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The cable-stayed bridges are the modern and increasingly effective variant on the suspension bridges, in which the
cables are anchored in the tower, rather than at the end. The cables may be attached in a radial pattern, extending
from several points on the deck to the top of the tower, or in a parallel pattern, in which they are attached to
different points on the towers. Of particular interest was the performance of the cable-stayed bridges in the Jan.
17, 1995, Hyogo-ken Nanbu Earthquake, which provided a full-scale test of tower response. The general aim of
this study is to investigate the nonlinear response of cable-stayed bridge towers subjected to seismic loading, to
show the more realistic modeling of the bridge tower structural behavior for understanding the performance of
cable-stayed bridge towers due to seismic excitations, and to follow the predictable behavior of the constructed
bridge, hence find present alternative solutions for the expected over structural excitation and enhance the seismic
performance by using smart materials and utilize new technology in the future design of bridge towers.

Recently, the construction of lighter, longer, and more slender bridges is enabled due to the developments in design
technology, material qualities, and efficient construction techniques in bridge engineering, Numerical parametric
study of the steel tower cable-stayed bridge has been conducted to investigate the dynamic behavior considering
expected vertical motion at tower base connection. The fundamental period of the steel tower is significantly
increased when base plate vertical motion taken into account through base foundation model. The loosening
of base plate and concrete due to vertical motion affects the tower dynamic characteristics, this effect becomes
more pronounced in case of more loosing of anchor bolts stiffness continuum. The base including the vertical
motion provides pronounced reduction in the reaction force and moment responses compared to the original tower
response, moreover the presence of vertical motion at both sides of column bases displays more effectiveness in
reaction force reduction and moment than its presence at one side. Base plate deformation has a great effect by
decreasing of anchor bolts stiffness.

High-seismic structural systems are configured to be capable of withstanding controlled ductile deformations to
dissipate energy as they undergo strong ground motions. Controlled rocking approach to seismic resistance al-
lows uplifting of base plates at the foundation while displacement-based steel yielding devices (anchor bolts) are
implemented at the uplifting location to control the rocking response. Allowing uplift effectively increases the
structure period of vibration, hence the controlled rocking system has an inherent restoring force that allows for
base connection self-centering following a seismic event. A discrete proposed base connection modeling repre-
senting material and geometrical nonlinear behavior of the base plate is developed in order to enhance rocking
effect of bridges by using viscoelastic material. Nonlinear contact of the bridge towers with the base plate and
concrete foundation has been demonstrated and its implementation in a finite element nonlinear analysis is pre-
sented. The nonlinear finite element dynamic analysis shows the bridge towers rocking influence tower seismic
response. The resulting dynamic characteristics of the physical base model including the bridge towers rocking
effect are significant different from this of tower structure rocking with its base foundation. The proposed base
connections with viscoelastic material is so effective in providing safety rocking for the bridge tower and elongate
its natural frequency.

A new challenge to the earthquake engineering community is to develop new technologies that could improve the
seismic performance of bridges; these new technologies consist of new construction materials (smart materials)
and protective systems. Theoretical, experimental and field evidences confirm the benefits of these cost-effective
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technologies and their potential to reduce earthquake losses in highway bridges, these technologies should be fur-
ther studied experimentally and analytically to enhance their seismic performance. Shape memory alloy material
concepts, to improve the bridges seismic performance, are suggested by providing base plate anchor bolts at the
tower base. The calculated results prove the effectiveness of using shape memory alloy anchor bolts in reducing
structural elements forces and control tower displacement for seismic design. The performance of cable-stayed
bridge tower base connections can be improved by introducing ductile damping connecting elements which will

enhance the seismic properties over conventional bolted connections. The effectiveness of the proposed SMA
anchor connection in the bridge tower is assessed comparing with the ordinary steel anchor connection, The SMA
connection effect on the responses of the bridge tower is presented. In addition, the results show the effectiveness
of the proposed SMA connection in decreasing the total energy absorbed by the tower structure compared to the
ordinary steel connection anchors. The shape memory alloy is more effective in reducing maximum displacement
at the tower top and it provides a large elastic deformation range in comparison with ordinary steel anchor bolts.
SMA anchor bolts have the ability to return to its original shape after cyclic loadings and therefore their resisting
performance remains the same to prevent plastic deformation and damage in the structural columns. SMA anchor
bolt effectiveness is mainly affected by its characters rather than its deformation.

The effect of the soil?structure interaction is noticeable especially for stiff and massive structures resting on the
relatively soft ground. When foundation soil is subjected to seismic ground motion its response is dictated by
the soil characteristic properties, the soil conditions and the characteristics of the earthquake. Two important
things that may distinguish the soil?structure interaction system from the general structural dynamic system are
the unbounded nature and the non-linear characteristics of the soil medium. Far-field ground motions are charac-
terized by low peak ground acceleration and high frequency, whereas near-fault ground motions have a high peak
ground velocity and long period pulse. Soil structure interaction effects could vary significantly according to the
characteristics of the near-fault earthquakes record, the scaling criterion and the seismic performance indicator
representing the soil structure interaction. The difficulties that typically arise in the analysis of soil?structure in-
teraction are often related to the soil rather than the superstructure. The soil component in the interaction problem
is often modeled as an elastic continuum, a spring system, or by a finite element model of the soil half-space.
Finite element approaches, on the other hand, can produce reasonably accurate solutions for a wide range of prob-
lems. Spring based solutions are often preferred as a compromise between accuracy and computational simplicity.
Soil ?structure systems associated with small elastic deformations of the foundations can often be solved with
acceptable accuracy using elastic-interaction-springs. Earthquake ground motion may significantly differ among
the support points, especially for long bridges, in terms of amplitude, frequency content and arrival time, thus
inducing under certain circumstances significant forces and deformations. An analytical approach to estimate the
seismic response characteristics and to predict the earthquake response of cable-stayed bridge towers accounting
for soil non-linearities has been developed. The supporting soil is decomposed to some concave bounded media,
with non-linear properties, and the unbounded medium representing the far-field soil zone. The finite element is
used to evaluate the unbounded soil?s reaction on the soil structure interface and to model the bounded media. The
results show the efficiency of the proposed approach in seismic analyses of the complex soil structure interaction
systems. The soil response is affected through the depth of the soil profile where it significantly decreases at the
excavated zone adjacent to the structure and slight decreases for the rigid soil in far field.
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