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Abstract

The finite element method is applied to evaluate the effective width of a concrete slab in composite beams prestressed with external tend
The beams studied are simply supported, with external prestressed strands straightly and draped arranged. The effective width for the prestr
composite beams evaluated based on the finite element parametric study is compared with that of plain composite beams without prestressing
code provisions. The influence of the shear connections on the effective width and the shear slips along the beam span, as well as the increm
stresses developed in the prestressed strands, are analyzed. The behaviors of the external prestressed composite beams subject to the st
and creep in the concrete slab are also discussed.
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1. Introduction considered. For the stress control in the serviceability state, the
deformability of the shear connection between the concrete slab

Steel-concrete composite beams prestressed with higind the steel beam plays an important role, but is generally
strength external tendons have demonstrated many advantageeglected in the early evaluation of the effective width. A
as compared with normal non-prestressed composite beamgcent experimental study by Amadio et &] flemonstrated
and have been used in building and bridge construction fothat the effective width increases with load, approaching the
years. Literature can be reviewed in the design of the Bonnengidth of the whole slab near the collapse. However, in most
Ferry Bridge [l] and the California existing highway bridge codes of practice, very simple formulae are given for the
upgrading P]. A typical form of composite construction calculation of effective width, though this may lead to some
consists of a slab connected to a series of parallel steddss of economy. For simply-supported beams in buildings, the
members. The structural system is therefore essentially a seri&siropean Recommendatior proposed in the Commentary
of interconnected T-beams with wide, thin concrete flangesthat the effective width i /8 on each side of the steel web, but
In such a system, the concrete flange width may not beot greater than half the distance to the next adjacent web, nor
fully effective in resisting compression due to ‘shear lag’.greater than the projection of the cantilever slab for edge beams.
The concept of effective width is generally adopted as al'he width of steel flange occupied by shear connectorsin
simplification of the shear lag problem. The effective width be also added. These limits are also given in the bridge code
ber is defined as ‘that width of slab which acted on by theBS5400: Part 55], but in the Chinese code provisiof][for
actual maximum stress would cause the same static effect gesign of steel-concrete composite beams, the effective width
the variable stress which exists in fact’. of L/6 on each side of the steel web is suggested.

Research shows that the ratigys/B depends not only For composite beams prestressed with external tendons,
the relative dimensions of the system, but also on the typBowever, restricted to the composite beam configuration, in
of loading, the support conditions and the cross sectiofpractice, the external prestressed strands are normally arranged

close to each side of the steel beam; this raises the question of
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2. Effective width of concrete for prestressed composite

Nomenclature beams
ao connection width The concept of effective width is introduced for a composite
Bei half effective width minus half connection width  beam in the hypothesis of linear-elastic component materials.

As, Ac, Ai, Aps area of cross sections for steel beam, It is the slab width that, for a uniform distribution of normal
concrete slab and composite beam and steel stresses equal to the maximum stress in the concrete slab, gives

strands the same resultant as the one due to the real stress distress
bef, bei effective width and half effective width distribution, which can be expressed as the following:
B available width of concrete slab fB o dx
e eccentricity of the tendons to the centroid of the  be = =2——— (1)
cross section Omax
Es. Ec, Eps elastic modulus of steel, concrete and steel wherebes is effective width of concrete slalf is real width of
strands slab,o is the real normal stress distribution across the slab and
fy steel yield strength omax IS the maximum normal stress in the slab.

second moment of area for concrete, steel and Consider the bend'lng mqment and axial fqrces due, for
composite sections erfamplel, to prgstre_zsanlgf acting on the cEmp?n% belam, tlo be
n.ny  available number of shear connectors apd ;ned rgszé?erlteOcoergtlgrrllzntgrcﬁicst:ange%rt]ict)nzlI?orlzlesu\?vilftc?:nsist
required number of shear connectors capable| of b s .

. of couplesMs and M. and axial forcedNs and N. acting on
a full shear connection

M. M. M t ted it . the steel and concrete components as showfign2 For
» Ve, Ms MOMENLS — EXerted on - Composite  SeCton. &g jjibrium, the following equations can be derived:
concrete and steel portions

s, lc, li

>

N, Nc, Ns axial force on the composite section, concrate Nc + Ns = N (2)
slab and steel section Mc + Ms + Ns(Yei + Ysi) = M. 3)

No initial prestress force . . . :

Py shear strength capacity of an individual conneclor Assumg the cross section remain plane and there is no vert.|cal
; separation between the steel beam and the concrete slab; the

AT mqemental t.endlon force bending moments and axial forces shared by the steel and

Vu ultimate longitudinal shear force concrete components can be derived as the follows:

oe coefficient of effective width

n modular ratio of materials Ne = Nﬂ +M ’7_A°yci (4)

Yn shear connection degree A I

v Poisson coefficient M, = M nle (5)

v coefficient of creep of concrete li

0, omax normal stress, the maximum normal stress [of Ng = Nis M isysi 6)
concrete Ai li

Aops incremental stresses in the external tendons M. = M Is )

li
where N and M are resultant of thessectional forces I,
flange leads to a lower prestress, and narrower breadth leadstoand I; are the second moment of area for concrete, steel
a higher prestress, and that will all affect the final design outputand composite sections respectively;, As and A; are the
An important feature of these prestressed composite bean@eas for concrete, steel and composite sectipegpressed as

is that under variable loading, incremental stress will develop it = Es/Ec is @ modular ratio of materials, wheE is elastic

the tendons, which has a secondary bending action on the beafiodular of steel ané. is elastic modular of concretg; is the

and in turn affects slippage at the interface of the steel andistance between the centroids of the concrete section and the

concrete as well as the effective width of the concrete flange. COMPOSite section; anyi; is the distance between the centroids

. . . .._of the steel section and the composite section as shown in
In this paper, the effective concrete width of compositer; . 5 P

beamg prestressed with e>§ternal tendon; is investigated bf"‘selgl.:rom Eq.(4), there are two portions contributing to the
on a finite element analysis. A parametric study was carriegernq) force in the concrete slab, which can be expressed as
out to evaluate the conventional expression of effective widthy,o following:

justified for the prestressed composite beams. The influence

of the shear connections on the effective width and the sheay, = ON dA+/ om dA (8)

slips along the beam span, as well as the stress increment of Ac Ac

prestressed cable, are analyzed. The behaviors of the externghereoy andoy are normal distributed stress contributed from
prestressed composite beams subject to shrinkage and creeftie axial force and bending moment exerted on the composite
the concrete slab are also discussed. section.
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