
Structures



Objectives

• Analyze forces in rigid structures. 

• Calculate forces and reactions in structures.

• Apply the concept of stress to estimate failure loads.



1. The safe working load for the 

rope in the diagram is 1,000 N.  

What is the maximum mass of 

the basket? 

Assessment

Assume the beam is massless. 



Assessment
2. Steel has a tensile strength of 2.50 × 108 N/m2.  

Can a steel cable 2.0 cm in diameter safely 

support a 5,000 N weight?  Include a safety 

factor of 10. have a el cable e breaking, while a 

thicker 4 cm2 cable can hold up to 100,000 N of 

force. 



• equilibrium

• net force

• net torque

• tension

• compression

• shear

Physics terms

• safety factor

• stress

• tensile strength

• yield point



The net force is zero.

The net torque is zero about 

any center of rotation.

Stress equals force divided 

by cross-sectional area.

Equations



In 1940, the Tacoma Narrows 

Bridge in Washington State 

vibrated and twisted amid 40 mph 

winds, resulting in its dramatic 

collapse.  

Designing structures

The collapse was 

caught on video, 

included on page 401 

of your e-Book.



How do you design something, 

such as a bridge, to stay up?

Designing structures



How do you design something, 

such as a bridge, to stay up?

By designing it not to fall down! 

Designing structures



This isn’t a joke!  You design a structure by figuring out how it  can 
fail, then making it strong enough so it doesn’t fail in any of the 
ways you can think of.

Considering failure is essential to design! 

How do you design something, 

such as a bridge, to stay up?

By designing it not to fall down! 

Design to avoid failure



You want to suspend this 50 kg 

sign 2 meters from a wall using 

a rope, cable or chain.  

How do you decide how large a 

rope, cable, or chain is needed? 

Example: hang a sign



You want to suspend this 50 kg 

sign 2 meters from a wall using 

a rope, cable or chain.  

How do you decide how large a 

rope, cable, or chain is needed?

Start by figuring out how 

much tension the cable 

needs to withstand. 

Example: hang a sign



Find the components of T.

What is the tension, T?



Set the net torque equal to zero.

What is the tension, T?

r



Set the net torque equal to zero.

What is the tension, T?

r



What is the cable gets rusty?  Or 

suppose the wind applies a greater 

force.

We use a safety factor to design things 

to be stronger than they have to be. 

Safety factors range from 2 to 12, 

depending on the risk of failure.

Safety factors



Choose a safety factor of 5 because 

the working loads of ropes, cables, 

and chains already have another 

safety factor built in.

T = 980 N x 5

Design strength = 4,900 N

Safety factors



Design strength = 4,900 N

Which of these will work?



Design strength = 4,900 N

These four will work



Elasticity and yield
Real objects are elastic, which 

means they stretch up to a limit 

called the yield point.

• Up to the yield point, objects 

return to their original size when 

the force is removed.

• After the yield point objects are 

permanently deformed.

• At some point, objects break. 



Stress is force per unit area.

• Materials fail when the internal 

stress exceeds the tensile 

strength. 

• The tensile strength of plain steel 

is 250 million N/m2 (250 MPa).

Tensile strength



Materials can also fail if they are 

compressed beyond their 

compressive strength. 

• The compressive strength of 

plain concrete is 28 million N/m2

(28 MPa).

• Reinforced concrete is stronger. 

It contains steel reinforcing bars 

or fibers of various materials.

Compressive strength



Designing structures
• Draw the free-body diagrams.

• Use the equilibrium of forces and torques to get three equations.

• Solve the equations for up to three unknown forces.

• Apply a safety factor.  Select structural elements strong enough to 

withstand the predicted forces. 



Exploring the ideas

Click the simulation 

on page 248

In Investigation 8B, apply 

what you’ve learned about 

safety factors and tensile 

and compressive strength to 

keep a simulated bridge 

from collapsing.



1. What parameter(s) must 

you change to prevent 

the bridge towers from 

collapsing? 

2. Record the data on loads, 

stresses, and sizes

Design a suspension bridge that will not fail.

Bridge design challenge



3. Increase the load on the 

bridge to a busy day, such 

as 250 trucks and 500 cars.

3. How can you change the 

bridge design to prevent 

the cables from collapsing? 

Design a suspension bridge that will not fail.

Bridge design challenge



5. Double the load of cars 

and trucks. 

Design a suspension bridge that will not fail.

Bridge design challenge

Come up with a solution 

that does not fail.



a. What parameter is a good 

predictor of failure of the 

towers?

b. What parameter is a good 

predictor of failure of the 

cables?

c. Devise an experiment to 

determine the effect of 

tower height on failure. 

Bridge design challenge
Questions



d. List at least 3 additional 

ways that a suspension 

bridge might fail. 

e. Propose at least one design 

attribute for each failure 

mode you identified in (d) 

that would prevent that 

failure.

Bridge design challenge
Questions



Beam and posts make 

a simple structure. 

Structures

A truss is built up from 

links, and is very strong 

for its weight.  

Links can transmit 

both tension and 

compression 

forces.



Rigid bodies such as 

posts and I-beams can 

exert compression, 

tension, and shear forces.

Structural elements

Different types of elements can transmit different forces and torques.



The strength of a beam in bending 

comes from the material at the top 

and bottom.

• An I-beam puts the most 

material at the top and bottom, 

where it contributes most to the 

bending strength.

• An I-beam is 5 times stronger 

than a solid bar formed from the 

same amount of material.

Structural elements



Rope-like elements can 

only exert tension.  

They cannot exert 

compression or shear 

forces.

Structural elements

Different types of elements can transmit different forces and torques.



Ropes and chains always transmit 

forces along the line of their length. 

Structural elements



“Ideal” ropes are massless and 

frictionless.

Ideal ropes, chains, and cables 

have the same tension force at 

every point. 

Structural elements



Reaction forces must be 

included in equilibrium 

calculations.

• Frictionless surfaces exert 

forces that act normal to 

the surface.

Different structural elements also create different reaction forces.

Support reactions



Support reactions

Rough surfaces and pinned 

joints restrain motion in two 

dimensions.

• There are x and y 

components to these 

reaction forces.



Fixed supports cannot rotate.

• Fixed supports can apply 

reaction torques as well as 

forces.

• Fixed supports are not 

covered in this course but 

are important to real 

structures.

Support reactions



1. The safe working load for the 

rope in the diagram is 1,000 N.  

What is the maximum mass of 

the basket? 

Assessment

Assume the beam is massless. 



1. The safe working load for the 

rope in the diagram is 1,000 N.  

What is the maximum mass of 

the basket? 

Net torque about point A is zero: 
A

Assessment

where r1 = 2.0 m and r2 = 5.0 m

r

2

Tmax

mg

r

1
×

Draw the free-body diagram.



1. The safe working load for the 

rope in the diagram is 1,000 N.  

What is the maximum mass of 

the basket? 

Assessment

Net torque about point A is zero: 
A

r

2

mg

r

1
×

Tmax



Assessment
2. Steel has a tensile strength of 2.50 × 108 N/m2.  

Can a steel cable 2.0 cm in diameter safely 

support a 5,000 N weight?  Include a safety 

factor of 10. have a el cable e breaking, while a 

thicker 4 cm2 cable can hold up to 100,000 N of 

force. 



Assessment
2. Steel has a tensile strength of 2.50 × 108 N/m2.  

Can a steel cable 2.0 cm in diameter safely 

support a 5,000 N weight?  Include a safety 

factor of 10. 

Yes, the cable can safely support the weight.  The 

maximum stress is less than the cable’s tensile strength.


