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Support Action for Strengthening
Palestinian- administrated Areas capabilities for Seismic
Risk Mitigation (SASPARM)

Fundamentals of seismic analysis and seismic design

Training course for practitioner engineers
MODULE 1 and 2

Jalal Al Dabbeek, An Najah National
University, Palestine


http://www.sasparm.ps/en/Uploads/file/modulus 1.pdf
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MODULE 2

Seismic design according to codes used in Palestine (UBC 97,
Jordanian Seismic Building Code)

- Seismic hazard according to code regulations

- Seismic site effect according to code regulations

Seismic forces and building codes. Equivalent lateral force
method according to code regulations

General note about geotechnical and foundation, seismic design
considerations

The influence of architectural and structural configuration on
seismic performance of buildings

Application on the seismic vulnerability of Palestinian common
buildings


http://www.sasparm.ps/en/Uploads/file/under_construction.htm
http://www.sasparm.ps/en/Uploads/file/under_construction.htm
http://www.sasparm.ps/en/Uploads/file/under_construction.htm
http://www.sasparm.ps/en/Uploads/file/under_construction.htm
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- Assignment 1

- Assignment 2

- Assignment 3

- Assignment 4

- Structural details

- Special topics on earthquake engineering (seismic retrofit and
upgrading fundamentals, etc)

Lecturer: Urban Planning and Disaster Risk Reduction Staff
Earth Sciences and Seismic Engineering Unit
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Seismic Design of Buildings

. Introduction to Seismology.
. Site effect factors.
. Introduction to Earthquake Engineering and Structural

Dynamics.

Dynamic response of structures.

The influence of architectural configuration on seismic
performance of Buildings.

Eccentricity and torsional consequences in structures.
Seismic forces and building codes.

Ductility of reinforced concrete structures.

Seismic design of reinforced concrete frames.

10. Seismic design of reinforced concrete shear walls.
11.Special topics on earthquake engineering) seismic retrofit

and upgrading fundamentals,..etc).

Jalal Al Dabbeek, An Najah
National University, Palestine
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Seismology
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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.

Jalal Al Dabbeek, An Najah
National University, Palestine



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.

Jalal Al Dabbeek, An Najah
National University, Palestine
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Evidence from earthquakes
around the world shows that
non-structural damage
typically represents the
greatest monetary loss in an
earthquake.

A survey of 355 high-rise
buildings after the 1971 San
Fernando earthquake
showed that, in dollar value
terms, 79% of the damage
was non-structural.

Jalal Al Dabbeek, An Najah
National University, Palestine
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@ An earthquake is the vibration of Earth produced
by the rapid release of energy
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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.

Jalal Al Dabbeek, An Najah
National University, Palestine



G EUCENTRE (% 5
Ewopeon Cewe b Troining ond Ressorch s Eorhqooke Enginesrisg |\ & /' alnai
SEVENTH FRAMEWORK
PROGRANME

...Earthquakes”?........... Discussion....

The shaking or trembling caused by the sudden
release of energy

Usually associated with faulting or breaking of rocks

Continuing adjustment of position results in
aftershocks.

Jalal Al Dabbeek, An Najah
National University, Palestine
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Intensity of Earthquakes
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A seismologist is.......7?7.

A seismologist is a scientist who studies earthquakes

and seismic waves.

Jalal Al Dabbeek, An Najah
National University, Palestine
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Seismic Engineering
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Artificial earthquakes

Jalal Al Dabbeek, An Najah
National University, Palestine
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What causes earthquakes?

People have known about earthquakes for thousands of years, of
course, but they didn't know what caused them. In particular, people
believed that the breaks in the Earth's surface--faults--which appear

after earthquakes, were caused *by* the earthquakes rather than the
cause *of* them

Jalal Al Dabbeek, An Najah
National University, Palestine
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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.
Jalal Al Dabbeek, An Najah
National University, Palestine
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Cause of Earthquakes
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@ Elastic Rebound Hypothesis

« Most earthquakes are produced by the rapid release of elastic
energy stored in rock that has been subjected to great forces.

* When the strength of the rock is exceeded, it suddenly breaks,
causing the vibrations of an earthquake.

Jalal Al Dabbeek, An Najah
National University, Palestine
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Deformation of rocks Deformation of a limber stick

Original position
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Slippage (earthquake)

Energy released

Jalal Al Dabbeek, An Najah
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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.

Jalal Al Dabbeek, An Najah
National University, Palestine
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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.

Jalal Al Dabbeek, An Najah
National University, Palestine
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Another type,volcanic earthquakes, occur in conjunction with volcanic activity.

Jalal Al Dabbeek, An Najah
National University, Palestine
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Collapse earthquakes are small earthquakes in underground
caverns and mines, and explosion earthquakes result from the
explosion of nuclear and chemical devices. We can measure motion
from large tectonic earthquakes using GPS because rocks on either

side of a fault are offset during this type of earthquake.

Jalal Al Dabbeek, An Najah
National University, Palestine
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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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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.

» Tsunamiis the Japanese word for “seismic sea wave.”
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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 iy (2 53 ) V0N 3S5a ) Bl (e Admlall A sal) il gall anadii g
daadacdd) cila gall g dpacad) Gl gall
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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 types:
— Body waves
« Pand S
— Surface waves
« Rand L
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* Body waves
— P or primary waves

fastest waves

travel through solids,
liquids, or gases

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
wave movement
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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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Surface Waves: R and L waves  fabo) cis gall
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(b) Love wave ‘ (c)

« 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
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P waves are compression waves that alternately compress
and expand the material through which they pass.
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The back-and-forth motion produced as P waves travel

along the surface can cause the ground to buckle and fracture.

S waves are transverse waves which cause material to shake
at ngh! 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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S waves cause the gmnd to shake up-and-down
and sideways.

ground from side to
side and can damage the foundations of buildings.,

One type of surface wave moves the

~ c ek Ty

Bt s
- -

B

Another type of surface wave travels along Earth's surface
much like rolling ocean waves. The arrows show the
movemeant of rock as the wave passes. The motion follows
the shape of an eilipse.
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Time of

A. Recording station near focus

B. Recording station far from focus Seismogram from station B
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Earthquake Waves

& Body Waves

* |dentified as P waves or S waves

e Pwaves

- 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
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Earthquake Waves
€ Body Waves

e Swaves

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
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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
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Wave fronts

Fig. 183
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ACTIVITY:

Record from """ 5‘;"“
Tepich.
1) Determine distance of EQ — S
from three seismic stations . sy

by calculating the S minus P
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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 periggﬁﬁggggeaygrngamotion 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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Measuring Earthquakes

The intensity of an earthquake is measured at a
particular site and depends upon:

- magnitude of the earthquake,
- depth of the earthquake source,

- distance from the epicentre (the point on the earth’s
surface directly above the source,

- ground conditions at the observation site, and between
there and the source,

- duration of the shaking.
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Modified Mercalli Intensity Scale (MM)

Intensity is often quoted in terms of the Modified Mercalli
scale which is graded MM | to MM XIlI.

Roman numerals avoid confusion with other measures of
measuring earthquake magnitude.

This scale is based on observed effects and as such is
subjective. For instance MM VI shaking is described as:
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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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Approzimate Relation Betwesn Magnitude
and Haxkimum |ntensity

Maximum Modified
Magnitude Mercalli Intensity Typical Effects

2.0 and lower 1-11 Mot generally felt by people
Felt indoars by some people;
3.0 Il no damage
Felt by most peaple; objects
4.0 IvV-Y disturbed; no structural damage
range of significant Some structural damage, such as
5.0 seismicity in Ohio YIi-¥II cracks inwalls & chimneys
Moderate damage, such as fractures
6.0 YII-¥III of weak walls and toppled chimneys
Major damage, such as collapse of
F.0 1X-X weak buildings and cracking of strong
buildings
8.0 and higher X=Xl Damage total or nearly total
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Factors Influencing Ground Motion

Hgorl ¢ Jolgall e Siay A1 Ay St Sl
Earthquake magnitude Ji§ yiis v/
Epicenter distance  hwl Sl oo dadl v/
Local soil condition  a3sdt &5 dadb v/
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Variation in geology and propagation velocity
along the travel path
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Earthquake source conditions and mechanism

Jalal Al Dabbeek, An Najah
National University, Palestine



geoene () Jw 0

4 pad) dalatal) A0 35
Seismicity of the Arab Region
QAN DA 38 da 1 3 el allall 59 alina & ad o) aladio) g4
Cils ad) g Jaldilly ddtacial) 400 33 Gl o bl jall yphal 1y piad)
Aallad) 40 3150 clduail) o G anll ¢ allad) 8 41305
Ol o Y cdad) 3850 gUail) & Ay ad) dllalall £ B g ade (e aS L

Aigial) 4003150 @il pdall 08 Bamy W pdaka g gy U A oS5 ol i

Jalal Al Dabbeek, An Najah
National University, Palestine



thqeoke Engireerisg h ) .......... ;;;;;
- SEVINTH FRAMEWORK
PROGRANME

A s R i
:\.g J‘J‘ :\M\ :\..J\JJ)

Seismicity of the Arab Region

Yorrg YaAY g IATA g VAL g IV algeY) il sadl

VOV ale i
\AoY e‘&%ﬁ

1990 5140¢ 514V g V4 ¥ o VAPV al eV Y1 g (plaudd
190¢ g YAVY giVed al ey olid

YAAY 51967 5190V 5 VATe af el (3l all

gl A gl Jedd) dilaie Jo Y440 J131) 8l a9 19 €Y ale 43 gl

144 5 VAAY 51470 a) e Gall

Y44Y 9 Y4AAY 1473 gV400 g VALY 3\39\1\}.4.4
Jalal Al Dabbeek, An Najah
National University, Palestine



EUCENTRE (%% igs

Ewropean Cewe b Troining and Reseorch in Earhqeoke Engineerisg

—t—— SEVENTH FRAMEWORK
C PROGRAMME

Agaba 22.11. 1995

Jalal Al Dabbee/®
National University, Palestine




e ELJ_CJENTI:%E'

([ ) us (Il
/- b1+ e

Mo I Sl alandy (Fig ol Jan al 115N adlB gl cpa Kl iy

Ghlia A IV (e 20 £ gBgl g gl dllh 8 Ayl ghalial) 8 3150
9 Ailsud) ABUSY L8 5 sl a3l e Y) e UAR) 1Y) g A gale pe

S8 ey ¢ pdad) 0 AN Cra AU Chaalll 8 Juas (oA ) pead) iU
Aldiaall 4d) 5 UadY) aaa il oy Y

Jadl g4 ) ga Ledly A sal) ABhalal) Lgd cuda a8 (Al JIYY G Badly
;e al) 038 aal (e g ¢ Al 31N laliiall BT clagy g LR Jgall e
o) Al ) BIAY) g el sl B A 50 A RS g g e
b oaladl i) alaal dcalad ALY Gl g s 1 g Al 3150 slalt
o8 ) A Ly g o) Sl

Jalal Al Dabbeek, An Najah
National University, Palestine



e EUCEN Il !E ¥ )IUSS ;;%2
Ewopeon Cewe bk Troining ond Reseorch in Earbqeake Engiveerisg | %/ ' Swiie
- SEVINTH FRAMEWORK
- PROGRAMME

19 L WU ks ke e
...... el 2 I3V Jgwaod Jlozt Sl fa
RN [ I S PRSP R CWIRNVNES gt JPWEE N QU VE TR PR P
{U‘J’U‘ Slalyllly Sz } v { S gy
[ aaha) dngby adgs |

Jalal Al Dabbeek, An Najah
National University, Palestine



6. ELJ_C)ENTF{E"

hqucke Engireerisg h ) .......... ;;;;;
SEVINTH FRAMEWORK
PROGRANME

Jdhlia Lilali g cddhiall QAJJY}\ Faold 9 Jeall é\g—g ale Jsdy A3 JaLial ity
S digdatl) 1 A lieY) G Mg Cua dldiag 4 31 Bad (shalia I Bale A gal)
il A N Galgald) ol N ABLSYL £ g mall sl Jeha ST g A gl gaadl £ 9 dall
_J}A’J\J&M\@J&

Land) &gl ¢ Jalall A JISIH W) g Cabaadd (S (a0 Jlaial (e gady

-

o) AL Al g ad) gall (pa d3e B )3 BLES 3 ga g Al N il Al (e
b L ) cleaail] g (alag) 5 da) Adhial) a8 ga dapds

3535 5 JIV3Y Jpan Lgub S 30 Aot 3 cul A1 g Aibaiall ) 313 gy
(31 58

il sl ¢ el Eua (da )l cildasa Ea

Jalal Al Dabbeek, An Najah
National University, Palestine



gecenme (%) s

Clanatd B 313150 Bl

Seismicity of Palestine

ol Y cleaall] g alagY) 5 s

Ca M‘éﬂ\ ¢ w‘ﬂ e\é-g-'\\l\ 3# ) Aia) mgée\ée-'\\!\ SJhJ,\ﬂaﬁ
el adl gde (oalg b palad A Afiall @l S el B e mld
as all gagl 9 LS5 8 Lisall ) Jaal s bjaks B a9 Y g Jsa

ol Ady 3 ddaual) e Walaiy) ) 4y jadl dadial) 8 5 jaiusall
2 A3 CB gl B At g J guallY) dasdia, Lalahua) g Bl dladl)
dagha oo Lglall Al alagV) B8 Job Ao dpages 9 488 cilaladl
slsw g (pladd

Jalal Al Dabbeek, An Najah
National University, Palestine



EUCENTRE [ ),USS

—t SEVENTH FRAMEWORK
RAMME

- PR

A
S 2=
S
Ea :
‘hO
S 5 o
0‘3\) 2 cENOZOIC
VOLCANICS

v_@ Basalt E

N
/ 2% V('b Dyke oo
Q
v Regional fault T
Regional fold e
MIOCENE
BASALT
DYKES

R
0 100 km

RED SEA

Jalal Al Dabbeek, An Najah
National University, Palestine



EUCENTRE et
Evropean Cewe b Traning and Ressarch in Earhquake Engiresrisg \ y / !US.§ -
—— s(vumm\ruux

O3)V19 yolad® oyt dnd) 4S5 0ol

Transform Fault — R
Relative movement between
Jordan and Palestine.
o IFG/HH
1
”amotsdam
Lo 2a+2b
. “»  IFG/HH
2 " ) s ¥ 3

Profiles, Faults, German Leader for Interpretation
Seismicity 1981-1989, ml > 2

Jalal Al Dabbeek, An Najah
National University, Palestine



e Ewopean Cewe b Training and Reseorch i Earhqeoke Engineerisg ¥ ) !US..S.. :;;;;
SEVENTH FRAMEWORK
PROGRAMME

clandd B 13 e
Seismicity of Palestine
dandal) glaliall 5 caall alhea Lo <o il il J Y 3 G ) 53 aal

SRR AR Y-YETE TN BEEE L LN A R S R R U
YAVY _ YAVYY - YAC% C YAOE - YAYE - Yved - Yyt .
1447 - 190¢  YaYVY o YaYY_Ya.¥ Y., - YASQT

Jalal Al Dabbeek, An Najah
National University, Palestine



= ELUCENTRE

, Ewvopean Cenve ke Troining and R eh i Earthqooke £

Earthquakes 1900-2003

= e R

- Jalal AT Dabbeek,An ajah
National University, Palestine



s L g o i ag it g SR i) gl
e ol et et o

Sl e L YV 0 E  9A Sl ady
S ol O Sl et

Py SRR L ) 1 ellle g Juib pigi y
alh b e Dia) g J3B aamph Jaikih
R el R S e e Y )
St

.)‘LL".. 3 S5 A

il g Yo

plialh A GNAS Sle s
Aadl bl R ) Cabmlt b e NG Ny
e e R e e P e
e e S BT T e )
oA el JIN My Ml | paidany Josndt B
U n-l.‘.-.‘",-un,-_,-hl-
N O et G g aa pid S ply A

EUCENTRE

Ewopean Cewe b Troining and Reseorch i Earhquoke Engineerisg \ 3 / Tuaoir 4

JIP o J 8

i u-u" » mﬂl M @Ms il ol s

Bt sl N

VATY sl 9 b e e
DG P i B i) 5 pAt ey
ponad SN Fady sy Dlald oy S
JAN -
_u-—-—u_)‘-n&—-‘_,—- ' -o.“l_‘:.’
JI it J.—".-‘"-"-‘J.—.' —‘)H-':
ot YIS pak

o ""‘““*"*"‘J‘alai'AT‘Dabbéek An Najah
National University, Palestine

SEVINTH FRAMEWORK
PROGRAMME

Joa Apdg LAl o

VAYY JI3 4

1929 Earthquakes



EUCENTRE

Ewvopean Cewe b Troining and Reseorch in

Historical Earthquakes

s (LN ) ss _%_

a3

UGt A D

Sussita 749 '

National University, Palestlne




EUCENTRE
Ewopean Cewe b Troining and Reseorch i Earhquoke Engineerisg y ) !l.JS§

st SEVINTH FRAMEWORK
- PROGRAMME

July 11, 1927

M=6.2
Abu Dis Jerusalem
1ﬂ_+ Jericho Jordan river

Jericho
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Dead Sea Earthquake 11-2 - 2004

Five Storey Masonary Building- NABLUS City

Crack Patterns, Crushing
and Large permanent
deformation in the

Masonary Pillars.
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

D
Location: Old town of NABLUS city

Structural System: Cross Vault's
Use: Soap Factory

page 6/8
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Dead Sea Earthquake 11-2 -2004

A
fig.2
Old Masonary Building

A flat vault's collapse

N

Location: Old town of NABLUS city
Structural System: Cross Vault's
Use: Soap Factory
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Agraba School

11/02/2004

11/02/2004

11/02/2004
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