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Similarly Vz fare Ex d If r3 Matta's T 4356.25
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Concrete weighs 11014ft total weight is 3,000,000 lbs

There are 40 Supporting ribs 400 00 75,000Ks per buttress

Calculate the outward fare at each buttress

IFI 75,000lb

28

Ei µ Fat FI cos 70
Vtr 75,0001 0.342 27,000160

EH
DE Vertical cross sections of a dome are called meridians

Horizontal cross sections of a dome are called troops

Compare the force magnitude 4 direction of the dome on

a hoop at various heights

f y
large mostly vertical medium angled small mostlyoutward



The hoopstry is the outward force

FH pnnc.pk ctudahihctui Unless the shell can resist the
hoop stress the shell will expand along the hoops I Cadywill
develop along meridians
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O dx
Recall Vol of a shell h

Ltr Zax
base height thickness

Pcircumference Pdx
Voll I 2a Ex l xD dx

fab2 uxtr xdx fb2 uxrrxdx fab2 xD.dea

let a Rtx du 2x dx

Tru du fab a Tu du f 2TDx
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656,875 t 984,818 198,694 129,299ft



Archength

Goal Find the length of a curve y fH from x a to x b

aft

q f O

Think of an length of the limit of
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the sum of small pieces as DS 0
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Arc length Yo DSi fab ds ddHdyF f dT
Examples Find the arc length of y fx5 x from x o to x 4
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I ru du III u da Hisashi
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Remade often one of these integrals f Ifi dx ends up being too

complicated e g no dosed form solh or we havent learned the

necessary method For these WolframAlpha is helpful

Ee Compute the arc length of one full cycle of sin x

fcxyesinXfFffsxdx 7b40 WolframAlph

Application Shape of an ideal arch

what is an idealarch

And unsatisfactory satisfies 3 conditions

The only load on the arch is its weight
The only external support is at its base
Gravitationalforces on the arch are balanced perfeety by its reaction
to the compression that these forcesgenerate

And intuition What is not an ideal ash

A
too narrow



Ansf Harrying chain upsidedown

Imagine a chair consisting of weights strung along weightless fishing line

B BB B Bo Boo
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Forces must balance if the string is at rest
r

WII Ti w r Te

t n
TE Tiwi Taw

If the system is at rest then we must have

Totwo T
T tW Tz

Tn Wn Tn which is not fun to solve



As usual the Calculus version of this problem is easier Later

Let's turn this problem upsidedown

v I Ii
V2

in 9
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Stability W t wz t then V t Vz

SafeteorenI Heyman 1966 Cambridge Engineering As long as there

is any polygonal path inside the arch such that the forces

balance as in the previous page then the arch is stable

It turns out that the shape of an ideal arch or hanging chain

is a hyperboliccosinefunction cosh k e zeT
ht's take a brief detour and explore this function

Def Hyperbolic cosine Hyperbolic sine
h e

Cosh
sin z

It
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Motivatiyexarply Cet's approximate fan e at x O

Oth order approximation To
x

1st order approximation TCH It x
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Taking the limit of Tna as n x
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Amlysisfanidedach

afffo.tt

Iii I a

w weight per unit length

DS length of small segment
w Iss weight f small segment
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Approaches Since the arch is at rest we will balance the horizontal

g vertical forces at each segment

x snow
4 1 1 Ctx sinffxtax w.gs

goth

x cosAxl dxtDX cos Axtsx



Balanaverticalfory

Cx sin a tax schotxtox W DS

CCxtax sinotxtox Cassino W DS w Ft Tdx
Lying lxtsx smotxtg C sin wft sx

I sinota wlt dx

can sinead w THE dx C A

Balancehonizontalfrokino
t x

II Ux cosotx O

Cx cos 04 Co Note Compression at top of arch is

do Co

Now consider tarotx two ways to calculate

y

tan off Cassino
dy C cos Hx

dx
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This is a differential equation and
dz TfT earn that implicitly defines an unknown

function yah

All that's left verify that yay coshx e satisfies this gin
In general solving a diff eq'm is difficult see Matt 2080

Exanpbsfdiff.gs
y y what function is its own derivative Ans y ex

The rate of change of ft is proportional to fit itself

y leg Ansi y4 Cede


