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INTRODUCTION
CERTIFICATIONS

In 1992, FIP Industriale secured CISQ-ICIM certification for its Quality Assurance System in conformance with
EN 29001 European Standard (ISO 9001).

FIP Industriale is proud to be the first Italian manufacturer of structural bearings, anti-seismic devices and
expansion joints boasting a Quality Assurance System certified at the highest level from design to customer
service assistance.

Certification has been achieved via rigorous evaluation by an internationally recognized Third Party Organisation,
thus internationally validating the quality assurance system.

In the framework of the enforcement of the European Construction Products Directive, FIP Industriale has gained
the CE marking of different types of anti-seismic devices, including elastomeric isolators, in accordance with the
harmonised European Standard EN 15129:2009 Anti-seismic devices.

OHSAS
18001
Occupational
Health and Safety
Management

OHS 618800

BIM READY

The use of shared digital representations to facilitate the design, construction and operation of a structure is the
starting point for a reliable and interactive decision-making process which allows municipalities, private clients,
contractors and designers to rule all their choices.

FIP Industriale is able to provide BIM models — according to IFC standard — to its Clients in such a way to support
the communication, cooperation, simulation and improvement of a project through the whole design life of the built
or building structure.

DESCRIPTION

Lead Rubber Bearings (LRB) are rubber bearings
made up of alternate layers of steel laminates and hot
vulcanized rubber with a cilindrical central lead core.

The energy dissipation provided by the lead core,
through its yielding, allows to achieve an equivalent
viscous damping coefficient up to about 30%, i.e.
two times that of high damping elastomeric isolators
(SI series).

Thanks to the high energy dissipation capacity, it
is possible to reduce the horizontal displacement,
in comparison with that of an isolation system with
the same equivalent stiffness but lower energy
dissipation capacity.

Usually, they are circular in shape but can also
be fabricated in square sections; they can also be
fabricated with more than one lead core.
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ANCONA, ITALY - “La Torre” office building: installation
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CHARACTERISTICS
MODELING

The typical hysteresis loop of a Lead Rubber Bearing
can be modelled as bilinear. The parameters d;, Fi,
d;, and F; that define the bilinear curve are given in
the following tables per each standard LRB.
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Typical hysteresis loops of a lead rubber bearing obtained with
Displacement dynamic tests at increasing shear strain amplitude.

The hysteretic behaviour of an LRB can also be
modelled as linear, by means of the effective stiffness
K. and the equivalent viscous damping coefficient &,
that depend on the maximum displacement d, and on
the corresponding force F, to which they refer:
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Typical variation of the effective stiffness and of the equivalent
5 7 viscous damping coefficient as a function of the shear strain.

The K. and & values given in the tables refer to the
displacement d, (maximum design displacement at
ULS) but can easily be calculated for different values
of the displacement. The graph on the right shows the
typical variation of K. and & as a function of the shear
strain v of the elastomer (in this case for the isolator
LRB-S 800/200-175).

In case of slow movements, due for example to
thermal changes, the constitutive behaviour of the
isolator is still bilinear, but with different parameters :
from those corresponding to quick movements, as ( - — Eynamic 0.5 Hz

those induced by the earthquake. : " Guuas-state 0 05 mvs

In effects, as it is shown in the graph, the forces
developed during slow (quasi-static) movements
are much lower than those due to earthquake. In
particular, the yield force in quasi-static movements Comparison between the dynamic and quasi-static behavior
can be assumed equa| to about 1/3 of the dynamic obtained in tests at different velocity (dynamic test with

. . sinusoidal input at frequency of 0.5 Hz and quasi-static test at
force, and the pogt-elastlc stiffness can be assumed Y e
equal to about 90% of the dynamic value.

MATERIALS

The rubber compounds normally used in the production of LRB are characterised by an effective dynamic shear
modulus Ggn equal to 0.4 MPa (S compound) or 0.6 MPa (SN com pound).

Rubber compound with higher values of Gq,up to 1.4 MPa, may be used on request.
The lead used has high purity, higher than 99.85 %.
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DESIGN AND PRODUCTION CRITERIA

STANDARDS

The series LRB isolators can be designed ad hoc
to satisfy all international standards (i.e.: EN 15129,
AASHTO, etc.).

Notwithstanding, the standard isolators in this cata-
logue are designed in compliance with Italian seismic
regulations (D.M. dated 14/01/2008) which are based
on Eurocode 8 as well as with the European standard
EN 1337-3: 2005 (Structural bearings.

Part 3: Elastomeric Bearings) regarding the normal
non- seismic service conditions.

DESIGN FEATURES

The standard LRB whose geometric and mechanical
characteristics are listed in the enclosed tables, are
designed for seven different values of maximum
displacement, from 100 to 400 mm.

Such entity of displacement is understood to be the
maximum design displacement at ULS, factored by
the increased reliability factor as per Eurocode 8.

The vertical load V indicated in the tables is the
maximum admissible value upon the isolator in the
presence of an earthquake provoking the aforesaid
displacement.

Null rotation is assumed with reference to the use of
these isolators in buildings. The displacement under
normal service conditions (i.e. induced by thermal
expansion) is assumed to be 10 mm.

FIP Industriale’s Technical Department is at the
design Engineer’s disposal to check standard
isolators against displacements and rotations differing
from those assumed, and to design ad hoc isolators
diverging from standard features.

ANCHORING SYSTEMS

The LRB are endowed with mechanical anchoring
systems providing horizontal load transfer in
accordance with Italian and international standards.

QUALITY CONTROL

FIP Industriale’s internal quality control system
ensures the conformity of the product to the various
requirements thus guaranteeing the quality both of
materials and manufacturing processes.

QUALIFICATION
AND ACCEPTANCE TESTS

FIP Industriale’s Test Laboratory is equipped to carry
out qualification and acceptance tests on LRB.

Series LRB isolators have also been tested at
independent laboratories.

- .
_— RB 500/150-1
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LRB-S 700/203-150

INSTALLATION

The typical installation procedure of an isolator
anchored on its upper and lower side to reinforced
cast in-situ concrete structures, comprises the
following phases:

casting of the substructure up to a level lower than
the isolator itself by a few centimeters, leaving holes
for the anchor dowels with a diameter at least twice
that size;

positioning of the isolator at the design level and
levelling its base horizontally;

construction of a formwork slightly larger than the
isolator and approximately 1 cm higher than its
lower edge;

grouting (with epoxy mortar or non-shrink cementitious
mortar) to a suggested thickness between 2 and 5 cm;

screwing of the upper dowels of the isolator (if not
already affixed);

setting the upper formwork adapting it tightly against
the isolator upper plate;

positioning the superstructure reinforcement
followed by concrete casting.

MARKS

The elastomeric isolators with lead core are classified by the mark LRB (Lead Rubber Bearing) followed by one
or more letters (S or SN to indicate the type of compound) and three numbers. The first number represents the
external diameter in millimeters, the second stands for the total thickness of the rubber layers in millimeters, and

the third represents the diameter of the lead core in millimeters.

Example:

Lead Rubber Bearing, diameter 700 mm, made of rubber compound with G=0.4 MPa, with

rubber layers having a total thickness of 203 mm, and a lead core of diameter 150 mm.

FIP INDUSTRIALE



BOJANO, ITALY - “G.Lombardo Radice” high school

BOJANO, ITALY - “G.Lombardo Radice” high school: installation
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DISPLACEMENT =100 mm

LRB-S 500/100-110
LRB-S 550/100-120
LRB-S 600/102-120
LRB-S 650/102-120
LRB-S 700/105-115
LRB-S 750/112-125
LRB-S 800/128-130
LRB-S 850/128-130
LRB-S 900/126-140
LRB-S 1000/135-150
LRB-S 1100/150-160
LRB-S 1200/154-160

LRB-SN 500/100-110
LRB-SN 550/100-120
LRB-SN 600/102-120
LRB-SN 650/114-130
LRB-SN 700/126-140
LRB-SN 750/126-140
LRB-SN 800/136-145
LRB-SN 850/144-155
LRB-SN 900/144-160
LRB-SN 1000/153-170
LRB-SN 1100/170-185
LRB-SN 1200/176-185

v Maximum vertical load combination including the seimic action (at displacement 1.2 d,)
Fza Maximum vertical service load at ULS
Ke Effective horizontal stiffness (at displacement 1.2 d,)
Ee Equivalent viscous damping coefficient (at displacement 1.2 d,)
F2 Maximum horizontal force (at displacemet 1.2 d,)
F1 Yield force
d, Yield displacemet
Ky Vertical stiffness
Dy External elastomer diameter
te Total elastomer thickness
h Height excluding outer steel plates
Total height including outer steel plates
Side lenght of outer steel plate
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DISPLACEMENT 150 mm

LRB-S 500/100-110
LRB-S 550/100-120
LRB-S 600/102-120
LRB-S 650/102-120
LRB-S 700/105-115
LRB-S 750/112-125
LRB-S 800/128-130
LRB-S 850/128-130
LRB-S 900/126-140
LRB-S 1000/135-150
LRB-S 1100/150-160
LRB-S 1200/154-160

LRB-SN 500/100-110
LRB-SN 550/100-120
LRB-SN 600/102-120
LRB-SN 650/114-130
LRB-SN 700/126-140
LRB-SN 750/126-140
LRB-SN 800/136-145
LRB-SN 850/144-155
LRB-SN 900/144-160
LRB-SN 1000/153-170
LRB-SN 1100/170-185
LRB-SN 1200/176-185

\'} Maximum vertical load combination including the seimic action (at displacement 1.2 d,)
Fza Maximum vertical service load at ULS
Ke Effective horizontal stiffness (at displacement 1.2 d,)
Ee Equivalent viscous damping coefficient (at displacement 1.2 d,)
F2 Maximum horizontal force (at displacemet 1.2 d,)
F1 Yield force
d, Yield displacemet
Ky Vertical stiffness
Dy External elastomer diameter
te Total elastomer thickness
h Height excluding outer steel plates
Total height including outer steel plates
Side lenght of outer steel plate
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DISPLACEMENT 200 mm

LRB-S 500/100-110
LRB-S 550/100-120
LRB-S 600/102-120
LRB-S 650/102-120
LRB-S 700/105-115
LRB-S 750/112-125
LRB-S 800/128-130
LRB-S 850/128-130
LRB-S 900/126-140
LRB-S 1000/135-150
LRB-S 1100/150-160
LRB-S 1200/154-160

LRB-SN 500/100-110
LRB-SN 550/100-120
LRB-SN 600/102-120
LRB-SN 650/114-130
LRB-SN 700/126-140
LRB-SN 750/126-140
LRB-SN 800/136-145
LRB-SN 850/144-155
LRB-SN 900/144-160
LRB-SN 1000/153-170
LRB-SN 1100/170-185
LRB-SN 1200/176-185

\'} Maximum vertical load combination including the seimic action (at displacement 1.2 d,)
Fza Maximum vertical service load at ULS
Ke Effective horizontal stiffness (at displacement 1.2 d,)
Ee Equivalent viscous damping coefficient (at displacement 1.2 d,)
F> Maximum horizontal force (at displacemet 1.2 d,)
F1 Yield force
d, Yield displacemet
Vertical stiffness
External elastomer diameter
Total elastomer thickness
Height excluding outer steel plates
Total height including outer steel plates
Side lenght of outer steel plate
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DISPLACEMENT 250 mm

d, = 208mm
LRB-S 500/125-110
LRB-S 550/125-120
LRB-S 600/126-130
LRB-S 650/126-140
LRB-S 700/126-115
LRB-S 750/126-125
LRB-S 800/160-155
LRB-S 850/144-150
LRB-S 900/135-150
LRB-S 1000/144-160
LRB-S 1100/170-185
LRB-S 1200/176-185

LRB-SN 500/125-130
LRB-SN 550/125-120
LRB-SN 600/126-120
LRB-SN 650/138-130
LRB-SN 700/140-140
LRB-SN 750/140-140
LRB-SN 800/144-155
LRB-SN 850/160-170
LRB-SN 900/171-185
LRB-SN 1000/180-200
LRB-SN 1100/190-200
LRB-SN 1200/209-215

v Maximum vertical load combination including the seimic action (at displacement 1.2 d,)
Fza Maximum vertical service load at ULS
Ke Effective horizontal stiffness (at displacement 1.2 d,)
Ee Equivalent viscous damping coefficient (at displacement 1.2 d,)
F> Maximum horizontal force (at displacemet 1.2 d,)
F1 Yield force
d, Yield displacemet
Vertical stiffness
External elastomer diameter
Total elastomer thickness
Height excluding outer steel plates
Total height including outer steel plates
Side lenght of outer steel plate
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DISPLACEMENT 300 mm

LRB-S 500/150-110
LRB-S 550/150-120
LRB-S 600/150-130
LRB-S 650/150-140
LRB-S 700/154-150
LRB-S 750/154-160
LRB-S 800/168-155
LRB-S 850/168-150
LRB-S 900/162-150
LRB-S 1000/171-160
LRB-S 1100/170-185
LRB-S 1200/176-185

LRB-SN 500/150-130
LRB-SN 550/150-145
LRB-SN 600/150-150
LRB-SN 650/150-170
LRB-SN 700/154-160
LRB-SN 750/154-170
LRB-SN 800/168-155
LRB-SN 850/168-170
LRB-SN 900/171-185
LRB-SN 1000/180-200
LRB-SN 1100/190-200
LRB-SN 1200/209-215

\'} Maximum vertical load combination including the seimic action (at displacement 1.2 d,)
Maximum vertical service load at ULS
Ke Effective horizontal stiffness (at displacement 1.2 d,)
Ee Equivalent viscous damping coefficient (at displacement 1.2 d,)
F> Maximum horizontal force (at displacemet 1.2 d,)
F1 Yield force
d; Yield displacemet
Vertical stiffness
External elastomer diameter
Total elastomer thickness
Height excluding outer steel plates
Total height including outer steel plates
Side lenght of outer steel plate

FIP INDUSTRIALE




DISPLACEMENT =350 mm

d, = 292mm
LRB-S 500/175-110
LRB-S 550/175-120
LRB-S 600/180-130
LRB-S 650/180-140
LRB-S 700/175-150
LRB-S 750/175-160
LRB-S 800/176-175
LRB-S 850/176-185
LRB-S 900/180-195
LRB-S 1000/180-200
LRB-S 1100/190-200
LRB-S 1200/187-200

LRB-SN 500/175-130
LRB-SN 550/175-145
LRB-SN 600/180-150
LRB-SN 650/180-170
LRB-SN 700/175-170
LRB-SN 750/175-170
LRB-SN 800/176-190
LRB-SN 850/176-185
LRB-SN 900/198-185
LRB-SN 1000/180-200
LRB-SN 1100/220-200
LRB-SN 1200/242-215

v Maximum vertical load combination including the seimic action (at displacement 1.2 d,)
Fza Maximum vertical service load at ULS
Ke Effective horizontal stiffness (at displacement 1.2 d,)
Ee Equivalent viscous damping coefficient (at displacement 1.2 d,)
F> Maximum horizontal force (at displacemet 1.2 d,)
F1 Yield force
d, Yield displacemet
Vertical stiffness
External elastomer diameter
Total elastomer thickness
Height excluding outer steel plates
Total height including outer steel plates
Side lenght of outer steel plate
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DISPLACEMENT 400 mm

LRB-S 500/200-110
LRB-S 550/200-120
LRB-S 600/204-130
LRB-S 650/204-140
LRB-S 700/203-150
LRB-S 750/203-160
LRB-S 800/200-175
LRB-S 850/200-185
LRB-S 900/207-195
LRB-S 1000/207-200
LRB-S 1100/220-200
LRB-S 1200/220-200

LRB-SN 500/200-130
LRB-SN 550/200-145
LRB-SN 600/204-150
LRB-SN 650/204-170
LRB-SN 700/203-170
LRB-SN 750/203-170
LRB-SN 800/200-190
LRB-SN 850/200-185
LRB-SN 900/225-185
LRB-SN 1000/207-200
LRB-SN 1100/250-200
LRB-SN 1200/275-215

\'} Maximum vertical load combination including the seimic action (at displacement 1.2 d,)
Maximum vertical service load at ULS
Ke Effective horizontal stiffness (at displacement 1.2 d,)
Equivalent viscous damping coefficient (at displacement 1.2 d,)
Maximum horizontal force (at displacemet 1.2 d,)
Yield force
Yield displacemet
Vertical stiffness
External elastomer diameter
Total elastomer thickness
Height excluding outer steel plates
Total height including outer steel plates
Side lenght of outer steel plate
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BRIDGE ANTI-SEISMIC EXPANSION FITTINGS NOISE ;
BEARINGS DEVICES JOINTS FOR TUNNEL BARRIERS SYSTEMS
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