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ABSTRACT: In most national codes and provisions duration of bridges is at least 50 years.
Some bridges which were built before 1970s either in Europe or Japan or the US have been
designed with little or with no any consideration for seismic demand. Majority of these bridges
were supported by reinforced concrete bents and pier walls that lack the ductility and strength to
resist earthquakes. Meanwhile strong motion earthquakes have revealed all vulnerable places on
each of those bridges if built in seismically active regions. After the 1971 San Fernando
earthquake the US started several seismic retrofit programs. Retrofit programs in the 1980s
included the first use of isolators on bridges and a program to retrofit single-column bents.
These programs were greatly accelerated after the 1989 Santa Cruz (Loma Prieta) and 1994
Northridge earthquakes. After the 1994 Northridge earthquake it was observed that no serious
damage would have occurred if the previous retrofit program had already been implemented.
Japan also started similar programs, especially after the 1995 Kobe earthquake. Europe and Asia
may not be out of this global problem and must have own retrofit programs not only for
buildings (partly given in Eurocode 8, Part 3: Assessment and retrofitting of buildings, EN
1998-3:2005) but for bridges as well.
Some solutions for retrofitting the abutment, bent and column of concrete bridges recommended
in these programs as well as some recommendations and comments made by authors will be
presented in this paper.
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INTRODUCTION

The vast majorities of bridges have short spans (6-18 meters) to medium spans (18-90 meters).
A bridge with short spans may be built with timber girders or with a concrete slab
superstructure, whereas a bridge with medium spans is often built with either steel girders or
precast concrete girders or cast-in-place box girders. Bridges generally consist of two structural
components: a superstructure that includes the elements above the support and a substructure
that includes the elements that support the superstructure, Fig. 1.
Considering the bridge's longitudinal and transverse load paths is of a great importance in
understanding its behavior during earthquakes (Causevic et al. 2003). During an earthquake, the
longitudinal and transverse load-carrying systems of cast-in-place girder bridges and premanufactured bridges function differently. For instance, bent caps are part of the substructure of
pre-manufactured girder bridges, whereas they are usually part of the superstructure in cast-inplace girder bridges, Fig. 1. This means that, during an earthquake, the cast-in-place
superstructure can resist the longitudinal and transverse column moments in shear and bending,

whereas the pre-manufactured
manufactured girder bridge must rely on special devices
devices to transfer the seismic
forces between the superstructure and substructure.
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Figure 1. Superstructure and substructure components of cast-in-place
cast place girder bridges (left) and pre
manufactured girder bridges (right).
(right)

European bridges are nowadays designed according to the part of EN 1998-2:2005
1998 2:2005 (Eurocode 8,
Part 2, 2005) that pertains to bridges, while the design of the US highway bridges is based on
the Load and Resistance Factor Design "LRFD" Bridge Specifications (AASHTO 1998).
A bridge may be replaced by a new earthquake resistant bridge or improved by strengthening
the deficient components. These components are usually concrete columns which have
unsatisfactory confinement and poorly developed
developed inadequately lapped longitudinal
reinforcement. The decision to replace or retrofit a bridge is dictated by the age and condition of
the bridge, its importance, and its retrofit cost in comparison to the replacement cost. Generally,
retrofit is an acceptable
table option if the total cost, including non-seismic upgrading costs and
installation of protective devices for controlling the seismic response, does not exceed about
60% of the replacement cost.. In California, it has often been found less expensive to design a
bridge so that it does not collapse in a high intensity earthquake – usually one standard deviation
from the mean Maximum Credible Earthquake (MCE) – than to design the bridge so that it
remains in service for the MCE.
An accepted retrofit strategy is the use of ductile components in the lateral load path that act as a
fuse. An accessible element in the load path can be designed to undergo large deformations,
thereby preventing the transfer of excessive seismic forces to other critical elements that
tha are less
accessible and more expensive to repair. Allowing plastic hinges to develop in the columns and
using isolation bearings are two examples of this strategy.
One good example for seismic retrofitting of a continuous prestressed reinforced concrete
bridge is presented by Caterino et al (2014) being sporadic single but not organized attempt for
seismic rehabilitation of old bridges and viaducts in Europe.
2 RETROFITTING AS THE CONCEPT
Much research and testing has been done on reinforced concrete columns
column with steel or
composite casing. The ultimate and the most important test is how well these retrofits perform
during earthquake. After the 1994 Northridge earthquake (Housner and Thiel, 1995) it was
observed that no serious damage would have occurred on structures
structures (and details) if previously
the retrofit program had been implemented. The best retrofit measures are simple, easy to
construct, inexpensive and dependable. Some examples of a good retrofit concept, in which
simple and easy to construct retrofit measures are implemented, are presented in Fig. 2 and Fig.
3. More than 600 meters of the expressway collapsed in the Fukae section, Fig. 2 left, during the
Great Hanshin (Kobe) earthquake (Iwasaki, 1995). A total of 635 meters have now been

reconstructed, with the weight of the superstructure being reduced by adopting dual 9-span
9
continuous steel deck box girder bridges.
PC Gerber girder bridge

9-span continuous steel deck box girder bridge

Figure 2. Retrofit of the Fukae section on Kobe Route expressway after January 17, 1995, The Great
Hanshin (Kobe) Earthquake.
Earthquake

Loads on the existing foundations have been cut down by introducing base isolators that can
absorb seismic forces. The columns are now composed of reinforced concrete
con
and their
transverse width has been almost doubled to 6 meters to increase earthquake
quake resistance.
resistance
Fig. 3 presents the continuous 686 meters Benton section. Instead of previous 2 or 3-span
3
continuous non-composite
composite plate bridge, the steel piers and girders
ders of the 19-span
19
continuous
new bridge have been designed to form a rigid frame.. Base isolators have been placed at the
bottom of the piers, the world first use of such system for road bridges.
2- or 3-span
span continuous non composite plate girder bridge

19-span continuous rigid frame bridge with steel deck

Figure 3. Retrofit of the Benton section on Kobe Route expressway after January 17, 1995, The Great
Hanshin Earthquake.
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3.1

MEASURES
Abutment

Very little research has been made on abutment retrofits.
retrofits. To avoid the situation like in Fig. 4
anchoring an abutment to the surrounding soil to increase its stiffness and damping effects could
be implemented. Fig. 5 presents a waffle approach slab that is used to increase bridge stiffness
in the longitudinal direction.
irection. The slab indentations increase friction and the piles provide
additional stiffness. A similar strategy is to construct baffles along the backwall to provide
additional resistance for the abutment in the transverse direction.

Figure 4. Sliding displacement
isplacement of a bearing device of bridge superstructure and inclination (damage) of
reinforced concrete pier wall, Ashya Seaside Village in Kobe, the 1995 Kobe earthquake.
earthquake

16″ CIDH piles

Figure 5. Retrofit with waffle approach slab on piles.
piles

For seat-type
type abutments, a retrofit to restrain the longitudinal movement of the superstructure
and prevent unseating during an earthquake may be constructed with longitudinal anchors into
the embankment. Fig. 6 presents longitudinal anchorage systems with a buried "deadman"
installed to prevent excessive movement of the superstructure.

Existing Roadway
Surface

Existing
Abutment
Reinforced Concrete
Deadman Anchor

Figure 6. Retrofit to prevent excessive longitudinal movement of the superstructure.

Fig. 7 shows a retrofit to limit both transverse and longitudinal movement of the superstructure
at a seat-type
type abutment with bearings. Additional reinforced concrete is cast around the existing
abutment to provide transverse restraint. Timber blocks between the superstructure and the
backwall lessen the potential dynamic impact and immediately engage the soil during an
earthquake.
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Figure 7. Retrofit to prevent excessive longitudinal movement of the superstructure.
superstructure

The longitudinal movement of a superstructure can be limited by installing cable restrainers
between the superstructure and the abutments or piers, Fig. 8. The cable should be designed and
installed with proper slack to allow thermal movement while preventing excessive longitudinal
movement during an earthquake.

Figure 8. Longitudinal cable restrainer, bumper, and tie.
tie

3.2

Bent

A popular retrofit for deficient single-column
single
bents or pier walls is to build a new outrigger bent
cap with two new pile shafts,
shafts, Fig. 9. This retrofit is also used when the existing pile or shaft
foundation is in a potentially liquefiable soil. This retrofit
retrofit may also be useful when a column
retrofit alone cannot provide adequate displacement capacity to resist a design earthquake.
Infill walls provide increased strength and stiffness in the transverse direction for multicolumn
bents. Such walls are often used
sed when a column retrofit alone does not provide enough capacity
in the transverse direction. In fact, column casing may occasionally be used to provide the
needed longitudinal capacity while an infill wall is provided for transverse capacity, Fig. 10.
Infill
fill walls are built by installing dowels into the existing concrete, placing reinforcement
between the columns, and casting new concrete around the reinforcement.
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Figure 9. New outrigger bentt near a deficient existing pier wall.
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Figure 10. Infill wall retrofit.

3.3

Concrete columns

A column retrofit may remedy one or more deficiencies such as a short lap splice, inadequate
shear and/or flexural capacity, or insufficient confinement. Fig. 2 and Fig. 11
1 present an
example where deficiencies and lack of appropriate detailing for concrete columns in seismic
areas caused column failure. Practical and effective retrofit measure to provide confinement and
prevent a lap splice failure of the main column reinforcement in general is presented in Fig. 12.
1
The level of confinement may be adjusted by tie spacing and post-tensioning
post tensioning force in the ties.
A more
re popular retrofit measure for concrete columns is to provide a metal shell around the
column, where the space between the shell and the column may be grouted, Fig. 13.
1
4

ADVANTAGES OF PRESENTED
PRESEN
TECHNIQUES

The best retrofit measures are simple, easy to construct,
construct, inexpensive and dependable. For
example, the
he weight of the superstructure can be reduced by adopting dual continuous steel deck
box girderss instead of plates. Loads
L
on the existing foundations can be cut down by introducing
base isolators that can absorb
bsorb seismic forces.
forces The
he steel piers and girders of the bridge can be
designed to form a rigid frame where the base isolators can be placedd at the bottom of the piers.
piers
Timber blocks between the superstructure and the backwall lessen the potential dynamic impact
and immediately engage the soil during an earthquake. The longitudinal movement of a

superstructure should be limited by installing cable restrainers between the superstructure and
the abutments or piers.

Figure 11. Concrete column failure caused by ductile detailing problems of the Fukae section Kobe Route
expressway after January 17, 1995, the Great Hanshin (Kobe) Earthquake.
Earthquake
Reconstruction of reinforced concrete piers

Figure 12. Post-tensioned
tensioned ties to improve confinement.
Strengthening steel piers by
infilling with concrete

Figure 13. Composite column.

Strengthening reinforced
concrete piers
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CONCLUSIONS

Due to the infrastructure's increasing decay, frequently combined with the need for structural
upgrading to meet more stringent requirements against seismic loads, structural retrofitting is
becoming more and more important and is given today considerable emphasis throughout the
world. In response to this need, permanent theoretical and experimental research in seismic
design of bridge structures as well as studies on the consequences on bridges after strong
earthquakes in order to understand better retrofitting of bridges is more like a process. The latest
event on this issue in the US was the Annual Meeting in February 2004 in Los Angeles (theme:
ten years after Northridge) organized by the US Earthquake Engineering Research Institute.
Similar attitude how to cope with earthquakes as far as bridges are concerned is developed in
Japan. Europe may not be out of this global problem and must have its own retrofit program not
only for buildings (Eurocode 8, Part 3: Assessment and retrofitting of buildings, EN 19983:2005) but for bridges as well. In this sense the coming European research frame HORIZON
2020 is the opportunity for creating seismic retrofit programs for bridges.
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