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SHEAR BEHAVIOUR OF HYBRID STEEL GIRDERS

S. Shmizu and K. Hara
Department of Civil Engineeing, Shinshu University, Nagano, &pan

1. Introduction

This paper describes the strength and the collapse mode unde shea of hybrid sted girders
which ae conddered as the combinaion of shedl eements.

When an I-sediond girder is subjecded to thebending, higher stressarises in theflange plates
of thegirder. A hybrid sted girder is a girder which has flangeplates made with the higher strength
sted and aweb plate with “nomal” sted. In the discusson on ahybiid sed girder, beéhaviour unde
the bending has been mainly focused. As a member of the Subcommittee on "the design method of
hybrid sted girders* organized by JSSC (Japanese Sodety of Sted Congruction)[3], one of the
authors made a series of studies[1-2] on the hybrid sted girders. As described above, a hybrid sted
girder is effedive for the bending. Therefore, it is naural tha the bending behaviour of the hybrid
girdersis focused.

However, to design a hybrid sted girder, its shea behaviour such as the collapse medchanism
unde shea mug be known. Thus in this paper, numericd andyses are made to know the strength
and the collapsee medchanism of hybrid sted girders under shea. The results of the collapse
mechanism and strength are compared to those of the homogeneous girders which are made of the
same grade sted for ther flange and web plate.

2. Numerical models and numerical method

A typicd numericd modd is illugrated in Figure 1. As illugdrated in Figure 1, the modd is
fixed at itsleft, andis subjeded a downward load at its right edge This modd has its length I=5000
mm, web depth b=1200nm and flange width b=260 mm. The web panel with the width of a and
subtended by two stiffenersis focused in this study. Thestiffeners have their sedion of 100x 8mm
Theweb thicknesst,, is t,=8mmor t,=12mm and theflangethicknesst; is varied from t;=4mmto t;
=20mmto investigate the effed of theflange tiff ness
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Figure 1. A typicd numericd modd

Theasped ratio of thefocused pand, a=a/b is considered as oneof parametersandfrom0.75to
3.0, hat is, a isfrom 900mmto 3 600mm

In this study, the grade SM400 sted which has the yielding stress gy of ¢y, =245Mpa and the
grade SM570ged with gy =460MPa are conddered. For the hybrid girder, The SM570 sted is
utilized for only the flangeplates of thehybrid grder, and for the flanges of thehomogeneousgirder
and theweb plates, SM400 i consdered.

Thenumericd andysisis madewith the computer program padkage M SC Marc, and the modd
is discretized with 50x50nm thick shdl eements.
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3. Numerical results

In Figure 2, adeformation patern of thehybrid girder with t,=8mm t=12mmand a=1.0at the
ultimate load is ill ugrated. The distinct shea buckling deformation is observed in the web plate in
thisfigure. Thisfigure also showstha ead flange plate deformswith theweb deformation. However,
although itis not clea in this figure, no pbstic hinge is formed in the flangeplate in this modd.
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Figure 2. Shea Deformation of Hybrid Girder (a=1.0,t,=8mm,t; =12mm)

Themaximum load P« Of thismodd is Pma = 1096kN, and the corresponding homogeneous
girder hasits Pma iS Pmax =1091kN. Thus in this case, thehybrid girder hasamog equd strength to
thecorrespondnghonmogeneousgirder. Inthe case with theasped ratio a=3.0and with thesame plate
thickness both the hybrid girder and the homogeneous girder also have no plastic hinge in thar
flange plates. However, in this asped ratio, the hybrid girder hasits Pmx = 758kN and thisis larger
by 8% than thehomogeneousgirder which hasthe P = 700kN. Althoughtheddail isnotshownin
this abgrad, with the larger asped ratio, hybid girders have larger Pra than honmogeneousgirders.

In addition, on the cases with the plate thicknessof t,=12mm t;=12mm or t,=8mm, t;=8mm,
hybrid girders have no plastic hinge in the flange plates athoughin corresponding homogeneous
plastic hinges arise in the flanges. Tha is, in these cases, the hybrid girder and the honogeneous
girder have diff erent collapse modeto eat other.

4. Conclusion

Theflangeplates of a plate girder cary mainly the bending, and the shea is caried by mainly
web plate. A hybrid sted girder is originally consdered to cary the bending effedively. However,
the results shown in this pgper indicae tha a hybrid girder is also effedive for the shea when the
girder has thelarger asped ratio. In addition, to estimate the shea strength of a girder, the collapse
modewith the plastic hinges in the flange plates is often adoptd. But, the collapse modeof a hybiid
girder obtained in this study has, in some cases, no plastic hinge althoughthe plastic hinges arise in
the corresponding homogeneous girder. This fad suggests tha a separate shea collapse mode is
required for the hybiid girders other than the honogeneousgirder.
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