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REZUMAT.  Reabilitarea podurilor şi viaductelor existente constituie o provocare pentru ingineri, datorită constrângerilor impuse de 
geometria şi materialele existente. Dispozitivele de izolare seismică şi de disipare energetică pot fi utilizate cu succes de către 
ingineri, obţinându-se raporturi cost-beneficiu favorabile. Folosirea acestora pentru reabilitare a început în Italia în 1986 şi, de 
atunci, FIP Industriale a produs mii de astfel de dispozitive pentru a reabilita poduri şi viaducte – nu numai în Italia, ci şi în alte ţări. 
 
Cuvinte cheie: pod, viaduct, reabilitare, izolare seismică, disiparea energiei.  
 
ABSTRACT. The retrofit of existing bridges and viaducts often represents a challenge to engineers because of the constraints 
imposed by existing geometry and materials. Seismic isolation and energy dissipation devices can be a powerful tool in the hands of 
engineers to retrofit bridges with a favorable cost-benefit ratio. In Italy, the use of seismic isolation and energy dissipation devices 
for retrofit purposes started in 1986. Since then, FIP Industriale has produced thousands of seismic devices of different types to 
retrofit bridges and viaducts - not only in Italy but in other countries as well.  

 
Keywords: bridge, viaduct, retrofiting, seismic isolation, energy dissipation. 

 

1. INTRODUCTION 

For the last three decades, seismic isolation and 
passive energy dissipation technologies have undergone 
great development, finding many applications in both 
new and existing conventional bridges as well as major 
structures like suspended and cable-stayed bridges. A 
recent example in Europe is the Rion-Antirion cable-
stayed bridge in Greece, where the largest fluid viscous 
dampers ever built were applied to control the 
transverse movement of the bridge deck during strong 
earthquakes [Infanti et al, 2003 a; Infanti et al., 2003 b]. 

The use of seismic isolation and energy dissipation 
devices in the seismic retrofit of bridges started very 
early – in the 1980s – due to the relative ease in sub-
stituting bridge bearings with seismic isolators [Skinner 
et al., 1993]. This paper summarizes the experience of 
FIP Industriale in bridge retrofits using seismic isolation 
and energy dissipation devices. 

2. ITALIAN SEISMIC ISOLATION SYSTEMS  
FOR BRIDGES 

Seismic isolation and energy dissipation devices have 
been used in Italy since the seventies for the seismic 
protection of different structures, and in particular bridges 

and viaducts. Hence, Italy soon became the country 
with the largest number of seismically isolated bridges 
(over 150 bridges and over 100 km of seismically 
isolated bridges by 1992 [Skinner et al, 1993]). Since 
the late eighties, Italian seismic devices have been applied 
in other countries too – ranging from European and 
Mediterranean seismic-prone countries to Bangladesh, the 
USA to Azerbaijan, and South-America to South Korea. 

The isolation systems developed in Italy for use in 
bridges were those offering large amounts of energy 
dissipation through strong non-linear behavior. In effect, 
in the overall evaluation of a bridge seismic protection, 
the main goal is to reduce seismic forces as well as deck 
movements, providing a solution to the need to minimize 
expansion joints and bearings' stroke and resulting costs 
thereof. Thus, in order to reduce both stroke and force, a 
solution has been found in high damping devices (more 
than 30% of equivalent viscous damping) and in parti-
cular, strongly non-linear devices such as steel hysteretic 
dampers (alone or combined with sliding bearings in 
single units), based on the yielding of metals, exhibiting 
an elastic-plastic behavior that can limit the forces 
transmitted to piers (Figure 1), or non-linear viscous 
dampers. More detailed description of both these types 
of devices is given in the following paragraphs. 

Elastomeric isolators, both utilizing high damping 
compound or lead cores, are also used in Italy as well as 
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other countries. However, their use in bridges and 
viaducts is usually limited to those cases where the deck 
comprises many beams, i.e. the vertical load on each 
bearing is not that great and the site seismicity level is 
not very high. 
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Fig. 1. Typical force vs displacement experimental curve of tapered 
pin shaped (left) and crescent moon shaped (right) steel hysteretic 

dampers. 
 

Other types of seismic devices have also been used 
in Italy [Castellano & Infanti, 2005]. 

2.1. Steel hysteretic dampers 

These devices are constructed using metallic elements 
of various shapes made of high ductility steel. For the 
most part, they are based on flexural yielding. Even 
though the first steel hysteretic dampers in the world 
were used in the South Rangitikei viaduct, in New 
Zealand [Skinner et al, 1993], the country in which they 
have found the widest development and application is 
Italy. 

Amongst the many different shapes of steel hysteretic 
dissipating elements developed by FIP Industriale, the 
most widely used are (Figure 2): 1) crescent moon 
elements; 2) tapered pin or double-tapered pin elements; 
3) X-shaped or butterfly elements (similar to the ADAS 
elements applied in USA mainly within braces in 

framed buildings, while in Italy they are usually applied 
at abutments in bridges). 

 

  
 

 
 

Fig. 2. Tapered pin (left) and crescent moon (right) elements 
under testing. 

 
Once the shape of the element and its correct size 

are selected according to design displacement, the steel 
dissipating elements are so arranged as to achieve the 
required function (uni-directional or multi-directional) 
depending on where they are to be installed. The required 
maximum force, elastic and post-elastic stiffness of a 
steel hysteretic damper are obtained by setting the 
proper number of dissipating elements working in 
parallel. This provides the advantage of redundancy: 
i.e., any defect in one or more elements does not put a 
seismic device out of service. 

Steel hysteretic dampers in bridges are usually 
combined with sliding bearings to create a seismic 
isolation system. This combination is often used in a 
single device or isolator, comprising (Figure 3): 1) a 
free-sliding (or uni-directional, if so required by the 
bearing system) PTFE bearing (pot, spherical or 
elastomeric) that serves to transmit vertical loads and 
allow rotations and horizontal movements; 2) a series 
of steel dissipating elements to control horizontal actions 
and dissipate energy (these elements are arranged around 
the bearing to ease inspection). A large amount of 
experimental data on the behaviour of isolators of this 
type can be found in [HITEC Ed., 1998]. 

When necessary, shock transmission units (STUs) 
are also combined with steel hysteretic dampers to 
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handle significant thermal movements. STUs are 
inserted between the moving portion of the structure 
and the steel dissipating elements, in series with the 
latter. The resulting devices allow slow movements under 

service conditions without activating the dissipating 
elements, while under earthquake excitations the STUs 
lock, transmitting the force to the steel dissipating 
elements. 

 

 
 

Fig. 3. Sketches of a sliding isolator with crescent moon (left) and tapered pin (right)  
dissipating elements. 

 
Sometimes, sacrificial restrainers are also used. These 

are designed to resist service loads and fail during a 
design earthquake, thus allowing the steel hysteretic 
dampers to work properly [Castellano et al., 2001]. 

The aforesaid combination of steel hysteretic dampers 
and sliding bearings has become known as “the Italian 
approach to seismic isolation” because it was developed 
by Italian manufacturers of seismic devices and was 
applied in hundreds of bridges - first in Italy and then 
all over the world, since the 1980s. 

Intrinsically, crescent moon steel hysteretic elements 
exhibit uni-directional behavior (Figure 2 right), but can 
be arranged in different ways to create dampers with 
multidirectional behavior. An outstanding application 
of this type of dampers to retrofit bridges is the one in 
the approaches of the Granville Bridge in Vancouver, 
Canada, where 157 dampers were installed both in 
longitudinal and transverse directions, with horizontal 
forces ranging from 130 to 220 kN and design 
displacements of ± 152 mm. Isolators with this type of 
steel hysteretic elements were also used in the retrofit of 
an offshore oil platform [Infanti et al. 1997] 

Tapered pin steel hysteretic dissipating elements can 
be of two types: single, i.e. a cantilever type element 
(Figure 2 left) or double, equivalent to two single pins 
in series. Their main advantage resides in their intrinsic 
multi-directional behavior (in the horizontal direction, 
of course). Shaking table tests have been carried out on 
a full-scale tapered pin element to fully validate its 
seismic behaviour [Castellano et al., 2001]. A main 
example of application of double tapered pin steel 
hysteretic dampers is the Bangabandhu (Jamuna) Bridge 
in Bangladesh [Castellano and Cestarollo, 1999]. 
Isolators equipped with double tapered pin type 
elements were used in the retrofit of the Marquam 
Bridge, Oregon – USA (see chapter 8 below). More 
than 1100 isolators with tapered pin elements have been 

recently installed in the new viaducts of the Caracas-
Tuy Medio Railway [Pérez et al., 2001 a , Pérez et al., 
2001 b]. 

2.2. Fluid Viscous Dampers 

Fluid viscous dampers are axial devices whose force 
is proportional to velocity, whether linear or not. The 
hydraulic circuit connecting the two chambers in which 
the cylinder is divided by a piston head, as well as the 
fluid and the geometric design of the dampers, are 
different depending on the manufacturer [Soong & 
Dargush, 1997]. The hydraulic circuit usually consists 
of orifices in the piston head or relief valves. 
Consequently, the force vs. velocity relationship  
F = C⋅vα of fluid viscous dampers also varies with the 
manufacturer, the exponent α usually ranging from 0.1 
to 1. In the last few years, viscous dampers manu-
factured by FIP Industriale have undergone major 
testing programs [Boeing Ed., 2000; Infanti & Castellano, 
2001; Benzoni & Seible, 2002; Infanti et al., 2003 b] 
which entitled the company to be entered in the Pre-
qualified Damper Manufacturers List for the Golden 
Gate Bridge Retrofit project as well as to enter the 
CALTRANS (California Department of Transportation) 
List of Pre-qualified Damper Manufacturers. FIP’s last 
generation of fluid viscous dampers have orifices in the 
piston head, and commonly have an exponent α ≈ 0.15 
(Figure 4, left). Thus, their reaction is almost constant 
within a wide velocity range. This permits the devices 
to already initiate damping reaction at low velocities. 
Said effect maximizes the reduction of displacements 
owing to the high efficiency of the hysteretic loop 
(Figure 4, right). In other words, a device characterized by 
a larger α exponent at an equal level of maximum 
load transmitted to the structure permits greater 
displacement. 
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Fluid viscous dampers in bridges are used together 
with a suitable bearing system composed by sliders 
(e.g. pot sliding bearings or others) or elastomeric 
bearings. They can be used both in longitudinal and 
transversal direction. 

3. BRIDGE RETROFIT IN ITALY 

Table 1 lists the retrofitted structures where 
seismic isolation and/or energy dissipation devices 
manufactured by FIP Industriale have been used. 
The applications are listed in chronological order from 
most recent to latest. More than 2300 FIP’s seismic 
devices have already been installed in bridges and 
viaducts retrofitted with the seismic isolation approach. 

In Italy, the first bridge retrofits via seismic isolation 
were carried out in 1986 - with lead rubber bearings, 
similarly to the first bridge retrofits in New Zealand and 
USA carried out during those years [Skinner et al., 
1993]. A few years later, the use of viscous dampers and 
steel hysteretic dampers - combined with sliding 
bearings – were started. 

A bridge retrofit scheme used very often in Italy is 
that based on the change of static scheme from isostatic 
to statically indeterminate. In effect, the use of statically 
determinate viaducts is frequently seen in Italy although 
it is known that the earthquake response of this type of 
structure is poor. The change from an isostatic to a 
statically indeterminate scheme is usually achieved 
through the connection of decks via a new continuous 
slab. The total number of expansion joints is thus 
reduced, remaining only those at the abutments - or a 
lesser number every few spans. Existing bearings are 
substituted with an isolation system of high energy 
dissipation capability - i.e. comprising viscous dampers 
and/or steel hysteretic dampers - to limit as much as 
possible seismic movements. It is worth noting that the 
space available for movements in existing bridges 
(especially longitudinal movements) is always quite 
limited. Thus, the limitation of displacements through a 
high damping seismic isolation system in said bridges is 
more important than in new bridges, because it affects 
not only the cost but also the technical feasibility of the 
intervention. When piers are endowed with sufficient 
capacity to withstand horizontal forces, the isolators or 
dampers are located in all piers. In this manner, all piers 
are called to withstand seismic forces - i.e. the force 
distribution typical of a statically indeterminate scheme 
is achieved. Conversely, when piers or foundations are 
not of sufficient capacity to withstand horizontal 
longitudinal forces, the dampers are located only at the 
abutments. In the transversal direction, piers usually 

have sufficient capacity. Thus, transverse isolation is 
sometimes not necessary. 

Whenever possible, the design maximum force of 
the isolation system is selected to be of lower entity 
than the capacity of the piers and foundations. In this 
fashion, there is no need to reinforce the substructure. 
The high energy dissipation offered by both steel 
hysteretic and non-linear viscous dampers considerably 
helps to achieve this objective. 

It is worth noting that shock transmission units 
(STU) are often used in Italy - as well as in other 
countries - in the seismic retrofit of bridges. The typical 
retrofit scheme exploiting STUs is the change from a 
statically determinate scheme in service to a statically 
indeterminate scheme under seismic actions. Of course, 
this retrofit scheme is less effective than seismic 
isolation in terms of improving the seismic performance 
of the structure. However, sometimes it could suffice 
when the substructure capacity is relatively high and/or 
the site seismicity level is low. Furthermore, sometimes 
there is not enough space to allow the seismic 
movements associated with seismic isolation. In such 
cases, the use of STUs can be helpful, even though pier 
reinforcement is often necessary. This retrofit scheme, 
despite using seismic devices, is a measure strengh-
tening the structure, and is not based on the seismic 
isolation and/or energy dissipation approach. Consequent-
ly, it is beyond the scope of this paper; the structures 
retrofitted with STU are thus not listed in Table 1. 

4. ISAP RAILWAY BRIDGE, GREECE 

4.1. Structure Description 

The Isap Railway Bridge (Athens, Greece) comprises 
3 bridge portions: two one-span independent bridges 
towards the city of Athens and one central bridge 
composed of sixteen statically independent spans at the 
station area [Infanti et al., 2006 a]. The central bridge as 
well as the two independent bridges comprise 18 statical-
ly independent sections made of pre-stressed concrete. 
Each section has a length of 21 m and a width of 7.60 m 
kept constant throughout the length of the bridge. 

The initial design dates back to 1957 when the 
specified seismic level was 0.06 g at SLS (0.11 g at ULS) 
but new Greek anti-seismic regulations now specify 0.46 g 
at ULS - which is a value 4 times greater. 

The new seismic action in the transverse direction 
creates considerable moments and shears to the structure, 
which it was not adequately reinforced to withstand. 
The scope of the retrofit was to avoid damage and total 
collapse in the event of a strong earthquake. 
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Table 1 – List of bridges and viaducts retrofitted with 
seismic isolation & energy dissipation techniques using seismic 

devices manufactured by FIP Industriale 

Bridge Name & 
Location Country Year Type and Number of 

Seismic Devices 
Buchun Korea 2008 19 VD 

An Nyang Korea 2008 8 VD 
Jinju Grand Bridge Korea 2008 16 VD 

South Wonju Korea 2008 4 VD 
Jinju JCT Korea 2008 4 VD 

Bridge Korea 2007 2 VD 
Sa Chun Korea 2006 4 VD 

D’Antico, NA-Canosa Italy 2006 22 SHD 
Irminio Italy 2006 34 VD 

Piazza Molise, CB Italy 2006 14 RB 
Bi-Ryong, Kyonggi Korea 2004 8 VD 
Piave river, Eraclea Italy 2004 4 SHD 

3 viaducts on SS 115 Italy 2004 114 VD 
Isap, Attiki-Odos Greece 2004 144 VD 

Vara I, A12 Italy 2004 132 RB + 40 STU 
Adige, SS 20, Zevio Italy 2004 4 VD + 8 HD 

Chun Chun Korea 2003 24 VD 
Su Jik Korea 2003 17 VD 

Dong Yun Korea 2003 20 VD 
Back Won Korea 2003 28 VD 

Adige, SP19, Albaredo Italy 2002 11 HD 
Val di Leto, Cosenza Italy 2002 18 VD 

Pardazzo 1 Italy 2002 126 RB 
E-Po Korea 2002 10 VD 

Kang Dong Korea 2002 27 VD 
Sa Chun Korea 2002 6 SHD + 36 (SHD+STU)

Viaducts on SS 647 Italy 2001 148 (HD+VD) + 40 VD 
Ok Yeo Korea 2001 10 VD 
Chun Su Korea 2001 12 VD 

Vallone della Difesa Italy 2001 7 VD 
Seo Hae Korea 2000 54 VD 

Castellare, A1 BO-FI Italy 1998 10 SHD 
Granville, Vancouver Canada 1995 157 HD 

Hood River USA 1995 12 HD + 6 VD 
Poplar Street USA 1994 12 SHD + 18 (SHD+VD)
Marquam Int. USA 1994 8 SHD + 4 STU 

Pecorone Italy 1992 25 SHD 
Marmo, SS Basentana Italy 1991 51 HD 

Carito, A3 SA-RC Italy 1991 12 HD 
Aglio, A1 BO-FI Italy 1991 32 HD 

Galdo I, A3 SA-RC Italy 1991 4 VD + 4 STU 
Galdo II, A3 SA-RC Italy 1990 4 VD + 4 STU 

8 viaducts on A1 Italy 1990 580 LRB 
Portimao Portugal 1990 1 VD 

Viaducts on A3 SA-RC Italy 1989 52 VD 
Vallonalto 1 & 2,  

NA-BA 
Italy 1986 98 LRB 

Carafone Italy 1986 44 LRB 

Legend: HD – Hysteretic Damper; LRB – Lead Rubber Bearing; RB – 
Rubber Bearing; SHD – Slider with Hysteretic Damper; STU – 
Shock Transmission Unit; VD – Viscous damper; VRB – Viscous 
damping Rubber Bearing. 

4.2. Seismic Protection System Design 

The implemented solution was planned to provide 
additional supports with a seismic protection system 
comprising 144 viscous dampers placed in the transverse 
direction only. Since the stiffness of the structure was 
considerably higher in the longitudinal direction, 
viscous dampers were not installed in this direction 
because they would have not been activated by very 
limited structural movements (see Figures 5 and 6). 

 

 
 

Fig. 5 Isap Bridge Retrofitted Configuration 
(Transverse Elevation). 

 

 
 

 
 

Fig. 6 Isap Bridge Viscous Dampers as Installed. 
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5. CARBOJ, SAN VINCENZO I AND SAN 
VINCENZO II VIADUCTS, ITALY 

The total dissipation load was selected in such a 
manner as to decrease seismic actions by up to 50% 
according to the AASHTO Interim 2000 specifications 
[AASHTO, 2000]. 

The viscous dampers of the Isap Railway Bridge are 
characterized by a reaction equal to 75 kN at the 
maximum design velocity of 400 mm/s, a velocity 
exponent equal to 0.15, and a design stroke of ±55 mm. 

FIP Industriale manufactured the viscous dampers 
and performed acceptance tests on one of them to verify 
its constitutive law and its dissipative capacity (tolerance 
on the theoretical values was equal to ±15%); the 
damper was also subjected to an earthquake time-
history [Infanti et al., 2006 a]. 

The seismic retrofit of the Isap Railway Bridge was 
concluded in the year 2004. 

5.1. Structure Description 

The Carboj, San Vincenzo I and San Vincenzo II 
Viaducts are located on the main road No. SS 115 in 
Sicily, Italy. They were built in the early 1970s. The 
longest of the three is the Carboj viaduct; it comprises a 
series of 37 spans simply supported upon two terminal 
abutments and 36 intermediate piers 54 m apart from 
each other with a total length of about 2 km (Figure 7). 
These decks were originally restrained following a 
conventional bearing layout using pot bearings of the 
fixed type, transversely unidirectional at one end of the 
bridge deck and longitudinally unidirectional and free-
sliding at the other end. 

The need to provide a structural retrofit such as to 
furnish an adequate level of resistance to horizontal 
actions in the presence of both normal service loads as 
well as seismic action led to the conception of a rather 
different bearing system, based on the use of a seismic 
protection system with high energy dissipation capacity 
capable of limiting horizontal loads transmitted to the 
substructure. The new design earthquake is characte-
rized by a 0.35 g PGA. 

FIP Industriale was involved in the following acti-
vities: 

– Design of the seismic protection system; 
– Manufacturing of the structural devices (dampers, 

bearings, expansion joints, as described in the follow-
ing); 

– Viaduct retrofit. 

 
 

Fig. 7 Carboj Viaduct. 

5.2. Seismic Protection System Design 

In its retrofitted configuration, the Carboj Viaduct 
(as well as its neighbor S.Vincenzo I and II Viaducts) 
was divided into sections (segments) comprising 4 to 
8 spans connected via the slab. 

The seismic protection system comprises two types of 
viscous dampers, FIP’s OP and OTP series, both installed 
in the longitudinal direction (Figure 8). OP series viscous 
dampers are devices equipped with relief valves designed 
to open at pressures (loads) higher than those induced by 
service load conditions. OTP series viscous dampers are 
devices that can accommodate longitudinal displace-
ments induced by both thermal deformations (providing 
a very low reaction) as well as earthquake actions. Under 
service conditions, longitudinal horizontal loads (i.e., 
wind, braking actions, etc.) at the fixed piers are resisted 
by OP series viscous dampers. OTP series viscous 
dampers are installed at all the sliding locations. Under 
seismic conditions, the behavior of OP and OTP series 
viscous dampers is the same: owing to their non-linear 
constitutive law, they dissipate a large amount of the 
energy transmitted by the earthquake. 

Both OP and OTP dampers are installed between 
adjacent girders according to the configuration shown in 
Figure 9 (left). At expansion joint piers, OTP dampers are 
installed connecting the girders to the pier cap ac-
cording to the configuration shown in Figure 9 (right). 

At all locations, lateral service and seismic loads are 
withstood by longitudinally sliding elastomeric lateral 
bearings (DEM series) characterized by a load capacity 
up to 3500 kN (Figure 8). 

5.3. Retrofit Phases 

The retrofit was carried out implementing the 
following operations: 

– substitution of pre-existing bearings with free 
sliding pot bearings; 
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Service Condition - Bearing System 

 
Seismic Protection System 

 
Fig. 8. Carboj Viaduct: Bearing and Seismic Protection System Schemes. 

 

 
Fig. 9. Carboj Viaduct: Viscous Dampers as installed in a standard pier (left)  

and under installation in an expansion joint pier. 
 

– creation of slab links; 
– installation of longitudinal viscous dampers type 

op at the fixed piers; 
– installation of longitudinal viscous dampers type 

OTP on those piers where deck thermal expansion/con-
traction is allowed; 

– installation of longitudinally sliding lateral bearings 
anchored to the existing pier tops; 

– installation of expansion joints. 
In conclusion, the FIP Industriale supply for the 

aforesaid three viaducts was the following: 
– N. 208 free-sliding Pot-Bearings VM 450 series – 

4500 kN vertical load capacity, total displacement 
capacity ranging from 200 mm to 700 mm; 

– N. 196 Lateral bearings DEM series - lateral load 
capacity ranging from 1500 kN to 3500 kN; total dis-
placement capacity ranging from 200 mm to 700 mm; 

– N. 32 viscous dampers OP series, with load ca-
pacity ranging from 500 to 1000 kN, and stroke values 
from ±100 mm to ±200 mm; 

– N. 82 viscous dampers OTP series, with load 
capacity ranging from 250 to 1000 kN, stroke values 
from ±100 mm to ±350 mm; 

– 130 m of RAN-P series Reinforced Rubber 
Expansion Joints characterized by total Displacement 
Capacity ranging from 300 mm to 900 mm. 

6. SEO-HAE GRAND BRIDGE 
APPROACHES, KOREA 

6.1. Structure Description 

Until 1992, none of highway bridges in Korea were 
designed to withstand an earthquake. The Korean 
Bridge Design Standard Specifications adopted seismic 
design regulations in 1992 and thereafter enforced 
seismic design in practice. 

The Seo-Hae Grand Bridge, situated 70 km south-
west of Seoul, comprises 3 different types of bridges: a 
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cable-stayed bridge (990 m), an FCM bridge (500 m), 
and approach bridges (5820 m) with r.c. deck produced 
with the Pre-caste Segmental Method (PSM). These 
bridges, designed in the late 1980s contemplating small 
intensity earthquakes, were revised during construction 
when the seismic design requirements surfaced in 1992. 
Fortunately, the cable-stayed and FCM bridges satisfied 
the requirements of the new specifications (PGA=0.14 g). 
However, 5 of the 16 PSM bridges comprising the 
approaches, for a total length of 2220 m, needed to be 
retrofitted. These bridges are located near both the 
abutments where their piers are short. The bridges have 
from 3 to 10 spans. 

6.2. Seismic Protection System Design 

Since the bridges were under construction, the use of 
anti-seismic devices was the only feasible way to provide 
the necessary capabilities to the bridges. Many types of 
seismic devices were reviewed. Amongst them, the vis-
cous damper was selected as the most suitable, because 
of its reliability and ease of installation. 54 viscous 
dampers were placed between the superstructure and the 
pier as shown in Figure 10. Their design maximum force 
is 500 kN at a maximum design velocity of 240 mm/s and 
stroke ranges from ± 100 mm to ± 200 mm. They were 
installed at every pier except the piers at the expansion 
joints and those with fixed bearings. A double effect 
was thus obtained: first, almost all the piers were called 
to withstand a longitudinal seismic force (force distri-
bution) and second, the dampers dissipate a great 
portion of the energy introduced by ground motion. 
This retrofit solution was cost effective, because it did 
not require the substitution of existing bearings (fixed 
bearings at the central and tallest pier and guided or free 
sliding bearings at the other piers). The devices were 
anchored to the structure taking advantage of originally 
designed shear keys (Figure 11). In this manner, instal-
lation is made inside the box girder - restraining the 
upper end of the shear key and the deck bottom slab 
trough viscous dampers [Infanti, 2001]. In the transverse 
direction, the bridge was deemed to have sufficient 
capacity to withstand the new level of design 
accelerations due to a good distribution of seismic loads 
(achieved through the shear keys) as well as intrinsic 
pier strength. 

A wide testing campaign was carried out at the FIP 
Industriale laboratory on three prototypes of the three 
types of devices proposed for application, that only 
differed in their design stroke. In particular, their 
behavior was checked not only at room temperature but 
at extreme design temperatures equal to –25°C and 

40°C as well. Figure 12 shows the force vs velocity be-
havior at said extremes of temperature: device reaction 
is almost independent from the testing temperature. 
Other types of tests were also carried out: energy dis-
sipation tests, endurance tests and friction tests [Infanti, 
2001]. 

 

 
 

Fig. 10 Installation of Fluid Viscous Dampers in the Seo-Hae Grand 
Bridge Approaches. 

 

 
 

Fig. 11 Viscous Damper as installed inside the box girder  
of the Seo-Hae Bridge Approaches. 
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Fig. 12 Results of performance verification tests on a Seo-Hae 
Bridge fluid viscous damper prototype. 

 

The Seo-Hae Grand Bridge Approaches project was 
the very first application of viscous dampers in the 
seismic protection of bridges in Korea. Subsequently 
the same retrofit scheme was applied to other bridges, 
such as the Ok-Yeo, Chun-Su, E-Po, and Kang-Dong 
bridges [Infanti et al., 2004] and more recently the 
Buchun, An Nyang, Jinju bridges and several others. 
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Fig. 13. Typical Details of a SS647 Viaduct (before and after retrofit). 

 

7. VIADUCTS ON SS 647 HIGHWAY, ITALY 

7.1. Structure Description 

The viaducts on the S.S. 647 highway, in Southern 
Italy, were built between the 1960s and 70s with simply 
supported decks. A change in seismic codes (the new 
design PGA for the area is 0.25 g, and the importance 
factor for said viaducts is 1.2), together with additional 
pier and deck problems (due to intense traffic and past 
lack of maintenance), imposed the retrofit of 20 of the 
44 viaducts along this highway [Infanti et al, 2006 b]. 
The piers vary in height from 3.5 to 12 m (Figure 13). 

FIP Industriale was involved in the following 
activities: 

– Design of the seismic protection system; 
– Manufacturing of the structural devices (dampers, 

bearings, expansion joints, as described in the following); 
– Viaduct retrofit. 

7.2. Seismic Protection System Design 

During the first phase of the intervention, repair and 
strengthening of piers and pier tops were carried out, to 
both permit subsequent deck lifting operations as well 
as withstand earthquake loads. The static scheme was 
changed from isostatic to statically indeterminate by 
connecting the beams through the slab, and thus 
eliminating expansion joints at the piers - leaving 
expansion joints only at the abutments. 

The new continuous decks count from 2 to 7 spans, 
with the fixed point in one of the central piers. Figure 14 
shows the bearing system scheme under both service and 
seismic conditions for a typical multi-span viaduct; in par-
ticular, a 6-deck configuration (Carletto Viaduct) is shown. 

On each pier, there are two seismic devices (MELOP 
or MELOTP series damping units, Figure 15) com-
prising within the same unit a non-linear fluid viscous 
damper in the longitudinal direction and steel hysteretic 
dissipating elements - crescent-moon shaped – in the 
transverse direction.  
 

Service Condition - Bearing System (Carletto Viaduct) 

Seismic Protection System (Carletto Viaduct) 
 

Fig. 14. Bearing and Seismic Protection System Schemes of a typical SS 147 viaduct. 
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Fig. 15. MELOTP Damping System  as installed in a SS 147 viaduct. 
 

On each abutment, there is a device of the same type 
used in the piers and one fluid viscous damper working 
in the longitudinal direction. Such a damping system - 
aimed to control horizontal forces - is combined to a 
free sliding pot-bearings scheme that serves to transmit 
vertical loads and permit horizontal displacement in all 
directions. 

Under service conditions, the longitudinal loads at the 
fixed piers are resisted by units (MELOP series) whose 
dampers are equipped with relief valves designed to open 
at pressures (loads) higher than those induced under 
service load conditions. MELOTP series seismic devices 
are installed at all the sliding locations. At all locations, 
steel hysteretic dampers aligned transversally provide a 
very stiff restraint under normal service conditions. 

Under seismic conditions, all the seismic devices 
behave according to their constitutive law, dissipating 
large amounts of energy transmitted by an earthquake. 

A total number of 188 seismic devices were installed, 
together with 380 free sliding bearings and 440 m of ex-
pansion joints with 400 mm total displacement capacity.  

Functional tests on both viscous dampers and crescent 
moon shaped steel dampers were carried out at the FIP 
Industriale laboratory [Infanti et al, 2006 b]. 

8. THE MARQUAM BRIDGE, OREGON, 
USA 

8.1. Structure Description 

The Marquam Bridge across the Willamette river in 
Portland (Oregon, USA) was built in the early 1960s. 
The deck comprises three spans steel trusses carrying 
two superimposed roadways with a total length of 318 m. 
The static arrangement is of typical “Gerber girder” 
construction, in which the two end-girders have a 
cantilever beam toward the deck centre, which supports 
the overhung 79 m long central truss (Figure 16 a). The 
two end spans measure 92 m and the central span has a 
total length of 134 m. The piers are r.c. frames. 

 

 
a) Service Condition - Bearing System 

 
b) Seismic Protection System 

 
Fig. 16. Bearing (a) and Seismic Protection System (b) Schemes of the Marquam Bridge. 

Steel Dampers 

Viscous Dampers 

Pot Bearings 
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A seismic retrofit of the structure was undertaken in 
the early 1990s, on the occasion of some maintenance 
work. The retrofit project had the following objectives: 

– to avoid any damage to the structure in the 
event of the design maximum expected earthquake 
(PGA=0.29 g); 

– to avoid the need for strengthening existing 
structural elements (i.e. piers, trusses, foundations, etc.); 

– to maintain the existing bearing system; 
– to limit relative displacements to values compa-

tible with the existing gaps (longitudinal displacement 
not to exceed ± 127 mm). 

Said objectives were fulfilled by the seismic protection 
system described in the following section. This was the 
first application of Italian seismic devices in the USA. 

8.2. Seismic Protection System Design 

The 8 pre-existing vulnerable steel bearings - 4 rockers 
and 4 hinges - were replaced with 8 isolators com-
prising a free sliding pot bearing and a series of steel 
dissipating elements of the double tapered pin type 
(Figure 17). The 4 isolators installed at the expansion 
points (Piers 2 and 5, Figure 16) additionally comprise 
an STU (see chapter 2.1). Four shock transmission units 
were inserted at the expansion end of the suspended 
span. The seismic protection system scheme is shown in 
Figure 16 b: during an earthquake, the structure behaves 
as a multi-span continuous girder. Thanks to a proper 
selection of the maximum force of the dissipating 
elements and to their high energy dissipation capacity, 
all piers and foundations remain within their elastic 
limits and the displacements thereof are within specified 
limits. Under service conditions, the bearing scheme 
remains as it was before the retrofit. This objective was 
accomplished through the employment of sacrificial 
restrainers (shear keys) thus ensuring that normal 
service loads (including wind, braking actions, and even 
moderate earthquakes) do not stress dissipating elements 
and displace the isolators. Additionally, said restrainers 
impede displacements at the “fixed” piers (Piers 3 and 
4, figure 16) as well as any transverse movements at the 
“mobile” piers (Piers 2 and 5). 

The devices underwent rigorous tests simulating actual 
normal service actions and seismic attack conditions 
[Medeot, 1995]. Figure 17 (right) shows an isolator proto-
type undergoing a combined vertical-horizontal test. 

9. CONCLUSIONS 

The 20-year experience of Italian manufacturer FIP 
Industriale in the seismic retrofit of bridges and viaducts 

via seismic isolation and energy dissipation devices has 
demonstrated that said devices can be used in most 
cases to improve the seismic performance of existing 
structures at the level required by modern seismic codes 
- reducing to a minimum (or avoiding completely) the 
strengthening of piers and foundations. 

The few examples described above show how 
different devices can be used – and combined – to solve 
specific problems presented by a particular structure. 

 

Fig. 17. Slider with steel hysteretic dissipating elements  
installed in the Marquam Bridge, Oregon, USA (left) and the 
prototype under testing in FIP Industriale’s laboratory (right). 
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