how it might work....
engineering with 3 equations

and the internet....

Simon Smith

smith wallwork



the 3 equations.....

..... for objects not to move then
ZF _ O equilibrium has to exist in translational
v —

and rotational directions..... ZFH — O

1. forces acting up and down must
balance

2. forces acting left and right must
balance

3. turning forces acting clockwise and
anticlockwise must balance




who said that.....

First Law
A body will remain at rest, or in a uniform state of motion
unless acted upon by a force

Second Law
A force acting on a body will cause it to move (more
strictly speaking accelerate).

Force is related to acceleration by the equation,
force=mass x acceleration (F = ma)

Third Law
Every action has an equal and opposite reaction

Isaac Newton
17t century



Brooklyn Bridge NY — 1883

....cable design....
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SECTION OF BRIDGE, SHOWING FOOT, RAIL, AND CARRIAGE WAYS.
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THE BROOKLYN ANCHORAGE.
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structural model

load from bridge deck concentrated at suspension cables represented by
centre of span, point load representing simplified straight ‘wires’ to centre
half the span of the bridge of span



Deck area 243m x 24m (5800m?)
Represents load of 4000t based on 700kg/m?

Using vertical equilibrium tension

force in cable is given by: ZF — O
2 X FTX sin 10° = 4000t/ 4 v

therefore F; = 2880t AR Fr

100

4000t

shared by 4 cables ..



http://www.inventionfactory.com/history/RHAbridg/bb.html

‘....Number of supporting cables: 4

Diameter of each cable: 15 %2 inches

Length of each single wire in cables:

Diameter of each single wire in cables:

A cable contains 19 strands, containing 2381 wires at a total of 21,432 wires in each cable..??

)

Ultimate strength of a cable: 11,200 tons......
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http://www.inventionfactory.com/history/RHAbridg/bb.html

http://www.endex.com/gf/buildings/bbridge/bbridgefacts.htm

“.......Inventor and manufacturer of steel wire cable - John A. Roebling
Tested cable wire strength - 160 ksi

Maximum load on single cable (Live and Dead Load) - 6,000 kips
Ultimate strength of cables - 24,600 kips

Cable factor of safety - 24,600/6,000 = 4.1

Maximum cable sag - 130 feet........ ’

http://www.unc.edu/~rowlett/units/dictK.html

v ek tyny I ady 1o te 2ot Inloomtam M
B (@ Yew Favetes Yok b b
‘....kip [1] 0""&) ":ﬂ :‘/ Sewh | rwetss {5 > g By ‘933 '
an informal unit of force, sometimes used by e AT LSS S S £l LA
engineers to express the amount of weight BROOKLYN BRIDGE ﬂ
borne by a structure. FACTS. HISTOR\. and INFORMATION
One kip equals 1000 pounds (453.59
kilograms) of force or about 4.4482
kilonewtons.
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http://www.endex.com/gf/buildings/bbridge/bbridgefacts.htm
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chinook helicopter

..rotor blade design...




structural model

10099 4000k
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4000kg

4000kg

use vertical equilibrium to find the F;
tensile force in each rotor blade:

3 x F; x sin 6° = 12000 kg Fr

therefore F; = 38267 kg 12000k
g



www.copters.com/aero/centrifugal force.html

‘...larger helicopters may develop up to 40 tons of
centrifugal load on each blade ...’
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The Helicopter Aviation Home Page

Welcome to the Helicopter Aviation Home Page. Everything you ever wanted to know about helicopters. and then some!

I've been instructing in helicopters for the last 17 vears. I enjoy teaching people about helicopters, so back when the web was brand new, I put together this site.
There have been long periods of time when I've been busy with other things. and the site has not been updated. but most of the information stays relevant. Since
photography has become a big hobby (third career?) for me. I promise to start adding more helicopter photos to the site. I hope you enjoy vourself!
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http://www.copters.com/aero/centrifugal_force.html

http://www.lawton-constitution.com/cball/pages/can102005.pdf

‘....Spc. Shawn Hernandez, 7th Battalion, 158th Aviation Regiment,
leads a line of eight Soldiers carrying and fully supporting a 356-pound

CH-47 Chinook rotor blade.....’

what is the RPM required to achieve 38627kg centrifugal

force in rotor blade?

F (N) = mass (kg) x angular velocity? (rads) x radius (m)

386KN = 356Ib x angular velocity? x 4.57m

V= 386000N
161.5kg x 4.57m
= 22.87rad/s

With a rotor diameter of 18.3m and
blade centre of mass at half this.....

22.87rad/s = 218 rpm
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http://www.lawton-constitution.com/cball/pages/can102005.pdf
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http://www.boeing.com/rotorcraft/military/ch47d/ch47dspec.htm

‘......Rotor System:
» Three blades per hub (two hubs)
* Fibreglass construction
» Speed: 225 r/min
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CH-47D/F Chinook Specifications
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engines

f 21 8 Rotor System:
rpm o ammsm « Three blades per hub (two hubs)
« Fiberglass construction
« Speed: 225 rfmin
« Manual folding blades
Performance at 50,000 Ib:

SL cruise: 143 kn.
Rate of climb: 1,522 ft/min.

Range: SL and ISA, 230 nmi.
Crew: le 99t »
Cockpit-crew seats: 2 | 39ft2in —T—l
Cahin-troop seats/litters: 33/24 }\Bﬂ 115in
Weights: )
g 10/111 .
Max gross: 50,000 |bs.
Empty: 23,401 Ibs. IQMG'“J
CHAT7D | Background Info | Technical Specs | News Releases | Photo Gallery | Chinook News :‘
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spider webs

...Sllk thread design...




http://www.tiem.utk.edu/~qgross/bioed/bealsmodules/spider.html

‘....from the stress-strain graph we can see that the spiral's mean extensibility, which is the maximum
strain (or stretch) before breaking, was 476%, as compared to the radii's mean extensibility of 39.4% The
tensile strength of the capture spiral is 1338 MPa, while the tensile strength of the radial thread is 1154

I

MPa. For comparison, the tensile strength of "mild" steel is 400 MPa....
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SPIDER SILK: STRESS-STRAIN CURVES AND YOUNG'S MODULUS

Intreduction: Sobd matenale ure often categonszed by thewr mechameal behancr One such category i tranle matenals, which operate by renstmg bemg pulied
upon. Four common types of tensile matensis are found m Invmng ceguensms: slk, collagen, ceBidore, and chatn Silk and colagen are both composed of protens,
while celhdoze and chihn are composed of polysacchandes (sugars) The propertsss of tenzie s are often shigated usmg stress-stran tests, wiech mvolve
pullng on a sample Fom each end Spider websz, whach fmcticn m prey capture for many species, are made of nlk, a well-studsed example of a tense matensl

Importance: Spider webs must be able to withstand destructon from a vanety of forces Wind affects the strands of the web and the substrate(s) to wiach the web
5 anchared (Jeaves, branches, blades of grass, etc ) Addmenally, msects fiyng into the web exert force not only upon impact. but as they strugge to free
themselves

Question: How does the web of a spider balance the conflictng requirements of bemg strong enough to trap prey, fine enough to resst wnd dsturbance, and
Beable coough to reqst deformancn from strugging waects and movement of schonng substrate?

Vaatables:

"] ‘mzs: (MPa)

# | stram (danenssonless)

E | Yourg's modulug of elasteay
| QfPa)

Metheds: A stran on a matenal can be defined as any changs m the matenalis deenmon, and any force achng on a matenal produces a stress Weh tennle
matenals, stramn (5 ) & the same as stretch, and 1 smply the ratio of the change 1 nze to some basic (or ongnal) sze (often given as a percentage, £ = 0.1 ndcates
that each wat of length has extended by 10%6) The unit for stress (0 ) 15 the pascal (Pa) or megapascal (MPa), which i the force per ung area {a newton or
meganewion, reipectively, per square meter). Young's modlas of elasticity (8), also known as the eiastic modulus, (s the ratic between stress and strain

E=o0/e,

and hac the same units ag strees K s the shape of the strass-stean oranh the steener the slooe the sbffer the matenial The mamm “"?ﬂ.‘ﬁ'&‘i’t‘iﬁi’ﬁ_ﬂim_g
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http://www.tiem.utk.edu/~gross/bioed/bealsmodules/spider.html

http://en.wikipedia.org/wiki/Spider silk

‘...Spider silk is a fibre secreted by spiders. Spider silk is a remarkably strong material. Its tensile strength is
comparable to that of high-grade steel -- according to Nature (see reference below), spider silk has a tensile strength of
roughly 1.3 GPa, while one source [1] lists a tensile strength for one form of steel at 1.65 GPa. However, spider silk is
much less dense than steel; its ratio of tensile strength to density is perhaps 5 times better than steel—as strong as
aromatic nylon filaments, such as DuPont's Kevlar....’
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Spider silk

Froen Wikipedia, the free encyciopedia

Spider silk is 3 fiore secreted by spiders. Speder ailk (s 3 remarkably strong matanal

ks tensile strength is comparahie to that of high-grade steel - according to Natwe (see

reference balow), spider sdk has 5 1ensia strength of roughly 1.3 GP&, while one source

1] lists a tensile strength for one form of stee! at 1.65 GPa However, spder silk is

mach kess densa than stesl, €5 abo of 1ensiia strength Lo density 18 perhaps 5 timss

better than steel—as strong as aromatic nylon flaments, such as DuPont’s Kevar
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Properties of spider silk

Spider silk is also aspacially elastic, sble to stretch up to 40% of 25 length wehout
breaking This gwes it 3 very high 1oughness (o wark Lo fracture), which according to
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http://en.wikipedia.org/wiki/Spider_silk
http://en.wikipedia.org/wiki/Fibre
http://en.wikipedia.org/wiki/Spider
http://en.wikipedia.org/wiki/Silk
http://en.wikipedia.org/wiki/Tensile_strength
http://en.wikipedia.org/wiki/Steel
http://en.wikipedia.org/wiki/Nature_%28journal%29
http://en.wikipedia.org/wiki/Gigapascal
http://www.geocities.com/pganio/materials.html
http://en.wikipedia.org/wiki/Aromatic
http://en.wikipedia.org/wiki/Nylon
http://en.wikipedia.org/wiki/Kevlar

bee mass 0.1 gram

bee speed 10m/s

The bee is stopped when it’s kinetic
energy is absorbed by the spider web
deflecting.....

ie: ¥2 x mass x velocity? = force x distance

Yamv:é = F d

spider silk strength 1150N/mm?
spider silk diameter 0.015mm

web diameter say 15cm




structural model

radial webs act in tension
under fly impact load




structural model

before after model
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speed (m/s) 10 10 10 10
distance to stop (cm) 1 2 3 4
kenetic energy (J) 0.005 0.005 0.005 0.005
stopping force (N) 0.500 0.250 0.167 0.125
spider web diameter (cm) 15 15 15 15
web silk strength (N/mm?) 1150 1150 1150 1150
web silk diameter (mm) 0.015 0.015 0.015 0.015
web angle (deg) 7.59 14.93 21.80 28.07
web silk elongation (%) 0.9% 3.5% 7.7% 13.3%
silk breaking force (N) 0.20 0.20 0.20 0.20
no. web radials req'd 18.6 4.8 2.2 1.3
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cleopatra’s needle

..stopping it falling over...




http://members.aol.com/Sokamoto31/obelisk. htm#alllist
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http://members.aol.com/Sokamoto31/obelisk.htm
http://members.aol.com/Sokamoto31/vaticano2.htm

http://www.historic-uk.com/HistoryUK/England-History/CleopatrasNeedle.htm

‘....a specially designed cigar-shaped container ship (called the Cleopatra) was used to convey the
needle to London, towed by a steam ship called the Olga.

...during the sea journey, stormy seas were encountered and 6 men lost there lives when the Olga had
to cut the Cleopatra free.

...... five days later a ship spotted the Cleopatra floating peacefully and undamaged off the northern
coast of Spain, and towed her to the nearest port, Ferrol.

....following her narrow escape, another steam-ship, the Anglia, was sent to tow the Cleopatra home.
The 'needle' was winched into position on the Embankment in September 1878.....

Fewwes bs Wistoy U e Hindary of England

When Cleopatrs cama to London
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http://members.tripod.com/obeliscos eqipcios/images en.htm



http://members.tripod.com/obeliscos_egipcios/images_en.htm

http://www.victorianlondon.org/buildings/cleopatrasneedle.htm

‘....as the weight of the obelisk is only 150 tons.....
...the obelisk is 66 feet long over all, and the base (8 feet 6 inches square)....’

Yictorian London - Buildings, Monuments and Museums - Cleopatra's Needle - Microsoft ==
File Edit V“iew Favorites Tools Help o
€ ) Back ~ x| 2| r Search 5 7 Favorites 0 s - L_VD i]m “‘%

Address |c-_,| hikp:f fewan, vickorianlondon, org/buildings/cleopatrasneedle. htm j d Go | Links *
g Click here
Obelisks Milbank Precast Concrete I 5
Agate, Stone, Jasper, Quartz, Rose Design, rmanufacture, tranzport and ) - = THIS PAGE IS PART OF
Quartz, Amethyst and Maore fixing for all floars and precast, ! i VICTORIANLONDON.ORG

I ' B CLICK HERE
; i || TO ENJOY THE FULL SITE

Victorian London - Buildings, Monuments and Museums - Cleopatra's Needle E

Thizs obelisk of ancient Egypt, which has been left lying so long half buried in the sand at Alexandsia is now abowt to be made an ornament to the city of London, Itz removal has
been considered a matter of such great expense that the British Gosvertument has not felt justified in undertaking it and, had it not been for the private generosity of Dt Erasmus Wilson,
and the ingenuity of the engineer, it would most likely have remained to form the foundations of the new houses leading to the Alexandria Railuray Station. ..

The consulting engineer is Mr. B. Baker, well known by his connection with the IMetropolitan Railway, and the work will be performed by My Dixon. The removal of this obelisk will
be accomplished in the following manner: & wrought-iron cylindrical pontoon, 92 feet long and 15 feet in diameter, tapered at each end to a vertical edge, will be its only suppott in the
wrater. Itz draught iz O feet, and displacement 270 tons. If completely submerged, its power of floatation is equal to 705 tons, and as the weight of the obelisk is only 150 tons, with 30
tons hallast, it is evident that there is nio chanee of its foundeting.

The pontoon is furnished with a series of bulkheads, or diaphragmes, which suppott the obelisk at about every 10 feet, and suitable elastic packing secures it from shocks. The ohelizk
iz 66 feet long owver all, and the hase (2 feet 6 inches square) will be placed forward, giving great buoyaney to the forepart, as the apexis cloze to the stern, which will be furnished with a
tadder. On top of the pontoon and near its centre, will be placed a small deck house, with steeringwheel in the forepart and accommodation for three men. There iz a long narrow
hurticane-deck above the steeting-room, and a shott mast with two small sails surmounts the whole .. The boat will be towed by steamer to Londor, the sails being merely used for
steadying putposes. Itis calowlated that the roll will not be excessive....

Mustrated London News, March 10th 1877

Cleopatrs's Needle — -Victoria Embankment, opposite the end of Salishury-street, Strand, between Watetloo-btidge and Chating-crozs. NEAREST Railway Station, Temple; Omnitus
Routes, Watetloo-bridge and Blackfriars-bridge; Cab Rank, Embankment.

Charles Dickens (&), Dickens's Dictionary of London, 1579
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http://www.victorianlondon.org/buildings/cleopatrasneedle.htm

why would it fall over........
what stops it from falling over.....

do we have to ‘bolt’ down obelisk

wind load

wind load
pushing over

self weight of
obelisk tries
to ‘right’ the
overturning
obelisk

A

Point about which
obelisk would
rotate/topple over



....wind load on obelisk: ....self weight of obelisk:
frontal area = 20m x 2.6m = 52m? mass = 150t

unit wind load = 1KN/m? (100kg/m?) weight = 1500KN

total wind load = 52KN

In order for the obelisk to remain stable
the overturning force must be less or
equal to the restoring force.

the overturning force measured
about the point of rotation is:

52KN
1500KN 52KN x 10m = 520KNm
the restoring force measured about
/ the point of rotation is:
1500KN x 1.3m = 1950KNm
A

....therefore factor of safety against
overturning is nearly 4.....



how far over could you push
an obelisk before it becomes
unstable?

........ until the centre of gravity of the
obelisk ‘wanders’ outside of the obelisk
base footprint.

Cross represents centre of

gravity of obelisk

dotted line represents a
‘Plumb’ line

-----



