A Puzzle About Intensity IX
(Modified Mercalli) Ground Motions

"gﬁﬁﬁ}‘,’.%o Not felt | Weak | Light |Moderate| Strong |Very strong| Severe Violent | Extreme

Pg}ﬁfé‘sl' none none none | Very light | Light Moderate | Mod. Heavy | Heavy | Very Heavy
PEAK ACC(%g) | <0.71 0.5 24 6.7 13 24 44 83 >156
PEAK VEL{cm's) | <0,07 04 1.9 58 11 22 43 83 >160
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* What is Intensity IX
¢ How often does it occur?

* Seismic Hazard Curve
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* Model to estimate the seismic hazard curve
* Problematic Seismic Hazard Estimates

* |deas for Improving the Seismic Hazard Estimates
e Ergodic assumption
¢ Indicators for the solution
¢ Indications using synthetic seismograms
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What is Modified Mercalli Intensity IX ?

* Dewey et al. (1997): IX. Worst effects include multiple cases of
structural damage to reinforced concrete buildings and parking
structures built when a seismic code was in effect, with some cases of
partial or complete collapse; collapse of elevated freeway sections;
widespread damage to unreinforced masonry buildings (e.g., old brick
buildings), with total collapse; widespread incidence of wood-frame
houses shifted off foundations where not securely anchored and
braced; widespread destruction of wood-frame apartment buildings
having large open areas in their first stories; widespread collapse of
masonry (brick, block or stone) chimneys, whether reinforced or not,
on single-family homes; furniture and building contents generally
overturned and thrown across room.

June 1, 2018 John Anderson: DPRI Lectures 3

"gﬁﬁ%‘@" Not felt | Weak | Light |Moderate| Strong |Very strong| Severe | Violent | Exitreme

s none | none | none |Verylight| Light | Moderate |Mod. Heavy | Heavy |Very Heavy

PEAK ACC{%g) | «<0.7 0.5 24 6.7 13 24 44 83 >156

PEAK VEL{cm's) | <007 19 58 11 22 43 83 >160
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The puzzle: Intensity IX has not happened as often as seismic
hazard analysis predicts.
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How often does Intensity IX occur?
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Number of Exceedances

Peak horizontal acceleration and velocity, filtered

Number of Exceedances

Low-pass filters: f-=0.33,0.5, 1,2, 5, 10, 25 Hz

Peak horizontal acceleration and velocity, filtered

Number of Exceedances
Number of Exceedances

Low-pass filters: f-=0.33,0.5, 1,2, 5, 10, 25 Hz
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Use of the
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Model to estimate the hazard curve
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Assumptions:

1. A true hazard curve exists for
every point on the planet.

2. If we could get >10° years of
seismograms at the site, we
could know the “correct”
answer.
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Model to Estimate the Hazard Curve
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Assumptions:
Reno: 39.5N, -119.92 W
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1. Atrue hazard curve exists for
every point on the planet.

1
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2. If we could get >10* years of
seismograms at the site, we
could know the “correct”
answer.

-

S
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3. We can trust the basic
mathematical method to
estimate the curve.

Annual Exceedance Rate, yr

‘ = JSGS 2014 National Seismic Hazard Model
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Symbolic equations to build a hazard curve
Yo (Y) = //n (M, x] P {y > Y|17,0T} dM dx

Yy = rate of exceedance of ground motion Y
n = rate of earthquake occurrence, magnitude M, at location x
@ = probability of the earthquake exceeding Y.

In summary, this is just the expected value of a distribution.
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Assumptions:

1. Atrue hazard curve exists for
every point on the planet.

2. If we could get >10* years of
seismograms at the site, we
could know the “correct”
answer.

3. We can trust the basic
mathematical method to
estimate the curve.

4. The hazard curve and the input
is testable in limited cases, and
can be improved by with data.
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Problematic Seismic Hazard Estimates

* Yucca Mountain.
* Southern California Precariously Balanced Rock Sites
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Discussion, if our analysis of the PBRs is
correct

 Hazard curves predict collapse of these precarious rocks.
* So these hazard curves are likely not correct.
* The correct hazard curve exists.

* Something must be wrong with the input to synthesize the hazard
curves.

* How can we correct the input to the model?

* Expect that the correction will have a more general impact beyond
the desert of southwestern USA.

|deas for Improving the Seismic Hazard Estimates

* Ergodic Assumption

Probabilistic Seismic Hazard Analysis without
the Ergodic Assumption

John G. Anderson and James N. Brune

University of Nevada at Reno

INTRODUCTION Characteristic ground motion
An ergodic process is a random process in which the distribu- earthqu ake:

tion of a random variable in space is the same as the distribu-
tion of that same random variable at a single point when
sampled as a function of time. An ergodic assumption is

commonly made in probabilistic seismic hazard analysis Sllp function and dynamiCS of
PSHA). A i alysis i d i . - q
( ). A regression analysis is used to obtain a mean curve I'uptur‘e are |dent|ca| every time

to predict ground motion as a function of magnitude and
distance (and sometimes other parameters). The standard

deviation of this ground-motion regression is determined the fault ruptures'

mainly by the misfit between observations and the corre- E)(pect that ground motion will be

sponding predicted ground morions at multiple stations for . . .

a small number of well recorded earthquakes. Thus, the stan- identical eve ry time.

dard deviation of the ground-motion regression is domi- ron . . »” .

nantly relared to the statistics of the spatial variability of the Si ngle-Statlon sigma™ wi Il be zero.

ground motions. An ergodic assumption is made when Seismological Research
PSHA treats that spatial unceraainty of ground motions as an Letters, 1999
uncertaintylovetsime at a single point (Anderson and Brune, !

1998b).

Ergodic Assumption
EQ#09(M=6.7) - After Adjustment

10° :

* The Ground Motion
Prediction Equations

measure the variability of

ground motion in space

* In seismic hazard analysis,

this spatial variability is
treated as the variability

GM PGV (Adjusted to 760 m/s), cm/s

at a single location. X
* Adjusted Data b

= Abrahamson et al. (2013) .

----- Boore et al. (2013) *
ol Campbell and Bozorgnia (2013)

10 : ‘ :
10' 10" 10

r.., km

fit’
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Equation: hazard is a probabilistic mean value

M5 sp S A O olon
W iy e S

VC(Y):ﬂn[M,X]¢ yZYDA/,O'T}deX
—

\
' Functions of M, x

\

Y = ground motion

n = number of earthquakes, magnitude M, at
location x

@ = probability of the earthquake exceeding Y.

o
S,

¢ To change the hazard curve we have to change
the integrands.

e There is very little room to change n.

*  Primarily suspect the ground motion prediction | op ¥V itop

equation, represented by ®. 10* 1071 100 Tl 1 S
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®, Probability of Exceedance

Peak horizontal acceleration and velocity, filtered

el

3‘ = 1 B Yo

el Lkl

iad 1% 1t
Pk, 9

Rl DIVBR: S9.5867 M, ~T17.8530 ¥

Number of Exceedances
Number of Exceedances

The hazard here is dominated by the San Andreas fault.
If the uncertainty in the GMPE is smaller (0.15), the inconsistency
goes away.

i i Ul i ? une - rsoj ure
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Extend empirical curve at the same slope as the slope of extreme PGAs?
This would be consistent with existence of the PBR.
This approach mixes time & space — no control over site conditions, magnitude,

Indicators for the solution

* Statistics of the largest observed motions.
* Statistics of foamquakes.

distance. It is an ergodic assymption:,. per Lectures 3 June 1, 2018 John Anderson: DPRI Lectures 78
Bulletin of the Seismological Society of America, Vol. 105, No. 4, pp. —, August 2015, doi: 10,1785/0120140196
Between-Event Variance for Large Repeating Earthquakes
by Gony Yagoda-Biran,” John G. Anderson, Hiroe Miyake, and Kazuki Koketsu (8) s (b)
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What did Kevin find? Indicators for the solution
* We have constructed a method to generate synthetic seismograms * Synthetics
that * Calibration
1. Gives sigma of about this size * Sigma from CSM
2. Can be calibrated in part by the precarious rocks.
3. Gives realistic broadband seismograms.
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The hazard affecting the rock is dominated by the San Andreas fault.
If the uncertainty in the GMPE were smaller (0.15), the
inconsistency would go away.

Synthetic Seismograms using a

Composite Source Model

u,(%,t) =1drj;_[ [ui(;‘, r)] CinaV;

0an(>‘(,t— r;?,O) &
9¢,

3
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Lovejoy Buttes
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O T
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= L i B
S0k 10% 102 107! 10° 10!
s 150 PGA, g
_ag The hazard affecting the rock is dominated by the San Andreas fault.
g 10} Very little opportunity to change the source term in the integral for the hazard at this site.
H z The only way to estimate a hazard curve consistent with these observations is to adjust the ground motion.
5}
o | n | o ﬂ o | | J| Have at least one technique to generate synthetics, where sigma from multiple ruptures is low enough.
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Is the USGS National Hazard Map Wrong? Summary

* No. * Intensity IX happens.

* For general design guidance, one has to make the ergodic * PSHA predicts that it will happen more than it should.

assumption. * We might know why

* There is a cost for lack of knowledge. * Future may involve use of a combination of synthetic seismograms

* Site-specific studies can remove the ergodic assumption or reduce it’s and ground motion prediction equations, especially for site-specific
effects for important structures. hazard studies.
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