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Structural bearings

* Structural bearings are used since early 1800

* Since then they had a very important evolution that can be
summarized in 3 periods or 3 generations

1st generation 1800-1970 2° generation 1960 - 2020 3° generation 2005 -....
Rocker and roller bearings entirely | Pot bearings with PTFE and rubber | Spherical bearings with special
made of steel disc sliding materials




Facts about PTFE

PTFE has been introduced in the structural bearings by Prof. Fritz
Leonhardt, German, in 1960 and successfully used for 60 years

The most updated standard about PTFE is the EN 1337-2 from which
we can get:

* Characteristic compression strength up to +30° C: 90 MPa
* Characteristic compression strength at +48° C: 57,6 MPa
* Wear resistance: 10.242 m slide path

« Temperature ranges: -35 — +48 ° C



The limits of PTFE

1. When the slide path of 10242 is exceeded during the useful life uf
the structure. Typical examples:
» Very long span bridges over 1000m
» Railway bridges
2. When the temperature field (-35 -48° C) is exceeded. Typical
example:

»  Antiseismic bearings dissipating energy
» Arabic Peninsula
» Some Indian regions

To overcome these limits alternative sliding materials with superior
performances has been developped



Sliding Materials

Sliding materials are the most critical component of the spherical
bearings and sliding pendulum isolators

They shall be tested for:

e Compressive stress

e Static and dynamic friction
* Resistance to heat

* Wear resistance
* According to EN 15129: 1000 m for buildings; 10,000m for bridges
* According to AASHTO: 1.0 ml (1600 m)
 Recommended for HSR: 50.000 m



NEW GENERATION SLIDING MATERIALS
* HIRUN INTERNATIONAL developped new kinds of sliding materials:

* HI-3 for use in spherical bearings
* HI-M for use in sliding pendulum isolators.

* Here below a comparison table with one of the most commonly used
sliding materials

PROPERTY PTFE HI-3 HI-M UHMWPE
Compressive 90 MPa 180 MPa 270 MPa 180 MPa
strength
Heat resistance 48°C 90°C 120°C 48°C
(long term)
Heat resistance 80°C 120°C 180°C 80°C
(short term)
Wear resistance 10,000 m 50,000 m 50,000 m 50,000 m
Static friction < 3% < 3% 4+ 6% < 3%
Dynamic friction <3% < 3% 4+ 6% <3% .
|'"' - 1




THE SLIDING MATERIAL TESTING MACHINE
(SMTM)

Vertical actuator
Horizontal actuator
Climatic chamber
Reaction frame

o0 ®»

Main Parameters:

*Vertical Load:500 KN

*Vertical Displacement:100 mm
*Horizontal Load:100 KN
*Horizontal Displacement:100 mm
*Minimum Temperaure:-45 °C
Maximum Temperaure:50 °C




The most suitable bearing to take advantage from
the new sliding materials is the spherical bearing.

Thanks to the increased
compressive strength it
is possible to reduce the
dimensions and the
price

Thanks to the increased
wearing resistance it is
possible to increase the
service life

HI-F8=¢



SPHERICAL BEARINGS FOR BANGKOK MONORAIL

TENSION | | comPRESSION

SPHERICAL BEARING

Bangkok monorail system
7626 antilift bearings currently under manufacturing and supply

The bearings for the Monorail are subjected to important transversal moments

that are resisted by a couple of spherical bearings with antilift system



Construction phases of the BKK Monorail
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Antiseismic strategies

* To understand the concept of the antiseismic strategies we shall refer to the
response spectrum

* Aresponse spectrum is a diagram giving the response of a structure forced into
motion in function of its natural frequency. The response can be given in terms of
displacement, velocity or acceleration,

* The acceleration response spectrum is a very useful tool for the seismic design of
structures.

* In the response spectrum in particular are given the information about the
intensity of the earthquake, the effect of the soil properties and the damping of
the structure

* Normally the acceleration response spectrum is given by the relevant seismic
codes. In India by IS 1893 Part 1



ACCELERATION (m/s?)

Typical response spectrum

, The acceleration of the structure is given in
R — function of
| e The natural period
* The damping = the energy dissipation of
the structure

h,"/ 20%
)/ 30% R — The possible strategies to reduce the
- acceleration in the structure are obvious:
Sy . .
= * Increasing period
=== . . :
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SPECTRUM IN' IS 1893Part 1

3.0 : . : . I For base isolated structures
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THE MOST COMMON ANTISEISMIC DEVICES

HDRB LRB Pendulum VISCOUS DAMPER SHOCK TRANSMISSION UNIT

THEY DO NOT MODIFY THE
SEISMIC ACTION:

THEY APPLY BOTH STRATEGIES: THEY APPLY ONE STRATEGY: THEY CREATE SUPPLEMENTARY

* PERIOD SHIFT * INCREASING DAMPING CONNECTIONS IN CASE OF

* INCREASING DAMPING DYNAMIC ACTIONS LIKE
EARTHQUAKE, BRAKING FORCE

BASE ISOLATORS, WHEN APPLICABLE, ARE THE OR WIND

MOST EFFECTIVE SOLUTION! .
|'"' - \



Functions of a base isolation system

e Support the vertical load
* Increase the natural period of the structure
* Provide a restoring force

* Increase the damping of the structure = dissipate
energy

Base Isolators are devices providing the four
functions



How can the isolators increase the natural
period of a structure?

* They shall be placed between the structure and
the foundations

* They force the structure to swing according to
their own natural period



The natural period of the isolators

* Rubber isolators (HDRB and * Sliding Pendulum Isolators

LRB) are equivalent to a are equivalent to a
spring-mass system with pendulum with length R
stiffness K and mass M
M
K R




How can the isolators increase the
damping of a structure?

They dissipate the energy by one of the following principles
* Friction (Sliding Pendulum Isolators)

* Yield of metals (Lead Rubber Bearings)
* Viscosity of rubber (High Damping Rubber Bearings)

In any case an amount of heath equivalent to the dissipated energy is
generated



Main types of
Isolators

e High Damping Rubber Bearing

* The spring effect is given by the
rubber elasticity (elastic energy
storage)

* The energy dissipation is given by
the rubber viscosity




Main types of
Isolators

Lead Rubber Bearing

* The spring effect is given
by the rubber elasticity
(elastic energy storage)

* The energy dissipation is
given by the yield of the
lead core




The sliding pendulum is an isolator

* Is supporting the weight of the structure
* Is providing lateral flexibility

* Is providing a recentering effect through the potential
energy storage (is equivalent to a spring)

* The energy dissipation is provided by the friction of the
sliding material

STRUCTURE UPLIFT = POTENTIAL ENiRGY STORAGE

t
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Hysteresis Cicles of the Isolators
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IS THE DESIGN OF A BASE ISOLATED STRUCTURE DIFFICULT?
NO

THE CONSIDERED ISOLATORS CAN BE MODELLED BY TWO PARAMETERS ONLY

ISOLATOR PARAMETER SIMPLIFIED ANALYSIS

HDRB K effective stiffness LINEAR

¢ equivalent viscous damping

LRB K. rubber stiffness LINEAR ITERATION
Qg Yield of lead core
PENDULUM R equivalent radius LINEAR ITERATION

u dynamic friction

More precise analysis may be performed with the software available in the market: MIDAS, ETABS, SAP2000 etc.



EXAMPLE OF ITERATION ANALYSIS FOR A LRB

LRB - ITERATION ANALYSIS - NOMINAL STIFFNESS

Symbol| Formula Unit 1 2 3 4
weight V input kN 650 650 650 650
mass M V/g t 66,3 66,3 66,3 66,3
characteristic strength Qd input kN 80 80 80 80
rubber stiffness Kd input kKN/mm| 0,48 0,48 0,48 0,48
displacement guessed Do input mm 150 164,7 | 168,7 | 169,7
stiffness Kot K4+ Qq/D|kN/mm| 1,01 0%7 f95 f%
) M
period Te |21 s 1,61 ,65 1,66 1,66
Kerr
|
equivalent viscous damping & 0'95—XQd % 31,8 /30,4 30,1 30,0
T[XKeffD /
, - 10
damping coefficient n E-l-_S 0,55 0,5 0,55 0,550
S
acceleration A g1 |2 2,5/ 9 2/59 2,%14 2,440
Terr
T 2
displacement D |4 ( Zeff> mm | 1647 | 168,7 | 169,7 | 170,0
T
horizontal load H AxV/g kN 167 163 162 162
Spectrum definition
Reference acceleration Sp1 g 0,750

The iteration may be performed with a
very simple excel table
1. First step is to introduce the input
values:
*  Weight supported by the isolator
* Characteristic strength of the lead
core
* Rubber stiffness
* Definition of the spectrum
* A tentative displacement
2. Second step is to calculate the other
values (stiffness period, etc) utilizing
the mathematical model of the
isolators
3. Third step is to input the obtained
displacement in the second iteration
4. The procedure is completed when the
input displacement is equal to the
output



EXAMPLE OF ITERATION ANALYSIS FOR A PENDULUM

PENDULUM - ITERATION ANALYSIS - NOMINAL VALUE

Symbol Formula Unit 1 2 3 4
weight V input kN 1000 | 1000 | 1000 [ 1000
friction coefficient u input 0,05 | 0,05 | 0,05 | 0,05
equivalent radius R input mm 8000 | 8000 | 8000 | 8000
displacement guessed Do input mm 400 | 389,6 | 384,9 | 382,7
. 1 u
stiffness Ket |V I=+— kN/mm| 0,25 0,p5 25 ,26
R Dy,
) V
period Te |21 s 4,01 ,99 3,97 3,97
Kerrg
2/ u
equivalent viscous damping & ;( Do % 31,8 32,2 32,4 32,5
Htg
. . 10
damping coefficient n 51 0,521f] 0,51B | 0,5 0,516
S
acceleration A % m/s? 0,97l3 0,7156 o,/57 0,957
eff
. Terr)’
displacement D A(z ) mm | 389,6 | 3849 | 382,7 | 381.6
YA
. D
horizontal load H vV <E + u) kN 99 98 98 98
Spectrum definition
Reference acceleration Sp1 g 0,750

* The iteration may be performed with a
very simple excel table as for the LRB

1. First step is to introduce the input
values:
* Weight supported by the isolator
e Equivalent radius
* Dynamic friction
* Definition of the spectrum
* A tentative displacement

2. Second step is to calculate the other
values (stiffness period, etc) utilizing
the mathematical model of the
isolators

3. Third step is to input the obtained
displacement in the second iteration

4. The procedure is completed when the
input displacement is equal to the
output



There are 3 types of sliding pendulum isolators

Single sliding surface Double sliding surface Double sliding surface
with centre articulation

They are perfectly equivalent from the cynematic point of view.
The only diffeerences: dimensions and position of the resultant

HI-F2=g)



Resultant displacement with sliding pendulum
having one spherical surface

HI-F8=

A



Resultant displacement with sliding pendulum having
two spherical surfaces

HI-F2=g)



RUBBER ISOLATORS OR PENDULUM?

For the Rubber Isolators the
period is a function of:

* M = mass
* K = stiffness
M may vary (LL may change)

K can vary in function of
Temperature and aging

IN CONCLUSION WITH HDRB &
LRB THE PERIOD T CAN VARY

* For the Pendulum the period is a
function of:

* g = gravity constant: cannot vary
* R = radius: cannot vary

WITH THE PENDULUM THE
PERIOD CANNOT VARY



RUBBER ISOLATORS OR PENDULUM?

* For the HDRB & LRB the stiffness ¢ For the Pendulum the stiffness is
is an intrinsecal property. proportional to the mass

1 u
K =Mg(—+=
g(R D)

* The centre of stiffness may not
be coincident with the centre of
mass

* The centre of stiffness is always
coincident with the centre of
mass



RUBBER ISOLATORS OR PENDULUM?

HDRB & LRB PENDULUM
M R
T = 21 e T =21 |—
\ NI
 INCREASING PERIOD =  INCREASING PERIOD =
REDUCING STIFFNESS INCREASING RADIUS
e THE LIMIT: BUCKLING e THE LIMIT: RE-CENTERING
e PRACTICALLY 3-3.5s * PRACTICALLY 6 s

Sliding pendulum isolators can allow ahigher period shift
However Pendulum is not suitable if the period shall be < 2s for geometry reasons



RUBBER ISOLATORS OR PENDULUM?

PENDULUM HDRB & LRB

* Service life 2 100 years - Service life < 60 years

* Behaviour independent from aging

and environmental conditions * Behaviour dependent from

. . aging and environmental
* Fire resistant sINg

. . conditions
* Very high performances in terms _
of period shift * May be damaged from fire
* Unlimited bearing capacity * Limited performances in terms
 Very good cost/efficiency ratio of period shift



Examples of application: Padma Bridge in Bangladesh

VI T/ AY/ Y

]

Is one of the largest application of sliding pendulum isolators in the world

HI-F2=g)



Examples of application: Padma Bridge in Bangladesh

Type N us Displacement Dimensions
Qty.
No. (kN) (mm) (mm)

Type A 37666 +360 1850x 1850x297 24
Type B 98725 £330 2350x2350%507 28
Type C 89436 +300 2190%2190%462 28
Type D 92592 +280 2190x2190x462 12
Type E 37843 £560 1960x 1650x472 4

Type A/B/C/D Type E

For all the isolators the following parameters were adopted
R equivalent radius = 6000 mm

m dynamic friction =5.5%



Examples of application: Padma Bridge in Bangladesh

One important problem was testing.
No one testing equipment in the world has a sufficient vertical load capacity.

The isolators have been tested in the WUHAN HIRUN testing equipment
having 75 MN capicity (the biggest in the world)

Type A/E isolators: full scale test.
Type B/C/D isolators: preformed at reduced sliding material surface rate 36 -
42%. In that way the sliding material could be tested at the design pressure

and velocity



PADMA BRIDGE - BANGLADESH

SLIDING PENDULUM ISOLATOR WITH 10 MN VERTICAL LOAD
HI1-F2=g)



Examples of application: Temburong Bridge, Brunei
HDRB ISOLATORS

* Temburong Bridge is a 30 kM long
bridge in Brunei Brunei
connecting Muara district with the
Labu Estate area

* Designer: ARUP Hong Kong
* Contractor: DAELIM HI-E0~¢




Examples of application — CIBUBUR Metro Line — Jakarta, Indonesia
LRB ISOLATORS

The design displacement was limited to 200 mm
by the designer

The period resulted < 2.0 s
LRB was the cheapest solution




Hydraulic dampers (Viscous dampers and STU

 Consist of a steel cylinder filled by a fluid divided in
two chambers by a piston

* The piston incorporates a valve which allow the
fluid to move from one chamber to the other
according to the piston movements

* They damp the energy thanks to the viscosity of
the fluid

* Fluid is normally a silicon oil



Hydraulic Dampers

 Typical feature

HI-F8=
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Hydraulic Dampers

* The force F generated by this device can be
described by the law

F=C-V°

e Where Cis a constant
* \VVis the velocity

* o is an exponent that may range between 2 and 0
according to the type of valves



CONSTITUTIVE LAW OF HYDRAULIC DEVICES




Shock Transmission Units

* The choice of an exponent o=2:

—>Minimises the reaction of the device for slow
movement (creep, shrinkage and temperature
effects)

—>Maximises the reaction of the device for dynamic
effects (braking force and earthquake)

—>Energy dissipation is low



PRINCIPLE OF FUNCTIONNING OF STU
OIL FLOW

S . .................. | E— i —— —— 4 ;

For Shock Transmission Units |
normally the oil flows through G r e
the annular orifice between 7,

piston and cylinder

HI-F2=g)



Kerch Strait Bridge

HI-F2=g)



The static scheme of the of the Kerch strait bridge

The bridge has a total length of 18100 m and is devided in
continuous sections with one fixed bearing in the center pier
and sliding bearings + STU in the other piers

® ® ® ® ®

ool |
—F— LOCK-UP DEVICE

The horizontal load due to earthquake and
braking force is shared among all the piers by
the Shock Transmission Units (STU)




Kerch Strait Bridge, Crimea

I



Viscous Dampers

* The choice of an exponent o as small as possible,
nearly = O:

=>Still allows slow movement (creep, shrinkage and
temperature effects) with negligible reaction

—>Maximises the energy dissipation of the device
for dynamic motion (earthquake)



PRINCIPLE OF FUNCTIONNING OF VISCOUS DAMPERS

T ) ;

The oil flows through
special valves
providing the
required a coefficient

HI-F2=g)



Examples of application
VISCOUS DAMPERS

Fourth Nanjing Yangtze
River (China - 2012)

Testing at Eucentre
Laboratory (Pavia)
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TEST REQUIREMENTS ACCORDING TO EN 15129

General rule:
There are two kinds of tests:

1. Type testing to be performed on 2 prototypes of each type of
device and to be repeated if the design load and displacement
deviate more than 20% from the prototype

2. Factory Production Contol to be performed on the current
production with the specified frequency



DYNAMIC TESTS ARE ESSENTIAL

A. For Sliding pendulum isolators for the following reasons:

1. The friction coefficient is a function of the velocity. The real friction
coefficient can be measured ad the design velocity only

2. The effects of the heat generated by the energy dissipated cannot be shown
without a full scale dynamic test at design velocity.

B. For hydraulic dampers for the following reasons
F=CV“

The force cannot be shown if the velocity is zero

C. For LRB dynamic tests are recommended by EN and ASCE in the type
tests



DYNAMIC TEST ARE ESSENTIAL FOR SLIDING PENDULUM

Temperature - 06July2012

Temperature in a Sliding Pendulum isolator during a cyclic test

HI-F2=¢



TESTING

In30: Mor Load System [ AN ] [pm—— |
In31: Vert Stroke System [ mm ] NG " ]

30 Mor Load System | kN |

1 1 1 1 1 1
360 580 200000 +100.000 0.000 100000  200.000 %1089
In32: Mor Stroke System [ mm )

horizontal load N'S horizontal stroke plov
Vertical stroke NS horizontal stroke plot

Dynamic test on a sliding pendulum isolator: execution and
output




Dynamic test on LRB with:
Vertical load 7540 kN; Stroke +486 mm; Velocity 1000 mm/s




CONCLUSION (1)

* Bearings has been utilized for bridges since early 1800

* Since then the technology of the bearings has been subjected to a
considerable evolution

* Modern bearings utilizes very high performance sliding materials that
can grant a long service life and resistance to extreme environmental
conditions



CONCLUSION (2)

» Seismic isolation is the most effective system to protect a
structure from the earthquake

* Sliding pendulum isolators are the most efficient and the
most cost/performance effective

e Base isolation greatly simplifies the design
* The best solution shall always be evaluated case by case

* Quality assurance of the devices is of primary importance.
Devices may be required to perform only few second in the
life time of the structure. Failing to do so they would vanish
the whole investment.

* A good standard is essential to generate a good seismic
design and the best use of the antiseismic devices.
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