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1. INTRODUCTION

The primary objective of this research paper is to investigate the effectiveness of Viscous
Dampers and Viscous Dampers with Base Isolation in bridge construction, particularly for
minimizing displacement during seismic events. As seismic resilience becomes
increasingly crucial in the design and construction of bridges, this study seeks to explore
how integrating a viscous damper with base isolation can significantly reduce structural
displacement and enhance overall performance under dynamic loading conditions.

In this research, artificial intelligence programming in Python will be employed to
simulate and analyze the behavior of viscous dampers within bridge systems. Key
parameters such as mass, frequency, sway frequency, wind load, seismic load, correlation
heatmaps, and displacement will be evaluated to understand the dynamic interaction
between the damping systems and bridge performance. The study will leverage machine
learning techniques to process large datasets and identify patterns that inform the optimal
design and placement of viscous dampers and base isolation units.

The research will provide a detailed analysis of how these damping technologies affect the
seismic response of bridges, offering insights into their role in reducing structural damage
and enhancing safety. Additionally, the findings will assist engineers in making data-
driven decisions to improve the seismic resilience of bridge structures. Ultimately, this
study aims to contribute valuable knowledge for advancing the use of innovative damping
solutions, ensuring safer, more resilient infrastructure capable of withstanding seismic
hazards.

Keywords: Viscous Damper, Viscous Damper with Base Isolation, Natural Frequency,
Sway Frequency, Correlation Heatmap, Displacement

In modern bridge engineering, mitigating the effects of dynamic loads such as seismic activity, wind, and traffic-induced
vibrations is critical for ensuring structural integrity and longevity. Viscous dampers and base isolation systems have
emerged as effective solutions for enhancing bridge performance under these dynamic conditions. This paper explores
the integration of viscous dampers and viscous dampers with base isolation in bridge construction to reduce vibrations,
minimize displacement, and improve overall structural safety.
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The Influence of Viscous Dampers and Base-Isolated Viscous Dampers on Enhancing Bridge Performance in Seismically Active Areas

Viscous dampers are devices designed to dissipate kinetic energy through fluid resistance, effectively reducing
oscillations and mitigating the impacts of dynamic forces. When incorporated into a bridge design, they enhance the
damping of the structure, thus improving its ability to withstand seismic events and other dynamic loads. On the other
hand, base isolation involves decoupling the superstructure from ground motion, allowing the bridge to move
independently from the foundation, which results in lower frequencies of vibration and reduced peak accelerations.
Combining base isolation with viscous dampers offers a synergistic effect, where the base isolation reduces the transfer
of forces from the ground, while the viscous damper mitigates the resulting movements and energy dissipation.

This paper evaluates the performance of bridges utilizing both systems, focusing on their impact on displacement,
frequency response, and overall dynamic behavior. Through case studies and numerical simulations, the benefits of each
approach are examined, demonstrating that while viscous dampers alone provide significant damping, the combination
with base isolation offers superior performance, especially for large, flexible bridges subjected to seismic or high wind
forces. Furthermore, the study highlights how these systems can optimize bridge design, reduce maintenance costs, and
extend the lifespan of structures by limiting excessive stress and deformation. The integration of viscous dampers and
base isolation represents a promising advancement in the field of bridge engineering, ensuring safer, more resilient
infrastructure in the face of dynamic environmental challenges.

2. VISCOUS DAMPER

Viscous dampers play a vital role in bridge engineering, particularly in improving structural integrity and resilience.
These devices function by dissipating energy through the movement of a fluid contained within a cylinder. When exposed
to dynamic forces, such as those generated by wind or seismic events, the damper transforms kinetic energy into thermal
energy, thereby diminishing the vibrations that affect the structure. Viscous dampers are instrumental in absorbing and
dissipating energy during seismic events, which mitigates structural damage and enhances safety. They also alleviate
oscillations induced by wind, thereby preventing material fatigue and ensuring stability while controlling the dynamic
response through the adjustment of damping characteristics. The improved capacity to withstand dynamic loads not
only safeguards the structure but also its occupants. By alleviating stress on structural components, these dampers can
extend the lifespan of the bridge. Although the initial investment for installation may be substantial, the long-term
advantages in terms of maintenance and durability can justify these costs.

When integrating viscous dampers, must consider factors such as:

e Damping Ratio: Optimal damping is crucial for effective performance.

e Placement: Location of dampers can significantly influence their effectiveness.

e Compatibility with Existing Systems: Dampers must work seamlessly with other structural components.
Incorporating viscous dampers into bridge design can lead to safer, more resilient structures capable of withstanding
dynamic environmental forces.
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Figure No. 1, “Viscous Damper”
The implementation of appropriate viscous dampers serves to safeguard structural elements during seismic events. The
force exerted by the damper, which counteracts the motion of the structure, is determined based on the damping law
(Equation (1)):
F=CVO o (Equ.No. 1)
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In this equation, F represents the damper force, C is a constant that remains unchanged across the entire effective range
of velocities and displacements, V denotes velocity, and a is an exponent that can vary between 0.3 and 1.95. Notably, as
indicated in Equation (1), there is no contribution from spring force; thus, the damping force is solely reliant on the
relative velocity at both ends of the damper. Figure 02 illustrates the components of a standard viscous damper.
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Figure No. 2, “Typical Component of a Viscous Damper”

In viscous dampers, the movement of the piston results in the fluid being forced through the piston heads and around
the orifices. This region experiences a high fluid velocity, leading to the conversion of upstream pressure energy into
kinetic energy. As the fluid traverses the orifices and exits the opposite side of the piston head, it decelerates and
dissipates its kinetic energy as turbulence. On the downstream side of the piston head, the pressure is significantly lower
than that on the upstream side, which is subjected to the total pressure. This pressure differential generates a substantial
force that opposes the motion of the damper.

3. PROBLEM STATEMENT

TABLE 1: Problem statement for analysis

Structural Details Remark

Bridge Type Suspension Bridge
Bridge Location Guwabhati

Length of Bridge in Meter 914.4 Meter (3000 feet)
Bridge Mass in Tons 1037

Sway Frequency in Hertz 01

Wind Load 50 M/Sec ( As per IS 875 Part III)
Zone Factor 0.36

Seismic Load - Newton 5491724 N (560 Tons)
Damping Coefficient 0.5

Natural Period of Base Isolation 03 Sec

ANALYSIS OF BRIDGE MODULE

> Weight of Bridge-
For calculation of mass here used Federal Bridge Formula in which establishes the maximum weight any set of axles may
legally carry on the Interstate roadways. The FBF is a mathematical formula used to determine the appropriate weight
of loads based on axle configuration (number of axles, axle spacing, and weight distribution). The formula is as follows:
The Bridge Formula FOR WEIGHT

W =500 [(LN / N-1) + 12N 4 36] weeverrerereireereeneeneneeee e see e (Equ. No. 03)

Where,
W =the maximum weight in pounds that can be carried on a group of two or more axles to the nearest 500 pounds
(230 kg).

L = spacing in feet between the outer axles of any two or more consecutive axles.
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N = number of axles being considered.

W=500 [(3000 x 3) /(3-1) + 12(3)+ 36].
W= 2,286,000 POUNDS
W=1036.912 TONS (1037 TONE)

» Seismic load (N)

Seismic load calculation for bridges is a crucial aspect of bridge design, especially in seismically active regions. The goal
is to ensure that the bridge can withstand the forces generated during an earthquake without suffering catastrophic
damage. For Calculation of Seismic Forces,
Fseismic=M-Z-[-Cd--------===mmmmmmm oo (Equ. No. 02)
It is a simplified representation used in seismic design, where each term typically has the following meaning:
e Fseismic: The seismic force or lateral force acting on the bridge due to an earthquake.
e M: The mass of the bridge, which is a product of the total weight (W) and the acceleration due to gravity (g). For
the purpose of seismic force calculation, M=W/gM = W /gM=W/g.
e Z: The seismic zone factor or a measure of the seismic hazard of the region often derived from seismic hazard
maps.
e [II: The importance factor, which accounts for the significance of the bridge in the event of a failure (e.g., critical
infrastructure like emergency routes would have a higher importance factor).
e Cd: The design response coefficient, which represents the bridge's dynamic response to ground shaking and
typically depends on the bridge’s structural characteristics, such as its natural period and damping.
F seismic =1037 tonsx0.36x1.5x1.0=559.98 Tons = 560 Tons of seismic Force

4. RESULT AND DISCUSSIONS
TABLE 2: Analysis of Dampers

Viscous Damper

Viscous Damper Design Various designs using hydraulic or viscous fluid- The
specific design of the viscous damper may vary.

Bridge Displacement (x) 2.48

Viscous Damper with Base Isolation

Damping Characteristics Damping ratio typically kept low to avoid excessive
energy.

Maximum Isolation Displacement 2.24

For this given problem statement, 2.48 is the maximum bridge displacement while using and Viscous Damper whereas

2.24 is the maximum Isolation Displacement while using an Viscous Damper with Base Isolation. Base isolation

decouples the structure from ground motion, allowing it to move independently, which can reduce the overall

displacement of the structure during seismic events or dynamic loading. Adding a viscous damper can further reduce

this displacement by dissipating energy. Thus, it is reasonable to expect a minimum displacement with the combination

of base isolation and viscous damping, compared to using just a viscous damper
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Figure No. 3, “Neural Network for Bridge using Figure No. 4, “Neural Network for Bridge
Viscous Damper” using Viscous Damper with Base Isolation”
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Figure No. 5 (A), “Histogram for Viscous Figure No. 5 (B), “Histogram for Viscous
Damper” Damper with Base Isolation”
Figure No. 5, “Histogram between Bridge Span Length & Frequency”

As a general rule in structural dynamics, longer bridges tend to have lower natural frequencies because they have
more mass and longer spans to oscillate. Viscous dampers dissipate energy, which can influence the damping ratio, but
they typically do not drastically change the natural frequency of a structure unless the damping is very high. Base
isolation typically lowers the stiffness of the structure by decoupling the superstructure from the ground motion. This
can lower the natural frequency of the system, as the isolated base allows more movement. Thus, when combining a
viscous damper with base isolation, the structure's frequency is likely reduced further due to the decoupling of the
base, leading to a minimum frequency in this scenario.

Histagram of Bridge Mass - Tans Histogram of Bridge Mass - Tons

Figure No. 6(A), “Histogram between Bridge Figure No. 6 (B), “Histogram between
mass and Frequency using Viscous Damper” Bridge mass and Frequency using Viscous
Damper with Base Isolation”
Figure No. 6, “Histogram between Bridge Mass & Frequency”

By studying the above figure it’s stated that the frequency remains constant at 2 Hz for two different scenarios:

1.
2.

A 45,000-ton bridge with a viscous damper.

A bridge with a mass between 800,000 and 900,000 tons with viscous damper + base isolation.

Typically, the natural frequency of a structure is inversely related to its mass. As mass increases, the frequency
should decrease, assuming similar stiffness.

If the mass increases from 45,000 tons to 800,000-900,000 tons, the natural frequency would typically decrease
unless other structural changes (like increased stiffness or damping) occur to counterbalance this.

It is unlikely that the frequency would remain constant at 2 Hz for both cases unless there are compensatory
effects from base isolation and damping mechanisms, but this would be unusual for such a large increase in mass.
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Figure No. 7, “Histogram between Bridge Sway Frequency & Frequency”
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Figure No. 8 (B), “Correlation Heatmap for
Bridge using Viscous Damper with Base
Isolation”

Figure No. 8, “Correlation Heatmap for Bridge”

Figure No. 8 (A), “Correlation Heatmap for
Bridge Using Viscous Damper”
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Figure No. 9 (A), “Pair Plot for Bridge using Figure No.9 (B), “Pair Plot for Bridge using
Viscous Damper” Viscous Damper with Base Isolation”

Figure No. 9, “Pair Plot for Bridge”
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Figure No. 11, “Histogram between Seismic
Load & Frequency using Viscous Damper
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Figure No. 13, “Histogram of Seismic Load
using Viscous Damper with Base
Isolation™”

3. CONCLUSION

1. The Viscous Damper with Base Isolation offers reduced displacement when compared to the standard Viscous

Damper

2. When analyzing a histogram that depicts the relationship between bridge span length and frequency, it is
observed that frequency (Hz) rises as the length of the bridge increases. However, when a viscous damper is
employed in conjunction with base isolation, the frequency reaches its lowest point.

3. The frequency for a bridge mass of 45,000 tons is 2 Hz when utilizing a viscous damper. Similarly, when the
bridge mass ranges from 800,000 to 900,000 tons and employs a viscous damper with base isolation, the

frequency remains at 2 Hz.

4. The bridge sway frequency is 3 Hz for a value of 1.8, while for the range of 1.6 to 1.8 Hz, the frequency is 1 Hz for
both the viscous damper and the viscous damper with base isolation respectively.
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