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Today:

Elastic response of
materials

The Titanic
Proportions of Animals

Temperature and
thermal equilibrium
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A Nylon rope used by mountaineers has a length of 50
m and cross-sectional area of 0.004 m?. When an 80
kg climber hangs from the rope it extends by 1 m.

What is the stress in the rope?

Leie
ope Otress= £ 28 A, 80N
( mx0) A B
o 800 N
i 0,004/ 3t C. 2 N/m?2
| W m§ = 8oow = 2006000 “Z, ¢ |D. 20 N/m?2
[ £2)200,000 N/m?




A Nylon rope used by mountaineers has a length of 50
m and cross-sectional area of 0.004 m?. When an 80
kg climber hangs from the rope it extends by 1 m.

What is the Young's modulus E of the Nylon?

F_g 25
A - L Ex?
HE< b | 4 A. 200 N/m?

“us Ol
e /e B. 200.000 N/m?

_ 00,000 A7~ = 1.000,000 N/m?
| 2
/50 @10,000,000 N/m?2
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The Pyramids at Giza
Constructed: 2650 - 2490 BC




Cathedrale de Notre-Dame-de-Paris
Constructed: 1163 - 1345 AD
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an Francisco de Asis, Taos, New Mexico
Constructed: 1772-1816




Monadnock Building, Chicago
Constructed: 1893
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The 627 ft tall "Turning Torso”,
an apartment complex in Malmo,
Sweden, designed by Spanish
architect Santiago Calatrava.
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TITANIC

WEAKENED RIVETS ON TITANIC'S HULL

ne theory on the sinking of the Titawnic focuses on the HOW THE RIVETS MAY HAVE CONTRIBUTED TO DISASTER
wronght-iron rivets that held the ship together Impact from

the iceberg didn't slice a gash 1n ifs side but may have pofped
the structwrally weak rivets, “unzipping”™ hull-plate seams.

Somar has revealed a series of six |ateral
opeiings in the starboarnd =ide.

WHAT I5 KNOWN ABOUT THE RECOVERED RIVETS

High slag content and changes in the direction of the slag grain may be 1. The rivets were 2 Pressure from the 3. The total area open
used to seal the hull iceberg collision may  to the sea may have
signs that the iron was weak. A
oy Hammnared snd (missing plates together, with  have caused the rivets  been no bigger than a
Slag is a byproduct in the 7 In recovered rivets) - the hammered end on  to pop along some hull  closet door, through
iron-making process. Wrought L the exterior, plates, causing the which 34,000 tons of
iron needs a small percentage - seams to apen. water seeped.

of slag to help strengthen it; '

too much slag can make tha :

iron weak and brittle.

Narmal rivets: Titanio rivebs:

2% slag - &% slag

"-\'I A cross-section of the rivet shows the
/ ] slag, which should run lengthwise along

the rivet, makes a 90-degree turn at
one end—a potential weak spot,

SFURCE: Sociely of Naval Architects and Marine Enginser, Dr. Timathy Foscke
THE WASHIMGTON POST




The minimum cross-sectional area of the femur of a
human adult is 6 x 10* m2. The ultimate strength of bone
under compression is 17 x 10’ N m-2,

What is the maximum compressional force F ., that can
be applied (e.qg., during a fall) before the bone breaks?

| _(E
ul€imate vaéhd{z\ - (",cf)“d Frax = 7
- meX. 'DM A. 1000N
) Foes <(US). A (B))100,000 N
— 17072 §o10 T 11
2 C. 3x10* N

/00, 600 A D. None of the above




The minimum cross-sectional area of the femur of a
human adult is 6 x 104 m2. The ultimate strength of bone
under compression is 17 x 10’ N m-2, and its Young's

modulus E is 9 x 10° N m=.
2. DL/L po 2
What is the strain at which fracture occurs?

(Assume that the stress-strain relation is linear up to when

= —fracture occurs.)

E . s Q& Strain ~ ?
A O
5 (AL _ (F/A’)"nlx _ (4(‘(%4&7% A. 001
=/ = " & B) 0.02
= (710 /%1—002:2%
q-(0I N4 D. 30
E. 100
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Proportions of Animals

Geometric Similarity:

Individuals of the same species usually
have the same shape. Larger individuals
are just magnified versions of smaller
iIndividuals.



E.g., Regal Horned Lizards
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Geometric Similarity:

— characterized by a single length scale ¢

* length, diameter of limbs oc /
 bone, muscle x-sectional area A oc /2
e mass m oc /3

* muscle strength o A oc (2
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log (body weight W)

Geometric Similarity:

W- oc strength o ¢2
W = world record W « mass « /3

weight lifted = Wy oc W23



Elastic Similarity:

The shapes of individuals of different species are
characterized by two length scales:

- long bone and muscle length /£
- bone and muscle diameter d

Animals of increasing size must be designed
so that the elastic bending of their limbs

during, e.g., running, does not cause the
limbs to break.



For no increase in bone breakage (same Ay/L), need

F—_ .67____ 43
{3 o d? <.;———~[A————-':B—Z——~9M°<?

Feewx €7 As<d?
= limb diameter d « limb length ¢32
. Larger species tend to have proportionately
thicker [Imbs.



Theropod
Dinosaurs:




Ornithomimid
m=165 kg
magnified 2.7 x
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Theymedy mom i ond Heat:
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