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	 	 	 	 Load

	 	 	 											Abutment

1	 The	load	makes	each	stone	in	the	arch	of	the		
	 bridge	push	on	the	next	stone	until	the	push	is		
	 applied	to	the	end	supports	or	abutments,	which		
	 are	firmly	embedded	in	the	ground.

	 	 	 	 	 	 —	push

	 	 	 	 	 push

2		 The	ground	is	squeezed	and	pushes	back	on	the		
	 abutments.

	 	 	 support	for	
	 	 	 					load

3		 The	backwards	push	or	resistance	passed	from		
	 stone	to	stone	until	it	is	pushing	on	the	stone		
	 supporting	the	load.

Product design: Structural systems

Tension and compression
The	arch	bridge	and	the	aerial	ropeway	in	the	panels	below	were	designed	to	resist	specific	loads	and	
forces.	The	arch	has	to	resist	the	load	of	the	tractor.	To	support	the	tractor	the	stones	in	the	arch	are	
squeezed	together.	This	squeeze	force	is	called	a	compressive	force,	because	to	resist	the	load	of	the	
tractor	the	stones	in	the	arch	become	compressed.

Only	materials	which	are	good	at	resisting	compressive	forces	can	be	used	for	building	this	type	of	bridge.	
Since	stone	is	strong	in	compression	it	is	a	good	choice	of	material	to	use.

Now	think	about	the	aerial	ropeway.	The	person’s	weight	(the	load)	stretches	the	rope,	pulling	it	tight.	
When	the	rope	is	tight,	it	is	in	tension.	This	is	unlike	the	stones	in	the	arch	which	are	compressed.

Notice	how	the	forces	of	the	load	and	the	resistance	to	the	load	are	shown	in	these	diagrams.

A	load	such	as	a	
heavy	tractor	pushes	
downwards	on	this	
bridge,	but	the	bridge	
stays	up.	This	is	how	it	
works.

1	 As	soon	as	the	boy	hangs	his	full	weight	from	the		
	 rope,	it	stretches.	

2		 He	drops	a	few	metres	and	the	rope	becomes		
	 tighter.

	 	Load	on	branch

	 	 				Load

	 							Load	on		
	 							branch

	
3	 The	increase	in	tightness	is	passed	on	to	the	tree		
	 branches,	making	them	bend.	The	bent	branches		
	 pull	backwards	on	the	ends	of	the	rope.

	 	 Support	for	boy		 				Pull	back	
	 	 	 	 	 							on	rope

		Pull	back		
		on	rope

4	 These	pulling	forces	are	passed	back	along	the		
	 rope,	right	back	to	where	the	boy	is	hanging.
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Stability and balance
Why	has	this	apple	cart	toppled	over?	The	cart	was	
strong	enough	to	resist	the	load,	but	the	positioning	
of	the	apples	meant	that	there	was	nothing	to	
counterbalance	the	load.	It	is	like	having	all	the	
apples	on	one	side	of	a	balance	–	if	there	is	no	
weight	on	the	other	side	of	the	scales	they	would	
tip	up	just	like	the	apple	cart.

The	cart	could	be	redesigned	to	make	it	stable	no	
matter	where	the	apples	are	loaded.

If	you	moved	the	wheels	forward	this	would	make	it	more	stable,	but	another	problem	has	been	
introduced.	It	is	now	much	more	difficult	to	lift	the	apple	cart	ready	for	moving.	In	the	first	design	the	
weight	of	the	apples	beyond	the	position	of	the	wheel	helped	you	lift	the	handles.	In	the	new	design	you	
have	to	provide	all	the	effort	yourself	as	all	the	apples	are	between	you	and	the	wheel.
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How science helps

You	may	learn	about	the	properties	of	materials	in	
science	lessons.	The	strength	of	a	material	tells	
you	how	much	force	you	need	to	break	it.	It	is	
important	that	the	material	in	a	structure	can	bear	
its	load.	The	load	may	try	to	squash	the	structure	or	
to	pull	it	apart.	If	the	material	is	not	strong	enough,	
then	parts	of	the	structure	will	break.

If	you	know	about	the	strengths	of	materials,	you	
can	choose	the	right	one	for	a	particular	job.		
Here	is	an	example.

A thin rope is fine for towing a car but not 
a lorry; for that you need a steel cable. 
Although it is the same thickness as the 
rope it is much stronger.

The	elasticity	of	a	material	tells	you	how	much	
force	you	need	to	stretch,	squash	or	bend	it.	It	is	
important	that	the	material	in	a	structure	is	stiff	
enough	to	resist	the	stretching,	squashing	and	
bending	caused	by	the	load.	If	the	material	is	not	
stiff	enough,	then	parts	of	the	structure	will	deflect	
so	much	that	the	structure	is	unsafe.	Here	is	an	
example.

A diving board made from polythene would 
bend so much that the diver couldn’t walk 
to the end. A diving board of the same shape 
and size made from steel would be so stiff 
that when the diver jumped on it he would 
get no spring. The same shape and size of 
diving board made from pine would have just 
the right stiffness.

You	may	learn	about	centre	of	gravity	in	science	
lessons.	Objects	that	are	difficult	to	topple	over	
often	have	a	low	centre	of	gravity.	It	is	easy	to	push	
over	the	person	on	the	left,	but	when	she	crouches	
into	a	martial	arts	stance	she	is	much	more	stable.
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Designing structures

Getting an overall design

You	can	use	sketches	to	develop	several	overall	
design	possibilities	for	a	structure.	These	designs	
are	for	storage	systems	to	be	used	mainly	for	
books.	You	should	notice	four	things:

•	 they	all	rely	on	shelving;

•	 they	all	look	quite	different;

•	 they	all	look	as	though	they	will	work;

•		 each	one	can	be	constructed	in	several	different	
ways.

	

	 	 	 	 	 Tie

	

	 	 	 	 	 					Beam

	 	 	 	 	 									 Tie	or		
	 	 	 	 	 	 strut

	 	 	 	 	 	 Slab

Choosing the parts

Having	decided	which	design	idea	you	like	best,	
you	can	work	out	how	it	might	be	made	up	from	
different	sorts	of	parts	(structural	elements)	and	
draw	a	labelled	sketch.	You	can	use	the	Structural 
Elements Chooser Chart,	another	download,	to	
help	you.

There	are	three	things	to	notice	about	this	sketch:

•	 the	designer	has	drawn	the	design	very	simply;

•	 she	has	labelled	each	piece	as	a	type	of	part	
(structural	element);

•	 she	hasn’t	made	any	detailed	decisions	yet	
about	material,	cross-sectional	shape,	cross-
sectional	area	or	methods	of	connecting.
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Designing each part so that it works well
In	this	drawing	the	designer	has	taken	her	‘parts	only’	design	and	
developed	it	further.	There	is	starting	to	be	enough	information	
for	her	to	make	a	working	drawing	for	each	of	the	parts	and	an	
assembly	drawing.	Notice	that:

•	 she	has	specified	materials	for	each	part;

•	 she	has	specified	exact	shapes	and	sizes	for	each	part;

•	 she	has	shown	exactly	how	the	parts	fit	together;

•	 she	has	shown	that	the	connections	between	the	parts	can	
transfer	the	loading.

You	can	use	the	Designing points for structural elements 	on	the	
next	page	to	help	you	produce	this	kind	of	drawing.
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Designing points for structural 
elements
You	can	improve	the	performance	of	structural	
elements	by	modifying	their	design.

Choice of material

Whichever	structural	element	you	are	designing,	
you	must	think	carefully	about	which	material	to	use.	
A	beam	made	from	oak	would	be	both	stiffer	and	
stronger	than	a	beam	of	the	same	dimensions	made	
from	chipboard.	A	beam	made	from	steel	would	be	
over	10	times	stronger	and	about	20	times	stiffer	than	
the	oak	beam	but	over	10	times	heavier!

Beams and cantilevers

Beams	and	cantilevers	can	be	made:

•			stronger by	increasing	their	thickness;	

•	 stiffer by	turning	them	on	their	edge;	

•	 stiffer by	shortening	them;

• stiffer and	stronger by	changing	the	cross-
sectional	shape	to	an	I	or	a	T;

•	 using	less	material	by	removing	material	from	non-
critical	areas.

Ties and struts in frameworks

You	can	make	a	tie	both	stronger	and	stiffer	by	
making	it	thicker;	this	increases	the	cross-sectional	
area.	Making	a	tie	longer	will	not	affect	its	strength.

You	can	make	a	strut	stronger	and	stiffer	by	making	
it	thicker;	this	increases	the	cross-sectional	area.	
Making	a	strut	longer	increases	the	chances	of	
buckling,	making	it	weaker	and	more	likely	to	break.

Hollow boxes and shells

You	can	make	a	hollow	box	stronger	by	ensuring	that	
the	sides	are	firmly	attached	to	each	other	at	the	
edges	and	that	it	has	six	sides.	This	will	prevent	the	
sides	from	buckling.	You	can	make	a	shell	less	likely	
to	break	by	using	gentle	curves	for	the	shape	and	
avoiding	rectangular	holes.	This	prevents	cracking	
through	stress	concentration.

Shafts

You	can	make	a	solid	shaft	stronger	and	stiffer	by	
making	it	thicker.	If	you	use	a	tube	for	a	shaft	you	
must	ensure	that	the	walls	are	thick	enough	to	
withstand	the	twisting	forces.	

Slabs

You	can	make	slabs	stiffer	by	making	them	thicker.	
You	can	prevent	buckling	by	attaching	them	to	beams.
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Choosing the right joint or connector
Structural	elements	are	held	together	by	joints	and	connectors.	These	have	to	be	able	to	transfer	the	
loading	from	one	structural	element	to	another.	If	the	join	is	weak	it	will	fail	and	then	the	structure	will	
collapse.	You	can	use	the	table	below	to	help	you	choose	the	joints	and	connectors	for	the	structural	
elements	in	your	design.

IS	IT	A	FRAMEWORK?

The	join	may	be	at	the	ends	of	the	material	or	between	
the	end	and	the	mid-part	of	two-lengths	of	material.	

For	solid	timber:

Joints	(glued for  
permanent join)

or	plywood	joining	plates		
(permanent join)

or	metal	joining	plates		
(permanent join)

For	angled	metal:

nuts	and	bolts		
(temporary join)

or brazing		
(permanent join)

For	metal	tube:

Knock-down	fittings		
(temporary join)

or brazing		
(permanent join)

For	plastic	tube:

Knock-down	fittings		
(with adhesive for  
permanent join)

IS	IT	A	SHAFT?

Here	you	have	to	join	a	rod	or	tube	to	a	rod.

Forcing	fit	for	tube	to	rod		
(permanent join)

Coupling	with	grub	screws		
(temporary join)

IS	IT	A	BOX?

Here	you	have	to	join	sheets	of	material	edge	to	edge

For	solid	timber:

Joints	(glued for  
permanent join)

or Knock-down	fittings		
(temporary join)

For	manufactured	board	use	these	methods:

Butt	joints	or	
Knock-down		
fittings

For	sheet	metal:	

Pop	rivets

IS	IT	A	CANTILEVER?

Here	you	have	to	join	one	end	of	a	wide	length	of	
material	to	a	side	panel.

For	solid	timber	or	manufactured	board:

knock-down	fittings		
(temporary join)

or housing	joints		
(permanent join)

IS	IT	A	SHELL?

Here	you	have	to	join	the	shell	to	a	side	panel	or	a	
frame.

Adhesive		
(permanent join)

Self-tapping	screws	or	nuts	and		
bolts	(temporary join), take		
care	to	avoid	stress	concentration		
by	ensuring	a	good	fit	between		
the	holes	and	fittings.
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Structures calculations
There	will	be	times	when	you	will	need	to	carry	out	calculations	to	work	out	the	details	of	your	design.		
Here	are	two	examples.

if	this	is	10mm	diameter	what	
should	I	make	it	from?

Load with	safety	factor	
=	2000	N

Example �

Nathan	has	designed	a	counterbalanced	lamp	
for	his	study-bedroom.	He	needs	to	calculate	the	
weight	of	the	counterbalance.	To	do	this	he	used	the	
principle	of	moments.

What	else	might	Nathan	need	to	take	into	account?

Sometimes	you	can	avoid	difficult	calculations	
by	using	the	design	decisions	of	experienced	
designers.	If	you	are	designing	seating,	for	
example,	you	can	look	at	similar	products	to	identify	
suitable	materials	and	the	likely	sizes	and	shapes	
of	different	parts.

Example �

Clarissa	has	designed	a	bookcase	which	is	hung	
from	a	joist	in	the	ceiling.	She	is	concerned	about	
the	material	she	should	use	for	the	main	tie.	This	is	
how	she	chose	which	one	to	use.


