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Normal Fault Surface Scarp

Borah Peak, ldaho M 7.3
October 28, 1983
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1964 Alaskan Earthquake (M~9.2)




1906 San Francisco Earthquake
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Schematic diagram of a focal mechanism
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Fig. 2. Locations of prin-
cipal earthquakes and
aftershocks, Stars show
the hypocenters of the
23 October M, 6.7 and
3 Movember M, 79
earthquakes, with dou-
ble-difference relocated
aftershocks shown  in
green and orange, re-
spectively. Focal mecha-
nisms show the first
mation solution for the
M, 6.7 earthquake and
the 3 subevents (subl
to -3) determined for
the M,,, 7.9 earthquake.
Mapped surface nupture
shown as heavy magen-
ta bine; red lines indicate
other faults. The inset
aross  section  shows
schematic  faults and
M, = 2.5 aftershocks in
the bracketed zone
across the Susitna Cla-
cier (SG) thrust, inferred  62°N
to splay off the Denali N

(Dren) fault. Cross, main- 148°W
shock. * MG, 7 epicenter &

M7.9 epicenter
' subevent locations
®  M&.7 aftershocks

M7.9 aftershocks
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Figure 2 from Donna Eberhart-Phillips, et al., "The 2002 Denali Fault

Earthquake, Alaska: A Large Magnitude, Slip-Partitioned Event", Science, Vol.

300 (May 16, 2003), pp. 1113-1118.
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What Controls the Level of Shaking?

—More energy released

— Shaking decays with distance

—amplify the shaking

=USGS



Earthquake Effects - Ground Shaking
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Loma Prieta, CA 1989

% USGS KGO-TV News ABC-7



Earthquake Effects - Ground Shaking

Y

Kobe, Japan 1995
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Figure 8.23b




Figure 8.23c Copyright © W. W. Norton & Company




L A

Earthquake of May 31, 1970, Huaraz, Peru.
The magnitude 7.8 earthquake killed 66,794
and caused $250 million in property damage.
Several towns were almost totally destroyed.
This earthquake, with complicating factors of
landslides and floods, was one of the largest
disasters ever to occur in the Southern
Hemisphere.




Why do buildings/bridges collapse?




Why do buildings/bridges collapse?

1.Ground shaking produces forces that exceed the
strength of the structure — or really, the ability of a
structure to deform without breaking. So, strong
shaking and weak or rigid structures are the problem
here. Wood frame houses are good, masonry houses
are bad.
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Why do buildings/bridges collapse?

1.Ground shaking produces forces that exceed the
strength of the structure — or really, the ability of a
structure to deform without breaking. So, strong
shaking and weak or rigid structures are the problem
here. Wood frame houses are good, masonry houses
are bad.

2.Seismic wave frequencies match resonant frequencies
of buildings, leading to constructive interference

3.Intensity of shaking increases in weak materials.

4.Strong shaking can liquefy loose, water-saturated
deposits, making them behave as fluids; buildings on
liguefied materials are in trouble.




The amplitude of seismic waves is also important and
this is a function of magnitude, seismic velocity and
focusing effects that concentrate seismic energy.

When a waves passes from fast to slow material, the
wavelength decreases, and the amplitude increases --
just like a water wave approaching shore.
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FAN FRANCISECO HAY

Artificial Fill — remains of the 1906
EQ dumped onto wet bay muds

Solid bedrock

Unlithified dune sands

Aftershocks
from the 1989
Loma Prieta EQ
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Higher accelerations mean larger forces

acting on buildings

Building Height Resonant Period*

2 story .2 Sec
10 story 1 sec
20 story 2 sec
30 story 3 sec

tion

Accelera

Period (s)
1 0.2 0.1

Loose, water-saturated soil

Firm Soill

Bedrock

Frequency (Hz)
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Focusing

The rupture extent
and the surrounding
topography and
Earth structure can
focus seismic
energy, subjecting
some areas to
much greater
damage.




Focusing

The rupture extent
and the surrounding
topography and
Earth structure can
focus seismic
energy, subjecting
some areas lo
much greater
damage.
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Liquefaction




Sand Volcano resulting from liquefaction




When the sand grains are in contact,their weight is supported from grain to grain, and none of
their weight is carried by the water.

But if jostled and shaken quickly, the grains loose contact with one another
and their weight is carried by the water, so the water pressure shoots up
and keeps the grains apart. At this point, the whole mix of sediment and

water is a fluid that has no strength.
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Figure 8.25a

Slipping on clay layer

I
Sliding surface
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Figure 8.25b Copyright © W. W. Norton & Company




Rockfalls and Landslides , gl
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huge landslides from the M 7.9 Denali earthquake




Summary of Seismic Hazards

Building Collapse
poor design
strong shaking
resonance, amplification, topographic focusing
liquefaction
Infrastructure failure — fires, power, sanitation

L andslides, rockfalls
Tsunami




’
-
.

I A RS
. ,,?Qﬁ"'@f
P, )

) Mol A

,.., AT T N _-' - .
. NS . Sy I - A . ’
\ X - 3. \\\ ™ . S’ .

ROM THE REAT WAVE OFF KANAGAWA (18203 BY KATSUHIKA HOKUSAI

DETAILF







v=v\gd; ranges from 350 km/hr in 1000m to 800 km/hr in 5000 m
water depth <50 cm amplitude in deep water, 10’s of m in
shallow water

Lagoon Shoreline

Exposed by
receding sea

i Exposed by

receding sea

Former sea
floor surface

Normal faulting Thrust faulting




Earthquake Effects - Tsunamis
1957 Aleutian Tsunami

% USGS Photograph Credit: Henry Helbush. Source: National Geophysical Data Center



Earthquake Effects - Tsunamis
1957 Aleutian Tsunami

% USGS Photograph Credit: Henry Helbush. Source: National Geophysical Data Center



Earthquake Effects - Tsunamis
1957 Aleutian Tsunami

% USGS Photograph Credit: Henry Helbush. Source: National Geophysical Data Center



Figure 8.28a Copyright © W. W. Norton & Company




Figure 8.28b Copyright © W. W. Norton & Company




Date
Magnitude
Depth

Epicenter
location

Countries
affected

Casualties

December 26, 2004
83 M,

30 km (18.6 mi)

(,- 3.316° N 95.854° E

W ndonesia (mainly i
Aceh)

PE) SriLanka

e INdia@ (mostly in
Tamil Nadu)

mmm Thailand

229,866




Main shocks
28/03/05
26/12/08

Aftershocks
Mag < 6
b<=Mag<7

Mag =7

*

From 26/12/04 to 28/03/05
28/03/05
29/03/05
30/03/05

80°

3 GMT

'Ugdared 2005/03/30-07:5.
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Sumatra Earthquake
Tsunami Simulation
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