
Strength-to-Weight

Concepts

cross-sectional area

strength

volum e

w eight

Description

AIM consists of five exam ples of strength-ta-w eight ratios for scaled objects. The first segm ent

show s the difference betw een the support strengths for a sm all clay arch and a large clay slab.

The second exam ple dem onstrates the increase in the strength of a cord as its diam eter increases.

The third segm ent presents a m ovie clip of the m onster gorilla, K ing K ong, w hile the fourth

displays the am azing strength-ta-w eight m tio for a beetle. A beetle can easily push an object five

tim es its w eight. The last exam ple explains the leg stm cture of an anim al and a dinosaur relative

to their w eights, w hich justifies the hypothesis as to w hy dinosaurs m ight have lived in m arshy

regions.

Teacher Information

Scaling is a good application not often covered in a standard physics course. This topic has

application in engineering fields.

~ If} , .-- D iscuss each of the five exam ples w ith students. The w otksheet has

five sections, one for each exam ple on the videodisc. Show the video using audio track IlL.

Encourage students to w ork in sm all groups and ask them to answ er questions as a team . Follow

the ftam e num bers as listed to understand each event.



The strength of the clay arch is proportional to the cross-sectional area of its supports, while

its weight is proportional to its volume.

Play frames 41875-41990 using audio track IlL. Is the strength of the arch capable of supporting

its weight?
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2. Play frames 41991-42235 using audio track IlL. What

is the increase in weight of the larger arch? What is

the increase in its support strength? Why did this arch

fall? What is the strength-to-weight factor for the

smaller arch?
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a. Record the dimensions of the small clay arch:

Length = 1 0 unit W idth = 1 unit Height = 1 unit

Cross-sectional area of clay arch = 1 unit 2

Volume of clay arch = 1 0 unit 3

b. Record the dimensions of the large clay slab:

Length = 1 0 0 unit W idth = 1 0 unit Height = 1 0 unit

Cross-sectional area of clay slab = 1 0 0 unit 2

Volume of clay slab = 1 0 0 0 0 unit 3

c. W eight is proportional to the volume of an object. The increase in the weight of the larger

arch = volume of large slab = 1 0 0 0 0 = 1 0 0 0

volume of small arch 1 0

d Support strength is proportional to the area of an object. The increase in the support strength

f th lar h
cross - sectional area of large slab 1 0 0 1 0 0

o e gerarc = =-=
cross - sectional area of small arch 1

T h e w e i g h t o f t h e l a r g e r a r c h i s 1 0 0 0 t im e s w h i l e i t s s u p p o r t s t r e n g t h i s 1 0 0 t im e s t h e s m a l l e r

a r c h . T h e l a r g e r a r c h fa l l s b e c a u s e i t s s t r e n g t h d i d n o t i n c r e a s e i n t h e s a m e r a t i o t o v o l u m e .



The strength of a string is proportional to its cross-sectional area. The weight of the safe is

proportional to its volume.

Referring to the frames listed below , fill in the data.

Mass of the toy safe = 5 0 0 grams (Ftame 42236)

String diameter = 0 .0 1 inches (Frame 42237) = d

Mass of the large safe = 5 0 0 kg (Frnme 42318),

= 1 0 0 0 times mass of the toy safe

Height of large safe = 1 0 times height of the toy safe

Volume of large safe = 1 0 0 0 times the volume of toy safe

(Note: assume the safe is cubical in shape.)

Cord diameter = 0.1 inches (Frame 42319)

= 1 0 times diameter of the string = 1 0 x d

View ftames 42320-42551. If you make the diameter of the cord ten times larger, how much does

the strength of the cord increase?

= 1td
2

/4

= 1t /4(10 X d)2

= area of cord/area of string.

= 1 0 0

T h e s t r e n g t h o f t h e c o r d i n c r e a s e s b y 1 0 0 b e c a u s e i t s c r o s s - s e c t i o n a l a r e a i n c r e a s e s b y 1 0 0 .
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Cross-sectional area of the string

Cross-sectional area of the cord

Increase in the strength of the cord

T h e s t r e n g t h o f t h e c o r d i s i n c r e a s e d b y a fa c t o r o f 1 0 0 w h i l e t h e v o l u m e ( w e i g h t ) o f t h e s a ft i s

i n c r e a s e d b y a fa c t o r o f 1 0 0 0 . T h e s t r e n g t h - t o - w e i g h t s c a l e fa c t o r fo r t h e c o r d a n d l a r g e s a fe i s

s m a l l e r t h a n t h e s c a l e fa c t o r fo r t h e s t r i n g a n d t o y s a ft .
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= o . 0 1 x ..J 10 0 0 i n c h e s

" " O .32 i n c h e s

= 32 t im e s d i a m e t e r o f s t r i n g

= 3 2 x d

7. By what factor did the strength of this cord increase over the string lifting the small safe?

Cross-sectional area of the new cord = 1 t / 4 X 32 x d
2

Increase in the strength of the cord = area of cord/area of string

= 1 0 2 4

T h e s t r e n g t h o f t h e n e w c o r d i s i n c r e a s e d b y 1 0 2 4 o v e r t h e s t r i n g l i ft i n g t h e t o y s a ft . s o i t c a n l i ft t h e

s o ft t h a t w e i g h s 1 0 0 0 t im e s t h e t o y s a fe .



8. Will the two cords, each of diameter 0.01 x ..J500 inches,

lift the larger safe?

Diameter of each cord:

= O .O J x..J 5 0 0 i n c h e s

• • •O .23 i n c h e s

= 23 t im e s d i a m e t e r o f s t r i n g

= 2 3 x d

Cross-sectional area of each cord = 7tl4 x 23 x d
2

Increase in the strength of the cord = 2 x area of cord/area

of string = 1 0 5 8 .

The monster gorilla, K ing Kong, can support his own weight when the strength-to-weight

ratio is the same as the normal gorilla's. Play frames 42931-43631, using audio track IlL.
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9. What is the strength-to-weight ratio for the normal gorilla if we

assume his height (or any dimension) to be h?

Approximate a normal gorilla using a cube:

Height of the normal gorilla = h unit

Support area of the normal gorilla = h
2
unit

2

Volume of the normal gorilla = h
3

unit
3

10. If K ing Kong were fIfty times taller than a normal gorilla, what would be his strength-to-weight

ratio? Would King Kong be able to support his own weight?

= 5 0 h unit

= 5ff h
2

unit
2

= 5 0
3

h
3
unie

Height of K ing Kong

Support area of K ing Kong

Volume of K ing Kong

Strength-to-weight factor

B u t . ( 1 / 5 0 h ) < ( 1 / h ) .

T h u s . if K in g K o n g ' s l e g b o n e s t r e n g t h w e r e i n c r e a s e d b y 5()2 - 2 5 0 0 t im e s , t h e n h i s s t r e n g t h ~ t o -

w e i g h t r a t i o w o u l d b e l e s s t h a n t h e n o r m a l g o r i l l a ' s . S o K i n g K o n g w o u l d n o t b e a b l e t o s u p p o r t h i s

o w n w e i g h t .



II. For King Kong not to crumble under his own weight, how many

times larger than a real gorilla's legs should his legs be?

For K ing Kong not to crumble under his own weight, the ratio must

be equal to ( l / h ) .

(J/h) = cross-sectional area of leg bones/50
3

h
3

5 u ' h
2

= cross-sectional area of leg bones

T h e c r o s s - s e c t i o n a l a r e a o f t h e l e g b o n e s i s tw o - d im e n s i o n a l ; t h e r e fo r e . t h e i n c r e a s e d d i a m e t e r ( o n e

d im e n s i o n ) o f t h e l e g b o n e m u s t b e ..J 5 0
3

h
2

" " 3 5 0 h = 3 5 0 t im e s l a r g e r , n o t j u s t 5 0 t im e s l a r g e r .

12. In the movie, H o n e y . I B l e w U p t h e K i d , the producer wanted to depict a child twenty times the

size of a nonnal child. How much bigger than a normal child's leg should the giant child's leg be

in order to support his weight?

B y p e r fo r m i n g t h e s a m e c a l c u l a t i o n s u s e d i n t h e p r e v i o u s e x a m p l e , t h e d i a m e t e r o f t h e g i a n t c h i l d ' s

l e g b o n e i s a b o u t 9 0 t i m e s l a r g e r t h a n t h e n o r m a l c h i / d ' s b o n e .

A beetle can push an object five times as heavy as its own weight because of its high

strength-to-weight ratio. Play frames 43632-43809, using audio track IlL.
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Let us assume that a normal beetle "" 2 inches tall, and a normal

person"" 70 inches tall. W e will call a beetle which is the size of a

person a "monster beetle."

E a c h d i m e n s i o n o f t h e b e e t l e h a s t o b e i n c r e a s e d b y fa c t o r 35 s o t h a t t h e s i z e o f t h e m o n s t e r b e e t l e

w o u l d b e l i k e t h e s i z e o f t h e p e r s o n . T h e i n c r e a s e i n w e i g h t w o u l d b e 3S = 42875 t i m e s t h e w e i g h t o f

t h e n o r m a l b e e t l e .



15. Could a monster beetle support its own weight if it had the

proportions of a normal beetle? If not. what would be its support?

S i n c e t h e s t r e n g t h - t l r w e i g h t r a t i o o f a m o n s t e r b e e t l e w o u l d b e l e s s

t h a n t h a t o f a n o r m a l b e e t l e , a m o n s t e r b e e t l e w o u l d n o t b e a b l e t o

s u p p o r t i t s o w n w e i g h t . T h e s u p p o r t a r e a d im e n s i o n w o u l d b e -

-V 42875 ".,2 0 7 t im e s l a r g e r , r a t h e r t h a n 35 t im e s l a r g e r .

To support its own weight. the size of the larger animal's leg bone must increase in the

same proportion as the animal's weight. Play frames 44065-44363. using audio track IlL.
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16. What happens to the size of the leg bones as dinosaur size is

reached? One hypothesis about dinosaurs is that they lived in

marshy regions. What advantage m ight this have given them?

T h e w e i g h t o f t h e d i n o s a u r s w a s c o n s i d e r a b l y l a r g e r b e c a u s e o f t h e

h u g e s i z e . I n o r d e r t o s u p p o r t t h e i r o w n w e i g h t , t h e l e g b o n e s t r u c t u r e

h a d t o b e m a s s i v e ( l a r g e i n c r o s s - s e c t i o n a l a r e a ) . T h e d i n o s a u r m a y

h a v e b e n e fi t e d fr o m t h e b u o y a n t fo r c e o f w a t e r t o s u p p o r t s o m e o f t h e

w e i g h t a p p l i e d t o l e g b o n e .



Name:
------------

Date: -----

The strength of the clay arch is proportional to the cross-sectional area of its supports, while

its weight is proportional to its volume.

Play frnmes 41875-41990 using audio track IlL. Is the strength of the arch capable of supporting

its weight?
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2. Play frnmes 41991-42235 using audio track IlL. What

is the increase in weight of the larger arch? What is

the increase in its support strength? Why did this arch

fall? What is the strength-to-weight factor for the

smaller arch?
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a. Record the dimensions of the small clay arch:

Length = unit W idth = unit

Cross-sectional area of clay arch = unit 2

Volume of clay arch = unit 3

b. Record the dimensions of the large clay slab:

Length = unit W idth = unit

Cross-sectional area of clay slab = unit 2

Volume of clay slab = unit 3

c. W eight is proportional to the volume of an object. The increase in the weight of the larger

arch = volume of Ia~e slab =
volume of small arch

d Support strength is proportional to the area of an object. The increase in the support strength

f the I h
cross - sectional area of large slab

o ~er arc = --------~--
cross - sectional area of small arch



The strength of a string is proportional to its cross~ctional area. The weight of the safe is

proportional to its volume.

3. Referring to the frames listed below , fill in the data.

Mass of the toy safe = grams (Frame 42236)

String diameter = inches (Frame 42237) = d

Mass of the large safe = kg (Frame 42318),

_____ times mass of the toy safe

Height of large safe = times height of the toy safe

Volume of large safe times the volume of toy safe

(Note: assume the safe is cubical in shape.)

Cord diameter inches (Frame 42319)

____ times diameter of the string = x d

View frames 42320-42551. If you make the diameter of the cord ten times larger, how much does

the strength of the cord increase ?

Cross-sectional area of the string

Cross-sectional area of the cord

Increase in the strength of the cord

IIIIII~II~II
2

= 1t /4( x d)

= area of cord/area of string

111~lnlllll~

7. By what factor did the strength of this cord increase over the string lifting the small safe?

Cross-sectional area of the new cord = 1 t I 4 x x d
2

Increase in the strength of the cord = area of cord/area of string



8. W ill the two cords, each of diameter O.Olx..jSOO inches, lift

the larger safe?

Diameter of each cord =

Cross-sectional area of each cord = rrJ4 x x d
2

Increase in the strength of the cord = 2 x area of cord

larea of string = _

The monster gorilla, K ing Kong, can support his own weight when the strengtb-to-weigbt

ratio is the same as the normal gorilla's. Play frames 42931-43631, using audio track IlL.
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What is the strength--to-weight ratio for the normal gorilla if we

assume his height (or any dimension) to be h?

Approximate a normal gorilla using a cube:

Height of the normal gorilla

Support area of the normal gorilla

Volume of the normal gorilla

10. If K ing Kong were ftfty times taller than a normal gorilla, what would be his strength-to-weight

ratio? Would King Kong be able to support his own weight?

Height of K ing Kong

Support area of K ing Kong

Volume of K ing Kong

Strength-to-weight factor



cross-sectional area of leg bones/50
3

h
3

= cross-sectional area of leg bones

II. For K ing Kong not to crombie under his own weight, how many

times larger than a real gorilla's legs should his legs be?

For K ing Kong not to crumble under his own weight, the ratio must
be equal to _

12. In the movie, H o n e y . I B l e w U p t h e K i d , the producer wanted to depict a child twenty times the

size of a normal child. How much bigger than a normal child's leg should the giant child's leg be

in order to support his weight?

A beetle can push an object five times as heavy as its own weight because of its high

strength-to-weight ratio. Play frames 43632-43809, using audio track IlL.
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Let US assume that a normal beetle = 2 inches tall, and a normal

person = 70 inches tall. W e will call a beetIe which is the size of a

person a "monster beetIe."



15. Could a monster beetle support its own weight if it had the

proportions of a normal beetle? If not, what would be its support

area?

To support its own weight, the size of the larger animal's leg bone must increase in the

same proportion as the animal's weight. Play frames 44065-44363, using audio track IlL.
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16. What happens to the size of the leg bones as dinosaur size is

reached? One hypothesis about dinosaurs is that they lived in

marshy regions. What advantage m ight this have given them?


