why did the tacoma narrows bridge collapse
physics

The IlI-Fated Tacoma Narrows Bridge: A Deep Dive into
the Physics of its Collapse

why did the tacoma narrows bridge collapse physics is a question that has captivated
engineers, physicists, and the public for decades, serving as a stark reminder of the crucial interplay
between design, natural forces, and structural integrity. The dramatic twisting and ultimate failure of
the Tacoma Narrows Bridge on November 7, 1940, was not a simple accident but a complex
phenomenon rooted in fundamental principles of physics, particularly resonance and aerodynamic
instability. This article will dissect the scientific reasons behind this iconic collapse, exploring the
specific forces at play, the design flaws that exacerbated them, and the lasting lessons learned in the
field of structural engineering. We will delve into the concepts of aeroelastic flutter, harmonic
oscillations, and the critical role of wind in triggering the disaster, providing a comprehensive
understanding of this catastrophic event.
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Understanding the Bridge's Design and Initial Problems

The Tacoma Narrows Bridge, designed by Leon Moisseiff, was a marvel of suspension bridge
engineering for its time. It opened to traffic in July 1940, but almost immediately, it began exhibiting
unsettling behavior. The bridge deck, a relatively thin and flexible structure, was prone to undulating
and twisting even under moderate wind conditions. This flexibility, intended to reduce the weight and
cost of the bridge, would ultimately prove to be its undoing. Early on, engineers observed the deck



swaying, and locals even nicknamed it "Galloping Gertie." These initial oscillations, while alarming,
were not immediately understood as precursors to catastrophic failure.

The primary issue lay in the bridge's slender profile and its lack of torsional rigidity. Unlike older
suspension bridges that often featured solid, deep girders or trusses, the Tacoma Narrows Bridge
used a shallow plate girder system. This design choice, while aesthetically pleasing and cost-effective,
made the bridge far more susceptible to twisting motions, a crucial factor that would be exploited by
the wind.

The Importance of Stiffness and Damping in Bridge Design

In structural engineering, two key properties are essential for the stability of long-span bridges:
stiffness and damping. Stiffness refers to a structure's resistance to deformation under load. A stiff
bridge will resist bending and twisting much more effectively. Damping, on the other hand, is the
dissipation of energy from oscillations. Think of it like the shock absorbers in a car; they absorb the
bumps and prevent the vehicle from bouncing excessively. Bridges also need mechanisms to
dissipate the energy of wind-induced vibrations.

The Tacoma Narrows Bridge, unfortunately, lacked sufficient stiffness, particularly in torsion
(twisting). While it had some degree of vertical flexibility, its ability to resist twisting was severely
compromised by its shallow, solid plate girders. Furthermore, the materials and construction methods
of the time did not fully account for the complex aerodynamic forces that could act upon such a
flexible structure, meaning damping mechanisms were inadequate.

The Role of Wind: Nature's Unseen Force

Wind is a pervasive force that engineers must always consider when designing any structure,
especially large bridges. However, the wind's interaction with a bridge is far more complex than
simply pushing it. Wind can create dynamic forces that vary rapidly in magnitude and direction, and
these forces can excite oscillations in the structure.

The prevailing winds in the Tacoma Narrows area were known to be strong and consistent. While the
bridge was designed to withstand significant static wind loads (constant pressure), it was not
adequately engineered to handle the dynamic and fluctuating forces that could arise from less
predictable wind patterns and their interaction with the bridge's unique shape. The turbulent nature
of wind, especially as it flows around the edges of the bridge deck, is a critical element in
understanding the collapse.

Aerodynamic Forces and Vortex Shedding

As wind flows over and around an object, it can create swirling vortices behind it. This phenomenon is
known as vortex shedding. If the frequency at which these vortices are shed matches a natural
frequency of the structure, it can lead to resonance, amplifying oscillations. In the case of the Tacoma



Narrows Bridge, the wind was not just a steady push; it was creating these alternating low-pressure
zones on either side of the deck. These fluctuating pressures could induce a rhythmic motion, much
like a child on a swing being pushed at just the right moment.

The relatively narrow and flexible deck of the Tacoma Narrows Bridge was particularly susceptible to
this vortex shedding. The alternating lift and drag forces generated by the shedding vortices were
able to excite vertical oscillations, which, as we will see, then led to more dangerous torsional
movements.

Resonance and Oscillations: The Bridge's Fatal Dance

Resonance is a fundamental physics concept that occurs when an external force or vibration matches
the natural frequency of a system, causing the amplitude of oscillations to increase dramatically.
Imagine pushing a child on a swing. If you push at random times, the swing won't go very high. But if
you push in sync with the swing's natural back-and-forth motion, you can make it swing higher and
higher. The Tacoma Narrows Bridge experienced a catastrophic form of resonance.

The bridge had several natural frequencies of vibration, both in the vertical (up and down) and
torsional (twisting) directions. The initial vertical oscillations, observed from the moment it opened,
were a sign that the bridge was responding to the wind. These vertical movements, however, were
not the primary cause of the collapse. They played a critical role in initiating a more destructive form
of oscillation: torsional flutter.

Vertical Oscillations Leading to Torsional Movements

The initial vertical "galloping" of the bridge deck, often observed in winds as low as 20-30 mph, was
caused by a combination of vortex shedding and the aerodynamic properties of the shallow deck.
These vertical oscillations were significant enough to cause discomfort to drivers and were a constant
source of concern. However, the critical flaw was how these vertical movements inadvertently
triggered torsional instability.

As the bridge deck twisted, its aerodynamic profile changed. This change in shape altered the way the
wind flowed over it, creating new aerodynamic forces that further encouraged the twisting motion. It
was a self-reinforcing cycle, where the bridge's movement created forces that made it move even
more, escalating rapidly towards failure. This intricate feedback loop is central to understanding why
the bridge collapsed.

Aeroelastic Flutter: The Primary Culprit

While resonance from vortex shedding initiated the oscillations, the ultimate cause of the Tacoma
Narrows Bridge collapse is widely attributed to aeroelastic flutter. This is a complex phenomenon
where aerodynamic forces, elastic forces (the bridge's tendency to spring back), and inertial forces



(the bridge's resistance to changes in motion) interact to produce a potentially destructive instability.

In simpler terms, aeroelastic flutter occurs when the aerodynamic forces acting on a flexible
structure, like a bridge deck, are able to generate an increasing amplitude of oscillation. For the
Tacoma Narrows Bridge, the shallow, flexible deck acted like an airplane wing. As it twisted due to
wind forces and initial oscillations, the airflow over its surfaces changed. This change in airflow could
generate additional lift and drag forces that were out of phase with the motion, effectively feeding
energy into the system and causing the twisting to become more violent and uncontrolled.

The Critical Wind Speed and the Catastrophic Twist

Every flexible structure has a critical wind speed at which aeroelastic flutter can begin. For the
Tacoma Narrows Bridge, this critical speed was surprisingly low, estimated to be around 40 mph.
Once this speed was reached, the bridge began to exhibit the violent torsional oscillations that would
eventually lead to its demise. Video footage and eyewitness accounts describe the bridge deck
twisting dramatically, with one side going up as the other went down, in a sickening, serpentine
motion.

The structural elements of the bridge, particularly the steel cables and the deck itself, were not
designed to withstand these extreme torsional stresses. The twisting caused immense strain, and
eventually, the fasteners and connections began to fail. The collapse was not instantaneous but a
gradual disintegration as the forces overwhelmed the bridge's weakened components.

Damping: The Missing Ingredient

The most crucial element missing from the Tacoma Narrows Bridge's design was adequate damping.
Damping mechanisms are essential for dissipating the energy of oscillations and preventing them
from building up to dangerous levels. The original design relied on the inherent damping of the
materials and the structural connections, which proved to be insufficient.

One of the proposed, but ultimately rejected, solutions to the initial oscillations was to add cables to
tie down the deck. However, this would have been a temporary fix. A more robust solution would have
involved a stiffer deck design, such as a deep truss or a box girder, which would have had higher
torsional stiffness and inherent damping properties. Alternatively, engineered damping devices could
have been incorporated.

Lessons Learned: Stiffer is Better, and Damping is Key

The collapse of the Tacoma Narrows Bridge was a harsh but invaluable lesson for the field of
structural engineering. Engineers realized that simply building longer and more slender bridges was
not always the answer. The understanding of aerodynamic forces and their impact on flexible
structures was significantly advanced as a direct result of this disaster.



Modern suspension bridges are designed with significantly more robust decks, often using closed box
girders or open trusses, which provide much greater stiffness and resistance to twisting. Furthermore,
sophisticated computational fluid dynamics (CFD) modeling is now used to predict the aerodynamic
behavior of bridges under various wind conditions, allowing engineers to design for potential flutter
and other instabilities. The inclusion of tuned mass dampers and other energy dissipation devices has
also become standard practice in the design of long-span bridges, ensuring that oscillations are kept
within safe limits.

The Aftermath and Lasting Legacies

The collapse of the Tacoma Narrows Bridge was a catastrophic event that resulted in the loss of four
vehicles and one dog, but thankfully, no human fatalities. The iconic footage of the bridge twisting
and breaking apart became a staple in engineering education, a chilling visual aid to the power of
physics when misapplied or underestimated. The disaster led to a complete re-evaluation of bridge
design principles, particularly for long-span suspension bridges.

The subsequent investigation and analysis of the collapse provided invaluable data and insights into
the complex interaction between wind and flexible structures. This knowledge has directly influenced
the design of countless bridges built since, making them significantly safer and more resilient. The
physical principles at play - resonance, vortex shedding, and aeroelastic flutter - are now
fundamental considerations for any engineer tackling a large-scale structural project.

Rebuilding and the Future of Bridge Engineering

A new Tacoma Narrows Bridge was built and opened in 1950, incorporating the hard-won lessons of
its predecessor. This new structure is considerably wider and stiffer, significantly more resistant to
aerodynamic forces. The principles derived from the original bridge's failure continue to inform and
improve bridge design worldwide, pushing the boundaries of what is possible while prioritizing safety
above all else.

The story of the Tacoma Narrows Bridge collapse serves as a powerful testament to the unforgiving
nature of physics. It underscores the absolute necessity for thorough analysis, rigorous testing, and a
deep understanding of the forces that govern our world. The ghosts of "Galloping Gertie" continue to
remind us that even the grandest human achievements must respect the fundamental laws of nature.

FAQ

Q: What was the primary physical phenomenon that caused
the Tacoma Narrows Bridge to collapse?

A: The primary physical phenomenon was aeroelastic flutter, a complex interaction of aerodynamic,
elastic, and inertial forces that led to uncontrolled torsional oscillations of the bridge deck.



Q: How did wind play a role in the Tacoma Narrows Bridge
collapse?

A: Wind created dynamic forces that were not adequately accounted for in the bridge's design.
Specifically, vortex shedding and the aerodynamic profile of the flexible deck led to fluctuating lift and
drag forces that excited oscillations.

Q: What is resonance, and how did it relate to the bridge's
collapse?

A: Resonance occurs when an external force matches a structure's natural frequency, leading to
amplified oscillations. While initial vertical oscillations were a form of resonance, they played a role in
triggering the more destructive aeroelastic flutter.

Q: Why was the Tacoma Narrows Bridge so susceptible to
twisting?

A: The bridge's design featured a shallow, flexible plate girder deck that lacked sufficient torsional
stiffness, making it highly vulnerable to twisting motions induced by the wind.

Q: What is aeroelastic flutter in the context of bridges?

A: Aeroelastic flutter is an instability that can occur in flexible structures like bridges when
aerodynamic forces, in conjunction with elastic and inertial forces, cause oscillations to grow in
amplitude, potentially leading to failure.

Q: Was the collapse due to a sudden gust of wind or a
sustained wind?

A: While strong winds were present, the collapse was more a result of the dynamic interaction
between the wind and the bridge's flexible structure, leading to escalating oscillations over time,
rather than a single, exceptionally powerful gust.

Q: What were the key design flaws that contributed to the
collapse?

A: The primary design flaws included insufficient torsional stiffness in the deck and inadequate
damping mechanisms to dissipate energy from wind-induced oscillations.

Q: How has the Tacoma Narrows Bridge collapse influenced
modern bridge design?

A: It led to a significant increase in the emphasis on aerodynamic stability, torsional stiffness, and



damping in the design of long-span suspension bridges, using more robust deck structures and
advanced modeling techniques.
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