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1. Introduction to Seismology.

2. Site effect factors.

3. The influence of architectural configuration on

seismic performance of Buildings.
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Failure of non-structural components may cause death
or injury from:

falling panels,
masonry or glass

« collapsed ceiling
components

« falling fittings and
fixtures

« debris blocking
exit ways, etc.
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Design of non-structural elements is important because:

 Non-structural parts of a building have the potential
to modify earthquake response of the primary
structure in an unplanned way. This can lead to
severe structural damage or even collapse.

« Damage to non-structural elements themselves may
prevent the building from functioning after an
earthquake, or make it useless, even though the
structure remains sound.
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An earthquake is the result of a sudden release of
energy in the Earth's crust that creates seismic
waves. The seismicity or seismic activity of an area
refers to the frequency, type and size of earthquakes
experienced over a period of time.
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Intensity of Earthquakes
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A seismologistis.......?7.

A seismologist is a scientist who studies earthquakes
and seismic waves.
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Seismic Engineering
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Artificial earthquakes
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Bunjiro Koto, a geologist in Japan studying a 60-mile long fault
whose two sides shifted about 15 feet in the great Japanese
earthquake of 1871, who first suggested that earthquakes were
caused by faults. Henry Reid, studying the great San Francisco
earthquake of 1906, took the idea further. He said that an
earthquake is the huge amount of energy released when
accumulated strain causes a fault to rupture. He explained that
rock twisted further and further out of shape by continuing forces
over the centuries eventually yields in a wrenching snap as the two
sides of the fault slip to a new position to relieve the strain. This is
the idea of "elastic rebound" which is now central to all studies of

fault rupture.
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Types of earthquakes
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There are many different types of earthquakes: -- - -

- tectonic,

- volcanic,

- and Collapse earthquakes .

The type of earthquake depends on the region where it

occurs and the geological make-up of that region.
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The most common are tectonic earthquakes. These occur when rocks
In the earth's crust break due to geological forces created by movement
of tectonic plates.
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Crust 5-40 km
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Relative Plate Motion in the Easter Mediterranean

African plate
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Transform Fault —
Relative movement
between Jordan and
Palestine.
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 Faults are fractures in Earth where movement
has occurred.
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Tectonic Faults
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Tectonic Faults
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Tsunamis
& Cause of Tsunamis

« Atsunami triggered by an earthquake occurs where a slab of the
ocean floor is displaced vertically along a fault.

« Atsunami also can occur when the vibration of a quake sets an
underwater landslide into motion.

* Tsunami is the Japanese word for “seismic sea wave.”

Jalal Al Dabbeek, An Najah
National University, Palestine




20°
15"

10°

-10°

15"

o 80" Jalal Al Dfﬂubeek, An N1£f£h

2004 Sumatra Earthguake 010 min

National University, Palestine

I



Jalal Al Dabbeek, An Najah
National University, Palestine



Transform Fault hsaill gaall Gl kil

U5 Cuny Lol (Jinen Lgah (31355 Ghlia (A

A Lagia 8

Gkl Laada) i ) b (liaadia A5l Ladie
caal ABY 31 Adae dlld Mg Jiul ) glaly

LAY
dolana Lap s G Aua lisadia adlaa’ Ladie g
S A G Adaaall Balal) (i | A 8 5 AY)
Lghad Chadall ca ol CMad) & (a ga Ladla ABLS

Jalal Al Dabbeek, An Najah
National University, Palestine



Jalal Al Dabbeek, An Najah
National University, Palestine



Transform Fault Lisaill gaall Gl ki

w T <
> e

Fault (surface fracture): Length of surface fracture was about 40 km, having lateral offsets up to 4,5 m.
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Seismic waves are the waves of energy caused by the sudden breaking of
rock within the earth or an explosion. They are the energy that travels
through the earth and is recorded on seismographs.

tlad (i) (8 93 ) QNN 3S0a ) Bl (e Aimlall A sall il gall anadii g
daadacdd) cila gal) g dracad) cila gall
Jalal Al Dabbeek, An Najah
National University, Palestine



Types of seismic waves

There are two types of seismic waves, body wave and surface waves.
Other modes of wave propagation exist than those described in this
article, but they are of comparatively minor importance for earth-borne
waves, although they are important in the case of asteroseismology,

especially helioseismology . TWO t oe
* [WO types.

— Body waves
e Pand S

— Surface waves
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Body waves travel through the interior of the Earth. They follow
raypaths refracted by the varying density and modulus (stiffness) of
the Earth's interior. The density and modulus, in turn, vary
according to temperature, composition, and phase. This effect is
similar to the refraction of light waves
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Earthquake Waves

Rk

& Body Waves

* |dentified as P waves or S waves

P waves

- Are push-pull waves that push (compress) and pull (expand) in
the direction that the waves travel
- Travel through solids, liquids, and gases

- Have the greatest velocity of all earthquake waves

() Undisturbad mataral
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Earthquake Waves
€ Body Waves

M Wavelength

() Secondary wave

¢ S W av eS © 1392 \Wadsworth Publishing Company/ITP

Seismic waves that travel along Earth’s outer -
layer

- Shake particles at right angles to the direction
that they travel

- Travel only through solids

- Slower velocity than P waves

Jalal Al Dabbeek, An Najah
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Body Waves: P and S waves

2001 Brooks/Cole - Thomson Learning, B O d y W aV eS

— P or primary waves
 fastest waves
« travel through solids,
liquids, or gases

e compressional wave,
material movement is in
the same direction as
wave movement

— S or secondary waves
 slower than P waves
' « travel through solids only

« shear waves - move
material perpendicular to

«Wavelength>| Focus wave movement

(d)

Jalal Al Dabbeek, An Najah
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Undisturbed
material

(b) Primary wave Direction of _

(c) Secondary wave
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A. Recording station near focus Seismogram from station A
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B. Recording station far from focus Seismogram from station B
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Surface Waves: R and L waves b cils gal

©2001 Brooks/Cole - Thomson Learning
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« Surface Waves
— Travel just below or along the ground’s surface
— Slower than body waves; rolling and side-to-side
movement

— Especially damaging to buildings
Jalal Al Dabbeek, An Najah
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Slinky at rest
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Compress
Wave direction mm=)>

Wave direction s>
T

EPar’cicle motiog

P waves are compression waves that alternately compress
and expand the material through which they pass.

Lo
The back-and-forth motion produced as P waves travel
along the surface can cause the ground to buckle and fracture.

Rope at rest

%, Shak
- y//’“ \ e rope ?
“ \{}\:;,// b}

Wave direction s> :‘{;\ IParticle motion
W

P

# Y/
Wave direction s> 7 A,

i Particle motioni \ j%?’

S waves are transverse waves which cause material to shake
at right angles to the direction of wave motion. The length of

the red arrow is the displacement, or amplitude, of the S wave.

|
{
|
|
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One type of surface wave moves the ground from side to
side and can damage the foundations of buildings.

Another type of surface wave travels along Earth’s surface
much like rolling ocean waves. The arrows show the
movement of rock as the wave passes. The motion follows
the shape of an ellipse.
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For all materials:
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Earthquake Hypocenters and Epicenters
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« Epicenter is the location on the surface
directly above the focus.

Hypocenter (Focus ): A hypocenter is the point within the Earth where an
earthquake rupture starts.

Epicenter: An epicenter is the point at the surface that lies directly above a

hypocenter in the Earth (is the location on the surface directly above the focus
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Seismic Waves Radiate from the
Focus of an Earthquake

Fault scarp

Wave fronts

Fig. 183
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Epicenter Distance
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Earthquake strong ground motion is a complex natural phenomenon
associated with the abrupt energy release during fault rupture. The intensity
of the seismic event can be described in terms of the perceived effects of
ground motion according to different intensity scales. The availability of
strong ground motion records permits a consistent use of quantitative
indices based on the amplitude, duration and frequency content of the
earthquake records. The most frequently used intensity indices are the
peak ground acceleration and velocity, the significant duration of the strong
motion as defined by Trifunac and Brady (1975) and the spectral values for

different characteristic periggﬁﬁgglagea;r&ngamotion records.
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Measuring Earthquakes

Two terms are frequently confused when talking about
earthquakes. They are magnitude and intensity:

The magnitude of an earthquake is a measure of its size and
relates to the amount of energy released, usually by rupturing
of the fault.
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Magnitude is generally measured in terms of the Richter scale.
Every time the Richter magnitude increases by one it
represents a twenty-sevenfold increase in the size of the
earthquake. In other words, a Richter magnitude 7 earthquake
releases 27 - 30 times more energy than a magnitude 6

earthquake.
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The magnitude of most earthquakes is measured on the Richter scale,
invented by Charles F. Richter in 1934. The Richter magnitude is
calculated from the amplitude of the largest seismic wave recorded for
the earthquake, no matter what type of wave was the strongest .
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The Richter magnitudes are based on a logarithmic scale. What this
means is that for each whole number you go up on the Richter scale, the
amplitude of the ground motion recorded by a seismograph goes up ten
times. Using this scale, a magnitude 5 earthquake would result in ten
times the level of ground shaking as a magnitude 4 earthquake (and 32
times as much energy would be released).
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The Richter magnitudes are based on a logarithmic scale. What this
means is that for each whole number you go up on the Richter scale, the
amplitude of the ground motion recorded by a seismograph goes up ten
times. Using this scale, a magnitude 5 earthquake would result in ten
times the level of ground shaking as a magnitude 4 earthquake (and 32
times as much energy would be released).
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Earthquakes 1900-2003
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July 11, 1927
M=6.2

| Abu Dis Jerusalem

Nablus Jericho
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Nablus, 1. aly. 11,1927
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Dead Sea Earthquake 11- 2 - 2004

Five Storey Masonary Building- NABLUS City

B )

fig.1

Crack Patterns, Crushing

and Large permanent

deformation in the

Masonary Pillars.

o B - S see more details page no.(4/8)
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Dead Sea Earthquake 11- 2 - 2004

Old
Masonary
Building
E
Corner Detachment of Building
F — e D

Location: Old town of NABLUS city
Structural System: Cross Vault's
Use: Soap Factory
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Dead Sea Earthquake 11- 2 - 2004

A
fig.2
Old Masonary Building

A flat vault's collapse

Location: Old town of NABLUS city
Structural System: Cross Vault's
Use:Soap Factory
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Support Action for Strengthening
Palestinian- administrated Areas capabilities for
Seismic
Risk Mitigation (SASPARM)

Al gl el ey B ) gSH Jhlia (e dally (g pcand) JadadTl) JS5a pta cclual) Bla o
Gl o8l Ul (e cidanll Atk gl) Adgl) iy il g

Jalal Al Dabbeek, An Najah National
University, Palestine

2



