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The steel-concrete composite girder is one of the most common supper-structural types for highway and railway
bridges. In composite girders under un-shored construction method, which is very common for composite girders,
first, a steel girder only resists a bending moment due to dead loads of steel and wet concrete. The local buckling of
the top flange plate in the steel girder due to the initial bending moment critically dominates the flexural resistance
of the composite girders in the construction state. Besides, application of bridge high performance steels SBHS500,
SBHS700 and hybrid steel girders is expected to be an economical solution for composite girder bridges. Steels
SBHS500 and SBHS700, with yield strengths of 500 and 700 MPa, respectively, have been standardized in 2008 in
Japannese Industrial Standards (JIS). They present the advantage of high yield strength and good weldability. However,
if compared to conventional (normal) steels, they possess different inelastic behavior, such as almost no yield plateau,
smaller ductility, and a greater yield-to-tensile strength ratio. The bending moment capacity of a composite girder
largely depends on local bucking of compressive components, such as flange plates and web plates. Hence, the local
buckling strength of simply supported steel plates and section classifications based on the web slenderness limits of

composite girders with SBHS steels for homogeneous as well as hybrid sections are investigated in the current study.

In this dissertation, a probabilistic distribution of buckling strengths for compressive plates with normal and
bridge high performance steels was obtained through numerical analyses to propose nominal design strength and a
corresponding safety factor. In the numerical analyses, Monte Carlo based simulation, which is combined with the
response surface method, was employed to reduce exertion of finite element analyses. For each of 10 width-to-thickness
parameter R values ranging from 0.4 to 1.4, a response surface of the normalized compressive strength was identified
based on 114 finite element analysis results, which include 4 normal and 2 high strength steel grades with different
residual stresses and initial defections. The response surface is approximated as a simple algebraic function of the

residual stress and the initial deflection. For the Monte Carlo based simulation in the current study, a pair of variables
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of residual stress and initial deflection is generated randomly in accordance with the probabilistic characteristics
reported by Fukumoto and Itoh (1984). The LBS is evaluated deterministically by means of the response surface for
the generated random variables. The probabilistic distribution of LBS is obtained from simulating 10,000 pairs of the
random variables. The mean values obtained from results of LBS probabilistic distribution in the current study agree to
those from experiments reported by Fukumoto and Itoh (1984). The obtained standard deviations of the current study
exhibit about half of experimental results in a range of 0.6<R<1.2. Regarding each of 6 steel grades, the mean LBS of
SBHS steel plates is greater than that of the normal steel plates. For R>0.55 the standard deviation of LBS for SBHS
steel plates is lower than that of normal steel plates. Judging from this behavior, the design normalized LBS of steel
plates will attain higher value with application of SBHS steels than normal steels for R>0.55. In the range of 0.4<R<0.85,
the variance of LBS is more sensitive with initial deflection than residual stress. Whereas in the range of R>0.9, the
variance of LBS is more sensitive with residual stress than initial deflection. If the nominal strength is assigned to the
mean value, the partial safety factors are obtained as 1.11, 1.13, and 1.16 for 5.0, 3.0, and 1.0% respectively of non-

exceedance probabilities of the probabilistic LBS with respect to the nominal LBS.

For investigation of web slenderness limits for section classifications of composite girders, the positive bending
moment capacity of composite girders is examined through parametric study employing elasto-plastic finite element
analyses. The section classification based on web slenderness limits for composite homogeneous and hybrid steel
girders with bridge high performance steel SBHS500 are explored. Besides, the effects of the initial bending moment
due to unshored construction method on the web slenderness limit are investigated. For section classification of
composite hybrid girders, the yield moment that is calculated from the yield moment of the corresponding composite
homogeneous girders and hybrid factor are essential quantities. However, the hybrid factor specified in AASHTO
has been proposed without considering the initial bending moment. In the current study, the modified hybrid factor is
proposed to determine the yield moment of hybrid sections from the corresponding homogeneous sections. It is shown
that the compact-noncompact web slenderness limits in conventional design standards are over-conservative for both
composite SBHS500 homogeneous and SBHS500-SM490Y hybrid steel girders. Many composite sections, which are
classified as slender by current specifications, demonstrate sufficient flexural capacity as noncompact. The compact-
noncompact web slenderness limit of composite SBHS500-SM490Y steel sections is greater than that of composite
SBHS500 homogeneous steel sections. However, the noncompact-slender web slenderness limit for SBHS500-SM490Y
hybrid sections is a little lower than that of SBHS500 homogeneous sections. For composite girders with noncompact
sections with the initial bending moment, the proposal hybrid factors are slightly lower than those obtained from
FEM analysis results, and the difference is about 5%. With considering a higher level of the initial bending moment,
the hybrid factors using in AASHTO shows un-conservativeness. The investigation of section classification for web
slenderness limits of composite girders with SBHS500 steel for both homogeneous and hybrid steel girders shows that
the web plate of steel girder can be designed with higher slenderness than requirements of current specifications such as

AASHTO and Eurocode.
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