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Earthquakes: Glossary of Key Terms
Crust: The outer shell of the earth including the continents and the ocean floor.
Convection currents: In the study of earthquakes, the currents which result from the
transfer of heat caused by movement of magma below the crust. These currents in turn

cause the plates of the crust to move.

Epicentre: The point on the earth’s surface which is directly above the focus of an
earthquake.

Fault: A crack or fracture along which layers of rock move either vertically or horizontally.
Focus: The point of origin of an earthquake.

Intraplate earthquakes: Those earthquakes which occur away from the plate margins.
Magma: Molten rock below the earth’s surface.

Magnitude (of an earthquake): A measure of the relative size of an earthquake based on
amplitudes of seismic waves recorded using a seismograph. Magnitude is related to the
amount of energy released by an earthquake.

Mantle: The layer of the earth beneath the crust.

Normal fault: Where the rock on the side hanging over the fracture appears to have moved
downward relative to the other side.

Plates: Segments of the earth’s crust which ‘float’” on the heavier, semi-molten rock of the
mantle below. The edges or boundaries of the plates of the earth’s crust are called plate
margins.

Seismic waves: Waves which radiate in all directions from the focus of an earthquake.

Seismograph: Instrument used for recording and measuring seismic waves.

Strike-slip fault: A fault along which movement is parallel to the direction in which the
fault runs.

Subduction: The process by which one plate descends under another plate.

Thrust fault: Where rock layers on the side hanging over the fracture have moved upwards
relative to the other side.

Transcurrent fault: A large-scale strike-slip fault where the fault surface is steep.

Transform fault: A special type of strike-slip fault, along which displacement suddenly
stops or changes form.

Tsunami: Huge ocean wave normally caused by an earthquake under the sea.
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Section 7

Earthquakes

Plates, Faults and Earthquakes

ACti’()itiES HAZARD DATA
1 Using the information in ‘Hazard Data’ and in » Earthquakes result from rocks breaking under stress.
Figure 1. answer the following: » These stresses build up beneath the earth’s surface as a
gure 3, t% th result of the constant movement of the jigsaw-like
a Explain why the plates of the earth’s crust pieces that make up the thin outer shell of the earth.
move, « These pieces are the plates of the earth’s crust (see
b One of the largest earthquakes this century Figure 1). There are more than a dozen separate plates
occurred in Chile, South America, in 1960. of up to 100 km thick making up the crust.
Which plates would have been involved in this * nge P][ﬂtfg rest °t“ Itht:_gmnttlel- the lal)_zler of tgc carth
? . . nea ¢ crust. In its outer layers the mantle 1s
earthquake? I?escnbe the directions in which composed partly of molten rock or magma. The
they are moving. continual movement of this molten rock sets up
¢ Explain why earthquakes occur where pressure convection currents which cause the plates above to
builds up over long periods of time? Why 15 drift slowly in different directions.
this pressure more likely to build up where + The zones of contact between two plates can be a mud-
plates are colliding? oce;n n;igc;,_ (dliveliggim), subdl.llcl:_tipn zone (convergent),
d Explan why damage from major earthquakes ls)tlﬁl cfi-rfg])p S?é %"(iZl.lerHZg) or cellision zone (mountain
often occurs hundreds of kilometres from the »  Movement at these edges (or margins) of plates in this
epicentre, fault zone usually occurs slowly over millions of
e The epicentre for the disastrous Mexico City years, Occasionally, however, enormous stresses bwld
earthquake of 1985 was 400 kilometres up which are released suddenly by fracturing of rocks
south-west of the city in the Pacific Ocean. %sh;hc carth’s crust snips 1330 anew po:Sltlonc.i
Which plates were involved in the earthquake? S snapgmg cause; the su elr: arl:d at times cis-
Describe the directions 1n which plate astrous vibrations - known as shock waves or seismic
€S P waves - we call earthquakes.
movement occurred. + The point at which the fracturing occurs, which may
be kilometres below the earth’s surface, is called the
focus. The point on the surface above the focus is the
earthquake’s epicentre. Seismic waves are sent out in
all directions from the epicentre.
Figure 1:  The plates of the earth’s crust.
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Earthquakes

Plates, Faults and Earthquakes (contd)

VERTICAL MOVEMENT

THRUST FAULT
{common in subduction
zones and on continents)

Mid-ocean ridges mark the boundary between two plates which
are pulling away from each other. Here the earth forms new
crust and volcanoes are common. At the plate boundaries
normal faulting occurs producing shallow earthquakes, less
than 20km below the surface.

Where two plates are converging or colliding with each other
one will be thrust over the other (i.e. thrust faulting). Violent
earthquakes may result which can occur to depths of 700km. If
two continental plates are involved, mountain chains may be
built (e.g. the Himalayas). In thrust faulting involving heavier
oceanic plates, one plate is pushed or subducted below the
other. This may result in the formation of deep ocean trenches
{e.g. the Marianas Trench). If a continental and oceanic plate
collide, the latter will be subducted, with mountains forming at

STRIKE-SLIP
2 %1 TRANSCURRENT FAULT
Zu % (such as San Andrews Faul)
B or TRANSFORM FAULT
55 {common across mid-ocean
= ridges which they displace)

24:8)

Figure 2:  The three main types of fanlting

Activities (contd)

2 Study the information in Figure 2 and complete
the following:

a Explain the formation of the Mid-Atlantic Ridge
shown in Figure 1. Comment on the likely
impact of earthquakes occurring along the
Mid-Atlantic Ridge.

b Why do you think volcanoes are common along
mid-ocean ridges? How would they be
connected to the formation of new crust at these
locations?

¢ Conduct some further research into the
formation of each of the following:

* the Himalayas

s the Marianas Trench

s the Andes.

In each case find out the plates involved, their
characteristics, their direction of movement and
the processes which occur at the plate margins.

3 Complete the puzzle on the right by finding
{a) each of the words listed, and (b) the names of
four of the plates of the earth’s crust (write these in
the spaces provided at the end of the word list).

36

the edge of the continental plate (e.g. the Andes).

Where two plates slide laterally past each other, this is calied a
transform fault. The San Andreas fault in California is a
famous example of a transform fault. Earthquakes associated
with transform faults are usually quite shallow, occurring at
depths of less than 20 kilometres.
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Section 7 Earthquakes

Earthquakes - Their Different Impacts

Timing

The time of day and the time of
year that an earthquake occurs
may strongly influence its
impact. For example (i) an
earthquake striking the centre of
a city may cause fewer injuries
if it occurs during the night, and
(ii) after an earthquake, winter
conditions may hamper rescue
efforts and delay repairs,

Magnitude Location
The earthquakes which pose the |-
greatest threat are those which
occur in or near built up areas
where population densitics are
high. Many of the world’s
earthquakes happen under the
sea. Often these pass almost
unnoticed. Others occur in
remote locations, such as

1 Earthquakes with the greatest
magnitude (amount of energy
released) send out the strongest
shock waves over the largest

| area. They therefore have the
greatest potential to cause
damage. However, big
earthquakes often occur a long

way from people and property, r

: = : : — . deserts, where few people live.
and so cause little or no damage. - : peop .
Factors affecting -
the impact of
N earthquakes
Tsunamis L E = Buildings
Tsunamis (often wrongly called Side-Effects The collapse of buildings is

often the most costly form of
damage and the major cause of
death during and after an
carthquake. For example,
impact may be increased by the
collapse of unreinforced
masonry walls and heavy roofs,
or reduced, where buildings are
of lightweight construction.

‘tidal waves’) are huge waves
which result from earthquakes
(or volcanoes) under the sea.
They are sent out from the
epicentre, and grow in height
when they reach shallow
waters. Along coastlines they
can cause more damage than the
earthquake itself.

The impact of an earthquake
can be much greater if it
triggers off other disastrous
events, For example, a landslide
may result directly from violent
shaking of the ground. Fire is
another common side-effect, as
gas or oil from fractured pipes

— ignites and spreads. —
Figure 1
Activities
1 Using the information in Figure 1 answer the b Isitalways true to say that earthquakes with
following. the greatest magnitude cause the most damage?
a Comment on how timing may have contributed Explain your answer.
to the impact of each of the following ¢ The Armenian earthquake of 1988, in which
earthquakes: 25,000 people were killed, occurred in the

The Iranian earthquake of 1990 occurred in the
middle of the night, demolishing 54 towns and
villages. Most of the 50,000 people killed were
Jfarmers who spent their days in their flelds.

In 1983 an earthquake occurred in the middle of the
night in the city of Liege, Belgium. Showers of
stones broke away from buildings and fell to the
streets, but no-one was killed and there were few
reports of injury.

Apart from timing, what other factors may
have contributed to the impact of each
earthquake?

R7

middle of winter. Suggest one advantage and
one disadvantage of the timing of this disaster.
In Turkey and Iran, traditional houses have
mud-brick walls and heavy roofs, while in
many African countries local buildings are
made of very lightweight materials. Explain the
advantages and disadvantages of each type of
dwelling in (i) protecting the buildings
occupants during an earthquake and

(ii) withstanding the effects of an earthquake.
Explain how (i) fire and (ii) landslides are
common side effects of earthquakes.
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Earthguakes - Their Different Impacts (contd)

Intraplate Earthquakes

About 95 per cent of earthquakes occur along the edges
of the plates of the earth’s crust, However, some

uakes occur in the interior of plates. These are
called intraplate earthgquakes. They do not occur in
well-defined patterns, like those at plate boundaries, and
so they are not so easy to explain.

What is known about intraplate earthquakes is that they:

?E?k caused by siresses in the crust 1o depths of
m;

- can be related to stresses at plate houndaries and
lemperature changes in the crust caused by processes
deep in the earth;

+ usually occur unexpectedly, as it is at present
impossible to ict their location, size or timing;

* like other . do not have to be of large
magnitude to cause significant damage if ocour
close to a population centre {eg Newcastle 1989).

In 1988, a scries of rela;ivelg large intraplate earthquakes
(of u,z to 5.8 on the Richter Scale) occurred near Tennant
Creek in the Northern Territory, Located thousands of
kilometres from the nearest plate margin, it was
apparently caused by the release of stress that had built
up in compressed rock only a few kilometres below the
land surface. Figure 3a shows how the shifting ground
opened | surface cracks, while Figure 3b shows a gas
pipeline which was bent by the earthquake.

Intraplate earthquakes can also be caused by the filling of
large dams. The water in reservoirs causes an increased
load on the earth’s crust, and, more importantly, causes
the watertable to rise and lubricate nearby faults,

Figure 2

Activities (contd)

f Conduct some research into tsunamis. Find out:

* how they are formed;

* where they are most likely to occur;

* how they develop as they travel away from
the earthquake epicentre;

* the speeds and heights they reach in open
water and as they approach a shoreline;

+ the impact they may have on people and

property (including examples).

2 Read the information in Figure 2, and answer the
following:
a What are ‘intraplate earthquakes'?
b Why is it more difficult to predict the locations
of intraplate earthquakes than those that occur

B8

Figure 3:

“The impact of the Tennant Creek earthquake. 1988
a Ground mephre
b A warped gas pipeline

at plate margins?

Suggest why intraplate earthquakes would
tend to be of lower magnitude than those at
plate margins.

Why do you think the intraplate parthquake
which struck Newcastle in 1989, and measured
5.6 on the Richter Scale, had far greater impact
than the bigger Tennant Creek earthquake of
19887

The damage bill as a result of the Tennant
Creek earthquake was estimated at $2.3 million.
From evidence in Figure 3, what types of
damage would have contributed to this bill?
Explain how the filling of large dams can cause
intraplate earthquakes.
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Earthquakes in Australia

Activities

1

Why do you think that, on average, Australian
earthquake (i} occur less frequently and (ii) are
less-damaging than earthquakes in many of our
neighbouring Asian countries?

Why do many of Australia’s largest earthquakes
cause little concern?

Study Figure 1 and answer the following:

a How do you account for Australia’s relatively
small damage bill from earthquakes, up until
Newecastle in 19897

b Australia’s largest earthquake (Richter scale
7.2) occurred at Meeberie, WA, in 1941, Why is
it given a lower reading on the Mercalli scale
than Newcastle, which was only a Richter scale
5.6 earthquake?

¢ Conduct some further research into (i) the
Richter Scale and (ii) the Modified Mercalli
Scale. For each scale find out:

*+ where and when it originated;

* who devised it;

s what it indicates;

* its upper and lower limits;
who makes use of it.

HAZARD DATA

* Australia is prone to ‘intraplate’ earthquakes; those that

occur away from plate margins.

Historical records show that earthquakes occurred in

most states during the first 50 years of European

settlement.

In the last 75 years there have been 17 earthquakes in

Australia registering 6 or more on the Richter scale.

Some of the largest / most damaging are shown in

Figure 1.

* The western and central parts of Australia are the most

active earthquake zones (Figure 2), but many of the

bigger quakes have occurred in unpopulated regions

and so have caused little damage.

In built up areas, Australian earthquakes have caused

significant damage. However, they are, on average, of

smaller strength than the world’s most damaging

shocks.

* Until Newcastle in 1989, the earthquake damage bill in
Australia had also been comparitively low.,

adapted from 'Hazards, Disasters and Survivai’, Natural
Disasters Organisation, 1992.

Year Location S:g;;{ugﬁi gz:;‘eml(zl: Insured Damage/Remarks
1892  Launceston TAS 6.9 Vi Unknown/offshore epicentre
i897  Beachport SA 6.5 VIII Unknown
1902 Warooka SA 6.0 Vil Unknown
1903 Warnamboo! VIC 5.3 VII $0.39m
1918  Bundaberg / Rockhampton QLD 6.3 VIl Unknown/offshore epicentre
1935  Gayndah QLD 5.7 VII Unknown
1941  Meeberrie WA 72 VIII Unknown
1946  Launceston TAS 6.0 VII Unknown/offshore epicentre
1948  Robe SA 5.6 2 Unknown
1949 Dalton-Gunning NSW 5.5 VIII Unknown
1954  Adelaide SA 5.4 VIII $78m
1959  Berridale NSW 53 VII Unknown
1961  Roberison-Bowral NSW 5.6 VIl $3.7m
1968  Meckering WA 6.9 X $10m/16 injured
1972 Wilpena SA 53 VI Unknown
1973  Picton NSW 55 Vil $2.5m
1979  Cadoux WA 6.2 X $9.5m
1985  Lithgow NSW 4.3 VII $0.1m
1988  Tennant Creek NT 6.8 VIII $2.3m
1989  Newcastle NSW 5.6 VIII $1.000m/13 dead, 150 injured
Figure 1: . . ] i
Some large/ (1 Richter Scale: Note that energy of a magnitude 6.0 earthquake is about 30 times that of a
damaging magnitude 5.0, which is 30 times that of a magnitude 4.0 and so on.
Australian @ (Modified) Mercalli Scale: This scale measures earthquake intensity by rating the amount of
earthquakes over damage caused. Roman numerals are used at each level, from I = a barely detectable tremeor
the fast 100 years to XII = a major catastrophe.

adapted from ‘Earthguake Awareness for Australians’, Emergency Management Australia, 1994,

contd.....
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Earthquakes in Australia (contd)

Activities (contd) The Meckering Earthquake, 1968

4 Using Figure 2 describe the distribution of areas . ; -
: . P 2 The Meckering earthquake possibly affected a wider
with a high earthquale risk in Australia. Commpent area of Australia than any other in recent history.

on the likelihood of serious earthquake damage in Residents reported seeing the ground buckle, as well as
the areas you have described. experiencing steering difficultics when driving,
Measuring 6.9 on the Richter Scale, the quake
5 a Using an atlas, mark Meckering in Western damaged 8000 buildings as well as destroying

ctrnali : pipelines, roads and railway lines (Figure 4). The total

. gzbtrahatn;;n tl&fefzfﬁxFlE:kr: is ¥ in the vicinity damage was estimated at about $40m ($10m insured
of Meckering 4 losses), however only |6 minor injurics were reported.

¢ Read the information in Figure 3. Why do you
think no-one was killed in the large eathquake
which struck Meckering in 19687

 Study the photograph Figure 4 What evidence
from the photograph suggests that the earth
moved both vertically and laterally {i.e. sideways)
during the earthquake?

Figure 4:

Damaged railway lines
after the Meckering
eanthguake, 1968
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Case Study: Newcastle, 1989

WHAT HAPPENED
At 10.27am on December 28, 1989,
Newcastle, Ausiralia’s sixth largest
city was devastated by a moderate
earthgquake measuring 5.6 on the
Richter Scale. The earthquake
dispelled the myih that Australia
would never experience an

earthguake of disastrous proportions.

Lives were lost and buildings
destroyed, as the ground mohion was
magnified by the thin layer of
alluvium uaderlying the city, The
epicenire of the earthquake was
located 15km WSW of the city
centre, near Boolaroo,

INITIAL CONFUSION
Mewcastle was in chaos
immediately following the
earthquake as office
workers poured out of
buildings tnto rubble-
strewn sireets. Police
cordoned-off city streets
and evacuated buildings in
the central business
district. Disaster response
was hampered by a
chsrupied telephone
service, damage to critical
kuldings and blocked road
ACCess,

BUILDING DAMAGE
Several hospitals were
seriously damaged causing
disrupuon o medical
services and evacuation of
patients. 147 schools were
damaged in some way,
with three deemed
unsuitable for use, [nall,
35,000 homes and 3 (0K
other buildings were
moderately to sertously
damaged, with older
buildings suffenng the
most In all, insured losses
were about $1 Wllion,

GEOLOGY AND
EARTHQUAKE HISTORY

Newcastle experienced an
‘intraplate” carthquake - one which
occurs away from the plate margins
of the earth’'s crust Where such
earthquakes are likely to occur and
how they are caused, are al present
pootly understood The 1989 quake
struck without warming in what was
considered a low-rizk area
However, there had been six
relatvely large earthquakes (Richter
scale 4.5-5.5) reported in the Hunter
Valley region since 1829,

Earthqguake damage to the Kent Hotel. Newcastle

= _ﬂ! oy o [y

AFFECTED AREA
The effects of the Newcastle
earthquake were felt up to 550km
from the epicentre (e.g to the north
at Coffs Harbour). The shaking
lasted ahout s1x seconds in
Newcastie, with the area suffering
structural damage extending to
Liverpool (Sydney) in the south
(138km); Scone in the north-west
{145km). and Gladstone in the north
(320km). The damage was selecuve
with the major contributing factor
being the alluvial sedtments on
which many buildings were situated

EFFECTS ON LAND
Thers were several reports
of people secing
earthguake waves
travelling across the
ground. However therc
was no evidence of ground
deformauaon, surface
rupture/faulting, mine
subsidence or liquefaction.
Unlike cther earthquakes,
fires were not onc of the
damaging side-effects in
WNewcastle. Only one fire
was reported after the

earthquake,

DEATHS AND INJURIES

EFFECTS AT SEA
Unusual happenings at sca
in the Newcastle arca were
- reported. Several large
ships easi of the port of
Newcastle, and boats on
L.ake Macquarie reported
high-frequency vibrations
of the vessels ar the ume
of the earthquake,
Surfboard nders at
beaches reported two large
- waves appearing out of a
fairly calm occan, and sea-
floor movements were
reported by skin divers.

There were |3 deaths and 150 injuries, At the Kent
Hotel three fatahties occurred, wihile anather mine

resulted from the collapse of the Newcastle Worker's
Club (sce photographs above). Three fAoors of the
club’s western wing collapsed duning the earthguake,
trapping many people. As a result of damage o
hosputals, medical services were striuned o cope with

the disasier

Figure 1: Features of the Newcastle carthquake 194

o1

adupted from
"Extrthquake Awareness
for Australians’,
Emergency
Management Ausiraliz,
Jood
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Case Study: Newcastle, 1989 (contd)

Figure 2: R

escue workers 2t the damaged Newcastle
RSL Club

Activities
1 Using the information in Figure 1, answer the

following:

a What 1s meant by the ‘epicentre’ of the

earthquake?

How did the location of the epicentre

contribute to the Newcastle earthquake

becoming the most damaging in Australia’s

history?

Find out what is meant by ‘a thin layer of

alluvium'. How did the presence of this layer

beneath the aty contribute to the severity of the

MNewcastle earthgquake?

Conduct some research to find out:

*» what is meant by an'intraplate earthquake’,

* how intraplate earthquakes differ from
those that occur at plate margins;

= why little is known about where they are
likely to occur and how they are caused.

Do you think Newcastle should have been

considered ‘a low risk area’ for earthquakes

before 19897 Explain your answer. How would

vou describe the earthquake risk in Newcastle

in light of the 1989 experience?

The Newcastle earthquake showed no

evidence of ground deformaton, surface

rupture/ faulting, mine subsidence or

liquefachon’

* What s meant by ‘ground deformation’

and ‘surface rupture’? What does the

absence of these two effects suggest about

the Newecastle earthquake?

What is ‘'mune subsidence’? Why is it likely

te occur dunng or after a major

b

o I';‘--a.".\y

Figure 3: Rescue operations in the Newcastle Worker'!

Club

earthquake? What are some of the likely

hazards related to mine subsidence?

What is ‘liquefaction’ and how 15 1t related

to earthquake activity? What are some of the

hazards which could be caused by

liquefaction?

g What were the main causes of death and mjury
in the Newcastle earthquake?

The Newcastle earthquake occurred mid-moming
on a business day in the school hoildays. De you
think the tming of the earthquake would have

{1) contibuted to the death and injury toll, or

(1i) helped reduce the death and injury toll?
Explain your answer.

Imagine vou were in the centre of Newcastle at
10.27am on December 28, 1989, Describe:

» how you first recogrused that an earthquake
Was OCCUTTILE;

the activity you were participating m at the
time of earthquake, and how this was affected;
the immediate effects of the earthquake on your
surroundings;

your observations of noise, human behaviour
and impact on lives and property,

your observalion of the search and rescue
operation following the earthquake, including
your part in the operation;

the long term effects of the earthquake on the
city of Newcastle and its people.
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Tsunamis

R, 4 ey ~«am>=m_,; T
Tsunami damage i the village of Kitahiyama
after the Hokkaido-Nansei-Ok canthqguake,
1943

S

HAZARD DATA

*  Tsunami 15 a Japancse word meaming ‘waves of the
bay’.

* A lsunami is actually a senes of travelling ocean
waves of extremely long length and long wave penod.

* Tsunamis are caused by earthquakes {or volcanic
eruplions) below or near the ocean tloor, Waves are
sent out in all directions, much like the effect of
dropping a stone into a pond.

* As a tsunami crosses a deep ocean, 1t may travel at
speeds exceeding 1,.000km/h, its length from crest to
crest may be 150km or more, and vet height may only
be a meire [t 15 not felt by ships in deep water and
cannot be seen from the ar,

* Asatsunam enters shallow water near a coastline, s
wave speed drops and 1ts heaght increases It can reach
heights of 30 to 50 metres and strike with devastating
force, often thousands of kilometres from the
earthquake or volcano which caused it

*  The majonty of tsunamis occur in the Pacific Ocean,
although their have been reports of tsunamis in all
oceans of the world,

* The sunarm threat o Australia s very slight due to
the protection from South West Pacific Islands and the
Great Barrier Reef,

adapted from 'Hazards, Disasters and Swrvival', Matural
hsasters OQrygamsanon, 1992,

Figure 2: Tsunami appreaches the shore i
Hachimaori, lapan, after the
Mihon-Ka-Chubu earthquake, 1993

direction of tsunami
—_—

underwater
earthquake water
Figure 3:
Tasunanu
Formation
Activities

1 Using the mformation in ‘Hazard Data’ and in
Figure 3, descnbe how the characteristics of
tsunamus between when they are formed in deep
ocean water and when they reach the shore.

2 a From the evidence in Figure 1, list 5 dafferent

impacts of tsunamis which would not

othenwvise be associated with earthquake
activity

The village in Figure 1 had a breakwater

=)
1k

low height (2.g. | metre) and rapid
speed (e.g. 1 000kmvh) in decp

on reachmg shallow coastal water speed
decreases and height increases (e.g. 50 metres)

tsunami /

sirikes coast

sea floor

protecting it from tsunami damage. Comment
on its effectiveness.

¢ Figure 2 shows a tsunami approaching a
protective wall on the shore. How is the wall
designed to reduce the impact of the wave?

3 Conduct some research into the world's worst
tsunamu disaster - Krakatoa, 1883, Find out the
cause of the tsunami, its characteristics, the area it
affected and its impact on lives and property.



Section 7 Earthquakes

Earthquake-Resistant Buildings

— 1 [ — - :
Build on suitable ground Chogse the right materials
Hard rock is best. Soft areas of sands and silts should Matenals can be chosen for rigidity, to resist
be avoided as buildings are inclined to sink into disintegration, or for flexibility, so that the building
these, particularly when they contain a lot of bends but does not break. Elastic materials, such as
moisture, During an earthquake these soils also act wood and steel, are the most earthquake-resistant
like jelly, amplifying the shaking of the ground. Unfortunately, in swaying to and fro they may
Avoid aruficially filled areas, as these often provide damage or knock down adjoining buildings. Brick
poor foundations and may experience greater shaking walls are likely to buckle easily, and so should be
L than natural soils. given additional vertical support. =

Earthquake-resistant
building principles

[ Make the building solid Ensure maintenance of old buildings ]
Strong foundations should be put down and As buildings deteniorate during their working lives, it
load-beaning walls sohdly fixed to them In turn. the 1s important that regular maintenance takes place to
roof should be solidly fastened to the walls. Walls ensure standards of earthquake- resistance are
should be reinforced Concrete walls may be braced maintained. This may involve replacing mortar which
{e.g. with horizontal and vertical steel rods or by has deferiorated or fallen out from between bricks,
cementing wire mesh into them). The building should installing new bracing between walls and replacing
be sqguare or rectangular in shape. rust-affected or fatigued metal components.
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Figure 1
Activities
1 Study the mnformation in Figure 1 and then answer are most likely to resist earthquake damage?
the following: g In the Newcastle earthquake of 1989, building
a Why should areas of sand and silt be avoided damage was confined almost entirely to old
when choosing a site for a building it an buildings. Suggest at least three reasons why
earthquake- prone area? this might have been the case.
b In the San Francisco earthquake of 1989, the
expensive Marina District, built on a landfill, 2 In Newcastle, the the posts supporting awnings
suffered the most damage and also expenenced above many shops were replaced during the 1950s
more severe shaking than many areas closer to by tie-backs fixed high on the front wall Why do
the epicentre How do you explain this? you think this was done? In the earthquake of
¢ Describe one advantage and one disadvantage 1989, many of the facades (fronts) of these shops
of using flexable materials, such as wood and suffered severe damage. Explain, using a diagram
steel, when building in an earthquake-prone to help you, how this damage could be linked to
area. the way the shop awnings were supported,
d What does it mean to say that brick walls
‘should be given additional vertical support’? 3 Conduct some research into the Mexico City
e The cementing of wire mesh into concrete walls earthquake of 1985. In particular, find out how the
to make them more earthquake-resistant has following factors contributed to the damage
been likened to the laminating of a car caused.
windscreen. Explain the similarity. » The quality of building construction in the the
f Explain why square or rectangular buildings Zona Rosa (the city centre).
contd....
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Earthquake-Resistant Buildings (contd)
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Figure 2: Earthquake-resistant high rise buildings
{Dolan, C. Hazard Geography, Longman Cheshire, 1994}

Activities (contd)

The type and density of buildings inthe Zona
Rosa.

The level of upkeep and maintenance on
buildings in the Zona Rosa.

The type of soil underlying Mexico City.

4 Study Figure 2, and answer the following:

a

b

Describe the different earthquake-resistant
features in the two high rise buildings shown.
How are the differences between the buildings
related to the type of ground on which each is
built?

After the Armenian earthquake of 1989,
Geographical Magazine provided the following
explanation for the extensive damage to the
town of Spitak:

The destruction and loss of life in the Armenian
town were increased by a very low quality of
construction, with the use of sub-standard building
materials, skimped and adulterated cement, with
Sfaulty and badly supervised building technigues
....... a prefabricated-panel type of construction has
been used in all of the hundreds of thousands of
apartment blocks built in every town across the

95

USSR, including those within the regions subject to
earthquakes. In the recent disaster, such
prefabricated blocks collapsed like packs of cards.

List four design or construction problems
which contributed to buildings collapsing ‘like
packs of cards’. With the help of Figure 2 make
a list of the earthquake-proof design and
construction techniques which could be used
in the rebuilding of Spitak.

5 As aresult of the Newcastle earthquake of 1989, a
local building company has shown interest in
incorporating earthquake-resistant features into
their homes. As a well respected and highly
qualified housing consultant, you have been asked
to design an earthquake-resistant house which can
be used for display purposes in the Newcastle
area.

Using the design principles outlined in Figures 1
and 2, sketch your house design. Use labels to
highlight the main design features.
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Crossword: Earthquakes
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Across

5 Famous fault line which runs along the west coast
of the USA (two words).

6 The point on the earth’s surface which is directly
above the focus of an earthquake.

7 Instrument used for measuring and recording
earthquake shock waves.

10 One of the largest plates of the earth’s crust.

11 Scale used to measure earthquake magnitude.

14 A measure of the size of an earthquake.

17 This Australian city suffered major earthquake
damage in 1989,

19The ___ _____ of buildings is a major cause of
death during and after an earthquake.

21 The point of origin of an earthquake.

22 A common side-effect of earthquake activity, often
caused by the rupturing of gas pipes.

23 Earthquake damage is usually greaterin ___ _ _ _
than in rural areas.

Down

1 Supplies of may be cut after an
earthquake.

2 The layer of the earth beneath the crust.

3 Earthquakes which occur under the _ _ _ can cause
tsunamis to form.

4 One of the most earthquake-prone countries in the
world.

8 Segments of the earth’s crust which ‘float’ on the
heavier, semi-molten rock of the mantle below.

9 Accurate _ _ _ ___ _ __ _ of an earthquake can
greatly reduce its impact on people and property.

12 The outer shell of the earth.

13 Huge ocean wave nomally caused by an
earthquake under the sea.

14 Western Australian town which experienced
major earthquake damage in 1968.

15 Earth __ _ _ _ _ _ usually result from minor
earthquake activity.

16 Ground _ _ __ _ _ _ __ _ is a common side-effect
of earthquake activity.

18 Process where plates collide with each other, move
apart or slide alongside one another.
20 City suffered major earthquake damage
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