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Earthquake Losses to
Single-Family Dwellings:
California Experience

By Karl V. Steinbrugge' and S.T. Algermissen

ABSTRACT

Most of the present methods for quantifying earthquake
monetary losses to California wood-frame dwellings are
based on summarized information on the 1933 Long Beach
earthquake and on the partially analyzed 1971 San Fernando
earthquake. Loss over deductible, for example, was not
studied in the published reports that followed the 1971 San
Fernando earthquake.

We reexamined the extant data from these two
earthquakes, plus those from the 1983 Coalinga and 1987
Whittier Narrows earthquakes, and other, less well
documented events in the contexts of dwelling market value
and insured value. Differences between market value and
insured value are significant for older houses.

Transfer of data from specific earthquakes to
generalized loss-estimation methods requires commonality
of data. Unusual construction characteristics and unusual
geologic effects were eliminated from the data to achieve
commonality. For example, information from the 1983
Coalinga earthquake shows that many dwellings were unan-
chored, which was contrary to the then generally accepted
California practice; this circumstance was the result of
houses moved to the city and placed on new foundations
without anchors. In 1971 San Fernando earthquake, surface
faulting and related ground movements at dwelling sites
intensified damage. After standardizing the data, we
developed a transfer function for earthquakes of other
maghnitudes.

A vital part of any loss-estimation method is the
expected dwelling damage in the near vicinity of a fault
rupture during a great earthquake. We examine two key
factors, probable maximum loss and loss over deductible,
from the standpoints of market value and insured value.

Manuscript approved for publication, April 18, 1990.

1 Structural Engincer, El Cerrito, California.

Our analysis included one-story, one-and-two-story,
split-level, and two-story structures. There are four age
groups: pre-1940, 1940-49, post-1949, and all ages. Further
subdivision is by type of first floor: supported wood floor and
concrete slab on grade. Although measurable differences in
expected monetary losses exist among most of these
dwelling characteristics, the most important from a practical
standpoint are two age groups: pre-1940 construction and
post-1939 construction. Available data allow the inclusion of
any of the other dwelling characteristics that may be of user
interest. The definition of the probable maximum loss, if
applied to dwellings, has practical difficulties due to
uncerainties in the evaluation of the loss-distribution curves.
We propose an alternative method based on loss-over-
deductible experience, in the forms of a graph and equations.

INTRODUCTION

This study examines two key factors in earthquake
monctary loss estimation applied to California dwelling
earthquake insurancc: (1) probable maximum loss
(PML), and (2) loss over deductible. The term PML, as
uscd in California insurance practice, is defined in detail
in the appendix. Loss over deductible is the entire loss
minus a percentage of the dwelling value (cither market
or insurcd valuc). For an insurcd dwelling, loss over
deductible is the insurcd loss, in other words, the loss that
will be reimbursed by the insurer. Dollar deductible may
be uscd instcad of percent deductible in some cases.

Dwelling-loss data was acquired from field
inspections and also, for three ecarthquakes, from
insurance companies’ paid-claims information. Presenta-
tion of the analyses of these two kinds of data sources is
carricd on in parallel from the standpoints of PML and
loss over deductible. We analyzed the weaknesses and

Earthquake Losses to Single-Family Dwellings: California Experience Al



strengths of each approach to loss estimation. All data
sources for each earthquake are independent of each
other.

The private sector obviously has an interest in
carthquake insurance. Dwelling-loss estimation is
important to private commercial entities, such as savings
and loan associations, banks, and mortgage holders. In
the public sector, state insurance regulators have an
interest in post-carthquake solvency of insurance
companies. The California Department of Insurance
issues an annual report on this subject (California
Department of Insurance, 1981, and annually thereafter).

Loss information from non-insurance sources must
be examined considering the basis on which the data
were gathered. In a general sense, consider the
“personal” versus “impersonal” viewpoints on loss and
how each affects published loss statistics. For example, a
wood-frame dwelling suffers minor intcrior and exterior
plaster cracking but no structural damage. This could
become a $100 “personal” loss if the homcowner pays for
the paint and plaster patch and makes his own repairs for
$100 out-of-pocket costs (with no outside labor). If,
however, the loss is covered by other sources such as
insurance, then the loss becomcs “impersonal” from the
homeowner’s standpoint because someone else pays; the
cost of the repairs if done by commercial painters might
reasonably be $1,000, or 10 times the “personal” cost.

Similar loss interpretations are applicable to non-
dwellings. For example, in the 1964 Alaskan earthquake,
a major private school had substantial non-structural
damage, mostly in the form of cracked plaster and tile
damage in the lavatories. The cost of commercial repair
of damage to this just-complcted structure was beyond
the school’s resources. After considerable deliberation,
the maintenance staff pointed out that they could make
the repairs for only the cost of matcrials during school
vacation periods. The cost of repairs bccame manageable
because no new labor costs were included. The reported
cost of repairs then became a “personal” basis rathcr
than the much higher “impersonal” basis.

Readers with insurance backgrounds may have
seen references to various magnitude scales in articles on
earthquakes. The more common of these scales are: (a)
local magnitude, M,, or Richter magnitude; (b) body-
wave magnitude, m,; (c) surface-wave magnitude, M,; (d)
moment magnitude, M, (Stover, 1988, p. 5). We use
local magnitudes. Differences among these magnitude
scales are not important for this study.
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DATA SOURCES AND
LOSS-OVER-DEDUCTIBLE COMPILATION

Principal sources of dwelling-loss data are the 1971
San Fernando, 1983 Coalinga, and 1987 Whittier
Narrows earthquakes. Some useful, but limited, data are
also available from the 1933 Long Beach shock.
Numerical information also exists from the 1906 San
Francisco carthquake, but changes in construction
practices limit its relevance.

Variations in dwelling construction have been
limited to those that lay persons can identify without
technical assistance or much knowledge of construction
practices. This criterion allows the development of low-
cost dwelling inventories where large numbers of
structures are involved. The usual dwelling variants are:
(1) age; (2) construction of the first floor; and, to a lesser
extent, (3) number of stories. Regional differences in
construction practices throughout California are also
factors. For example, the wood-frame dwellings in San
Francisco’s Sunsct District arc not typical of usual
California dwelling construction from an earthquake-
bracing standpoint. The reason for this is that these
dwecllings arc on narrow sites with automobile parking
and utility rooms on the ground floor. As a result, the
inherent earthquake bracing found in conventional
housing is commonly reduced due to fewer crosswalls,

PML’s, deductibles, and losses over deductible are
normally given as percentages, unless context indicates
otherwise. The methods used here apply equally to dollar
deductibles; one needs only to divide the dollar
deductible by value to obtain the percent deductible.

The term “value” can have various meanings, two
of which are of principal interest. “Insured value” is
obtained from data from insurance sources and is used
with insurance paid claims. The equivalence of insured
value to replacement value in this study is discussed in a
following section. “Market value” is obtained from non-
insurance data, with the exception of some of the
information on the 1933 Long Beach earthquake, which
is of assessor origin. Numerical rclationships among
these meanings arc discussed in following sections.



1971 San Fernando Earthquake

Data Sources

Data sources are of two types: field inspections,
which were not related to insurance claims, and
insurance claim records.

Three published reports are of interest: Stein-
brugge and others (1971), Steinbrugge and Schader
(1973), and McClure (1973). McClure (1973) provided a
useful perspective with respect to the other data because
the McClure study represents a thoroughly examined
sample of damage to 169 dwellings. Data for Steinbrugge
and others (1971) and Steinbrugge and Schader (1973)
were developed from a field inspection of more than
12,000 single-family wood-frame dwellings by Pacific
Fire Rating Bureau personnel. First, a pilot survey was
necessary to determine the most heavily damaged areas.
These areas were then located on a map and divided into
convenient subareas. The inspection form identified each
dwelling by address and block, age group, stories, first-
floor construction, and degree of damage to the principal
construction components. (Construction components are

exterior wall types, brick chimneys if they exist,
foundation type, and so forth.) Specifics of the inspection
form are summarized in table 1.

The completed data forms for the 1971 report were
reexamined after original publication. After instances of
erroneously entered data were corrected, a total of
12,075 correct inspection reports existed. The original
forms no longer exist, but much of their data had been
computerized for non-insurance studies. The street
addresses of dwellings surveyed are no longer available;
present information only locates each dwelling by a tract
number, which is a grouping of city blocks. See figure 14
for the size and location of each of these tracts along with
the average percent loss to each tract.

The word description of the degree of damage to
each construction component of each dwelling (table 1)
was converted to a percent loss of dwelling value.
Dwelling value was pre-earthquake market value, less
land value, and was established by local realtors who
were paid as consultants to the authors of the 1971 report
(Steinbrugge and others, 1971). Percent loss of dwelling
value for each component was summed to obtain the
percent loss for the entire dwelling. Percent losses for

Table 1. Types of data acquired from dwelling inspections after the 1971

San Fernando earthquake

[For all one- to four-family dwellings of all types of construction. The guidelines below
were used by the field inspectors to identify word descriptions of degrees of damage for
San Fernando. The guidelines used for Coalinga may be found in the appendix to
Steinbrugge and others (1990). Descriptions used for Coalinga were very similar to those
for San Fernando, except for changes due to local construction variants]

Location

Age group:

Pre~1940, 1940-1949, Post-1949

Number of stories:

1, 2, 142, split level (there were no basements)

First floor type:

Supported wood or concrete slab on grade

Foundation damage:

None, slight, moderate, severe

Structural damage above foundation:
None, slight, moderate, severe

Interior damage -~ for plaster, gypsumboard, wood panel, or other:

None, slight, moderate, severe

Exterior damage -- for stucco, wood, or other:

None, slight, moderate, severe

Brick veneer -- by percent of wall(s) veneered, and
-=- by damage: None, slight, moderzte, severe

Brick chimney -- by number of chimneys:

none, 1, or 2, and

-- by damage: None, slight, moderate, severe, total

Brick chimney:

When found damaged, was it reinforced?

Geologic effects in terms of observed ground movements

Swimming pool damage:

None, slight, moderate, severe

Earthquake Losses to Single-Family Dweilings: California Experience A3



each component were developed by a construction
specialist who had access to or was able to obtain
repair-cost figures from contractors who made repairs in
the arca. Percent losses were to the nearest 1 percent.
Repair-cost figures were broken down by construction
component, building value (less than $20,000, low value;
$20,000-$30,000, medium value; and more than $30,000,
high value), and period of construction (pre-1940,
1940-49, and post-1949). Repair costs were not distorted
by the increased work volume because there was a
sufficiently large skilled-labor pool available and
demands on construction materials were not large
enough to distort local markets.

Single-Family Wood-Frame Dwellings,
No Exclusions

Table 2, which applies to all inspected single-family
wood-frame dwellings, shows losses over deductible for
the range of 0-20 percent deductible. This kind of
information had not been previously published. Dwelling
inventory includes one-story, one-and-two-story, split-
level, and two-story categories. The few brick-veneered
dwellings are also included. Below-ground basements do
not exist in this region.

Loss-over-deductible tables, such as table 2, may
be readily computed if a number of individual dwellings
have known values and losses. Assume a $100,000
dwelling with a $15,000 loss. For this structure, a 1
percent loss over deductible would be:

Loss over deductible = $15,000 - ($100,000 x 1 percent)
= $14,000, but never less than zero.

This is repeated and summed for the entire inventory of
dwellings, each with a specific value and loss. Dollar
deductibles may be used as well as percentages.

Ages were visually determined. Pre-1940
architectural styles are identifiable from post-1949 styles.
Older wood-frame structures have not performed as well
in earthquakes as newer structures for a variety of
reasons. Rot, termite infestation, and other deterioration
between a wooden first floor and the ground surface have
weakened many structures. Older houses commonly are
not well anchored to their foundations, in some cases, not
at all. Concrete foundations in older structures may not
be reinforced, may not be continuous, and may have
cracked due to settlements. A few older foundations may
be brick or stone that lack earthquake resistance.

Wood floors are above the ground surface and
normally have crawl spaces beneath them. These floors
are supported by wood posts and commonly by wood
“cripple” studs, which extend from the concrete
foundation up to the wood floor. These studs may
overturn during an earthquake if wood siding nailed to
them has deteriorated, resulting in heavy damage to the
dwelling. If the dwelling has a concrete floor slab on

A4 Estimation of Earthquake Losses to Housing in California

grade, and the structure is not anchored to the slab,
dwelling failure is limited to the structure sliding off its
foundation. Loss-over-deductible data that pertains to
different floor construction types and age groups are
included in table 2.

Table 3 is the loss distribution, by number of
dwellings, using the same data as for table 2. The column
headings on table 3 and similar tables are explained in
detail in the “Loss distribution and probable maximum
loss” section later in this report. Table 4 is similar to table
3, except that it shows the loss distribution, by percent of
dwellings. Table 5 shows loss over deductible, in 1985
dollars, for the range of 0-10 percent deductible. Loss-
over-deductible tables, such as table 2, are readily
developed from field surveys of obscrved damage as well
as from insurance claims. Loss and value are determined
from each field survey, the deductible is applied to value
less land value, and the final results are summed. Loss-
distribution tables, such as table 3, are similarly
developed.

Table 2, and other similar tabulations such as table
17, may also be useful for rate-deductible relationships.
For example, using table 2, the loss over deductible at 5
percent deductible for post-1949 dwellings with wood or
concrete floors is 4.82 percent, whereas at 12 percent
deductible for pre-1940 dwellings it is 4.90 percent. All
other things being equal, except the deductible, rates
should be the same for both age groups because they
have approximately the same expected loss.

All Wood-Frame Dwellings,
Excluding Sites With Geologic Effects

The inspection forms allowed the inspector to note
if ground disturbance was observed at or adjacent to the
site. This disturbance could be in various forms, such as
faulting, displaced sidewalks, liquefaction, and ground
movements from unidentified sources (see plates in
Steinbrugge and others, 1971; also plates in Oakeshott,
1975). Because inspection emphasis was on dwelling
damage, it is quite likely that a number of dwellings were
incorrectly coded as having no observable ground
disturbance.

Table 6 shows loss over deductible for the range of
0-20 percent deductible, excluding dwellings on sites
with geologic effects or soil amplification. Counterparts
to tables 3-5 are not included in this report.

Intensified damage, which is attributed to
amplification of ground motions, was observed where the
San Fernando Valley alluvial deposits meet the San
Gabriel Mountains on the north side of the valley. The
Olive View Hospital, the Veterans Hospital, and wood-
frame dwellings between and near these facilities are
located in this area. All dwellings in this area were
excluded even if no disturbed soil was observed.
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Table 4. Dwelling loss experience for the 1971 San Fernando earthquake: Loss distribution by percent of dwellings. All one-story, one-and-two-story, split-level, and
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Exclusion of sites with special geologic effects is to
provide a common geologic basis for transferring
information to other areas that do not have special
geologic conditions. In this manner, each site, area, or
region elsewhere will require a geologic or soil factor in
the loss-estimation algorithm. This important factor can
not be overlooked in any adequate loss-estimation
mecthod.

One-Story Wood-Frame Dwellings,
Excluding Sites With Geologic Effects

Another analysis further restricted the data to
one-story dwellings, thereby climinating one-and-two-
story, split-level, and two-story structures.

Table 7 shows loss over deductible for the range of
0-20 percent deductible. Table 8 is the loss distribution,
by number of dwellings; a detailed discussion of this table
may be found in “Loss distribution and Probable
Maximum Loss.” Counterparts to tablcs 4 and 5 are not
included in this report.

1983 Coalinga Earthquake

Data Sources

Data sources are of two types. The first type that is
discussed is the information gained from ficld inspections
that were not related to insurance claims. This is followed
by a discussion of information from insurance claim
records.

The 1983 Coalinga earthquake was examined for
dwelling losses of many kinds, including loss over
deductible (Steinbrugge and others, 1990). Examination
of losses over deductible and PML’s have been expanded
here.

All one-to-four-family dwellings in Coalinga
(population 6,769 as of 1983) were examined after the
1983 Coalinga earthquake to determine location by
street address, city block, age group, stories, floor
construction, and degree of damage to construction
components. The inspection form was similar to that
uscd for the 1971 San Fernando earthquake (table 1),
but modified for local conditions.

At least three sides of each house were inspected,
and the interiors of almost 60 percent of the houscs were
also examined. A total of 1,982 of the 2,041 inspected
dwellings provided useful data.

Percent losses to each construction component
were based on 1971 San Fernando experience, modified
by experience from Coalinga contractors.

Dwelling values were pre-carthquake market
values, less land values, as established by local realtors
who were paid as consultants to the authors.

A12  Estimation of Earthquake Losses to Housing in California

One-to-Four-Family Wood-Frame Dwellings

The 1983 Coalinga inspections included all one-
to-four-family dwellings, whereas the 1971 San Fernando
inspections were limited to single-family dwellings. This
difference is not considered to be significant due to the
few non-one-family dwellings in Coalinga and San
Fernando.

There were no below-ground basements in either
Coalinga or San Fernando.

All masonry-veneered dwellings were excluded in
Coalinga but not in San Fernando. Few houses in San
Fernando and Coalinga were vencered. If vencered, the
amount was usually small, such as 1-10 percent of the
total wall area. In Coalinga, 75.1 percent of those with
small amounts of vencer had slight or no damage. The
difference in treatment of brick veneer in the data bases
of San Fernando and Coalinga does not have a significant
impact on the results of this study.

Table 9 shows the loss over deductible for the
range of 0-20 percent deductible. Tables 10 and 11 are
the loss distributions, by number of dwellings and by
percent of dwellings, respectively. A counterpart to table
5 is not included in this report.

One-to-Four-Family Wood-Frame Dwellings,
Excluding Special Cases

The San Fernando commentary on age of dwelling
and type of first-floor construction also applies to
Coalinga.

By “special cases” is meant those dwellings that
had shiftcd on their foundations or were posted as
hazardous or had been demolished before time of
inspection. Most of these, by far, had shifted on or fallen
off their foundations.

An unusual construction characteristic was found
in the dwecllings that had been moved into the city of
Coalinga from the nearby oil ficlds. These houses were
not moved into any one particular arca and were sct on
any available vacant lot. Perhaps 200 such dwellings were
moved to Coalinga between about 1930 and the late
1950’s. It is estimated that 90 percent of the dwellings
imported prior to 1940 or 1945 were placed on wooden
sills (directly on the earth). Dwellings moved to Coalinga
after 1945, particularly after 1950, probably were placed
on concrete foundations but apparently were not bolted
thereto. In these latter instances, where failure was
observed, the wooden foundation sills had been placed
dircctly on the smooth (troweled in many cases) top
surface of the concrete foundations. This construction
peculiarity has not been found in other cities. The results
of excluding these “special cases” are shown in table 12,
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Loss distribution by number of dwellings, excluding sites with geologic effects and
NO.

SUM
PCT DMELL.

CONC-4049 CONC-POSTH9 CONC-ALL

NO.

PCT DWELL.

NO.

CONC-PREUO
SUM  NO. SUM  NO. SUM
PCT DWELL. PCT DWELL. PCT DWELL.

NO.

WOOD-4049 WOOD-POSTH9 WOOD-ALL
LOSS DWELL. PCT DWELL.

SUM

NO.

Table 8. Dwelling loss experience for the 1971 San Fernando earthquake
WOOD-PRENO

one-and-two-story and split-level dwellings—Continued
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Table 11. Dwelling loss experience for the 1983 Coalinga earthquake: Loss distribution by percent of dwellings
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which shows loss over deductible for the range of 0-10
percent deductible. Table 13 is the loss distribution, by
number of dwellings. Counterparts to tables 4 and 5 are
not included in this report.

One-to-Four-Family Wood-Frame Dwellings—
Insurance Company Experience

Due to unusual legal problems, claims were paid by
many companies under non-earthquake insurance
policies even though the damage was due to earthquake.
As a result, additional loss information became available
from claims paid under the 10 percent earthquake
deductible.

Insurance-loss experience was obtained from two
insurance companies. Table 14 shows the loss over
deductible (for the range of 0-20 percent deductible)
experience for one company with information on 367
dwellings, which represents almost 20 percent of our
1,982 inspected dwellings. The second company provided
similar loss information on 29 additional dwellings.

1933 Long Beach Earthquake

The loss data for the 1933 Long Beach earthquake
lack detail and are not as extensive as data for the 1971
San Fernando and 1983 Coalinga earthquakes, However,
the 1933 losses have major historic importance because
they were the basis for many of today’s loss-
over-deductible practices, including those used by the
California Department of Insurance.

Published wood-frame-dwelling data on the 1933
Long Beach earthquake are in a supplement to a study by
Martel (1936). Martel (1936, p. 161) stated,

The principal source of data, the building depart-
ment of the county assessor’s office, yielded as-
sessed values and reductions in assessed value
due to earthquake damage, when granted, for all
the buildings. This information was supple-
mented and checked by use of Compton city
building permits and by field surveys.

The results of considering the damage percent-
age for wood frame residences *** as to loca-
tion indicated that a central area, several blocks
wide and extending north and south to the city
limits, received slightly higher damage than ei-
ther the east or west sides of Compton. How-
ever, since many old buildings of low value were
in this area, the small increase in percentage
damage of this area over the rest of the town
does not definitely indicate much difference in
intensity.

The extent of damage for wood frame resi-
dences *** is very low; in fact in 95 percent of

these buildings the damage was less than 5§ per-
cent ***,

A second source of information is a file of 590
one-page insurance summary reports in the “Adjuster’s
Special Report, Southern California Earthquake” (K.V.
Steinbrugge, unpub. data). These reports on each
property include location, construction (brick, frame, or
“fireproof”), occupancy, property covered (type of
coverage), value, insured value, loss, and other data. Only
32 wood-frame dwellings in Long Beach and Compton
were included in these reports.

The following tabulates the Martel and insurance
(adjuster) information:

Martel (1936) Insurance (adjuster)
Damage Number of Percent of 2Number of Percent of
in percent dwellings dwellings  dwellings  dwellings
04 4,334 94.7 8 15
5-24 131 29 18 56
2549 63 14 6 19
50 and greater 36 08 None None
Demolished 11 0.2 None None
1Compton, Calif.

2Compton and Long Beach, Calif.

Because the insurance adjustment reports indicate that 5
or 10 percent deductibles were typical of these policies,
persons with losses under the deductible most likely
never filed claims and thereby data on such losses are
probably not included in the range of 0—4 percent
deductible.

Although the Martel (1936) data are the better of
the two, they are of limited utility. Relationships among
assessed values, market values, insured values, and
replacement values are not clear. Dwelling construction
has changed since 1933. In the interim, deterioration has
occurred to many of the remaining dwellings. Perform-
ance of pre-1933 dwellings in future earthquakes is
expected to be poorer than in the 1933 Long Beach
earthquake.

Prior to the 1971 San Fernando earthquake, and
also thereafter, it was common California insurance
practice to use a 7 percent PML, which was judgmentally
determined from Martel’s (1936) statement “*** in 95
percent of these buildings the damage was less than 5
percent ***” The California Department of Insurance
continued this practice.

RELATIONSHIPS AMONG
CONSTRUCTION, GEOLOGIC EFFECTS,
AND LOSS OVER DEDUCTIBLE

1971 San Fernando Earthquake

Recent and present dwelling construction falls into
the “wood or concrete floors, post-1949” category in

Earthquake Losses to Single-Family Dweliings: California Experience A21
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tables 2, 6, and 7. The reader should compare losses over
deductible for this category in tables 2 and 6 at 10 percent
deductible. (The 10 percent deductible was chosen
because it is presently a common insurance deductible.)
Inclusion of geologic factors increascs the loss over
deductible from 0.90 percent (table 6) to 1.54 percent
(table 2), or a 71 percent increase. Any usc of this 1971
San Fernando information for loss estimates in other
regions should not ignore the distortions in loss data
from geologic effects.

Table 7 shows losses over deductible for only
one-story  dwellings, thereby excluding onec-
and-two-story, split-level, and two-story dwellings.
Compare tables 6 and 7 for wood or concrete floors in
the post-1949 age group at 10 percent deductible.
Including split-level, one-and-two-story, and two-story
dwellings, the loss over deductible increases from 0.73
percent (table 7) to 0.90 percent (table 6), or a 23 percent
increase. This 23 percent increase is the result of only a
243-dwelling increase in the number of one-and-two-
story, split-level, and two-story dwellings (from 5,353 to
5,596). Certainly the modern one-story dwelling in San
Fernando performed well compared to those of other
heights.

Modern post-1949 houses of all heights performed
significantly better than did pre-1940 dwellings; this has
also been observed in studies of all other recent
California earthquakes. Newer dwellings are far more
likely to be bolted to their foundations than are older
ones. Also, deterioration has not yet taken its toll on the
newer dwellings.

Dwellings with concrete first floors on grade
performed better than did those with supported wooden
first floors, noticcably so with increasing age.

Figure 1 is a graphic representation of much of the
information in tables 2 and 6. The curves can be
reasonably approximated by straight lines from 0 to 10
percent deductible, but not from 0 to 20 percent
deductible. This family of curves has similar
characteristics.

Table 15 is an overview comparison among losses
over deductible without regard to the type of first-floor
construction. This table uses the same data as figure 1.
The 5 and 10 percent deductibles are or have been
commonly used, and some interest has been shown in a
15 percent deductible.

1983 Coalinga Earthquake

Non-Insurance Data

Losses over deductible for wood-frame dwellings,
without exclusions for the 1983 Coalinga earthquake, are
shown in table 9. Comparing table 9 with table 2 shows
Coalinga losses over deductible to be much larger than

those for San Fernando. San Fernando information in
table 2 includes losses from faulting, liquefaction, and
other geologic effects not found in Coalinga. The
Coalinga magnitude was 6.7, slightly higher than 6.4 for
San Fernando; these magnitudes are reasonably equal
for the purpose of damage comparisons. Coalinga was
closc to the epicenter and encrgy release, whereas San
Fernando was astride the faulting; both fall within the
PML zone as defined for insurance purposes.

One strong reason for the discrepancies between
Coalinga and San Fernando losses over deductible lies
with the approximatcly 200 dwellings moved to Coalinga
and not anchored to their foundations. It is possible to
place upper and lower bounds on these special cases of
unanchored houses. Values in table 9 are the upper
bounds because they include all losses over deductible
for all reasons, except ensuing fire, Values in table 12 are
the lower bounds because they include all losses over
deductible for one-to-four-family wood-frame dwellings,
excluding possible aberrations such as dwellings that had
shifted on their foundations or were posted as hazardous
or had been demolished before the time of inspection.
Dwellings that had been moved to Coalinga were not new
dwellings and belonged in the pre-1940 or 1940-49 age
group. However, fallen older dwellings on cripple studs
were not necessarily structures that had been moved to
Coalinga.

A second reason appears to be the amplification of
ground motions, which resulted in increased damage.
There are certain areas that, during earthquakes, are
shaken more severely than are other, nearby areas and
yet do not have “poor ground” as commonly understood
for the purpose of carthquake insurance. Figure 2 is an
isoseismal map of the 1906 San Francisco earthquake.
Coalinga is about 80 miles from the southern end of the
1906 San Francisco earthquake’s rupture on the San
Andreas fault. It will be noted that higher seismic
intensities were observed in Coalinga, Los Banos, and
elsewhere on the western side of San Joaquin Valley than
at many locations that were actually closer to the 1906
faulting. Figure 2 indicates that Coalinga may have
experienced intensities equal to those experienced in
parts of San Francisco.

Damage at Coalinga from the 1906 event was
summarized by Lawson (1908, v. 1, pt. 2, p. 318) as
follows:

The tops of a few of the walls of brick buildings
were slightly damaged as shown by the accom-
panying photograph [note: parapet fell from a
two-story structure]. A few dishes and bottles
were thrown from the shelves, and water was
slopped out of the tanks, but not capsized. At
the oil wells no damage was done either to wells
or pipe lines. At a pumping station, the brick lin-
ing of the furnace was slightly cracked. Consid-
erable oil was thrown from the tanks. In a large

Earthquake Losses to Single-Family Dweliings: California Experience A23



dwellings that had shifted on their foundations

ing

, exclud

ings

by number of dwell

((o]p]

Table 13. Dwelling loss experience for the 1983 Coalinga earthquake: Loss distri
or were posted as hazardous or had been demolished before time of inspection
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