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CHAPTER ONE
(( Earthquake))

What isan earthquake?

_/

Earthquakes occur when forces within the earth’s crust exceed the strength of the rock, causing the rock to
suddenly break (rupture) and slip along a fault. The rupture starts miles below the ground surface. As the rock
breaks and dlips, the energy generated is carried as seismic waves, which travel outward in all directions from the
initial point of rupture, or focus (see diagram below). These seismic waves are reflected in the earth’s crust and at
the surface, and dissipate (lose energy) with distance as they travel away from focus.
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The ground shakes or vibrates as the seismic waves cause small
temporary displacements of the ground. At the surface, the ground
moves vertically up and down and horizontally back and forth.
Seismic waves vary in frequency (number of waves per second).
High-frequency seismic waves yield rapid ground vibrations,
whereas low-frequency waves yield less-rapid shaking and cause
the ground to roll more like waves on the ocean. The strength and
frequency of seismic waves and length of time strong shaking lasts
all affect the amount of damage caused by ground shaking. Ground
shaking may also trigger soil liquefaction, landslides and other
types of ground failure, which can also cause damage.

The generalized cross section shows a fault rupture which causes
an earthquake and generates seismic waves.
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How is earthquake measured?

Although the size of an earthquake is usually reported in terms of Richter magnitude, ground-shaking forces are
most commonly reported in units of acceleration as afraction of the force (acceleration) of gravity (g). In general,
the greater the acceleration or "g" force, the stronger the ground shaking and the more damaging the earthquake.
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Ground accelerations are recorded with special seismographs called accelerographs. From these records, the
frequency and duration of seismic wavesin vertical and horizontal directions can be measured. Ground shaking at

a site is typically characterized by measuring the peak, or largest, horizontal ground acceleration. The horizontal
motions are usually the strongest and most damaging to buildings.
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Ground motion of 0.1g (10 percent of the force of gravity) or more may cause significant damage to particularly
vulnerable buildings. Such accelerations are common near the epicenter of earthquakes of Richter magnitude 5
and larger. Ground motions exceeding 0.3 g (common in earthquake of magnitude 5.5 and larger) may cause

significant damage even to well-designed buildings. As can be seen in the accelerograph record below, the peak
horizontal ground acceleration was over 0.1 g.
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How does ground shaking affect buildings?
\”*‘_’

Damage and collapse of structures due to ground shaking is the leading cause of death and injury in earthquakes.
The horizontal motion is the most destructive because many structures, particularly older ones, are not built to
withstand horizontal forces (except for wind).
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The frequency of seismic waves is important in determining the extent of building damage. Earthquake usually has
a dominant frequency that depends on the size of the earthquake, type of fault rupture, distance from epicenter,
and local geologic conditions. A building also has a dominant natural frequency of vibration, depending on its

height and construction type. If the dominant frequency of earthquake ground shaking is close to the dominant
natural frequency of building, resonance (amplification of waves) may increase damage.
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Short buildings such as one- or two-story houses are most vulnerable to strong, higher frequency seismic waves. High-
frequency waves are strongest near epicenter, but rapidly dissipate as they move outward. In generd, wood-frame
houses sustain less damage than unreinforced brick or masonry houses. High-rise buildings are most vulnerable to
strong, long-duration, lower-frequency waves which cause the building to sway back and forth. Here again, unreinforced
brick or masonry buildings are more vulnerable than sted-framed buildings. Low-frequency waves dissipate much
sower than high-frequency waves, and may cause damage at great distances from the epicenter.
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earthquake
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( Earthquake engineering

Earthquake engineering is a branch of engineering that concerned with reducing earthquake or seismic risk to
structures. Because strong earthquakes are rar e events, building codes have traditionally allowed a significant degree
of damage. Even high-seismic regions, such as San Francisco or Tokyo, typically experience a strong earthquake only
once in many decades. If an earthquake occurs, buildings and other structures designed such that most will be
damaged (but should not collapse), and will have costs for repairs, business interruption, and potentially casualties.
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g Hazards

Mogt earthquakes are caused by the fracture and diding of portions of the Earth's crust along faults, which may be

hundreds of miles long, from 1 mi (1.6 km) to over 100 mi (160 km) deep, and sometimes not readily apparent on
the ground surface. Earthquakes can occur anywhere on Earth, but most occur along major tectonic plate boundaries.
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Earthquakes can cause significant damage to the environment due to fault rupture, ground motion (shaking),
inundation (tsunami, dam failure), various kinds of permanent ground failure (liquefaction, landslide), and fire
or hazardous materias release. In a particular event, any of these hazards can dominate and cause major damage
and great loss of life.
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For most earthquakes, shaking is the dominant and most widespread cause of damage. Shaking near the actual
earthquake rupture lasts only during the time when the fault ruptures. The seismic waves generated by the rupture
propagate long after the movement on the fault has stopped. Typically, earthquake ground motions are powerful
enough to cause damage only in the near field. In a few instances, long period motions have caused significant
damage at great distances to selected structures. A prime example was the 1985 Mexico City earthquake, where a
magnitude 8.1 earthquake occurring at a distance of approximately 400 km from Mexico City caused numerous
collapses of mid- and high-rise buildings.
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( Definitions
N
Accelerograph JUIES)
- An instrument that records the acceleration of the ground during
an earthquake, also commonly called an accelerometer.
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Brick gy
- A block of clay tempered with water, sand, etc., molded into aregular form, usually rectangular
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Epl center 4_‘)_‘) ;).o Epicenter

- The epicenter is the point on the earth's surface vertically above
the hypocenter, point in the crust where a seismic rupture begins. theoceatr
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S se }&‘ oSS as OmR) Sw) (S92 6““]4& ‘°)|‘> )‘)5 fOCUS) Epicenter & Hypocenter. (Modified
from Charles Ammon, Penn State)

Fault s
- A fault is a fracture along which the blocks of crust on either side have moved relative to one another paralel to
the fracture. It usually hasthree kinds: Strike-slip fault, Normal and Thrust fault.
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Normal
Strike-slip, normal, and thrust fault

Frame ol
- Primary structural members, made up of columns and rafters, which support the secondary framing.
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Frequency oWl )9
- The frequency is the number of times something happens in a certain period of time, such as the ground shaking
up and down or back and forth during an earthquake.
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Amplitude

time
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frequency

Focus Y]
- Theinitial point within the Earth that rupturesin an earthquake, directly below the epicenter.
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Liquefaction 1,55l5, ¢ g
- A process by which water-saturated sediment temporarily loses
strength and acts as a fluid, like when you wiggle your toes in the
wet sand near the water at the beach. This effect can be caused by
earthquake shaking.
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Masonry s bs lae

- A type of construction from materials such as concrete blocks, bricks, concrete, stone, or ceramic blocks which is
laid unit by unit and set in mortar.
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Richter magnitude s 3 poldio

- In 1932, C.F. Richter developed the first earthquake magnitude scale for California earthquakes using a Milne-
Shaw seismograph, which was widely used in California at that time. Richter originally thought his magnitude
scale would provide only a rough guide to the size of earthquakes, an order of magnitude, but the concept has
turned out to be quite accurate.

Sy9m0 Jln Ldya 5 o ol o1 jo aS LSS 05,0 SO 5l eolaswl b L ,a i a3yl sl 1y i3l 68,5 (wbde opdsl yiiny Blo o0 VAYY Jlo jo o
g_n_wLAA A_IJJ) LS)—’S o)|..\_o‘ 6‘1.0 cu;».lj.o.l u)s.»od.o5‘ Mjmod.w uu).u lef)).: u,ul.».m b;‘sn)sﬁ)w) L\.o.s‘)é é;él?u‘ ss.,é; ‘50)‘)3 oolazw!

0 ] 02 3480 g Cewsyd Az gie dm (g Al oo
- In the Richter scale the maximum amplitude of ground motion, regardless of wave type, is measured as the

maximum pen deflection in millimeters on the seismogram. The logarithm of the amplitude is corrected for the
distance from the seismometer to the epicenter and the resulting number is the Richter Local magnitude, ML.

e o o GLSSa ) Sos Bl il o it (6 S0l b zlgel 45 (558,550 ey ey OS5 o akald (S )5y wliie jo -

abl oo ML b s, oo 55 ple slyd e g 058 oo gumeas Al 55 g, 5l piwal 3 Alold sy atals o )8 050 co (5T oIl

Seismic waves Sloj gl

- A seismic wave is an elastic wave generated by an impulse such as an earthquake or an explosion. Seismic waves
may travel either along or near the earth's surface (Rayleigh and Love waves) or through the earth's interior
(P & Sandwaves).
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Body Waves

Surface Waves

Lowe Wave

Ruyleigh Wive

Seismograph S35

- A seismograph, or seismometer, is an instrument used to detect
and record earthquakes. Generadly, it consists of a mass attached
to a fixed base. During an earthquake, the base moves and the
mass do not. The motion of the base with respect to the mass is
commonly transformed into an electrical voltage. The electrical
voltage is recorded on paper, magnetic tape, or another recording
medium. This record can be mathematically converted to a record
of the absolute motion of the ground.
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Tsunami solgw
- A tsunami is a sea wave of loca or distant origin that results from
large-scale seafloor displacements associated with large earthquakes,
major submarine dlides, or exploding volcanic islands.
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‘ Vocabulary

Acceleration ol
- Increase of motion or action il oS Sl el pile o
- An older car will have poor acceleration. oils salgs (g pias Ol ewad pile
Apparent / Evident, Obvious zoly do 18]
- Her unhappiness was apparent to everyone. Sy oy ass gl ol Sl)U
Approximately / Nearly [

- The job will take approximately three weeks, and cost approximately £1000.

Branch and sl
- Any member or part of abody or system
- Immunology is a branch of biological science. sl ol ) ole 5l Glasls cwlis o]

Crust / Shell, The exterior portion of the earth om0y ) Y b e L g
- When forces within the earth’ s crust exceed the strength of the rock, earthquakes occur
A8l o Blast a3y S el K Cenglin 1 gy J>1o (slog s oS K

Casualty / Any injury of the body from accident, Numerical loss caused by death Slolas (lils «ojlus oss
- The rebels suffered heavy casualties. Ay, wad Sleds ol Kkl
Dissipate / Scatter completely O oS (yanil ob
- The heat gradually dissipates into the atmosphere. Sgdce Ml lga 10 oS o5 &)l
Duration / The state or quality of lasting, Continuancein time JUCIM IR
- He planned a stay of two years' duration. 5,5 Gpyaalip dle ¥ by58 o (sl g
Death / Manner of dying Sl e g Sy
- The disease causes thousands of deaths a year. Dgdise Jlo o 50 pee g Sye e Gl oape
Destructive/ Ruinous o e Sl s

- | worry about the destructive effect that some films may have on children.
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Dominant / Prevailing opx e
- Unemployment will be a dominant issue at the next election. Dy oy sam Sl o Lol geo9e 5,50
Fracture/ Rupture Bl oS S

- Her skull was fractured in the accident. A S Bolai 0 ol deses
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Chapter One: Earthquake

Geologic/ Alt. of Geological

Horizontal / Parallel to the horizon

- Draw a horizontal line across the bottom of the page.
Hazar dous/ Dangerous, Risk

- Two weeks ago she had a hazardous journey.
Inundation / Overflow

- If the dam breaks it will inundate large parts of the town.

Injury / Damage

- Several train passengers received serious injuriesin the crash.

Interruption / Stop, Hindrance

- | worked all morning without interruption.
Measure/ A standard of dimension: size

- This machine measures your heart rate.

Potential / Efficacious, Influential
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- A number of potential buyers have expressed interest in the company.

Permanent / Durable, Fixed, Stable

- Sheislooking for a permanent place to stay.
Rupture/ Dissection

- His appendix ruptured and he had to be rushed to hospital
Resonance / A prolongation or increase of any sound
- During earthquake, resonance may increase damage.
Reflect / To throw back

- He saw himself reflected in the water.

Rapid / Very quick

- She could answer the questions rapidly.

Reduce / Diminish, Degrade

- The plane reduced speed as it approached the airport.
Rare/ Not frequent

- The museum is full of rare and precious treasures.
Readily / Quickly, Promptly

- Larger sizes are readily available.

Strength / Power to resist force

- Fatigue sapped his strength.
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Surface/ Cover
- The marble has a smooth, shiny surface.

Significant / Important
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- There has been a significant increase in the number of women students in recent years.

Sway / Swing

- The trees were swaying in the wind.
Temporary / Not permanent

- The settlers built temporary shelters.
Trigger / Cause

- It is not clear who actually trigger the accident.

Unreinforced / Not reinforce

- Most of the housesin village are unreinforced.
Vertical / Directly overhead

- Please read the vertical axis of graph.
Vulnerable/ Capable of being wounded

- | felt very vulnerable, standing there without any clothes on.

Withstand / Oppose, Resist
- A bridge designed to withstand earthquake.
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‘ Summative test
B

PART A: Vocabulary
Directions: choose theword or phrase (1), (2), (3), (4) that best completes each sentence.

T 1- An earthquake is the result of a sudden release of energy in the Earth’s ......... that creates seismic
waves.
1) fault 2) rupture 3) crust 4) epicenter

X 2- Earthquakes are measured with a seismometer; a devicewhich alsoknown asa.......... .
1) acceleration 2) accelograph 3) seismograph 4) seismic waves
T 3- At the Earth’s surface, earthquakes manifest themselves by shaking and sometimes displacing the

ground. When a large earthquake epicenter is located offshore, the seabed sometimes suffers sufficient
displacement to causea.......... .

1) liquefaction 2) tsunami 3) landdide 4) dam failure
T 4- An earthquake's point of initial ruptureiscalledits......... :

1) epicenter 2) hypocenter 3) focus 4) (1) & (3)
W5 is calculated from ground motion as measured by seismograph and incor por ates the distance
of the seismograph from the earthquake epicenter.

1) acceleration 2) magnitude 3) seismic waves 4) rupture
™®™ 6. effects depend on earthquake magnitude, distance from epicenter, time of day, geology of
area, type of building construction, and duration of shaking.

1) destructive 2) death 3) vulnerable 4) significant
T 7- The common materials of ......... construction are brick, stone such as marble, granite,; concrete
block and tile.

1) steel-framed 2) wood-framed 3) masonry 4) concrete
T\ 8- Filling some or all of the cores with concrete or concrete with steel reinforcement (typically rebar)
offersmuch greater tensileand lateral ......... to structures.

1) stress 2) strength 3) force 4) loading

PART B: Cloze test
Directions: Read the following passage and decide (1), (2), (3) or (4) best fit each space.

A tectonic ...(9)... begins by an initial rupture at a point on the fault surface, a process known as nucleation. The
scale of the nucleation zone is uncertain, with some evidence, such as the rupture dimensions of the smallest
earthquakes, suggesting that it is smaller than 100 m while other evidence, such as a slow component revealed by
low ...(10)... spectra of some earthquakes, suggest that it is larger. (The possibility that the nucleation involves
some sort of preparation process is supported by the observation that about 40% of earthquakes are preceded by
foreshocks). Once the rupture has initiated it begins to propagate along the ...(11)... surface. The mechanics of this
process are poorly understood, partly because it is difficult to recreate the high diding velocities in a laboratory.
Also the effects of strong ground motion make it very difficult to record information close to a nucleation zone.
Rupture ...(12)... is generally modeled using a fracture mechanics approach, (likening the rupture to a propagating
mixed mode shear crack). The rupture velocity is a function of the fracture energy in the volume around the crack
tip, increasing with decreasing fracture energy.




