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ABSTRACT

This paper describes the fintte-element modeling philosophy emploved for the
analysis of a long span bridge constructed using prestressed composite girder
technology. The structure has been in service since late 1970°s, and has
innumberable visible shear cracks onginating near the supports. The present
investigadion has been under taken in order to identify the possible mechanisms
for the shear cracks. The ABAQUS finite-element package is used to simulate
and 1dentify the possible mechanism for the shear cracks under dead and live load
(traffic load). The results obtained from the finite-element analysis are evaluated
and the effectiveness of the model is assessed by comparison of the crack pattemns
of the numerical results and the observations. Some conclusions are made on the
cracking mechanisms,
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INTRODUCTION

There are more than 100 bridges in Jordan and approximately 30% of them need to be reparad.
Cracks are the basic signs showing distress i most long span bridges constructed using
prestressing  technologv. an& understanding the cracking mechanisms help engineers to
dragnose bridge probtéms. n: many cases. those structures are constructed by post tensioning
together pre-cast girder cross-sections. For exampie. there is longitudinal post tensiorung in the

iop and bottom slab over the support and mid-span respectively, also a (ransverse post
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tensioning in the top of the deck. Shear strength, as designed, is provided by the concrete and
shear reinforcement. Such composite sections have been shown to provide excellent stability
during construction and in service period due to their high torsional ngidity (6). Design of
joints between segments is the key technology to ensure high torsional rigidity. A typical
design is to use shear keys which provide shear strength and guarantee the segments to be
locked into place. However, due to the geometrical profile of the bridge, there will be stress
concentration near the support under dead and live loads. This gives a major reason of crack
propagation near the support of the bridge.

The Sport City Bridge, shown in Fig. 1, is one of the examples with severe cracks near the
support. This is a 313m, continuous post tensioned bndge built in the late 1970°s. The
structure started showing signs of distress very early in its service life and numerous shear
cracks have been developed in the web (2). Fig. 2 shows a cracking pattern which gives out a
general idea of the crack propagation which has occurred in the middle span of the bridge. The
figure shows that extensive cracking was observed near pier 5, and the severity of the cracks
reduces towards the center of the span. The maximum crack may open as large as 0.1 to 0.3mm
according to our measurement. Almost no crack can be found near the middle of the span. The
most severe cracks are located near the piers. The observed crack pattemns are relatively
unusual for such post-tensioned bridge, which is supposed to have a very high torsional rigidity
(7). In this paper, a three dimensional finite element mode! using the finite element program

ABAQUS is presented. The cracking mechanism is analyzed based on the model.

FINITE ELEMENT METHOD

The finite element is a useful tool for the analysis of problems with complex geometry, matenal
properties, and boundarv conditions. The technique can produce comprehensive and reliable
results if the method is used correctly. It is much cheaper than a full-scale experimental testing.
An accurate model to simulate the actual structure is necessary in order to accomplish a
successful analysis.

The commercial muliipurpose finite-element software package ABAQUS (1) is employed in

this research. In the finite-element models described herein, both geometrical and matenial
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nonlinearities are considered. These nonlinearities tend to create formidable computing
requirements since dense meshes of brick elements must be used to properly model localized
instabilities that occur in conjunction with global instabilities. both of which are inelastic n
nature.

ABAQUS is widely recognized as being a very appropriate tool for use in structural analvsis
problems involving a high degree of geometric and material nonlinearity. The pre- and
postprocessing work was achieved by ABAQUS/CAE verston 6.2, which is an additional
module written to enhance ABAQUS. 1t is a graphical user interface program that ailows user
1o execute a finite-element analysis process from start to finish. The FE model can be viewed
and checked interactively and the results (stress, displacements, efc) can be visualized

graphicaily.

FINITE ELEMENT MODEL

Several finite element models {5 spans. 2 and half spans and half spans) have been sirﬁulated i
order 1o reach different goals (eigenvalue analvsis, crack propagating simulation). In this paper.
to understand the cracking mechanism of the bridge, one interior span between piers 4 and 3 has
been modeled, (Fig. 1}. The model has artempted to simulate the bridge as realistic as possible.
The cross sectional dimensions of the bridge middle span shown in Fig. 3. which faken from the
design drawings, were used to build up the FE model. Post tensioning tendons and their
corresponding prestressing forces are introduced by incorporating reinforcing element (rebar
elements, ABAQUS library). By making use of symmetry in loading and geometny. only
quarter of the interior span need to be modeled in order to reduce the computational time (Fig

4). The boundary conditions on the planes of symmetry have been applied as follows: the nodal
displacement perpendicular to the plane of symmetry is restrained while the two remamning
translational degrees of freedom are free: the nodal rotation perpendicular 10 the plane of
symmetry is free Whilfl: the two remaining rotational degrees of freedom are restrained. To
model the bridge. eight-nodes linear 3D brick element were utilized. These elements are of type
C3D8 in ABAQUS terminology. Rebar elements were used to model the steel. The model has

been discretized into 6120 brick element and more than 10000 rebar elements. The material
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properties used for the model were determined from the engineering stress strain-curve. The
incorporation of material nonlinearity in an ABAQUS model requires the use of the true stress
(Oure) versus the logarithmetric plastic strain (o7') relationship. This must be determined from

the engineenng stress-strain relationship using:

T e = O (1+Ew)....................l
[ _ o-rrw
el —In(l+sms)——E— ................ 2

in which 0., is the engineering stress; and Eeg is the engineering stran (HKS 2002).

Table 1; Material Properties for the Bridge

Concrete Prestressing Tendon

Young's modulus: 327 kN/mm? Young's modulus: 195 kN/mm?

Poisson ratio: 0.2 Density: 7.5x10° kg/m’
Density: 2.45x10° kg/m® Prestress: 2226kN for 12 strands
Yield stress: 35.5N/mm’ Strand diameter: 15.7mm

Failure stress: 47.5N/mm’

Strain failure: 3x10°

INVESTIGATION OF CRACK PROPAGATION

Initial Contact Model

In order to detect crack initiation and propagation, a simple cracking criterion is used. This
criterion states that a crack forms when the maximum principle tensile stress exceeds the tensile
strength of the brittle material. In the finite element model, both Mode 1 and Mode I1 fracture
are taken into consideration by using brittle cracking model provided in ABAQUS-Explicit.
For the case considered in current analysis, the post failure stress strain relationship shown n

Fig. 6 was adopted. Although the strain at failurc in standard concrete is typically 10~ the



Mansoura Engineering Journal. (MEJ). Vol. 28, No. 3. September 2003. C. 2l

value used as tension failure strain of the concrete in our computation is 107, This value based
on the fact of the reinforcement of the bridge

As a first step of the finite element simulation, a nonlinear coninuum analvsis was carried oul
for the modet to estimate the magnitude of superimposed live load required for anv elemém of
the structure lo reach a failure stress of 47.5 MPa. A uniformb- distributed load was placed on
top of the deck. which has a surface area of approximately 89.dm’ i was found that for such a
[atlure 10 occur a superimposed live load of 162 tonnes. is needed (o be applied over thus surface
area. with an average pressure of 18.98kN/m’°. which is a ven high value for anv traftic
conditions. Moreover. the direction of the principal stresses obtained in the web does indicate 1l
the concrete is week enough. which shows that it maybe possible for a crack to propagale n a
pattern similar to those observed at site. Figs. {0 & 11 show the shear stress distribution on the
bridge deck. The stress concentration is similar to the cracks intation and propagation in the
bridge. The cracks inmfiate at the web keep going up passing mid-depth of the bridge  Although
the location of the cracks is similar 1o what was observed on the bridge. the simulated results
are different from the actual situation. and, as mentioned above. the supposed supernimposed hive
loads 162 tonnes would never happen on the bridge. This means that in order 1o correlate the
observed cracks of the bridge. there is still something hidden behind. and the above intact
model needs 1o be modified. By noticing the crack plot shown in Fig. 2. it is a reasonable
assumption that initial weakness or even tinv cracks may have happened near the shear kevs

close 10 the support. This gives us the following modified weakened model.

Modified Weakened Mode!

The aim of this model is to develop a FE model for the bridge. which exhibits a behavior
{cracks partern) similar to that in practice under super imposed live load (traffic loading). In
this model it was assumed that several elements near the shear kevs close to support (pier 3)
have been weakened and the tensile strain in the concrete at failure is reduced into half of the
original. i.e.. 0.0003. Fig. 9 shows the results of this model under the superimposed live load as

mentioned above. The cracks resulting from the shear strain under this assumption are much
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closed 10 the practical situation. However. the maximum overloading decreases to 142 tonnes,
9% tower than the previous intact model.

The load deflection plot for a point 2.3m from the support for both models (initial and modified
weakened model) is shown in Fig. 7. The shear sirain for these two models are compared in
figs. 8 & 9. The starting deflection of 17.3mm on the load deflection plot represents the
deftection due to dead load and prestressing forces. It can be seen that until point 1 on the load-
deflection curve. the curves are identical and there is no difference between the initial model
and the weakened model. However. as the loading progresses a sigruficant difference develops
in the elements that crack. The ultimate superimposed load carrying capacity of 16.16kN/m’
and 18.98KN/m® shown in Fig 7 are points beyond which the solution would not converge

anymore.

CONCLUSION

Based on the results of initial model. such severity shear cracks should not have happened on
this type of girder bridges. whose design strength lies in high torsional rigidity. The possible
reasons for the current cracks may be related to the initial weakened regions near the support
{around shear keys) where high shear stress takes place. The cracking propagation diagrams
showed in the modified weakened model give the support of this assumption. Another possible
reason for shear cracks may be the fatigue due to traffic loading It is therefore necessary to
monutor the crack growth of a few significant cracks and estimate if fatigue may have played a
key role. The Finite-Element method and the monitoring system will play a svmbiotic role
complementing each other. While results from the FE stmulation can help in identifying the
tocations to monitor. data generated from the field will help in calibrating and updaung the
model from time to time.

It can be concluded that. FE modeling. with swtable material models. can be used to accurately
predict the behavior of composite long span girder bridges. The major features of a FE method
of analvzing such bridges have been shown. The major nonlinear features of the bridge are

successfully captured.
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Fig. 4 3D Finite element model
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Fig. S Deflected shape of the bridge under dead & traffic loads
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Fig. 9 Plastc shear strain disttibution "modified weakened model”
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Fig. 10 Shear strass distribution, 3D view

Fig. 11 Shear stress distribution, side view




