[11.1 Damaging Effects of Earthquakes

Damage from Earthquake Shaking
Seismic Intensity, Strong Ground Motion

Quantifying Earthquake Shaking
Attenuation Relations

Frequency Dependence of Strong Ground Motions

Site Effects

Other Damaging Effects of Earthquakes
Tsunami, Fires, Landslides,
Ground Deformation, Liquefaction




‘Earthquake don't kill people, structures do’
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The number one cause of damage from earthquakes is due to
failures in the built environment from ground shaking

(The number two cause is tsunamis)
1999 Izmit, Turkey earthquake



Presenter
Presentation Notes
You will commonly hear the phase ‘earthquakes don’t kill people building do’. This isn’t entirely true, but the it is true that most deaths are caused by collapsed structures
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Modified Mercalli Intensity

Barely felt

Felt by only few people

Felt noticeably, standing autos rock slightly

Felt by many, windows and walls creak

Felt by nearly everyone, some dishes and windows broken

Felt by all, damaged plaster and chimneys

Damage to poorly constructed buildings

Collapse of poorly constructed buildings,

slight damage to well built structures

Considerable damage to well constructed buildings,
buildings shifted off foundations

Damage to well built wooden structures, some masonry
buildings destroyed, train rails bent, landslides

Few masonry structure remain standing, bridges
destroyed, ground fissures

Damage total
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Presentation Notes
Damage is related to EQ intensity not magnitude
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Fault areas of some
famous earthquakes

1960
Chile

2004 Sumatra

4 400 x 1027 dyne-cm
1964 Mw 9.3
Alaska
1906
1000 km San Francisco
1946
Manlai
1944
Tonanlcai 2003
Tokachi-oki 1995
. Eohbe
v g 0
Moment
(x10%'dyne-cm) 2000 300 10 I5 15 9 0.3

Mw 9.5 9.2 79 8.1 8.1 7.9 6.9
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Some notable damaging eq.



Kobe was a tiny earthquake compared to Sumatra but still killed >5500 and did $100 billion damage


Kashimir, Pakistan
Earthquake

October 8, 2005
Mw 7.6

Deaths >80,000
Injured >200,000
Homeless >4,000,000


Presenter
Presentation Notes
This earthquake was in the news, an enormous number of people were killed or made homeless. This was a large problem as it occurred only a few months before winter.

http://www.eeri.org/lfe/clearinghouse/kashmir/reports/kashmir_eeri_1st_report.pdf
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Bam, Iran Earthquake

December 26, 2003
Mw 6.5
Depth 7 km

Deaths ~43,200

Injured ~20,000

Collapsed ~50,000
Buildings

http://www.liees.ac.ir/English/Bam_report_english.html
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Presentation Notes
Bam was only a M6.5, but the city was built right on the fault and the buildings were poorly constructed


Latur, India Earthguake

September 30, 1993

Mw 6.1

Depth 7 km
Deaths 7600
Injured ~16,000

Collapsed  ~30,000
Buildings
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Presentation Notes
Again relatively small EQ but a large number of collapsed buildings


1995 Kobe, Japan
Earthquake

Hyogo-ken Nanbu (Kobe)
January 17, 1995
Mw 6.9 (Mjma 7.3)

Deaths 5096
Injured 26,797
Damage ~US$100 billion


Presenter
Presentation Notes
Japan has a strong building code, but even so Kobe suffered heavy damage


1995 Northridge, California Earthquake

Northridge, California

(Los Angeles)
January 17, 1994
Mw 6.7

Deaths 57

Injured 9,158
Damage ~US$20 billion
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Presentation Notes
In Northridge EQ in California much of the damage was associated with bridge collapses


®)
Collapsed Bridges in Northridge Earthquake

There were 5 collapses
and over 170 damaged
bridges around Los
Angeles

I5-SH14 Interchange



Presenter
Presentation Notes
The narrow tall supports amplified ground motion. This was know to be a likely problem at the time, and bridges were being fixed, but this is slow and expensive business so the highest risk bridges were done first and some bridges had not yet been strengthened.






One year later in Japan...

Collapsed Hanshin Highway in Kobe



Presenter
Presentation Notes
The Japanese thought that their sturdier supports would be ok, but 1 year later the Kobe EQ caused a dramatic failure of the Hanshin Highway


Strong-motion data in 1982
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Presentation Notes
The problem was the lack of strong motion data from close to big earthquakes.



The severity of ground shaking close to large earthquakes had been estimated, but the estimate were too low. 


Strong-motion data in 2002
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Presentation Notes
Northridge and Kobe fell in the data gap. As a result of these earthquakes we know more about ground shaking near big EQs and this has been used to improve building codes in Japan and USA.



Taiwan 1999 adds more data, which will with time be fed back into building codes.


Strong-motion Recordings
from the Northridge Earthquake
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Examples of strong motion data from Northridge, acceleration reach 1g in places


Attenuation Relations
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Presentation Notes
Acceleration falls-off rapidly with distance and so how close you are to the earthquake is more important then how big it was.



Acceleration is used because force is proportional to acceleration and force is what knocks down buildings.


Distance to Earthquake is
Most Important Factor for Shaking Damage

1995 Kobe
Mw 6.9

Deaths

1944 Tonankai 1223
1946 Nankai 1330
1995 Kobe 5310
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Presentation Notes
The death toll was far higher for the much smaller Kobe EQ than the Tonankai and Nankai EQs. The larger EQs happened off shore, further away from the dense populations. The proximity of the city to the 1995 earthquake made it far more deadly than the great offshore subduction zone earthquakes.


Attenuation Relations
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Large Variability in Ground Motions
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Presentation Notes
There is a large variability in ground motion. Soil conditions, velocity of rupture, direction of site from earthquake and many other thing affect the strength of ground motion


Large Recorded Ground Velocities

Ground-Motion Velocity from Large Earthgquakes
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Presentation Notes
Before Northridge and Kobe the top left plot was taken as the standard from which estimates of ground motion were made. Taiwan shows even more extreme velocities.


Important Factors for Evaluating Strong Shaking

Frequency Dependence
Regional Attenuation
Site Effects
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Different building respond to different frequency waves


Site Response

Relative
Shaking

in

Future
Earthquakes

softer

o L Soft surface solls
ﬁ % o |meteocss | can amplify seismic

of shaking experi-
enced in earth- waves
fuakes are {1} the
softness of the sur-
face rocks and (2)
the thickness of surface sediments. In
these images of the Los Angeles
Basin, the lowest layer shows the
depth of sedimentary basins, and the
middle layer shows the softness of
near-surface rocks and sediments.
The top layer comhbines this informa-
tion to predict the total amplification
expected in future earthquakes from
local geologic conditions or "site
effects." The orange areas are the
‘hotspots” where this amplification is
anticipated to be highest.

Data for images courtesy of Harold Magistrale, San Diego State
University; Chris Wills, California Division of Mines and Geology; and
MNed Field, .5, Geological Survey.

http://geopubs.wr.usgs.gov/fact-sheet/fs001-01/
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Near surface conditions and sedimentary basins can amplify waves of certain frequencies, causing some buildings to shake more than others


Site Response:
1985 Michoacan, Mexico Earthquake

- ] L’ T Y T T 1 - T T T ]
Colima ~  Jalisco ¢ ‘?"‘. MCNICL‘FCH}:‘,* B e ) ress
s o , ] Mexico
. | - J b} " . .
Colima ¢ . .-~ 'f :J\E'.F' 3 ! e
- = . e [
N *  Michoacan + il + S S 1
; =, Mexico { A
s L L A :
e 3 ¢ e Morelos >
i P . i -9 i Teacaled®, \
Lavillita | R W v @ezd NS o~y Puebla
\ ' " L w _f
i (125,122,581} u - v
a s
SR ~—"" LaUnion M
B = [166,148,129) Guerraro ==
. + + = ‘H""-.___--., dr"—;
Zihuatanejo T v
(99,156,101) i
) El Perai :4%%?8} & e
IF'CI.DI:IHO'G TAISS 3 v 9
i ;
ﬁgmt (158,112,81) (121,909,701 El Ocofito (49,54, 21) {
- Algyoc P -
S 3 - P “"\‘ ~
0 ) =l {EISuchll 153,59,60) i .xu“mquis(amq] ‘*-,\
j ®as Mesas(22,18,12) ;}‘
5 * LaVenta(18,2116) ./ i
e, 0 = #Cerro de Piedra (26,15,12) _
%6 (o fms o o fioms 5 7 | &
L r
« Accelerograph
¥r Epicenter
1 1 ! | I 1 I

19°N

18N

17N

103°W

102°W


Presenter
Presentation Notes
This is what happened in Mexico. Mexico city was not close to the epicenter but still suffered a lot of damage. The city is built on a dried up lake and this amplified the surface waves


Mexico City

350 km from earthquake

9000 deaths

collapse of 371 high rise structures,

especially 10-14 story buildings


Presenter
Presentation Notes
10-14 story buildings suffered most. The lake fill amplified and trapped 2 sec period waves causing shaking for more than 3 mins. The 2 sec period is roughly the resonance period for 10-14 story buildings.


Strong-motion Records from Mexico City

East-west acceleration
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Mexico City Acceleration Response Spectrum
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1988 Spitak, Armenia Earthquake

Most pre-cast frame buildings in Leninakan
and Kirovakan were 9-story Soviet Building
Type 111.

3.0F

z.of_ Spectral ratio
; for Leninakan
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Borcherdt et al., 1989

95% (127/133) of pre-cast frame
buildings in Leninakan were
severely damaged or collapsed.

0% (0/108) in Kirovakan

Wyllie and Filson, 1989
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Similar for Amenia, local conditions under Leninakan caused amplification of the 1 sec waves (which roughly matches the resonance of the 9 story buildings that were very common in the city) and huge damage resulted. In Kirovakan the amplification did not occur and damage was much less


Other Damaging Effects from Earthquakes

Tsunamis

Fires

Ground Deformations
Landslides
Liquefaction




Landslides

Large landslide from the 2005 Pakistan earthquake

http://www.eeri.org/Ife/clearinghouse/kashmir/reports/kashmir_eeri_1st_report.pdf
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Landslides cause fatalities and destroy infrastructure making emergency response much harder


Landslides

A mother and 2 children
rode the landslide for
over 1 km in this house

arge landslide from the 1999 Chi-Chi Taiwan earthquake




Large fires following the
1995 Kobe earthquake
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Presentation Notes
Fires were the major cause of damage in Kobe in 1995 and San Francisco in 1906. They are one of the biggest causes of loss of life in earthquakes in general. 



After a major earthquake numerous fire may start (often due to ruptured gas pipelines) in a short period of time and water pipes may well be damaged or destroyed. 


- Liquefaction

Liquefaction causing toppled
buildings in thel964 Niigata
earthquake
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Presentation Notes
Liquefaction is a major problem in some areas where there a loosely consolidated wet sediments. 



Strong ground shaking separates sedimentary grains, and material that would normally be clast supported is temporarily supported by the ground water, this causes heavy objects (such as large buildings) to topple and sink during the peak ground shaking. When the shaking eases and the ground resolidifies the buildings are permanently stuck.


Hazard maps

o Show the distribution of shaking that has
a certain probability of occurring
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Presentation Notes
These maps were created to provide the most accurate and detailed information possible to assist engineers in designing buildings, bridges, highways, and utilities that will withstand shaking from earthquakes. 

These maps are used to create and update the building codes. 


Probabillistic Hazard Maps

Probabilistic Earthquake
Occurrence :
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Attenuation Relations ;- B \\f_
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Presentation Notes
Maps are created by combining information on probabilistic earthquake occurrence, with source models and attenuation relations.


Japan National Seismic Hazard Maps
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Hazard maps

0 Map peak ground acceleration (PGA) or
spectral acceleration for given frequencies.
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Presentation Notes
This map shows %g for 0.2 sec (5 Hz) waves. Can also plot PGA for all frequencies (relevant to short stiff structures). Specific frequencies are useful for engineers so they can look at the spectral acceleration at the natural freq of a specific building.


Conclusions

Most severe (high-frequency) shaking is close to the fault,

so often smaller earthquakes near populated areas cause
huge damage.

To evaluate the shaking damage, we need information for
the amplitudes and frequencies of strong ground motions
as a function of distance (attenuation relations).

Local site effects can be very important (Mexico City).

Other damaging effects are due to Tsunamis, Fires,
Landslides, Ground Deformations, Liquefaction
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