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Assessment of Sensitivity of an Arched Steel Bridge to Imposed Differential
Displacements due to Soil Liqgue  faction

Vasiliki Kaymenaki

Supervisor: Charis Gantes, Dr. Civil Engineer, Professor N.T.U.A
Co-supervisor: Isabella Vassilopoulou, Dr. Civil Engineer

ABSTRACT

The present diploma thesis deals with the assessment of the response of an arched steel bridge to
imposed differential displacements and rotations due to soil liquefaction. A new design foundation
method is investigated, including the use of shallow foundation and the exploitation of liquefied soil
layer as natural seismic isolation. The advantages of the above method include the reduction of
seismic forces acting on the superstructure and the significant decrease of the foundation cost, due to
the elimination of the piles, which is of the most common solution in such cases. Nevertheless, the
most important disadvantage of this innovative foundation method is the large displacements and
rotations that are expected to develop at the bottom of the pier. The aim of the diploma thesis is to

define the acceptable limits of displacements and rotations so that no collapse of the bridge occurs.

The bridge consists of two simply supported spans with theoretical length equal to 42 .00m, each. The
connection between the two spans is realized by a continuous reinforced concrete slab. The
theoretical width of the d eck is equal to 14.70m. The composite deck consists of two main and
seventeen transverse beams for each span. Each main beam is suspended by one arch with the use of
tie rods. The two arches of each span are interconnected with horizontal and diagonal bracing
members. The height of the arches is equal to 10.00m. The main and transverse beams, the arches
and the bracing members are made of structural steel. The pier consists of three circular reinforced
concrete columns, which are connected at the top with a concrete beam. The abutments are
considered as rigid due to their significant stiffness.

Nonlinear analyses are performed taking into account the geometric and material nonlinearity. The
nonlinear behavior of the concrete columns of the pier has been simulated by means of moment 1
curvature diagrams. Three load cases are considered including the self weight, the superimposed and
the imposed displacements or rotations. The response of the bridge is estimated during three different



periods, more specificaly at the end of each load case. The accuracy of the model is verified by
comparing the response of the bridge due to vertical loads, with the one of linear analyses conducted
with SOFiSTIK.

In the present diploma thesis, the response of the pier columns, the steel elements and the
elastomeric bearings is investigated. Nevertheless, the response of structural elements, which are
considered easily repairable or replaceable, such as the continuous slab and the expansion joints, is
not considered, as they do not add significant stiffness to the steel superstructure of the bridge and
the pier. It is possible for the aforementioned elements to reach failure at low values of the imposed
displacements and rotations, but they cannot cause collapse of the bridge.

After imposing the displacements and rotations at the bottom of the pier, the first group of structural
elements that reaches failure is defined and the tolerable limits of displacements and rotations are
specified. Also, damage indices are defined for each group. The longitudinal displacement is the most
hazardous as it takes the lower permissible value (almost 0.5m). The maximum transverse
displacement and vertical settlement that the bridge can sustain are quite large, approximately equal
to 2.5m, almost five times larger than the value of longitudinal displacement. The acceptable
longitudinal and transverse rotations, at the bottom of the pier, are equal to 0.025rad and 0.034rad,
respectively.

The analyses showed that the bridge can sustain large displacements and rotations, satisfying the
acceptable safety levels. The limits of displacements and rotations are deemed as sufficiently large in
comparison to anticipated soil displacements and rotations occurring in bridges, even in liquefied soil,
except of the longitudinal displacement which is the most critical.

The present diploma thesis is part odnovatiledDesigeafear ch pr
Bridge Piers on Liquefiable Soils with the use of Natural Seismic Isolatiordo wi t h pri nwoi pal i nve
Professor G. D. Bouckovalas. A part of this diploma thesis has already been presented at the 8" Greek

National Steel Structures Conference, in Tripoli, Greece,on 24 Oct ober 20 lA4sessmeitt h t it |l e
of Sensitivity of an Arched Steel Bridge toImpo s ed Hor i zont al ShealthoRofshe/ ac e ment
above paper are V. Kaymenaki, |. Vassilopoulou, C. J. Gantes and G. D. Bouckovalas.
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