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In this study, the structural performance of prestressed composite girders with corrugated webs was evaluated
by conducting experiments on a total of five specimens with the key test variables of prestress level, tendon
layout patterns, welding methods, and shear connectors. The test results showed that flexural performances of
the prestressed composite girders were superior to the non-prestressed specimen. Partial interaction analyses
were also performed on the test specimens to investigate the horizontal shear transfer mechanisms between
steel girder and concrete, and their results were discussed in detail.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

The demand for horizontal members suitable for long-span imple-
mentation continues to rise in civil structures such as bridges, and the
demand for horizontal members that enable not only long-span but
also floor height reduction has increased in large-scale architectural
buildings constructed in downtown areas. Thus,many efforts to develop
long-span steel–concrete composite members have been actively made
[1–3], and in particular, prestressed composite girders have been re-
cently studied, which are more active ways to ensure serviceability.
While prestressing technique has been generally applied to concrete
members, it is coupled to a composite girder in this study. Since the
prestressed composite girders are very effective for deflection control
and strength enhancement, their researches and field applications
have gradually increased [4–10].

A typical I-shaped steel beam has a very large axial stiffness, which
leads to a very low introduction efficiency of prestress when the
prestressing method is applied. However, as shown in Fig. 1(a), the
application of corrugated webs can improve the efficiency of prestress

introduced to the top and bottom flanges through the accordion effect
that occurs due to the low axial stiffness of the corrugated webs when
theprestressing forces are introduced and that also enhances thedeflec-
tion control efficiency. In addition, as shown in Fig. 1(b), the upward
camber of steel girder in the prestressed encased composite girder
makes it possible to reduce its floor height by hre, compared to that of
the general composite girder. The conventional composite girders for
floor height reduction have disadvantages in stiffness and strength as
their section heights reduce. However, a prestressed composite beam
can complement it effectively by introducing high-strength tendons.
Fig. 2 shows the concept of the prestressed composite beamwith corru-
gated webs developed in this study. The prestressed composite girder
with corrugated webs can be advantageous for long-spans, and can be
an effective alternative for floor height reduction [11,12].

The accordion effect of corrugated webs, however, is not yet clearly
understood, and few studies have been conducted on the behavior of a
prestressed composite girder with corrugated webs. Therefore, in this
study, the accordion effect, which is induced at the prestressing stage
before application of concrete, is quantitatively evaluated by applying
the concept of the effective cross-section [11,13], and the flexural
behavior of the composite girder is analyzed by the flexural behavior
model proposed in this study. The proposed model is based on a
cross-sectional analysis, and can be used for the evaluation of the non-
linear flexural behavior of the prestressed encased composite girder in
a relatively simplemanner. In addition to three test specimens reported
in the authors' previous study [12], two prestressed corrugatedwebbed
steel–concrete composite girders have been tested in this study, and
their results are discussed in detail. In order to evaluate the effect of
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the prestress on their structural behavior, all four specimens were
prestressed except the one control specimen. Two types of tendon pro-
files, one-draped and two-point draped layout, were considered in this

study to investigate thedifference in theirflexural behavior according to
the tendon profiles. The effect of weldingmethods between corrugated
web plate and flanges was also investigated, for which one specimen

a) Accordion effect

b) Comparison of a typical composite beam and a prestressed composite beam
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Fig. 1. Characteristics of the corrugated webbed steel beam.
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Fig. 2. Conceptual description of prestressed composite beam with corrugated webs.
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