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CHAPTER 8.6 « APPLIED PHYSICS

Applications of Elastic Behaviour of Materials

How the physical limits of solids shape the design of buildings, bridges, and mountains.
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Engineering within the Elastic Limit

Every solid object deforms under force. The goal of structural engineering is to ensure that deforming
forces never push a material past its yield point, preventing permanent, unsafe plastic deformation.
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Withstanding compressive vertical Managing sagging and structural Calculating safe tensile loads to
loads from massive weight without bending under moving traffic and prevent metallic lifting ropes
fracturing or collapsing. wind shear. from snapping.
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Rule of Thumb: Engineers calculate theoretical limits but typically apply a safety
factor of 10x to account for dynamic, unpredictable real-world forces.
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TENSION & YIELD STRENGTH

Calculating Safe Rope
Thickness

To lift a heavy load (W) without permanent deformation, the
stress applied to the rope must not exceed the material's
yield strength (o). For a crane lifting 10 tonnes (10 kg), mild
steel requires a specific minimum cross-sectional area.

A = (10% kg x 9:8 m/s2) /[ (3080 x 105 N/m2) = 3.3ux 1074 m?

Why Braided Ropes?

A single 3cm thick steel wire would be as rigid as a solid rod.
Braiding multiple thin wires provides the necessary total
area (A) while maintaining flexibility and strength.
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STRUCTURAL BENDING TopAll

The Mechanics of a Loaded Beam

When a beam spans a distance and supports a central load, it sags (depresses) by an
amount 6. Minimizing this sag 1s crucial for structural stability.
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[ W=Load ]| [ 1 = Span length ] | | [ b = Breadth ]
[ d =Depth ] [Y = Young's Modulus ]



MATHEMATICAL INSIGHT
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The Power of the Cubed Variable (d3)
Looking at the denominator of the bending formula (4bd3Y), how should we thicken a
beam to make it stronger? The math reveals a clear winner.
Increasing Breadth (b) Increasing Depth (d)
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Linear relationship. Doubling the breadth Exponential relationship. Doubling the depth

reduces the sag by exactly a factor of 2. reduces the sag by a massive factor of 8.

For maximum strength with minimal material weight and cost, beams should be designed
vertically deep, not horizontally wide.
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THE PHYSICAL LIMITATION

The Danger of
Deep, Thin Bars

If increasing depth (d) is mathematically
optimal for preventing sag, why not make
beams infinitely deep and paper-thin?
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When a beam becomes too deep and thin, it
loses lateral stability. Unless the downward
load is perfectly centered at all times
(impossible in a bridge with moving traffic), the
beam will violently twist and bend sideways.
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The Anatomy of the I-Beam e

The |-section beam is the ultimate structural compromise, engineered specifically to solve sagging and buckling simultaneously.

Top/Bottom Flanges

Wide horizontal surfaces

Provide a large load-bearing area
and essential lateral stability to
prevent buckling.

Middle Web
Tall vertical section. Maximizes

depth (d) to dramatically reduce
sagging utilizing the@ advantage.

Cut-out Sides
Missing material

Removes dead-weight from areas
under low stress, drastically reducing
the beam’'s own weight and cost.

Shape matters as much as material. The ‘' shape delivers maximum structural efficiency by directly exploiting the formulas of elasticity.



From Pillars to Mountain Peaks
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Pillars - Distributing Load
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Concentrated Stress

Distributed Stress

Distributing compressive load over a wider area
(A) reduces stress (F'/A), preventing structural
failure at the base.
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Mountains - The Geologlcal Limit
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Why are there no 20 km tall mountains on Earth?

The immense weight of a mountain creates
~ shearing stress (hpg) at its base.

hpg = Rock's Elastic Limit

30 x 10" N/m*

3 x 10° kg/m? x 10 m/s?

If a mountain exceeds ~10 km, the base stress
surpasses typical rock’s elastic limit. The rock

permanently deforms and flows like a viscous fluid.
Mount Everest is at Earth’s physical ceiling.




What TopAll Pro Does Differently

You've Learned
the Theory.
Now Let s TestIt.

Reading notes gets you knowledge.
Practicing MCQs gets you marks.
That's exactly what TopAll Pro is built for.

Stuck? Snap it. Solve it. — Doubts Al
Photo — step-by-step solution in seconds, 24/7

Your Al Coach finds your blind spots
Concept-level weakness detection — not just chapter-level

4.5 Lakh+ questions. Never run out.
13x more content than any other prep app in India

Build your own test in 60 seconds
Pick a chapter, set difficulty — Al does the rest instantly.

Al Recommandation that helps you improve
Al Recommandation Analysis your Tests and tell you where

vV VvV VYV VvV WV

Try TopAll Pro Now

you need to improve.

‘> Practice the moment you finish studying 4.5L+ 1.5L+ Al Powered

Jump in while the concept is still fresh in your head MCQs Students In-Depth Analysis




