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PROJECT COMPONENTS

1. Several data files that have not been available in ABAG's computer-based
geographic data system have been developed, either by digitizing maps or by
obtaining existing machine-readable data sets.

2. A series of earthquake hazard map files have been produced for the San
Francisco Bay Area by combining the data files developed in the first task
in various ways.

3. Various applications for these files have been explored.

4. Much effort is being made to ensure that this 1nformat1on is effectively
communicated to city and county staff.

DISCUSSION OF RESEARCH

1. File Development

Several basic data map files that have not been available in BASIS* have been
developed, either by digitizing maps or by obtaining existing machine-readable
data sets. In those cases where regional coverage is either too general or too
costly, subregional data sets have been developed for San Mateo County for
experimental and demonstration purposes. - San Mateo County was chosen because
both ABAG and USGS have more information on that County than any other one in
the Bay Area. Basic data map files developed include:

*BASIS - Bay Area Spatial Information System
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o a detailed geologic map of San Matco County with hectare resolution**

0 a revision of an existing map file of generalized geology to provide
hectare resolution for the other eight counties**

o a flatland materials map of the Bay Area, with hectare resolution**

o the expansion of an existing fault file to include recent work for the
entire region with hectare resolution

0 a digital elevation model file of San Mateo County with hectare
resolution

o a landslide map for San Mateo County with hectare resolution

o dam inundation maps with hectare resolution and regional coverage

0 a tsunami inundation map with hectare resolution and regional coverage
0 a land use file for San Mateo County with hectare resolution.

2. Reworking of Data Files

A series of earthquake hazard map files have been produced for the San Francisco
Bay Area by combining the data files developed in the first task in various
ways. Derivative files produced include:

o a map of maximum intensity of earthquake ground shaking for the Bay
Area

o a series of four regional maps showing the risk of damage for three
types of buildings and two sets of recurrence intervals for
earthquakes

o liquefaction susceptibility and potential maps for the region

o maps of landslide susceptibility for San Mateo County from rainfall
and earthquake-induced failures

0 two sample composite maximum earthquake damage maps for San Mateo
County (combining maps of maximum ground shaking intensity, faults,
landslide and liquefaction susceptibility, and dam failure and tsunami
inundation) j

o a sample composite map showing risk of damage within San Mateo County
from those earthquake hazards listed above.

The assumptions and data used in developing these maps have been documented in a
series of working papers.

3. File Applications

These maps have been used:

**These three files were combined to create a new geology file.




o to begin development of an automated redional environmental assessment
document to serve as a background report for local Environmental
Impact Reports (EIRs)

o to compile sample composite maps of earthquake hazards

0 to compare the land affected by various earthquake hazards and to
relate these hazards to their potential effects on both people and
property

4. Communication of the Information

Much effort has been made to ensure that this information is effectively
disseminated.

o Key local staff have been involved in reviewing the working papers.

o Potential users suggested that all map files should have hectare
resolution. This suggestion has been implemented.

o Targeted local staff and other users have been helpful in designing
the three map applications described.

o A user's manual, A Guide to ABAG's Earthquake Hazard Mapping
Capability, has been developed and is being distributed.

RESEARCH CONCLUSIONS

This ABAG research has demonstrated that a computer-based geographic data system
is a useful tool in examining earthquake-related hazards. The computer system
enabled ABAG staff to use the entire Bay Area as a study area for developing
most test products. It ensured that the information was consistent from one
part of the region to another and enabled staff to easily expand projects
developed in one part of the region to the entire nine county area. In
addition, the map files are more adaptable to different uses than the more
traditional map product. Maps can easily be produced at any scale for any area
of interest. In addition, files can be manipulated to provide a 1isting of
information for a given location and to produce an unlimited number of composite
maps. Cross tabulations and statistical procedures can also be performed to
compare files.

The methods used in developing the hazard maps were developed or modified as
part of this project. The techniques and procedures, especially those related
- to mapping of risk of ground shaking damage and of liquefaction susceptibility
and potential, make use of some valuable economic techniques. These techniques
served to point out areas where more data and research is needed. The working
papers, especially Paper #9 on composite maps, point out many of these needs.

This project focused on developing an operational earthquake hazard mapping
capability and demonstrating some sample uses for researchers and local
geologists and planners. ABAG has begun a project (USGS Contract No.
14-08-0001-19108) that will expand the area for which highly detailed.
topographic and geologic data is available as well as the types of applications.
The study will focus on special products suited to the rapidly developing areas
gdjacent to Petaluma and the ridgelands of Santa Clara, Alameda and Contra Costa
ounties.
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INTRODUCTION

In this project, ABAG used a computer-based geographic data system
(BASIS)* to produce several types of earthquake maps for the Bay Area.
These computer maps,-or files, have been designed to be combined,
cross-tabulated, and accessed for small areas. The results have been
made available in a form useful to technical staff of local governments
in the Bay Area.

PROJECT COMPONENTS

1. File Development

Several basic data map files that have not been available in BASIS have
been developed, either by digitizing maps or by obtaining existing
machine-readable data sets. In those cases where regional coverage is
either too general or too costly, subregional data sets have been
developed for San Mateo County for experimental and demonstration
purposes. San Mateo County was chosen because both ABAG and USGS have
more information on that County than any other one in the Bay Area.
Basic data map files developed include:

0 a detailed geologic map of San Mateo County with hectare
resolution**

0 a revision of an existing map file of generalized geology to
provide hectare resolution for the other eight counties**

o a flatland materials map of the Bay Area, with hectare
resolution**

0 the expansion of an existing fault file to include recent work
for the entire region with hectare resolution

0 a digital elevation model file of San Mateo County with
hectare resolution

o a landslide map for San Mateo County with hectare resolution

0 dam inundation maps with hectare resolution and regional
coverage

0 a tsunami inundation map with hectare resolution and regional
coverage

o a land use file for San Mateo County with hectare resolution.

*BASIS - Bay Area Spatial Information System
**These three files were combined to create a new geology file.



2. Reworking of Data Files

A series of earthquake hazard map files have been produced for the San
Francisco Bay Area by combining the data files developed in the first
task in various ways. Derivative files produced include:

o a map of maximum intensity of earthquake ground shaking for
the Bay Area

0 a series of four regional maps showing the risk of damage for
three types of buildings and two sets of recurrence intervals
for earthquakes

o liquefaction susceptibility and potential maps for the region

o maps of landslide susceptibility for San Mateo County from
rainfall and earthquake-induced failures

0 two sample composite maximum earthquake damage maps for San
Mateo County (combining maps of maximum ground shaking
intensity, faults, landslide and liquefaction susceptibility,
and dam failure and tsunami inundation)

0 a sample composite map showing risk of damage within San Mateo
County from those earthquake hazards 1isted above.

The assumptions and data used in developing these maps have been
documented in a series of working papers.

3. File Applications

These maps have been used:

o to begin development of an automated regional environmental
assessment document to serve as a background report for local
Environmental Impact Reports (EIRs)

0 to compile sample composite maps of earthquake hazards

0 to compare the land affected by various earthquake hazards and to
relate these hazards to their potential effects on both people and
property

4. Communication of the Information

Much effort has been made to ensure that this information is effectively
disseminated.

o Key Tocal staff have been involved in reviewing the working
papers.

0 Potential users suggested that all map files should have
hectare resolution. This suggestion has been implemented.



o Targeted local staff and other users have been helpful in
designing the three map applications described.

o A user's manual, A Guide to ABAG's Earthquake Hazard Mapping
Capability (Appendix K), has been developed and is being
distributed.

DISCUSSION OF RESEARCH

l. File Development

BASIS is structured around an array of grid cells, each representing a
land area of one hectare. The original proposed work consisted of
developing a series of data files with a mixture of 1/4 square kilometer
(25 hectare) and hectare resolution. Conversations with city and county
staff have shown the coarser resolution to be unacceptable for most
applications. Therefore, all files developed have hectare resolution.
_ More information on the basic data map files is available in the buff
section of the user's guide (Appendix K).

A geology map of San Mateo County (scale - 1:62,500) was digitized.
This map was prepared by Earl Brabb and Earl Pampeyan of USGS. It is
unique in that the flatland and hillside materials have been combined
into one map. Because the detail of the map is greater than any map
ABAG had digitized previously, some new techniques were developed. For
example, a photo enlargement was prepared to be used for recording
information about the chains digitized. The original map, however, not
the enlargement, was digitized to avoid any distortion that might occur
in enlarging a map of this size (43 inches by 24 inches). The map will
be published as an overlay of the original and a color plot of the BASIS
map file.

ABAG's existing file of geologic information (generalized to include
only six categories) was refined to have hectare resolution for the
remaining eight Bay Area counties. More information on this file is
contained in an ABAG report on an earlier earthquake mapping project
(Perkins, 1978).

A map of flatland materials has been produced for the Bay Area at
1:125,000 (Helley, et al., 1979). Copies of these maps on stable
materials were obtained from the USGS publications office to enable the
file to have hectare resolution. In the process of digitizing the map,
several inconsistencies were discovered and confirmed by the authors.
Therefore, the BASIS file should be more accurate than the published
version. This file was combined with the previous two files to create a
new geology file.

ABAG's previous file of active faults consists of those included by the
State Geologist in the Alquist-Priolo Special Studies Zone mapping
program. Because of the activity of several other faults in the region
and because the region can be affected by faults that are outside of its



boundaries, several additional faults have been digitized and added to
the existing file. Maps of all of these faults have been collected.
They are mapped at various scales ranging from 1:24,000 to 1:250,000.
The faults outside the region provided an interesting problem in
computer-programming. BASIS has been developed to handle data for an
area only slightly larger than the nine Bay Area counties. Some of the
faults are outside of this area so that information about their location
has been stored in a different framework.

Arrangements were made to obtain a digital elevation model file of
topographic information for all of San Mateo County from the Topographic
Division of USGS. The file consists of an elevation for each hectare in
the county. This data has been manipulated to provide the slope
information needed for producing the slope stability map. A file of
slope length and slope aspect could be produced when needed. Local
cities and counties are particularly interested in this file because of
its possible application in local ordinances.

Landslides in San Mateo County were digitized using a map by Brabb and
Pampeyan (1972). The larger landslides were digitized normally, while
the smaller slides were digitized as point data so that the hectare cell
corresponding to the center of the slide symbol would be tagged.

Dam failure inundation maps for the dams in all nine counties were
collected from Bay Area counties. The maps have all been redrafted on
sheets of mylar registered to USGS 7-1/2 minute quandrangles
(scale-1:24,000) and these maps digitized. The file includes which
areas will be inundated as well as by which dams.

A tsunami inundation map (scale-1:125,000) (Ritter and Dupre, 1972) was
digitized and a hectare file compiled.

Level 3 and 4 land use information was digitized for San Mateo County
(U.S. Geological Survey, 1978). Although the information is very
detailed, the data was fairly easy to digitize because of the scale of
the map (1:24,000).

2. Reworking of the Data Files

A series of earthquake hazard map files have been produced by combining
the basic data map files in various ways. More information on these
files is contained in the goldenrod section of the user's guide and a
series of working papers developed to serve as documentation of the
technical data and assumptions used in developing and using these files.
The information contained in this technical report is intended to
supplement that contained in the working papers and is more concerned
with the procedures used.

Working Papers #1, #2, and #3 document the data and assumptions used to
produce two types of ground shaking maps. A maximum ground shaking
intensity map and four maps showing the expected risk of earthquake
damage from ground shaking were produced simultaneously. Because the
time required to make the distance calculation from each hectare to each




fault is large, and because of the lack of space to store the distance,
it was immediately, hectare by hectare, compared to the geology of that
hectare and the results of the needed calculations (either intensity or
present value of damage) stored in each of the five files. As the
distance to each additional fault was calculated, the program called for
one of two options:

o to compare the intensity to that already stored in the cell
and enter the larger (in the case of the maximum intensity

map)

0o to add the additional present value of damage to that already
in the cell (in the cases of the risk maps)

Next, two types of liquefaction maps were produced. -Working Paper #4
documents the technical information used in this work. The
susceptibility map was produced using a simple model that categorized
the existing geology units, split the Bay mud category north and south
of Coyote Point in San Mateo County, and added a category for an area of
historic liquefaction. The potential map, however, again required
calculations of distances from several faults. Because only one
distance was critical for each fault, however, the program could
calculate the distance for each square kilometer, rather than each
hectare, test to see if the distance fell within a narrow band
surrounding the critical distance, and only if it did, continue and
revise the distance for each hectare. Again, distances were not stored.
Rather, they were immediately compared to the susceptibility units and
the results stored. This procedure was followed for each fault assumed
to produce significant ground shaking with the results being added to
those already in the potential file from the last fault.

The next two hazard files required a file of percent slope. This file
was produced from the elevation information by calculating the maximum
drop between each hectare and the eight surrounding it, correcting for
the difference in distance for those hectares at the four diagonal
corners. This slope file was then combined with the geology and
landslide files in the two different ways described in Working Paper #5.

Working Papers #6 and #7 document the tsunami and dam inundation files

that, while not produced by the reworking of earlier files, are types of
earthquake hazards.

3. File Applications

Both the basic data map files and the earthquake hazard map files are
used in three sample applications developed for this project. More
information on these applications is contained in the green section of
the user's guide, as well as in the final three working papers. Working
Paper #8 discusses computer-assisted environmental assessment, #9
documents a method for producing various types of composite hazard maps,
and #10 explains the way in which the various tabulations of earthquake
effects on property and people can be developed. Obviously, maps can be



used by themselves without any further manipulation. This use is not
discussed in a working paper, however.

4. Communication of the Information

Many of the most detailed products of this project are only available
for the San Mateo County. Therefore, ABAG researchers decided to focus
on working with the staff of that County and the cities within it. A
workshop was held in the City of San Mateo offices to explain this study
to the planning, public works, and emergency services staffs of the
Jjurisdictions in San Mateo County. Twenty-six people representing ten
cities and three county departments were present. The City of Pacifica
and the County Area Disaster Office agreed to be used as example
agencies for special map applications. Meetings with the Pacifica staff
showed that they are most interested in obtaining computer-generated
environmental impact sheets for earthquake and related hazards. The
Disaster Office was most interested in an atlas of hazard maps at
1:24,000 for some cities. Both of these types of products should be
useful to other agencies. Extending these types of services to other
local governments will be a major focus of a related ABAG project
started in February 1980.

In order to encourage participation in the way the final products were
developed, drafts of the working papers were forwarded to various city
and county geologists. These papers have been discussed in the previous
section on reworking of data files.

The research was compiled into the User's Manual. This document is

being mailed to local planning, public works and building inspection
departments, as well as to other interested individuals.

RESEARCH CONCLUSIONS

This ABAG research has demonstrated that a computer-based geographic
data system is a useful tool in examining earthquake-related hazards.
The computer system enabled ABAG staff to use the entire Bay Area as a
study area for developing most test products. It ensured that the
information was consistent from one part of the region to another and
enabled staff to easily expand projects developed in one part of the
region to the entire nine county area. In addition, the map files are
more adaptable to different uses than the more traditional map product.
Maps can easily be produced at any scale for any area of interest. In
addition, files can be manipulated to provide a listing of information
for a given location and to produce an unlimited number of composite
maps. Cross tabulations and statistical procedures can also be
performed to compare files.

The methods used in developing the hazard maps were developed or
modified as part of this project. The techniques and procedures,
especially those related to mapping of risk of ground shaking damage and
of liquefaction susceptibility and potential, make use of some valuable
economic techniques. These techniques served to point out areas where
more data and research is needed. The working papers, especially Paper
#9 on composite maps, point out many of these needs.




This project focused on developing an operational earthquake hazard
mapping capability and demonstrating some sample uses for researchers
and local geologists and planners. ABAG has begun a project (USGS
Contract No. 14-08-0001-19108) that will expand the area for which
highly detailed topographic and geologic data is available as well as
the types of applications. The study will focus on special products
suited to the rapidly developing areas adjacent to Petaluma and the
ridgelands of Santa Clara, Alameda and Contra Costa Counties.
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EARTHQUAKE MAPPING PROJECT - WORKING PAPER #1
FAULTS AND GROUND SHAKING INTENSITY

INTRODUCTION

This paper, and the included tables, summarize the fault-related data
used in producing the various ground shaking intensity maps for the
ABAG/USGS earthquake mapping project. It is the first in a series of
review papers documenting the data used and the assumptions made in that
project.

Data are included on the following three factors needed to produce maps
of maximum expected ground shaking intensity:

o those faults from which significant ground shaking can
originate

o a method to calculate the maximum magnitude earthquake that
could originate from a fault on the basis of length of that
fault

o a method of calculating the maximum intensity experienced in a
given magnitude earthquake.

A11 of the above information on faults, as well as recurrence intervals
for various magnitude earthquakes on each fault, are necessary to
produce maps of risk of damage from ground shaking. Therefore, some
information on relative fault activity also is included.

Information on these four factors is very incomplete. Changes in
information used on any one factor will change the way a final map
appears. Therefore, five sample maps have been produced illustrating
some of these variations. The maps are attached to Working Paper #3.

1-1



CHOOSING THE FAULTS

The major faults to be used as sources of ground shaking were selected
and grouped after several published sources of active and potentially
active faults were considered. The four most comprehensive 1ists are
those compiled by:

o the State Geologist to implement the Alquist-Priolo Special
Studies Zones Act (Ref. 1),

o the California Division of Mines and Geology in Geologic Data
Map No. 1 (Ref. 2),

o the U.S. Geological Survey in Bulletin 941-A (Ref. 3),

o Herd and others of U.S.G.S. in several Miscellaneous Field
Studies Maps and Open-File Reports (Ref. 4).

The four lists are given below in Table 1.

There is a great deal of similarity among the 1ists. However, the
variety in the lists led to the decision to combine the faults into
three groups for purposes of mapping and analysis. Group 1 consists of
those faults appearing in all four compilations. Group 3 consists of
all of the faults in Group 1 plus those faults listed in Ref. 4 or by
all of the other three sources. Group 2 consists of all of the faults
in Group 1 plus those faults in Group 3 of Holocene or younger age. The
maps of maximum earthquake intensity and of expected cost include all
three groups.

Most faults were mapped using the CDMG 1:24,000 maps prepared in
compliance with the Alquist-Priolo Act. Those fault segments under
water were extrapolated from CDMG maps when possible. The underwater
segment of the northern San Andreas between the Bolinas and South San
Francisco quadrangles was mapped using USGS 1:62,500 maps. Other faults
were mapped using recent USGS publications. The sources for fault
mapping are listed in Table 1.

1-2
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ESTIMATING MAXIMUM MAGNITUDE AND INTENSITY ON THE FAULTS

The magnitude of the maximum probatle earthquake can be related to the
length of the rupture along the fault trace. The lengths of the various
faults analyzed (obtained from two separate sources) and the associated
max imum magnitudes are given in Table 2, below. The maximuim magnitudes
are calculated using the relationships used by Herd (Ref. 4e). Because
the formula used depends on the character of the fault movement, the
type of movement is also provided in Table 2. The formulas used to
calculate maximum magnitude are as follows:

for strike-slip (Magnitude) = 0.597 + 1.351 log (Fault rupture
faults: Tength in meters

1]

for normal faults: (Magnitude) = 1.845 + 1.151 log (Fault rupture

length in meters

for reverse and (Magnitude) = 4.145 + 0.717 log (Fau1t rupture
trust faults: length in meters

The usual length of fault rupture chosen for use in the above formulas

is one-half the total mapped length. However, because the assumption is.

not universally accepted, a second set of maximum magnitudes was
calculated using the total mapped length.

The maximum intensity for any given magnitude of earthquake can be
calculated using the following commonly used formulas:

Maximm y = 1.5 i - 1.5.
intensity) (Magnitude)

(See, for example, Reference 9.)

The maximum intensities and the magnitudes calculated are listed in
Table 2. The intensity maps have been produced using the maximum
intensity and magnitude calculated assuming 1/2 the total mapped fault
length represents the fault rupture length.
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ESTIMATING RELATIVE FAULT ACTIVITY

In order to produce maps of the expected cost of damage from earthquakes
originating on any fault in the region, one needs information on the
recurrence intervals for various magnitude earthquakes on each fault of
concern. Given a constant slip rate, one can calculate the recurrence
of a given magnitude event. However, this formula:

Recurrence interval 10% Magnitude - 6.717
(‘in years ) = Si-ip rate Where X = ],2]4

(in meters)

assumes that all earthquakes are of a single specified magnitude. One
can adjust the recurrence intervals by reducing the slip rate by a
percentage assumed to be released by aseismic creep. This refinement
does nothing toward providing a breakdown of the distribution of large
and moderate sized earthquakes, however. Such a breakdown is essential.
As one can see from Table 4, the annual cost of damage for buildings
next to a fault is much greater for moderate events (magnitude 5.3 to 6)
than for lower or higher magnitude events. In order to avoid this
problem some researchers (see, for example, Reference 9) have used the
historic record, which now approaches 200 years in California. The
usefulness of this procedure can be debated given recurrence intervals
of the size implied by Table 3.

A more direct approach would be to use slip rate as the critical measure
of seismicity. Relatively speaking, a fault with a slip rate of 1.5
cm/year would cause twice as much damage to adjacent homes than one with
a slip rate of 0.75 cm/year regardless of the maximum expected magnitude
and the distribution of smaller events.

Because of the need to graphically depict the effects of these changes
in assumptions, two test maps have been produced displaying average
annual damage for small wood-frame buildings. The first uses the
assumption that all events are of the maximum magnitude given assuming
1/2 L in Table 3 and the second uses the assumption that only magnitude
5.5 events (with a maximum intensity of D) can occur. The slip rates
used in the analysis are given in Table 3, below, and are from Reference
4e.

These recurrence intervals are not synonymous with the number of
earthquakes anticipated in the Bay Area since one needs to enter the
information on fault rupture length into the formula. For example, for
the San Andreas there would be two magnitude 8.4 events with ruptures
600 km long in 1000 years or 70,000 magnitude 5.3 events with ruptures
4.26 km long in 1000 years.
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OTHER DATA FOR GROUND SHAKING INTENSITY MAPS

The various maps described cannot be produced until after the necessary
information is obtained on:

o the attenuation of intensity with distance from faults

0 a table showing groups geologic materials with similar
earthquake intensity characteristics, along with the intensity
increments to be added to the intensity derived from the
distance relationship listed above for each group

0 intensity/damage relationships

Working Papers #2 and #3 discuss these factors. The maps described are
attached to Working Paper #3.
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EARTHQUAKE MAPPING PROJECT - WORKING PAPER #2
ATTENUATION, GEOLOGIC MATERIALS AND GROUND SHAKING

INTRODUCTION

This paper summarizes the information on geologic materials used in
producing the ground shaking intensity maps. It is the second in a
series of review papers documenting the data used and the assumptions
made in the ABAG/USGS earthquake mapping project.

Data are included on:

o an attenuation relationship between intensity and distance
from faults for a standard geologic material (Franciscan
assemblage);

0 combining geologic materials into groups with similar
responses to earthquake ground shaking;

0 intensity increments to be added to the standard intensity for
each of the seismically distinct groups of geologic materials.

Unlike the first working paper on fault-related information, much of
this data has been obtained directly from U.S.G.S. staff working in this
field. Earl Brabb, Roger Borcherdt, Jim Gibbs and Tom Fumal have been
most helpful in providing information prior to its publication.

ESTABLISHING AN INTENSITY-DISTANCE ATTENUATION RELATIONSHIP

In order to predict the intensity of ground shaking, one needs a basic
formula relating expected intensity and distance from faults for a
standard geologic material. The formula currently being used for work
in this region relates San Francisco intensity to distance for the
Franciscan assemblage. The formula, developed by Borcherdt, Gibbs and
Lajoie (Reference 1) is:

Predicted San Francisco intensity

(where intensity ranges from 4-0 ' )
to represent A-E) = 2.69 - 1.9 log (distance in km)

This formula is illustrated in Figure 1, below. Table 1 illustrates the
relationship between the San Francisco intensity scale and the more
commonly used modified Mercalli intensity scale. A new attenuation
formula using modified Mercalli intensity is being developed by Bob
Nason at USGS and may be available by the end of 1980. New maps could
be produced after the new formula is finalized. .
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TABLE 1: APPROXIMATE RELATIONSHIPS BETWEEN INTENSITY SCALES
(Modified from Borcherdt, Gibbs, and Lajoie, 1975)

San * Modifled
Francisco Mercalli
neale scale

XI1
A
X1
X
B
1X
Vil
C
D vl
Vi
E
*San Francisco Intensity A: Very Violent
B: Violent
C: Very Strong
D: Strong
E: Weak

FIGURE 1: INTENSITY DISTANCE ATTENUATION CURVE
(Modified from Borcherdt, Gibbs, and Lajoie, 1975)

DISTANCE, IN MILES

}

i

|

-

!

-
-0

= 2.69-1 90 log distance (km)

(1906 SAN FRANCISCO SCALE)
~N
T

INTENSITY ON FRANCISCAN FORMATION

DISTANCE, IN KILOMETRES
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CORRECTING THE GENERAL FORMULA FOR GEOLOGY

Different intensities tend to occur at sites which are located the same
distance from a fault but are on different types of geologic materials.
Working with information on seismic wave velocities, Fumal (Reference 2)
has developed a series of seismically distinct units. For the
unconsol idated to semiconsolidated sediments, he used texture, standard
penetration resistance and depth to define six units. For the bedrock
materials, he used fracture spacing and hardness to define seven more
units. These 13 seismically distinct units are listed in Table 2,
below.

The problem then becomes one of relating these units to those used on
existing geologic maps. More detailed mapping has been used in San
Mateo County than in the remainder of the region. For that County,
Brabb and Pampeyan have combined the map of flatlands deposits
(Reference 3) with the preliminary geologic map (Reference 4) to provide
a more refined geologic map of the area (Reference 5). This new map has
been used in this project. In the remainder of the Bay Area, the
flatlands map (Reference 3) has been combined with a generalized
geologic map of the region prepared by ABAG for earlier intensity maps
(see Reference 7) based on the units established by Borcherdt, Gibbs and
Lajoie (Reference 1). The relationship between the seismically distinct
units and the various geologic units have been provided by Gibbs, Fumal
and Borcherdt (Reference 6) and appear in Table 3. Note that some
formations contain several materials with different physical properties
and therefore fall into several different seismically distinct units.

To correct the general formula for intensity on Franciscan assemblage to
apply to these other units, an intensity increment must be added to the
derived Franciscan intensity for any given distance. These intensity
increments also have been provided by Gibbs, Fumal, and Borcherdt
(Reference 6) for each of the thirteen seismically distinct units and
appear in Table 2. An average intensity increments for each of the
geology units then was obtained by adding the intensity increments for
all the materials contained in each geology unit and dividing by the
number of intensity increments. This averaging technique is obviously
very imprecise. If the precise percentage of each rock type in each
formation were known, the average could be weighted accordingly. In
addition, if the units on the geologic maps corresponded more closely
with the seismically distinct units, further refinements could be made
in assigning intensity increments. The range and average intensity
increments are listed in Table 3.

Correcting the formula for geology, or even rock type, does not result
in a totally accurate representation of intensity. For example, very
deep alluvium may have a minor effect on intensity. Insufficient data
is available on these other factors at this time to allow for any
further refinement in the procedure. Various degrees of saturation do
not significantly effect intensity, however (Reference 6).
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TABLE 2: SEISMICALLY DISTINCT UNITS AND PREDICTED INTENSITY INCREMENT @

SEISMIC MATERIAL NGy
UNIT PROPERTIES INCREMENT
SEDIMENTS
I Clay-silty clay, 2.86
very soft to soft
II Clay-silty clay,
medium to hard 1.84
111 Sand,
loose to dense 1.71
IV Sandy clay-silt 1.36
loam, interbedded
coarse and fine
sediment
) Sand,
dense to very dense 0.93
VI Gravel 0.37
ROCK FRACTURE
BEDROCK TYPE HARDNESS SPACING
1 Sandstone Firm to soft Moderate 0.67
and wider
11 Igneous, Hard to soft Close to very 0.31
Sedimentary close
111 Igenous, Hard to firm Close -0.05
: Sandstone
Shale
IV Igneous, Hard to firm Close to -0.33
Sandstone moderate
i Sandstone, Firm to hard Moderate -0.54
Conglamerate to wider
I Sandstone Hard to quite Moderate -0.75
firm & wider
VIT Igneous Hard Close to -1.13
moderate



TABLE 3:

AVERAGE PREDICTED INTENSITY INCREMENTS FOR THE GEOLOGIC UNITS

Range of Average
Seismic Predicted Predicted
Map Geologic Unit Intensity Intensity
Symbo1*** Unit Range Increment Increment
Qm, Qhbm* Bay mud I 2.9 2.9
Qb Younger basin deposits I1 1.8 1.8
Qhaf*, Qhafs* Fine-grained alluvium
Qyfo Fine-grained younger IT1 1.7 1.7
alluvial fan deposits
Qham* Medium-grained alluvium
Qob Fine-grained older I1, 1V 1.4-1.8 1.6
alluvial fan and basin
deposits
Qaf Artificial fill I, 111, v .9-1.8 1.5
Qs, Qhs* Beach deposits and ITI, v .9-1.7 1.3
windblown sand
Qc Colluvium
Qps* Merrit Sand
Qal Quaternery alluvium
Qhsc* Stream channels
Qu* Undivided Quaternary I1-VI .4-1.8 1.2
deposits
Qyf Coarse-grained younger v .9 .9
alluvial fan deposits
Qhac* Coarse-grained alluvium
Qmt, Qpmt* Marine terrace deposits
Qc, Qpmc* Colma Formation
QTm Merced Formation
Tp Purisima Formation,
undivided
Tptu Tunitas Sandstone Member
Tpsg San Gregorio Sandstone
Member
Tpt Tahana Sandstone and

Siltstone Member
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TABLE 3: (Continued)

Range of Average
Seismic Predicted Predicted
Map Geologic Unit Intensity Intensity
Symbo1*** ~ Unit Range Increment Increment
Tpl Purisima Formation, I .7 .7
Lobitos Mudstone
Member
Tsm Santa Margarita
Sandstone
Tus Unnamed sandstone
Tsl San Lorenzo Formation,
undivided
Tsr Rices Mudstone Member
Tst Twobar Shale Member
Ms Lambert Shale and
San Lorenzo Formation
Tb? Butano (?) Sandstone
Tbs Shale in the Butano
sandstone
Ksh Unnamed shale
Qof Coarse-grained older vV, VI A4- .9 .6
alluvial fan & stream
terrace deposits
Qpea* Early Pleistocene
alluvium
Qpa* Late Pleistocene
alluvium
QT und** Quaternary-Tertiary vV, VI, Vv .9- -.5 .3
undivided
Tpp Purisima Fm., Pomponio II, 11T .3~ -.1 .1
Siltstone Member
Tsc Santa Cruz Mudstone of
Clark
Tm Monterey Shale
Tla Lambert Shale
fc Franciscan chert IIT ~.1 -.1
QTs Santa Clara VI, V 4~ -5 -.1
Formation
TK und** Most Tertiary and older I, VI /- -.8 -.1
deposits
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TABLL 3: (Continued)

Range of Average
Seismic Predicted Predicted
Map Geologic Unit Intensity Intensity
Symbo1*** Unit Range Increment Increment
Tb Butano Sandstone 1I-VI -.3- -.8 -.3
sp Serpentine
fsr Franciscan sheared
rock
Tss Unnamed sandstone, 1v -.3 -.3
shale & conglomerate
Tvq Vaqueros Sandstone 117, vI -.1- -.8 -.4
fs Franciscan graywacke
fcg Franciscan conglomerate
KJf Franciscan Assemblage
KJf und** Franciscan, undivided II, VIT 3- -1.1 -.4
Tpm Page Mill Basalt III-VIT -.1- -1.1 -.6
Tmb Mindego Basalt &
related volcanic rocks
Kdv Unnamed volcanic rocks
Tuv Unnamed volcanic rocks
Kpp Pigeon Point Formation v, Vi -.5- -.8 -.6
Kds Unnamed sandstone
Tlo Lompico Sandstone
fl Franciscan limestone IV-VIT -.3- -1.1 -7
m Marble and hornfels
fg Franciscan greenstone Vil -1.1 -1.1
fm Franciscan metamorphic
rocks
Kgr Granitic rocks of Montare
Mountain
gr und** Granitic rocks, undivided

All units are from the San Mateo County map except:

*Flatlands deposits map
**Generalized geology map
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CALCULATING INTENSITIES BASED ON DISTANCE AND GEOLOGY

By using the attenuation formula and correcting the results using the
average intensity increments for each seismically distinct group of
geologic units, one can calculate the range of distances from a fault
trace for each intensity and each geologic unit. The outer limits of
these intensity ranges are given in Table 5, below.

It is important to realize the uncertainty involved in the intensity
increments (as much as plus or minus one-half an intensity increment)
results in a very high uncertainty in the distance calculations. This
uncertainty is higher for greater distances. The relationship is
illustrated in Table 4, below, which lists distances for sample
intensity increments. Distances in both Tables 4 and 5 are provided to
two significant figures. This level of accuracy was chosen as a
compromise between geographic precision and scientific knowledge. Any
potential user of these maps should realize these limitations. When
dealing with any individual location, soils and geologic information on
that site would enable the user to assign the material to a single
seismically distinct unit with a much more precise intensity increment.
Hand calculations of distance could then be used to yield more precise
predictions of intensity.

In making the distance calculations for some faults, it has been
necessary to calculate the distance from the edges of the Special
Studies Zones delineated by the State Geologist rather than from fault
traces. This procedure eliminates the need to enter the actual Tocation
of the fault trace within the zone in the computer. The cost involved
in entering the additional data is not warranted due to the other
uncertainties in the distance calculations. In these cases, the fault
traces have been assumed to be 0.2 km inside the study zone boundary.
This distance has been subtracted from all values in Table 5, but no
distance has been assigned to be less than zero.

ADJUSTING THE INTENSITY

The intensities need to be adjusted to account for events smaller than
that of 1906. The maximum intensities (those nearest the faults) have
been related to maximum magnitude in Working Paper #l. The remainder of
the intensities are assumed to have the same pattern as those for a 1906
event, but adjusted downward. Therefore, for an earthquake with a
maximum intensity of B, the zone closest to the fault (shown as A on
Table 5) would become B. The next zone, shown as B, would become C, and
so on. The intensity maps are attached to Working Paper #3.
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TABLE 4: MAXIMUM DISTIANCE (in kilometers)
FROM FAULT TO EACH INTENSITY THRESHOLD FOR
INTENSITY INCREMENTS (SELECTED TO ILLUSTRATE
UNCERTAINTY IN DISTANCE CALCULATIONS)

San Francisco Intensity

Intensity
Increment A B C D E
3.0 7.8 26 88 290 990
2.9 6.9 23 78 260 880
2.0 2.3 7.8 26 88 290
1.9 2.0 6.9 23 78 260
1.5 1.3 4.2 14 48 160
1.4 1.1 3.7 13 42 140
1.0 7 2.3 7.8 26 88
.9 6 2.0 6.9 23 78
.5 3 1.3 4.2 14 48
4 3 1.1 3.7 13 42
0 .2 .7 2.3 7.8 26
~.1 .2 .6 2.0 6.9 23
-.5 1 .3 1.3 4.2 14
-.6 .1 .3 1.1 3.7 13
- 1.0 .1 .2 .7 2.3 7.
- 1.1 .1 .2 .6 2.0 6.
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TABLE 5: MAXIMUM DISTANCE (in kilometers)
FROM FAULT TO EACH INTENSITY THRESHOLD FOR
VARIOUS GROUPINGS OF GEOLOGIC UNITS

San Franciscan Intensity

Geologic Units B C E . E
Qm,Qhbm 23 78 260 880
Qb, Qhaf, Qhafs 6.1 20 69 230
Qyfo, Qham 5.4 18 61 200
Qob 4.8 16 54 180
Qaf 4,2 14 48 160
Qs, Qhs, Qcl, Qps, 3.3 11 38 130
Qai, Qhsc
Qu 2.9 9.9 33 110
Qyf, Qhac, Qmt, Qpmt 2.0 6.9 23 78
Qc, Qpmec, QTm, Tp,
Tptu, Tpsg, Tpt
Tpl, Tsm, Tus, Tsl,
Tsr, Tst, Tls, Tb?, 1.6 5.4 18 61
Tbs, Ksh
Qof, Qpea, Qpa 1.4 4.3 16 54
QT und. 1.0 3.3 11 38
Tpp, Tsc, Tm, Tla .8 2.6 8.8 29
fc, QTs, TK und. .6 2.0 6.9 23
Tb, sp, fsr, Tss .5 1.6 5.4 18
Tvq, fs, fcg, KJf, N 1.4 4.8 16
KJf und.
Tpm, Tmb, KJv, Kpp, .3 1.1 3.7 13
Kds, Tlo, Tuv
fl, m .3 1.0 3.3 11
fg, fm, Kgr, gr und. .2 .6 2.0 6.9
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EARTHQUAKE MAPPING PROJECT - WORKING PAPER #3
DAMAGE AND GROUND SHAKING INTENSITY

INTRODUCTION

Balancing the risk of earthquake losses against the cost of mitigation
measures requires some estimate of the amount of damage to be expected
both in any particular earthquake and over the longer term. Experience
from past earthquakes can be used to estimate the damage different types
of buildings would experience when subjected to various intensities of
ground shaking. This information, when combined with the intensity maps
and recurrence interval information (described in Working Papers #1 and
#2), have been used to produce maps showing the geographic distribution
of the present value of damage for wood frame dwellings and other types
of buildings from earthquake ground shaking. These maps differ in
appearance and use from a maximum intensity map.

This working paper describes the types of damage information and how
general damage cost factors are used in the ABAG/USGS earthquake mapping
project. It is the third in a series of review papers documenting the
data used and the assumptions made in that project and the last of those
dealing with mapping ground shaking intensity. Therefore, the sample
intensity maps produced are described and shown in Figures 3-7.

DEVELOPMENT OF DAMAGE INFORMATION

The Basic Data

Detailed surveys of damage, and lack of damage, to buildings throughout
the general area experiencing an earthquake have not been a part of
earthquake studies until recent years. Most studies have concentrated
on areas of major damage, neglecting to identify areas where little or
no damage occurred. However, some damage statistics have been collected
in recent years from nuclear tests (References 1 and 2) and from
moderate earthquakes in San Fernando (References 3 and 4) and Santa Rosa
(Reference 5), for example. Although damage data have been collected
after major earthquakes occurring outside the United States, these
statistics are difficult to translate into possible damage in the U.S.
because of the differences in construction practices.

Damages by General Building Type

O0f course, once such damage statistics are collected for particular
earthquakes, the data need to be generalized to apply to future
hypothetical events. This generalized data can be supplied as an
approximate average cost factor for each intensity level. This cost
factor is defined as the cost of repairing a building divided by the
cost of replacing that building. It can be viewed as percent loss and
expressed in percent. Page and others (Reference 6) developed a table
of approximate average damage cost factors for buildings in the United
States. (See Table 1, below).
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TABLE 1: APPROXIMATE AVERAGE DAMAGE
COST FACTORS FOR BUILDING BUILT TODAY
(from Page and Others, 1975)

Modified Damage Cost Factor (%) for
Mercalli Wood Frame Other
Intensity Dwellings Buildings
VI <0.2 <
VII 2 5
VIII 5 15
IX 8 35
X 12 >50

Grouping the damage data into cost factors for only two types of
buildings is quite simplified. The following sections present attempts
at refining the data.

Refinements for Wood Frame Dwellings

Algermissen, Steinbrugge and their associates have made several
refinements for wood frame dwellings (See References 7 - 11). In some
recent work, Rinehart, Algermissen, and Gibbons (Reference 11) have
separated wood frame dwellings into three categories: (1) pre-1940; (2)
1940-1949; (3) post-1950. In addition, their estimates of damage apply
to three building components: (1) finish; (2) structure; (3) chimneys.
These refinements of damage keyed to more building components, such as
used in the earlier U.S. Coast and Geodetic Survey works (References
7-9) are not of great significance to this project. The equivalent to
the average damage cost factor of Page and others can be derived from
the work of Rinehart, Algermissen and Gibbons by multiplying their
damage factors (incidence of each type of damage) by their damage ratios
(fraction of value lost for each type of damage) and summing these
products for finish, structural and chimney damage. The resulting
values, for wood frame buildings built since 1950, are presented in
Table 2, below.
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TABLE 2: APPROXIMATE DAMAGE COST FACTORS .
FOR WOOD FRAME BUILDINGS BUILT SINCE 1950
BY BUILDING COMPONENT
(from Rinehart, Algermissen and Gibbons, 1976)

Modified Damage Cost Factor (%) for Wood Frame Buildings
Mercalli Finish Structural Page and
Intensity Components Components Chimneys* Total** Others**
IV 0 0.10 0 0.10 -
v 0 0.25 0.25 -
VI 0 2.11 0.0025 2.11 <0.2
VII 0.03 4,44 0.0725 4,54 2
VIII 0.60 6.28 0.1825 7.06 5
IX 1.62 8.50 0.3050 10.42 8
IIX - - - - 12

*Factor is multiplied by % of homes assumed to have chimneys, in this
case 25%.

**Values in these two columns can be compared.
from Table 1.

The second column is

These composite damage cost factors are larger than the average cost
factors of Page and others. The factors for older buildings are even
larger. Table 3, below, illustrates how the values vary with age of
construction. The main reason for the discrepancy between the values of
Page and others and these composite values is probably that these values
are derived largely from a single earthquake, the event in San Fernando,
where the abnormally high duration of the earthquake resulted in higher
than average damages.

TABLE 3: APPROXIMATE AVERAGE DAMAGE COST FACTORS
FOR WOOD FRAME BUILDINGS OF VARIOUS AGES
(from Rinehart, Algermissen and Gibbons, 1976)

Modified Damage Cost Factor (%) for Wood Frame Buildings
Mercalli Built Percent Built From Percent Built Prior
Intensity Since 1950 Change¥* 1940-1949 Change* to 1940
1V 0.10 0 0.1 0 0.10
v 0.25 0 0.2% 0 0.25
VI S 2.11 1 2.14 79. 3.76
VII 4.54 17 5.34 58. 7.20
VIII 7.06 8 7.66 47. 10.44
IX 10.42 9 11.42 51. 15.74

*Percent increase (to nearest percent) from factor for "Built Since
1950" provided in these two columns.
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Refinements for Other Buildings

Further refinements of damage estimates for other types of buildings
become even more complex. Algermissen and Steinbrugge avoided these
buildings when making the damage estimates published earlier (References
7-11). However, in a recent article (Reference 12) they made such
estimates for several classes of buildings. The classes of buildings
they considered are shown in Table 4, while the percent losses (damage
cost factors) for each modified Mercalli intensity are illustrated in
Figure 1.

TYPE OF DAMAGE INFORMATION USED IN THIS PROJECT

As can be seen by a comparison of Tables 1 and 2, the development of
damage cost factors by intensity level is indeed an inexact science.
The discrepancies are partially the result of limited data points, and
are partially the result of the imprecise and subjective nature of the
intensity scale. More research obviously is needed. The expected
damage maps for wood frame dwellings use the general damage cost factors
(percent loss values) of Page and others (Reference 6), but extrapolated
and converted to San Francisco intensity, as shown in Table 5, below.
Category 4D, and the group of classes 3B, 3D, 4C, and 5C from Reference
12 are used instead of the general category, "other buildings", of Page
and others (Reference 6) to illustrate the differences in risk maps.
Again, the values will be extrapolated and converted to San Francisco

intensity.
TABLE 5: DAMAGE COST FACTORS FOR BUILDINGS
ASSOCIATED WITH SELECTED INTENSITIES
Damage Cost Factors (%) for
Ordinary Concrete Block
& Steel Frame Buildings
Estimated Modified Wood Frame Some Reinforced Ordinary Tilt-Up
San Francisco Mercalli Dwellings Concrete Buildings Concrete Buildings
Intensity Intensity (Class 1A) (Classes 3B, 3D, 4C, 5C) Class 4D
E VI 0.2 1.5 4
D VII 2 7 12
C IX 5 12 21
B X 12 ’ 22% 3b6%
A XI-XI1 16* 30* 35%*

*Values obtained by extrapolation; estimates probably Tow.
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TABLE 4: BUILDING CLASSIFICATION
(from Algermissen and Steinbrugge, 1978)

Notation used
in loss tables

Brief description of subclasses of five broad building classes

3 end 4

1A VWood-frame and frame-atucco dwellings.

18 Wood-frame snd frame-stucco buildings not qualifying under 1A (usually large-ares nonhabjtational
units); (not considered in this study).

2A One story, all metal; floor area less than 20,000 feet?.

28 All metal buildings not considered under 2A.

3LA Steel frame, superior damage-control features; less than four stories.

3LB Steel frame; ordinary damage-control features; less than four stories.

3LC " Steel frame; intermediate damage-control features (between 3LA and 3LB); less than four stories.

3LD Floors and roofs not concrete; less than four stories.

3HA, 3HB, Descriptions are the same as for 3LA, 3LB, 3LC, and 3LD except that buildings have four or more

3HC, 3HD stories.

4LA Reinforced concrete; superior damage-control features; less than four atoriea.

4LB Reinforced concrete; ordinary damage-control features; less than four stories.

4LC Reinforced concrete; intermediate damage-control features (between 4LA and 4LB); less than four
stories.

41D Precast reinforced concrete, lift slab, less than four stories.

41.E Floors and roofs not concrete, less than four stories.

4HA, 4HB, Descriptions are the same as for 4LA, 4LB, 4LC, 4LD, and 4LE except that bujldings have four or

4HC, 4HD, 4HE

S5A

5B

5C

5D

SE

5F

more stories.

Dwellings, not over two stories in height, constructed of (a) poured-in-place reinforced concrete,
with roofs and second floors of wood frame or (b) adequately reinforced brick or hollow-concrete-
block masonry, with roofs and floors of wood (not considered in this study).

One-story buildings having superior earthquake damage-control features, including exterior walla of
(a) poured-in-place reinforced concrete, and (or) (b) precast reinforced concrete, and (or) (c)
reinforced brick masonry or reinforced-concrete brick masonry, and (or) (d) reinforced hollow-
concrete-block masonry. Roofs and supported floors are of wood or metal-diaphragm assemblies.
Interior bearing walls are of wood frame or any one, or a combination, of the aforementioned wall
materials.

One-story buildings having construction materials listed for Class 5B, but with ordinary earthquake
damage-control features.

Buildings having reinforced concrete load-bearing walls and floors and roofs of wood, but not
qualifying for Class 4E; and buildings of any height having Class SB materials of construction,
including wall reinforcement; also included are buildings with roofa and supported floors of re-
inforced concrete (precast or otherwise) not qualifying for Clasa 4.

Buildings having unreinforced solid-unit masonry of unreinforced brick, unreinforced concrete brick,
unreinforced stone, or unreinforced concrete, where the loads are carried in whole or in part by the
wvalls and partitions. Interior partitiona may be wood frame or any of the aforementioned materials.
Roofs and floors may be of any material. Not qualifying are buildings having nonreinforced load
walls of hollow tile or other hollow-unit-masonry, adobe, or cavity construction.

Buildings having load-carrying walls of hollow tile or other hollow-unit-masonry construction, adobe,

and cavity-wall construction, and any building not covered by any other clasa (not considered in this
study).
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FIGURE 1: MODIFIED MERCALLT INTENSITY - PERCENT LOSS
BY CLASS OF CONSTRUCTION

(from Algermissen and Steinbrugge, 1978 -- Descriptions
of the various classes may be found in Table 4. High-
(H) and Tow-(L)rise subclasses of class 3 and class 4
nave been combined. The percent loss for Other Build-
ings developed by Page and others (Reference 6) is in-
cluded for comparison and shown by a dashed line.)




COMBINING DAMAGE INFORMATION FOR SEVERAL EVENTS

Discount rates and present values are difficult concepts to understand,
but they must be used to provide information on future rare events.
"Discounting”" may be defined as the act of reducing the value of some
future dollar amount to its present value by a given amount to cover
interest. The expected value of 211 future costs (losses) discounted
back to the present is chosen in order to compare losses that occur at
different times in the future. Obviously, the losses that would occur
as the result of another 1906 San Francisco earthquake 3 hours from now
are more important than those that would occur in such an earthquake 100
years from now. Actually one doesn't know when in the next 100 years
such an earthquake will occur, and it is equally likely to occur in any
year during that time. Discounting all three losses to their present
value enables one to compare the three cases. This concept is
illustrated in Figure 2, below.

To calculate the total expected percent loss for all future earthquakes,
the factors obtained from Table 5, above, are divided by the recurrence
intervals of various events (found in Working Paper #1) and these
amounts are discounted to their present values. If a discount rate of
10%* is used, and if the term over which the costs are discounted is
assumed to be forever, the present values of those percent losses can be
?stiﬁfted by dividing the amounts calculated above by the discount rate
0.10).

*This rate is commonly used in cost-benefit analysis.
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MAPPING EARTHQUAKE INTENSITY AND RISK

By using the information on faults, attenuation, geology and damage
provided in this working paper and the previous two papers, it is
possible to create intensity maps for earthquakes on individual faults
and then to combine those maps in the two different ways already
discussed:

o by taking the highest intensity appearing in an area from any
of the faults to create a new map showing the maximum
intensity regardless of fault source;

o by weighting the intensity maps for individual faults using
recurrence interval and damage data to create maps of the
present (discounted) value of that cumulative damage.

The maximum intensity map is shown in Figure 3. Because damages vary by
type of construction, three expected damage or risk maps have been
produced for three different building types:

0 Wood frame dwellings (Figure 4);

o Ordinary concrete block and steel frame buildings with some
reinforced concrete buildings (Figure 5);

0 Ordinary tilt-up concrete buildings {(Figure 6).

In addition, because the recurrence interval data is so essential, two
different maps of risk of wood frame dwelling assumptions about
recurrence intervals, that:

o only the maximum magnitude events occur;
o the slip occurs through many 5.5 magnitude earthquakes.

The former assumption is much more accurate, but the latter illustrates
the importance of recurrence interval data on the distribution of large
and small events. The sample map assuming all small events is Figure 7.
The patterns associated with the present value of damage are the same on
Figures 4 through 7 so that the effects of changing building types and
recurrence interval information are best illustrated.

These two types of maps have different uses. The maximum intensity map
can be used with information on existing buildings to forecast locations
of maximum damage for use in planning emergency response measures and
for designating areas of critical concern. The risk maps show the
present value of the cumulative damage of many earthquakes over time.
They may be used in evaluating the relative costs due to earthquakes for
new buildings and for designating areas where special precautions may be
needed. However, the damage information is not a sufficient basis for
engineering decisions at a specific site, for these decisions require
-specific knowledge of the process causing damage.
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None of these maps use any information on the location of specific
buildings. They are meant to indicate the intensity or risk inherent in
a particular location should a building or specific type of building be
located there. Land use data could be used with this type of
information, however. This application is discussed in Working Paper
#10.
































































































































































































































































































































































































































































