Grade 7 Science

Unit 4: Structures

Forces

« Take one copy of the information per pair of students.

> These sheets are not yours to keep.

> Do not write on them.

> Do not damage them in any fashion.

Answer the questions found on the next slide.

> You should know some of the answers based on our
previous lesson.

> You will need to read to learn the answers to some of the
other questions.

You have the entire period to work on this.

At the end of the period | will be checking your work.
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Forces

Name three effects that a force can have on an object.
What is another word for internal force?

What is the difference between a live load and a dead load?
Make a T-Chart and sort the following as either live loads or
dead loads: Wind blowing against a tree, the weight of the
tree, a bird in the tree, the bark on the tree.

5. Create a three column chart with the following headings:
"Internal Force," "Description," and "Example"

— Complete the chart by naming the four types of internal
force, by describing those forces with one word each and
by listing an example action that causes that force.

What is strength?
What type of strength is being demonstrated in the following
examples?

— The chain holding an anchor to a boat.

— A piece of beef jerky that is hard to bite through.

— A bolt being tightened by a wrench.

— The legs of your chair. T
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_ 143 Forces 1in Structures

Figure 14.8 A train
derailment produces a
number of effects on
the cars that collide with
each other.

You do not have to witness a train crash to know that it creates dangerously large
forces. Look closely at Figure 14.8. What effects did the forces in this collision
have on the colliding objects? List as many effects as you can.

Now imagine a smaller “collision,” such as kicking a soccer ball. When your
foot applies a force to the ball, or any small object that is free to move, three things
can happen. The object’s motion can speed up, slow down, or change direction.
When you kick something larger, such as a building, it does not usually move, but
the force still has an effect. Your push on the outside of the building (an external
force) creates forces inside the building material (internal forces). If these
stresses (forces exerted on an object) become large enough, the shape or size of
the building may change very suddenly. To design a strong structure, engineers
need a good understanding of the different external forces that can act on it and
the internal forces that can build up inside it and that may cause parts to fail.
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DidYouKnow?

Although the mass of the
CN Tower in Toronto is
over 130 000 t, this hol-
low concrete structure is
still flexible. In 190 km/h
winds, which are thought
to occur only once or
twice every 100 years in
Toronto, the glass-
floored observation deck
near the top of the tower
would move 0.46 m
(about the width of this
open textbook) off cen-
tre. Instead of making the
tower unstable, this
movement would press
the specially shaped
foundation even more
firmly into the ground.

DidXQu_Knmu?'

External Forces

Engineers know of many forces that may affect buildings. They divide these forces
into two groups.

Live load includes the force of the wind and the weight of things that are in or
on a structure (people, furniture, and snow and rain on the roof). Impact forces,
caused by objects colliding with the structure, are another type of live load. Most
structures are designed to withstand forces at least two or three times larger than
their expected live load. Sometimes, though, live loads become extremely large for
a short time, as in a storm or a collision, and the structure can be damaged.

Dead load is the weight of the structure itself. Over time, this gravitational
force can cause the structure to sag, tilt, or pull apart as the ground beneath it
shifts or compresses under the load.

When you act as a live load on a teeter-totter, you create forces that spread
through the whole apparatus. Your weight pushes down on the seat and the bar to
which the seat is fastened, but the opposite seat is lifted up. The centre of the
teeter-totter twists around its pivot. One external force (your weight) creates sever-
al internal forces. These stresses affect different parts of the structure in
different ways. Study Figure 14.9 to learn about four of the most important
internal forces.

INTERNET

www.school.mcgrawhill.ca/resources/

Find out more about the Leaning Tower of Pisa by
going to the web site above. Go to the Science
Resources, then to SCIENCEPOWER 7 to know

where to go next. Or submit “Pisa” to an
Internet search engine.

INTERNET

www.school.mcgrawhill.ca/resources/

For information about how the CN Tower was
designed and built, and some of the records it has set,
go to the web site above. Go to the Science Resources,

then to SCIENCEPOWER 7 to know where to go
next. Or submit “CN Tower” to an Internet
search engine.

The Leaning Tower was designed to be a beautiful bell tower
for a church in the Italian town of Pisa. Construction began in
1173, but after the first three storeys were built, the ground
beneath the heavy stone building began to sink unevenly. Even
before the 55 m tower was completed (around 1370), it had
developed a noticeable tilt. By 1990, when the tower was
closed to the public, the edge of the top storey was about

4.4 m outside the edge of the foundation and the tilt was
increasing by about 1.3 mm each year. There have been many
attempts to stop or reverse the leaning to keep the tower from
collapsing. Recently, engineers have been able to straighten it
about 10 mm — still not safe enough to be reopened.
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Internal Forces

tension force

&\\\\

Figure 14.9A

Tension forces stretch a material
by pulling its ends apart. Tensile
strength measures the largest
tension force the material can stand

before breaking.

compression force

Figure 14.9B

Compression forces crush a
material by squeezing it together.
Compressive strength measures
the largest compression force the
material can stand before losing its
shape or breaking into pieces.

Pause&

_ Reflect

In your Science Log, write
a short paragraph explain-
ing the difference between
external forces and
internal forces. To
illustrate your explana-
tion, give an example of
each type of force when

a strong wind blows on

a flag.

b

shear force

shear force —
4

Figure 14.9C

Shear forces bend or tear a materi-
al by pressing different parts in opp-
osite directions at the same time.
Shear strength measures the largest
shear force the material can stand
before ripping apart.

torsion force

torsion force
Figure 14.9D

Torsion forces twist a material by
turning the ends in opposite direc
tions. Torsion strength measures
the largest torsion force the material
can stand and still spring back to its
original shape.

| Word STLL 1334

The same words that
name internal forces are
used in other situations.

e How is a metal pair of
cutting shears similar
to a shear force?

e How is a tension
headache similar to a
tension force?

e How is a compressed
computer file similar to
a compressive force?
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Symmetrical shapes can
be turned or folded to fit

exactly on top of them-
selves. Most people’s
faces are quite symmetri-
cal, as are many other
natural and manufactured
structures. Because
symmetry looks very
pleasing, it is a powerful
element of good design.
Symmetrical parts,
braces, and decorations
on an object help it look
attractive. If you start
watching for symmetry in
structures you observe
every day, you might find
ways to use this principle
in your next design
project. Can you find the
axis of symmetry — the
line that divides the but-
terfly into two parts with
almost identical shapes?

Figure 14.11 Different
structural stresses in a
garden swing

Strengthening Structures

In science fiction stories, you can read about
wonderful imaginary materials that stand up to
almost any force. Real materials are more limited.
As you saw in Chapter 13, concrete and mortar have
very high compressive strength if they are made
according to the correct recipe. Concrete is quite
weak if it is pulled or sheared, however. Similarly,
most other materials have one kind of strength but
not another. That is why engineers must analyze
structures in great detail to find what types of
internal forces are stressing each part. They can
then choose materials and shapes with the strength
to withstand each force. Even a simple swing needs
to be designed in this way (see Figure 14.11).

Shear forces were a big problem for early rail-
ways. Tiny cracks inside the rails often weakened
them enough that the weight of a loaded train
would shear a rail in half, causing a serious accident.
But the cracks could be detected only after the rails
broke. In 1932 a Canadian metallurgist, J. Cameron
Mackie, discovered that the cracks formed when the
rails cooled too quickly during the manufacturing
process. Mackie tried putting red-hot rails in a covered steel box where they could
cool more slowly. He found that this eliminated the cracks completely. Within ten
years, Mackie’s process was being used by steel companies all over the world to
produce strong, crack-free rails.

Figure 14.10 Stress cracks in
metal can lead to structural
failure.

@ the joint between one
post and the top beam

Q the rope holding the —
swinging person

(® the anchor beneath
the swing post

@ abrace at the
base of the swing

0 Lots of tension here. Use rope or chain for high tensile strength.

e Brace gets pushed and pulled if the frame wiggles. It needs high tensile and
compressive strength. Use wood or steel.

G Joint gets twisted as the swinger moves back and forth. Make sure it has high
torsion strength and it is not brittle.

Q Anchor needs compressive strength to hold the weight of the apparatus. Concrete
is good, and it will not rot if the ground is wet.
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THINK & LINK

INVESTIGATION@

The Design Process

Think About It

Real products are designed using the principles you
have been studying, but real designers face addition-
al challenges. The strongest material might be too
expensive to use. Bracing might look ugly even if it
does add strength. People must want to buy the
product, and it must be sold for a price that they are
willing to pay. There must be a way to recycle the
product or dispose of it safely. Making a usable
design is more challenging than it might seem.

Analyze

Imagine that you are the person i&] the following
story. Whenever you come toa -+, do the task or
write an answer to the question. Support your ideas
with reasons or examples.

The events in the story are fictional, but the
invention is real.

Plastic Battery Project

I guess someone heard me complaining about how
boring this job is getting. Today I was assigned to a
new project, and is it neat! A battery made out of
plastic! Somebody has invented one, and our compa-
ny has to decide if it is worth producing. Lots of
people are already gathering information, and I am
supposed to talk with them, put it all together, and
recommend what to do. To start out, I am going to
spend a day on each part of the product’ life cycle,
trying to find out what questions must be answered.
I’ll write brief notes every day to make sure that I
leave nothing out of my final report.
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Day 1: Needs

You know, this plastic battery could be really useful.
People in the engineering department have met with
the inventor and checked out the demonstration
model she made. Even the prototype is very impres-
sive! It is a lot lighter than ordinary batteries. Because
it is a solid piece of plastic, there is nothing inside to
leak out. And the plastic can be made in any shape
you like — even a thin, flexible sheet. It could be put
in spaces where an ordinary battery would never fit. It
can be recharged, too, hundreds of times. Maybe even
thousands of rechargings are possible if we change

the design slightly.

® [ think I need to make a list of products that could
" use a battery with these features.

Day 2: Production

More talks with engineers today! We have a major
decision to make. Our whole factory is designed to
make ordinary batteries with metal cases. There is
no way the machinery can be modified to work with
plastic. Anyway, we need to keep producing and sell-
ing normal batteries. Profit from them is needed to
pay for developing the plastic battery.

So there are two choices. We could build a new
factory. That would be really expensive. The compa-
ny would have to borrow a lot of money, and paying
it back would reduce our profits. In the end, though,
the payments would be finished and we would own
the factory. On the other hand, we could hire a plas-
tics company to manufacture the battery. Our staff
would do the design, advertising, and selling. Our
factory might be able to do the final labelling and
packaging. We would have to pay the manufacturing





company for every battery, however, and that would
cost us money forever. The accounting department
is trying to estimate all of these costs so we can
compare them. '

DISADVANTAGES

— MAN Ve
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ADVANTAGES

“\ I think I will try to list all the possible advantages
" and disadvantages of building our own factory com-
pared with hiring another company to make the
batteries.

Day 3: Sales and Marketing

The sales department is already getting inquiries
from other manufacturers who could use a light-
weight, flexible battery in their products. The sales
staff have interviewed ordinary consumers and have
heard lots of complaints about the mess batteries
make when they leak and the way they stop recharging
properly after only a few uses. People even say they
would pay extra for a battery without these problems.
Looks as if a plastic battery could be a big seller!

Our advertising agency is using this market
research to create names and slogans that could be
used if we decide to produce the battery. Our industri-
al designer is working on a distinct package design and
colour, one that does not look like any other battery.
Someone is even finding out how much we would
have to pay a famous athlete or T'V personality to try
our product and maybe recommend it in commercials.

‘i\ Fust for ﬁm,h DPm going to @ake up a mzzgﬂ%ine ad
for the plastic battery. My ideas cannot possibly be
any stranger than some of the ideas I beard today!

Day 4: Disposal

Wow! Today I found out that people in North
America buy over four billion batteries every year,
and over half of these batteries are just thrown out

after they go dead. What a waste, because the metals
in rechargeable batteries can be recycled. They
make pretty dangerous garbage if they are thrown
out and really should be treated as hazardous waste.

The plastic battery is made from much safer
materials. Even better, it could be collected for recy-
cling using the system that battery manufacturers
have already set up. That might save people money
in countries like Denmark, which have extra taxes on
rechargeable batteries that are not recycled.

What I don’t know is how dangerous the battery
manufacturing process might be. Our legal depart-
ment is checking to see if there are any special gov-
ernment regulations about handling, storage, or dis-
posal of the chemicals we would need to use, or if
the factory workers might need protective equip-
ment. Any of these things could make this battery
pretty expensive to manufacture.

® T wonder how many batteries there are in all the
" toys, appliances, and gadgets in my house? P'm
going to count them and estimate how many bat-
teries I buy in a year: I wonder bow much they all

cost?

Extend Your Knowledge

Choose a product that interests you, and find out
about its development and manufacturing.
Analyze the different parts of its life cycle and
imagine some of the questions that were asked
when businesses were deciding whether to
manufacture it.

Possible topics could be jogging shoes, air
bags in cars, cellular phones, cassette tapes or
video tapes, CDs, tubeless tires, disposable
cameras, freeze-dried foods, or anything else that
interests you. Report on your research as your
teacher directs.
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Resisting Stress — The Inside View

What determines the strength of a material? Scientists trace strength and many
other properties, to forces between the tiniest particles of the material. (Recall
that you learned about the attraction between particles in Chapter 5.) Study the
examples below to learn what scientists have been able to infer about particles

that are far too small to see.

e Steel has high tensile strength. It must have strong forces pulling its particles
together. A very strong tension force is needed to separate the particles and break

the material.

e Graphite (a form of carbon) has low shear strength. Its particles are arranged in
layers, but the forces between the layers are relatively weak. Because the layers
slide over one another easily, graphite is slippery and makes a good dry lubricant.
As you saw in Chapter 10, the layers of graphite in a pencil “lead” rub off and
leave a mark on the paper when you write.

° Rubber has high torsion strength. Each particle is attracted in all directions to
the other particles around it. The particles hold together even when a piece of
rubber is twisted out of shape.

G graphite
y

Each metal particle attracts a few other
particles very strongly. The forces are
quite directional, so the particles form a
regular arrangement in space.

directions.

Graphite particles attract strongly in
some directions, but hardly at all in other

G rubber

Each rubber particle attracts many other
particles in all directions.

Check Your Understanding

1. Name three effects that a force can have on the
motion of an object.

2. Name three types of stress that a force can cause
inside an object.

3. (a) What is the difference between a live load
and a dead load?
(b) Classify as live load or dead load:
* wind blowing against a tree
e the weight of the tree

e the weight of a bird that is sitting in the tree

4. Identify the type of strength that is shown by
(a) the chain that connects a ship to its anchor

(b) a piece of dried meat that is too tough to
bite through
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(c) a bolt that is being tightened with a wrench

(d) the legs of the chair you are sitting on

5. What can you infer about the forces between
the particles in a piece of bubble gum from each
fact below?

(a) The dry stick of gum snaps easily between
your fingers.

(b) After chewing, the gum stretches in all
directions so you can blow a bubble.

(c) Moist gum sticks to many surfaces.

6. List four stages of a product’s life cycle. Identify
two decisions that must be made at each stage.
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