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ABSTRACT: Post-tensioned concrete girders have been popular for the superstructures of bridges because of
simple design and low maintenance cost. Nevertheless, the traditional I-type PSC girders are limited in their
girder length due to allowable stress limitations at each loading step. Prestressing force which is large enough
to compensate the total external service loads can't be implemented in the girder at the initial prestressing
stage since stresses in concrete which are larger than the allowable stresses should not be developed at subsequent loading steps. In order to design longer PSC I-type girders, several aspects should be considered and
overcome. Three important and different design concepts were implemented in this work to achieve bridge
spans up to about 70 meters; 1) Girders are divided into several pieces. Girders can be precast at plants and
transported to the construction site without being deterred by transportation problem in Korea. In this way,
concrete quality can be ensured, and construction period at the site will be reduced dramatically as well. 2) A
numerous number of holes was made in the web of the girder. Some of the anchorage devices were moved
from the girder ends into the holes, and the magnitude of negative moment and compressive stresses developed at the girder ends were reduced. 3) Prestressing force was introduced through multiple stages. This concept of incremental prestressing overcomes the prestressing force limit restrained by the allowable stresses at
each loading stage, and maximizes the magnitude of applicable prestressing force. A full scale girder was fabricated. Five pieces of concrete girder members were cast and assembled by post-tensioning to build a 50 meter long full scale girder. Test results showed that the spliced holed web post-tensioned concrete girder design
concept worked well and would replace steel box girders in competitive span length

1 SCOPE
1.1 Introduction
PSC girders are very competitive in the market due
to their cost advantage, and many researchers have
conducted projects to improve the performance
(Alexander et al., 1997, Francis, 1971). Three important design concepts are combined to develop
PSC I-type girders that are longer than 50m. Those
three concepts are the incremental prestressing
method, the introduction of holes in the web, and the
splicing method. A full scale girder with the length
of 50m was fabricated and tested to verify the performance of newly designed girder.
1.2 Incremental prestressing
The factor which determines the girder capacity is
the allowable stresses of concrete at each loading
step. By introducing prestressing forces through
multiple steps, larger moment capacity in the girder
can be achieved (Han & Hwang, 2002, Han et al,

2003). At the initial stage, prestressing force which
compensates only self-weight was introduced. After
the concrete deck slab is cast and hardened, second
stage prestressing force was applied to compensate
the total design loads. In this way, final load carrying capacity is increased a lot comparing traditional
one-time prestressing method.
1.3 Holes in the web
When multiple holes are introduced in the web, the
total girder weight is reduced by about 8%. Even
though this number is not small, there are other important issues related to the hole. About half of the
anchorage devices which were located at girder ends
can be moved into the holes. In this way, the magnitude of compressive stresses developed at girder
ends was reduced, and the thickness of web at girder
ends can be reduced to the same thickness of web.
Prestressing moment introduced through the girder
length is more efficient. In other words, negative
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where the first term (gel isotherm) represents the
physically bound (adsorbed) water and the second
term (capillary isotherm) represents the capillary
water. This expression is valid only for low content
of SF. The coefficient G1 represents the amount of
water per unit volume held in the gel pores at 100%
relative humidity, and it can be expressed (Norling
Mjornell 1997) as
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The material parameters kcvg and ksvg and g1 can
be calibrated by fitting experimental data relevant to
free (evaporable) water content in concrete at
various ages (Di Luzio & Cusatis 2009b).
2.2 Temperature
Figure
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where q is the heat flux, T is the absolute
temperature, and λ is the heat conductivity; in this
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Figure 4. Assemblage of formworks.

Figure 5. Reinforcement details.

Figure 6. Casting of deck slab.

Figure 7. First stage of prestressing for the spliced girder.
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The water content w can be expressed as the sum
of the evaporable water we (capillary water, water
vapor, and adsorbed water) and the non-evaporable
(chemically bound) water wn (Mills 1966,
Pantazopoulo & Mills 1995). It is reasonable to
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relative humidity, h, degree of hydration, αc, and
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= age-dependent sorption/desorption isotherm
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concrete (Xi et al. 1994). However, in the present
paper the semi-empirical expression proposed by
Norling Mjornell (1997) is adopted because it
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girders. It will make longer spans possible for I-type
PSC girders and economically very competitive
against other types of girders such as steel box
girders in Korea.
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