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Abstract
Nagiwaragawa bridge is a steel-concrete composite girder brilgenvin-situ concrete deck. By using this
bridge, a feasibility study of composite bridge with a pre-camcrete deck is carried out. The original
Nagiwaragawa bridge as well as a prototype bridge with a gsedeck based on Nagiwaragawa bridge
are analyzed with 3D finite element analyses. In theyagaa) special attention is paid for modeling of shear
connectors between the concrete deck and steel | girders. Tizal doad combinations were selected, and for
each load combination the bridge model was analf@eldoth ultimate and service load cases. ThedSlghear
studs along the bridge was plotted for two cases.
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Introduction

For rapid replacement of the deterioratedy using a commercial finite element package
concrete deck in steel and concrete composiielANA,[1] to investigate the load slip
bridges, the pre-cast concrete deck system lmhaviour of shear connectors along the bridge.
very attractive and easily applicable. BesideQnly half of the bridge is modelled due to the
the system can be applied to the newymmetry of the bridge as shown in Figure 2.
construction of composite bridges with wideThe FEM model for in-situ cast deck is
spanning bridge deck. This system can bmodified into a bridge with pre-cast concrete
applied especially to construction sites in the&leck. The stiffness for the shear studs of the
mountains, sea, and crowded cities. The pre-caSEM model was determined from a push out
deck system needs minimum framework angkst
hence is economical. Further more, this system
can minimise traffic interference  while pesign consideration
replacing a deteriorated concrete deck of a
bridge in a city. The shear stress along the bridge is not

The shear connectors between a concretghiform and accordingly the shear stud
deck and steel I-section play a very importandistribution varies along the bridge. In the
role in keeping the structure as a compositgriginal model (in-situ caste system), the shear

beam. studs have been distributed uniformly along the
. . bridge as shown in Figure 3. For this
Nagiwaragawa Bridge arrangement, instead of changing the shear stud

distribution, the stiffness of shear studs has been

The length of Nagiharagawa Bridge ischanged according to the shear load variation
about 229m and it supports vertically at twoglong the bridge.

abutments and four intermediate piers as shown
in Figurel.

Nagiwaragawa bridge is constructed with
an in-situ caste deck. This bridge is modelled
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Figure 1. Schematic diagram of Nagiharagawa Bridge

When transferring the original bridge
model into a bridge with pre-cast deck systernr
the shear stud distribution in the original mode
should not be used. In a pre-cast concrete de
panel, shear pockets are placed at an interval
500mm to fix a group of shear studs in it a:
shown in, Figure 4.Because the shear
connectors are removed between the she
pockets, the number of shear connectors in
shear pocket should be increased. To simula
this situation, the shear connectors in certai

La 2l

\

Connectors

Plan View

places have been disconnected and the stiffnesgyure 3. Bridge with in-situ caste concrete

of remaining shear studs have been increased

deck

the original model, in such a way that the

remaining shear studs can represent the group
shear connectors in shear pockets. Overall 40
of shear connectors are removed from th
original model.

Figure 2. The end of the FEM model of the
Nagiwaragawa bridge
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Figure 4. Bridge with pre-caste panel concrete
deck

Design parameters

The compression strength of concrete is
taken as 36 N/mfm The modulus of elasticity of
concrete is 3.0xTON/mn¥. The poison ratio of
the concrete is 0.2. The young modulus and the
poison ratio for steel girders are 2.0XNmn?
and 0.3 respectively.
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Figure 5 Push out test resu

Stiffness of the shear studs have taken from the two line elements as shown in Figure 6. The

push out test and a result of the push out test aengation of the spring is equal to the slip

shown in Figure 5. between the concrete slab and steel I-section at
the location of the spring.

Load cases and critical points of the bridge

The shear connectors near the bridge end and

the interior support P1 are subjected to higher

shear forces compared to others. Therefore, two

load combinations have been selected. One load

combination produces the highest shear force

for the shear connectors at the bridge end, while

the other load combination produces the highest

shear force for the shear connectors near the

interior support P1l. Under each load

combination, the bridge has been analysed for g g

the ultimate and service load cases.

Modelling of shear studs
The shear studs are the elements, which
combine the concrete slab with the steel I-
sections of the bridge. Therefore, the shear stu :
should be modelled in such a way that the S"g?esults of the analysis
between concrete slab and steel I-section can be
E‘neaesurgebé?] urr]r?oe(;ell(ljeac? cases. -I;\Tli Sg?f";‘er suﬁjsﬁng DIANA. The obtained slip of shear studs
av using frerent as plotted along the bridge for each load case
elements. The shear stud is composed of tmg)

line elements and a spring element combiningS shown in Figure 7 - Figure 10.

Figure 6. Shear stud model with a spring.

The slip of the shear studs was determined
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Figure 7: Slip of shear studs along bridge undericeload, when shear force near Al is critical
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Figure 8: Slip of shear studs along bridge undéimaite case, when shear force near Al is critical
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Figure 9: Slip of shear studs along bridge undericeload, when shear force near P1 is critical
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Figure 10: Slip of shear studs along bridge undtenate load, when the shear force near P1 is
critical
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The summary of the numerical results for
critical slip values is tabulated in Table 1.

Table 1. Summary of critical load and critical slip

Correspond
Maximum ing load
Slip (mm) over the

Shear stud
Service
Over the load case 0.08 2667
abutment Ultimate 0.08 26.67
load case
Over the  Service 0.21 70.00
first load case
interior Ultimate 0.38 105.71

support load case

Summary

According to numerical results of the
analysis, the shear studs are safe under both
service and ultimate load cases.

The shear force near the support is high and
hence the number of shear studs in a shear
pocket is high near the supports. It is impossible
to accommodate a large number of shear studs
in one shear pocket. Therefore, it is
recommended to use in-situ cast slab only at
places where shear force is high.
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