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Recent major earthquakes in Japan and New Zealand have shown that improving building design is a
major factor in reducing damage and loss of life.

Can we predict where dangerous earthquakes are likely to occur?
Can we design buildings that won't fall down when vibrated by earthquakes?

These are questions that seismologists and engineers are working on, using scientific theory and
modern technologies.

Their tools of trade include:
data collected during earthquakes using technology including seismographs, lasers and GPS
the Theory of Plate Tectonics
modelling the effects of earthquakes on buildings.

The development of buildings that can resist earthquake vibrations is largely based on studies of
earthquakes such as the one that devastated Mexico City in 1985.
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On 19 September 1985, an earthquake struck Mexico City. Over 10 000 people were killed
and over 30 per cent of the buildings were completely destroyed. Studies of the damage to
buildings revealed a pattern: most of the collapsed buildings were 8—15 stories high.

Why did many of the taller and shorter buildings escape serious damage?

model the effects of earthquake vibrations on buildings of different heights
use your understanding of plate tectonics to explain causes of earthquakes
analyse data to find earthquake location and magnitude

analyse patterns in seismic data to make predictions

use evidence and scientific concepts to explain patterns of building damage.



Investigation: Modelling the effect of earthquake vibrations on buildings of

different heights

In this model, the rulers represent the ground being shaken by the earthquake and the cardboard strips

represent buildings.
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Diagram 1 Cardboard strips held
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vibrate this way.

1. Very slowly and gently vibrate the rulers in the direction shown.

2. Slowly increase the rate of vibration.

3.  When a strip begins to resonate (i.e. vibrate strongly and regularly),

count the number of complete vibrations* in 10 seconds.

Record the result in the Trial 1 column for that strip.

* One vibration is
a complete swing
backwards and
forwards.

Continue to increase the rate of vibration, repeating steps 3 and 4.

6. Repeat steps 1to 5 until you have recorded the results of three trials for each strip.

Table 1: Results

. Number of vibrations in 10 seconds
Height of

strip (cm)

Trial 1 Trial 2 Trial 3

20.0
17.5
15.0

&

Class discussion of results

Mean

Frequency at which
strip resonates
(vibrations per second)



6 Work on your own to complete the task.

1. (@) Do the results support the following hypothesis?

A strip of a certain height resonates at a particular frequency.

Yes
No
(Circle one.)

Explain your choice.

(b) Describe the relationship between the height of a strip and the frequency at which it
resonates.

(c) If anearby earthquake produces rapid (high frequency) ground vibrations, which buildings are
more likely to be damaged?

tall
medium
short

(Circle one.)

Explain your choice using the results of the investigation.



In the model, the independent variable is height.

Other variables may change the frequency at which a strip resonates,
e.g. width, thickness, material (i.e. what it is made of).

2. Choose a different independent variable that may change the frequency at which a strip
resonates.

Use this space for your diagram.

(b) Write a hypothesis that you could test using the new model.



3. Using the letters A—F, label Diagram 2 to show:

crust The Theory of Plate Tectonics explains
the origin of earthquakes, volcanoes
and other geological activity.

mantle

A
B
C. destructive plate boundary (crust being melted)
D. constructive plate boundary (new crust being formed)
E. likely location of an earthquake

F. likely location of a volcano.

Diagram 2: Tectonic plates

Atlantic Ocean

m n
h American Plate

GPS measuring stations at m, n, x, y
to measure plate movement.

Pacific Ocean

Africa
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African Plate
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4. Complete Table 2 to predict how the distances between m and n, and between x and y, would
change. Explain your predictions.

Table 2
Distance How the distance | Speed of Explanation
between ... | would change change (Using the Theory of Plate Tectonics)
(See (Circle one.) (Circle one.)
Diagram 2.)
m and n increases slow
(Over many decreases rapid .......................................
years)

stays the same nochange | ......... .

x andy increases slow
(In the decreaSeS rapld .......................................
months
before an stays the same nochange | ........ .
earthquake)
x andy increases slow
(during an decreases dapid |
earthquake)

stays the same nochange | ........ .



Use the information on pages 8 and 9 to answer Questions 5-9.

Seismic waves

The energy released by an earthquake is carried through the crustal rock
as different types of waves.

P (primary) waves travel faster than S (secondary) waves.

When the waves arrive at the surface, they cause the ground to vibrate.

Diagram 3 (a): Seismic waves
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When waves produced by an earthquake arrive at the surface, the vibrations
are detected by a seismograph and recorded on a chart (a seismogram).

Diagram 3 (b): A seismogram
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Diagram 3 (c): Different frequencies of vibrations on a seismogram

Low frequency High frequency
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Finding the epicentre and magnitude (size) of an earthquake helps
seismologists to see patterns of building damage.

Below are two seismograms, each of which recorded vibrations from the earthquake that struck Mexico
soon after 7:19 am on 19 September 1985.

Seismogram 1: Mazatlan seismic station
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Seismogram 2: Mexico City seismic station
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the arrival time of the first P wave and

the arrival time of the first S wave.



6. (a) Find the time difference (S — P time) between the arrival of P and S waves at Mexico City
seismic station (Seismogram 2).

Seismic station

Mazatlan Mexico City

ﬂ S =P Ue 85sec | sec

(b) Use Graph 1 below to find the distance of Mexico City seismic station from the epicentre.
(The distance of Mazatlan from the epicentre is given as an example.)

Graph 1: Conversion graph of S — P time to distance from epicentre
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For example, the S — P time for
Mazatlan seismic station is 85 seconds.
Using the conversion graph, Mazatlan
is 830 km from the epicentre.

Seismic station

Mazatlan Mexico City

ﬂ Distance from 830 km
epicentre T km



Map 1: Southern Mexico

O]
San Luis Potosi

© Mexico City
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Map 1 above shows a circle with a radius of 830 km and Mazatlan at its centre.

The epicentre of the 1985 earthquake lies somewhere on this circle.

7. (a) Draw a circle with Mexico City at the centre and a radius equal to the distance of Mexico City
from the epicentre (from Q6).

(b) On Map 1, mark with a cross (X) the most likely epicentre of the earthquake.

(c) Explain your choice using your understanding of plate tectonics.

The magnitude of an earthquake = EE

T

(on the Richter scale) is found by Maximum

measuring the maximum amplitude /m ArpliL s fmm)
of S waves at a seismic station. h AM M M ‘
1 e rmn—
8. (a) Use Seismogram 1 (page 10) to find the maximum amplitude of S waves at Mazatlan seismic

station.

Maximum amplitude of S waves Distance from epicentre

Mazatlan-selsmlc 830 km
staton | ... .. mm



Earthquake magnitude is determined by plotting amplitude and distance on a Richter nomogram.

(b) Plot the data from question 8(a) on the Richter nomogram below. An example is given.

Figure 1: The Richter nomogram
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San Luis Potosi is 580 km from the epicentre and does not have a seismic station.

9. Sketch (below) the predicted seismogram for

San Luis Potosi during the 1985 earthquake. Look for patterns in the data by comparing
Seismograms 1 and 2 on page 10.
Your answer should show the S — P time and

estimates of amplitude and frequency.

Seismogram 3: San Luis Potosi (580 km from epicentre)
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After determining the position and magnitude of the 1985 earthquake in Mexico, a seismologist said:

Even though the 1985 earthquake was a strong quake, it was not very close to Mexico
City. | was surprised that there was so much damage to buildings from 8 to 15 stories
high, while many of the taller and shorter buildings were not damaged.

This pattern of damage was not observed in locations closer to the epicentre.
| found that Mexico City is built on clay that resonates at a particular frequency.
| wonder if that has something to do with the pattern of building damage.

10. Propose an explanation for the pattern of damage to buildings in Mexico City.
Use the examples shown in the photo below.

Justify your response with reference to:

the seismologist’s statement above

the frequency of ground vibrations at different distances from the epicentre
the results of the modelling investigation on page 4

similarities and differences between the buildings

any other relevant information in this assessment task.




Use this space to plan your ideas. Use the list on page 14 as a checklist.



"SWIA] OLIUBIOS
BWOS S9SN Skl ay} Ul UOIeLIoU] 0} 8dUd19al
awos yum afewep Buipjing INoge sjuawarers sayen

‘swelbelp pue sydeib

‘abenbue| oiynualds Jo asn areudoidde sayey\ "aouUapINS
awos Aq paunsnl abewep Buip|ing 1o} uoneue|dxa
[enJsed e sapinoid “erep J1WsSIas ay) Ul Juapins susaned
3y JO BWOS S8}l ey} WelbowsIas e Sjoniisuod

abenbue| oinualos areludoldde

Jo asn |nyasodind ‘rea|d saxew pue eyep sjuasaid
pue sjaidiaiul A|21eIN20Y "Blep JIWSIaS ayl Ul JUSPIAS
susaned |e s109|ja1 ey welBows|as B S1onisuo)

*90UBPIAS JUBA3|3I |[e JO SISAjeur ybnoloyl e Aq paynsn(
‘afewep Buipjing 1o} uoneue|dxs pajielap € sapinoid

0T—T suonsand

"ayjenbylies ay1 Jo sanuaaids ajgissod pue
apnyubew Buluiwiglap Ul SS829Ns awos “Aouanbaly
pue 1ybiay usamiaqg diysuone|ai ay) saquasap Ajleired

‘9yenbyues ay Jo sanuaaids ajqissod

pue apnyubew Buluiwiaslep ul ssalboid Jueodiubis
saye\ ‘suoneiqin Aouanbaiy ybiy Agq paroaye aq o1 Ay
alow aJe sBulpjing yaiym noge uonaipaid pijea e sayep
‘Aouanbaly pue 1ybiay usamiag diysuone|al ay) saquasag
‘sisaylodAy uaaib ayy ureidxa Ajrensed o3 eyep sasn

‘9yenbyues ay: Jo sanuaaida ajqissod
pue apniiubew ay) auiwialep Aj@reINddk 0} B1ep sasAleuy
‘uoneBiISaAuUl 8y} 0] SUOITRIIPOW PIfeA Jo 18S e sisabbng

‘parsabbns suoneolipow ayl Buisn
paisal ApifeA aq ued jey sisaylodAy e sasodold
‘suoneiqin Aouanbaly ybiy Aq paoaye aq o1 A9y

alow aJe sbuipjing yaiym saynsnl Alres|d “sisaylodAy
uanIb ay) woddns Apioidxa 01 erep Aouanbal) sasn

T T T e rere s -

'SaJn]ea) [e1SNJO SWos Salnuap|

‘aJjuadida axenbyuea ay) Jo uoneso| Ajax 1Isow ayy
10 JUBWSAOW [eISNID B ule|dxa 0] S21U0)D3| dle|d JO
K103y 8y} SasN ‘awWin JAA0 SJUSWBAOW [BISNID BWO0S
s101pald Aj10a110) 'sainyea) 21U01I3] ISOW Sanuap|

"anuasids axenbyies ay) jo uoneoo|

A9}l 1SOW 81 pue B} JI9A0 SIUBWSAOW [BISNID JO
suoneue|dxa pauoseal-||am apiaoid 01 SOIU01D8) 8re|d
Jo Al0BY] 8y} Sash pue sainjes) 21U03da] |[e Saliuap|

8 ‘e/ ‘9 ‘G ‘g ‘T suonsand
"SUOISN|OUOD MeIP pue
Blep JlWsIas Juasald pue asAjeue 031 S1daduod JNUBIS SasN

‘suolyeluasaldal
pue suonuaAuod ‘abenbue| oynualds aredoidde sasn

0T ‘6 suonsan®

‘abewep

Buipjing jo uiened sy Joj Juswnbire paseq-aduspind ue
19NJI1SU02 0} sBulpuelSIapUN JNUSIIS PUE SIUSPIAS SMBINDY ‘S9|qeleA OM) Usamiag
‘suonoipald axew 01 elep olwslas Ul sulaned sasAjeuy | diysuoire|al ayy Ajuapl 0} elep [eluswadxa ul spuasl saskjeuy

‘90uapIAd Jo Alfenb ayr snoidwi 01 sisaylodAy

a|ge1sal e pue uoiebisaAul ue 01 suonesypow sasodoid 2-q/ 'y ‘g suonsand

'SJuUaAa [ed160j0ab ure|dxa 01 SIU0IDa|
are|d Jo A108Y] 3y} Sash pue sainjes) d1U0}I3) SalNuap|

S|IMS Auinbuj 89ua19s Bulpuelsiapun adualds

“JuswinBre paseqg-aousapine Ue dojaAsp pue SuoISNoU0d Melp 0] elep asAjeue 0] :SN204

............................................ aWeu JUapnIS



	Setting the scene
	Case study
	In this assessment, you will:

	How do earthquakes affect buildings of different heights?
	Analysing the results
	What causes the ground to vibrate during an earthquake?
	Finding the epicentre and magnitude of an earthquake
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