


Buildings and earthquakes—Which stands? Which falls?
This document was produced to accompany the Teachable Moment resources for Haiti 
produced by IRIS and the University of Portland

Introduction
The two most important variables affecting earthquake 

damage are (1) the intensity of ground shaking caused by 
the quake coupled with (2) the quality of the engineering 
of structures in the region.  The level of shaking, in turn, 
is controlled by the proximity of the earthquake source 
to the affected region and the types of rocks that seismic 
waves pass through en route (particularly those at or near 
the ground surface). 

Generally, the bigger, closer, and shallower the 
earthquake, the stronger the shaking. But there have 
been large earthquakes with very little damage either 
because they caused little shaking in populated areas, or 
because the buildings were built to withstand that kind 
of shaking. In other cases, moderate earthquakes have 
caused significant damage either because the shaking 

was locally amplified, or more likely because the 

structures were poorly engineered.
         

Damage during an earthquake  
results from several factors

Strength of shaking. The strong shaking produced by 
a magnitude 7 earthquake becomes half as strong 
at a distance of 8 miles, a quarter as strong at 
a distance of 17 miles, an eighth as strong at a 
distance of 30 miles, and a sixteenth as strong at a 
distance of 50 miles.

Length of shaking. Length depends on how the fault 
breaks during the earthquake. The maximum 
shaking during the Loma Prieta earthquake lasted 
only 10 to 15 seconds. During other magnitude 7 
earthquakes in the Bay Area, the shaking may last 
30 to 40 seconds. The longer buildings shake, the 
greater the damage.

Type of soil. Shaking is increased in soft, thick, wet soils. 
In certain soils the ground surface may settle or 
slide.

Type of building. Certain types of buildings, discussed 
in the reducing earthquake damage section, are 
not resistant enough to the side-to-side shaking 
common during earthquakes.

Resonant frequency of building. See page 3.

From USGS http://quake.usgs.gov/prepare/future/

Activities pages 4-5 (touch to go there)

Haiti Devastation Exposes Shoddy Construction 
 see next page  for text and link to video!!!!

     “Build a Better Wall” Video Demo Lecture    
Robert Butler demonstrates the value of structural 
elements on earthquake hazard mitigation.  
Instructions begin on Page 8

Haiti’s Buildings Weren’t Fit To Withstand Quakes 
Listen to NPR’s Interview of Haiti’s only earthquake engineer

Haiti’s magnitude 7.0 earthquake struck a country whose 
buildings were barely built to engineering standards and  
were hopelessly fragile in the grip of such a strong quake.

© AP photograph

Touch 
image to 
go to Video 
page

Information from

http://www.iris.edu/hq/programs/education_and_outreach/moments
http://quake.usgs.gov/prepare/future/
http://www.iris.edu/hq/programs/education_and_outreach/videos#M
http://www.npr.org/templates/story/story.php?storyId=122547242
http://www.npr.org/templates/story/story.php?storyId=122547242
http://www.iris.edu/hq/programs/education_and_outreach/videos#M
http://iris.edu
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The two scenarios below are Seattle-area earthquake scenarios show the possible effects on buildings of different structural 
integrity of a shallow, magnitude 7 (M7) earthquake and a M9 subduction-zone earthquake. These scenarios could apply to any 
cities on the coast or inland valleys of Washington and Oregon (as well as Chile, Alaska, British Columbia, Japan, N.Zealand).

M7 shallow
earthquake

M9 subduction 
earthquake

UPDATE:
This can be 
equated to the 
Magnitude 7
earthquake in 
Haiti on 
Jan. 12, 2010

Quake Scenarios

that aren’t tied to their 
foundations



 

  

Locating Famous Earthquakes 

Can you locate these famous earthquakes on this world map using their latitude and longitude co-ordinates? 
2011 Tohoku   32oN 142oE  1985 Mexico City     18oN     102oW  1908 Messina         38oN    15oE                  
2011 Christchurch     43oS    172oE  1976 Tangshan 40oN    118oE  1906 San Francisco 37oN 122oW  
2010 Haiti         18oN   72oW  1964 Alaska           61oN  147oW  1755 Lisbon    36oN   11oW  
2010 Chile         32oS     70oW  1960 Valdivia        38oS    73oW  1556 Shaanxi   34oN   109oE 
2004 Indian Ocean    3oN   95oE  1952 Kamchatka       53oN    160oE  1138 Aleppo     36oN    37oE 
2001 Gujarat   23oN   70oE  1923 Great Kanto     34oN    139oE  856 Damghan 36oN     54oE 
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Damage and effects 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ship and crane damage 
in Sendai port. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Dam failure in 
Fujinuma 

 

A good source of information can be found at: 
en.wikipedia.org/wiki/2011_Tohoku_earthquake_and_tsunami  

http://en.wikipedia.org/wiki/2011_T%C5%8Dhoku_earthquake_and_tsunami


2     Buildings and Earthquakes       

By Ayesha Bhatty 
BBC News, London 
Experts say it is no surprise that shoddy construction 
contributed to the level of destruction in Haiti following 
Tuesday’s earthquake. But the scale of the disaster has shed 
new light on the problem in the impoverished Caribbean 
nation. Tens of thousands are feared dead after being 
crushed by buildings that collapsed. Scores more remain 
trapped under the rubble.  “It’s sub-standard construction,” 
says London-based architect John McAslan, who has been 
working on a project linked to the Clinton Global Initiative 
in the country.  “There aren’t any building codes as we 
would recognise them,” he added. Mr McAslan says most 
buildings are made of masonry - bricks or construction 
blocks - which tend to perform badly in an earthquake.

Cheap concrete
There are also significant problems with the quality of 

building materials used, says Peter Haas, head of the 
Appropriate Infrastructure Development Group, a US-
based non-profit group that has been working in Haiti since 

2006.  “People are skimping on cement to try to cut costs, 
putting a lot of water in, building too thin, and you end 
up with a structure that’s innately weaker,” said Mr Haas, 
who was on his way to Haiti to help assess the safety of 
damaged buildings.  “Concrete blocks are being made in 
people’s backyards and dried out in the sun,” he said.
Mr Haas said there were also “serious problems” with 
the enforcement of building codes in Haiti. He said the 
government did not function at all in several parts of the 
country, and many communities lacked basic services such 
as electricity, sanitation services or access to clean water.
“So the problem of code enforcement is low down on the 
list,” he said.

Poor record
Even before the quake, Haiti’s building safety record 
was poor.  Almost 100 people - mostly children - died 
when two schools collapsed within days of each other in 
November 2008. At the time, Haitian authorities blamed 
poor construction for the accidents. Roger Musson, head 
of seismic hazard at the British Geological Survey, said 
he was “not at all” surprised at the level of destruction in 
Haiti. He said Haiti, the poorest country in the western 
hemisphere, was not used to dealing with earthquakes 
of this magnitude. Tuesday’s quake was the worst in 
two centuries. The country is more used to dealing with 
hurricanes, which have been getting more frequent in 
recent years, according to Mr Musson.  “Most buildings are 
like a house of cards,” he said. “They can stand up to the 
forces of gravity, but if you have a sideways movement, it 

all comes tumbling down.” Ironically, people living in the 
shanty towns might have had a better chance of survival 
than those trapped under concrete buildings, many of 
which “pancaked”. “A simple shack’s collapse is likely 
to cause less damage to human safety than a multi-floor 

building that collapses,” Mr McAslan said.

Aftershocks
Mr McAslan says it is more complex and expensive to 
earthquake-proof a building than equip it for hurricane 
damage. “The priorities have inevitably been elsewhere, 
but I’m absolutely certain that the attention of the 
government will be to build back better.”  He said the 
main task for the authorities now was to save as many 
lives as possible, then to stabilise damaged buildings so 
they could withstand any aftershocks, and finally, to assess 

how to create buildings that could reasonably withstand 
another earthquake. According to Mr McAslan, the extent 
of deforestation in Haiti also contributed to devastation. 
He said that on the hillsides of Petionville, a suburb east of 
Port-au-Prince, buildings simply “collapsed and collapsed 
and collapsed” on to each other as there was no forest to 
protect them.  According to the US Geological Survey, the 
loss of life from earthquakes is typically 10 times higher in 
developing countries than the West and the damage can be 
up to 100 times worse.

Haiti devastation  
exposes shoddy construction “...the loss of life from earthquakes is typically 10 

times higher in developing countries than the West 
and the damage can be up to 100 times worse.”

Link to narrated QuickTime &
Scroll to 
“Animated Building Collapse”

Narrated animation from USGS showing 
why poorly constructed buildings collapse 
during an earthquake. Scroll down to:
Animated building collapse   

Construction

What is the future?  See:
Haiti Quake: A Plan for Reconstruction 

http://news.bbc.co.uk/2/hi/americas/8460042.stm
http://news.bbc.co.uk/2/hi/americas/8460042.stm
http://quake.wr.usgs.gov/research/deformation/modeling/animations/
http://www.architectureforhumanity.org/updates/2010-01-17-haiti-quake-a-plan-for-reconstruction
http://quake.wr.usgs.gov/research/deformation/modeling/animations/
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Tall or Small?  Which is Safer?  
It depends on resonance!!

During an earthquake buildings oscillate,  
but not all buildings respond to an earthquake 
equally.  If the frequency of oscillation of the 
ground is close to the natural frequency of the 
building, resonance (high amplitude continued 
oscillation) may cause severe damage.

Small Buildings:
Small building are more affected, or shaken, by high-

frequency waves (short and frequent).  For example, a 
small boat sailing in the ocean will not be greatly affected 
by a low-frequency swell where the waves are far apart. 
On the other hand several small waves in quick succession 
can overturn, or capsize, the boat. In much the same way, 
a small building experiences more shaking by high-
frequency earthquake waves.

Tall High Rises:
Large structures or high rise buildings are more affected 

by low-frequency, or slow shaking.  For instance, an ocean 
liner will experience little disturbance by short waves in 
quick succession. However, a low-frequency swell will 
significantly affect the ship. Similarly, a skyscraper will 
sustain greater shaking by long-period earthquake waves 
than by the shorter waves.

Tall and Short Buildings Stood—
Medium Fell
1985 Mexico City quake kills 10,000

On September 19, 1985, a magnitude 8.1 earthquake 

occurred off the Pacific coast of Mexico. 350 km (217 

miles) from the epicenter damage was concentrated in 

a 25 km2 (9mi2) area of Mexico City. The underlying 

geology contributed to this unusual concentration of 

damage at a distance from the epicenter. An estimated 

10,000 people were killed, and 50,000 were injured. 

In addition, 250,000 people lost their homes. The 

set of slides (link below), shows different types of 

damaged buildings and the major kinds of structural 

failure that occurred in this earthquake including 

collapse of top, middle and bottom floors and total 

building failure.

Interestingly, the short and tall buildings remained 

standing. Medium-height buildings were the 

most vulnerable structures in the September 19 

earthquake. Of the buildings that either collapsed 

or incurred serious damage, about 60% were in 

the 6-15 story range. The resonance frequency of 

such buildings coincided with the frequency range 

amplified most frequently in the subsoils. 

To see slide show go to the NOAA website:  
 Earthquake Damage in Mexico City

Below:  Resonance video lecture demonstration:  
John Lahr demonstrates the simplest and most 

spontaneous way to demonstrate the concept of 
resonance and building height uses spaghetti and 
small weights (raisins or marshmallows.  
See  

Resonance
In the case of Haiti, building design is the key point, not resonance.  There probably will turn out to be some effects of resonant 

soft soils, but right now all that is certain is that the buildings were poorly constructed. But understanding resonant effects on 
different buildings helps students understand why building codes are so important.

http://www.ngdc.noaa.gov/nndc/struts/results?eq_1=3&t=101634&s=0&d=4&d=44
http://www.iris.edu/hq/files/programs/education_and_outreach/seismographs_in_schools/docs/14A.Resonance1_Spaghetti.mov
http://www.iris.edu/hq/programs/education_and_outreach/videos#N


Name: ________________________________________________ Date: ______________________ Class: _________________ 

Designing for Disaster: Building Structures in Earthquake-Prone Areas Activity—Worksheet 1 

Designing for Disaster Worksheet 
Objectives: Investigate how engineers design buildings and structures to withstand earthquakes. 

Materials: Work in pairs sharing one computer with Internet access. 

Engage:  
1. Look around your classroom. Name one thing that might fail or break during an earthquake. Overall, 

do you think your school is prepared to withstand an earthquake? Explain why or why not.  

 

Explore:  
Navigate to the Earthquakes Living Lab at 
http://www.teachengineering.org/livinglabs/index.php.  

2. Select the San Francisco region (the fourth region). Scroll down the 
page and select the seventh (last) link: How do engineers use models 
and earthquake simulations to test designs for earthquake-resistant 
buildings and structures? Watch the earthquakes testing video on the 
front page. Pay attention so you’ll be able to answer the next 
question. 

Video website: http://www.windows2universe.org/earth/geology/movies/earthquake_testing_nsf.html  

3. From what you learned in the video, record one type of test 
that researchers conduct and one design component engineers 
may use in buildings that experience seismic activity.  

 

 

 

4. Now go to the Earthquake Testing Zone, an earthquake 
simulation at the following link to see a demonstration of different magnitude earthquakes: 
http://www.iknowthat.com/mhscience/Earthquakes/earthquake_movie.html. Adjust the magnitude 
and hit the “Go” button. Repeat again. 

5. From your experimentation with the 
earthquake simulation, note one thing that 
failed during an earthquake.  

 

 

 

 

 

6. Navigate back to the San Francisco Earthquakes Living Lab page > select the fifth link titled, How do 
earthquakes affect buildings? To run the “trigger an earthquake” simulation, go to the National 
Geographic link at http://www.nationalgeographic.com/forcesofnature/interactive/index.html. From 
the Forces of Nature page, go to the earthquake section by “choosing a force.” To do this, click on the 

http://www.windows2universe.org/earth/geology/movies/earthquake_testing_nsf.html
http://www.iknowthat.com/mhscience/Earthquakes/earthquake_movie.html
http://www.nationalgeographic.com/forcesofnature/interactive/index.html


Designing for Disaster: Building Structures in Earthquake-Prone Areas Activity—Worksheet 2 

earthquakes icon, then read through the information, and then select the button to “set off an 
earthquake.”  

 

 

 

 

 

 

Run through all the simulation combinations, reading the descriptions of what is happening each time.  

7. From the simulation tests, which ground type results in 
the least amount of damage to the building?  

 

 

 

8. From the simulation tests, which scenario (the 
combination of ground type and magnitude) results in the 
most amount of damage to the building? 

 

 

 

9. Return to the San Francisco Earthquakes Living Lab page > select the sixth link titled, How do 
engineers design buildings that withstand the forces of earthquakes? at 
http://www.exploratorium.edu/faultline/damage/building.html. Read the article, especially the 
“Location, location, location” section. From the simulation experiments and what you have read, 
answer the following question: 

10. Overall, compare the impact of seismic waves on structures built on solid rock vs. on softer soils. 

 

Explain:  
11. After having read the entire Faultline “Damage Control: Engineering” article about engineering 

design principles related to earthquakes at: http://www.exploratorium.edu/faultline/damage/building.html, 
write an answer to the following question: If you were to design a building in an earthquake area, 
what factors would you consider to result in the least amount of damage?  

Elaborate:  
12. Summarize what you learned about how to design building in earthquake-prone areas. Thinking as an 

engineer, draw a sketch of a building that could withstand a strong earthquake. Explain your key 
design features. 

http://www.exploratorium.edu/faultline/damage/building.html
http://www.exploratorium.edu/faultline/damage/building.html


Answer Sheet:

1.

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

__________________________________________________________

3. 

____________________________________________________________________________

5.

____________________________________________________________________________

7.

____________________________________________________________________________

8.

____________________________________________________________________________

10.

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________



EXPLAIN:

11. 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________

ELABORATE:

12.

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________ 

____________________________________________________________________________
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How tectonic plates move  

 
 
The __________ of the earth – the outer most layer of the earth, 
is constantly  __________ .  It floats around on top of the  
__________  and it is being moved by  __________   
__________ . The crust is cracked into pieces called tectonic 
plates and these tectonic plates are a bit like the  __________  of 
an egg. These convection currents move around the mantle like a 
conveyor belt moving the huge  __________  above them. 
Earthquakes occur when two tectonic plates  __________ . The 
huge forces cause the whole ground to  __________ .  The place 
where two tectonic plates meet is called a  __________    
__________ . 
 

 

 

Missing words: 
Convection currents            plates           shake          plate 

boundary          crust          moving       meet          mantle          shell 



How do earthquakes occur?  
 
 
 
 
 
 
 
 
 
1 _____________________________________________  

_____________________________________________ 
 _____________________________________________  

_____________________________________________  
2 _____________________________________________  

_____________________________________________ 
 _____________________________________________  

_____________________________________________  
3 _____________________________________________  

_____________________________________________ 
 _____________________________________________  

_____________________________________________ 
 

 

 

  

Your tasks: 
Using the diagram above to help you, explain what happens during 
an earthquake and list the steps involved in chronological order. 
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The Mercalli Scale  

 

 

Level 1 
 
 
 
 
 

Level 2 
 
 
 
 
 

Level 3 
 
 
 
 
 

Level 4 
 
 
 
 
 

Level 5 
 
 
 
 
 

Level 6 
 
 
 
 
 

Level 7 
 
 
 
 
 

Level 8 
 
 
 
 
 

Level 9 
 
 
 
 
 

Level 10 
 
 
 
 
 

Level 11 
 
 
 
 
 

Level 12 
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Design an
earthquake-proof house

 

his worksheet asks you to build three model houses and test them in an earthquake machine! 
You may already have one of these ‘machines’ in your house 

 

—

 

 an automatic washing machine.
However, it will only 
work if it shakes in a 
regular way when on the 
spin cycle. If it’s a very 
smooth operator (and 
barely trembles) or 
shakes so violently it 
follows you out the door, 
you’ve got a problem! In 
this case, you might like 
to build your own 
earthquake machine 
(detailed on the left).

 

➤

 

Earthquake simulator. Place the 
simulator on a firm table and hold the 
opposite corners of the frame as 
shown. Shake in a ‘rotating’ fashion.

 

Build your three houses

 

You’ll be testing three types of house 
in this experiment: one made from 
wood, one from ‘bricks’ and one from 
‘steel’.

The wooden house is made from icy 
pole sticks stuck together with clay. 
Use the clay when it is moist but wait 
until it is dry and hard before the 
earthquake test. Join your sticks 
together in the shape shown here, or 
use your own simple design.

T
Rubber bands. These 
must be strong and tight 
enough to suspend the
inside block within
the outer frame.

25 mm

25 mm

250 mm

250 mm

12 mm

400 mm

400 mm

Outer frame

Inside block

Icy pole sticks,
joined together
with modelling
clay

Sticky tape

➤ A house made of sticks

 

Atlas of Discovery

 

, pp. 5, 26–27;
automatic washing machine that vibrates appropriately

(don’t try to fit this in your school bag!) OR materials
to make an earthquake machine (250 mm square block of

12 mm wood; long, thick rubber bands; hammer and nails;
4 

 

×

 

 40 cm lengths of 25 mm square pine); icy pole sticks and
modelling clay; sugar cubes, icing sugar, egg whites and beaters;

pipe cleaners and sticky tape
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The brick house is made from sugar cubes using cake frosting as the mortar. Combine
three beaten eggwhites with two cups of icing sugar to make this frosting. Lay the bricks
in the correct pattern so that the joins between the bricks alternate (see following diagram).
Once again wait until the mortar is dry before the earthquake test.

The steel house is made from pipe 
cleaners (which are lengths of wire inside 
a felt-like cover). These represent steel 
girders and posts. Construct a two- or 
three-storey house. Bend (don’t twist) 
the pipe cleaners around each other.

 

The earthquake test

 

Use sticky tape to firmly attach each of 
your house models, in turn,

 

 

 

to your 
earthquake machine. (Buildings do not 
just sit on the ground; they are 
‘attached’ or anchored to it by their 
foundations.) If you are using the 
washing machine, place the model on 
the lid when the machine is about to 
start the spin cycle for a load of 
washing. If you are using the earthquake 
machine you have made, simply shake it 
by hand for about two minutes. If some 
of your buildings break that’s fine 

 

—

 

 
this is an earthquake after all!

What happened? Which of your 
houses survived intact, and which did 
not? Why do you think this is the case? 
(You might like to use a wet day in
the school holidays as an excuse to 
design and build an earthquake-proof 
ten-storey skyscraper to test on your 
earthquake machine.)

Make your walls
about four rows high.

Sugar cubes are joined
together with frosting
‘mortar’.

Attach the sticky tape
after laying the first
row of ‘bricks’.

➤ A house made of bricks

Pipe cleaners
bent around
each other

Sticky
tape

➤ A house made of steel
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	Button 11: 
	Button 17: 


