Considerations on operating principle of fluid viscous dissipation
model used for bridge seismic isolation

Scheaua FANEL

“Dunarea de Jos” University of Galati, Engineering and Agricultural Faculty of
Braila, Calarasilor street, no. 29, fanel.scheaua@ugal.ro, MECMET — ,, Machine
Mechanics and Technological Equipments” Research Center

Abstract: - The main concern of structural engineers is related to capabilities to ensure structure stability
during seismic actions. Therefore different mechanical systems have been designed which can be attached
to structures in order to change their behavior during earthquakes. This paper presents a special device
that can be mounted at bridge or viaduct structures aiming to obtain an improved behavior of theese
structures during earthquake actions. The special device is presented as a hydraulic system that can assure
dissipation of earthquake input energy. Along with the sliding and elastomeric bearings, the fluid viscous
device may form a complete safety system capable to protect the isolated structure from the earthquake
destructive actions. The fluid viscous system is composed of a cylinder with piston which can be
translated inside the cylinder through the hydraulic fluid due to the orifices formed in the piston head. The
fluid used for these special devices is typically mineral or silicone oil. Usually viscous fluid devices are
connecting the bridge foundation and superstructure, so that in the occurrence of an earthquake, the piston
is forced to move through the fluid medium inside the cylinder. Due to the low value of the passage
orifices diameter the displacement is strongly restrained. Because of this resistance achieved at the
hydraulic device ends a considerable amount of energy from the total earthquake energy is taken over,
dissipated and converted into caloric energy due to internal friction forces, being after transferred to the
external environment through the cylinder walls. In this paper it is presented a model of viscous fluid
dissipation device that can be used in isolation of bridge or viaduct structural types against seismic
activities. A three-dimensional assembly model was conducted at a reduced scale for the device equipped
with flanges for clamping to the structural elements which has been analyzed in terms of operation

principle using ANSYS FLOWIZARD program.
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1. INTRODUCTION

The dynamic actions that may have influence on
the stability of the building structures are
represented by seismic actions.

In order to counteract the effects of seismic
activities on structures various mechanical systems
were developed which may help protecting the
structure where are mounted in the occurrence of
unexpected seismic events.

These special protective devices are presented as
isolation or energy dissipating systems that take over
a part of the earthquake input energy and turning it
into another form of energy, typically heat. The
viscous fluid dissipative systems that can be attached
to the bridge or viaduct type structures are described
in this work. The mounting to the isolated structure
is made at the base level where are linking the
bridge superstructure to the foundation. Their
operation is based on the passive principle, but there
are some models having electronic control systems
attached which are included in the category of
systems based on the active principle.

2. FLUID VISCOUS DAMPER
ASSEMBLY MODEL

The dissipative fluid viscous systems in the
simplest version are shown as linear hydraulic
actuators or hydraulic cylinder with a plunger.

Inside the cylinder a fluid with particular
viscosity properties can be used which can be
mineral or silicone oil, on which is based the
operation of the dissipative device.

The resistance to piston movement is obtained
due to the viscosity value of the working fluid but
also because of restrictively circulation through the
orifices made in the piston head. A certain value
established for the flow orifices diameter makes
them to operate like throttle valves which adjust the
working fluid flow rate in time.

A three-dimensional assembly model was carried
out at reduced scale for the fluid viscous dissipation
device equipped with flanges for clamping at
structural elements.

Typically the piston is centrally positioned inside
the cylinder providing two chambers located on
either side ensuring displacement reserve according
to the both compressive and tensile strength efforts
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which may occur due to unpredictable seismic
events.

In Figure 1 is presented the viscous fluid
dissipative system assembly model having also
installed the mounting flanges ready to be attached
to the foundation on one side and to the
superstructure on the other side.

a) hidden edges model assembly
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b) visible edges model assembly
Figure 1.  Viscous damper assembly model

The mainly parameter on which is based the
viscous fluid system operation is represented by the
total piston force which depends largely on the
relative displacement between the device ends over
time.

The relationship describing the basic functioning
of viscous fluid dissipation system is represented by
the force-displacement over time relationship where
are involved also the characteristics of the working
fluid used within the device cylinder.

The force-displacement relationship can be
expressed as: [4]

F, - piston rod force;

d - relative displacement;
¢, 4, - damping constants.

3. MODEL OF BRIDGE WITH FLUID
VISCOUS DAMPER MOUNTED

Bridges or viaducts are structures that ensure the
connection between human communities. Therefore
they must remain fully functional in the event of an
earthquake. An enhanced stability of bridges can be
reached by using fluid viscous dissipative systems
that can be mounted between the pier and bridge
path or superstructure. A possible connection of the
fluid viscous dissipation system at isolated structure
is shown schematically in Figure 2.

Bridge
/" Superstructure

, Fluid Viscous
'\ Dissipation

Device

Figure 2. Schematic representation of
connectivity solutions to bridge type structure

Usually, base isolation technique for the bridge
structures type is used by means of sliding or
elastomeric bearings. At the same time viscous fluid
system devices can be attached to the structure of
order to ensure supplementary energy dissipation
and the limitation of relative displacements for a
enhanced bridge stability during seismic activities
but also to isolate vibrations from road or rail hard
traffic.
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r t & @) M Figure 3. Three-dimensional bridge model seismic
where: isolated
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In Figure 3 are presented the mounting
possibilities of viscous fluid system in paralel with
base isolation systems at structural elements of a
virtual three-dimensional bridge model assembly.

4. COMPUTATIONAL FLUID DYNAMICS
ANALYSIS (CFD) FOR FLUID
VISCOUS DISSIPATION MODEL

The three-dimensional assembly model was
analyzed in terms of functioning principle using
ANSYS-FLOWIZARD program. In the initial
conditions was considered a piston movement
corresponding to the occurrence of an earthquake.
The results are presented below in terms of pressure
values inside the cylinder, flow path lines along
piston rod and internal walls, at the orifices level,
but also flow velocities registered on the regions.

Table 1. Model mesh information

Mesh type Tetrahedral mesh
Total nomber of cells||28730
Tetrahedral cells 28730

Wedge cells o

Hexahedral cells 0]

Pyramid cells (0]

Polyhedral cells 0

The numerical analysis program conducted a

meshing network with a total of 28,730 cells of

tetrahedral form as it can be seen in Table 1.

Total p
3.167et

re [pascal]

=9.421e+003
-1.916e+004
-2.830e+004
-3.864e+004

o

x

The values for total pressure
obtained

Figure 4.

In Figure 4 different pressure values are observed
between the two chambers of the cylinder while
piston tends to move to the left side following a
tensile stress applied to the hydraulic device. A
sudden piston movement cannot be performed due to
the viscous fluid which is forced to circulate through

the orifices conducted inside the piston head. A
delay occurs that slows the piston and opposes to the
relative motion between the dissipation devices ends
connected at the structural elements.

Velocity magnitude [m/s
1.2000

0. 9088
0.6008

0.3008

0.0008

Figure 5. Velocity magnitude values

In Figure 5 are presented the path lines for the
velocity magnitude values obtained noting that the
highest values are obtained at the piston rod, but also
inside the orifices circulation channels of the
working fluid.

Turbulence kinetic energy [m2/s2
9.7417

7.3063
4.8788

2.4354

©.00808

L

Turbulence kinetic energy values

Figure 6.

The values for the turbulences are presented as
path lines between the two cylinder chambers in
Figure 6. The fluid flow is turbulent type with
different values for the various parts of the fluid
region.

5. CONCLUSIONS

The energy dissipating systems with viscous fluid
have been analyzed in this work in terms of
operation principle. The dissipative viscous fluid
system is a device with a strong nonlinear character
operation principle. They connect the bridge or
viaduct structural elements where they are mounted,
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namely between supporting pier and the
superstructure pathway.

Theese devices can be used as part component in
a composed isolation and energy dissipation system
along with sliding, rolling or elastomeric bearings.

By viscous fluid system action a resistance force
is achieved to relative displacement of structural
frames due to inertial forces arising from the
occurrence of seismic activities.

These kind of systems can be used for the
endowment of bridge or viaduct type structures in
order to mitigate the pathway displacements for new

structures but also for rehabilitation of old
structures.
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