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Abstract - This paper proposes nominal flexural strength considering strain-hardening effect of HSB600 high performance steel
for compact composite I-girders in positive bending. Unlike conventional steels, HSB600 undergoes strain-hardening just after
yielding without going through yield plateau. However, because the nominal flexural strength specified in domestic and foreign
bridge design specifications has been developed for the conventional steel composite girders, the nominal flexural strength does
not appropriately consider the strain-hardening of HSB600. Therefore, plastic moment considering a strain-hardening is
proposed so as to consider effect of the strain-hardening of HSB600 on flexural strength and then moment-curvature analysis is
performed to a wide range of cross-sections. From results of the analysis, a parameter representing the effect of the
strain-hardening on the flexural strength of HSB600 composite girders is proposed. Furthermore, by using this parameter, the
nominal flexural strength considering the strain-hardening effect for HSB600 composite I-girders in positive bending is
proposed and then evaluated by comparing with the current AASHTO LRFD bridge design specifications.
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Table 2. Material properties of the steels!”

Material Property SM520 | HSB600
Yield strength, 7, (MPa) 355 450
Tensile strength, 7, (MPa) 520 600
Yield strain, e, (mm/mm) 0.0017 | 0.0022
Strain-hardening strain, ¢, (mm/mm)| 0.0210 | 0.0022
Elastic modulus, Z (MPa) 205,000 | 205,000
Strain-hardening modulus, £, (MPa)| 3,600 4,455
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Fig. 4. Idealized stress-strain curves of the steels'”
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Fig. 6. The shape of cross-section of composite girder and
design variables

Table 3. The values for the design variables

Design variable Min. Max. |Increment
Concrete slab width b, 304.8 3,429 | 284.018
Concrete slab thickness ¢, 152.4 254 25.4
Top flange width b, 152.4 762 121.92
Top flange thickness ¢, 12.7 76.2 15.875
Web depth D 304.8 | 2,540 279.4
Web thickness ¢, 6.35 25.4 4.762
Bottom flange width b, 152.4 762 121.92
Bottom flange thickness ¢, 12.7 76.2 15.875
b,/ (2t,) <12 (19)
b, = Df6 (20)
t, = 1.1t, (21)
01<1,/I, <10 (22)

A7V b= ZRAY B, 1= BaA|e] BAolc), [ =

(23)
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Fig. 10. M .. /M vs. D,/D, for HSB600 composite girders and

SM520 composite girders

1.4

HSB600 sections

F - PNA above the center of top flange
13+ A HSB600 sections
- PNA below the center of top flange

— @HSB600
12+ - PNA above the center of top flange

— — AHSB600
- PNA below the center of top flange

Mpysh / Mp

1.1

1.0
Ductile Non-ductile
section section

09k ) i R | ) I \ |
0 0.1 02 0.3 0.4

Dp /Dt

Fig. 11. a4, and the lower bound data of A4
HSB600 composite girders
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Fig. 12. The ultimate flexural strength, the proposed nominal flexural
strength, and the nominal flexural strength in AASHTO
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Fig. 13. The lower and upper bounds of the ratio of the ultimate
flexural strength to the nominal flexural strength for the
HSB600 composite girders

M, €] 747k
o] M,L,AASHTOQ}% E}Eﬂl HSB600 77 2] H3
Ao vl GRS agstal Ql7] mEolct,

< YJujgit}, o3t A= M, om0
Aspt 2

o, RS Hgt z,@*ol 7B HloH HSB60070 H
= g3} 73k -7 g e ;ggqﬂet' g7g5;~ Hy

& SUBEO, 0 gm0 D AB-HHE WY FuAE
B ZAYYEE Adsrh £ 7S B cheat e
AES wasdn

—% —]E?J.le‘ o]f Z-”O]— BE‘}—‘{[: @ 151600 Oﬂ

213173 A1 & AASHTOM

(3) Al2te HSB600 23t At o] g -7okE et

f
o

oo,
R
ok
ﬂ
oft

ARYE A2 A8 4T
- 2FHF0| A FA SR 9ol AR
Sl disiA= oF 99%2] Trdo] b Sofl 3tk
- SATHS] AR EA SAHEY offel A%t
Sl tisiA= of 99.5%2] whdo] ¢ Sof lek.
(4) 2 Aol A HSBE00 7FeHd 1-711 A s}
of FYE|glon] FrtHor Bk gk A7t
Fgsfrial dehE
A =

Falo] AU WER o] 33}

7}017] 2 AT LA l—?j(NRF 2015R1D1A1Ao9060113)0ﬂ
oJsto] == lEUtt, A Aol FAFE- YT,
A 5% (References)

[1] FEAEH(2016) == n A7 | AV e 2AH).
Ministry of Land, Infrastructure and Transport (2016)
Highway Bridge Design Standard (Limit State Design),
Korea (in Korean).

[2] ¥=7-2313](2014) A=AV 1% (St A 3Al 24
W), STEAE-

KSSC (2014) Steel Structure Design Code (Load and Re-
sistant Factored Design), Ministry of Land, Infrastructure
and Transport, Korea (in Korean).

[3] American Association of State Highway and Transporta-
tion Officials (2014) AASHTO LRFD Bridge Design Speci-
fications (7th Ed.), USA.

[4] Ansourian, P. (1982) Plastic Rotation of Composite Beams,
Journal of Structures Division, American Society of Civil
Engineers, Vol.108, No.3, pp.643-659.

[5] Vasseghi, A. (1989) Strength and Behavior of Composite
Plate Girders Under Shear and Bending Moment, Ph.D.
Dissertation, University of Texas at Austin, USA.

[6] Wittry, D.M. (1993) An Analytical Study of the Ductility
of Steel-Concrete Composite Sections, Master’s Thesis,
University of Texas at Austin, USA.

[7] Youn, S.-G., Bae, D., and Kim, Y.-J. (2008) Ultimate Flex-
ural Strength of Hybrid Composite Girders Using High-
Performance Steel of HSB600 at Sagging Bending, Com-

posite Construction in Steel and Concrete VI (Proceedings

AT 2eE] =2 A0 A1 (FE All46%) 20179 29 11



HSB600 el WB-78tE wefet 4 1A Audes FRUYE

of International Conference on Composite Construction 67, No.2, pp.453-474.
in Steel and Concrete 2008), American Society of Civil [13] American Association of State Highway and Transporta-
Engineers, USA, pp.680-690. tion Officials (2000) A4SHTO LRFD Bridge Design Speci-
[8] Youn, S.-G. (2013) Nominal Moment Capacity of Hybrid fications (2nd Ed.), USA.
Composite Sections Using HSB600 High-Performance [14] American Association of State Highway and Transporta-
Steel, International Journal of Steel Structures, KSSC, tion Officials (2002) AASHTO LRFD Bridge Design Speci-
Vol.13, No.2, pp.243-252. fications (2nd Ed., Interim Revisions), USA.
[9] €47(2013) AEHER 7137 5 o] 3ATHE AF [15] American Association of State Highway and Transporta-
7}, LRSS =Ty, skt E S, Aj25E, A2 tion Officials (2004) AASHTO LRFD Bridge Design Speci-
3, pp.165-178. fications (3rd Ed.), USA.
Youn, S.G. (2010) Revaluation of Nominal Flexural [16] Comité Euro-International du Béton (1993) CEB-FIP
Strength of Composite Girders in Positive Bending Re- Model Code 1990, Thomas Telford, UK.
gion, Journal of Korean Society of Steel Construction, [17] Yakel, A.J., and Azizinamini, A. (2005) Improved Moment
KSSC, Vol.25, No.2, pp.165-178 (in Korean). Strength Prediction of Composite Steel Plate Girders in
[10] &%, A1'57-(2010) HSB 73 AT ARHER 37 Positive Bending, Journal of Bridge Engineering, Ameri-
=, LSS =R, st AL EHS], #2223, A4 can Society of Civil Engineers, Vol.10, No.1, pp.28-38.
3, pp-377-388. [18] =29, Al'51(2010) HSB 733HdAY AW ERS]
Cho, E.Y., and Shin, D.K. (2010) Flexural Behavior of 7\1 PIDAR ) oA e o el KR o) e A g e S w2 | o)
Composite HSB I-Girders in Positive Moment, Journal H, Al43, pp.389-398.
of Korean Society of Steel Construction, KSSC, Vol.22, Cho, E.Y., and Shin, D.K. (2010) Flexural Strength of
No.4, pp.377-388 (in Korean). Composite HSB Girders in Positive Moment, Journal of
[11] B89, ZJAE, oAz, 73]<=(2014) HSB800 & HSB600 Korean Society of Steel Construction, KSSC, Vol.22, No.
RS 243t sto| BBl g o] e Hr), S 4, pp.389-398 (in Korean).
ZoPl =y, A= Eete], Al26d, Al6%, pp.58l- [19] FHEE, YAE(2014) HSB /45 A E 2183 7
594. A FRHEo] thet AAFH= o ], =7+
Park, Y.M., Kang, J.H., Lee, K.J., and Kim, H.S. (2014) 2831 =1F], Sz, A26¢, A3E, pp.205-
Evaluation of Flexural Strength of Hybrid Girder Com- 217.
posed of HSB800 and HSB600 Steel, Journal of Korean Choi, D.H., and Lim, J.H. (2014) Flexural Resistance and
Society of Steel Construction, KSSC, Vol.26, No.6, pp. Ductility Ratio of Composite Hybrid I-Girder Using HSB
581-594 (in Korean). High Performance Steel in Positive Bending, Journal of
[12] Rotter, J.M., and Ansourian, P. (1979) Cross-Section Be- Korean Society of Steel Construction, KSSC, Vol.26, No.
havior and Ductility in Composite Beams, Proceedings of 3, pp-205-217 (in Korean).

the Institution of the Civil Engineers, ICE Publishing, Vol.

fn)
1o
ox
fd
=
(m
-z
ot
O
H—l
il
Y
.
]
iu)
T
%2}
o]
D
(=3
O

O

ok : 2 of7lof|= HSB600 170% 7}Ae] HE-A3te g A
PSRt ek % 1S Mol g 8 A% e At ANE SR d uls) Al sl BARAE A2
AubgAle] thste] Ak A 20)7] wite] HSB6002] HE-73} 54 s1A) 23l o
o] Fmol nlA Rk Is| flal, A Aclel W 73
E-5E A4S s3stgch siA 23S Edj2 HSB600 117 514
wA S AQlstnt. Bt o] vij4E ol83te] HSBE0O 7% Mo ATe] WH-HEE DR ARUEY FHYPEE Aotetgn
3 AASHTO LRFD meAA7|2e] 2387wl vjn AEsg)

SAO| -5 I 2, HSB60O, 2y 1, Amaley, $YHgs

o
ot
it
oy
oy
BN
o
ot
il

4 A29d AL (Fd Al146%) 2017 2




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


