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References for Study

e \Web sites

— liees.ac.Ir
— ATC, EERC, EERI, IAEE

— FEMA, MAE, MCEER
— NCEER, PEER, SEAOC, USGS




References for Study

* Proceedings of Conferences :
World Conference of Earthquake Engineering (WCEE) every four years

European Conference of Earthquake Engineering (ECEE) every four years
Canadian Conference of Earthquake Engineering (CCEE) every four years

seismology and earthquake engineering (SEE) every four years




References for Study

» Journals:
— Earthquake Spectra
— Earthquake Engineering
— Dynamics of Structures
— Earthquake Engineering and Structural Dynamic
— Earthquake Design Criterion
— Global Tectonic & Earthquake Risk
— structural Engineering




Societies of earthquake engineering

ASCE

American Society of Civil Engineers
ATC

Applied Technology Council
BSSA

Bulletin of Seismological Society of America
EERC

Earthquake Engineering Research Center, at the University of California at Berkeley
EERI

Earthquake Engineering Research Institute




Societies of earthquake engineering

EESD

Earthquake Engineering and Structural Dynamics
EQ

Earthquake

FEMA

Federal Emergency Management Agency

|IAEE

International Association for Earthquake Engineering
MAE

Mid-America Earthquake Center




NCEER
National Center for Earthquake Engineering Research

NISEE
National Information Service for Earthquake Engineering

SAC

Joint venture consisting of SEAOC, ATC and CUREe to manage and administer a
program to reduce earthgquake hazards in steel moment frame structures SEAOC
Structural Engineers Association of California

USGS
United States Geological Survey




Evaluation:

 Active and orderly participation: 10%
* Assignments: 25%

* Midterm: 25%

* Final: 40%

* Project: Maximum of 10%




*Haiti earthquake, 2010, M7 i
*This was an earthquake in

an underdeveloped society
with a huge death toll and
economic impact

*316,000 died

*300,000 injured

*1,000,000 homeless

*S7.9B (120% GDP) damage
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*Christchurch earthquake, 2011,
M6.3, 6 month later M7.1

*185 died

*1,500-2,000 injured

*S20-30B (20% GDP) damage
*This is an earthquake in a

developed society that did not
have a huge death toll, but a
huge economic loss

o) ivmv.@ar01qual;ephoto.co'n




* People are usually know earthquakes as destructive forces that kill
humans and destroy societies but this is not true

 What | would really like to open your eyes to is fact:

“Earthquakes do not kill people,

poorly designed structures do”

* | hope that this course make earthquakes a societal-humanitarian
motivation for you, whether you become a politician or decision-
maker, a university professor, an engineer who designs structures
for society, or even if you end up doing other things




* Seismology

* Seismos (earthquake) + logos (science)

* Study of earthquakes and the propagation of elastic waves
through the Earth

+ Study of the earthquake effects, e.g., tsunamis

* Earthquake Engineering

+ Study of the behavior of structures and geo-structures subject to
seismic loading (old definition)

- Scientific field concerned with protecting society from
earthquakes by limiting the [ to socio-economically
acceptable levels (new definition)




Earthquake Effects

* Direct effects
Ground failures
Surface faulting
Vibration of soil
* Ground cracking
+ Liquefaction
« Differential settiement
* Landslides
* Lateral spreading
Ground shaking
* Indirect effects
Tsunamis
Seiche
Floods
Fires




*Ground failures happens when soil looses its structural integrity

*Surface faulting is the displacement that reaches the earth's surface during slip along a fault;
commonly occurs with shallow earthquakes

Liquefaction (the rapid transformation of soil to a fluid-like state) affects loose saturated
sands

eLandslide is a movement of surface material down a slope
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Ground Crack




Differential Settlements




Landslide

eLandslide is a movement of surface material down a slope




Lateral Spreading

; . region of lowerin
pre-deformation g g

topography

B. Lateral spreading of the cone

Lateral spread commonly forms on gentle slopes and have rapid fluid-like flow movement,
like water




Surface Faulting

*Importance of selecting a proper location for the structure

Surface faulting along the Beni Rached fault

*Ruptured during the El Asnam Earthquake, Algeria, 1980, M =7.2

*Surface faulting occurred along a zone that extended at least 30 kilometers
*0.5-1m offset along the fault

*Many sheep and donkeys were trapped




Surface Faultin




Surface Faulting
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Surface Faulting




*On right
*Railroad that crosses the fault
*Train passing through the fault at the time of the mainshock
*Train was completely overturned
*Took seven days to clear the wreckage and reopen the railway

*On Left
M,=7.9, Guatemala, 1976

22,000 deaths, 70,000 injuries, and
1,000,000 homeless 250km surface faulting
1-3.25m lateral offset

Width of the cracked zone = 1-3m and up to 9m
The fault rupture offset the railroad tracks, irrigation channels, bridges,

and roads




Surface Faulting: Irrigation Channels




*Bridges damaged in Guatemala
1976 earthquake due to surface
movement along the fault

*5-span steel plate girder bridge
collapsed

*On Left: overview of the bridge
collapse

*On right: piers of the bridge

*Bridge collapse due to the poor
detailing of support for the
three intermediate spans

Surface Faulting: Bridges




*M6.5 San Fernando Earthquake, 1971 Surface Falﬂting: Lifehnes

*65 death e
*But heavy damage $550M in 1971 dollars . St { mﬁ-
*People realized that only collapse
prevention is not enough
*1m verticall and 1m lateral offset caused
significant damage to lifelines
*|n this slide: rupture of water and sewage

lines that crossed the fault rupture
Steel gas pipes ruptured, causing gas
leakage and fire




*Damage to buildings along the
fault ruptures

*This is different than damage
due to shaking, which is the
main focus of this course

*Damage range from
demolished houses, to rupture
of the foundations, tilting of the
foundation slabs and walls (this
slide) to houses that suffered
minor damage

Surface Faulting: Buildings




Liquefaction

* Instability of the soil

* Soil response depends on
Mechanics of the soil layers
- Water level
Intensity and duration

* Vibration compacts the loose granular material

Causes large and differential settlements

Causes excess pore water pressure =2 Liquefies the soil
Causes tilting, settlement, and rupture of structures




*M8.6, Alaska, 1964

*Vertical fault displacement of
6m, one of the largest

*130 death = 9 from shaking +
120 from tsunami

*S300M damage, mostly from
soil slide caused by
liquefaction

*Average of 11m of drop in the
soil

*Houses moved laterally as
much as 150-180m

Liquefaction




*M7.5, Nigata, Japan, 1964 Liquefaction
*Soil in the city from reclaimed land
and sedimentary deposits

*Shallow water table

*Out of 1500 concrete buildings, 10
damaged, 200 tilted or settled
rigidly without damage to

superstructure

*Such buildings had very shallow
foundation or friction piles in loose
soil

*Buildings with pile foundation >
20m did not suffer damage




Liquefaction

*Collapse of the
superstructure of the
Showa bridge due to
movement of the pier
foundations







Liquefaction

*Damaged ground floor
*Mud covered the floor
by up to 10cm




*M7.7, Nihonkai, Japan, 1983
| eft: Tilted flag pole due to
ground failure caused by
liquefaction
*Right:
*School built with proper
foundation (piled
embedded down to a layer
of soil that offers a large
penetration resistance
*This is while the soil
subsidence was up to 0.5m

Liquefaction




Liquefaction

*Stable school
structure although
liquefaction has
caused settlement
that is visible at
doorsteps




*Two large
cranes

*The supports of
the farther one
failed due to
liquefaction

Liguefaction




Tsunami

*Tsunami is a sea wave that results from large-scale seafloor displacements
associated with large earthquakes, major submarine slides, or exploding
volcanic islands




e Tsunami




Seiche

Seiche in Lake Geneva (Switzerland)

= One wavelength equals —of
twice the length of the lake

*A seiche is the sloshing of a closed body of water from earthquake shaking.
Swimming pools often have seiches during earthquakes.




Ground Shaking




Earthquake Effects

* Direct effects

Ground failures
Surface faulting
Vibration of soil
Ground cracking
Liquefaction
Differential settlement
Landslides
Lateral spreading
Ground shaking

* Indirect effects
‘ Tsunamis
Seiche
Floods
Fires




*Greek: When Poseidon is in a bad mood, he strikes
the ground with a trident, causing earthquakes

*Hindu: When one of the eight elephants that carry
the Earth gets tired

*Mongolian: When a frog that carries the world
moves

*African: When the giant on whose head people all
live, sneezes or scratches

eJapanese: When the attention of Kashima (who
looks after the giant catfish Namazu that supports
the Earth and prevents it to sink into the ocean)
weakens and Namazu moves

*Native American: When the god Maimas decides to
count the population in Peru, his footsteps shake
the Earth. Then natives run out of their huts and
yell: “I’'m here, I'm here!”
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Chemical Layers: Crust, mantle, outer
core, inner core
*Crust 24-40km
*As thin as 5km beneath oceans
*As thick as 60-70km under young
mountains
*Distinct change in the wave
propagation velocity marks the
boundary between crust and
mantle, called Mohorovicic
discontinuity, or Moho
*Named after Conation
seismologist, who discovered it in
1909
*Moho reflects and refracts the
seismic waves
*Continental crust and oceanic crust

Earth Layers

Asthenosphere

Lithosphere

Mesosphere &

Temperature
and pressure
increase
with depth

Surface

crust

Moho

Continental

crust

Vertical scale is 10x
the horizontal scale

Continental
crust thickness
greatly exaggerated

Mesosphere: hot but stronger
due to high pressure

Asthenosphere:
hot, weak, plastic

Lithosphere:
cool, rigid, brittle

Kilometers




*Mantle = 2850 km (1770 miles) thick

*Upper mantle (shallower than about 650 km (404 miles))

Lower mantle: No earthquakes have been recorded in the lower
mantle, which exhibits a uniform velocity structure and appears to
be chemically homogeneous, except near its lower boundary

*The mantle is cooler near the crust than at greater depths but still
has an average temperature 2,200°C

*As a result, the mantle materials are in a viscous, semimolten state

*They behave as a solid when subjected to rapidly applied stresses,
such as those associated with seismic waves, but can slowly flow like
a fluid in response to long-term stresses

*The mantle material has a specific gravity of about 4 to 5




* Quter core, or liguid core = 2260km -
*As a liquid, it cannot transmit s- Earth Chemlcal Layers
waves
*Note the drop to zero in Vs -
* Note the sharp drop in Vp e oo
* Boundary between mantle and
outer core is called Gutenberg
discontinuity
* Primarily consists of molten iron,
with density of 9-12
* Flow of the outer core produces
the Earth’s magnetic field
*Inner core, or solid core = 1220 km
*Very dense, density up to 15
*Boundary between inner and
outer cores: Lehman discontinuity
* Nickel-iron material compressed
under tremendous pressure
e 2800°C

Inner core

Temperature (°F)
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P-Velocity S-Velocity

Th|n ||ne |S densrty = Velocity (;mla) or Denar:,é(g/cms)

I T T T T T T Y T Y T

NOteS: 5 LAtmosphere

*The Vs in inner core is not zero in this graph L | iighear

! Mantle - Mantle Transition

*There is no jump in Vp at the Lehman discontinuity (see next e . Zone
slide) [

1.How different layers were formed? ]
Heavier, more dense material, tended to sink in the early l

Surface

molten mass, while lighter, less dense material, rose toward
the surface. Separation into layers was based on density.
The separation seems to have taken place shortly after the - ]
formation of the planet in an event called the "lron

Catastrophe". http://wiki.answers.com/Q _
/How did Earth separate into different layers#ixzz \
28Y21xEcx '
Therefore, the boundaries between layers are due to
presence of different types of materials, which are detected
by the change in the wave propagation pattern.

___ Inner-Outer Core
l[ Boundary



http://wiki.answers.com/Q/How_did_Earth_separate_into_different_layers
http://wiki.answers.com/Q/How_did_Earth_separate_into_different_layers

2.Why mantle acts as rigid under sudden stresses?
Under tremendous pressure, the solid mantle rock can act like a fluid or a solid. It is plastic. If
sudden stresses act upon it, it reacts like a solid, as in the case of S waves generated by
earthquakes. If allowed enough time, when stressed, it will flow upward like heated water
flows upward through layers of cooler, denser water.
http://www.creationinthecrossfire.com/Articles/CatastrophicPlates3.html

3.Why the wave velocity increases with depth?
The increase is a result of the effects of pressure on the seismic wave speed. Although
temperature also increases with depth, the pressure increase resulting from the weight of the

rocks above has a greater impact and the speed increases smoothly in these regions of uniform

composition http://egseis.geosc.psu.edu/~cammon/HTML/Classes/IntroQuakes/notes/waves
and interior.html

Since the density of the Earth increases with depth you would expect the waves to slow down
with increasing depth. Why, then, do both P- and S-waves speed up as they go deeper? This
can only happen because the incompressibility and rigidity of the Earth increase faster with
depth than density increases.

http://www.bibliotecapleyades.net/tierra hueca/inner earth/innerl.htm



http://www.creationinthecrossfire.com/Articles/CatastrophicPlates3.html
http://eqseis.geosc.psu.edu/~cammon/HTML/Classes/IntroQuakes/notes/waves_and_interior.html
http://eqseis.geosc.psu.edu/~cammon/HTML/Classes/IntroQuakes/notes/waves_and_interior.html
http://www.bibliotecapleyades.net/tierra_hueca/inner_earth/inner1.htm

4.\Why the waves propagate in curved paths?
The waves have curved paths because their velocities increase with depth.
http://www.chm.bris.ac.uk/webprojects1997/JohnH/WELCOME.HTM

5.Why the velocity curve has a jagged shape in upper mantle?
The shallow part of the mantle is different; it contains several important well-
established and relatively abrupt velocity changes. In fact, we often divide the
mantle into two regions, upper and lower, based on the level of velocity

heterogeneity. The region from near 400 to 1000 km depth is called the transition
zone and strongly affects body waves that "turn" at this depth and arrive about
20°-30° distant from a shallow earthquake. In this depth range the minerals that
make up the mantle silicate rocks are transformed by the increasing pressure. The
atoms in these rocks rearrange themselves into compact structures that are stable
at the high pressures and the result of the rearrangement is an increase in density
and elastic moduli, producing an overall increase in wave speed.



http://www.chm.bris.ac.uk/webprojects1997/JohnH/WELCOME.HTM

Earth Mechanical Layers

g

400
660

Depth (km)

Mechanical layers:
Lithosphere, Asthenosphere, Mesosphere,
outer core, inner core
Lithosphere: Crust + upper parts of mantle
*Uppermost 50-100 km
*No strict boundary between
lithosphere and asthenosphere
*Behaves rigidly over very long periods of
time
*Tectonic plates
*Asthenosphere: Weakest part of mantle
*Depth of 100-200km
*Solid in short time scales, fluid in long

term
*Decouples the tectonic plates from the

rest of the mantle




Convection in Mantle

*Plate tectonics is a
kinematic theory (i.e., it
Mid-oceanic ridge explains the geometry of
Trench .
=T Cbduetion plate m9vement without
addressing the cause of
Oceanic that movement)
lith h .
TP eThermomechanical
equilibrium of the
o J s o : earth's materials explains
7w’ »~ Convection Awalllna\ TR \ '
I cell o N e the movement

Continental 5 : \
ithosphere o = i A




*Upper mantle is in contact with cool crust, and lower mantle with hot outer core 2
temperature gradient

*Unstable situation: denser (cooler) material resting on top of less dense
(warmer) material

*Cooler, denser material begins to sink under the action of gravity and the warmer, less
dense material begins to rise

*Sinking material gradually warms, becomes less dense, moves laterally, and begin to rise
again

*Cooled material begins to sink

*This is called convection

*Convection currents in the semimolten mantle impose shear stresses on the bottom of the
plates; drags them in various directions across the Earth’s surface




Continental Drift “Foee &

PERMIAN
225 million years ago

JURASSIC
135 million years ago

PRESENT DAY

TRIASSIC
200 million years ago

- Overlaps
. Gaps

CRETACEOUS
65 million years ago

Deep-sea +—
sediments

Niger Delta

Iceland not yet formed

T !
F Oceanic crus

Upper mantle Magma Increasing age of crust

*All the continents had once
been one super-continent
(Pangaea), and have since
broke apart and drifted, and
are still drifting

*Massive continents pushing
through the seas and across the
ocean floor

*However, the ocean floor is too
strong to permit such motion,
and the theory was originally
discredited by most earth
scientist

*From this background, however,
the modern theory of p/ate
tectonics began to evolve




*Earth's surface consists of a number of large,

intact blocks called p/lates Plate TeCtOHiCS

*Tectonic plates are large parts of litosphere |
‘tloating’ on the astenosphere
*Plates move with respect to each other
*Earth's crust is divided into :
*6 continental-sized plates: African, Y -
American, Antarctic, Australia-Indian,
Eurasian, and Pacific
*About 14 of subcontinental size: e.g.,
Caribbean, Cocos, Nazca, Philippine, etc. e,
*Relative deformation between plates in Sl
narrow zones near their boundaries
*slowly and continuously (aseismic
deformation)
espasmodically in the form of earthquakes
(seismic deformation)

EURASIAN

PHILIPPINE
PLATE

\

\
AFRICAN "} 3
PLATE




Seismicity since 1980
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Plate Interactlons

*Convergent: Plates i :
collide or subduct N » - 4’ §
Divergent: plates move . o |
away from each other

*Transform: plates slide VN & R :

EURASIAN

Ay S

one past another

AUSTRALIAN -
INDIAN







Seismic Waves

*Body waves
*Travel through the Earth’s
Interior
*Surface waves
*Result from the interaction
between body waves and the
surficial material
*Travel along Earth’s surface




Body waves : »
*p-waves: Primary, compressional, longitudinal Selsmlc Waves: BOdy Waves
waves SO
*Analogues to sound waves R
*Particle motion is parallel to wave direction
*Can travel through fluid and solid
*s-waves: Secondary, shear, or transverse waves
*Cause shearing deformation T——
*Particle motion is perpendicular to wave el

(a) Undisturbed material

direction

*Can be divided into two components: SV
(vertical plane movement) and SH (b) Primary wave  Direction of wave ovemenY>
(horizontal plane movement)
*Fluids cannot sustain s-waves
*Geologic material are stiffest in compression:
p-waves travel faster than s-waves and are first < Wavelength
to arrive at a site (c) Secondary wave




Surface waves

* Result from the interaction between body waves - : .
o e et Seismic Waves: Surface Waves

* Amplitude decreases roughly exponentially with
depth

* More prominent at distances farther from the
source of the earthquake

* At distances greater than about twice the thickness
of the earth's crust, surface waves, rather than
body waves, will produce peak ground motions

* Rayleigh waves

*|Interaction of p- and SV-waves with Earth’s

.__‘_‘:-.‘y;. :1__ _ { "'I '
- L AR
surface ﬁ&ﬂﬁ

*Involve both vertical and horizontal particle T

motion (b) Love wave

Similar to waves produced by throwing a rock in
a pond
*Love waves i
*|nteraction of SH-waves with a soft surficial layer Rayleigh wave Love wave
*No vertical component




Wave Arrival

Magnitude 6.5 earthquake, near coast of central Chile, 29.2934° S, 71.5471° W

Origin time = 17:37:59.0 GMT 1998/09/03, Depth = 27 km
Station = NNA (Nana, Peru, 11.9875° S, 76.8422° W)
Distance = 17.93° (1993 km), Azimuth = 343° Love

Amplitude

17:42:00 17:414:00 17:46:00 17:418:00

.

(hr:min:sec, GMT, 3 September 1998)

—

6 7 10
Travel time (minutes)




Wave Arrival

28/01/00 14:30:00 UT

zwmwwwwwm

Up-Down

N-S

TIME (MIN)

Surface waves

Identify the waves




*Seismic wave paths Reflection and Refraction
illustrating reflection and

refraction of seismic waves
*p- and s-waves can reach

the earth's surface between

0 and 103°
*Outer core allows only p-

waves to reach the surface

between 143 and 180° L
*Between 103 and 143°, only “Refracted
paths reflected from the — —
inner core can reach the /
earth's surface




Wave Path




Elastic wave:

Motion in a medium in which, when particles are displaced, a force
proportional to the displacement acts on the particles to restore them to their
original position.




Plate Interactions

| Plate 1 Plate 2 X o Plate1,,  Plate2

r Continental crust | Oceanic Continental crust

Convergent

Convergent Oceanic crust . ” :
ol N el ] o

Ilisi = T subduction
(collision) ’/ > <

B

Plate 2

|_Plate 1 ' Plate 2
Transform : Rift Mid-ocean
; valley ridge

Divergent
margin




NOTE Plate Interactions
*Theory of plate

tectonics does not,
however, explain
all observed

teCtonIC SEISm|C|ty CONVERGENT TRANSFORM DIVERGENT CONVERGENT CONTINENTAL RIFT ZONE

a 0 PLATE BOUNDARY PLATE BOUNDARY PLATE BOUNDARY PLATE BOUNDARY (YOUNG PLATE BOUNDARY)
*For example, it is

known that

intraplate SRS S
TRENCH t:" oD, . THENCH. | =

earthquakes ST SHiELD cotic ebiona

VOLCANO ©_RIDGE "‘"«

STRATO- e SR . . -
(earthquakes that - 'im“"“ D i L O Y
. . > LITHOSPHERE X
occur within a s & -
plate, away from | woTspor
its edges) have
occurred on most

continents

SUBDUCTING ™
PLATE




*Fracture zones may be observed
over thousands of kilometers

*However, only the segment
between the spreading ridges is the
transform fault

*Motion on the portions that
extend beyond the transform
fault is in the same direction on
either side = no relative motion

*These inactive portions of the
fracture zone are fossil faults that
are not producing
earthquakes

Inactive Fracture Zones

Midocean
ridge

Transform
fault

Fracture : Fracture
zone : zone

\ 1

A 2 T U U NN ) L NN O DU N DN R DN N D RN O DN BN R DN N N B BN B A BN AR R R

t
Magnetic anomaly Rising magma
, Spreading ridges
,: - R
4 \
— . Yot

-— —
inactive Active H_ inactive
«— fracture —»|=— transform —~— fracture -—»
zone fault zone

- |




°On a. smaller scf':\le, the move.ment at a. Faults
particular location can be quite complicated

*Plate boundaries may be broken to
platelets or microplates trapped between
the larger plates.

*Maybe obvious, maybe difficult to detect

*Presence of a fault does not necessarily
mean earthquakes are expected -
movement can occur aseismically, or the
fault may be inactive

*Lack of observable surficial faulting does
not imply that earthquakes cannot occur -2
fault rupture does not reach the earth's
surface in most earthquakes

Fault plane —

Epicenter

¥ Rupture surface

Hypocenter
(focus)

¢: Strike angle
o: Dip angle
A: Slip angle




*Dip-slip : Movement along the dip
*Normal fault: Tensile stress, lengthening of
crust
*Reverse fault: Shortening of crust
*Thrust fault: When the dip angle is very
small; very large movements (e.g., Alps)
*Strike-slip : Movement along the strike;
usually vertical faults (Dip angle = 90); large
movements
Left-lateral: An observer would observe the
material on the other side moving to the left
*Right-lateral: An observer would observe
the material on the other side moving to
the right
*Oblique-slip: Movement along both strike and
dip

Fault Types




Examples

Strike-Slip Dip-slip Normal Fault




*Relative movement of the plates =2 e/astic
strain energy stored in the materials near the
boundary as shear stresses increase on the
fault plane

*\When shear stress reaches the strength of
the rock, it fails = accumulated strain
energy released

Effects of the failure:

*Weak and ductile rock: strain energy
released relatively slowly 2 movement
occurs aseismically |

*Strong and brittle rock: rapid failure; b

energy released explosively = heat and S S
= i [l

Bujusea uoswoy] - §0Y/$H00IT LOOZO

Deformation

|
|
S

stress waves (earthquakes) Sy “ ~=

*Elastic rebound theory describes the process :‘ )

of the successive buildup and release of strain ‘
energy in the rock adjacent to faults

Rupture and release of energy Rocks rebound to original undeformed shape




Fault Rupture

0.00 5.00
SLIP (METERS)

Total Slip in the M7.3 Land ers Earthquake




SeismoSignal

Fil}e”'Edl Wewﬁlvs 4 —— : o J‘J"é‘ rJJ g‘.a..a.?
HH EHNS Qe ¢t HME o

Baseline Correction and Filtering  Time Series IFmrkrmdeSpectalBasbcﬂmhsbcRmSpecﬁﬂerdMomeam&rs

SeismoSignal

Acceleration [g)

1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
Time [sec]

Veloctty [cmisec)

T Laans) T

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 23 30 31 32 33 34 35 36 37

012346567 8 910111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Time [sec)

Acceleration: Velocity: cm/sec Displacement: cm




Ancient Instruments




*Seismographs are devices
that record ground motion
during earthquakes

*Usually, seismographs are
devices that record weak
motions, and
accelerographs record
strong motion

*The first seismographs were
constructed at the very end
of the 19th century in Italy
and Germany

Seismograph

* Horizontal 1000 kg
Wiechert seismograph in
Zagreb (built in 1909)

Fig. 4. Strassburg 1892 Dezember 19, 642

e —— L

(Erdbeben in Beludschistian.)



*A heavy mass is
decoupled from the
Earth by means of a
pendulum

*When the ground
moves, the mass
tends to remain
stationary because
of its inertia, but the
support (frame)
moves with the
Earth

*A stylus records the
motion

Mechanical Seismographs

W

00000
DOCOUOUNLL

L

—

Hand moved

rapidly upward;

inertia prevents weight
from moving; spring
stretches instead

Rotating

Copynght 1999 John Wiley and Sons, Inc. All ights reserved




Analog
* Analog seismograph has an electronic
transducer (seismometer) senses the Analog/Dlgltal Seismographs
motion and produces an analog
(continuous) electrical signal that is
recorded
* Analog accelerograph has an
accelerometer, which is an electronic
transducers that produce an output
voltage proportional to acceleration

*Analog/mechanical accelerographs lay
dormant until triggered by the
exceedance of a small threshold
acceleration at the beginning of the
earthquake motion




*Any vibrations that may have preceded triggering were not recorded, thereby introducing a
baseline errorinto the acceleration record
*Analog/mechanical records are digitized later
*Tiresome and error-prone
*With paper, pencil, and engineering scale, or semiautomatic digitizers (crosshairs, with a
foot-operated switch)

Digital

*They use analog transducers

*Digital instruments convert the analog signal to digital in the field

*They record ground motions continuously at rates of 200 to 1000 samples/sec

*They save the recorded data only if a triggering acceleration is exceeded

*Their on-board memories save from before an earthquake begins until after it ends, thereby
preserving the initial portion of the record that is lost with triggered analog systems
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http://www.iiees.ac.ir/fa/wp-content/uploads/2015/09/HAT_Sensors_website_VER28-6-941.pdf




Large earthquakes produce
ground motions with
different characteristics at @] GLOBAL SEISMOGRAPHIC NETWORK
different points on the e _ e ‘_ i
ground surface ' ' : : “ L
*The spatial variation of
ground motion is
important in both
seismology and
earthquake engineering
*Arrays and networks of
strong motion
instruments are useful in
determining the spatial i
vVa riation Of stro ng % IRIS / IDA Stations % IRIS / USGS Stations Affiliate Stations

d ) Planned Stations
ground motion




Worldwide Standard
Seismograph Network Global Seismographic Network
(WWSSN) in 1961
*To monitor
Compliance Wlth 3 [ wmap [ sateliite [ Hyoric [ Terrain A Telemetry Undefined

A No Data In More Than 24 Hours

Telemetry Status | Network Code

n UCIea r Wea pOﬂS = : ' I N ﬂ A\ Last Data In Less Than 24 Hours

And More Than 10 Minutes

teStI ng ba NS T A\ Last Data In Less Than 10 Minutes
: |- A S N’u
*Analog seismographs | &8 2 pg

F RICA

*Global Digital
Seismometer Network
(GDSN)

*Global Seismographic
Network (GSN)

*Digital seismographs




*Chi-Chi,

Taiwan, 1999, Chi-Chi, Taiwan, 1999, M =7.6

M=7.6 Max. Acc. distribution (EW) in cm/s/s
120° 121° 122°

. "”15‘1723”; 120 00E

& o

*Right: Many
seismograph
stations that o
recorded the ' K&t )/ o ; £ Y 1T eam ocat Tome

23.80N 120.99E
33Km 7.7Ms

ground
motion

*|soseismal
map of the _
earthquake L A P nean i
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Web_Project/site_01.htm
Web_Project/site_02.htm
Web_Project/site_03.htm

emsc-csem

Seismology

Earthquake Eng.




EMSC-CSEM

EUROPEAN-MEDITERRANEAN SEISMOLOGICAL CENTRE

CENTRE SISMOLOGIQUE EURO-MEDITERRANEEN
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. EARTHQUAKE on 10/12/2002 at 13:51 {UTC)

Focal Mechanisms

EARTHQUAKE on 10/12/2002 at 13:51 (UTC) STRAIT OF Lol s bojsn
GIBRALTAR MAGNITUDE: ML 5.1 Data provided by: IMP

LDG MAD NEIC Latitude = 36.20 N Longitude = 7.53 W ol 5 sl
Origin Time = 13:51:30.8 (UTC) Depth =36 Km RMS =

0.93 sec Gap = 156 degrees




EVISC-CSEWV
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e Reducing Earthquake Losses in the S ol
Eastern Mediterranean Regions
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European Mediterranean Seismological Centre
http:// www. emsc- csem.org

ENSC An Efficient Early Warning System for Earthquakes in the

et European-Mediterranean Region
G. Mazet-Roux! ; R. Bossul; M. Tome? ; R. di Giovambattista® and data contributers sctist kelow)
1; EMSC/CSEM, Bruyéres k Chicl, France (i 1 org): (b B org)
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India
India Meteorological Department
http://www.imd.ernet.in/section/seismo/dynamic

Iran
International Institute of Earthquake Engineering and Seismology, Iran
http://www.iiees.ac.ir/English/eng_index.html

Japan
Earthquake Research Institute at the University of Tokyo:
http://www.eri.u-tokyo.ac.jp
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Observatories and Research Facilities for EUroiean Seismoloii

ORFEUS Electronic Newsletter

The Orfeus Electronic Newsletter aims at disseminating rapidly relevant information to
the Orfeus community within the European-Mediterransan area. Yol are encouraged to
submit contributions in the form of an article, news or announcements according to the
authors instructions to Orfeus.

The Earthgquake Monitoring Network of Oman, Developments at ORFEUS and
Phase |: 9 (417 kB) its Data Center: 13 (122 kEB)
Zuhair EL-Isa and Malhias Franke Torild van Eck, Bernard Dosl,
A new modern short period seismograph network in Chad Trabani, Reinoud Slesman
Oman to monitor local earthqualkes. and Farmke Couihealk
MNew data management structure
at the ODC, Working Groups
Coordinated seismic experiment in the Azores: update and other information
10 (243 kE)
Grall Sitveira el al.
A temporary deployment of YEB stations in the ORFEUS announcements: 14
Azores. (8 KkB)

. . . . Real-time data available at the
Destructive earthquake in Afghanistan (Hindu ppe

Kushj) on March 25, 2002: 11 (273 kB)
Q. Starovoll, 5. Yunga, | Gabsatatova and L Expression of Interest for the

Chepkunas _ EC 6th framework programme
Determination of the different earthquake |
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C # [ peerberkeley.edu/nga/searchhtm

PEER | NGA | Browse Earthquakes | Search | Download | Documentation | ChangeLog

ARCHIVED DATABASE VERSION. Visit the latest version of the database!

; I Sateliite | Hyb .
ik ep | saeie | biond I_ Search Ground Motion Records

North

Washington kot '
Montana Dakota Minnes Earthquake  Any

Portiand
(-]

R : Fault Name
Beoaon Dakota 3
Magnitude
Nebraska
Nevada United States J-B Distance (km) All Distances
Colorado Kansss M(I

Preferred V530

Calkifornia

tos == — PGA (g) to
An;sles Avizona

b~ Proentx Location Current Map Display Area E]
San Diego £ e

Display Results On Map E]

Sﬂﬂl‘l 1 |
th alta ©201 2012 Googe. NEG! - sef | '™ :-S;uT:t;_l 'Eeséi—éw;]

Copyright © 2005 the Regents of the University of California. Send comments or questions to peer_conter@berkeley.edu.




PEER Ground Motion Database

wlllh,!w Pacific Earthquake Engineering Research Center

&
DOCUMENTATION HELP FEEDBACK )

SIGN_UP OR SIGN_IN 4

Welcome to the PEER Ground Motion Databésé }
&

%

The web-based Pacific Earthquake Engineenng Research Center (PEER) ground motion database provides tools far searching, selecting and
downloading ground motion data.

ALL downloaded records are UNSCALED and as-recorded (UNROTATED). The scaling tool available on this site is to be used to determine the(
scale factors to be used in the simulztion platform. These scale factors can be found with the record metadata in the download (Scaling the *
traces within this tool would only cause confusion with file versioning). ;

Please note that, due to copynght 15s5ues, a stnct imit has been imposed on the number of records that can be downloaded within a unique
tme window. The current imit is set at approximately 200 records every two weesks, 400 every month. Abusive downloads will result in
further restrictions.

The database and web site are penodically updated and expanded. Comments on the features of this web site are gratefully welcome; plea
send emails to: peer_center@berkeley.edu

NGA-West2 -- Shallow Crustal Earthquakes in Active Tectonic Regimes

The NGA-West2 ground motion database incdudes a very large set of ground motions recorded in worldwide shallow
crustal earthquakes in active tectonic regimes. The database has one of the most comprehensive sets of meta-data,
including different distance measure, various site charactenizations, earthquzake source dats, etc, The current version of
the database is similar to the NGA-West2 database, which was used to develop the 2014 NGA-West2 ground motion
prediction equations (GMPEs), peer.berkeley.edu/ngawest2
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PEER Ground Motion Database

s
‘3;”;“,3”’ Pacific Earthquake Engineering Research Center

DOCUMENTATION HELP FEEDBACK

SIGN_UP OR SIGN_IN

Sign in

Email payman civil2012@gmail com

4
|
' (
{

Remember me

| Sign in |

Ex:':]rx Lp
Forgot password?




PEER Ground Motion Database

!
”““,!H' Pacific Earthquake Engineering Research Center

HOME DOCUMENTATION HELP FEEDBACK

PAYMAN.CIVIL2012@GMAIL.COM SIGN_OQuUT

Signed in successfully.

Welcome to the PEER Ground Motion Database

The web-based Pacific Earthquake Engineenng Research Center (PEER) ground motion datzbase provides tools for searching, selecting and
downloading ground motion data.

ALL downloaded records are UNSCALED and as-recorded (UNROTATED). The scaling too! available on this site is to be used to determine the
scale factors to be used in the simulaton platform. These scale factors can be found with the record metadatz in the download (Scaling the
traces within this tool would only cause confusion with file versioning).

Please note that, due to copynght issues, a strct imit has been imposed on the number of records that can be downloaded within @ unique
time window. The current limit is set at approximately 200 records every two weeks, 400 every month. Abusive downloads will result in
further restrictions.

The database and web site are perodically updated and expanded. Comments on the features of this web site are gratefully welcome; please
send emails to: peer_center@berkeley.edu

NGA-West2 -- Shallow Crustal Earthquakes in Active Tectonic Regimes

The NGA-West2 ground motion database includes a very large set of ground motions recorded in worldwide shallow
crustal earthquakes in active tectonic regimes. The database has one of the most comprehensive sets of meta-data,
including different distance measure, various site characterizations, earthquake source data, etc. The current version of
the database is similar to the NGA-West2 database, which was used to develop the 2014 NGA-West2 ground motion
prediction equations (GMPES). peer berkeley . edu/ngawest?
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PEER Ground Motion Database \ .., . .

& ,
!I“l,:’! Pacific Earthquake Engineering Research Center

DOCUMENTATION HELP FEEDBACK

PAYMAN.CIVIL2012@GMAIL.COM SIGN_OuUT
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Target Spectrum -
Select Spectrum Model
T LTy ” Show/Hide GMPE Notaticn
N os ol : show/tide GMPE Regions
generate target {f No Scaling Show/Hide GMPE Figures
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PAYMAN.CIVIL2Z012@GMAIL.COM SIGN_QUT

New Search

[ Load Sample Input Values | | Clear Input Valuas

These characteristics are defined in the NGAWe=:2 Fletile, e o
You need gé re-run Seauh vhen any of thess parametsrs - Spectral Ordinate . | RD}DSOV 3
are updated. = % e
Record Characteristics: - DampmgRana. - ; ;5%’,3
RSN(s] : RENL,. RSNn Suite Aversge  ; Arithmetic  |*]

. Stike Slp(55) |v]

L 6575  min,max
. 10.30 min, max

10,2  min,max
: 360.750  min,max

| 1560  min,max

[on i~

Additional Characteristics:
Max No. Records : 30

Search Records
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Results -- Metadata

Click heading of the columen to be sorted in ascending order
_| Rescale Using Checkad Records

D5- D5- Arias

75 05 Intensity S

(s) (s) (nvs)

Result Spectral Record
ID  Ordinste Seq. #

21.325.9 0.1 Tabas, Iran 1978 Bajestar
14.6 19.5 0.3 Tabas, Iran 1278 Boshroo
67 11.31.4 Tabas, Iran 1978 Dayhook

20.5 24.2 0.2 Tabas, Iran 1978 Ferdows

22.7 30.1 0.0 Tabas, Iran 1978 Sedeh

83 165118 Tabas, Iran 1978 Tabas

1 [ | 3

Download Options
[ Download Search Results (metadata+spectra) ] Download me Series Records (metadata+speclra+1races)
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Earthquake Catalogue Search

Minimum Maximum

Date (yyyy/mm/dd)

Time (hh)

Depth

Magnitude

Reference ‘

Order By Pate ‘ Ascending

Search T E uare Search ircular Search
Ype

Latitude ‘ | |

Longitude ‘ | |

Radius(km) ‘ |

(@ City as Center (Abadan (31.163, 52.647 |

‘ Longitude
(C) Center Coordinate |




Get Ascii Data in Format :

Date
1970/01/01
1970/01/01
1970/01/01
1902/02/13

1902/02/15
1902/02/16
1902/02/21

1902/02/27
1902/07/09
1902/09/05
1902/10/03
1902/10/04
1902/10/17
1902/10/26
1902/12/02
1902/12/04
1903/01/02
1903/01/14
1903/02/09

Time(UTC)
00:00:00.0
00:00:00.0
00:00:00.0
09:39:06.0
02:40:00.0
18:11:00.0
00:00:00.0
00:05:00.0
03:38:00.0
04:33:00.0
23:05:00.0
01:46:00.0
07:21:00.0
11:37:00.0
00:47:00.0
22:18:00.0
00:07:15.0
02:46:00.0
05:18:00.0

List

Seizan

Lat.

GSE2.0
Lon.

change map options

Depth
0

0
0
33
15
32
36
18
0
20
33
33
33
14
33
20

Mag.
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Strong-Motion Processing

Sources of Error

* Background noise
Microseisms from ocean waves
Traffic
Construction activity
-~ Wind (transmitted to ground by vibration of trees, buildings, ...)
Atmospheric pressure changes

* Instrument response, that can influence the motion
* Error due to triggering of analog seismographs




*Error due to triggering of analog seismographs

*|f a seismograph does not start until some triggering level of motion is
reached, the entire accelerogram is in error by the level of motion at the time
of triggering

*Integration of an uncorrected acceleration time history will produce a linear
error in velocity and a quadratic error in displacement

*An acceleration error as small as 0.00 1g at the beginning of a 30sec
accelerogram would erroneously predict a permanent displacement of 441cm
at the end of the motio

*Correction of such errors is called baseline correction
*Originally accomplished by subtracting a best-fit parabola from the
accelerogram before integrating to velocity and displacement
*|t is now performed using high-pass filters and modern data processing
techniques




*Earth is constantly vibrating at Gilroy No.1 Gilroy No.2

periods ranging from milliseconds i L,w East - West

to days and amplitudes ranging
from nanometers to meters | | | | |
*Microseismic activity is important ' 10 20 30 40 0 10 20 30 40
. i Time (sec) Time (sec)
to seismologists than
*Strong ground motion is
important to earthquake
engineers
*There is lots of information in an

o
(&)

East - West

Acceleration (g)
Acceleration (Q)

North - South North South

Acceleration (g)
o ¢
Acceleration (Q)

ot
(&)

o ) 20 30 - 30 40
acceleration time history, such as the Time (sec) Tiie (sec)
ones that are shown

<
3y

o
()

Vertical Vertical

e|mportant characteristics of
earthquake motion W"“""
*Amplitude : i _ , L
° 20 30 20 30
Frequ.ency Content . Time (sec) % Time (sec)
*Duration of the motion

Acceleration (g)
o
Acceleration ()
o

o
o
bt
(&)




Ground Motion Parameters

_ Lytle Creek 1970 - S65E San Francisco 1957
* Amplitude State Building - SOSE

* Frequency content
San Fermando 1971
® Duratlon Pacoima Dam - N76W

Ao

Olympia 1949 - N86E

Stone Canyon 1972
Halena 1935 - S90W Melendy Ranch - N29W

Managua 1972 - East

Acceleration, g

Koyna 1967 - Long

Loma Prieta 1989

Northridge 1994 Corralitos - CHANI : 90 Deg

Sylmar County Hospital
Parking Lot - CHAN3 : 360 Deg

Chile 1985, Llolleo - NIOE

~AAANANAANNNNNANAAAAAANNNAA~

Mexico City, 1985 - SCT SOOE




*Maximum amplitudes provide no information on
frequency content

*Acceleration time history shows a significant
proportion of relatively high frequencies Amplitude Parameters

*|ntegration produces a smoothing or filtering effect
— Velocity time history shows much less high-

frequency motion WWWWW
* PGV is more likely than the PGA to characterize .

PGA=0.319g

ground motion amplitude accurately at R /) =¥0)+ ] A
intermediate frequencies -‘W&\NAWMV#WW . ]]OA(i)+A(i—1)d
] N=Vi-=1]+ -at

* For structures that are sensitive to intermediate- - Gv-i0iinse ’

frequency loading (e.g., tall or flexible buildings, : \/\/ W\/\/D(I)zmwy(’)d’
) V@i)+V(i-1)
2

bridges, etc.), PGV may provide a much more ol eop-saoi | DDt

5 2 < 30

-dt

accurate indication of the potential for damage
than the PGA
*Displacement time history is dominated by relatively
low frequency motion




*Left: N29W Melendy Ranch record of the
1972 Stone Canyon (M = 4.6) earthquake

*Right: Longitudinal record from the 1967
Koyna (M = 6.5) earthquake

*Time and acceleration scales are the
same

*Peak accelerations are very close, but
the one on the right is much more
damaging

*This shows the limitations of using
peak amplitude as a sole measure of
strong ground motion

*Sustained Maximum Acceleration and
Velocity: the third (or fifth) highest
(absolute) value of acceleration in the
time history

Amplitude Parameters




*Frequency content
describes how the
amplitude of a ground
motion is distributed
among different
frequencies

*Fourier spectrum

*Any periodic function (i.e.,
any function that repeats
itself exactly at a constant
interval) can be expressed
using Fourier analysis as
the sum of a series of
simple harmonic terms of
different frequency,
amplitude, and phase

Frequency Content Parameters

* Fourier series x(8)=c,+ ch sin(a),,t T ¢n)

n=l1




*Plot of Fourier amplitude ] ]
versus frequency Fourier Amphtude Spectrum
*Shows how the amplitude of z T s - -
the motion is distributed
with respect to frequency
(or period)

*Narrow spectrum: Motion ; :
has a dominant frequency Cotchase
(or period) =2 Smooth,
almost sinusoidal time
history

*Broad spectrum: Motion
contains a variety of
frequencies = Jagged,
irregular time history

)
8

LGiIroy No. 1 (rock)

N
o

'y
(@)

Fourier amplitude, (g - sec

o

W
(w]

N
o

-k
lw)

Fourier amplitude, (g - sec)

o




*Period corresponding to the maximum
value of the Fourier amplitude spectrum

)
3

> Predominant Period
Resonance 3 ; .

*These Fourier amplitude spectra are the
same the ones in the previous slide, but
plotted against frequency

*To avoid the dominance of individual

Gilroy No. 1 (rock)

Fourier amplitude (g — sec

spikes of the Fourier amplitude spectrum,
the predominant period is often obtained

1= 0.3 sec.

Frequency - Hz

from a smoother spectrum -. . r
*Tp (top) > Tp(bottom) = Relative strength
of the longer period (lower frequency)
components of the Gilroy No. 1 (soil)
motion
)

*Tall buildings are more in danger in soft -
soils g = see, Frequency - Hz

Gilroy No. 2 (soil)

Fourier amplitude (g — sec)




*Duration, 7, is related to the time required

for release of accumulated strain energy by Duratl()n

rupture along the fault 05
*As the length, or area, of fault rupture
increases, the time required for rupture
increases
«—> Duration of strong motion increases with
magnitude
*Different methods for determination of
duration
*Bracketed duration (Bolt, 1969) : Time
between the first and last exceedances of
a threshold acceleration (usually 0.05g)
*Time interval between the points at

Acceleration (g)

Acceleration (g)
o

which 5% and 95% of the total energy has 05 |

been recorded (Trifunac and Brady, 1975)

’ st | | | Gillroy No. 1 (rock)

exceedance _—+0.059
,/

Lo b 4
T o
| ALk A
|

e
1

' 3

\
Last = -0.05¢
exceedance

10 15 29
Time (sec)

last | Gilroy No.‘2(soil)

exceedance s +0.05g

{ Y y

— First - <0.059

exceedance

10 15 20
Time (sec)

- T,=9.8 sec.

T,=14.7 sec.




Duration of Ground Motion

The two methods for computing duration of the
records have been used as :

Page and Bolt method: The first and last acceleration
peaks greater than 0.05%q.

Trifunac and Brady Method: the time interval In
which significant contribution to the integral of
square of acceleration referred to as accelerogram
Intensity take place. They selected the time interval
between 5% and 95%.




Accel. (g)
L o 4
o -] o

| | |

|a
(Normalized)
I

=

15

Duration
Time (sec)
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Ground motions

Entire record

Page or Bolt

Trifunoc and Brody

)

8
N\
®
=
c
2
2
D
D
0
o
<

McConn ond Shoh

1
30
Time, sec.




Ground motions

Table 2-2. Comparison of Strong Motion Duration for Fight Earthquake Records
Record Comp.  Method*  Tiee)  Tolwe)  AT(xc) RMS fatdt
(csecd) |
El Centro, SO0E 0.00 534 3.4 46.01 100
1940 0.88 26.74 25.86 §5.16 97
.68 26.10 244 64.75 %0
0.88 26,32 25.44 65.60 9%

0.00 53.46 §3.46 38.85
1.24 26.64 23540 54.88
1.66 26.20 U454 54.39
0.80 26.62 2582 413
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Magnitude-Duration Correlation
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Magnitude-Fault Length Correlation
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Directivity and Fling

*Directivity: Focusing of wave
energy along the fault in the
direction of rupture \ \

*Fling: Pulses of large ' '
displacement at sites toward
which the rupture is Direction of Rupture Propagation -
progressing; produced by | im

constructive interference of m
waves g

e

— L
. |

Pulses Pulses

— A
Resultant in Direction Away Resultant in Direction
From Direction of Fault Rupture of Fault Rupture




Seismic Gap

*Seismic gap: A segment of
an active fault that has .
not slipped in an gap
unusually long time |
compared with other
segments

*1989 Loma-Prieta
earthquake occurred on a
segment of the San
Andreas fault that had
previously been identified

100
as a ga
gap DISTANCE (mi)

-

San
Fransisco

By San Juan
‘ ﬂ Bautista
" Parkfield

oo O
Fo
b 4
(Al :

— —

Depth (mi)

| 1

o, oOo

—




focus, or hypocenter: Point at _ i
which rupture begins and the GeOmetrlC NOtat]On
first seismic waves originate
*Rupture spreads across the fault
at velocities of 2 to 3 km/sec
*Focus is located at some focal Ground surface | |
depth (or hypocentral depth) ™ (Epiceme, i SpiceniraliClataiies
below the ground surface : |
. . Site or observer
*Epicenter: Point on the ground
surface directly above the focus
*Epicentral distance: Distance on
the ground surface betwee an
observer or site and the
epicenter Focus or hypocenter ——
*hypocentral distance: Distance 7

between the observer and the
focus

Hypocentral distance




*This is a preliminary
method
*More refined estimates of
the epicentral or
hypocentral location are
made using
*Multiple seismographs
*A three-dimensional
seismic velocity model
of the earth
*Numerical optimization
techniques

Determination of Location

1800
Kilometers

Station
SOCO

Earthquake Location

At

P=S

b = :
l/vp—lz/vs

Station

900
Kilometers

Kilometers




Determination of Location

*This is a classic example of an inverse problem




Earthquake scenario: Source, Path, Path
Site
*Source: what we talked about so
far Ground Motion Deconvolution
*Path: Travel of waves 198 Loma Pricta-Caplol
eDistance: As waves travel away < Combination of source, path and site effects

from a seismic source, b g ol S

geometric spreading ‘fs‘om:,m"[l[]" e
reduces their amplitude; called .

attenuation
*Crustal Structure: Tendency to
transmit and absorb the energy
in the seismic waves by the
crust and mantle (reflection
and refraction)
*Site (next slide)




Site Effect
*Surface Geology
*Motion at the ground surface is the
response of the soil layer to the Site EffeCt
input motion at the bedrock-soil
interface
*Soil deposits amplify the ground
motion through the phenomenon
of impedance. Resonance cal also
cause significant amplification.
*Topography
*Presence of topographic features
affects on the nature of the ground
motion
*Many geometries give rise to
topographic effects on ground motion
Soil-structure interaction (next slide)




Soil-Structure Interaction

*Soil-structure interaction:
Presence of structures
modifies the ground
motion through interaction
with the soil and
foundation
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Surface waves

Body waves
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*Moment magnitude:
*Most magnitude scales are empirical
*As the amount of energy released increases, the ground-shaking characteristics do
not necessarily increase at the same rate
eSaturation: For strong earthquakes, the measured ground-shaking characteristics
become less sensitive to the size of the earthquake than for smaller earthquakes
*Body wave and Richter local magnitudes saturate at magnitudes of 6 to 7

*Surface wave magnitude saturates at about Ms=8

*Only magnitude scale that is not subject to saturation is the moment magnitude

*Because it is based on the seismic moment, which is a direct measure of the factors
that produce rupture along the fault




*Seismic moment:

A measure of the work done
by the earthquake

e /1. rupture strength of the
material along the fault

*A: rupture area

*D: average amount of slip

*Seismic moment is named for its
units of force times length

Seismic Moment

My=u-A4-D

2

M, :§(log]0(M0)—9.1)

M, nN-m

San Francisco, 1906
Ms = 83
MW = 79
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(Vulnerability)




Seismic Performance

Type of foundation

Configuration of the structure
Load bearing system

Material

Design and construction detailing

Time of construction
Seismic provisions
Age (Deterioration)




*The whole structure-foundation
system should work as a unit

*The superstructure should be tied
properly to the foundation

*M®6.7, Coalinga, California, 1983

*15% surveyed buildings slid on
their foundation

*Porch columns offset by 0.5m

Superstructure-Foundation

v .
-



Superstructure-Foundation

*This is another example

*One-story wood-frame
slid on its foundation by
1m




*Sliding on foundation can
also happen in
engineered structures B AL 2l |

*Medical Treatment and Rl

AR

Care Unit of Olive View | AR

Hospital e RGBSR
*M®6.5, San Fernando,

California, 1971

Superstructure-Foundation

A
b

*Wall shifted on support at
the first floor, because
they were purposefully
separated by a steel plate
from RC supporting floor




Damage in Wood-frames




Damage due to Vibration

*Earthquake exerts inertia forces on the structure
*Newton’s second law: Force = Mass - Acceleration
eLighter material = Lower forces

Suitability of timber structures

*Timber structures are suitable for low-rise buildings
*Timber has a high strength to weight ratio

*Timber is expensive in Iran, which renders it uneconomic
*The weak point in these structures is in their connections

This slide:
*M®6.5, San Fernando, CA, 1971
*Many modern one- and two-story wood frames were severely damaged, because the garage
walls at the first story were inadequately braced
*The garage openings ...
ereduce the area of the walls that resists the lateral and gravity forces
*|Introduce eccentricities that lead to torsional loading




Damage in Wood-frames

*Porch collapse because of inadequate tie to the main
structure or lack of own lateral bracing




*Unreinforced masonry is very susceptible to
seismic damage Damage in Masonry Structures
*Solid brick
*|s very heavy - —
*Has low tensile, and thus flexural,
strength
*Old URM buildings do not have proper
connections to the floors, roof, and exterior
and interior walls
*They are a treat to occupants as well as
people walking in the neighborhood
*Walls start to fall as soon as a moderate EQ
starts
*Downtown, Managua, Nicaragua, M6.2,
1972
*Most of the 5,000 death were due to falling
of masonry walls and roofs on people




Damage in Masonry Structures
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*Qut-of-plane failure




Damage in Masonry Structures

In-plane failure




Damage in Masonry Structures

Out-of-plane failure




Damage in Masonry Structures

Out-of-plane failure




*Close to collapse (got
lucky!)

*Properly reinforced
masonry can be used in
seismic design

*URM can only be used in
small panels that are
confined by structural
elements

Damage in Masonry Structures




*Concrete should be reinforced
because it has a poor strength in
shear and tension

*Proper amount of reinforcement and
proper detailing are key in seismic
design of concrete structures

*The reinforcement provides the
required ductility

*Pre-1970 concrete structures were
non-ductile, which are currently a
huge potential source of seismic loss

*Hospital in 1971 San Fernando
Earthquake

*Central columns which were spirally
confined remained structurally sound

*Unconfined concrete at the corner
columns disintegrated

Damage in Concrete

V




*Hospital in 1971 San
Fernando Earthquake

*Columns of the first story
of this two-story
reinforced concrete
building failed in shear

*The second floor dropped
onto the ground
translating nearly 2
meters

Damage in Concrete




Left:

*1971 San Fernando earthquake

*Failure of the reinforced concrete
cantilevered canopy surrounding the
building

*Ground uplift as a result of the
movement of the walls of the utility
tunnel connecting the exhaust building
with the basement of the main building

Right:

*1980 El Asnam Earthquake

*Failure of the reinforced concrete
supporting tower of an elevated
reinforced concrete water tank

*Failure was due to poor detailing of
the reinforcement at the beam-
column connections

Damage in Concrete




*Close-up of the failure of the
cantilever-slab and beam-
column connection of the
canopy surrounding the
building in the previous slide

*Failure was due to inadequate
anchorage of the
reinforcement at the
connection

Damage in Concrete




*Because of high strength per unit
weight of steel, the slenderness _
of steel structural members Damage in Steel
usually exceeds significantly the
slenderness of similar structural
members made of other
traditional materials

*Thus buckling becomes a serious
problem

*The higher the yielding strength
of the steel the greater the
danger of buckling

*Another problem in steel
structures is in connections

*Note the high slenderness of this J
steel structure :




Slender braces

Steel diagonal straps
used as braces

*Note the plastered
stud wall on the
ground

Damage in Steel




Left:
*Six-story office building with a penthouse
*Moment frame Damage in Steel
system Right: ‘;...\.
*Severe local buckling of the corner 1

column just below the second floor level TR
*Flanges of this 14-in wide-flange column

weighing 30 Ib/ft (w14x30) tore away

from the web and the web crimped
*The 10-cm reinforced concrete curtain

wall was not attached to the steel column
*The mid-story stair landing was

connected to this corner column, making

it shorter and therefore stiffer than the

other columns




*Severe local
buckling of flanges
and web at the
bottom of the first
story column
(w14x30)

*The 10-cm reinforced
concrete curtain wall
was not attached to
the steel columns

Damage in Steel

-
‘ l .‘_49:“\



*1983 Nihonkai-Chubu
Earthquake
*Damage to foundation of a
house
*Damage was due to :
Lateral ground spreading
of loose saturated
granular soils
*lnadequate
reinforcement of the
foundation

Integral Action of Foundation




*Piles used when there is
*Soft soil Pile Foundations
eLiguefaction potential
*I[mportant points in pile design
*Pile caps should be tied together
with tie beams or a reinforced
concrete slab that can work in
tension and compression so that
the foundation can act as a unit

(assuring the integrity of the
foundation).

*Bearing, rather than friction piles,
should be used if the foundation
materials might liquefy.




*Piles should be able to carry not only axial
but also shear and bending forces (which
can be developed due to relative horizontal
displacements between different layers in
the soil deposit). Therefore, in the case of
concrete piles, these should not only be
longitudinally reinforced but also confined

by suitable lateral reinforcement,
particularly immediately below the pile cap.
*Slide: School in Japan in 1983 Nihonkai-
Chubu Earthquake. Proper pile foundation
design, no damage to school although it is
built in soft soil.




*Bridge failure is due to
*Failure of foundation Bridges
*Failure of the supporting columns
*Lack of integral action between the
substructure and the superstructure
eLiguefaction a major hazard for bridges
*Slide: Collapse of the Showa Bridge
that was due to the relative movement
of the bridge piers which were
supported on steel piles driven
through loose sands below the mud
line. The distortion of the pile caused
by the loss of lateral support from the
liquefied sands induced the relative
movement of the piers, causing the
simple unconnected spans of the
bridge to fall.




Bridges

iz RGPS o S

*Many failures are NOT due to liquefaction
*Bridge damaged in the 1971 San Fernando Earthquake




*Bridge in the previous slide

*View of the failed column of
the bridge

*The 22 #18 (5.7-cm diameter)
reinforcing bars of this 1.2 x
1.8-m column were pulled
out of the pile shaft

*This emphasizes the
importance of achieving

integral action (continuity)
between the substructure
(foundation) and the
superstructure




*Foothill Boulevard Undercrossing
damaged in the 1971 San Fernando Bridges
earthquake

*This is an inland bridge (Many in
Tehran)

eSuperstructure (box girder bridge) is
supported on 1.2-m octagonal
columns.

*Undamaged superstructure underwent
significant horizontal rotation

*This induced severe damage to the
substructure columns due to their
inadequate lateral reinforcement

*#4 (13-mm diameter) hoops
spaced at 30.5 centimeters

*Note the severe fracture of the near
outside column




*In seismic design, one must ensure the integral
action (continuity) Tying Together the Superstructure
*between the substructure and the
superstructure
eamong the different components of each of
the main parts of the whole structural

*Damage to a 2-story masonry building

*El Centro in the 1979 Imperial Valley
Earthquake

*Upper parts of the brick walls fell down on the
sidewalk due to lack of proper connection
with the roof

*A building should be tied at the roof and
floor levels continuously from exterior to
exterior walls




*Chimney collapse of a modern house (non-structural damage)

*1983 Coalinga Earthquake

*Most of the chimneys were thrown down because of the lack of proper connections to the
buildings

*A chimney must be tied to the frame of the building at the roof and floor levels

*This can be achieved easily and economically through the use of adequate steel straps




*Anchorage, Alaska, 1964
Alaska Earthquake

Single-story building, 200 ft
square in plan

*Precast reinforced concrete
hammerhead-tee column
sections, precast reinforced
concrete walls, and precast-
prestressed concrete roof
tees

*About half of these structural
elements fell down because
of inadequate connections,
emphasizing the importance
of properly tying together all
of the building components

Tying Together the Superstructure




*Collapse of one of the stair
towers of a hospital

*1971 San Fernando Earthquake

*This unit had 4 stair towers,
and 3 of them collapsed by
overturning

*These stair towers were
separated form the main tower
unit

*But the separation was
inadequate

*This resulted in the main unit
pounding against the towers,
which overturned after the
failure of the poorly reinforced
supporting columns in the
lower story

Tying Together the Superstructure




*Collapsed canopy of the
primary school

*1980 El Asnam Earthquake

*Each canopy was about 3.5 x
19.5 meters in plan,
supported by a row of four
centrally located cylindrical
columns

*The failure of this canopy
was triggered by the large
overturning moment
developed at the base of
the column

*The canopy in this slide was
flanked by a building on one
side only

Tying Together the Superstructure




*Same school as in previous slide

*|dentical canopies that were placed
between two adjacent buildings
(one on each side) were severely
damaged but remained standing

*Significant damage at the top and
bottom of the columns and
permanent distortion of the columns

*The canopies hammered against
the facade of the adjacent
buildings, producing damage in the
facades

*These buildings restrained the
lateral deformation of the canopy
roof thereby preventing its
collapse

Tying Together the Superstructure




Concluding Remarks

Most provisions are only concerned with designing against ground
shaking

The importance of damage due to ground failure was illustrated

Need for analyzing the suitability of the site selected for the structure
before design and construction

In certain cases, safe design can be achieved by designing a proper
foundation

In most cases, the only solution is change of the site
In ground-failure prone regions, government must prohibit construction
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Evaluating Impact of a Risk on Major Project Objectives

{ordinal scale or cardinal, non-linear scale)
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The impacts on project objectives can be assessed on a scale from Very Low to Very High or on a numerical scale.
The numerical (cardinal) scale shown here is non-linear, indicating that the organization wishes specifically
to avoid risks with high and very-high impact.

Figure 11-2.

Rating Impacts for a Risk




Risk Score for a Specific Risk

Probability Risk Score = P = |

0.9 0.05 0.09

0.7 0.04 0.07 0.14

0.5 0.03 0.05 0.10

0.3 0.02 0.03 0.06 0.12

0.1 0.01 0.01 0.02 0.04 0.08
0.05 0.10 0.20 0.40 0.80

Impact on an Objective (e.g., cost, ime, or scope)
(Ratio Scale)

Each nsk is rated on its probability of occurring and impact if it does oceur. The ordanization's thresholds for
low (dark gray), moderate (light gray) or high (black) nsk as shown in the matrix determines the risk’s score.

Figure 11-3. Probability-Impact Matrix
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Process Groups
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Planning
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115 Risk Regponss

Planning
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Planning
Solicitation
Planning

12.2 Solicitation

12.4 Source Selection

12.5 Contract
Adrministration

11.6 Risk Monitoring
and Control

126 Contract
Cheeout

Figure 3-9. Mapping of Project Management Processes to the Process Groups and Knowledge Areas




Project Cost Estimates and Ranges

WBS Element Low Most Likely | High
Design 4 B 10
Build 16 20 35
Test 11 15 23
Total Project 41

The nsk interview determines the three-point estimates for each WBS element. The traditional estimate of $41,
found by summing the most likely costs, 15 relatively unlikely, as shown in Figure 11-7,

Figure 11-4. Cost Estimates and Ranges from the Risk Intenview
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