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PREFACE

The objectives of the work described in this report are to
devel op mathematical nodels, algorithms, and software to esti-
mate seismc hazard in any tectonic environnment. Seismc
hazard is defined as the exposure of a given location to
eart hquake effects expressed as the level of ground notion
paranmeter for a selected probability of exceedance. It is
expected that the results of this study may be initially
applied to the evaluation of seismc hazard, in areas selected
for possible offshore oil and gas devel opnent under the Quter
Continental Shelf Environmental Assessment Progam (OCSEAP).

This software docunmentation consists of two vol unes.

Volume | of the SEISM C EXPOSURE software package docunent a-

tion is a wuser manual for the SEI SM C. EXPOSURE conput er

program It consists of algorithns, inputs fromthe semi-
Mar kov sinul ation program MARrRov, and mat hematical techni ques
used to estimate the seism c exposure at a site. Use of the
programis illustrated by the discussion of input paraneters
and conpl etion of sanple problenms. Appendices provide details
on data manipulation, conputer algorithms, and the conputer
envi ronment systens information required to transfer prograns
from the UN VAC conputer, on which the software was devel oped,

to anot her conmputer system A description of system hardware
and suggestions for program nodifications for other program
capabilities are also provided.

Vol ume 11 discusses the nethodol ogy and data inputs used in
the initial application of the SEI SM C EXPOSURE conputer soft-
ware to the @Qulf of Al aska study region. Data inputs and
assunptions about geologic and seismcity paranmeters defined
by Sei snol ogi cal Research Unit participants are included.
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ABSTRACT

The conputer software docunented in this user manual provides
for a Bayesian statistical treatnent of seismcity and tec-
tonics that allows inputs of subjective and historical data on
seismcity in order to produce seismc exposure map(s) of an
ar ea. The seism c exposure resulting fromground notion at a
given location is expressed as the level of that particular
ground-nmotion parameter for a selected probability of
exceedance.

The software has the capability to nodel any type of onshore
or offshore seismic environnent. Eart hquake sources are
model ed as planes or lines with varying dips. These sources
are subdivided into trapezoids over which earthquakes of a
given magnitude, represented as user-defined magnitude-
dependent rupture planes, are distributed. The significant
distance to a site from a given source is taken as the
di stance between the closest point on the rupture surface to
the site. Attenuation of ground-notion paraneters is nodel ed
probabilistically wWith a user-defined nagnitude software that
can accommodat e cal cul ation of seismc exposure for up to 13
ground-nmotion paraneters (e.g., peak acceleration, peak
velocity, displacenents, and pseudo-relative spectral values
for various periods and danping).

Bel ow a user-defined cut-off magnitude, recurrence times of
earthquakes at a source are nodel ed as Poi sson processes,
while the distribution of earthquake  magnitudes is
characterized using a Bernoulli model. Above the user-defined
cut-off magnitude, earthquake occurrence in both space and
tinme can be characterized using a semi-Markov nodel .

The semi-Markov nodel provides a nethodol ogy to consider the
time and | ocation dependency of the occurrence of great

1-1



eart hquakes. Waiting tinmes and magnitudes of large earth-
quakes are determned on the basis of the historical

earthquake record. The nodel defines a discrete state as a
gi ven earthquake magnitude and a discrete tine as a process
governed by transition probabilities. The waiting time in a

state is governed by an integer-valued random variabl e that
depends on the presently occupied state and the state to which
the next transition is nade. The basic paraneters are the
holding time distribution, the transition probabilities for
successive states, and the initial conditions: the magnitude
of the nost recent earthquake and the el apsed time since that
event .

Seism c exposure for a given level of exceedance over a tinme
period of interest can be generated for a single site or
conbi nation of sites. G ound-notion values for a grid of
sites can be contoured to obtain seismc exposure maps for
gi ven ground-notion parameters of interest.

1-2



1.0 | NTRCDUCTI ON

The SEI SM C EXPOSURE software is discussed in sufficient
detail to informthe user of the overall features of this new
software package for seismic exposure analysis. The
t heoretical background of the nodels used in these prograns is
di scussed by Mrtgat and Shah (1979) and Patwardhan and others
(1980) .

Seismc exposure analysis consists of a definition of
earthquake source characteristics, a definition of attenuation
of ground-notion paraneters, and an estimation of the proba-
bility of exceedance of given |evels of ground-notion para-

meters for a specific period of interest. The SEISM C
EXPOSURE software consists of a min program called
SEISM C.EXPOSURE , and three other prograns. The ot her

prograns, MARKOV, CONST.PROB, and PLOT.ISO, manipulate input
data or output fromthe SEISMIC.EXPOSURE programin order to

generate seism c exposure maps.

In the discussion of source seismcity nodels and conputer
program descriptions, two sanple problems are used to
illustrate the details of formatting the input data to define
the geonetry of earthquake sources, earthquake recurrence
information, attenuation paraneters, earthquake fault-rupture
data, and site l|ocation(s). A set of appendices describe
essenti al aspects of sei snol ogi ¢ and geol ogi ¢ data
mani pul ati on and conputer program flow.

1.1 Program Capabilities

The main capabilities of the SEISM C EXPOSURE software package
i nclude the follow ng:

1-3



1.2

Conpl ex source geonetry, such as dipping-plane sources of
irregul ar shape and |ine sources, can be accommobdat ed.

Up to 13 ground-notion paranmeters (e.g., peak accelera-
tion and pseudo-relative spectral values for various
peri ods and danping coefficients) can be analyzed in one
run.

Miltiple sites in a grid and nultiple grids in a study
area can be included in the sane run.

Tenporal dependencies of the occurrence of l|arge earth-
quakes can be included. This provi des estimates of
seismc exposure that are a function of real tine.

The seismcity of earthquake sources may be characterized
by a Bayesian procedure that conbines subjective judg-
ments and data on geol ogy and seisnology in a systematic
and formal nmanner

To facilitate sensitivity anal yses, the program out put
includes information on the contribution of individua
eart hquake sources, selected magnitude ranges, and “seis-
mc gap” filling earthquakes.

Conput ed ground-notion paraneter val ues, presented as
contour plots, can be previewed on a CRT before being

plotted as hard copy at a user-defined nap scal e.

Seism ¢ Hazard Eval uation

El ements of the seism c hazard eval uation process are shown
schematically in Figure 1, For the purpose of evaluating
seismc hazards, seismc sources in a region can be charac-
terized by defining earthquake source |ocation, geonmetry, and

1-4
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Location and Source Geometry
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Fig. 1- Schemtic Diagram of the Elements of aSeismc Hazard

Eval uation - as Inplenmented in the SEI'SMC - EXPOSURE
Software Package



recurrence rates. The associated ground notions are
attenuated as a function of earthquake size, distance,
transm ssion path, and site conditions. A specific period of
interest and probability of exceedance are selected in the
hazard analysis nodel. Contributions fromall sources,
magni tudes, and distances are expressed in terns of a
cunul ative  distribution function on the ground-notion
paranmeter of interest. This procedure is repeated for all
sites and results in data on probabilities of ground-notion
par ameter occurrence. These values are useful in sensitivity
anal yses and for seismc exposure nmapping.

The el enents of the earthquake hazard eval uati on schene are
shown in Figure 1. A schenatic diagram of the nodel adopted
in the SEISMIC.EXPOSURE software package is shown in Figure 2.
The main elenents of the program are described in terns of
assessing the seismc hazard at sites using a Bayesian Sta-
tistical probability approach.

1.3 Estimating Earthquake Recurrence

A principal difficulty involved in describing and eval uating
the seismc exposure at a site is the selection of a suitable
basis on which to estimate earthquake recurrence. Geol ogi ¢
and seismologic considerations for establishing source
seismcity and geonetries are discussed in Appendix A

In the program SEISMIC.EXPOSURE, earthquake occurrence is
nmodel ed as a Poisson process with a magnitude distribution
determined from a Bernoulli probability distribution for
earthquakes bel ow a user-defined cut-off magnitude. For
eart hquakes larger than the user-defined cut-off magnitude,
the recurrence description is based on a semi-Markov nodel
(see Figure 2). Usi ng the semi-Markov nodel to characterize
the occurrence of |arge earthquakes is a primary new feature
of this software package.

1-5
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2.0 SElI SM C. EXPOSURE PROGRAM DESCRI PTI ON

The program SEISMIC.EXPOSURE has been devel oped and inple-
mented to conpute the seismc exposure for a region that may
include a seismc gap. This is acconplished by conbining the
effects of all earthquake sources within the region in a
Bayesi an anal ysis, which provides an estimte of the proba-
bility of occurrence of at |east one event of a given ground-
notion paraneter |evel (e.g., peak acceleration or peak
velocity) within a future time period of interest “t.” For
engineering applications, this time period is typically on the
order of 25 to 40 years for engineering applications.

2.1 Source Geonetry

In order to describe the source geonetry properly, the user is
required to input the coordinates (in degrees of latitude and
longitude, or in inches, neasured directly off a map) of the
end points (or nodes) of line sources, and of the vertices (or
nodes) of each trapezoid source in order to describe constant
depth-area sources or the different bands in dipping-plane
sour ces. Figure 3 shows a schematic of a typical dipping-
fault surface and rupture area. Li ne sources are used to
nodel those faults indicated to have epicenters |located at a
constant focal depth by historical seismcity data and
geol ogi ¢ infornation. The source can be broken into severa

segments, depending on its orientation. If there is scatter in
the focal depths of historical earthquakes, the source can be
nodeled as a vertical or near-vertical plane wth an
appropriate vertical extent.

Recently published relationshi ps between source size (such as

rupture length, rupture  wdth, and  displ acenent) and
eart hquake magni tude (Kanamori and Anderson, 197s) can be used
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to provide estinmates of maximum earthquakes projected to occur
on a given fault. The representation of earthquake sources as
pl anar areas permts the use of a magnitude-dependent rupture
rel ationship. This type of relationship nore realistically
represents the rupture along a fault during an earthquake and
the distance between fault-rupture planes and a site
(Figure 3). Most of these relationships were devel oped by
using data derived fromrecent |large to great earthquakes
occurring around the world, including southern Al aska.

Coordi nates for nodes are taken from a base map having one of
the three available projections: Lanbert cConformal Conic
projections 1 and 2 or the Transverse Mercator projection
The type of projection and nap-scale information are also part
of the input data. The program wi || automatically transform
the nodal coordinates froma specific map projection to
kilometers (with the convention that longitude is positive for
east and latitude is positive for north) , taking into
consi deration the geographic |ocation of the region (e.qg.,
north or south of the equator, east or west of the G eenw ch
Meri di an)

Specific boundary conditions are required to determ ne the
rupture process at the extremties of a source in order to
satisfy geonetrical and seisnologic constraints (fault
di mensi ons and the rupture area per event). These boundary
conditions are illustrated in Figure 4. I n each case, the
di stance used is the closest distance fromthe fault rupture
to the site. Boundary condition 1 corresponds to the case in
whi ch the earthquake rupture does not propagate beyond the end
of the fault, i.e., no surface rupture; the center of energy
rel ease corresponds to the center of the rupture area. One-
half of the rupture for a given magnitude can extend beyond
the edge of the fault. Boundary condition 2 corresponds to a
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fault rupture in which the focus is not necessarily at the
center of energy rel ease. Rupture ceases at the edge of the
source. Boundary condition 3 corresponds to the case in which
fault rupture extends beyond the fault boundary, such as when
a fault ruptures beyond the active part of the fault. Again,
the choice of boundary conditions for a given source dictates
how the rupture behaves at the edges of adjacent sources. For
mul tiple dipping sources, the ruptures are assumed to be able
to rupture across the edges separating each di ppi ng plane.
However, the bounding edges of the source are analyzed
according to the selected boundary conditions.

2.2 Source Seismcity

After establishing a geonetric nodel for the occurrence of
earthquakes at a source, it is necessary to characterize the

di stribution of earthquake magnitudes at that source. Most
avai |l abl e procedures utilize the Gutenberg and Richter (1954)
| og- nor mal relationship  (Cornell, 1974;  Algermissen and

Perkins, 1976; MQuire, 1976). O hers have used a Poi sson
model  for earthquake occurrence and Bernoulli’s binom al
relationship to characterize the earthquake nagnitude dis-
tribution (Shah and others, 1975; Mrtgat and others, 1977).

Recent experience (Patwardhan and others, 1980) suggests that
the Bernoulli nodel for nagnitude distribution offers an
advantage, both in the treatnent of historical earthquake data
and in the incorporation of subjective information generated

by the Bayesi an approach: the uncertainty in both the nmean
rate of occurrence in the Poisson nmodel and in the probability
of success in each trial of the Bernoulli nodel can be

i ncl uded. The mat hematical details of the npdel can be found
in Mrgat and Shah (1979).
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In this work, the occurrence of earthquakes of magnitude |ess
than a user-specified value M is assunmed to follow a poisson
process having a mean rate of occurrence independent of nmagni-
t ude. G ven that an event has occurred, a distribution over
earthquake nagnitudes is provided by a Binomal distribution

For ~earthquakes wth M, > M, a semi-Markov nodel is
devel oped. The formof this nmodel is described in Appendix &
of this report. The mat hematical details of the nodel can be
founa in Patwardhan and others (1980). A schematic represen-
tation of the earthquake-recurrence mocel for nmagni t udes less

than m* is shown in Figure 5.

Discretizea  earthquake-nagnitude aistributions  for each
source, tinme period of coverage, and tine perioa of interest
for the analysis are parameters to input for the Poisson anc
Bernoul Ii nodel s. For input of the semi-Markov-model data
(above the user-selected nagnitude threshold), the nane of the
output file from which the SEISM C. EXPOSURE program wil |
obtain the magnitudes and probabilities that result fromthe
semi-Markov Simul ation (obtained through prior execution of
t he markov progran) mnust be provided.

2.3 Fault Rupture-Length/Magnitude Relationship

The length of the rupture area can be taken from rupture-
length and magni tude correl ations appropriate for the tectonic
environnent. It is necessary to input the rupture lengths ana
down-dip rupture widths for the entire nagnitude range of
interest in the analysis. Boundary condition paraneters are
specified in the input data deck or aata file to determne the
fault rupture process near the extremties of the earthquake
sour ce.

* The program allows the user to change this magnitude val ue
i f desired.
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|f a point-source nodel (energy released during an earthquake
radi ated fromthe hypocenter) is used, instead of the fault-

rupture nodel, it is necessary to set the rupture |engths
equal to zero in the input data deck or data file. This
procedure will indicate automatically to the programthat the

poi nt-source nodel should be used. For small magnitude earth-

quakes (less than M. 3 or 4) it nay be desirable, given
source size considerations and distance, to use a point-source

nodel

2.4 Attenuati on Model

Information on the values of attenuation coefficients is
included as part of the input data. The nunmber of standard
devi ati ons on each side of the nmean can be set to indicate to
t he pr ogram whet her to consi der t he attenuation
probabilistically or determnistically.

For illustration, a log-normal distribution may be used to
represent the uncertainty associated with the relationship.
There are attenuation relations (constants) for each ground-
motion paraneter defined as:

wher e b3 = ;¢

By a suitable choice of the constants in the above equati ons,
attenuation relationships for various ground-notion paraneters
can be cal cul at ed. The uncertainty in the ground-notion
regressions can be specified as desired.



Attenuation relations are inplenented in the SEI SM C. EXPOSURE
programin such a way that the formof the relations can be
easily nodified or altered conpletely. At present, up to two
attenuation relationships selected on the basis of source
depth can be handled. The attenuation relationships can also
berestricted to a magnitude range (e.g., only valid between
magni t udes 3and 6).

Because distance is a paraneter in the attenuation relation-
ships considered by the program the area and |line sources are
divided into snall segments in order to consider the variation
in distance to the site(s) fromdifferent parts of a source.

These segment sizes, or increnents, are user-defined. Wiile a
smal | step size is desirable in order to approximte continu-
ity (and also to avoid other problens which will be discussed
later), the total number of steps is a najor influence on the
time it takes to run the program For a run using severa

| arge sources, these conflicting factors nust be bal anced.

The rupture corresponding to the first magnitude starts at a
point selected by the program (usually the point on the source
closest to the site) . The program then considers a strip of
constant depth along the source, one increnment wde. It
consi ders epicenters occurring along this strip at distance

intervals of one increnent. It then adds the contributions
from all events whose ruptures include the point currently
being consi dered. It then noves to the next point, and,

dependi ng on epicentral proximty to the source boundaries and
t he correspondi ng boundary conditions, it reconputes the dis-
tance and repeats the process. The point noves along the
strip and noves to the other horizontal strips, down-dip and
up-dip, until the conbined probability for exceeding a given
accel eration caused by all the events associated with one
source is estimated. The next source then considered, and its
contribution, are calcul ated.
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A cumul ative distribution function (cpF) or a conplenentary
distribution function (1-cpF) for a ground-notion paraneter of
interest is developed at a site by choosing a | arge nunber of
sites at the nodes of a grid covering a given region. The
seism c exposure within the region can be described graph-
ically as a contour map of ground-notion paraneters.

2.5 Preparation of an Exposure Map

Once a cunul ative distribution function is established for
each node, a seismic exposure map can be prepared for any
desired probability of exceedance or non-exceedance. Bef or e
discussing this process, the following definitions are pre-
sented :

0 Probability of Non-exceedance: The probability that a
given |evel of ground notion will not be exceeded
within the period of interest.

0 Period of Interest: The assumed design life or useful
life of a structure or a project.

0 Return Period (RF) : The nean (or average) waiting
time for an event of interest (assum ng a Poisson |aw

of occurrence of earthquakes)

Figure 7 shows a relationship between return period, period of
interest, and probability of non-exceedance using a Poisson
distribution for nean rate of occurrence and the Bernoul |i
binomal law for nagnitude distribution

Fol l owi ng sections of the report address the detailed input
data required for executing the program SEISMIC.EXPOSURE,
whi ch generates probabilities, average return periods, and
ground-notion values for a site or grid of sites.
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3.0 SE ISM C. EXPCSUR E PROGRAM ELEMENTS

The SEI SM C. EXPOSURE program consists of a main program three

subprograns, and thirteen subroutines. Figure 8 illustrates
the programflow and a sunmary of the output fromeach of the
major steps in a typical analysis. It is necessary to run the

program MARKOV before the program SEISMIC.EXPOSURE i S executed
if a sem-Markov treatnent is desired for great earthquakes or
seism c gaps. The MARROV program data inputs are discussed in
Section 4.0.

The array dinensions of SEISMIC.EXPOSURE can acconmmodate up to
51 earthquake sources, 408 nodes, and 153 elenments or
trapezoi ds, 153 bands, and can analyze 13 ground-notion
paraneters in a single run. The linmtation to the nunber of
grids considered per run and to the nunmber of sites or nodal
poi nts chosen per grid is determned in the main program on
the basis of source geonetry. |f nodifications of array
dimensions are desired, a list of subroutines and vari abl es
that require changing are included in Appendix D.

3.1 Description of Input Data

A typical region of interest for a seismc exposure analysis
is shown in Figure 9. The followi ng descriptions of input
data and figures have been nodified fromwork done previously
for woodward-Clyde (1978) and by Quidi (1979). Input data for
t he sof tware-program package SEI SM C. EXPOSURE can be entered
either on cards or in data files. The job control |anguage
for using files or cards as data entry elenments is discussed
in the next section. The follow ng paragraphs describe the
data to be entered on 13 cards or equivalent file inages.
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Contour Map of Ground
Motion Parameter

M*- User Defined Magnitude Cut-Off e.g. Mg =7.6

Fig. 8 — Schemat i ¢ of SE {SMC. EXPOSURE Software Program -
The SEI SM C. EXPOSURE Programis the Main Program
and can Accept Inputfrom the Semi-Markov Simulation in
the MAR KOV Program if t he Option i S Chesen. The Prograns
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. Run ldentification-- (208M) --Two cards

Col . 1- 80
1-80

HED1

HED1

Identification Label--Card One
(Continuation) --Card Two

. Plot Identification--(315)--0One card

Col. 1-5

6- 10

| CAL

JFLAG

11 for an n-inch and 30 for a 30-
i nch Calcomp plotter

Map projection: -1 for inches
(taken directly fromthe map), O
for Lambert Con ic Wi th one
Standard Latitude; 1 for Lanbert
Conic with two Standard Latitudes;
and 2 for Transverse Mercator.

I[11. Map Projection-- (5710.0) --One card

21-30
31-40

41-50

STLT1

STLT2

STLN
SCAL

DTLB

Standard Latitude 1; value is zero
for Transverse Mercator

Standard Latitude 2; input as zero
if only one Standard Latitude is
used;, input zero for Transverse
Mer cat or *

Standard Longitude*

Not used in this program but SCAL
is used for |ater generation of
seism c exposure maps (see Section
7.2)*

Di stance between grid marks and
| abel default value of 0.5 inches

*These paraneters depend on the base maps chosen and are
generally available in the legend of the map.



iv. Label Description for Plotting-- (7F10.0)--One card
Col. 1-10 DXCR X-di stance between grid marks, in
degrees
11-20 DYCR Y-di stance between grid marks, in
degrees
21-30 DXLB X-di stance  between | abel s, in
degrees
31-40 DYLB Y-di stance between labels, in
degrees
41-50 DCLV I ncrenent between contours
51- 60 XNMDC Label every 'xMpc' contour
61-70 CRCR Input 1, if marks are desired

V. Frame Description--

Col. 1-10
11-20

VI, Pr obl em Descri pti on- -

XORIG
YORI G

t ypi cal

Col. 1-5
6- 10

11-15
16-20
21- 25

26- 30

31-35

inside grid, Oif not desired

(6F10,0) --One card--nust be input

X-coordinate of origin, in degrees
Y-coordinate of origin, in degrees

(1615)~-One card--(A plan view of a

earthquake source region is shown on Figure 9.)

NOAR
NOLN
NOND
NOCEL
NOGD
NOVB

NOAT*

Nunber of area sources

Nunber of |ine sources

Nunber of nodes

Nunber of elenents

Nunmber of grids

Nunmber of paraneters to be studied
(e.g., peak ground accelerations,
peak velocity)

Nunber of attenuations per param-
eter--the programallows for two

* See Data Set XIV and Figure 16.
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VII.

Col.

*Unit 4cannot

relationships per paraneter; if
desired, use 2
FIRST LOG CAL UNIT FOR PRI NT, *

Save plot file ? O = NO

FIRST LOG CAL UNIT FOR PLOTFI LE
Save out put on disk? O = NO
FIRST LOG CAL UNIT FOR DI SK

Nunmber of |ines of output printed
Nunber of values saved on disk per
Maxi mum number of nmagnitude |evels

used in this run, DEFAULT = 16
levels, cannot be greater than 18

Contri buti on Tabl e**- (NPPRT+3)I5 (ne

36- 40 | WPT
default is 11
41- 45 SADT
46- 50 | \WOT
51- 55 SAUT
56- 60 | WJT
QUTPUT*
61- 65 MXPR
per site, DEFAULT = 4
66-70 MXSV
site, DEFAULT = 40
71-75 MXMG
Source/Magnitude
or nore cards
1-5 | PDELT

G ound-notion paraneter incremnent
spacing for which tables are

desired,; e.g., i f par anet er
increment = 20 cm/sec?2  and
IPDELT=1, then tables wll be

printed every 20 cm/sec2 starting

be used a wite unit - used presently for
carriage control

and as a scratch file.

**This information is needed for generation of the source/
magni tude contribution table. The dimension of array CPESM
dictates how many can be generated. |f space is insufficient

for

al |

requested tabl es,

paranmeters will be processed in

order given to the array |PPRT above. Remmining parameters
be treated as if they were not specified.

will
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6-10

11-15

16- 20

21- 25

MP LEV

NPPRT

IPPRT (1)

IPPRT(2)

IPPRT (NPPRT)

with |owest value of interest; if

| PDELT = 2, then tables wll be
printed every 40 cm/sec2; ground-
mot i on par anet er I ncr ement

( DLVBEX ) and lowest value of

I nterest (DNVBEX) are read in on
card XlI1I.

I ndex of highest value of interest

for which a table is generat ed.

This index should be set according
to (MPLEV-1)e DLVBEX =  Maximum
ground-motion value for which a
table is generated, where DLVBEX
is the ground-notion paraneter

increment set in card XiIl. Wen
the index MPLEV is reached, tables
are no |onger generated. Since
only one value of MPLEV is given
for al | t he ground- not i on
parameters, MPLEV should be chosen
so that the highest value of
interest for each paraneter is
included in the tables.

Nunmber of paranmeters for which to
generate tables (O = No tables are
gener at ed)

First paranmeter by input sequence
nunber

Second parameter by input sequence
nunber

Last paranmeter by input sequence
nunber
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VIIl. Tine Period and Magnitude-- (3F10.0)--One card

i ncrement, i.e.,

Col. 1-1o TMBACK Time period of interest,
20, 50, 100 yrs
11- 20 DLMG Magni t ude
21- 30 STMG Smal | est

.e., 10,

0. 25

magni tude of interest,
e.g., Ms 5,00

IX.  Nodal Coordinates-- (NOND cards; see Data Set WVI)--
(15,3F10.Q)
Col. 1-5 [ XWC Node index, e.g., 1, 2, 3
6-15 XXIN X-coordinate of node (Iongitude) ,
i n degrees
16- 25 YYI'N Y-coordi nate of node (latitude),
i n degrees
26- 35 ZZIN Depth is in kilometers and is
negative (see Figure 10).

X. Description of Elenents--(415)--
VI and Figure 11)

Col. 1-5 IXTP (1) I ndex of
6-10 IXTP (2) | ndex of
11-15 | XTP (3) | ndex of
16- 20 | XTP (4) I ndex of

Not e: El ements nust be specified

reference in area source description.

(NCEL cards, see Data Set

node |
node J
node K
node L

shal | ow)
deep)
deep)
shal | ow)

—_ A~ A~~~

I n sequence of

their
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X . Area Source Properties-- (At least five cards per source)

Card 1--(15a4, 315)

Col. 1-60  HED2*
61-65 NB
66-70  NBSM
71-75 | NDATA
76-80  PBCUT

Area source identification*

Nunber of different magnitudes
(must be 2 or larger)

Nunber of different semi-Markov
magnitudes, O if no semi-Markov
I nput

| nput unit nunmber for semi-Markov
data (default = 5)

Logyg (P # of events ) cutoff

Card 2--Geonetric Description and Boundary Conditions--(5I5)
(see Figures 4, 11, 12)

Col. 1-5
6- 10
11-15

16- 20

21- 25

NOBD

KXBD (1X, 1)
KXBD (1X, 2)
KXBD (1X, 3)

KXBD (1X, 4)

Nunmber of bands

Boundary Condition |--Deep
Boundary Condition 2--Shallow
Boundary Condition 3--corresponds
to side I, J of elenent

Boundary Condition 4--corresponds
to side K L of elenent

Not e: KXBD gets reset to 1 of
RUPTUR = O (point source)

*Must correspond exactly to the MARKOV area source

identification |abel

provided in the run.

I f semi-Markov inputs are being
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3
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of Nodat
numbers for 1
the element
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r¢—— Shallow Boundary ——»-

NOTE Because of the program algorithm, area sources at constant depth must be entered
with a small slopewithin the sourcein order for the program to identify a shallow
and deep boundary. if the difference in depth between the opposite boundaries
I S given small enough, the effect on overall analysis is negligible. Also. as a general
rule, sl trapezoids must have the paraliel sides each « t « constant depth.

*When inputting # source from |eft to right, the element’s nodal indices are siways
read in o counter-clockwise manner. The node indices are input in such « way that
the shallow nodes occupy positions 18nd 4 of vector | XTP and deep nodes positions.

Fig. 11 - Conventions For Area Source Geometry
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For each boundary (e.g., deep, shallow, west, or cart), the variable KXBD(, ) can take one of
three possible values:

If KXBD{(,) =0, the edge of the rupture ares coincides with the edge of the source but the center
of energy release is not fixed o t the centroid of rupture area, see Fig. 4

If KXBD (,) = +1, the center of energy reiease coincides with the centroid of the rupture area but
half the rupture may extend beyond the source boundary, aae Fig. 4

If KXBD (,) = -1, the edge of the rupture zore coincides with the e8ge of the source but
not extend beyond it, sea Fig. 4

Fig. 12 - Boundary Conditions and Dipping Fault Pl anes



Card 3--Nunber of Elements in Bands*--(16I5) (See Figure 12)

Col. 1-5 NBELBD (1) Nunber of elenents in band 1--deep
6-10  NBELBD(2) Nurmber of elements in band 2

NBELBD (NOBD) Nunber of elenments in band NORD--

shal | owest
Card 4--Paraneters of Poisson and Bernoulli Model**--(8F10.0)
Col. 1-10  TMDA(IXSC) Time data base
11-20 XNBDA (IXSC) Nunber of events greater than or

equal to sTMG, the snallest magni-
tude of interest

21-30 XNBMG(1,IXSC) Nunber of successes for rRM = STMG
(XNBMG nust al ways be greater than
zero. The program takes DLGAMA of

XNBMG--an error wll result if
XNBMG is less than or equal to
zero) .

31-40 XNBMG(2,1IXSC) Number of successes for rRM = STMG

+ DLMG

XNBMG(Ixsc,NB)Number of successes for |argest RM
on this source

Not e: | XSC is the index of the iteration control statenent
for the total number of sources in this run. NB is the number
of different magnitudes associated with this source.

*For a given source, the number of elenents in each band are
read in starting with the deepest band and noving to the
shal | owest.  For exanple, refer to Figure 12: the area
source shown contains tw bands (band |--deepest, and
band 2--shallowest), each band is formed of only one el enent
(trapezoid). Therefore, for this particular casec NOBD = 2
and hence, NBELB ?1) = 1, and NBELBD(2) = 1. The program
will take NBELBD el enments fromthe list in card X = The order
of the elenment description nust match Card 3.

**Detailed explanation will be deferred until Sections 7.1.1
and 7.1.2.
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XIl. Properties of Line Sources--(At least 3 cards per

source)

Card 1--(15a4, 315, Fs.0)

Col. 1-60 HED2
61-65 NB
66- 70 NBSM
71-75 | NDATA
75-80 PBCUT

Line source identification
Nunmber of different nmagnitudes
See area source description
See area source description
Log 10 (Probability Cutoff)

Card 2--Geonetric Description and Boundary Conditions--(415)
(See Figure 14)

Col,1-5 NOSG Nunber of segments
6-10  NBELBD( ) I ndex of first node
11-15 KXBD(IX,3) Boundary condition |--first node
16- 20 KXBD (IX,4) Boundary condition 2--last node
Card 3--Paraneters of Poisson and Bernoulli Model*--(8F10.0)
Col. 1-10  TMDA(IXSC) Time data base
11-20 XNBDA (IXSC) Nunber of events greater than STMG
21-30  XNBMG(1,IXSC) NMNumber of successes for RM = STMG
31-40 XNBMG (2,IXSC) Number of successes for RM = STMG

+ DLMG

XNBMG (NB, IXSC) Nunber of successes for |argest RM

*Detailed expl anation wll

and 7.2.2.

on this source

be deferred until Sections 7.21
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Area Source 1 {Sec. A-A)
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Boundary
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80.28 km

NOTE: Even though the area source is considered at constant depth, due to the computer
algorithm, a difference in height of at least 0.10 km between opposite parallel boundaries

should beused.
Area Source 2 {Sec. B-B)
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=4

et 56 ~g E Boundary Conditions

g ot ¥ \ o KXBDIIX,1) = 0

7, BaM E KXBD(IX,2) -0

T o KXBD(IX,3) =0

- KXBD(IX 4)=1

Deepest L
Boundary
e \ Shal | owest
57.72 km 489.54 km Boundary
Line Source 1 {Sec.C.C)
Ground Surfacs
— v —— ——— Boundary Conditions:
KXBD{iX.3) =19
E KXBD(IX,4) =1
e
1" 12 13
Note: Line Source 1 is formed by
— two segments.
68.40 km 97.66 km

Fig. 14- Source Geometry Crossection



3 cards;

X1, Attenuation Information-- (NOVB sets of 2 or
see VI)
Card |--ldentification-- (5a4, 3F10. 0
Col. 1-20  HEDVB ( IXVB) Attenuation identification
21-30  DLVBEX (IXVB) | ncrenment for paraneter in this
iteration (i.e., if paraneter is
peak acceleration, then the incre-
ment could be taken as, for
exanpl e, 20 cnisec’/ see)
31-40  DNVBEX (IXVB) Smal | est value of interest of
parameter in this iteration
41-50  UPVBEX (IXVB) Largest val ue of i nterest of
parameter in this iteration
Note: IXVB is the index of the iteration control statement on

the nunber of ground-notion parameters in this run.

Card 2--Attenuation Coefficients

for Magnitude Smaller than

XMX- - (8F10. O) where XMX is the maxi num M val ue for

which the coefficients are wvalid in attenuation
rel ationships of the form
bie b2M
GROUND- MOTI ON  PARAMETER =
(R + b3) b4
Col. 1-10 B (IXTT) Coefficient by
11- 20 B2 (IXTT) Coefficient b,
21- 30 B3 (IXTT)* Coefficient b3
31-40 B4 (IXTT)* Coef fi ci ent by

*The user has the option of

coefficients because, de
can be set equa =

endin
to bg—clpec—'zﬂl g'(

entering different b,and b4

on the desired ¢; and C2, b3
al so see XV).
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Latitude, Degrees

Depth km)

Plan View - (NOSG=3)

K+3
K+1% Last Node
K K+2
3 — T
4 A
Longitude, Degrees
Ground Surface Longitude, Degrees
RN ST
Constant Depth
First Node Last Node
K K+ 4 K+2 K+3
Section A-A

NOTE: In Contrast to area sources (where nodal indices can be numbered in
any arbitrary order), line sources have to be numbered
in sequential order, starting with the firstnode. The boundary conditions
KXBD{ , ) can take one of the three possible values, that is, -1, 0, or 1
{see Fig. 4). Depth of all nodes in the source has to be constant.

Fig. 15 - Convention for Nodes of Line Sources



41-50 SIGLN (1 XTT)

51-60 XMX

St andard deviation of |o0g-norna

di stribution associated with the
attenuation relationship; input in
| og-scal e

Max imum  nagnitude” for whi ch
coefficients above are valid--if
XMX is entered as zero, coeffi-
cient is valid for all magnitudes

Card 3--1Input only if XMXis different from zero--(8F10.0)

Col.

1-10 B11 (IXTT)
11-20 B22 (IXTT)

Coefficient bjs linear scale
Coefficient b, 1linear scale

Card 4--Input Attenuation Coefficients for depths greater than
DEPTH (see Card 2 for format, Card XIV for depth). If
only one attenuation is desired, Card 4 should be the
sane as Card 2. It cannot be omtted.

Xl V.

Col.

Information on Distribution Associated with Attenuation

Rel ati on-- (I10,7F10.0)

1-1o0 MXDTIC

11- 20 XSl G

21-30 DEPTH

31-40 cl
41-50 C2

Nunber of steps in distribution;
gs5to 101

Nurmber of standard devi ations on
each side of t he nmean- - |f
XSIG = O the nedian curve is used
Depth to establish the limt
bet ween di fferent att enuation
rel ati onshi ps-- see Figure 16; this
value is irrelevant if the sane
attenuation is entered twce
Coefficient C; used to determne C
Coefficient Cused to determne C
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Ground Motioo Parameter

Ground Surface

Latitude @ §~Longitude

Depth (see XIV)

—_— — —_——— ——— ——= = | imiting Depth

Valid for Magnitude
Greater than XMX

Valid up to
/Magnitude level
= XMX

/

Ground Motion Parameter

Valid for Magnitude
Greater than XMX

Distance (R)

/Valid up to Deep Attenuation

Magnitude = XMX

Attenuation Relation of the Form:

be 2"

. b
Distance (R) (H+b3) 4

Shallow Attenuation

The program can handle two attenuation relationships/ground motion parameters {i.¢., NOAT =
1or 2,see Vl). The parameter depth in data set XIV establishes the depth | imit between the two
relationships. The program allows for the specification of a range or validity of the attenuation
relationships, e.g., valid between RM = 3.00 and RM = 6.00.

Two attenuation relationships have to be input for each ground motionstudy. {f onty one
attenuation relationship is to be used, then it should be repeated.

Fig. 16- Example of Attenuation Relations



where: c** = ce€2M

b,e b,M
GROUND- MOTI ON' PARAMETER =
(R+0Q P4
51-60 RP I OR Vertical integration step in km
if input as zero, Default = 10 km
61-70  RPICHZ Horizontal integration step in km
if input as zero, Default = 10 km
71-80 EPS Parameter used for horizontal and

paral | el checks, use 0.10 km

Xv. Rupture Length--(8F10.0)~-(One or two cards; if MGW is %

8, then use only one card, see Figure 17 for a sanple
rel ationship)

Col. 1-1l0 RUPTUR(1) Horizontal rupture length cor-
responding to STMG--smallest
magni tude of interest in km

11- 20 RUPTUR( 2) Hori zontal rupture length cor-
responding to STMG + DLMG
RUPTUR(MGMX) * Horizontal rupture length cor-
responding to MGMX--largest
magni tude of interest.

M . Rupture Wdth (down dip) --(8F10.0)--(One or two cards
if MW is %8, then use only one card; see Figure 17)

Col . 1-10 RUPW(1) Rupture width corresponds to
STMG--smallest magni t ude of
interest in km

**For an attenuation relationship valid below the depth,

cutoff, the programgives the sane C (i.e., O and Cy)
values for magnitude Mg 8.5 and greater earthquakes.



Down Dip Width (km)

300

200

100

M, log A + 4.15 (Wyss, 1979)

Mg ~ My A L w
5.5 224 4.7 47
6.0 70.8 8.4 84
6.5 224 15 15
7.0 708 27 27
7.5 2240 47 a7
8.0 7080 80 80
8.5 22400 180 175
90 70800 400 175
9.5 224000 1100 200
- | , | 1 ] ] | |
0 100 200 300 400 500 600 700 800
Rupture Length (km)
Fig. 17 — Fault Rupture Length Magnitude Relationship



11- 20 RUPW( 2 ) Rupture width corresponding to
STMG + DLMG
RUPW (MGMX) * Rupture width corresponding to
MGWX -- | ar gest magni t ude of
I nterest
M1 . Gid Description--(3 cards per grid)

Card 1--ldentification-- (20a4)

Col 1- 80

Card 2--Gid
Col. 1-10
11-20
21-30
31-40
41-50
51-60
61-70

Card 3--Gid

Col. 1-5
6- 10

HED2 Gid identification |abe

Coordi nates-- (7F10.0) (See Figure 18)

XXOR X-coordinate of origin, in degrees

YYOR Y-coordinate of origin, in degrees

XXRT X-coordinate of right bottom cor-
ner, in degrees

YYRT Y-coordinate of right bottom cor-
ner, in degrees

XXUP X-coordinate of left top corner
in degrees

YYUP Y-coordinate of left top corner
in degrees

ZZSITE Depth of site (km)--DEFAULT = O

Coordinates --(415) (also passed to plot file)

NXMX* Nunmber of points in X direction
NYMX* Nunmber of points in Y direction;
i f (NXMX.EQ.o and .NYMX.EQ.o) only
site XXOR, YYOR will be studied

*I'f rupture RUPW (MGMX) is read as zero, the point-source
nodel 1s used.
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Region
of Interest /
(XXUP, YYUP) /f
\ NYMX = 4

|

.,

(XXRT, YYRT)

{XXOR, YYOR)
\f NXMX = § >

Plan View of Non-Orthogonal Grid

NOTE: The program allows for grids making an angle with the horizontal,
The flexibility when covering a given region is increasea with this option.

Ground Surface

L KA
_T Longitude
Z2ZSITE
¢ ~~ ___— Nodal Points
Depth

Side View of Typical Grid

NOTE: ZZSITE is given in kilometers (negative) if zero, nodal points or sites
are assumed at ground surface.

- T T N
/s N ‘
- \-./~-—'
| | o
Nodal Point /ﬁ \ >”<
or Sites \ b3
, >
x| &
l = .
L > §
\ / 2| 8
I o £
5
Region of —" a ) “
interest \4\ . / [~ LL ¥
(XXOR,YYOR) ~ == -~ s 1
N X M X (xan,YYRT)

r For this Case, NYMX =5 i

Plan View of Conventional {Orthogonal) Grid

Fig. 18- Options for Grid Configurations



11-15 PLFR Plot frane? O = NO, used in
PLOT.ISO

15-20 SKIPAC Transform acc to intensity ? O =
NO, used in PLOT.ISO

Note: If (NXMK = O and (NYMX = O, only one site with coor-
dinates XXOR and YYOR will be studied.

3.2 Entry of Source Geonetry Data

Several recommendations that will facilitate data entry and
efficient use of the program are summarized in the follow ng
paragaphs.

o The relationship between distances in degrees (input)
and in kilonmeters (used in the analysis) is obtained
using algorithns appropriate to the map projections
used. The paraneters needed to define the respective
proj ections are given below:

One point of reference from which the distances
are conput ed. Al'l distances should be positive;
therefore, this point (XORIG, YORIG) should be
chosen at a location near the left bottom corner
of the area of interest.

The coordinate sign convention is north and east

as positive; hence, in the sanple problens to
followin Section 7.0, the site and sources are
| ocated in the northwest quadrant, and the
coor di nat es are, respectively, positive and

negative in sign
0o A nunber of ground-notion paraneters (NOVB), e.(., peak

ground acceleration, can be studied in one run. Two
attenuation relationships can be used: shallow and
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deep. The limting depth for which the shallow
relationship is valid should be deeper, or as deep as
the deepest node of the shallow sources.

0 The output of the program SEI SM C. EXPOSURE can be saved
on disk in the standard line-printer format (SAUT = 1)
and in a condensed version for later use in plotting
(SADT = 1) . The output for the first ground-notion
paraneter is directed to logical unit IwpT (line
printer, default = 11) and, as required, to | ogical
units IWJT and IwDT, the line printer copy, and the
plotted version, respectively.

The program increments the value of the logical units
by one for each additional ground-notion paraneter and
creates a different file for each. For exanple, if
three paranmeters are being studied and all outputs are
required, a total of nine files wll be created.

o The coordinates of all nodes are entered sequen-
tially. The elenents (trapezoids or triangles) are
descri bed by their node indices. The elenments are

entered in the order they are selected in the area
sources (i.e., the elenent of the first source first
and so on) . The nunber of elenents in each band are
entered, starting with the deepest band and noving up
to the shall owest band.

0 Area sources nust be entered first; the |ine sources
follow

o When entering an area source (Figures 3, 9, 10, 11, and
12), the follow ng conventions should be observed:

Lines defining bands nust be horizontal. In
Figure 3, a3 and A2 are atthe sane depth:
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simlarly, By and B,are at the sane depth. |[jnes
defining bands mnust al so be parallel. Conse-
quently one band will generally contain only one
el enent . |f the distance fromthe right and |eft
corners to the base of the trapezoid differ by
nore than one vertical integration step, an error
message wll be printed and the program wl|
term nate. (This is another reason for choosing
| arge vertical integration steps.)

El enents nust have a down-dip length greater than
one vertical integration step. | f the down-dip
length is less than two vertical integration
steps, the program will run, but a nessage will be
printed.

The indexing of the elenents nust be sequential in
each band (either right to left or left to right)
starting with the deepest band and noving to the
shal | owest (al though, as previously stated, it is
recoomended that each band contain only one

el ement) . Two adjacent bands in a source must
share a conmon side. They nust neither overlap or
be separated by a gap. The shal l ow edge of one

band nust be the deep edge of the next.

| f non-zero values are being input as rupture
| engths or widths, two consecutive values for

incremental earthquake magnitudes should not be
within one integration step of each other. The
consequence is that one of the checking routines
in the program regards the input values for

ruptures as zero, thus automatically selecting the
point source nodel even though non-zero rupture
l engths are input and a rupture nodel is desired.



The four boundary conditions are input in the
foll ow ng order: deep, shallow, Ileft side and
right side (looking fromdeep to shallow).

The fault length and down-dip length are rel ated
to the rupture length of the |argest earthquake
that can occur on the fault in the follow ng
manner

|f either boundary condition is +1, the fault
l ength nust be greater than or equal to 1/2 the
rupture length plus one integration step. [f it
is larger than this value, but smaller than 1/2
the rupture length plus 2 integration steps, the
programw Il run, but a warning will be printed.

| f the boundary conditions are Oor -1, the fault
| ength nust be larger than the rupture length plus

1 integration step. If it is larger than this
value but smaller than the rupture length plus 2
integration steps, the programw |l run, but a

warning will be printed.

A warning will be printed if the boundary
condition of the top boundary is +1. This is to
prevent ruptures which wll extend beyond the
earth’s surface. For gently dipping buried

sources, this will not be a problem

The epsilon value is used by the programin order
to identify which are the shallow and deep
boundaries of an area source. This paraneter nust
be small relative to the integration step
chosen. For exanple, if the integration step is 1
km then epsilon should be no larger than 0.1 km
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0

When

A triangle is treated as a trapezoid with one edge
having zero |ength. Because of this and the
previously discussed constraints on fault |engths,
the only rupture than can occur on a triangul ar
source is a point rupture.

A triangular element is described as follows: If
there are two deep points and one shallow point it
is input as B, A2, A3, Bj. |If there is one deep
point and two shallow points it is input as Bj.
A2, A2, B3 (where B is shallow and A is deep).

entering a line source (Figures 14, 15):
Al the nodes nust be at constant depth.

The nodes nust be nunbered sequentially along the
source , either fromleft to right or right to
left.

The rupture-length boundary condition can be set
so that the rupture may extend to include severa
segnents, but will not extend to another |ine
sour ce.

The first boundary condition applies to the side
of the line with the snaller node index.

Li ne sources can contai n bends between segnents
but the program does not work if the angle between
segments s acute. It is recormended that the
angl e between the first and |ast segments not be
less t han 135, .

The length of a |line segnent nust be greater than
one horizontal integration step.

3-18



It is usually sinpler to enter a vertical crustal
fault as a |ine source.

3.3 Entry of Source Seismicity Data

Conventions for entering seismicity data are discussed
below. In all cases, seismcity distribution on a |line source
or an area source is treated uniformy over the entire source.

o The rate of occurrence of various earthquake nagnitudes
Is specified for each source.

o Earthquake nagnitude intervals (e.g., 0.25) nust be
uniform for each magnitude interval, fromsnallest to
| argest nagnitude, for a given source.

o Each earthquake source nust have the sanme mni mum
magni tude for which the nunmber of earthquakes has been
speci fi ed.

o If it is desired to include the sem -Mrkov treatnment
of earthquake recurrence, the MARKOV program nust be
executed in order togenerate the proper inputs for the
sources. The non-sem - Markov earthquake magnitudes are
provided up to a cutoff nagnitude. The recurrence
description is conpleted when the nunber of earth-
quakes, their probability of occurrence, and respective
magni tudes are obtained from the MARKOV program run

o The magnitude interval chosen for the non-sem - Markov
magni tude distribution on a given source nust be the
sane as the magnitude interval for the sem -Mrkov
treatnent.

o A magnitude state is defined in the semi-Markov
treatnment as the central nmagnitude in a given
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i nterval . For example, if the non-sem -Markov treat-
ment covers magni tudes up to magnitude 7.55, then the
sem - Markov treatnent would begin at State 1 (8.05).
State 1 represents the nunber of earthquakes between
magnitude 7.8 and 8.29; simlarly, State 2 (8.55)
represents the magnitude 8.3 to 8.79 interval and State
3 (9.05) represents the magntude 8.8 to 9.29 interval.

34 Ceneral Comments on Applications

The key task in setting up a given seismc exposure problem
for the SEI SM C. EXPOSURE software package is to correctly
input all geonetry, recurrence, and associated program control

i nputs. This task can be expedited by using a one-site
problem without doing any conputations for probabilities,

which will have a relatively short clock run time (say 60
seconds) on the program execution run card. The short run
time allows program execution to proceed through reading and
witing the input parameters, thus allowing errors to be
identified before nmore costly conputation of probabilities.

When using nore than 10 sources, it is helpful to nake runs
using only 4 to 5 sources at a tinme. Once the input data are
verified as being correct, the snaller source data files (card
i mges) can be concatenated to obtain the desired nunber of
sources for the problem In other applications, it may be
more cost-effective to generate just a listing of ground-
motion values for selected sites rather than generating a
compl ete plot. Several (13) ground-notion-value paraneters
can be evaluated froma single run

| f ground-notion-value contribution tables are desired, care

must be taken in the selection of table paranmeters. These
paranmeters determ ne how much output will be obtained for each
site. Conputing tinme and the volune of output obtained

i ncrease nonlinearly when contribution tables are generated,
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therefore, the assignnment of |arger size files nust be nade
prior to the run

The contribution tables provide a source by source breakdown
of percentage contribution to seismc exposure values given in
the site-by-site probability of exceedance output. The types
of contribution tables and their meaning are as foll ows:

0 source by source detailed listing of per cent
contribution by magnitude interval to each ground
nmot ion |evel. This presentation allows for the

i nmedi ate identification of which magnitudes and which
sources contribute to the seismc exposure. The tota
nunber of earthquakes on all sources that contribute to
the exposure is |isted.

o The magni tude-ground notion |evel-source sunmary table
shows the total nunmber of earthquakes that have
generated each ground notion |evel by source. When
these nunbers of events are corrected to Poisson
probabilities for the selected period of interest,
source contributions to the total probability of
exceedance can be obtai ned. These individual source
contributions to the total probability of exceedance
nmust be obtained through the nunbers of events. They
cannot be obtained correctly by nerely subtracting
probability |evels.

The inputs to the MARKOV program are discussed in the next
section. The remaining two programs, CONST.PROB and PLOT.ISO,
are discussed; the devel opment of two sanple problens follow
t he di scussion.



4.0 MARKOV PROGRAM ELEMENTS

A sem -Markov process has been selected to nodel the patterns
of spatial and tenporal variations of great earthquakes in a
sei sm c-gap-type environnent. A sem - Markov process can be
defined as a process in which a systemof interest (e.g.,
occurrences of earthquakes) nakes transitions from one state
(e.g., one earthquake magnitude) to each of several other
states. The transitions are probabilistic and have a one-step
menory, i.e., the probability of noving to a given state
depends on the present state of the system

In addition to this property of the nore general Markov
process, a sem-Markov process is also characterized by a
probabilistic holding tine between successive transitions.
The probability that the holding time between two successive
earthquakes is equal to a given value depends on the nmagni -
tudes of the two earthquakes. The theoretical devel opment of
the nodel is discussed in the literature (Howard, 1971; Idriss
and others, 1979; Patwardhan and others, 1980).

A sem - Markovi an representation of earthquake sequences is
consistent with the generalized understanding of earthquake
generation which consists of a gradual, uniform accunul ation
and periodic release of significant anmounts of strain energy

in the earth’s crust, as illustrated in Figure 19. The figure
shows cunulative strain in arbitrary energy units froman
arbitrary beginning tine period. Each of the steps in the
energy-rel ease curve represents the occurrence of an earth-
quake of magnitude M. Follow ng a great earthquake, the
bui I dup of strain energy sufficient to generate another such
eart hquake takes tine. Therefore, within short periods of

time followi ng the occurrence of a great earthquake, the
occurrence of another earthquake of simlar size at the sanme
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| ocation is less likely than the occurrence of one within an
area that has not experienced a great earthquake for a |ong
tine. As the tine without the occurrence of another great
eart hquake increases, so does the probability of the occur-
rence of such an earthquake. Therefore, it is reasonable to

assune that both the size, Mj, of the next |arge earthquake
and the holding time to that earthquake are influenced by the

amount of strain energy released in the previous earthquake
(as related to the magnitude of that earthquake) and the
length of tine or elapsed time, to, over which strain has been
accumul at i ng. For instance, assuming a constant strain rate,
the strain buildup required to generate a nmagnitude 8.6 (M)
earthquake is likely to take |onger than the strain buil dup
required to generate a nagnitude 7.8 (M) earthquake. These
consi derations form the basis for the  sem - Markovian
representati on of earthquake sequences used in this work.

4.1 Assessnent of WMbdel Paraneters

Since the upper range of holding times between large
earthquakes may be up to several hundred years, the historica
seismcity data alone, of about 80 years, are not sufficient
to provide reliable estimtes of the paraneters of a semi-
Markov nodel; nanely, transition probabilities, P,, and
probability distributions of hol ding tines, hi j (m .
Therefore, a Bayesian procedure that utilizes both historical
seismcity data and subjective inputs of experts in a fornal
statistical format is used. The details of the Bayesian

procedure are discussed in Patwardhan and others (1980).

The required formats for the historical seismcity data and
subj ective inputs are as foll ows:
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Format for Historical Format for

Par anet ers Seismcity Data Subj ective Inputs
Transition Magni t udes of earth- Four fractiles
probabilities quakes that follow an (0.25, 0.50,
eart hquake of nagnitude 0.75, 1.0) of the
M for each i magni tude of the
ear t hquake t hat

foll ows an earth-
quake of magnitude
M for each

Distribution of Hol ding tinme between Four fractiles

hol ding tines two successive earth- (0.25, 0.50,
quakes of magnitude M 0.75, and 1.0)
and M,y for each i of the hol ding
and j time between

successive earth-
quakes of nmagni -
tude Mand Mfor
each i and j.

The basis for using the Bayesian approach to devel oping the
required probability distributions and characteristics of these

distributions are presented in Section 4.3.

4.2 Main Conponents of the Sem -Markov Mde

The main conponents of the nodel can be summarized as follows.

Initial Seismcity Conditions - Initial seismcity conditions
define the characteristics of the nost recent earthquake having
a size in the range included in the nodel. Two paraneters are

required: the magnitude of the nobst recent earthquake, M, and
the el apsed tine, tgor Since the occurrence of that earthquake.
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Transition Probabilities, (Pj5) - The likelihood that no
earthquake of size M will be followed by an earthquake of size
. defines the transition probability, Pij. This is
illustrated in Figure 20.

Probability Distribution of Holding Tines, h,(.) - The tinme
between the occurrence of two successive najor earthquakes, the
first of size Mand the next of size M, is termed the hol ding
time, tjy. The amount of holding tinme would depend both on M

and Mj for a given region. The likelihood that ti]j egquals m
for all possible values of m defines the probability

distribution, h; (.), of the holding tine.

Period of Interest - This is the period, t,, during which
probabilities of occurrences of different size earthquakes are
requi red, for exanple, a 40-year design life of a structure.
These probabilities are a function of real tinme; that is, for
the sane time period, t, the probabilities depend on the
starting time of the analysis.

The subjective probability assessnments required by the program
MARKOV are in the formof four fractiles (0.25, 0.50, 0.75 and
1.0) of the nagnitude of the earthquake that follows an earth-
quake of magnitude M for each i and four fractiles of the
hol di ng tine between two successive earthquakes of magnitude M
and M for each i and j. The continuous probability distribu-
tion defined by the four fractiles of each variable is divided
into discrete intervals in the programto obtain the discrete
probability distributions Pij(m) and hij(m).

A fractile of a random variable, x, refers to a point on the
curmul ative distribution function (cor) of x. For exanple, 0.25
fractile of x refers to the value of x such that the proba-
bility of being less than or equal to that value is 0.25.
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State = M,
Elapsed

Time = t1+1

State = M,
Elapsed

Earthquake of
magnitude M4

State = M 2

Elapsed
Time=0

Fig. 20 — Schematic of Semi-Markow State Transitions



Procedures for fractiles of random vari ables are well|l estab-

lished (see, for exanple, Raiffa,  1968) . A procedure
appropriate for the assessnents required in this programis
described in Appendix C

4.3 Di scussi on

It should be noted that both the data and subjective inputs
define continuous probability distributions of each pertinent
random vari abl e. These two distributions are conbined to

obtain a Bayesian distribution of each variable. This
continuous distribution is then divided into discrete intervals

within the program MARKOV to obtain the discrete probability

distributions, pij and hjj(m), nentioned in the last section.
The forms of probability distributions assumed in the Bayesian

analysis are summarized in Table 1.

4.4 | nput Data

Input data for the program MaRKOV can be entered either on

cards or in data files. The follow ng paragraphs describe the
data to be entered on 12 cards or equivalent data card inmages.

[ Run ldentification -- (20a4) - One Card
Col ., 1-80 RUN(I) |dentification label, 1=1to 20

Il. Run Parameters -- (12, 2X, 3F10. O - One Card

Col. 1-2 NZONE Nunber of zones, DEFAULT=1
6-15 TDELTA Tine increnent in years,
DEFAULT=5.0
16- 25 FCAST Period of interest, DEFAULT=40.0
26- 35 MDELTA Magni t ude increment, DEFAULT=0 25
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The above infornmation, itens | and |l, is applicable to all
zones. The follow ng information nust be supplied for each of
the NZONE zones in sequence, i.e., Zone 1, Zone 2, and so on.

II'l. Zone ldentification -- (20A4) - One Card

Col., 1-80 ZONE (1) Zone heading, 1=1to 20
IVv. Initial Seismicity Conditions -- (11, 14, A4, 1X, 3F10 0O
- One to three cards
Card 1
Col . 1 NSTATE Nunber of sem -Markov nagnitudes to

be generated
maxi num = 4, no DEFAULT
2-5 NSEG Number of segnents. This allows

user to proportion seismcity
bet ween segnents of a zone. The
appropriate proportions are input
in Card 2. If NSEG = 1, Card 2 is
not input. Maximum of 20 segnents
are all owed.

6-9 FI LE If FILE is blank, the output is
witten to printer only. If FILE
Is not blank, output will be
witten to file nunber specified in
Card 3. Card 3 is not input if

FILE is bl ank.

11-20 GAP Nunmber of years since |ast
earthquake, no DEFAULT

21- 30 MAG Magni tude of |ast earthquake, no
DEFAULT

31-40 MAG1 Magni tude of first semi-Markov

magni tude, no DEFAULT
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Vari abl e

TABLE 1

FORM5S OF PROBABILITY DI STRI BUTI ONS
ASSUMED | N THE BaYESiaN ANALYSI S

Data Distribution

Prior (and Posterior)
Distribution of

Par anet er s

Bayesian Distribution
of Variable

Holding Tine t,

Magni tude, M of an
Eart hquake Fol | ow ng
an Earthquake in
State |

D stribution of

i's normal

Distribution of
in (M - M) is
nor mal .

in

teas

1]

Distribution of and 2
of in tjy
inverted-gamma-2 (para-
meters of this distribu-
tion obtained by fitting
an enpirical equation to
the four, subjectively

assessed fratiles) .

I S normal-

2

Distribution of and
of in (M - M) is

nor mal - i nvert ed- gamra- 2.

Distribution of in t
is student-t (this dis-
tribution 1S broken into
discrete intervals to
obtain hyy m).

Distribution of

in (M - M) is student-t
(this distribution is
broken into discrete
intervals to obtain
Pij)‘
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Card 2 (NSEGQF1IOO  Not input if NSEG =1
Col. 1-10 PROP(1) The proportion of the seismcity
11-20 PROP(2) to be assigned to segnent 1, 2,
PROP (NSEG) etc., could be based on area or
ot her user determned criteria.
The sumof PROP's shoul d equal 1.

Card 3 NSEG( I) Not input if FILE is Dblank.
Col. 1-4 QUT(1) Qut put unit nunmber for segment 1 of
zone if NSEG=1
5-8  OUT(2) Qut put unit number for segment 2

OUT (NSEG) Qut put unit nunber of segment NSEG

Data for each Magnitude of Mdel w thin Zone NSTATE Card
G oups

Card 1 (20 A4)

Col. 1-80 Title (1) Paraneter description, |abeled as
Ml' M2.o.,
Mwhere n .  STATE .

Card 2 (12)
Col ,1-2 N Nunber of data points, O=none

Card 3 (8F10.O -- Only Read if wNx0

Col. 1-10 Y(I) 1st data point
11-20 Y(2) 2nd data point
71-80 Y(8) 8th data point

Repeat until the Nth data point is specified. Total
nunber of cards = (N+7)/8 truncated
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VI.

Card 4 Int (N+7)8 +2 (A4, 6X, 4F10.0)

1-4 PFLAG Flag for prior data. Al 4 colums
bl ank means no prior data. O her-
wi se, prior data will be read.

11- 20 PRI OR(1) 25% fractile
21- 30 PRI OR( 2) 50% fractile
31-40 PRI OR( 3) 75% fractile
41-50 PRI OR( 4) 100% fractile, maximum

Data on Holding Times - (NSTATE**2 card groups
correspondi ng to the NSTATE**?2

hol ding times)

Card 1 (2024)

Col. 1-80 TITLE(I) Paraneter description |abeled as
Ty1+ Neaning the holding tine
bet ween nmagnitude (1) and
magni tude (1); T, the holding
time between nagnitude (1) and
magni tude (2); and so on for
subsequent groups (NSTATE*NSTATE)
of holding tine cards.

Card 2 (12
Col. 1-2 N Nunber of data points, O=None

Card 3 (8F10 O - Only Read if nN%0

Col. 1-10 Y(1) 1st data point
11-20 Y(2) 2nd data poi nt
71-80  (9) 8th data point

Note: Repeat until the Nth data point is specified.
Total nunber of cards = (N+7)/8 truncated.
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Card 4 (A4, 6X, 4F10 0O

Col. 1-4  PFLAG Flag for prior data. Al 4
col ums bl ank means no prior
data. COtherwise, prior data will

be read.
11- 20 PRI OR( 1) 25% fractile
21-30  PRIOR(2) 50% fractile
31-40 PRI OR( 3) 75% fractile
41-50 PRI OR( 4) 100% fractile

Not e:

The paraneters of the nodel mustbe entered in the follow ng
sequence:

A. The first NSTATE card groups correspond to the NSTATE
magni tudes in increasing order.

B. The remaining NSTATE2 card groups correspond to the
NSTATE2 holding tines. They are entered in this order:

L Hol ding time between magnitude (1) and magnitude
(1)
2. Hol ding time between magnitude (1) and magnitude
(2)
NSTATE Hol di ng time between nmagnitude (1) and nagnitude
(NSTATE)
NSTATE+1 Hol ding time between magnitude (2) and magnitude
(1)
NSTATE+2 Hol ding time between magnitude (2) and magnitude
(2)
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*NSTATE Hol ding time between magnitude (2) and nagnitude

(NSTATE)
NSTATE2 Hol ding time magnitude (NSTATE) and nmagnitude
(NSTATE)
c. It is permssible to have no data points or no prior

data, but one of the two nmust be provided.

DO PRIOR(4) 2 PRIOR(3) » PRIOR(2) » PRIOR(1)
and PRICR (4) > PRIOR(1) > O For magnitudes,
PRICR(4) € 9.0
E. Data values » O For magnitudes, each data value £ 9.0.

F. Zero and 4 blanks are not the same with respect to DFLAG.

G In a multi-zone run, the next zone heading follows the
| ast paraneter specification of the previous zone.

H If nore than one zone is to be witten to the same out put
file, the order nust nmatch the order in which the zones

are read in SEl SM C. EXPOSURE

4.5 Program Qutput

The program output is printed on the line printer and is also
saved on file for the purpose of providing input data to the
program SEISMIC.EXPOSURE. Due to the size of typical subduc-
tion zone sources and the varying dips of a given source, it
may be necessary to divide the source into segnents. These
segnents have seismcity and probabilities that are propor-
tioned accordingly in the MARKOV program This partitioning is
based upon the percent of area contained wthin each segnent.
The proportions should sum to 1.0 (i.e., 100 percent).
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Therefore, the proper nunber of output files need to be
assigned and referred to in subsequent processing in the sane
order; that is, the order and segnment nam ng convention nust be
mai ntained for the source characterization in the program
SEISMIC.EXPOSURE for magnitudes |ess than or equal to the cut-
of f magni t ude.

The next section discusses the output fromthe SEI SM C
EXPOSURE programthat is processed by the CONST.PROB program
This program conputes user-selected |evels of ground-notion
paranmeter values that are estimated to be net or exceeded at
| east once over the user-specified period of interest.
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5.0 CONST. PROB PROGRAM ELEMENTS

5.1 Description of the Program

The probabilities of exceedance for a given ground-notion
parameter(s) and for a given time period of interest, ntv,
have been determ ned through the use of the program SEl SM C.
EXPOSURE and/or MARRKOV. Probabilities of exceedance have been
obtained in the form of a conplenentary cunul ative distribu-
tion function (1-CDF). This has been done for one or several
sites (or nodal points) within a given region, depending on

t he desired outcone of the analysis.

The next step in the analysis is to generate a seismc expo-
sure map by selecting the value of the ground-notion paraneter
that corresponds to a given probability of non-exceedance.
The program CONST.PROB takes a user-specified probability of
exceedance for a given period of tine and selects the appro-
priate ground-notion variable.

5.2 Data | nput and Program Qut put

Using the discretized CDF at a site (or sites) and |inear
interpolation, the program CONST.PROB determ nes the ground-
motion paranmeter value corresponding to the |evel of
non- exceedance chosen. The procedure is summarized in
Figure 21.

In its present form the program CONST.PROB has been organized
into a min program containing 67 executable FORTRAN
statenments with an approximate 71,100 byte (space requirenent
in core) . The program can handle up to 300 nodal points (or
sites) and seven |evels of exceedance in one run.
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| nput data for the program CONST. PROB consists of 11 sets of
cards or lines of data file input. The organization of data
on each card, along with a description of the items and pro-
gram output, is given in the follow ng paragraphs:

. Exceedance  Level Information-- (215 .7 F10.0)--One card
(this card is read fromunit 5).*

Col,1-10 NOPD No. of runs required
6- 10 NOLV No. of levels of exceedance
in each
11- 20 PBLV(1)First | evel of exceedance
21- 30 PBLV(2)Second | evel of exceedance
71-80 PBLV(7)Seventh | evel of exceedance

Il.  Plot Paraneters--(315)--One card

Col. 1-5 NOTP No. of cards

6-10 | CAL Plotter size
11 for n-inch Cal Conp plotter
30 for 30-inch ca Conmp plotter

11-15 NN Plot projection
| f =O Lanbert conformal projection
with one standard |atitude projec-
tion
If=1 Lanbert conformal projection
with two standard |atitudes
| f=2 Transverse mercator projec-
tion with standard |ongitude only

*The remai ning cards can be input fromunit IIN(=9) as created
by the program SEISMIC.EXPOSURE (SADT=1).
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[11. Lanbert Projection*-- (4F10.0) --One card

Col. 1-10 STL1 Standard latitude 1
11- 20 STL2 Standard latitude 2; if zero, only
one standard latitude wll be used
21- 30 STLN Standard | ongitude
31-40 SCAL Scale = 1/scaL
41-50 DTLB Di stance between grid narks and
| abel

DEFAULT = 0.5 inches

Iv. Label Description**-- (7F10.0J --One card

Col. 1-10 DXCR X-di stance between marks (degrees)
11- 20 DYCR Y-di stance between marks (degrees)
21- 30 DXLB X-di stance between | abels
(degrees)
31-40 DYLB Y-di stance between |abels
(degrees)
41-50 DCLV I ncrements between contours
51-60 XMDC Label every XMDC contour
61-70 CRCR Marks inside grid? If O = NO
v. Run Identification***-- (20A4) --Two cards
Card 1
Col. 1-80 HED1 I dentification
*Same paraneters as in Data Entry Il (Program SEI SM C.

EXPOSURE in Section 3.1).

**Parameters used for plotting purposes (to be discussed
In Section 6.2).

***Note thatData SetsV-VIII inclusivecan be read from unit

IIN (see Macro Flow Chart) as created by program SEI SM C.
EXPOSURE.
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Card 2

VI.

VI,

VIIT.

Col.

Col. 1-80

HED1

| dentification

Variable Identification-- (5A4, F10.0)--One card

Col. 1-20 HED2

21-30 VBPR

Gid ldentification-

Col. 1-80 HeD3

Gid Description--

Col. 1-10
11-20
21-30

31-40

41-50
51-60

XXOR
YYOR
XXRT

YYRT

XXUP
YYUP

Variable identification; e.g.,
accel eration

Variable increment: step

i ncrement of ground-notion
paraneter, e.g., 20 cm/sec? for
peak accel eration

(20A4)--One card

Gid identification |abel

(215, 6F10.0)--One card

X-coordinate of origin
Y-coordinate of origin
X-coordinate of bottom right
cor ner

Y-coordinate of bottom right
cor ner

X-coordinate of top left corner
Y-coordinate of top left corner

Pl ot Flags--{(2F10.0, 215)

1-1o
11- 20
21- 25
26- 30

NXIMX
NYMX
PLFR
SKIPAC

Number of points in X-direction
Nunmber of points in Y-direction
Plot Frame? |f O = NO
Transformation from accel eration
to intensity? |f O = NO
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X. Nunmber of Values in CDF (or 1-CDF)--(15) --One card

Col. 1-5 NOVB Nurmber of values in CDF (i.e., 40)

X . CDF Levels of Exceedance-- (10F8.0) -~ (NXMX*NYMX) cards or
set of cards

Col. 1-10 PB (1) Probability of exceedance corre-
sponding to the small est ground-
motion paraneter value

PB( )

PB (NOVB) Probability of exceedance corre-
sponding to the | argest ground-
motion paraneter value

Note:  The Do-Loop on NOPD (nunmber of runs required) starts at
Data Entry V above.

The output from the program CONST.PROB consists of the val ues
of ground-notion paranmeters that have a given probability of

non- exceedance. This output is displayed on the ‘line printer

as well as stored on file for later use in the program
PLOT.ISO; it generates the contours of ground-notion val ues
and outputs themto a file for plotting (see Figure 8).
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6.0 PLOT. 1s0 PROGRAM ELEMENTS

6.1 Description of the Program

Preparation of a seismic exposure map using the program
PLOT.ISO is discussed followed by sections discussing two
sanpl e problens, one wthout sem-Markov inputs and a second
that uses sem -Markov inputs. The program PLOT.ISO sel ects
the m ni mum and maxi num val ues of the specific ground-notion
paraneter of interest from the data obtained by program
CONST.PROB and conputes the nunber of contours to be plotted
on the basis of the paraneter selected by the user. A second-
order polynomal is used to interpolate between the ground-
motion parameter values at the grid s nodes in order to estab-
l'ish the locus of points corresponding to each contour. The
data out put from coNsT.PROB can be used with a user-supplied
contour plotting routine if so desired.

When contours are not uniquely defined (in the case where four
points are at the same level wthin a quadrangle see
Figure 22 ), the program draws the contour so that the change
in slope is mnimumand prints a message (FOURPT call nunber) .
|f, after inspection of the plot, it appears that the other
choi ce shoul d have been nade, the flag (NBCL--see Data Entries
VI and VII) for that FOURPT call nunber should be set and the
program re-run. The contour corresponding to the |argest
slope variation will then be drawn. The macro-flow chart for
program PLOT.ISO i s shown in Figure B-4.

A file containing contour information is created that can be
previewed with a CRT and plotted on the 11- or 33-inch Calcomp
plotter. Three plot options areavailable: Lanbert Conformal
Conic projections 1 and 2 and Transverse Mercator. The pro-
gram has the optional capability of converting the ground-
notion paraneter peak acceleration into intensity using
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Ri chter-CGQutenberg’'s relation | = 3(LOG peak acceleratio,+
0.5). This option can be specified by setting the paraneter
"SKIPAC" t0 a value different fromzero in the input data deck

(data file).

The program PLOT.ISO has been devel oped so that only standard
CalComp calls are used. A maxi mum of 1600 |evels for the
ground-notion paraneter values per grid (i.e., a grid having
40 rows and 40 columms of 1600 sites) are presently accommo-
dated by the program The program handl es any nunber of
different grids per run

6.2Data | nput and Program Qut put

| nput data for the program PLOT.ISO consists of eight sets of
cards (or lines in a data file). These can be read directly
fromfiles created by program coNsT.PrROB. The organization of
data on each card and job control statenent, along wth a
description of the data entry itens, are given in the follow
ing paragraphs:

A | nput Unit Nunber

Col. 1-5 1IN Unit number for input data

|dentification Card-- (315, 16A4) --One card

Col. 1-5 NOTP Nunmber of plot types; i.e.,
different grids
6- 10 | CAL Plotter size:

11 for n-inch size (default),
30 for 30-inch size
11-15 1IPROJ Flag for Lanbert projection,
o = 0/180,,1 =0/360,,
2 =Transverse Mercator
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Col .

Col.

Col.

16-80 HED1

Run identification

Lanbert Projection-- (5F10.0)--One card

1-1o0 STLT1
11-20 STLT2
21-30 STLN
31-40 S CAL
41-50 DTLB

Standard latitude 1

Standard latitude 2; if read as
zero, will use only one standard
latitude

Standard | ongitude

Scale (I|/SCAL)

Di stance between grid and | abel
Default = 0.5 inch

Pl ot Fl ags-- (515) --One card

1-5  NOPL

6-10 NXMX

11-15 NYMX

16-20 PLFR
21-25 SKIPAC

Nunmber of plots with sane param
eters

Nunber of points in X-direction;
i.e., nunber of colums in grid
Nunber of points in Y-direction;
i.e., nunber of rows in grid

Plot frame, If O = NO
Conversion from accel eration to
intensity, If O= NO

Gid bescription--(6F10.0)--One card (see Figure 23)

1-10 XXOR
11-20 YYOR
21-30 XXRT
31-40 YYRT
41-50 XXUP
51-60 YYUP

X-coordinate, of origin
Y-coordinate, of origin

X-coordinate, of right bottom
cor ner
Y-coordinate, of right bottom
cor ner

X-coordinate, of left top corner
Y-coordinate, of left top corner
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Gid Nodes or sites

Ground Surface

(30°, 30°) v Longitude, Degrees
SR SIAENN h
XXOR
XX0R (339, 309)
NXMX = 4
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x

=

I

D

o

Fig. 23- Typical Gid for Sanple Problem1



V.

Col.

VI.

col

a

VI,

Col .

Label Description-- (7F10.0)--One card

1-10
11-20
21-30

31-40

41-50

51-60
61-70

Plot Identification--

DXCR
DYCR
DXLB

DyYLB

DCLV

XNMDC
CRCR

1-75
76- 80

HED1
NOVD

X-di stance between marks, degrees
Y-di stance between marks, degrees

X-di st ance bet ween | abel s,
degrees
Y- di st ance bet ween | abel s,
degrees

I ncrements between contours
Label every "XMDC" cont our

Degree marks inside grid? |If
0 = NO

(7581, 15)--One card

Title of plot
Number of nodifications in FOURPT

Calls Needing Modifications--(1615) --16 val ues per

card (input only if NOVMD # O see Figure 22)

1-5

6- 10

NBCL (1)

NBCL (2)

NBCL (NOMD)

First rourpT call needing nodifi-
cation

Second FOURPT call need ing
modi fication

Last FOURPT call needing nodifi-
cation



VI, G ound-Motion Paraneter Values at Gid Nodes*--

(8F10.0) --8 values/card). Repeat "NyMx" times; read
data in by rows (Figure 23).

Col. 1-10 AA(1,1) G ound-notion paraneter val ue at
origin of grid
11-20 aa(1,2) G ound- notion paraneter val ue at

right of origin

AA (1,NXMX) G ound-notion parameter value set
at XXRT, YYRT

Note:  The do-loop on NOPL starts at Data Entry V above; if
"pcLv" is different between two plots, the do-loop has
to be done on NOTP, starting at Data Entry Il above.

The next section discusses two sanple problens that illustrate
the input and output from the various prograns required to
generate seism c exposure maps.

*These val ues correspond to the output produced by program

CONST.PROB (i.e., ground paraneter’s values obtained for a
given probability of exceedance or non-exceedance 1 -

(exceedance) and tine period t for an entire set of noda
points or sites).
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7.0 SAMPLE PROBLEMS

Two sample problens are discussed in this section. The first
has no inputs for great earthquakes M 7.8, which would
require use of the sem -Mrkov nodel. The probl em consists of
si x earthquake sources in a region of interest (shown in
Figure 9) for which the seismic exposure is to be determ ned
at several sites for the 5-percent |evel of exceedance in a
50-year time period. The necessary program inputs for source
geonetry, earthquake  recurrence, rupt ure- | engt h- magni t ude
information, attenuation, and plot information are discussed.

The first discussion of the problemdeals with the basic set-
up information that goes into the program SEl SM C. EXPOSURE
The second section discusses output from SEI SM C. EXPOSURE and
the program inputs for the program consT.PrROB, Which sel ects
the | evels of exceedance for ground-notion parameters. The
| ast section discusses the input and output of the program
PLOT.ISO, the contour plotting routine for generation of
sei sm c exposure maps.

The second problem illustrates the capability of the program
SEI SM C. EXPOSURE to handle seismc gaps. The problem consists
of four area sources in a subduction-zone-type tectonic
environment, and one |line source, for which seismc exposure
is to be determned at one site. Because seisnmic gaps and
large earthquakes are to be considered, a sem -Markov
sinmulation nust be conpleted in the program Margov before
executing the SEI SM C. EXPOSURE program to obtain ground-notion
val ues.

7.1. Program SEISMIC.EXPOSURE - Sanple Problem1

The region of interest is shown in Figure 9. Earthquakes have
been assigned to the faults in the region by taking into
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consideration know edge of geology and the historica

earthquake records for the region. The earthquake sources
consist of an Area Source 1, Line Source 1, and Area
Source 2. A seism c exposure map show ng peak accel eration

contours is desired that has a 5-percent probability of
exceedance (or 95-percent probability of non-exceedance) over
the next 50 years. Using the fault l|ocations on the base map

the latitudes and |ongitudes of the nodal points identifying
each earthquake source are tabulated along with focal depths
of the respective nodal points. Figure 14 shows the details
of the source geonetries and their relation to the X-Y grid
coordi nate system of Figure 23

Recurrence information for the three earthquake sources is
obtained in a three-step process:*

1. Develop the recurrence input beginning with the asso-
ciation of a magnitude-frequency relation with each
source (Figure 24). Fromthe relation, a distribution
of the nunmber of earthquakes is selected, with
magni tudes M (e.g., 0.25 magnitude units) above a
minimum magnitude (e.g., M = 3.5). Additional ly, if
semi-Markov simulation input for large nmagnitude
earthquakes is desired, separate inputs nust be
devel oped in the MARKOV program and entered into the
program SEI SM C. EXPOSURE. From these results, the
rate of occurrence of events, independent of magnitude

*Recurrence information is entered for a subduction-zone
source as for any other source up to a cut-off nagnitude.
Above that magnitude, the SEI SM C. EXPOSURE program wil |
enter the number of events obtained from the sem - Markov
inputs.  This procedure will be discussed in detail in the
second sanpl e probl em
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and respective probabilities, are determned in the
program usi ng the Poi sson-Ganma nodel of earthquake
occurrence.

2. Information pertaining to the distribution of magni-
tudes of the events M must be conpiled for input into
the Bernoulli-Beta nodel on magnitude distribution.
For each M;., the probability of success is determned
for each trial. Atrial is defined as the occurrence
of an earthquake. A success is the occurrence of an
earthquake of magnitude M;, and a failure is the
occurrence of an earthquake of any other nagnitude.
These data are summari zed in Tables 2 through 4for
the three sources shown in Figure 9.

The above inputs allow for information to be entered into the
seism c exposure evaluation process from two sources through a
Bayesi an anal ysi s: hi storical earthquake data and subjective
inputs based on geologic and seisnologic information
Specific inputs for the Poisson, Bernoulli, attenuation, and
rupt ure- | engt h\ magni t ude el enents of the analysis are
di scussed bel ow.

7.1.1 Earthquake Recurrence Data - Poi sson Model

In following the description of program inputs found in
Woodward-Clyde (1978), @uidi (1979), and Mrtgat and Shah
(1979) ,  the generating process for the mean nunber of
occurrences 1is the Poisson nodel with nean rate of occur-
rence A. The par anet er A is treated as a random variabl e
with uncertai nty; Bayesian statistics are applied; and A s
chosen to have a Gamma distribution (see Figure 5).
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As obtained from the historical earthquake
dats and geologic history information

TABLE 2
RECURRENCE DATA FCR LI NE SOURCE 1

" .
U is & parameter of the posterior distribi tion

" corresponding to XNBDAT IXSC)* in Data Set X1

N
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' ) [QLIV [ N) (&) 1
U’ 1s. parameter of the prior My g M —- = _ . .y
distribution on A e sd is the 1 - Parameter of the prior distribution
total number of earthquakes / on
7J. %0 1 16.0 - 2.0 3.0
greater or equal m magry tude / 3. 75 . ) 14.3 | 91 5 h
35 (m this easel expected to <0 § Gl------- ' . E; cqu/;«)mgs S:: ;:NgM(,B 5(I;i;’i,C‘l "
occur on the source. - 9 , Card ¢
o 4.0 g 0 12.5] - - = *L.5 1.5 {'ata Ser X!, Card 3 *”
4.25 ba | 1 1.0 4.0
4.50 EX 3 9.0 Ditfersniceb  veen 2.6 5.6
4 i:.mrvmn:rof the posterior 4.75 S . 5.4 successive M ands 2.0 3.0
distribution on ~
X 1s. parsmeter of the prior 5.0 £E3S 1 3.4 1.3 2.3
distribution on \ 9.25 Sg 2 2.1 0.8 2.8
Nom thatin this perticulsr case, 5.50 o 6 1.3 0.'s 2.5
A\ =T .50 ¥r5. implying that 5.75 ¥ e O.H 0.J 0.3
the subpective information of the EQ
user has the same weight . S the 6.0 2% 0.5 0. 0.19
available dam. 6.25 o3 . 41 0.11 0.11
6.50 20 U. 20y 0. 0.20w
" 6.15 AR " Qbramned by e dding Columns 2 and 4
A" Coresponds m TMDA(IXSCI* AN — =

m Data Set X|. Card 5, and
Data Set X!1, Card 3.

As read horn Recurrence

Cuttot! magnitude for obramed
29! ‘ Relatronshy (flq 24)

from gevlogic c unsiderations

“Parameters of Poisson Model
“ “Parareter v’ Bernoulh Mudel



TABLE 3
RECURRENCE DATA FOR AREA SOURCE 1

Tinme Data Base (T): 125
Number of Recorded Events (N): 5

v' fromlog-linear fit: 16
A" = N + T = 125 + 125 = 250

vy' =v' + N= 10+ 5= 15
M= M'y + V"1 ° 5= 15
i |
Richter No. of Recorded  cumulative No. O f No. of Qccurrences E'M+ Ry
Magni t ude _Occurrt;ancgs Occurrenc}e_s) | Mlb.ands . i

(M) In Mi ands (log linear It og lInear fit ( En )

(Ry, ) (N) (€'y) Mi

1 [

3.50 0 10.0 2.4 2.4
3.75 7.6 1.6 2.6
4.0 0 6.0 1.5 1.5
4.25 1 4.5 1.10 2.1
4.50 0 3.4 0.80 0.8
4.75 1 2.6 0.60 1.6
5.0 1 2.0 0.50 1.5
5.25 0 1.5 0.40 0.4
5.50 1 1.10 0.25 1.25
5.75 0.85 0.21 0.21
6.0 0. 64 0.16 0.15
6.25 0.48 0.11 0011
6.50 0.37 0.37 0. 37



TABLE 4
RECURRENCE DATA FOR AREA SOURCE 2

Time Data Base (T): 125

Nunber of Recorded Events (I?
v fromlog-linear fit:

A" = \' + T = 125 + 125 = 250
V"=V'+N:21'5 +17: 385
77"M = T’lM + N = 215 + 17 = 385
1

i

Ri chter No. of Recorded  Cumulative No. of No. of Gccurrences E'm
Magni t ude Cccurrences CQceurrences. M bands i
(M) in M bands (log linear fit ) (log linear fit) (£ )
(R) (N) (&'y) M
|

3.50 1 21.5 3.5 4.5

3.75 0 18.0 2.5 2.5

4.0 2 15.5 2.5 4.5

4.25 3 13.0 2.0 5.0

4.50 3 11.0 1.5 4.5

4.75 0 9.5 1.4 1.4

5.0 3 8.1 3.8 6.8

5.25 2 4*3 2.1 4.1
5.50 3 2.2 1.05 4.05
5.75 0 0. 58 0.28 0.28
6.0 0 0.30 0.15 0.15
.25 0. 15 0.15 0. 15



The sanple likelihood function on 7\ is derived fromthe
Poi sson process. Available historical earthquake data for the
region determnes the paraneters T, the tine period of the
data base, and N, the nunber of events greater than a fixed

| ower bound magnitude during the time period, T. In the exam
ple chosen, T is 75 years for Area Sources 1 through 4, and
40years for sources 5 and 6. There are 12earthquakes

greater than or equal to M= 3.5 for Line Source 1, 5 for Area
Source 1, and 17 for Area Source 2.

The Ganma prior distribution on A is characterized by two
par anmet ers 'A' and §' , which are deternined from subjective
inputs. For this exanple, it is assumed that the val ues of)‘
and ' correspond to the T and N of the respective sources.
The inplication of this assunption is that the subjective
information of the expert is simlar to the available data;
that is, there is as much confidence in his/her subjective
input as in the data.

Based on the values of N, g', T, and N, the paraneters A" and
)]“ for the posterior distribution on A can be conputed for

each source. In the absence of any subjective information,
the analysis can be carried out with objective data alone; in
the absence of any objective data, the analysis can be
compl eted with only subjective information. Know edge of X"
and J “ conpletely defines the probability function of the
nunber of events based on A.

Using the conditional Poisson distribution on ) and integrat -
ing over all 7\'5, t he margi nal Bayesian distribution of Ais
obtained for each source. This distribution gives the
probability of the number of events above a predeterm ned

| ower bound M in the time period, T. The distribution on
magni tude for these events is discussed in the next section.
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7.1.2 Earthquake Magnitude Data - Bernoulli Trials

The generating process for the nunmber rM of events of any
specific Mgiven that a total of N events have occurred is
represented by the binomal distribution. However, the prob-
ability of success, PM , for each trial has been assumed to be
uncertain and i s treated as a random vari abl e. A Bayesi an
treatment is used to obtain paraneters of the Beta distribu-
tion used to describe the random variable P,. The sanpl e

likelihood function of Py. is derived from the generating
bi nom al process. From the avail able data, the parameters N

and rM of the sanple likelihood function can be determ ned.
N represents the total nunmber of events recorded on the source

under consideration, and ry; represents the nunber of earth-
guakes of magnitude M  (successes) recorded on the sane

source.  The parameter ry nust be determined for each source
and each Mj-.

Usi ng the conjugate prior distribution for the distribution
(Beta type) on P,, the paraneterséNl and\.Q are determ ned

from subjective input. For this example, it 1s assuned that
the anal ytical recurrence relationship fitted to the data for
each source constitutes the subjective input. For each

i ndi vi dual source, the analytical relationship describing the
recurrence of various M events is given by a |log-linear
relationship (see Figure 24).

_ i
The prior Yhﬂi represents the subjective know edge about the

nunber of events for a source above the fixed | ower bound
(M= 3.5) for each magnitude under consideration. As an
example, consider the Line Source 1. From Table 2, the Nhi
corresponding to this source is 16. The paraneteré\

represents the nunber of earthquakes of nmagnitude M.  Again
from Table 3, the cunulative sum of eventsareNc=1¢ for

M= 350 and N.=14for M = 375 thus, for M = 3,50, QMi is
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equal to 16 - 14 = 2. Because of the definition of the prior,
%; is constant for all m;'s within each source. |f the prior
had been input differently, such as in the formof a distribu-
tion for each m;, differentm; could have been obtained.
Having determned the paranmeters of the sanple Iikelihood
function, as well as those of the prior gistribution, the pos-
terior paraneters '\“Mi andf\“M can be obtained by using the
cg)ncept of conjugate distribution. The know edge of'\“Mana
M completely defines the probability distribution of the
probability of success, 2Vl of magnitude M on the source

consi der ed.

The marginal distribution of the nunber of successes, M;'s, is
obtained by convolving the posterior distribution on PM and
the conditional generating process of rMﬁf Not e, hé@éver,
that this marginal distribution is still conditional on the
nunmber of events n. Conbi ning the distribution of rMi for a
given n, wth the distribution on n, gives the nargina

Bayesi an distribution on Ty, This distribution is the nunber
of events of each magnitude independent of the nunber of

trials for a given source.

7.1.3 Fault Rupture-Length/Magnitude Relationship

The horizontal rupture lengths for various Richter nagnitude
levels (0.25 i nterval s) are based on the Patwardhan et al
relationship (1975). Rupture width is taken as one-half the
rupture length for a given magnitude.* The listing of the
input data is in a file wth card inmges.

*For the smaller earthquakes, where the change in rupture
| ength between consecutive nmagnitudes is |ess than one
integration step, a point source is used (O rupture |ength).
Even if they were not input as point ruptures, the program
woul d reset themto zero |ength.
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7.1.4 Attenuation

Probabilistic information on the various sources nust be com
bined wth information on the probabilistic attenuation
rel ati onship appropriate to the region of interest to obtain
peak accelerations at a site. The SEI SM C. EXPOSURE program
can accommodat e several different relationships. For this
exanple, the enpirical relation derived from 1driss and ot hers
(1979) has been used from a data base of shallow earthquakes
recorded on stiff soil. The relation is given by:

190.67e0.823M
(R + b3)1.561

A=

(See Data Entry XIIl, Section 3.1)

with standard deviation 1n, = 0,568, b,= 0.864e0-463M, and
A = PGA (peak acceleration, the ground-notion paraneter of
interest in this exanple). It will be further assumed in this
exanple that the relation given above is valid for the magni -
tude range M= 3.5 to 8.00. It should be noted that in Data
Entry XiIl (Figure 16), the cards containing information on
the attenuation coefficients (cards 2 and 3, respectively) are
i dentical because the programrequires at |east two relation-
shi ps. Only one was available for this exanple. If there
were two different relations, the parameter DEPTH (in Data
Entry XIV) would be used to separate the region of applica-

bility of each; in this case, the paraneter (-15.00 km) is
irrel evant.

7.2 Program SEISMIC.EXPOSURE/Output

Figure 25 shows the job control statements required to execute

t he program SEISMIC.EXPOSURE USing the three-source Sanple
Problem 1 inputs froma data file.
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SRUN LINDA.s9S$3004203571200
ASTHoF PRINTS,4PA2

SSYMGD PRINTS

3BK1e8 HAZSPl.

DG N «Me569842

FASGeA NEWRAZ.

AASGeA LLS+SP=5ADUTI,.

FUSE 2649LCSeSP=SAOUTI. Protfite for 1st Parameter
aas6e7 110

Print file for first Parameter
3MQT NEWHAZ JNEWXQT

SAMPLE PROBLEMUSING TasLE CENERATION
NO mMarRKGoY INPUT USED
3 0

Job Control Langusge (JCL)

| - Heading
I = Mot identification

V! - Probiem Description

XI - Arss Source Properties

X!l - Line Source

Jel—— X/V - Attenustion Relations
I XV - Horizontal Rupture Length

o 7. l XVI - Down Dip Rupture Width

XVil - Grid Description

30. Te 31 2218502 e———— ]I - Map Projection Informstion
146 1e0 1.0 l1ed 20. 10 1V - Label Description for Plotting
300 3%.2 V- X08IG. YORG
2 1 13 3 1 1 2 1 1 1 26 9 ] :18
| 17 1 1 Y11 - Source /Magnitude Tabies
504 .25 3*5 Vil - Tirme Periad and Megnitude
1 30.686 31.654 -13.1
2 33,343 32 5294 -100
3 35.657 32.704 -1345
4 31,470 32.5 1045
5 312.8 11.878 -2
6 32..9 3?2.195 -2. o
7 32.286 30439 5+ IX- Nodef Coordinstes
8 32,286 31,573 -5,
9 31.686 31,634 -t
10 31.686 31.207 -1Ce
11 30.8629 11.78 -1%
12 31.:29 31. 268 ~1de
13 314371 3),439 -1%a
1 ) 3 2
5 8 7 6 X - Elernents
] 10 9 1
AREASOURCE 1 13 Card 1
1 0 0 0 h] Cerd 2
250 : 15 2.4 2.6 5 Coa3
. . . . . 2o} Ce8 16
L5 s .25 s.et .18 3.1t 1e37 :] Cora 4
AREA SOURCE Z 12
2 c 4 0 1
2%%. 38.5 4,5 2.5 4.5 5. e 5 1.4
6.8 LYY 4,.5 2a e 15 +19
LINE SOURCE & 13— Cad !
112 1 1' Cord
159, e. z. Za% 1.5 4. e L l
2.3 248 2%5 Jed tel9 2.1l “a2 G3
ACCELIRATION PGA Ce 5l 1530, Card
133467 (.923308 2. S.561272  3.56A So— Cad2 X1 - Atrmnuation Information
19067 2323328 e 14561272 o563 e=— O3d3
55 3.0 -15 JeR643 Gedtzh SeJ 5e0
de e Te a2, c. T e
h Lo L 13, 26, .5 8Je 135.
230. 43
Je o* Je % Ue le b
0. ‘e Te .. 5. 22.5 ..
125.0 2iCa
GRID FOR SAMPLE PROBLEM (PROGRAM SEISMIC.HAZERDIWITHOUT MARKCY IVPLT Cora 7
30 2. 3. 3. 3te 33. L Card 2
4 . s » Card 3
@PRINTFILE 11 Print fils for 15t Parameter
33K 2N Job Controt Langusge (JCL)

d5Y94,0 PRINTS

Fig.25-SEISMIC. EXPOSURE Program Data Input for Sample
Problem 1



Figure 26 shows the output for Sanmple Problem 1 as obtained
fromthe line printer (i.e., logical unit equals 6). Comments
have been included for clarity.

Figure 27 shows the output for Sanple Problem 1 as saved on a
print file (i.e., IWDT = 11; see Input Format, card vI).

Figure 28 shows the output saved on disk to be used for
plotting purposes (i.e., IwpT = 26, see Input Format, Card yi)

and later, as part of the input data for program CONST.PROB.

7.3 Program CONST.PROB

The output printed fromthe program SEI SM C. EXPOSURE shown in
Figure 28 becones input to the program CONST.PROB. Since it
is desired to conmpute the 5-percent probability of exceedance
of maximum ground acceleration for a 50-year period of
interest in Sanple Problem 1, input data nust be arranged as
illustrated in Figure 29.

Qutput from CONST.PROB, as obtained on the line printer, is
shown in Figure 30. The file in which the sane data are
stored, after program execution (See Figure 31), are part of
the input data for the contour plotting done in the program
PLOT.ISO.

7.4 Program PLOT.ISO

The conputer output obtained fromthe program CONST.PROB i S
used as part of the input for program PLOT.ISO. (Once the
program is executed, a plot file is produced that can be
viewed by CRT (with graphics capability) in order to check the
results before obtaining standard CalComp plots. Typi cal |y,
the calComp plots are nore expensive to run than the CRT plots
because of system tinme and |abor costs.



Fig. 26 — Output for Program SEISMIC. EXPOSURE (Sample Problem 1 )
as obtained on Line Printer

SAMFLEFROBLEM US ING 1 ABLEYENERA T LON
ND MARROV T NbUT USED

PLOTIER SLZE 3
FLOT FwTaLXTION 0
SiaNDARD LAT LT ype 1 30.0000
G TANDAKD L AT TTULE 2 .0000
STANLARD LONG 1 TUbE A1 .()()00
sCAL ING FACTUR 2000000.

el

NUMBE R OF AKLA SUURCES
NUMBER OF L INE SOURCES
NUMBLK OF NOLILSG

NUMHE K OF E-. EMENTS
NUMBEK OF GRLDS

NUMIL K OF VAKTIABLE S
NIMBLK UF ATT/7VAKIABLL
LANLS FRINTED FER SITE
MAX NU. OF MAG

-
[==3 - N o

-

SAUL KESULTS UN DISNC(FLOTTING FORKMAT) 4 0 VALULS FEK S1TE

I1ME FERIUD HAG INC SHMALLEST MAG

50.00 .25 3.%0
HODAL  CUORLINATES (1 3 NODES) -
INLEX  WCC INLEX x COURD Y COUKD Z (hH) X (kM) Y (KM)
1 1 30. 686 31.854 -10.000 66. 1307 205.3949 bk est Two Columns:
2 2 30.343 30 004 -10.000 34. 404 224, 40% )
3 3 30. 457 32.705 210.100 64. 340 299.939 Xand Y Coordinates of sach Node Have Been
a 4 31.0/70 32.500 -10. 100 103. 161 577.114 Transformed From From Oegrees (Long.. Lat.)
5 5 32,800 31.878 ~2.000 267. 133 009,352 | o Kilometers.
é 6 32,400 30.19% -2.000 220 . 0L AN YA
7 7 32 luUs 30,390 -:>,000 220.:' 74 43,546
o g 32,086 31.4573 -4.000 218. 608 174.0836
9 v 31. 606 30.634 -10. 000 162. 3913 70.126
10 10 31,606 31.7207 -10. 000 162.01Y 153.717
11 11 30.6:'9 31.780 -10. 000 .51.378 19/.194
12 12 S0 31.260 -10. 000 99, 545 140274
13 13 31.321 30.439 -10. 000 132,241 4LJ,3:.0-J
ELEMENTS DESCURIFTION 3 ELEMENIS)
INLEX 1 J K L KENUMBLRED | J K L
1 1 4 3 i 1 4 K 2
2 ] g 7 6 4 3] 7 6
3 4 10 v 7 8 10 Yy 7
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Fig. 26 — Output for Program SEISMIC. EXPOSURE (Sample Problem 1)
ds obtained on Line

ATTENUATIONRFLATIONSHIPS

ACCELEHATTI ONM PGA 1C= 2Ja
H1 e s
190.670 oM/ s 00L
190674 sHUS « 600
cl wtdb%
c2 46
DEPTH =15 yl 0

LOG-NORMAL DISTREBUTION ON ATVENUAT LN

NO OF SIG ON LACHSIUL Of HMEAN 3.t
NO OF INCREMENTS IN 01S1 He
INTOe STEP VERT, (KM) Seul”
INIGe STEP nuR, (KH) 56002
EPSILON (kM) .10.

CONTRIBUTION TaABLE

SOURCE/MAGN] TUDE

INPUT SPECIFIES TAULES ARE 1 O BE GEN(RATLD FOH LVERY
1

PARAMETEH TABLE S | Z E ¢SUM O F MAGNITUDES ACROSS ALL SOURCES) = 36
PARAMETER MINIMUM HAXIMUN INCREMENT FIRST TAbLF LAST TAGLF
1 50.000 1500.000 ¢leCOD 60,000 320000
TABLE SPACE AVAILABLE - 10800
TAOLE SPACE USED - 53¢
HORIZONTAL RUPTURELENGTHSIKM)
3.500 34750 44000 4,550 44529 4. 757
. 000 «102 2900 .00 « 000 o0y
6e0Ly 6Ge25u 6550 6HaTh) T.3%3 Tecb?
.000 18e0d0L 264000 4%.409 81e29¢ 13%.000
OO0uUN DIPRUPTURELENGTHS (KM)
3.500 3. 753 4,600 4,250 4a%09 4,7%)
«Oul . CO0 Ul et sl LN + (00
6+000 6he295 6ehs LXRARN Tadul 1.25)
.000 .13 15.0320 224000 445040 ET L0
THE CONSTANT C = C1l « EXPACZoM) Bl ATICNUAT Juty CUUATLION
4.363Y N H9B4 9.44990 bel 182 6493.0 1.7791
13.872 15.571 174440 19.623 224629 240732
PARANETER 1 - ACCELLRATION POGA
ATTENUATION COEFFICIENT 111 . ExPin2 . M)
841321 8.3379 B.5438 B.74% de 4S9 9.1613
10.191J 164398 1Ce0l2 148448 11.614 11227
ATTENUATION COEFFICIENTUL . EXPEBY . M)
Be11321 Be3319 EPEYRY Hoeld'tb 8.94%94 Felell
10.190 1Je398 1van )¢ 10evin 11. "14 11,200

4l
IR)
1. (1
1,261

INFORMATION

[ "=

HLelda
LN uiC
et bh
1,

1 INCREMENTS UF

Printer (continued)

Mx:

ML MX
ol UG
et U

10 INCRENENT

19uLe i

Senlitt
et
Tenut

P RN A

e 01
«Jhl
Terba
12%..00

He T334
¢lalb2

J. 5671
11 a2%,

Je3: 71
1le4cn

17

FIHST tivEL

FOR THESE PARAMETLHS -

LAST LEVEL ADDRESGS
L} 17 !
D291 S5enll SeT07
L el il
I Y
4L eub
Lelh ' “eii Be7%1
[ 2 9. et bl
TeTH
£l Jetl0
Yol bl 1ieGue
3lelbu
9,524 Y1747
11e631
9, e Selln2
tlenidl

12e3%6

Y9.94486

Na%H4b



Fig, 26 — Output for Program SEISMIC. EXPOSURE (Sample Problem 1)
as obtained on Line Printer (continued)

PROSABILITY OF LZERO OCCUR ANCEPERINCREMENT

AREA AREA L INF

SOURCE SOURCE SOURCL
MAG l < |
coaowwdge “"""""° =SS SEEs SEEEsSsSs TEEEESES o EEEEsESS ==
5+5U 9964596 «9YH296 ® Y574Y7
Je75 ® 996166 e 999042 ® 904317
4.00 997771 e 998236 97867
4.25 » 996493 RTELEL .944153
4450 e (9ti 806 e 598286 0923994
4.75 e 997625 ® 9994b2 757497
5e0d .7)97771 997425 o YL! 7.74
5.25 9999401 ® 998436 90t 213
5.50 «99H 140 ® 99 H455 964317
5*75 ¢ 999645 «299492 «e9545973
6e0 C .999775 959942 v957191
Gel2Y .9998 .35 099942 e990372

6.5G .599446 ® cc9cclc «577 144
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Fig. 27- Output for Program SEISMIC. EXPOSURE as Saved on Printfile for Each Ground Motion Parameter (continued)

PARAMETER 1 ACCELERATION PGA= A0,3°%
ARCA AREA LINF
SOURCE SOURCE SOURCE
MAG 1 2 1 ROWSUNS
cwnee guowen -~ - T T T B
3.50 « 0000 su00U 0 [,011 D119
3.7 «000Li euldy el 100 PRIE
4400 «0720 «u00¢0 sildy g
4.25% 1114 «OPD3 euuih «0i00
430 «0360 e (LO0C el”00 o327 L0
4.7% .0000 « 0000 «U602 #000UY
5.00 e0L0S e3b02 s LPO0 I TE]
5.2% «JC0O 24 o L, .3(, eJ)Jild
5.50 «000L0 «(0J0 aludl « 00D
5.7s e 00Y «CCCO o000 «N0C
6.00 0008 « 2000 04500 «C07(
6.25 X191 s 400Gy SeBuU24 SeflzA
6.50 «0303 euCud 9414976 94,1976
---------------------------------------- eemm dmme e L
SUMS #0000 «000C 1€040296€ ¢ 136 U5-0C3
PARAMETER 1 - ACCELERATION PGA >z 196,00
« ** SOURCE/MAGNITUDE CONTRIBUTIONTABLES ARE FMPTY
PARAMETER 1 ACCCLELRATION PG
AREA ARCA LINE
SOWICE SOURCE SOURCE
VALUE 1 2 1 ROWSUMS
D - o Heeeeee- Lo
60.0 eGUIVL «0UC00 .101 QY-JJ2 .1 0l149-LL2
800 .00000 «0u00 «136)3-0C3 e13633=-CL)
100.0 e 000GO ® 1) Goo J s JOLCHY «0)0C0
12060 ¢ 000GO .00000 «9C000 «0u000
18040 00300 e 0000J <D0 « 60000
16000 ed0000 «00200 eNGl 0 «00ul(
18040 e OOCOO «C0u0d «lC2.2 «0 00230
200.0 eh03OO « 06000 etlul} «GPCLO
22000 00000 «d 2000 shLOJYD «000uD
240« U #00600 «C0000 «UD0GO) ® ilo Lilu
26.0.0 +00600 eGCIOO «0000D «03300
28000 e 00000 «JU000 .00000 eluudd
300.0 4000090 «vdJ00 «000C0 <0000
3200 .00000 « (03011 sul050 04020
- g mm - st eees  mmeeeoe eeeeaeeoaeeoooas o -
NOTE:

Output for Remeining 15 Sites ks not Shown Since the Form is the Same

MAGN]ITUDE/ SOURCEPERCENTAGE CONIIIINUILON TABLE

SUMMAR Y MAGNETULL /S OURCECONTRIBUTIONTABLE

PART 1

Par T 1



Fig. 28- Qutput from Program SEI SM C. EXPOSURE (Sanple Problenn 1)

as saved on Disk for Plotting Purposes

BFRINTF ILE LCS*SF-SA0UTL .

1 0
30 .02 ,000 31.000 2000000. .000
1.000 1.000 1.000 1.000 20. 000
SAMFLE FROBLEM USING TAHLE GENERATION
NO HMARNDV INFUT USED
ACCELERAT 10N FGA 20. 000 % .000 1500.000

.000

GRID FOR SAMPLE PROBLEM ¢ FROGRAM SE | SMI C +HAZARDDWITHOUT MARKOV INFUT

30.000 3 30. 000 33.000 30. 000 30. 000
4 0 “400

4
1.00000 .0898%9 .00842 .00101 .00014 .00000
.00000 .00000 .00000 .00000 .00000 .00000
,00000 ,00000 .00000 .00000 ,00000 .o00OO
.00000 .00000 .00000 .00000 .00000 .ocOOC
1.00000 .72507 .18299 ,03940 .01121 .00381
. 0000s .00002 .00001 .00000 .00000 00000
.00000 , 00000 .00000 , ooood ,00000 .00000
00000 . 00000 00000 .00000 .00000 .00000
1>00000 .77721 .1842% 03492 .00877 .00260
.00002 .00001 .00000 .00000 ,00000 00000
,00000 00000 . 00000 ,00000 .00o000 .00000
.00000 .00000 .00000 .00000 .00000 .00000
1.00000 .72817 . 22522 Qs148 02132 (0853
.00022 .00013 .00007 .00004 .00003 ,00002
.00000 .00000 .00000 ,00000 ,00000 .00000
.00000 , 00000 .00000 .00000 .00000 .0QOOO
1.00000 .66172 11014 .01252 .00347 . 00099
.00000 .00000 :00000 . o000 00000 .00000
.00000 .00000 .00000 .0000O ,00000 .00000
.00000 .00000 .00000 . oocooe .00000 .00000
1.00000 .99991 .98941 .90603 . 748s7 .57188
. 01 . oe7ae2 0469 -034s5 . 02942 802078
.00452 . 00375 0029 .00227 .00187 . Q0153
.00032 .00029 00024 .00020 .00014 .00013
1.00000 99666 70648 . 2778S 11048 .04753
.00151 , 00090 ,00049 .00031 :00024 .00015
.00001 ,00001 .00001 .0Q0000 .00000 .00000
.00000 .00000 .00000 .00000 .00000 .00000
1.00000 .99133 . 79000 37763 , 18702 .09649
.00582 .00405 , 00231 (00153 .00126 .00084
.00014 .00010 .00008 .00007 ,00005 .00004
.00001 .00001 . 0000 . 0000 .00000 . 00000
1.00000 80902 . =20 - 08292, 02041 00772
.00016  .00010 . 00004 .00002 .00002 00001
.00000 .00000 .00000 .00000 .00000 00000
.00000 .00000 .00000 ,00000 .0000O . 00000
. . ) .15265 . 07380
.00360 - 00245 ' oog3s ,00091 .00073 . 00046
00006 .00004 .00004 00003 .00002 00001

FA
o
o
o
o
S
©
©
N
3]
~
Yy
w
o
>
~
w
w
a
=N
=N

1.00000 47473 13144 .03918 .01518 00673
,00024 .00015 : oooog .00005 .00004 00002
.00000 .00000 .00000 ,00000 .00000 .00000
-00000 00000 00000 00000 00000 00000

1.00000 .04497 .00351 00043 , 00004 . 00001
.00000 00000 .00000 .00000 .00000 00000
.00000 .00000 .00000 .00QOO . 00000 . 00000

.00000 . 00000 00000 . 00000 .00000 .00000
1.00000 00466 .00037 .00000 .00001 . 00000
00000 , 00000 .00000 .00000 .00000 .00000
.00000 ,00000 00000 .00000 .00000 00000
.00000 .00000 00000 .00000 .00000 00000

8BK2 pAz

1.000

50. 000

33.000
.00000 .00000
300000 . 00000
.00000 .00000
,00000 .00000
.00133 . 00054
.00000 . 00000
.00000 .00000
.00000 .00000
.00089 .00034
,00000 .00000
.00000 , 00000
.00000 .00000
.00367 .00176
.00001 .00001
.00000 .00000
.00000 . 00000
. 00028 00008
. 00000 . 00000
.00000 .00000
,00000 .00000
.41207 . 29468
.01479  .01200
.00106 . 000B2
.00012 . 00009
.02158 .o1069
. 00008 00007
. 00000 . 00000
.00000 .ocQ000
,05112 ,02912
.00054 .00044
.00003 .00003
.00000 , 00000
.00319 .00148
.00001 . 00000
.00000 , 00000
.00000 .00000
.037213 . 02036
, 00029 00022
,00001 . 00000
100000 .00000
.00046 .00027
.00000 . 00000
.00000 . 00000
.00000 . 00000
.00602 .00353
.00003 .00002
.00000 .00000
.00000 .00000
.00007 . 00002
.00000 .00000
,00000 . 00000
.00000 .00000
.00317 . 00164
.00001 .00001
. 00000 . 00000
.00000 .00000
.00000 .00000
.00000 , 00000
.00000 .00000
.00000 .00000
. 00000 .00000
.00000 .00000
.00000 , 00000
. 00000 .00000

. 00000
. 00000
. 00000
,00000
.00023
. 00000
.00000
.00000
.00012
. 00000
.00000
.00000
.00080
. 00000
.00000
, 00000
. 00000
. 00000
.00000
, 00000
19729
00838
. 00048
.00006
.00521
.00004
. 00000
. 00000
. 01587
, 00027
. 00002
. 00000
. 00065
. 00000
, 00000
, 00000
.01040
.00014
. 00000
, 00000
.00010
, 00000
. 00000
. 00000
.00174
. 00002
. 00000
. 00000
. 00000
.00000

. 00000
, 00000
-00000
,00000
100011
. 00000
. 00000
, 00000
. 00005
. 00000
.00000
. 00000
, 00043
- 00000
, 00000
100000
, 00000
. 00000
, 00000
00000
13976
: 00680
, 00045
. 00006
. 00287
. 00003
.00000
. 00000
, 0097s
. 00021
. 00001
. 00000
, 00033
00000
. 00000
. 00000
, 00625
100010
.00000
. 00000
. 00005
. 00000
.00000
. 00000
. 00098
00001
-00000
. 00000
.00000
.00000
. 00000
.00000
. 00045

XI-{I-CDF)Cards



Fig. 29- Input to Program CONST. PROB
1 L Q ooy ! " Input from Umz 5
Input as read from Plotfile created py Program SEISMIC. EXPOSURE.
Always read m, from Uit 9
1 3 0 "
30.000 .000 31.000 2000000. . 000 n
1. 000 1. 000 1. 000 1. 000 20. 000 1. 000 . 000 Iv
SAMPLE PROBLEM USING TABLE GENERATION 134
NO MARKOV INFUT USED
ACCELERATION FGA 20.000 50.000 1500.000 50.000 W
ORID FOR SAMPLE PROBLEM (FROGRAN SEISMIC . HAZARD)WITHOUT MARKOV INPUT vit
30. 000 30.000 33.000 30.000 30.000 33.000 Vil
4 0 0 Ix
40 X
1.00000 .08989 .00862 .00101 00014 0o . 00000 .00000 00000 .00000 -
00000 .00000 ,00000 .00000 ,00000 .00000 ,00000 .00000 .00000 .00000
00000 .00000 .00000 .00000 ,00000 .00000 .00000 ,00000 .oo0o00O .00000
, 00000 . 00000 .00000 .00000 .00000 00000 ,00000 .00000 .00000 . 00000
100000 72507 18299 .03940 .01121 00301 .00133 .00054 .00023 .00011
. 0000s :06002 . 00001 .00000 , 00000 00000 ,00000 .00000 .oooo00 .00000
00000 .00000 .00000 .0000OO ,00000 .00000 .00000 . 00000 .000OO .00000
00000 .00000 .00000 .00000 .00000 000,,00 ,00000 .00000 .00000 .0QCQO
1.00000 .77-721 18429 03492 .00877 00260 100089 .00034 .00012 .0000S5
,00002 .00001 :00000 .00000 . ©00QC 00000 .00000 . #ooo ,00000 .0000CO
00000 .00000 ,00000 .00000 # 00000 .00000 ,00000 ,00000 ,00000 .o000OCO
, 00000 .00000 ,00000 .00000 '(9-900 00000 , 0000¢ ,00000 ,00000 .0OOQO
1.00000 .72817 22522 .06148 0<13 ,00853 ,00367 .00176 . 00080 .00043
002 .00013 .oo007 . 00004 .00003 00002 .00001 800001 .oooo00 .00000
00000 .00000 .ooooQ .00000 ,00000 ,00000 ,00000 . ocood .00000 . 00000
00000 800000 . 00000 00000 00000 .00000 .00000 ,00000 .00000
1. 00000 .66172 .1i0c1a4 .01752 00347 00099 .00029 .00008 ,00000 .00000
,00000 .00000 .0000O .00000 . 00G00 .00000 .00000 00000 00000 .Q0O0QC
,00000 .00000 ,00000 . coood 00000 00000 .00000 .00000 .oo0OO 00000
100000 .00000 00000 . 0oooe . 00000 00000 ,00000 .00000 .00000 00000
1, 00000 99991 98941 .90603 , 74857 57188 .41207 29468 .19729 13976
09s91 07282 54692 . (3455 .02942 | 02078 .01479 01200 . 00S38 : 00680
00452 .00375 . oo2?1 .00227 00187 00153 .00106 . oooB2 . Q00s8 . 00045
00932 00029 00026 ,00020 .00014 00013 .00012 00009 .00006 00006
100000 99666 , 20640 27785 11048 04753 . o5 . 01089 .00521 00287
00151 .00098 00049 .00031 :00024 00015 .00008 , 00007 .00004 00003
.00001 ,00001 oooo: .00000 .00000 .00000 . 00000 00000 .00000 00000
, 0000 00000 .oo0oo0o0 .00000 00000 00000 .00000 .ooco0o 00000 00000
1.00000 99133 75000 .37763 .18702 .09649 .0S112 .02912 .01587 0097s
00502 00405 00231 (00153 .0012& .00084 . 00054 .00044 . 00027 .00021
00014 ,00010 .ooo00o0 , 06007 .00005 00004 ,00003 . 00003 00002 00001
00001 00001 .ooooz .00000 .00000 .00000 . Ooooo .00000 .00000 00000
1.00000 80902 25073 .06292 .02041 .00772 .00319 .00148 . 00055 .00033 X1-(1-CDF)Cards
00016 00010 .oooo4 .00002 .00002 .00001 .00001 800000 .00000 .00000
, 00000 00000 .ooooo .00000 .00000 .00000 .00000 ,00000 .00000 00000
00000 00000 .ooocoo .00000 . 00000 00000 00000 .00000 . 00008 00000
1.00000 99257 73067 .33544 15265 07380 .03713 . 02036 .01060 .00625
00360 . 90283 401s6 . 00091 00073 00046 #029 ,00022 .00014 00010
00004 00004 .ooo0o4 .00003 00002 00001 , 00001 .00000 .00000 00000
00000 00000 .oooco 00000 00000 oo000O Qoooo 00000 00000 00000
1.00000 72239 146268 . 03004 00739 .o0218 .00066 .00027 .00010 . 00005
00002 00001 :ooo0o0o0 .00000 00000 .o0000 .00000 .00000 .00000 .00000
00000 00000 00000 . 00000 00000 .00000 00000 .00000 .00000 00000
00000 00000 .00000 .00000 00000 ,00000 ,00000 00000 .00000 .00000
1.00000 .75618 .2'5965 . 00493 03305 01456 00682 .00353 .00174 00098
000s4 00035 .o0018 .00012 .00009 0000s .00003 .00002 . oooo2 00001
00001 00000 .00000 .00000 00000 00000 .00000 .00000 .ooo000 00000
00000 00000 .00000 .00000 00000 00000 ,00000 .00000 .ooo000O 00000
1.00000 .22113 . 02837 (00444 00094 00024 .00007 .00002 .ooo0o0o0 .00000
00000 ,00000 .00000 .00000 00000 00000 .00000 .00000 .oo0o0o0o0 .00000
00000 .00000 .00000 .00000 .00000 .00000 .oo0000 .00000 00000 00000
00000 .00000 >00000 .00000 00000 00000 .00000 .00000 .oo0oo0o .00000
1,00000 47473 . 13144 03918 .01518 00673 .00317 .00l&4 .000so . 0004s
00024 .00015 . 00008 00005 .00004 00002 .0000% 00001 00000 00000
00000 .00000 ,00000 .00000 .0QOOO 00000 .0000O 00000 .0Q0QQ . 00000
00000 00000 .00000 .00000 .00000 .00000 .o00COO 00000 .OCOOO .00000
1.00000 ,04497 .00351 .00043 ,00004 .00001 .0Q0QQ .00000 .00000 . (D000
00000 .ooooo0 .00000 ,00000 .00000 .00000 800000 .000COO .00000 00000
00000  .ooo0o0o0 .00000 .00000 ,00000 .00000 .00000 .00000 .ooooo 00000
00000 .00000 .00000 , 00000 .00000 00000 000000 .00000 .oo0o000 .QOOOO
1.00000 .00466 .00037 00008 .00001 .00000 .00000 .0Q000 00000 . 00000
.00000 .00000 .00000 ,00000 .00000 .00000 .00000 ,00000 .oocoo00 .0OOCDO
.00000 00000 ~~~~~ 100000 00000 00000 00000 00000 «=amas  ees=-
.00000 . 00000 . 00000 . .00000
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Fig. 31 — Output for Program CONST. PROB (Sample Problem 1 }-—
As Saved on Disk for Plotting Purposes — Always Unit 10

1 3 0 gamiLE FRUBLEM yginGg TABLE  GENERAT 1N

30 . 00000 00000 31.00000 2000000. . 00000
L (] (]
:0.00: 30.000 33.000 30.000 30,000 33,000
1.000 1.000 1.000 1.000 20.000 1.000
PRUB OF NON-EXCEEDENCE , 950
29.817 50.324 57.901 435.717
32.986 237.622 99.21s 121.0113

66.079 112.901 56,990 “73 .466
37.7s6 57,654 19.693 19. 089



Figure 32 shows the listing of the input data deck (data file)

for the program PLOT.ISO. Each Data Entry, as described in
Section 3.1, is noted on the figure by the corresponding item
number

Figure 33 shows the output as obtained on the line printer
from execution of PLOT.ISO. The output can be checked for
proper program execution and to determ ne whether these were
calls to "FOURPT." See Section 6.1 and Figure 22 for an
explanation of what to do if there are calls to " rourpr"
during execution of the contouring routine in PLOT.ISO.

Figure 34shows the contoured maxi mum ground accel eration for
a b5-percent |evel of exceedance (or 95-percent |evel of non-
exceedance) over a 50-year future tine period for the region
of interest (Figure 9) , Sanple Problem 1.

The seism c exposure map in Figure 34 was obtained w thout
using sem -Markov inputs for |large and great earthquakes. A
second sanple problem that handles a subduction seisnmicity
envi ronment where large and great earthquakes are consi dered
i's discussed in the next section.

7.5 Program MARKOV--Sample Problem 2

This sanple problem illustrates the capability of the
SEI SM C. EXPOSURE program to handl e subduction zone seismcity
(seismc gaps). Only the essential inputs that differ from
the first sanple problemw |l be discussed here. The problem
consists of determning the seismc exposure at several sites
from which a seismc exposure map is generated for maxi mum
acceleration with a 5-percent probability of exceedance in a
50-year future tinme period.

7-9



Fig.32 — I nput for Program PLOT"1SO

fnput From Unit 5

?

Input From Plotfile Created by Program CONST. PROB

Read Input Unit

1 g} D OSAMPLE PROALEM USING TAnLE GONEIATION ————— |
30400003 eCO0CLO0 351.C0735 2.03Ci3 ) —

1 8 4 0 3 Hi

304000 3ustogQ 33,203 30443C 506300 33.003 W

14C00 1el3t 1e433 1.73% 2iedin 19500 v

PROB OF NON-EXCEEDENCE 955 v

294817 58.524 37+361 654717

52,986 237.622 29,218 121a4t13 VI

664079 112.981 56439 Ti_ace

3T.756 57.654 19.655 19..89



Fig. 33 — Output from Program PLOT . ISO as Obtained on Line Printer

SAMPLE FROBLEM USING TAKLE GENERATION
PLOTTER SIZE = 30 INCHES
LAMBERT CONIC CONFORMAL FROJECTIONWITH 1 STANDARD FARALLEL
PLOT TYPE

STANDARD LATITUDE 1 30.000:
STANDARD LATITUDE 2 ,0000
STANDARD LONG TUDE 31. 0000
SCALE 1 TO 2000000.0
NUMBER OF PLOTS 1

NOOFPOINTS IN X DR 4

NO OF #OINTS OF Y DIR 4

FLOT FRAME? O=NO o

INT FROM AGCC? 0=NO

X MARK EVERY 1.000:

Y MARK EVERY 1 0000

X LABEL EVERY 1.0000

Y LABEL EVERY 1.0000
CONTOUR LINE EVERY 20.0000
CONTOUR LABEL EVERY 1.0 LINES

CROSSES | NSI DE- O=NO .0

GRI D COORDI NATES X 30.000 33.000 33.000 30 000
Y 30. 000 30. 000 33.000 33.000

PLOT TYPE 1 NUMBER 1

DATA MATRIXFIRST LINE CORRESPOND TO SOUTH, LAST TO NORTH

FROB OF NON-EXCEEDENCE . 950
29.817 58,524 57.981 65, 717
52 984  237.622 ?9.215 121 . 01s

66.079 112.961 56. 990 73. 466
37.756 57,654 19. 891% 19. 089

LOU VALUE . 0s9

HIGH VALUE 237, &22

NUMBER OF COUNTOURS 11

CONTOUR 1 LEVEL 20 000

CURVE 1 STARTS AT 1 ENDS AT 3
pxxxx2 = . 00001 Dyvsxs2= 00001 USHN = 00008
CONTOUR -7 LJEVEL 40.000

CURVE 18TARTS AT 1 ENDS AT 2
CURVE 2 STARTS aT 3 ENDS AT 4
CURVE 3 STARTS AT 5 ENDS AT 7
CONTOUR 3  LEVEL 60.000

CURVE 1 STARTS AT 1 ENDS AT S
CURVE 2 STARTS AT 6 ENDS AT 11
CONTOUR 4 LEVEL 80.000

CURVE 1 STARTS AT 1 ENDS AT 9
CONTOUR S  LEVEL 100.000

CURVE 1 STARTS AT 1 ENDS AT 3
CURVE 2 STARTS AT 4 ENDS AT 9
CON TOUR 6 LEVEL 120.000

CURVE 1 STARTS AT 1 ENDS AT 3
CURVE 2 STAKTS AT 4 ENDS AT 7
CONTOUR 7  LEVEL 140.000

CURVE 1 STARTS AT 1 ENDS AT 4
CONTOUR 8 LEVEL 160.000

CURVE 1 STARTS At 1 ENDS AT 4
CONTOUR 9  LEVEL 180 .000

CURVE 1 STARTS AT 1 ENDS AT 4
CONTOUR 10  LEVEL 200.000

CURVE 1 STARTS AT 1 ENDSaT 4
CONTOUR 11 LEVEL 220.000

CURVE 1 STARTsS AT 1 ENDS AT 4

1 DIFFERENT FRAMES

O MODIFIED CALLS IN FOURPT



33.

32.

31.

30a 31. 32 . 33.
39.

32.

31.

30.

Fig 34 — Seismic Exposure Map for PGA, Probability of Exceedance
of 5 Percent and Time Period of 50 Years



Since resuits from the sem -Markov nodel are desired, inputs
must be obtained from the program MARKOvV. These inputs consi st
of the probabilities of occurrence and the nmagnitude
distribution of the nunber of earthquakes contributed by |arge
eart hquakes from the subduction zone (“seismc gaps”).

Five sources are considered in a region of interest, as shown
in Figure 35. Three of the area sources have recurrence input
from the MARKOV program

7.5.1 Seismicity Data

For earthquakes of Ms 3 7.6 on the Benioff zone sources, seis-

micity has been proportioned on the basis of area proportions
of the seismcity fromrecurrence curves for the shallow and
I ntermedi ate sections of the subduction. Procedures used are
t hose described in Sections 7.1 for Sanple Problem 1. The
recurrences for random and area sources are handled Iin a
simlar manner.

Recurrences for earthquakes O Ms % 7.6 and seismc gaps are
obtained frominputs to the SEISMIC.EXPOSURE program from the
program MARKOV. MARKOV nust be executed prior to the execu-
tion of SEISM C EXPOSURE. Because of the seismc gaps in this
tectonic environnent, subjective data from judgnents nade by
experts are conbined with the historical data in order to
provide the proper inputs to the program MARKOV. Details of
procedures to synthesize subjective information from geol ogy
and historical earthquake data wth assessnents on the hol ding
times and magnitudes of |arge earthquakes in seismc gaps are
di scussed in detail in Appendices A and D.

7-10
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752 I nput Data to MARKOV

Figure 36 shows the input data to the program MARKOV. Dat a
set entry coments correspond to discussions in Section 4.1.
In this sanple problem the period of interest is 40 years,
with the cutoff magnitude being 7.8 Ms for non-sem - Markov
eart hquake recurrence inputs. The prior distributions are My,
M and M3, and Tij, T2 . . . ..Tij's are hypothetical. They may
be devel oped for a given problem using the procedures dis-
cussed in Appendix b, Figure 37 shows the output as obtained
on the line printer for Sanple Problem 2. Descriptions are
provided of the input paraneters and statistics on the distri-
butions wused on the holding time and nagnitude (state)
transitions. The essential results fromthe output are shown
in Figure 38: the probabilities of earthquakes occurring with
the various nmagnitude states.

7831 nput Data to SElI SM C. EXPOSURE

The input data to the program SEI SM C. EXPOSURE are shown in
Figure 39. The necessary source geonetries, nmap projection,
grid information, recurrence information, and attenuation
information are also shown in the figure, and the essenti al
di fferences between the types of input data and the first

sanple problem are noted. Input data resulting fromthe semi-
Mar kov sinmul ation in the program MARKOV shown in Figure 38
appear in the disk files |abeled 17 (1 NDATA). In this exanple,

the input semi-Markov results for the SEI SM C. EXPOSURE program
coul d have been witten to three separate files (i.e., 17, 18,
and 19) by changing Card 3 of Data Set Entry IV in Figure
36. The nunbers used for these file-witing sequences are
chosen by the user.

7-11



Fig. 36- Input to Program MARKOV (Sample Problem 2)

NOAA SEISMIC EXPOSURE Kaf 1 !

3 50 40.0 0.5 Il

SAMPLE SOURCE 2 000 Cord 1 "
FILE . 8.5 7

3 ”l L 106 Cord 2 j—IV

n Card 1

6 Card 2 v

7.8 7.9 8e2 7.8 9.2 8sl —— (Card 3

p 8+3 6.5 87 9.3 == card 4

"2

Y

8.4 8.3 9.1 8e4

P Beld 8.5 Be7 943

n3

2

8.2 8.7

P 8e3 BeS 8e7 962

111 card 1

4 Card 2 Vi

2% 3. 1 1. Card 3

P 50.0 7. L 10uel 28.43 Card 4

112

1

31,

P 55.0 8CeC 115040 302.0

113

1

6.

P 6040 85.0 1200 32040

T21

2

1. 1.

P 60.0 115. ¢ 155.3 4103

T22

1

1.

L4 87.0 12548 165.3 80,10

123

1

19*

P 94. D 135,39 175.0 a7t

T31

2

1. 1

P 113 G 15 G 18,40 o cc.r

132

0

P 12040 16fe § 260 €004 2

T33

0

P 13 L.? 1701 22..8 52047

SAMPLE SQURCE 3

3 1F1Le 42.G Re2( BelS

Mn

6

7.8 7.9 E*2 7.8 a,2 81

P a.3 845 tel 9.3

M2

L3

88 8.3 Sel 8.

P 83 de¢% Be? 963

n3

2

® .z 8.7

P 0.3 849 8.7 9.3

Ti1

4

2% 3. le )

P 58. 86 115. 322.

712

1

31.

P 63 92. 127, 345,



Fig. 36- Input to Program MAR KOV (Sample Problem 2) (continued)

P 69, 98, 138. 368.
P 92. 132, 178, s72.
P 160» l1as, 190. 506 .
P 108, 155. 2ule 541.

P 127. 173. 207. 552.

P 138, 184, 230. 575
133
0
P 150, 196. 253. 598
SAMPLE SOURCE 4
3 1FILE 15,3 9.2 8415
17
M1

7.8 7.9 842 7.3 9.2 8e1
P 8.3 8.5 Ba? 9.3
"2
L}
Bed 8.3 9*1 Ead
P 8.3 BeS Ba? 9+3
n3
2
Be2 8.7
P 6.3
11

2. 3 1. le
P Sbe Ebe 115. 322.

P 63. az. 127, 345,
P 69. 98. 136* 368
1. l‘

P 92. 132. 178. 472,
P 131 148, 190. S06.

) 108, 155. 201. Sal.

P :i.279 173. 207. 552.
P 138, 188, 230 57s.

P 150. 196. 253, 594,
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Fig. 37 — Output from Program MARKOV as Obtained on Line Printer (continued)

BAYLS TAN LSTIMATIUN OF M0 L PA RAMETLERS

PARAM £ TER 1 - M1

NU MB ER OF DA |A POINTS = 6
DATA VALUF § -
T.801 Te900 deduy I.soil 3,203 BelluU
PRIOR FRACFILES ARE -
0.25 FRACTILE 0.50 FRACTIL N.7% FRACTILF lo0C FRACTILE
83006 8.500 HeTd0L 9e300

RESULTS OF COMBINING OATAANG PRIORS AHEASHOULLOUWS

SAMPLE 0fG. OF H L AN VARIANCE FIMRT K PARKAME TEH

S121 N FRELEUON (RBA ) tSIGSQKH) MOMINT S SUUAKE

OUJECTIVE DATA bev Sed “Cezlt 40130 4.130
PHIOR DATA 5.0 4.4 ~ed =298 .s'42 o124
POSTERIOR 1.0 10.9 =led o 4,041 2e96 13
PARAMETER 2 - W2
NUMBe R OF DATA POINTS = 4
OATA VALULS -

Ba810 84300 Ye1.0 ted0L

PRIOK FHACTILE S AKS
Je2% FRACTILE 0.50 FHRACTILE fel% FRACTILE 1ot PHACTILF

Heldu Heh i o lJu Tad e

RESULTS OF COMBINING DATA ANI) PRIGRS ARE A S FALLUYS

SAMPLE DECLe OF Mt AN VARTANCE FOURTH FARAMI TL K

S1ZE 1. PREELOM (ABA ) (S1550K) MOMENT SOSOUARL
OLJFCTIVE DAEA 4404 Sats “ed e 1h 1 .10
PRIOA Dala e L —eh ! /9N o bt ol

PAOST RILK Car ne ~el ] s o1 1o\



Fig. 37 — Output from Program MARKOV as Obtained on Line Printer (continued)

PARAMLT EHW 3 - M3

NUMUEHR OF DATAPOINTS = :
OATA VALUES -
Ra210 A.7Tu0

PRIOR FRACTVILFE S ARF -
0.25 FRACTILE 9«93 FRACTILE o759 FRACTILF

H.soil HaS5Nu HelTND 9.370
RESULTS Of COMBINING DATA ANI) PRINRS ARE A S FOLLOWS

SAMPLE DEG. OF M a N VARIANCE FouRIH PARAMEIF R

S120 N FRiLOLOM {XBAL) (SI0GSGR) MOMENT s SQUART
ORJECTIVE Dara 2.0 1.0 ~a1] -329 «327
PRIOR DATA 9.0 8.0 —ef,2 «?98 «H72 « 124
POSTERIOR T.0 he ~edny «237 »13H
PARAMETILR & - T11
NUMBER OF pATA POINTS = .
DAT A VALUES -
20800 5.000 telO0 1000

PRIOR FRACTILFS ARE -
9.25 FRACTILE 0.50 FRACTILL C.79FRAN TILL 1.01 FRACTILF

5Ne000 15.000 10 406) 2RI.(NO

RESULTS o f COMAIMING DATA AND PRIDRS ARE AS FOLLOWS

SAMPLE DL%s of M L AN VAR ANCY FOUETH PARAME TH I

SI1ZE N FREEDOM CXBARY t516sQn) MOMENT S SQUAHE
ObBJECTIVL DATA 449 Sal LY «?9% 0299
PRIOR DATA Ye 4410 Ga25n e512 ledb4 el

POSTIRIOR Ya? [ 255 64232 207



Fig. 37 — Output from Program MARKOV as Obtained on Line Printer (continued)

PARAMETER 5 - 112

NUMBER OF DATAPOINTS = 1
UATA VALUES -
31.00v

PRIOR FHACTILES AKL -
0e29 FRACTILE UeSU FRACTILE Pe?% FRACTILE 1067 FRACTILE

55.000D BGedbu 11,4000 Juleviio
RESULTS O F COMUINING DATA AND FPRIOHS ARE AS FULLOMS

SAMPLE DtGe OF M E AN VAR]ANCE FQURTH PARAMETL R

SI?2L N FRIEDLOM (XiBAK) (SIGSUR) HOMLNT S SUUARE
OBJECTIVE DATA 1t ] 3.4%4 «(0¢ ey
PRIOR DATA Seb 401 4.353 4Tt 1.1648 1Y
POSTLRIVA bel S0 4elns o510 « 293
PARAMETLR 6 - T13
NUMBER GF DATA POINTYS = 1
DATA VALUES -
64000

PRIOK FRACTILES ARE -
82O FRACTILL 0.50 FRACTILE CaTd ERALTILE Lab. FRECTHLF

6ia000 HOJ 7 12 ¢l 320000

RESULTS GF COMUINING DATA ANL PRIURS ARE A S HOLLOWS

SAFPLE 0fu. OF Ht &N VARJ uNCH t UUKTH tARLHT T R

s126 N FRELUOM (XBAL) (SILSGR) MOMENT S SJdUAkE
OiJLCTIVE DATA 1.” A 1ol -2 s 11, Y0
FRION BATA e “ey 4.4, shut s In b «1h0

POSTIREN e ) te. Jab b ceh2G lest }



Fig. 37 — Output from Program MARKOV as Obtained on Line Printer (continued)

PA RAMLTILR 7 - T21

NUMBLR OF UA | A PUOINTS = 2
OATA VALUES
lavub 1.000

PRIOR FRAC TILES aRt -
te7S FRACTILE

H0.000 115.00¢ 1524000 4lce.000

1006 FRACTIL

RESULTS OF COMUININGOATAAND PRI1IORS AREASFOLLOWS

SAMPLT BEuve OF ME AN VARJANCE FOURTH FARAMETER

SILE N FHELODUN (XBAN) (516S50K) MOMENT S SQUARL
OBJECTIVE DATA 2.0 [ «00 00 « 00N
PRIOR DATA 5.0 4.0 4614 e44]) 1«016 .18*
POSTLHIUR 2.0 6.0 3a3nl 9.?2[4 Se 369

PARAMETER 8 - T2

NUMHBIR OF DATAPOINTS =
DATA V¥ALULS
1.L0C

PHIOR FHACTILLS ARL -
De25 FRACTILF v,y FRLC TILE el FRAL L L 1.0 FrACTILL

CRERLN] 125474 16>.,. “adelyt

RESULTS OF CUMBINTNG UDATA 2N PRIIHS ARE AS FOLLOWS

SAMPLL DEGe. OT HE AN VARTANCLL I OuKTH PAHAMY TE R

SI?F N FHEELOM (XHArF) {Sluduky MOoMEWT S LUUAREL
OHJECTI VE DATA 1.” A ol s .37 « 01
PRIOR DATA Sev 440 4ol e4 3 .992 18

POSTERIOR 6l s.0 5.91% 74655 3.937



260

teres

eane
jeent s S
H 1L RV

lTeg®

e

Nt
ivans S
HilIWvHYd

THhG

INTHOW
HiHNo ¢

£2%A44

M1 dend

2Le*

LH IWUW
Hiyne 4

JnurLwe

ERFEIRLE-N

19t 0

M
100
ceeeoEa
tHOS9T )
TINVIHVA

SA0170

Thet

DEL A ¢
tZh*
1Cc”*
(05915
1INV YA

sAao1v0

et

Hog oy neg A HOIM §LSOd
PRU u*s 35 7iv0 nolud
B 31 e v vg 1All12Ir 0
CAyand WONTINYE M A0S
NVY 1 W 40 *910 ERELE A

1 59 JHY SdOlHd NV vIYO ININIAWOD 40 S1INS )Y

nane 9y me*iat nposnit
IRINTRLE-E Y AN JT113v¥H4 35°C0 11110vH4 G2°D
= INY SIVEEDVYH Y HO LA
o® - 903°t1
- SINIvA vivyg
2 T S N'Od ¥YIVQ 40 HJHWHNN
§ = 01 43 JWYNYd
LA ne°q 01 HOINHYISOS
Toley Joh 0°6 YivO HOlMWd
bwp e e oot Yiv0 IATL12Ir9Q
Cyvysin) WONI1¥Yd N 1721
N Y YW 40 *9130 3dwes
4 SY THY SHOT 44 NV VIV ININTHWOD 40 SL1TINS ]IV
[ QALY A § L IR o | (U A XY
ERENEL R F RV V710w 4 05N 1711Ived s2°0
- Juv S 113744 HOINd
a70%61l
- SINIYA viv(Q
= SIN od Y1YU {0 HIHWNN
£21 - 6 N11WvYHvYd

(Panunuo3) 1a1uLlg aurT uo paulelqQ e AONHVIN weiboid woiy indinQ — /¢ b1



Fig. 37 — Output from Program MARKOV as Obtained on Line Printer (continued)

PAR AMET ER )Y - TJ32

NUME £4 OF DATA PO INTS =

PRIOK FRACTILES ARt
0.25 FRACTILE 0590 FRACTI L Lel' FRACTILE 1.00 ¢
120.030 16b.00¢ 20.e00)

RESULTS OF COMUINING DATA AND FHIORS AHE AS FOLLOJS
SAMPLE DEL, Ut HE AN VAH L ANCE
SEZL N FREEDOH (XbAr) tslusun)

OHJECTIVE OATA ] ol o0 200

PRIOR DATA Se0 “el SeDu4 s 29¢

POSTLRIOR 5e0 4.0 Se044 « 296

PARAMETLR 12 - T35S

NUMBER OF UATAPOINTS =

PRIOR FRACTJLES aARE -
0.25 FRACTILY

136,000

CeSC FRACTILE

170.000

Gelu FRAZTILL

evbd

RLSULTS OF COMBINING DATA AND PRIURS AKE AS FOLLOWS

LAMPLE

S12f N
OUJECTIVE LaTA oL
PREIOR DATA Sl
POSTER]IOH Deft

bt 4 OF M AN
FRELLOM tXGA)
.l 0

4.0 Yel 'n
4ai A N

VARTANCE
{“165QR)
edul
euc iR
YRE)
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Sulaull

tHUKRTH
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100HKALCT) L

D2uedbB

HOURTH
HOMENT

PARAME Tt &
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« 10y
«173
o123

PAKAMT Te 0
S SUUARE
o 100
«l1f
« 11t
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Fig. 37 — Output from Program MARKOV as Obtained on Line Printer (continued)

«G0n02103 1 0 N
02532398 2 4 !
«02103341 [} 1 2
«00000u0} 3 3 2
.00000001 3 0 3
EAR THQUANKE PROBABILITIES FOR THENENXT 40. 10 YEAPS

PROBABILITY NO. Of CARTHQUAKES of CACH MAGNITUDL
TeA-Ra3B3-8B.,8 8.8-9.3

.80649714 0 0 0
06071218 1 0 0
«08329350 0 1 h]
.0?672915 2 0 0
01605192 0 0 |
.01058673 3 0 0
«009N9A9} 0 2 n
00613706 1 1 b
00372472 4 0 )
.00341.734 i 3 1
.00243469 2 1 U
.00165565 0 3 0
o 00142426 2 0 1
.00130761 0 1 |
.00116591 1 2 0
.00113042 5 0 0
.0008503* 3 H 0
.000s2225 3 0 1
.0004053s 2 2 0
.00029038 6 0 0
.00027346 1 1 1
.00025947 0 4 0
.00025669 4 1 0
«00019942 0 2 1
.0001 s732 1 3 0
.00016 -70 4 0 1
.00012124 3 2 0
.000096?5 2 1 |
.0.7006454 5 | 0
,00005697 ’ 0 0
+0000559] 2 3 0
.00004293 5 0 1
+00904106 1 0 2
+00003925% 1 2 1
02003840 0 ) 0
.00003011 . 2 0
.000029?9 3 1 [
.00002638 0 3 i
.000025? | 1 4 0
00002421 0 0 ¢
200301833 2 0 2
«03001380 3 3 0
«0000124A 6 1 0
.00001703 2 2 1
.00600052 6 0 1
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Fig. 37 — Output from ProgramMARKQV as Obtained on Line Printer (continued)

MARGINAL PRONARTILITIFS

SEGMENT 1
PROPORTION =1.6005
OUTIPUT UNTT 17

NUMBER OF CARTHAUARES

DISCRETE MAGNITUDE 0 1 < i L} 9 6 r [
A.b50 «BTAAHKES  L0TETFIT LD 1LHSS L 0121350 20081 hhE .101) .38 e GLLu3Yss 0100590 Lqr gip9
B.55) «I316633  L0%4Tel6  «D11DR2T | )0168? 22002997 L0O0CE38. oCORCOS! sUC"CICS

9.C50 «9 758666 3240347 «3'109A6 L%000UG2



Fig. 38 — Output for Program MARKOQV as Saved on File for
Input to Program SEISMIC. EXPOSURE

SAMPLE SOt IRCE 2 BEGMENT 1 Heading
3 8. 0500 .5000 40.001,00000000 Wo. of states, Beginning Markov

Magnitude, Magn: tude Increment,

Time Period of In terest, Proportion

of Segment Area to En tire

Subduction Zone Area

2] 7 3 No. of probabhilities for each state Probability of 0, f, . .9
9788585 0719999 ,03118%% .01213S0 .oo041888 ,00 12S30 .0003123 .0000s95 occurrences of M=8. O
.0000069 earthquake n next 40 years

9310633 .O5A7676 0110029 .0019402 . ooo29s7 ,0000360 . 0000040 .0000003 Probability of 0, 2, 2,3, 4 occurrences
9750666 .0240347 .00009BA 0000002 Probabiity of O, 1, 2 occurrences of M=8.4 earthquake 1n next 40 years
of M=8 8 earthquake in next 40 yrs.

SAMPLE SOURCE 3 SEGMENT 1
3 8.0580 .5o<7>o 40.001,00000000
3
,8228836 1051228 .04%4769 .0177976 .0061375 .0018362 .0004S77 .0000075
,» 0000102

. 6966504 ,0BA0B1Y 0161201 .0026962 ,0003903 .0000480 0D000AB 0000004
. 9679829 0310976 .0001194 ,0000002

SAMPLE SOURCE 4 SEGMENT 1
3 8,0900 , 5080 40,001 . 00000000
8 2
‘62(5)‘(7)882; .0356773 .o1m@8150 , 00630s9 ,0022332 , ooos872 .0001766 , 00003s0

.9705201 . 0240979 , 0039337 .0005607 .0000710 , 0000078 , 0000007
9922402 , 0077404 .0000194



Fig. 39 — Input to Program SEISMIC - EXPOSURE using Results from

Program MARKOV (Sample Problem 2)

@RUN oV HA ZRUN +91004200/5000
ISYMe FPRINTS 4y PA?Z

85YH4 0D PRINTS

GBK14A HAZSP2,

AHNGeN «Msbhale?

BASGeA NEVHAZ,

FASG ok LLSeSP=SAOUT2,4477/256
ASGeA LCSaSM-MOUT,

AUSE 1T7,4LCSeSH-MOUT,

QUSE 26649LCSeSP=-SADUT2.

AAS GeT 11.

AXAT NEWHAZ.NEMXOQT

SAMPLE SEISMIC ENPOSURE MapS APRIL 1982
MARKOY INPUT USED

Job Control Language (JCL)

36 1
35.00 67.00 -153.00 250000040

1.0 1.0 1.0 1*0 20.0 2.0 1.0

-163.00 5240

) 1 16 4 1 1 2 11 | 26 0 0 5 LY
3 18 1 1 0 0

40.0 0.s 5.05

1 -161.89 54.38 -40.0

2 -160.00 52405 -20.0

3 ~158.48 55.70 ~840,00

4 -156.44 54.20 -20.0

5 -156.12 53.96 -20.0

6 -153..?9 55635 -20.(

T -155.77 57.03 -40.00

8 -152.08 S8.81 ~4).00

9 <147,.78 57,22 =200

10 =146.41 58.90 «29.0

1 -150.07 61+63 ~40s0

12 -148.46 57.53 «20eC

13 =~156400 60.2 -5.0

14 -154.0 60.7 -5%(1

15 -152s5 60a7 -5.0

16 -151.0 6€1.0 -5.0

4 3 1 ?

6 7 3 5

12 ] 7 6

10 11 n 9

SAMPLE SOURCE 1 6 o

1 1 1 0 0

1

7% 22.789 13.73%9 Se857 2.183 2.851 14918

belAbG



Fig. 39 — Input to Program SEISMIC - EXPOSURE using Results from
Program MAR KOV (Sample Problem 2){continued)

SANPLE SOURCE 2
1 1 1 1 0
1
75. 56,586 34,09 13.431
SAMPLE SOURCF 3
1 1 1 1
75.0 55,5A8 33.512 13.311
SAMPLE SOUHRCE 4
1 ] 1 1 0
1
75 81.677 49,241 194559
SAMPLE LINE SOURCE 1
3 13 0 0
75.0 247.5 174.98 72453
1.2
ACCEL CM/SEC/SEC 80,0 tule
190.67 «823308 0O 1.561?72
210.0 .5 0. 0.A%
85 3l -06.0 0.864S
2.7 a7 Bed 15.0
225,
2+%7 a7 Bed 15*0
00.0
SEISMIC EXPOSURE MAP GROUND MOTION VALUFS
“156.0 58.0
0 0 0 0
QPRINTFILE 11
8BK24N

Q@SYMD PRINTS

54016

Se3’a

T.825

3248

1506.0
«968
606

0.*626
27.0

27.0

2.111

2.07%

3.N49

12.53

15.0
47.0

47.0

SAMPLE PROBLFM

Input Necessary to
Read MA RKO V Input

NB NBSM INDA TA |

6 3 17
1274 0.114
[ 3 17
1e293 0.112
6 A 17
1aAa) 04365
7
6e225 24025
15«1 0.1
90. 180,
5de 7%8.0



7.5.4 Ooutput from SElI SM C. EXPOSURE

As an illustration, t he out put from t he program SEISMIC.
EXPOSURE is shown for the site in Figure 40. [f exposure was
bei ng considered at nore than one site, as in Sanple Problem
1, output from the SEISM C. EXPOSURE program could be the input
for the program CONST.PROB. Then seism c exposure |evels
expressed as contours for plotting could be generated by the
Program PLOT.ISO, as in Sanple Problem 1, given the input grid
of points to contour.

Figure 41 shows the line-printer output fOor the one sit,
exanple, with the output saved on disk as obtained on the |ine
printer for plotting shown in Figure 42

The val ues shown in Figure 42 (if generated for a grid of
poi nts) would be further processed by CONST.PROB and PLOT.ISO
to obtain a seismc exposure plot for the subduction-zone
tectoni c environnent shown in Figure 35



8.0 DI SCUSSI ON

This is the first of two volunmes that docunent the project of
devel oping software and applying the software initially to the
Qul f of Alaska study region. The focus in this volune has
been on the description of data inputs required to suitably
characterize an area for inplementation of the seismic-

exposure software package. As such, it is a User Manual
contai ni ng consi derable detail.

The Appendices provide hel pful details of nethods and
procedures that nmay be only summarized in the text. In
particular, Appendix E discusses the data format of docunented
sensitivity runs, SEISMIC.EXPOSURE program conmputer code,

i nput data, and suggestions for program variable nodifications
if a smaller (CPU requirenent) program package is desired by a
user.

The results developed in this work are general and can be used
to obtain single-point values of seismc exposure at a site,
or, by using a series of sites, seismc exposure maps can be
obt ai ned. For a single site or grid of sites, several levels
of exceedance criteria, and up to 13 ground-notion paraneters,
can be evaluated in a single conputer run

This capability and the ability of the SEISMIC.EXPOSURE
software program to accommbdate subduction-zone-type tectonic
environments, which may have seismc gaps, represent a signif-
i cant inprovenent over previous nethods of conputing seisnic
exposure in such tectonic environments.

Volune Il of the project docunentation is a description of the
procedures used in the developnment of the subjective inputs
and historical data for use in the initial application of the
sof tware package. The inputs were devel oped by the SRU

8-1



8. 0 DI SCUSSI ON

This is the first of two volunes that docunment the project of
devel opi ng software and applying the software initially to the
@l f of A aska study region. The focus in this volune has
been on the description of data inputs required to suitably
characterize an area for inplenentation of the seismic-
exposure software package. As such, it is a User Manual
contai ning considerable detail.

The Appendices provide hel pful details of nmethods ana
procedures that may be only summarized in the text.

The results developed in this work are general and can be used
to obtain single-point values of seismc exposure at a site,
or, by using a series of sites, seismc exposure nmaps can be
obt ai ned. For a single site or grid of sites, several |evels
of exceedance criteria, and up to 13ground-notion paraneters,
can be evaluated in a single conputer run

This capability and the ability of the SEISMIC.EXPOSURE
software program to accommpdate subduction-zone-type tectonic
environnments, which nmay have seismc gaps, represent a signif-
icant inprovement over previous methods of conputing seismc
exposure in such tectonic environnents.

Volunme |1 of the project docunentation is a description of the
procedures used in the devel opnent of the subjective inputs
and historical data for use in the initial application of the
sof tware package. The inputs were developed by the SRU
participants and inplenented by wWoodward-Clyde Consultants to
produce six seismc exposure maps for the @ilf of Al aska
region. when wusing Volunme ., itmay be useful to refer to
Volume | in order to understand the details of the inputs and
outputs wused in the generation of the first-application
sei sm c exposure naps.



APPENDI X A

PROCEDURES FOR USE OF GEOLOG C AND SEI SMOLOG C DATA

As indicated in Figure A-1l, to begin the seisnic exposure
eval uation process, it is necessary to establish the initia
seismcity conditions for input into the nodel for analysis.
The conditions that identify the geonetry of earthquake
sources, maxi mum magni tudes from the sources, and the respec-
tive recurrence rates nust be established on the basis of best
avai l able data and information on the seisnology and geol ogy
of the area of interest.

A.1.0 SOURCE seismiciTy CHARACTERI ZATI ON

| dentification of earthquake sources can proceed after review
of pertinent literature. For exanple, an earthquake source
can be defined as an active geologic structure that has
deformed, or is inferred to have deforned, Holocene-age
sedi nents, or apparently unconsolidated sedinents for which a
specific age determ nation may not be avail able.

The nature of seismcity data that can be used for such eval -
uations is discussed below. This criterion nay not permt the
classification of all known geol ogic structures. However,
such a strict division into active or inactive is not
requi red, because on many such faults (based on other data)
the inferred probability of earthquakes may be so |low that the
seism c exposure is not altered significantly in an area.

A.1.1 Correlating Earthquakes with Faults

As part of the process of defining fault |ocations and activ-
ity levels, local earthquakes may be correlated with mapped or

A-1



INPUTS

Source Seismicity Model h

Location and Source Geometry
Recurrence
Magnitude Range

ANALYSIS

Attenuation Model

Site Conditions
Transmission path Conditions

Magnitude and Distance

Exposure Analysis

Model :

Obtain Cumulative
Distribution Function
Based on contribution
of all Sources

Exposure Evaluation
Criteria

Repeat for all Sites

Period of interest

probability of Exceedence

Fig. A-1 - Schematic Diagram of the Elements of a S€i SM C Hazard

RESULTS

Seismic

Expasiure
Map

Y

Probabilities
for
Sensitivity

Amnallyses

Evaluation - as Implemented in the SEISMIC EXPOSURE
Software Package (same as Fig. 1, Vol. 1)




inferred faults by using data obtained through dense sei sno-
graph  networks. These networks permt nore accurate
hypocentral l|ocations than do the standard teleseismic
location techniques required for locating noderate and | arge
eart hquakes. Such nethods do not take into account |ocal
factors that may affect the accuracy of the locations. In
particular, the anomalous velocity structure of the subduction
zone in Alaska (Jacob, 1973) has undoubtedly resulted in the
di sl ocation of events that occur near the plate boundary
between the Nor th American and Pacific Ccean plates.
Systematic dislocations of earthquakes associated with the
Benioff zone of Japan and Tonga have commonly been observed
(Utsu, 1967; Mtronovas and others, 1969). As a consequence,
focal depths may be in error by as nuch as 50 km while
epicentral |ocations nmay be accurate to + 25 km However,
these |ocation accuracies may be sufficient in nost areas of
Al aska to show enough general seismicity features for seismc
exposure eval uation.

Taki ng i nto account the possible errors in hypocenters and the
avai l abl e data used to define the active parts of faults,
fault geometries can be established to nodel earthquake
sources in the seismc-exposure nmapping process. Lat er al
extent, fault orientation, depth of fault plane, style of
faulting, slip-rate, and maxi num earthquake potential for a
given structure can be sunmarized and used in refining source
model s. Some types of sources, such as w de zones of
deformation or  sub-parallel faul ting, my need to be
represented by a series of parallel planes of appropriate
di ps.

Maxi mum eart hquakes on faults nmay be assessed using the his-
torical record and published correlations that relate nmaxinmum
accel eration, earthquake mgnitude, and distance (cl osest
point on the surface rupture to the site). Lack of know edge

A-2



of the geol ogic environment and seismcity nmay require use of
prof essi onal judgment to guide the choice of nmaxi mum magnitude
earthquake potential for a given source. Once eart hquake
source geonetries and maxi mum nmagni t ude earthquakes have been
estimated, earthquake recurrence rates nust be established
for each source.

To correl ate earthquake epicenters with geol ogic features, an
epicenter map overlay is placed over a base map showing faults
or zones identified as earthquake sources for the region of
i nterest. Epicenters are then <correlated wth geologic

features by taking into consideration their location with
respect to the sources selected earlier in the process. Focal

depths are recorded for these earthquakes and used later to

further delineate the relation between earthquakes and
specific geologic structures.

A.1.2 Earthquake Recurrence

After earthquakes are tabulated for each source, the data are
pl otted. Wiere possible, Gutenberg and Richter’s (1954)
frequency-nagnitude relationship is obtained. The upper linit
of the magnitude range, given in the source characterization
tables, is used for cut-off magnitudes for each source. For
some sources, sufficient data are available for a linear fit,
but for other sources, either data are insufficient or the
di stribution of events does not permt a linear fit by least-
squares or maxi mum|ikelihood estinmates. I n such cases, it
may be necessary to estimate subjectively the |level of activ-
ity of a feature by making conparisons with better understood
faults and checking the consistency with regional seismcity
patterns.

As indicated in Figure A-1, the seism c-exposure eval uation
process requires input of recurrence paraneters: the mean

A-3



nunber of earthquakes occurring during a period of interest
and the relationship between the nunber of earthquakes
expected to occur during the period of interest within each of
t he chosen bands of earthquake magnitudes. In this work, the
bands are subdivided into discrete magnitude w dths (e.g.,
0.25 or 0.4), as obtained from a nmagnitude-frequency
relationship (NM. A typical NNM relationship is shown in
Figure A-2. The relationship shows the nunber of earthquakes
greater than a given surface magnitude, Mg, The nunber is
usual ly normalized to a unit area (1,000 sq km and unit tine
(one year).

In areas of high seismcity near plate boundaries, for
Instance, available data provide a satisfactory basis for
establishing the N-Mrelationship for earthquake nmagnitudes
smal | er than approximately Ms 73/4. For |arger magnitudes
and seismc gaps, available data are inadequate and suppl e-
mental anal yses are required. Moreover, in some areas of |ow
seismicity near plate boundaries, and in areas away frompl ate
boundaries, available historical seismicity data may not be
adequate; as a consequence, the data need to be suppl enented
by subjective judgnents.

In order to nake a subjective evaluation, an assessnment is
made of both the level of activity and the relative distribu-
tion of | arge-magni tude  eart hquakes to small-nmagnitude
earthquakes for each case. Data points from the historica

record formthe bases for the subjective eval uations. The
sei sm c- exposure nappi ng procedure does not require a log-
l'i near rel ationship such as the CGut enberg-Ri chter
rel ati onshi p. In nost cases, the N-Mrelationship used is
multi-linear in character, with steep slopes nearthe upper
maghnitudes.

A4



30

Log(N}

Magnitude

Fig. A-2 —Recurrence Relationship f OF  Line Source 1
(same as Fig. 24)



A 1.2.1 Subduction Zones and Seismc Gaps

Recurrence o0f earthquakes on subduction zones or in "seismic
gaps” cannot be estimated realistically by mnere extrapolation
of the magnitude-frequency relations. Sufficient eviaence is
available to indicate that |arge earthquakes occur in accord-
ance with a physical process of gradual strain accunul ation at
a fairly uniform rate, ana sudaen rel ease through earthquakes
and aftershocks. This process is shown schematically in
Figure A-3. Sone strain may also be released through graaual
asei smc creep. However, nost of the energy release occurs
t hrough | arge earthquakes. Thus, given a |arge earthquake at
the present tinme, the likelihood of another |arge earthquake
in the rupture zone of the first one is considered to be very
small for a certain period of tine. As the elapsed tine
increases since the last |arge earthquake, the probability ot
anot her | arge earthquake al so increases.

The commonly used Poisson process of earthquake occurrences
cannot represent the tine and space dependencies of the occur-
rence of |arge earthquakes on a subduction zone. The basic
paraneter of a Poisson process is the nean nunber ot earth-
quakes of a given nagnitude per unit time estimatea from
historical seismcity data. It is assunmed that the same nean
rate is applicable to future earthquakes. Because the waiting
time between |arge earthquakes may be quite long (several
hundred years), the nmean nunber of earthquakes over a 1long
period of time my not be representative of the stochastic
process of occurrences of |arge earthquakes.

A.l.2.2 Establishing Recurrence of Large Earthquakes
One approach, that avoids this over-conservative view of
recurrence, establishes the probabilities of the occurrence of

| arge earthquakes (Ms > 7-3/4) to occur on a subduction zone
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within a future tinme period directly on the basis of experi-
ence and judgnents of seisnologists. This approach, assessing
probabilities on the basis of experience and judgnent of
qualified individuals, is consistent with the Bayesian
(personalistic) concept of probabilities. These probabilities
can then be converted to the nean nunber of events over a
specified future period of tine (now under the assunption of
Poi sson rate of occurrence), in a nmanner consistent with the
earlier discussion for earthquakes of Ms < 7-3/4.

A second approach can be used to characterize the probabili-
ties and nunber of various magnitude earthquakes occurring in
the subduction zone or “seismc gaps” over a given period of
time in the future. This second approach generates a semi-
Mar kov simulation that conbines the data on the waiting tines
and magni tudes of recent |arge earthquakes.

Initial seismcity conditions consist of the time to since the
nmost recent |arge magnitude earthquake and the magnitude Mm_ ot
the last large earthquake in a region on a subduction zone (or
ina “seismc gap”). These variables, to and M, are inputs
to the program MARKOV, which generates recurrence information
on |large earthquakes starting at a magnitude selected by the
user. The program uses the initial seismicity conditions to
generate a distribution on the transition probabilities
bet ween magni tude states (Pij) and distribution on the holaing
times (h, [n]) between successive magnitude states. These
distribution functions vary as a function of M and to. The
MARKOV out put (input to SEISM C. EXPOSURE) consists of the
probabilities of discrete magnitude states and the nunber of
occurrences of earthquakes of specific magnitudes over the
tinme period of interest.



a.2. O DISCUSSI ON

The goal of any seism c-exposure analysis is an end product
that (as accurately as the data permt) reflects the |evel of
know edge of the tectonic processes in the region of interest.
Hence, considerable effort should be spent in carefully

examning the geologic and seismologic assunmptions that
characterize the sensitivity environnent for a given seismic-
exposure anal ysis. Uncertainties regarding the |ocation and
geonetry of potential earthquake sources can be accommodated
by geographically defining the exposure evaluation and through
sensitivity anal yses.

To refine the level of confidence in earthquake recurrence
data, the available data for given sources may be conpared and
contrasted with nore well-known regional faults or with world-
w de data froma simlar tectonic environnent. The historical
data above may be insufficient to adequately describe esti-
mated future recurrence of seismcity. I n such cases, the
subj ective arguments that have a firm geol ogic and seisnologic
basis maybe used to suitably nodify or supplenment this |ack
of know edge of recurrence data. This process can be inple-
mented formally using personalistic probability theory or the
sem - Markov characterization developed in this work.
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APPENDI X B
SElI SM C. EXPOSURE SCFTWARE  ORGANI ZATI ON

B.1.0 SEISMIC.EXPOSURE PROGRAM - DESCRI PTI ON OF SUBROUTI NES

The SEISMIC.EXPOSURE program has been divided into a main
routine with a series of subroutines. A brief description of
each subroutine is given in the follow ng paragraphs, and a
macro-fl ow chart of the program SEI SM C. EXPOSURE is presented
in order to concisely show the overall logic of the program
The flow chart is shown in Figure B-1.

Input: Reads all the data sets discussed in Section 3.1,
except for Data Sets XV and XV

Function LMBRT and CONFRM: Transforms nodal coordinates from
degrees longitude and latitude to kiloneters, for the purpose
of plotting.

INITIA : Reads fault rupture |lengths, generates nagnitudes for
out put purposes, conputes coefficient "c" in attenuation rela-
tionship(s) . Checks whet her point source nodel or rupture

nmodel is required, and whether attenuation is to be considered
probabilistically Or deterministically.

Functi on GAUSS: Eval uates the integral of the normal distri-
bution fg(x) over the limts -go to x.

BERNUI : Conputes the geonetry of each earthquake source
(i.e., area, length) and conputes probability distributions
for each source.

QUTPUT :  Selects the outputs to be listed on the Iine printer
and to be saved on disk for plotting purposes.
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Fig. B-1 - Macro-Flow Chart for the SEISMIC “EXPOSURE Program



| NTGAR : btains shortest distance fromsite(s) to area
sour ces. Checks to determne if the perpendicular from
site(s) to source falls wthin or outside the source.

EDGECK Conputes the shortest distance fromsite(s) to the
edges of the earthquake sources.

INTGHZ : Computes the contribution to |evel of ground-notion
paranmeter at a site from each segnent in which a |ine source
has been subdivided. Considers area sources to be conposed of
a series of line sources subdivided into small segnents and
conputes the contribution of each segnent to the |evel of
ground-notion paraneter at a site(s).

PBPDF , PWPDF . Computes the contribution of the |ast segment
considered to each ground-notion paraneter.

SUMD Conputes the term P A % ay for each earthquake
source.

B.2.0 MARKOV PROGRAM - DESCRI PTION OF SUBROUTI NES

The MARKOV program consists of a main program with two
subroutines and two functions. These program elenments are
di scussed briefly below A macro-flow chart of the programis
shown in Figure B-2,

MAIN - This programreads the initial seismcity conditions,
establishes the arrays needed in producing the final
probabilities, and conputes the marginal probabilities.

POST - This subroutine reads the observed and prior data, then
calculates the neans, standard deviations, and degrees of

freedom for each M and each transition probability, pj4, for
i nput into MAIN.
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INZW - This subroutine initializes the Wand w;i(.) arrays for
the recursive conputations of the joint probabilities of state
occupanci es.

FX - This function calculates the cunulative distribution
function of the student-t distribution: given the nean,
standard devi ation, degrees of freedom and t-val ue.

| NDEX - This function generates the maxinmum nunber of
conbi nations for a given value of NSTATE and of the maxi num
nunber of earthquakes. It also calculates the outcone

identification number for referencing the Q array.
B.3.0 CONST.PROB PROGRAM

This program nust be executed if a seismic exposure map is
desi red. The macro-flow chart in Figure B-3 shows how the
out put of the SEISM C. EXPOSURE programis used as input to
CONST.PROB.

B.4.0 PLOT.ISO PROGRAM

This program takes the output from PLOT.ISO, as saved on di sk,
and conputes contours of ground-notion paraneters for user-
sel ected | evels of exceedance. A nmacro-flow chart is shown in
Fi gure B-4.

B-3



Read 1. Number of Plot Types (different grids)
NOTP, ICAL., NN, HED1 Piote Plotter Size

2.
3. Flag for Lambert Projection
l 4. Run identification
HED1.NOTP Print Run Igentificaton and Number Of Plot Types

Intitalize Pliot

v

1. lteration of theNumber of Plot Types in this Run (NOTP Types)
[}
L

—-< IXTP = 1, NOTP >

Read 1. sStandard Latitudel
STLTY, STLT2, STLN, 2. standard Latitude 2
SCAL,DTLB 3. standard Longitude
4. Map Scale
5. Distance Between Gridand Label

\

IXTP STLT1,STLTZ.
STILW, SCAL

Print Piol Type Plus Lambert Projection Parameters

Read and Print
1 (%PL* NOXMX, NYMX. PLER 1. Number of Plots with same Parameters
SKIPAC 2 Number of Columns inGnd
3 Number of Rows inGrid
4 Piot Frame ? If O = NO
\ 5 Acc wolnt? It D=NO

NOPL, MIXMX,, NYMX, PLER,
SKIPAC

Read X-~coordinate of Grid's Origin
. Y-coordnate of Grid's Drigin
X-coordinate of RightBottom Corner

1
XOR, YYOR, XXRT, YYRT §
4. Y-coordinate of Right Bottom Corner
5
6

XXUP YYUWP

!

DXCR, DYCR, DXLB, DYLB,
DCLV, XMDC, CRCR

X-coordinate of Left Top Corner
Y.coordinate of LeftTop Corner

Read and Print

1. X-distance Between Marks

2. Ydistance Between Marks

3. X distance Betwean Labels

4 Y.distance Between Labels

5. increments  Between Contours
6
6
7

LablelEvery Insole Grid
Labei Every XMOC Contours
Degree Marks Inside Grig? 1t O = NO

DXCR,.DYCR, DXLB.DYLB.
DCLV, XMDC, CRCR

L

Set Scating Factors

\

I1. iteration on the Number of Grids of the Same Size

—-.( IXPL = 1,NOPL >

Fig. B-3 - Macro-Flow Chart for Program CONST- PROB



{

f
I l/ HED2, NOMD
|
|

v

‘;
((NBCLHR).'R'I, NOMD)

I t
! I—( IR = 1, NYMX >
|/(AA(|R.IC),0C = 1, NXMX]

¥

l_ (AALIR, 1C), 1C 1, NXMX!

y

Transtorm Nodal PGA
Values 1o MM! Using
Richter-Gutenberg Relation

¥

Plot Frame

B!

Write Conndinates
Marics and Labels

Plot Title

1

l_ ¥
- — Continue

END

Read 1. Plot Title
2. NumberotModifications;n FOURPT

NOMO:= 0 >T——® No Modification Needed

Read FQURPT cCalls Needing Modification

Read and Print

The Value of the Parameter ofinterest
(1.e.. PGA, PGV, etc.l for Each Nodal
Point of Current Frid, for a Given Leve!
of Exceedance. The Values are Read
Row-wise

SKIPAC %1 T No Transformation from
Acc 1o Intensity 15 Sought

“Read as One onlv when Parameter of interest
15 PGA and a Transformation to MM I s Sougnt

Fig. B-3 - Macro-Flow Chart for Program CONST-PROB (continued)



Begin

1. Read and Print Data
y

1IN=9
IIOI= 10

STLT1, sTLT2,
STLN, ScAL

STLT1,8TLT2.
STLN, SCAL

DXCR,DYCR, DXLB,
DYLB.DCLV, XMDC,
CRCR

DXCR, DYCR, DXLB.
DYLB, DCLV. XMDC

NOPD, NOLV,
PBLV (1), t=1,NOLV

NOPD,NOLV,
PBLV (1), I =
1, NDLY,

Unit =5 Card Reader and Unit= 6 Line Printer

Define tnput and Output Unite on Disk
(Su pplyappropriate JC L}

Read and Print. [Unit=5 e nd unit61 .
1. Sstandard Latitude?

2. Standard Latitude 2

3. Standard Longitude

4. Map Scale

Read andPrint{Unit=5 and Unit"6}.
1. X-distance Between Marks

2 Y.distance Between Marks

3 X-distance Between Labels

4 Y-distance Between Labels

5 Increments Between Contours

6. Labe! Every “XMDC" contour

7. Marks Inside Gnd? O = NO

Read and Print[Unit = 5 and Unit=6]"
1 Number of Runs Required
2 Number of Levels of Exceedance in each Run
3. Level | of Exceedance where | = 1 upto
7 per Run

Il.  Iteration on the Num*ber of Runs Required (NOPD Runs)

-—(IP=1,+NOPD)
T

)—-—T—— HED?

Read from Unit = 1IN Run Identification

Write on
Unit = HO,
Run Identification

| HED2,YBPR, HEDS

l

ﬂXMX,NYMX.FRAM

l NOVB

'

Read from UmttIN
1. Parameter |dentification(1.e., acceleration,
velocity, MC. )
2. al Parameter inc. {i.e., 20 cm/sec
bl Smallest value of Interest for
Parameter (..,

?)

vaPR = 50 cm/sec®)
[4 ¢) Largest value of Interest for
vaiues) Parameter {1.8., 1500 em/sec)

d} Time Period of Interest {i.e., 50 years)
3, Grid Identification

Read from Unit = | IN:
1. Number of Columns tn Grid
2. Number of Rows in Grid
sl X-coordinate of Grid’s Origin
d) Y-inordinate of Grid’'s Origin
FRAM ¢} X-coordinate of Grid's Botton Right Corner
(6 d) Y-coordinate of Grid's Botton Right Comer
values) ¢) X -coordinste of Grid's Top Left Corner
f) Y-coordinate of G rid's Top Left Corner

Read from Unit = | IN
Number of Values m CDF

Fig. B-4 - Macro-Flow Chart for Program PLOT-ISO



Prntan Ynit= 6
Run Identfication, Plus Vaives
Read Two Steps Before

Iteration on the Number of Vaiues in CDF

r

|

! Generate all D screte Vaiues of Parameters

L VB=l+ e PGA_ PGV, #1c 1 1n which COG has
1 tin. ..

STLLTI STLT2STLN SCAL
NOLW, NNMK NYMX, FRAM,
DXCR.DYCR, DXLB, 0OYLE

Save on Disk {Units 1101

1. Iteration within Grid

fteration on the Number of Cotumns in Grig

| |x7‘r=:u|v11'NxxMx:~|xJ

Read from Unit = IIN PlY > Y, ]
Probability of Exceedsnce Corresponding
to Esch of the CDF ‘s Discrete Values tor
the Parameter Under Consi deration

t
| [v. lterationof the number Of Levels of Exceedence in this Run (NOLV Levels)

(PBIXTT 1 (= 1. NOVB:

;

Def.ne PBC
PRACK =PORL v (1XL\ K a3 the Leve! ot E xceedance
0 this te ratron

ProatirUnit=6
HED? PBCK Pata meter igert'd cation ang the Leve!
of £ xceedance .m the tteraion

{._4

panmesny

V. iteration within Grid

1terauon on the Num ber o Rows in Grid

1te rat 1on on the Number of Columns in Grid

-1..'

[lxrr =Y 1) T NXMX . IX

L . Iteration on the Number ot Discrete va ues i CDF
'

Select Proper Vatue of Parameter
{i.e . PGA PGV, etc.t within CDF
for Nodai Pointin Current Itera
non This Value Corresponds to

the Leve! of Exceedance a Defined
m Steg |V’

| L

IVBPB{I1, | = ), NXMX}

PrmtinUnt =6
The Vaiues of the Parameter | ¢ PGA
PGV, #tc ) for all Gl Nodes Row-wise

(VBPB(I). =1, NXMX ] Save Results on Disk Unit = 1O

— —-l Continue J

Fig, B-4 - Macro-Flow Chart for Program PLOT. | SO {continued)




APPENDI X C

ASSESSMENT COF SUBJECTI VE DATA

Since the upper range of holding times between great
eart hquakes can be a couple of hundred years, the historical
seismcity data of about 80 years are generally inadequate to
provide reliable estimates of the paraneters of a sem - Markov
process, nanely, transition and holding tinme probability
distributions. To overcome this difficulty, a Bayesian proce-
dure was enpl oyed. This procedure utilizes both “objective”
(historical seismcity) data as well as “subjective” data
based on judgnents of qualified individuals and, consequently,
inproves the reliability of the conputed paraneters. A
summary of objective, subjective, and the conbined data is
given in the main text. This appendix describes the procedure
that was used to assess subjective data.

The concept of subjective (personalistic) probability has a
sound theoretical basis. In the nat hematical devel opment of
the personalistic probability theory, it is shown that
subj ective probabilities assessed in accordance with certain
pl ausi ble behavior postul ates of coherence nust conform
mathematically to a proability measure (de Finetti, 1964;

Savage,  1954) . The techniques for assessing subjective
probabilities are well docunented and operational (Stael von
Hol st ei n, 1970; Winkler, 1967; Rai ff a, 1968) . These
t echni ques have been applied to a wde variety of practical

problens, including weather forecasting (winkler and Mir phy,

1968), estimating fault displacenents (Nair and ciluff, 1977),

and assessing failure probabilities for nuclear power plants
(Selvidge, 1972).



The subjective probability-assessment procedure used in this
exampl e consisted of one-on-one interviews wth tw seis-
mol ogi st s. (Please refer to Volume |l docunentation fo,
details of the subjective probability-assessnment procedure
used to obtain the initial input for the seisnic exposure

application to the @ulf of Al aska.) The interviews in this
exanpl e were structured around the follow ng steps:

Step 1 - Qualitative assessnent of relative |ikelihoods.
Step 2 - Assessnent of probabilities.
Step 3 - Feedback and reassessnent, if necessary.

Step 1 - Qualitative Assessment of Relative Likelihoods

It was explained to the seisnologists that the primary
objective of the interview was to quantify their judgnents
regarding the holding time between earthquakes of given
magni tudes and the magnitude of an earthquake followi ng a

gi ven- magni t ude eart hquake. The range of earthquake nagni -
tudes included in the study was 7.8 to 8.8. Since precise
val ues of these variables could not be determned, it was

necessary to talk about the likelihoods of different values of
t he vari abl es.

In the first step, only qualitative statements regarding
relative |ikelihoods and various events were sought. Thi s
i nvol ved conmparing two or nore events and indicating which
seemed nore (or less) likely to occur. NO nunmerical values or

probabilities were yet assessed. This step provided a rela-
tive understanding of the amount of uncertainty that S
perceived by the experts. The di scussion generated during

this step can be sunmarized as foll ows:

1. An earthquake of nmagnitude 8(+ 0.2) was judged nuch nore
likely to occur follow ng any other great earthquake.
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2. |If a great earthquake is not followed by an 8(+ 0 .2)-
magni tude  earthquake, the next great earthquake is
somewhat nore likely to be of magnitude 8.4(+ 0.2) than of

magni tude 8.75 (+ 0.15).

3. The likelihood of occurrence of a given-magnitude earth-
quake was insensitive to the magnitude of the Ilast
ear t hquake.

4. Cenerally, 8 =+ 0.2)-magnitude earthquakes occur nore
frequently than do 8.4(+ 0.2) ones.

5. The 8.75(%+.0.2)-nmagni tude earthquakes occur nuch |ess

frequently than either the 8(+ 0.2)- or 8.4(+ 0.2)-
magni t ude eart hquakes.

6. The holding tine to a given-nmagnitude great earthquake is
relatively insensitive to the magnitude of the |ast great
eart hquake.

Step 2 - Quantitative Assessnment of Probabilities

In this step, nuneri cal values of probabilities were
assessed. The transition states and the holding times were
considered to be continuous random variables, and the cunu-
lative distribution function (CDF) of each was obtai ned by
using the fractile method discussed in the literature (see,
for exanple, Rai ffa, 1968) . This method consists of
successively dividing a given range of a randomvariable into
equal ly likely parts. To illustrate this procedure, consider
t he assessnment of cbpF of: (1) the earthquake magnitude, M;,
following an 8(+ 0.2)-magnitude earthquake; and (2) the

hold ing time, T3, petween two successive earthquakes of
magni tude 8(+ 0.2).




(1) Assessment of CDF of M1 - The range of M was 7.8 to
8.8. This assuned that the zone of interest had the potentia

for generating a maxi num earthquake of nagnitude 8. 8. The

experts were asked the foll ow ng question:

“Suppose an 8-nmagnitude earthquake has just occurred in a
zone. I's the magnitude of the next great earthquake in
the same zone nore likely to be in the range 7.8 to 8.6 or
greater than 8.67"

To strengthen the understanding of the above question, the
relative frequency content was also posed as foll ows:

“Suppose that earthquake records over a |long period of
time are avail able. W identify all the instances in
whi ch an 8-nmagni tude earthquake was followed by another
great earthquake. Do you think nore of these earthquakes
following the 8-magnitude earthquake wouldbeinthe
magni tude range 7.8 to 8.6 or 8.6 to 8.8?7"

The response of the seisnologists to these questions indicated
that a great earthquake follow ng an 8-magnitude earthquake is
nore likely to be of magnitude 7.8 to 8.6 than of nagnitude
greater than 8.6. Next, it was asked whether the magnitude of
the next great earthquake was nmore |ikely to be between 7.8
and 7.9 or greater than 7.9. An eart hquake of magnitude
greater than 7.9 was judged nore likely to occur. By system-
atically varying the division of the rmgnitude range 7.8 to
8.8, a point was selected so that the magnitude of the next
great earthquake was equally likely to be on either side of
this point. This is the 0.50 probability point (say, M;0.50)

on the CDF of Mi1-

Next, the ranges O 7.8 to Mo. 50 and M;0.50 to 8.8 were

divided into equally likely parts toyield M10.25 and I\/IO'75
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points, respectively, on the CDF of M;. A snmooth curve was
drawn for the CDF O M; through the three assessed points
(Mlo'25’ M10'50, and M ™) and two end points (7.8 and 8.8).

Sever al consi stency checks, which are discussed in the
literature (see, for exanple, Schlaifer, 1954), were applied
to ascertain whether the responses of the seisnologists were
coherent. For exanple, one of the consistency checks was to
ask the seisnplogist to bet on one of the two options:

Option 1 - Magnitude of the great earthquake which follows an
8-magni tude earthquake is in the range M;™ * and
M 0.75

Option 2 - Magnitude of the great earthquake which follows an
8-magni tude earthquake is outside the above range
on either side.

If the previous assessnents are reasonable, the seisnologists
should have little preference between the two options. If he
prefers one option to another, this would indicate an incon-
sistency with respect to one or nore of the previous assess-

nments. In such a case, the inplication of the inconsistency
was discussed with the assessor, and sone (or all) of the
previous questions were repeated until consi stency was
achi evea. The consistency checks were extrenely useful since

they generally forced the assessor to think harder about the
physi cal phenonenon and also to utilize all the information
available to himin responding to the questions.

(2) Assessment of CDF of T;; - The holding tine probability
distribution refers to the likelihood that the tine in between

great earthquakes of given magnitudes is less than or equal to
a given val ue. The fractile nmethod discussed in the previous
sections was used in assessing the CDF of T,. First, the
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upper limt of 1, was established by asking about the maximum
time which could elapse between two successive 8(+ 0.2)-
magni t ude eart hquakes. Then the three fractiles (0. 25,

0.50, and 0.75) were assessed. A snooth CDF curve was drawn
through three fractile points and the two ena points. Agai n,

consistency checks were applied to ascertain coherent

responses.

Step 3 - Feedback and Reassessnent

Steps 1 and 2 were conpleted during a half-day session. The
next day, a joint session with the experts was arranged. The
CDF curves tfor all the variables were shown , ana the
inplications of the results were discussed. Any significant
di screpancies between the experts were also discussed. The

group discussion was extrenely helpful with regard to exchange
of ideas ana information pertinent to the assessment of
transition states and holding tinmes between occurrences of
great earthquakes. The results were also examined to check
whet her they were consistent with the qualitative judgnents
expresses in step 1. For exanple, fractiles of Ty, were | owner
than the corresponding fractiles of T;,, which in turn were
lower than those of Ty3. This was consistent with the juag-
ment that 8(+ 0.2)-magnitude earthquakes occur nore frequently
than either 8.4(+ 0.2)- or 8.75(+ 0.15)-magni tude earthquakes.

The feedback session resulted in some nodifications in the
initial assessnents. It was possible to establish a base case
of subjective assessnents for which both the experts were in
agr eenent . The base case was used in the Bayesian anal ysis.



APPENDI X D

SOFTWARE SYSTEMS INFORMATION

Docunentation of the project work is available as two vol unes
of printed docunents and in the formof a conputer nmagnetic
data tape. This appendi x describes the format of the data and
the contents of the data tape. To facilitate program
execution on conputers other than the Univac 1108, which was
used to develop the software, selected nodifications to the
vari ables are al so di scussed.

D.1.0 DATA TAPE

Each of the source prograns, data elenents, and absolute
elements required for program execution are witten as
separate files with an end-of-file mark. The tape has
9-tracks and 80-character record lengths with a bl ocking
factor of 45; it is a 1600-bpi ASCI|, non-labelled, 0odd parity
tape. Print files have 132-character record |engths.

The files are listed below in the order in which they appear
on the tape.

Program Files
SElI SM C. EXPOSURE
MARKQV .
CONST.PROB
PLOT.ISO
NODEX (NODEX is a plotting program that can be used to
check SEI SM C. EXPOSURE input geonetry)

Sanpl e Problem
SAMPLE 1. - non-sem - Markov seism c-exposure problem input
SAMPLE 2. - sem -Markov seism c-exposure problem input
SAMPLE 2A. - semi-Markov MARKOV i nput



QUTPUT FI LES
MARKOV (print)
MARKOV (di sk)
EXPOSURE 1 (print)
EXPOSURE 1 (di sk)
EXPOSURE 2 (print)
CONST.PROB 1 (disk)

D. 2. O PROGRAM MODI FI CATI ONS
The SEI SM C. EXPOSURE program is presently dinmensioned for 50

sources and requires 150k for program execution with 44
sources, three ground-notion paraneters, and 96 grid points

(sites) . The chief factor affecting core-size requirements is
the choice of the maxi mum nunber of sources. To reduce the
program size, certain variables need to be re-set. These and

ot her variable changes are discussed bel ow

To change the nunber of sources from 50 to (?), change the
common statenments in the subroutines:

MAI'N, | NPUT, |NTGAR, INTGHZ, BERNUI, SUMQ, INITIA, SUNQ
PBPDF, PWPDF, | NVARK, PRINT, PRINT2, and OUTPUT

Change:
COMMON/INTGD1/NBEGSC ( ), NBHRSC ( ), wBvTsc ( )
COMMON/SOURCI/ . . . . . . . . . . . ..
COMMON/BRNUI/. . ... ... v ..o PSOR (? + 1)

COMNACR . . . ..
COMMON/PTABLE/ . . . . « . .« o o . .
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Al so nmake changes in:

Subr out i ne

MAI' N

BERNUI

PRI NT

PRI NT2

To change the nunber of

COMMON /ATTENR/
COMMON/ATTEN 1/
COMMON/PTABLE/

Vari abl e Nane

HOLD (13,50) HOLD (18, ?)
DATA HOLD/A*0.0/A = 18 «x-

COMMON/PSNMG/INDEX (?)

A (18,7), COLSUM (?), ROABUM (?),
ISORCE (?)

SUMBOR (?), | SOURCE (?), SORTYP (?)

attenuation relations:

To change the nunber of nodes:

COMMON/SIDES/

To change the nunber of segnents:

COWON S| DES/
To change the nunber of

COMMON/SOURCI /

To change the SEI SM C. EXPCSURE program so that

el enent s

it doesn’t

print tables, change cpEsM(1l) in PRI NT, and PRI NT2 (check..?).
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D. 3. 0 PROGRAM ADAPTATI ON

Users of VAX Fortran should be aware that their systens wll
not properly handle the entry points in SEl SM C. EXPOSURE and
PLOT.ISO. Entry point INTGLN into subroutine INTGHZ is called
by MAIN in SEISMIC.EXPOSURE. Bot h pLor.1s0 and SElI SM C.
EXPOSURE call initialization entry points in the projection
subroutines (MRCTR and LMBRT). W recomend that these entry
points be elimnated, either through the use of IF statenents
or by separation into two subroutines.

SEI SM C. EXPOSURE cal | s pLGaMa (doubl e precision |og of the
gamma function). This option is not available on all systens.

MARKOV Program

The semi-MARKOV program is presently configured for a three-
state system (three magnitude intervals) wth a 5-year tine
interval and a 10.0 M, naxinum nmagnitude.

To nodify these paraneters, references to “10 0 need to be
changed to “the desired maxi num nagni tude value” in MAIN and
subrouti ne POST. The 5-year time interval can be nodified by
changing the dinensions of array H in MAIN and in subroutine
INZW from 100 to the desired dinension. The dinension is
calculated on the basis of the follow ng expression:

T = desired tine interval in years
FCAST = nunber of years forward
| ar gest holding time in years
H array dimension = (eg, 1000 years) + FCAST + T
T
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Al'so, array HGT in subroutine INZW needs to be dinmensioned at

| argest holding time + T
T

i nstead of 201.
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Fig. 40 — Output from Program SEISMIC” EXPOSUR E using Input from Program
MARKOV (Sample Problem 2) as obtained on Line Printer

SAMPLE SFISHMIC EXPOSURE MAPS

MARKOV INPUT USLOD

PL OTTER SIZE

PLOT PROJECTION
STANDARD LATITUDE 1
STANDARD LATITUDE ~
STANDARD LONGITUODE
SCALING FACTOR

NUMBER OF AREA SOURCLS
NUMARER OF LINE SOURCES
NUMBER OrF NODES

NUMBER OF ELEMENTS
NUMBER OF GRIDS

NUMBER OF VARIABLES
NUNBER OF ATT/VARIABLE
LINES PRINTED PER SITE
MAX NO. Of MAG

- APRIL 1982

30

1
35.0000
67.00?0
~153.0600

2520000,

L}

O U N — w s

SAVE RESULTS O N DISK(PLOTTING FORMAT)

TImE PERIOD NAG INC

SMALLEST MaG

5 0 VYALUES PER SITE

40,00 ® 50 5.05
NODAL COORDINATES ¢ 16 NODES)
INDEX VCC INDEX X COORD Y COORD 7 (WM)
1 1 ~161.R90 $4,3R0 -40.0)0
2 2 -160. 000 52.1150 -20.000
3 3 ~150.480 55700 ~40a190
. L] -156.440 54,200 -20.000
5 5 -156.120 53.760 =200 000
6 6 -153.290 55.550 =204000
7 ? -155.770 574030 ~404000
a 8 -192.000 58.R10 ~40,900
9 9 -147.700 57.220 ~204000
10 10 -146.410 58.900 =-20.C00
11 11 -150.070 614630 «40,000
12 12 ~14R.460 574530 =20.000
13 13 ~15A,000 60.700 -5.000
14 14 =154.000 60.700 -5.000
15 15 -152.500 60.700 -5.000
16 16 -151.000 61,000 -5.000
ELEMENTS DESCRIPTION t 4 ELEMENTS)
INDEX 1 J K L RENUMRERFD I J K L
1 L] 3 1 2 ) 3 1 2
2 6 7 3 5 6 1 3 ]
3 12 ] 7 6 12 R 7 6
) 10 11 a 9 10 1 A 9
AREA SOURCE |
SAMPLE SOURCE 1
NUMBER O F RANDS | ROUNNARY COND 1 FLFMENTS
NUMAFAR OF ELFMENTS N fFACH HAND glApr|nc viTH nf[”[ﬁl nn[ 1
TIMEDATARASE . . . .. .. ... ... .ogn
NOQOF Occ ... . ... .. . .. n.14o

X (KM)
l103.an%
295,709
326902
® *? R3*
AR]RNY
641,309
89,476
T10.6%7
963,112

1027.1R4
811.000
922.053
3A9.231
605792
685.683
T64.66R

! THRU

Y (xM)
243.ART
67.%559
3h3.361
195,517
168.9%9
313.912
e 9?7591
6864805
525.870
T12.R62
995.53%
556.544
RAh 203
891.636
891.362
925.331



Fig. 40 — Output from Program SEISMIC" EXPOSURE using Input from Program
MARKOV (Sample Problem 2) as obtained on Line Printer (continued)

SUMOF POISSON OCCe.. . ... .. 272. 799

DISTR]BUTION OF MAC.
5.050 5.550 6.050 6550 7.050 T<55C
13.739 5.457 2.1R8 «851 +518 LUK

THERE IS No SEMI=MARKOV INPUT FOR THIS SOURCE

AREA SOURCE 2

SAMPLE SOURCE 2

NUMBER Of BANDS 1 pounpaRY cono 1 | 1 0 ELEMENTS 2 THRY 2

NUMBER OF ELEMENTS N [ACM BANDSTARTING MITHDFFPEST ONE 1

VIMEDATA Base . . . . .. ... .. .. 75.000

MO OF Occ . . ...x, . *x *=* 56586

NO OF POISSON MAGs . .. ... ... 6

SUM OF POISSON OCCe. .. ... .. 86436

DISTRIBUTION OF MAGe
5.050 54550 6.050 6.550 7.050 7.550
34,090 3.431 Se016 2.111 1274 114

THE NEXT 3 MAGNITUDES ARE SEMI-MARKOV, INPUT | S READ FROM UNIT 1 7

FILED INFORNATION -

10KEY . . . . ... esSAMPLESOURC

NUMBER OF MAGNTITUDES . . . . . . . 3

MAGN] TUOEL INCREMENT . . . . o .5000

FIRST S-MmagNlTYOE . . . . . . . 8.0500

PERIOD OF INTEREST . . . . . . . .. 40.00

NUMRER OF EARTHQUAKES

OISCRETE MAGNITUDE 0 1 2 3 ) . 6 7
8.0%0 .8700585 «0719999 ,0311A%% 0121350 «0041RAB +0012538 L0003123 «0019595
8.%5%0 .9318633 .0547676 +0110R29 «0019482 0002957 L00003R0 L"000D7ar L0007003
9.0s0 .9758666 .0240347 .0000906 +00C0002

AREA SOURCE 3

SARPLE SOURCE 3

NURBER OF BANDS 1 BOUNDARY COND 1 1 1 1 CLEMENTS 3 THARU 3

NUMBER OF ELEMENTS IN CACH AAND STAPTING VITH DEEPEST O N C 1

TIMEDATABASE . . . . . ... .. ... 75.000

NO OF OCC .. ................ 55+50R

NO OF POISSON MAGs ... ...... 6

sun POISSON OCCe........ 5545A7

DISTRIBUTION OF NAG.
$.050 5550 6.0%0 6.550 7.050 T.550
33.512 13.311 54324 24975 1293 L1112

THE NEXxT 3 MAGNITUDES ARE SEMTI-MARKOV,. INPUTISREAD FROM UNJT 17

FILED INFORMATION -

IDKEY (o0 . ... ... ... ... .. e s SAMPLESOURC

NUMBER OF MAGNITUDES . . . . . .. 3

MAGN]I TUDE INCREMENTY . . . . . . .. «50C0

FirsI S=MMAGNITUDE . . . . . . . . AO0%00

PER10OO OF INTEREST ... . ecoeee AG. 0D

NUMHFR OF EARTHQUAKFS

OISCRETE MAGNITUDE 0 1 2 3 [} 5 6 7
8.050 CH22AN3E  L1NN1700  ,0856769 o ILTTRTA  <ONALI3TYS  LDOINIR2  LON0ARTT L1097 (aTH
A.550 SPIRGHTE  LGHACHIN  LQ1617R)  ,ng2a062 oN0029CY  aCINTART ,rNoNtan ey cora
9052 «QOTIRIY LALENTE L0 (11718 LCQQNCN2

=« 0000069

P S

Markov
Input



Fig.40 — Output from Program SEISMIC” EXPOSUR E using Input from Program
MARKOV (Sample Problem 2) as obtained on Line Printer (continued)

ARFA sonunrf L]

SAMPLE SOURCE &

NUMBER O f BANDS 1 BOUNDARY town 1 1 1 0 FLTMENTS 4  THRU 4

NUMBER O f €L EMENTS IN EACH DAND START]I NG MITH DEEPEST ONE 1

TIMEDATABASE . . . ... ....... 15.006

NOOF OCC . . . oot Rleb17

No OF POISSON MAGe ... ...... [3

SUMOF POISSON 0CCe . . ... ... Al.6TAR

OISTRIBUT] ON OF MAG.
5.050 5.550 6.050 6.5S0 7.050 T7¢55%90
49,241 19.%959 T.R23 3.049 1.04] «165

THE NEXT 3 MAGNITUDES ARE SEMI-MARHOV, INPUT 1S READ FROM UNIT 17
FILED INFORMATION -

I0KEY . .. eoe. ... ........ «s SAMPLE SOURC
NUMBER OF MAGNITUDES . . . ssee
MAGNITUDE INCREMENTY . . . . . . . .5000
FIRST S~-MRAGNITUDE . . . . . . .. R.17500
PCRIOD OF INTERESY . . . . .. o.. 40.00
NUMBER OF EARTHOUAKES
DISCRETE MAGNITUDE 0 1 2 3 4 5 6 7
0.050 .9390654 .0556775 .0158150 0063059 .0022332 0606872 .0001766 «N0CO35"
8.550 ¢971052A1 ,0288979 0039337 «0005607 .0OOOL710 .0000078 0200077
9.050 .9922402 .0077404 0000194
LINE SOURCE 1

cocveonn

SANPLE LINE SOURCE 1

3 SEGMENTS BOUNDARY CONDITION 0 0 STARTING ATNODE 13 RENUNRFRED 13
TIMEDATABASE . . . . . .. ... . .. 1%.000
NO OFOCC . ................. 247.500
No OF POISSON MAGe ......... 7
SUM OF POISSON OCC. . . . . . ... 295.970
OISTR1OUTION OF MAGe
5.050 54550 6.050 6.550 7.050 7.s50 R, 050
174.980 ?2.530 32.4R0 12.530 .225 24025 1.200

THERE s no SEME-MAAXOY INPuT For THIS SOURCE

ATTENUATION RELATIONSHIPS

ACCEL CH/SEC/SEC 1c= 40.900 MN= 100.000 M¥=  1500.000
i B 02 H3 Aa LN SIG HG MY

190.670 «R23 .000 1.561 568 ® rno
210.000 .500 .000 <R30 .606 «LCD

cl «R6S

c2 .465

DEPTH -6.000

LOG-NORMAL DISTRIABUTION on ATTENUATION

NO OF SIG ONEACHSIDE OF MEAN Jeu

NO O F [INCREMENTS INDIST A

INTG. STEP VFRT, (xM) 15.00A

INTG. STEP HOR, (KM) 19 on

CPSILON (KM} LA

f

«0NTNI473



Fig. 40- Output from Program SEISMIC” EXPOSURE using Input from Program
MAR KOV (Sample Problem 2) as obtained on Line Printer (continued)

SOURCE/MAGNI TUDE CON TQ1OUTIOM TVAPBLEINFORMATION

INPUT SPECIFIES TAHLES ARE 10 BE GFNEMATED FUR {VFRY J INCRFMINTS U T0 INCRFMENT 1R FOR yypar PARAYMITFOQL -

1
PARAMETER TARLE STZE (SUM O F MAGHITUDRLS ACROSS ALL SOURCES) = LR
PARAME TER MINIMUM MANIMUM INCREMENT FIRST TAnLE LAST TapL® FIRST LFVFL LAST LEvFy ADrerss
1 100.000 15C0e207 an,(nn 127.900 600,77, " 1¢
TABLE SPACE AVAILABLE - 10809
TABLE SPaCE UsLO - 230
HORJZONTAL RUPTURE LENGTHS (KM)
5.050 5.550 6.750 6.591 7.050 7.9 A, 55" RebHS 0 Fel &
2.700 4,700 A.4(0 15,703 27.01¢ ar.7 00 LAWY 10,000 22%., "0
DOUNDIP RUPTURE LENGTHS(KM)
5.050 5.550 6.050 6e55N 1,090 T.%50 LY f.597 KIRR
2.700 A.700 8.40¢C 15.700 27.00% AT oL AR 704590 AP’ DL
THE CONSTANT ¢ = c1 . EXPCC2eM) IN ATTENUATION FOLIATION
8.9378 11264 18.19% 17.nrA9 22.545 2Pe012 154805 44,791 48,09
PARAMETER 1 - ACCCL CH/SEC/SEC
ATTENUATION COEFFICIENT HB1. £xpP(h2 » #)
9.4082 9.8199 10.232 10643 11955 11467 11.A7R 1242409 12.249
ATTENUATION COEFFICIENTRY. (XPtR2 . ™)
1.8721 8.1221 Be 3721 Re6221 A.A72] 9.1?71 9.1%721 9,.,6971 9.%971
«ea SOURCE GFOMETRY WARNINGS FOR AREA SOURCE 1
SOUACE DIMENSIONS - LEFTY 205.4 RIGHT 208,.5 DOWN-DIP LENGTH 204,72
WIDTH OF EACHLEVEL FROM BOTTOMTO 10P
1 253.%
2 269.5
AOUNDARY CONDITION oI IS IN EFFECT FOR TNP OF SOURCF.
sss SOURCE GEOMETRY UARNINGS FOP AREA SOUACE 2
SOURCE DIMENSIONS - LEFTY 234,p RIGHT 238.0 DOUN-DIP LENGTH 234.7
WI10TH OF EACH LEVEL FROM ROTIOM 10 TOP
1 21%.9
2 230,17
BOUNDARY CONDITION @ | IS IN ELFFECT For Tor OF SOURCKE
MAGNI TUDE 9005 RUP YURE DIMENSTIONS - HORIZONTAL 225%.C O0OUN-DIP 7560
HORI20NTAL O R ODOWN=-DIP LENGTH O F <cOURCE 1S MELOW RFCOMMENDED LIM]T FOR GIVEN HOUNDARY CONDTTINNG 8ND PUPTURT DIMENSTONS,
eee SOURCE GEOMCTRY VAGNINGS rOR ARFA SDURCE 3
SOURCE DIMENSIONS - LEFT 247, RIGHT 234.R DAUN-DIP LENGTH c34.5
WIOTH o r EACH LEVEL FROM ANTIONM 10 TOP
1 2R5.8
z 371.1
AOUNDARY CONDITION ¢1 1S |IN EFFECTFOR TOP OF SOURCE.
*e¢ SOURCE GFOMETRY VAONINGS FNP AR[A SDURCE &
SOURCE DIMINSINNS - LFF T I het OIGATY 300.6 DOJdN=NIP LFNGTH %1,

WiDTHM NF cacy LEVEL rRQw
1 Via,f

HeTICM e, 1O



Fig. 40 — Output from Program SEISMIC” EXPOSURE using Input from Program
MARKOV (Sample Problem 2) as obtained on Line Printer (continued)

2 191.5
AOUNDARY CONNT TION «1 ISINEFFFCYFORTOP O F SOU RCFE,
MAGNITUDE 9, 0S5 RUPTHYAF DINENSIONS - W DRIZONTAL 22%.0 nouN-n1P 750

HORJZONYAL OR 00 UN. DIPLENG TH oF SOURCE 1s HELNWY RECOMMENDED LIMIT FOR GIVEN HOU NDARY CONDT TIONS AND CYPTUR DI RENLTONS .

PROMABILITY UF 2L HG LU LUR AN CE #f R INCHEMENT rart 1
ART A AHI A APt A APT A [(BETS
SOURCE SOUKCE sounct SOUKCE SOUACF
MAG 1 Z 3 L) 1
mmmam gom cremoes eemeae- T Tt e e e
5.05 eI 116469 292301 ® <3<r, gp” «934AA3 2172699
5.55 «GHAG1A .99 .,719 FELIRAY:] AT143] «31r077
6.05 .995275 R LELYTN e 191779 «IBHP6T «H5H? 419
6.55 .998129 «994239 AR LTS A 995263 wALNTHZ
7.05 .99 PHLE «99659 3 PELY RS .397126 «9In156
1.55 999898 +9996R04 799426 999741 «962906
8.05 .000000 ® crvgrlJ] e199a4 2 «999R21 «9796R8
8.55 eC0G 300 999708 «999h98 999913 a0352PCD

9.05 «0020G0 «9395d96 «9999 16 «99997T7 sOfonco



Fig. 41 — Diskfile Output Saved from Program SEISMIC+ EXPOSURE using Results from
Program MARKQOV (Sample Problem 2) as obtained on Line Printer

PROBAB I LI TY o F AT LEAST 0O NE (3.}

e 0OOOODO

SAMPLE SEISMIC EXPOSURE MAPS - APR |1 1982

MARNOV INPUT USED
SEISNICEXPOSURE HAP GROUND MOI10N VALUES - SAMPLE PRODBLEM

CEE DFENCTEF

ACCEL c M/s Ec/ 535S [c
INC = 40,000
MIN = 100.000
nAY = 1500.000
SITE COORDINATES NoYo2Z -156.000 %8.000 .000 487.285 602.557
.00000 40.03009 80.03000 12000200 16000000 200.00000 240.00000
1.00000 1.00000 .99996 «32996 «5973) e 35599 « 18464
00 .00 «No 154959 48,48 91.40 196.46
400.00000 440.00000 4B80,00000 520.06000 560.00000 600.00C00 64C, 00000
.02198 .01520 .01039 .0.699 «00463 .0 [,300 .00239
1000.50 2612.43 3829437 5704.35 8616.36 13329.5¢ 167T43.86
800.00000 840.00000 080.00000 920420000 960.00000 10UO.00[0O0 1040.00000
.00069 .00040 .00050 .00022 «00016 .00010 «00C08
0 00 .00 0 00 .00 .00 .00 .00
1200.00000 1240.00000 128000000 1320.03003 1360.00000 1400.00000 1440.00000
.00002 00061 0000 +07000 .00000 .00000 .00000
.00 0 00 .00 .00 .00 .00 .00
PARAMETER 1 aCCtL CN/SECZSEC = 12674 MAGNITUDEZSDURCE
ARE A AREA AREA AREA L INF
SOURCE SOURCE SOURCE SOURCE SOURCE
NAG 1 2 3 [} 1 RNVSUNS
L e e D b L D b ittt R
5.05 «1365% BeuRT1 1262650 «9007 NIk 21,4293
5.55 «3748 2.1571 111503 1.9013 «0306C 19.5R 32
6.05 LLEY T+594R B.9P43 22094 «PidE 192742
655 ATL7 5.4259 be34l0 241591 «s050 14,4472
7.05 .6635 6,007 6e2961 240456 00 1598176
T.55% «1122 « 7782 sHATT 4320 et 00 242300
8.05 «u00 1*7945 4213 +H4119 ¢ 319 6.0192
8.55 «L 002 .0000 246551 «4512 «NL00 3.1760
9.05 «500¢ «2000 o T702 «1GTR LIl G RALY
mwaasp 7 T - e T a T ee T T e eesew T aesaeoww 7T s e T L L e -4 T emmmm-—-
Suns 2.2439 32.2485 53.5610 11.9190 N335 «265R6¢0N]

I N AN.n0 YEARS .
2AC.C0N00 320.00000
12121 « 06247
3715.36 620.59
6R0.CONDO 7?0.00000
«LUl1R9 «00116
2116C.52 38323.02
10806000 1120.00000
.00007 ® ooon5
<00 .00
480.00000 1%20.00700
«00000 « 00000
.00 .00

PIRCENTAGT CONTRIEIUT 0N

skkok

Juco00CD0
« (3751
1046.88

760.00000
«C0G91
.00

1160.90000
.00003
.00

156,0.00000
.017000

.00

TASLE PART 1




AREA ARCA
SOURCE SOURCE
MAG 1 2
%4905 0000 «H254
5.55 «C000 «6037
6.65 «0009 4.1823
6.55 « 0865 52069%
7.05 «3701 71,9887
7.55 «1135 1+5551
8.05 «0000 6.0784%
B.%% 0000 «CNDT
9.05 «€000 . 2000
ceweebm - emamamacam—. -
sSums e 5701 27.1030
PARAMETER 1 ACCLL
AREA AREA
SOURCE SOURCE
MAG 1 2
Uy
3.05 0000 ® oon
5.5% 0300 e 0342
6.05 «C300 1.0729
6.55 0000 245192
1.05 « 0045 6.425%
1.55 «J64T7 1.7691
8.05 e GOOD 10.7527
8.%% «0000 «00DD
9.09 0000 )000
SUMS 0692 22.6335
PA RAMETER 1 ACCEL
AREA ARLA
SOURCE SOURCE
NAG 1 2
3.03 0000 0000
5.s5 «0600 0000
6.05 «000 0000
6.55 «GODD «668R8
7.05 «00600 55114
7.53 (" 000 1.6179
8.05 0000 12.8581
8.55 +0000 0000
9.05 «0000 3000
cmmea gy mmmmmes mmmeeee meeeeos R
SUMS «0000 18.6563

Fig. 41— Diskfile Output Saved from program SEISMIC. EXPOSURE using Results from
Program MARKOV {Sample Problem 2} as obtained on Line Printer (continued)

PA RAMETER 1 ACCEL

CM/SEC/SEC =
ARFA ARE A
SOURCCE SOURCE
5 *
Je5613 «000)
S5«73%5 «040
Te3nda «+N937
Te773) 5762
10.53p% 1,42R9
149802 «4993
15.51'59 1.3227
1teVnl? «3552
Jalinny «2165
648134 548930

ARLCA
SOQURCE

FAXRLLY
204319A
99,2033

74,3249

ARF A
SOURCE
3

53236
843194
2.9475
2945796
27.5970
7.0690

19.6757

cH/S tC/s EC =

AREA
SOURCE

1.1733
1.03411
.237?1

249720

CH/SEC/SEC =

ARE A
SOURCE
4

2N000
.00
ol uli
+2uG0
o'ﬂoc
o3G0
« 500
JluNe
Loett

onnCo

360.0)

LINI
SOURCE

0000
<0000
«fOLD
23000
el C
+GN00
«"300

[0o

MAGNITUDE/SOURCE PERC ENTAGF CONTRIBUTION TAHLE

ROMSUMS

L L L

4,367
hed3T2
116654
15.4351
20« 7267
e .14Q
23.7169
123234
5.2606

.20412+090

MAGN] TUDE/ SOURCE PERCENT aGE CONTRIBUTION TABLE

ROW S(4MS

«38221-001

MAGNIT UUEZ SOURCF PL RCENTAGE CO NTRIBUTION TARLE

ROWSUMS

.0000
«00 L0

e 9IN0g
3.9924
11.8%08
4.59kK7
42.9670
28.4123
1.27117

«1044R-001

PART 1

PAR7 1t

PART 1



Fig. 41 — Diskfile Output Saved from Program SEISMIC” E XPOSURE using Results from
Program MARKOV (Sample Problem 2) as obtained on Line Printer (continued)

PAR AMETER 1 ACCEL CHM/SEC/SEC = 600.00 M AGNITUDC/SOURCE PERC ENTA GE CONTRIHUTION TARLE PART 1
AREA AREA AREA ARE A LINE
SOURCE SOURCE SOURCE SOURCE SOURCE
LT} 1 2 3 [} 1 RONSUMS
Ll L L i I I I eI 6 - . . Lommmmmm s
9009 .0000 .0000 .0000 .0000 .0900 .0000
5*55 .0000 .0000 €000 .0000 .0000 «0000
6.05 ® 0000 .0000 «N000 .0000 .0 (00 « 00600
6099 .0000 .0000 «7754 .0000 .0000 « 7754
7.08 90000 1.0038 5.3837 «0C0D «0G00 6.3A 74
T35 .0000 1.0074 2. ARSH +0000 .0000 3.R910
8.03 .0000 13.3723 3146135 .0399 .0000 ® 3.025r
859 .0000 .0000 38,5745 +3931 .0000 34.9076
9.05 .0000 .0000 840430 «0RBO «C000 Re9310
Sums .0000 15.303s 84.0956 «3209 .0000 «30016-002
PAR AMETER 1 ACCEL CH/SEC/SEC SUMMARY MA GNITUDE/SOURCE CONTRIDUTION TARLE PART 1
ARCA AREA ARED ARCA 1 e
SOURCE SOURCE SOURCE SOURCE SOURCF

VALUE 1 2 3 ] 1 RONSUNS
SomaB® gaPmem - - - - ------------ o Ly T T e s s mmmmmmmmmmee . P . . . . . . B

120.0 .59657- 001 .85726.000 142840001 o 31688*000 e eYn42-003 «265RK 4001

24040 .11638- 002 55323-001 . 13642.000 . 11212-001 00000 »20412000

36040 26457 -004 .86521 -002 . 28412-001 .11363- )02 +00700 . 38.727-001

480.0 00000 . 19492-002 «A3283-002 +17427-003 ,00000 «10440-301

600.0 900000 246166=-003 429237-002 .15633- 004 .00030 .3 0010-0G2

e

BOK2+N



Fig. 42 — Plotfile Output from Program SEISMIC - EXPOSURE using Results from
Program MARKOV (Sample Problem 2) as obtained on Line Printer
and saved on Disk

1 30 1
35,000 67.000 -1.53.000 7500000 . .000
1.000 1. 000 1.000 1.000 20. 000 2.000 1.000

SAMFLESE18M 1 C EXFUSUREMAFS -  AFRIL 1982
HARKOV I NFU | USED
ACCEL CM/SEC/SEC 40! 000 100.000 1500.000 40.000
seEISMIC EXFOSUKRE MAF GROUND MOTION VALUES - SAMFPLE FROBLEM
~156.000 58.000 .000 .000 ,000 ,000
1 1 0 0
40

1.00000 1.00000 . 9999 . 92996 , 9733 . 35599 . 18464 1011 .06D47  .03/51
02198 .01520 . 010.59 .00699 . 00463 .00300 ,00239 :001119 .o011e 00091
;00069 .00040 .ovo3p 0002 00014 00010 , oovos .oo0o0/ 0000, 00003
.00002 ,00001 .00001 .00000 .00000 .0000O .00000" .00000 .0000O  .00000"

@BR2



