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What's Ahead?

 What is “earthquake (seismic) hazard”?

 Response spectrum: the measure of ground shaking
that is mapped

 Mapping the hazard

— seismicity (with special attention to New Madrid)
» where do earthquakes occur?
* how often do they occur?
* how large are they?

— ground motion

» specify the ground shaking as a function of earthquake size
and distance from a site

— computing the hazard values to be mapped
— results

« Paleoseismometry: precarious rocks




“Civilisation exists by
geological consent, subject
to change without prior

notice.”

William Durant, historian




SEISMIC HAZARD -
the possibility of that consent

being withdrawn.




SEISMIC HAZARD
IS the possibility of
potentially destructive
earthqguake effects

occurring at a particular
location within a specified
period.
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HAZARD is not RISK

RISK =
HAZARD * EXPOSURE *VULNERABILITY

The hazard is controlled by Nature.

Vulnerability and Exposure are
controlled by humans.




Seismic Risk Mitigation

HAZARD * EXPOSURE * VULNERABILITY = COST
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Damage in Paso Robles, CA, due to collapse
of unreinforced masonry building (2 lives lost)
during the 2003 San Simeon earthquake




«Contrast damage with that

in Bam, Iran (M 6.6)

«>30,000 deaths

*\Why so many deaths,

compared to Paso Robles?
*\Was ground motion
higher than in Paso
Robles? (0.989g pga in
Bam; 0.48g 10 km from
Paso Robles)
*\Was the construction
less earthquake
resistant?

0.98g
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Measures of ground motion for
engineering purposes

 Peak motions (acceleration, velocity,
displacement)

e Elastic response spectra




Elastic response spectra

PERIOD = 2r/w,,
DAMPING = ,,
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convert displacement spectrum into acceleration
spectrum (multiply by (27/T)?)
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pick off values of SA at 0.2 sec and 1 sec
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fit functions through values to form an approximate
response spectrum

SA = SA(0.2 s)

SA=SA10S)T [
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U.S. National Seismic Hazard Map — 2002 Edition

USGS Map, Oct. 2002
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U.S. National Seismic Hazard Map — 2002 Edition
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Some Major Uses of the National Seismic
Hazard Maps and Associated Products

Building codes: International Building Code,
International Residential Code, ASCE
national design load standard, NEHRP
Provisions

Design of highway bridges, dams, landfills

_0ss estimation (e.g., HAZUS), earthquake
Insurance

Emergency management, EQ scenarios




USGS Seismic Hazard Maps (1996 and
update in 2002)

 Consensus of experts: regional workshops
(CEUS 1995, 2000), external review panel,
open review of interim maps on Internet

 Average hazard estimate, not worst case;
used alternative ground-motion prediction
equations and fault locations; uncertainty
estimates published in 1997, 2000, 2001




Probabllistic Seismic Hazard Analysis (PSHA)

Seismicity: for each spatial point, assign the probability of an
earthquake with particular magnitude occurring each year
(consider all magnitudes in a range from small to large).

Ground motion: for a spatial point, compute the probability that
a level of ground motion will be exceeded, considering all
surrounding points as potential sources (each magnitude and
distance can be thought of as a scenario).

Combine probabilities to obtain a frequency of exceedance for
each scenario.

Add frequencies of exceedance for a particular level of ground
motion (combining all scenarios). This gives the HAZARD
CURVE




Seismicity

ldentify the potential sources of future earthquakes

Estimate the maximum magnitude (M, .,) earthquake that
could occur within each source

Calculate the recurrence relationship that defines how
frequently, on average, earthquakes of different magnitude

occur within each source.




Divide the US into WUS and CEUS
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Cooperative Research & Development between Pacific Gas & Electric Company and
the LS. Geological Survey on Earthquake Hazards in the San Francisco Bay Area




San Andreas fault— Carrizo Plain
(taken from a radio-controlled kite; see http://quake.usgs.gov/kap/carrizo )
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Intraplate Earthguakes

e The driving forces, and stress fields, that are
characterized by intraplate earthquakes are
difficult to characterize and vary widely

One example mechanism for intraplate
earthquakes Is stress associated with post-glacial
rebound

Stress concentrations and weak “failed” rifts
another possibility




Specification of seismicity for the National
Seismic Hazard Maps

1. Use spatially-smoothed historic seismicity;
assumes that moderate and large earthquakes will
occur near previous M3+ events

2. Use large background zones based on broad
geologic criteria; addresses non-stationary
seismicity; quantifies hazard in areas with little
historic seismicity but potential for damaging
earthquakes

3. Use specific fault sources with recurrence rates
determined from geologic slip rates, trenching
studies, or paleoliquefaction dates




Direct Inputs to Hazard Maps

 Earthquake catalogs (instrumental and historic)

e Fault data (geologic slip rates, dates of past
events from trenching, fault geometry, etc.)

» Effects of prehistoric earthquakes:
paleoliquefaction (New Madrid, Charleston,
Wabash Valley), subsidence and uplift
(Cascadia, Seattle flt)

* Geodetic data (NV-CA, Puget Lowland)










MNorth Amencan Seismicity

46 mmfyr
=N

Magnitude
] * 5
0 250 500 750 1000 1500 2000

Elewation {rmn)




[T S ] (LS L R ] [ LR L}

A7 .20

7. 00

Note linear pattern of SR
New Madrid .

seismicity — but no
surface faulting
found

A& 00 =

IS.50 .

35.00 L ® | @ ] l




New Madrid seismicity believed related to buried rift
faults (under several km of overlying sediments)
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FIGURE 4.8 Block diagram illustrating the present configuration of the New Madrid Rift
Complex. Dark areas indicate intrusions near the edge of the buried rift. An uplifted and
possibly anomalously dense lower crust is suggested as the cause of the positive gravity
anomaly associated with the upper Mississippi Valley (after Braile and others 1986).
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The Smoking Guns for New Madrid
Earthquakes

1811-12: three largest earthquakes felt as far away
as New England, producing intensity 9-10 in
Memphis, very large liguefaction area

between 1300 and 1600 A.D.: sequence of three
large earthquakes with similar liquefaction area as
1811-12 (Tuttle and Schwelig)

between 800 and 1000 A.D.: sequence of three

large earthquakes with similar liquefaction area as
1811-12 (Tuttle and Schweig)

also: M6.6 earthquake in 1895 in Charleston, MO;
M6 in 1843 in Marked Tree, AR; history of M5.1
~and smaller events since 1900
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Ground-Motion Prediction Equations

[ | L1l 1 [ |

Gives mean and
standard deviation of
response-spectrum
ordinate (at a
particular frequency)
as a function of
magnitude distance,
site conditions, and
perhaps other
variables.
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Deriving the Equations

* Regression analysis of observed data if have
adequate observations (rare for most of the world).

Regression analysis of simulated data for regions
with inadequate data (making use of motions from
smaller events If available to constrain distance
dependence of motions).

Hybrid methods, capturing complex source effects
from observed data and modifying for regional
differences.
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Higher ground motions for given Magnitude,
Distance for CEUS Earthqguakes Compared with
WUS

« Higher Q In crust: less attenuation with distance

 Higher earthquake stress drop: more high-frequency
ground motion for specified moment magnitude

 Determined from instrumental analysis of small and
moderate events in CEUS and isoseismals of large
historic events




® CUS: Q=1185*14
o NEUS/SEC: Q=1238%°
e BRP: Q=734"3

o SSCCAL: Q=521'3

Log Amplitude

400 600 800 1000
“Distance (km)

Distance-decay of regional shear waves determined
by Benz, Frankel, and Boore (1997)




Fits using magnitude-independent stress drop, omega —2 model
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How do we estimate ground motions for large
earthquakes near New Madrid?

e use estimated magnitude to calculate ground motions
from various ground-motion prediction equations:
stochastic models using source parameters and derived
for small earthquakes; constant stress drop with
magnitude model validated with felt area vs. magnitude
data; in 2002 added two corner frequency model, hybrid
extended-source model, and semi-empirical model

e Atkinson and Boore (1998) compared predictions with
regional ENAM data

check with recorded ground motions of Bhuj, India
earthquake
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Hazard Methodology
Example

o

,Earthquake Sources

Ground motion M /‘ ‘ Hazard curve

M 7.6

)
° °

annual probability of
exceeding pga

peak ground acceleration

zone 0.25

_ 0.59
distance peak groungl acceleration (pga)




Annual probability that earthquake occurs:

Source B

X

£
§ Site

Source A

Ms's’ Tr=10 yr
1/10=0.10




"POE"= Probability of Exceeding the value of SA
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"POE"= Probability of Exceeding the value of SA
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"POE"= Probability of Exceeding the value of SA
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"POE"= Probability of Exceeding the value of SA

—~
~

For 0.44qg, FOE = 0.10*0.16 =0.016
For 0.26g, FOE = 0.10*0.50 = 0.050 *\

M=5.5

10

Distance (km).




"POE"= Probability of Exceeding the value of SA

—~
~

For 0.44qg, FOE = 0.10*0.16 =0.016
For 0.26a. FOE = 0.10*0.50 = 0.050 *\
For 0.16g, FOE = 0.10*0.84 = 0.084

"FOE"= Frequency of Exceedance (combining eq & sa prob)
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T=0.2 sec
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T=0.2 sec

Sum (Total Hazard)
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Source A (M =5.5, D =10 km)

Source B (M =7.5, D =50 km)




T=1.0sec
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T=1.0sec

Sum (Total Hazard)
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T=1.0sec

Sum (Total Hazard)

Specified FOE for hazard
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Why the different sensitivity of T=1 s and T=0.2 s
hazard to magnitude? Ground motion.
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USGS Map, Oct. 2002
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Deaggregation
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Jeaggregation
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Geographic Deags. Seismic Hazard
for 0.20-s Spectral Accel, 0.1598 g

P3A Bxceedance Return Time: 2475 years
Max. significant source distance 757, km.
View angle is 35 degrees above horizon
Gridded-source hazard accum. in 5° intervals
Site on rock, average Vs30 =760 m/s
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Geographic Deags. Seismic Hazard
for 1.00-s Spectral Accel, 005126 g

P3A Bxceedance Return Time: 2475 years

Max. significant source distance 910, km.

View angle is 35 degrees above horizon
Gridded-source hazard accum. in 5° intervals

Site on rock, average Vs30 =760 m/s
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Spectral response acceleration for 0.2 sec spectral ordinate

2% probability of exceedance in 50 years Maximum Considered Earthquake
Ground Motion Ground Motion
\‘x \
A \
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Precarious Rocks

Jim Brune, U. Nevada Reno




Near Antelope Valley fault, Walker, California (Brune, 2000)

Brune, 2000




Near Antelope Valley fault, Walker, California (Brune, 2000)




Quasi-static toppling force: F = mg tan o

Anooshehpoor et al., 2004




Pegboard
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Anooshehpoor et al., 2004
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Rock Toppled

Quasi-static toppling force (400 N) /
when the rock begins to tip.

Anooshehpoor et al., 2004




Anooshehpoor et al., 2004




Anooshehpoor et al., 2004




Anooshehpoor et al., 2004
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Anooshehpoor et al., 2004




C Anooshehpoor et al., 2004




Preliminary Conclusions from Study of
Precarious Rocks

e Strong asymmetry in ground shaking from reverse
faults (low on footwall side, high on hanging wall
Side)

e Ground motions for normal faults smaller than
predicted by standard equations

e Ground motions near San Andreas fault in S.
California smaller than shown by hazard maps (!)




SUMMARY

Defined hazard

Described response spectra

Basis for hazard maps: seismicity
Basis for hazard maps: ground motion

Mapping hazaroc
Results
Paleoseismometry: precarious rocks



Stacy and Dave studying geology in the Dolomites, Italy, in January during Winter term
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Brune, 2000
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Shake Table Results
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o Rocks
® Rectangular Blocks
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ENA: Atkinson and Boore, 1995
ENA: Frankel et al., 1996
WNA: Boore et al, 1997
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Conclusions

o USGS hazard maps are based on consensus of
experts; represent average hazard estimates from
alternative models; best maps for policy and
design decisions

USGS hazard maps are derived from observations

of past earthquakes in NM (1811-12, about 1500
and 900 A.D.), historical seismicity, geology, and
models of ground motions for the region that have
been validated with observed ground motions and
Intensities

Design maps need to have consistent rules for
entire U.S.
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Seismic Hazard
shaking Irrespective of consequence

Seismic Risk
Hazard * Exposure * Vulnerability

hazard * exposure * vulnerability = risk
Baffin Island  high low low

Vancouver high high high

“Toronto low high  moderate




TWO-FACTOR APPROACH TO CONSTRUCTING
GROUND MOTION RESPONSE SPECTRA

Soil

Rock
(Site class B)

Period, T (sec)




Ground-Motion Prediction Equations

Gives mean and standard
deviation of response-
spectrum ordinate (at a
particular frequency) as a
function of magnitude
distance, site conditions,
and perhaps other
variables.
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1 Western North America .
e o

. oem il Observed data adequate
for regression except
close to large ‘quakes
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New recordings help fill in
lack of data close to large
‘quakes (but can data be
Includes used?)
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