

<
T, T, PATE, AR

0| 7| Ml(Kee-Sei Lee) [X3]2]

02009 8¢ : nEUgw EX7
Fotat (FeAAp

20153 29 mEgtn AZALS
317 &gy} (Zliél»tl]—/k].)

02015\ 2¢¥ ~ AA . ;mHutw
A% A5 87 35} (Od%hﬂ-r)

464

B Lk

— O

o

Z=(Nam-Joo Byun) EXSE)

02007 39 : whstu H=AH3)
b Bt i (2‘-’}*})

020141 3¢ ~ A . ;YW
ASALE| B4 8- (4 t‘# F4)

<qhiRop>
WA, P, B
4 F B(Young-Joung Kang) [X3]9]

* 1979 34 :
& (E A

01983%1 3¢9 . mEUIgw gy
ERzsaFsaAD

¢ 19873 9 : Auburn univ(Z e}
AB

019831 3¢9 ~ #AA . ;T
A=A 8 Al

EEE ETREE R

<#hFok
HAE, PREANERIEY, P23




<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


