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Flexural Resistance and Ductility Ratio of Composite Hybrid I-Girder using
HSB High Performance Steel in Positive Bending
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Abstract - In this study, flexural strength and ductility requirements of composite hybrid steel I-girder with its HSB(high
performance steel for bridge) applied to tension flanges are examined in positive bending. In AASHTO LRFD specification,
flexural strength and ductility requirements of composite I-girder in positive bending are specified in terms of plastic moment
and plastic neutral axis that are derived from plastic behavior of conventional steel. However, plastic zone cannot be defined
clearly from the stress-strain behavior of HSB unlike the behavior of conventional steel. Therefore, through idealized
stress-strain curves of HSB, the plastic moment of composite hybrid steel I-girder with its HSB applied to tension flanges is
defined by assuming the plastic zone of HSB. By using the consequences of numerical analysis regarding arbitrary cross-sections
that have various dimensions, ductility requirements and flexural strength of composite hybrid I-girder with its HSB applied to
tension flange are proposed.
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Fig. 5. Ductility parameter and the depth of plastic neutral axis
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Table 3. ¢, corresponding to shape factor

Shape factor £ ¢M, (where, ¢=0.85)
e=1 0.85,
£=1.0953 0.776 M,
£=1.1806 0.72%
=12 0.708 M,
15 0.567 M,
Mn —-—-= AASHTO 2000
——— AASHTO 2012

T e

~l =
~ . £=1.0953

: N~ Y g=11806
: S ez
< :
T~
NG
: N o£=15
; ; ; oD
0.10.1 042 05 pr-t

Fig. 9. Nominal flexural strength corresponding to & with
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Fig. 10. Procedure of moment-curvature analysis
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Fig. 12. Design variables for composite section

Table 4. Design variables for moment curvature analysis

Design variables Min. Max. |Increment
(mm) | (mm) | (mm)
Concrete slab thickness ¢, 250 300 25
Concrete slab width b, 1524 2439 305
Top flange thickness ¢, 25 77 13
Top flange width b,, 305 761 152
Web thickness ¢, 13 25 6
Web depth D 610 2440 610
Bottom flange thickness ¢, 25 77 13
Bottom flange width by, 305 761 152
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Fig. 13. CEB-FIP!'"! model concrete stress-strain curve
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Fig. 14. Idealized stress-strain curve of steels
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Table 5. Material properties of steels

Properties 250MPa Gr. 345MPa Gr. SM570 HSB800
Yield stress (MPa) 250 345 445 690
Tensile strength (MPa) 400 520 570 800
Yield strain (mm/mm) 0.001122 0.001683 0.002171 0.003366
Strain-hardening strain (mm/mm) 0.016159 0.020195 0.013 0.003366
Elastic modulus (MPa) 205,000 205,000 205,000 205,000
Modulus of strain-hardening (MPa) 4,800 3,800 3,100 22,850
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Table 6. Combinations of steel elements

Combination | Top flange & Web Bottom flange
Case 1 250MPa Gr. steel 250MPa Gr. steel
Case 2 345MPa Gr. steel 345MPa Gr. steel
Case 3 SM570 HSB800
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Fig. 15. Fully-plastic stress distribution
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