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ABSTRACT

Building characteristics and earthquake damage are documented for approximately
370 high-rise buildings shaken by the San Fernande earthquake of 9 February 1971.
The resulting data are organized into damage probability matrlces, showing the
relationships among earthquake resistance, intensity of ground shaking and damage.
Results are given separately for steel and concrete buildings, and damage to
the various structural and non-structural components is described separately.
"The difficult process of collecting these data is explained, and suggestions

are made for similar efforts during future earthquakes.
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PREFACE

This is the seventh in a serles of reports prepared under National Science
Foundation Grants GK-27955 and GI-29936, A list of previous reports appears on
the next page. There are three prinecipal investigators for the overall study:
Professors Robert V. Whitman, John M. Biggs and C. Allin Cornell - all faculty
in the Department of Civil Engineering. The data collection effort described
in this report was carried out by Dr. John W. Reed, who then was Visiting Assistant
Professor of Cilvil Engineering and now 1s Senior Research Engineer with TURS/
John A. Blume Assoclates Research Division in Las Vegas, Nevada. Dr. Sheu-Tien
Hong, Research Associate in Civil Engineering, has carried through with the
analysis and discussion of the data.

Many other M.I.T. personnel also contributed to the study: Dr. Erik
Vanmarcke, Assistant Professor of Civil Engineering; Messers Michael Ackrovd,
Robert Czarnecki, John Isbell, Jorge Diaz-Padilla and Edwardo Kausel - all
Graduate Research Assistants; and undergraduate students, Crailg Schweinhart
and Richard Yue.

In addition, many individuals outside of M.I.T. alsco took part in this
effort, Much of the actual data-gathering was performed under subcontract to
M.I.T. by two firms with offices in or near Los Angeles: J. H., Wiggins Co.
and Ayres, Cohen and Havakawa. The Building Owners and Managers Association
{(BOMA) of Los Angeles cooperated in the data-gathering effort, and credit is
due to Megsers Edward Gibbons and Phil Baumen for this great assistance.

Mr. Eugene Schader of Los Angeles contributed much valuable advice and infor-
mation. Finally, thanks are due to the many individuals and organization who

responded to our requests for data and information.
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Chapter 1

INTRODUCTION

1.1 OBJECTIVES AND MOTIVATION

The overall objective of this study was to document the degree of damage
(including nen-damage) experienced by high~-rise buildings in the Los Angeles
area during the San Fernando earthquake of 9 February 1971, and to compile
the damage statistics based upon this documentation. For purposes of this
study, high-rise buildings are defined as having 5 or more stories above ground.

These statistics were sought as input tc a study of the cost and henefits
of seismic design being conducted at M.I.T, under a geparate grant from the
National Science Foundation. (This study is described briefly in Chapter 2.)

It is further expected that the documentation will be useful to other

investigators and Lo various governmental agencies.

1.2 SCOPE OF THE STUDY

As already noted, this study encompassed buildings having 5 or more

stories. There werve several reasons for adopting this restriction.

1. It was desirable to concentrate this effort upon buildings for
which engineering considerations (such as the lateral force
provisions in section 2314 of the Uniform Building Code) play a
major role in design.

2. Considerable attention had already been directed, both in this
earthquake and in previous earthquakes, to l-story to 4-story
residences (ESSA, 1969; Steinbrugge et al., 1971).

The same restriction on story height also applies, for the same reasons, to
the study of optimum seismic protection.

The geographic area covered by this study of damage is indicated in

Fig. 1.1. This area more-or-less coincides with the area lying south of the
epicenter that experienced a modified Mercalli intensity of ground shaking
of VI or greater. There were very few buildings with 5 or more stories north

of the epicenter. The study thus encompassed a region in which the damage



ranged from none to extreme. In addition, the area also contained many
buildings constructed before the advent of earthquake design requirements
as well as many buildings designed and constructed in accordance with
modern code requirements.

Ideally, this study would have resulted first in a list of all
buildings of 5 or more stories within the geographic area, together with
information concerning the important characteristics of each building. Then,
ideally, the degree of damage (including non-damage) would have been documented
for each building. Unfortunately, the resources available to this study were
insufficient for achieving these ideal goals,

In the first place, it proved quite difficult simply to obtain an
accurate list of all buildings. Based upon the studies, it is believed that
there were at the time of the earthquake about 1650 buildings having 5 or more
stories within the area shaken with intensity VI or greater. Further, it was
necessary to limit the number of building characteristics to be documented
to: (a) date constructed, (b) number of stories, (c) valuation or gross area,
and (d) geographic location. This information was obtained for approximately
1500 buildings. Table 1.1 lists the number of documented buildings according
to story height and intensity of shaking. There were only 4 buildings with
5 or more stories within the epicentral region, too few for any meaningful
statistical study. The buildings are divided into two age groups: those buils
before design for lateral forces was f[irst required in 1933, and these built
since 1947 under modern code requirements. Because of the Depression and
World War II, relatively few large buildings (only about 60) were constructed
between 1933 and 1947,

Documenting damage for each building proved to be even more difficult
for reasons that will be discussed in detail subsequantly. In essence,
documentation of damage to any bullding required direct contact with the owner
or manager of the building, and such direct contact was both time-consuming
and sometimes Impossible. Damage has been documented for about 370 buildings.
Table 1.2 indicates the breakdown of these documented buildings according to
the categories used in Table 1.1,

While more complete documentation would have been desirable for some

purpbses, it is believed that the level of documentation achieved represented



a good compromise from the standpoint of the needs of the optimum seismic

protection study,

1.3 SCOPE OF REPORT

As already noted, Chapter 2 describes the concurrent study concerning
optimum seismic protection. This chapter provides background necessary for
understanding the decisions made concerning the documentation of damage from
the San Fernando earthquake. Chapter 3 provides a history of the data gathering
effort; this history is intended both to indicate the scope and accuracy of
the data presented and as guidance to those who may face a similar data
gathering task in future earthquakes. Chapter &4 describes in brief the data
handling process, presents the data collected in the study, and discusses the
accuracy of the data. Chapter 5 uses the data to construct estimates of
damage probability for use in risk/benefit studies relative to seismic design.
A summary of the results of the study is presented in Chapter 6.

This report deals primarily with the general level of damage experienced
by buildings. Very detailed damage information has been documented for a
dozen buildings so that damage may be compared with results of detailed dynamic
analysis. This detailed damage information and the resulting comparisons are
presented in a separate report by Czarnmecki (1973).

In this report, the modified Mercalli intensity assigned to each sub-area
is used to indicate the ground shaking experienced by each building. Efforts
are now underway to use the many records of actual ground motion to provide a
better representation of the strength of the ground shaking, and the results

of this effort will also appear in a subsequent report.



Table 1.1

NUMBER OF HIGH-RISE BUILDINGS SHAKEN BY EARTHQUAKE*

Pre-1933 Post«1947
VI VIl VIIT Vi VIT VIII
5-7 36 346 0 117 321 17
8-13 21 236 0 79 231
14-18 2 8 0 ' 6 37
19+ o 2 0 12 41
Total 57 592 O | 246 630 23

*Only buildings with height and age information are
listed.

Table 1.2

NUMBER OF BUILDINGS WITH DOCUMENTATION OF BUILDING VALUES
AND DAMAGE COSTS

Pre-1933 Post~1947
VI VII VIII VI VII VIII
5-7 10 33 0 14 41 12
8-13 9 78 0 28 70 4
14-~18 0 2 0 12 19
19+ 0 1 0 3 26

——

Total 19 114 0 57 156 16
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Chapter 2

DECISION ANALYSIS FCOR SEISMIC DESIGN

2.1 OVERALL OBJECTIVES

It is generally agreed that a tall building should not collapse during
the largest earthquake that is realistically imaginable. In addition,
earthquakes which can be expected to occcur during the lifetime of the building
should not cause damage that is economically unacceptable to an owner or
socially unacceptable to a community.

While both of these principles are widely accepted as the basis for
gseismic design, it is difficult to be precise in the implementation of these
principles. The second principle clearly implies a balancing of risk of
Future loss against the initial cost of providing a stronger building. Even
the first principal implies some balancing of risk since the phrase "largest

realistically imaginable earthquake"

hardly provides a precise definition. The
engineer by himself should not be expected to determine the balance point, for
this choice involves many considerations affecting the owner and the community.
Rather, the engineer's responsibility is to marshall all available facts into

a form which makes the costs and risks clear to owners and public bodies.

For many years, engineers have used the available facits so as to recommend
a reasonable balance between initial cest and risk of future damage, although
seldom has the actual balance been steted in an explicit way. Today, it is
beginning to be possible tc face this balance openly and realistically. 1In
fact, the city of Long Beach, California, has recently adopted a new code that
is explicitly based upon balanced risk (Wiggins and Moran, 1971},

In arriving at a reasonable balance between cost and risk, it is necessary
to consider many adverse aspects of the overall problem and to analyze the
interrelationships between these aspects. These interrelationships generally
are quite complicated. Hence, it appears necessary to have an organized,
systematic method for assembling the available facts and for carrying out the
required analyses. Just such a methodology is now being developed at M.I.T.

under CGrant GK-27955 from the National Science Foundation (NSF).



The methodology is designed only to pro&ide systematic and rational
information concerning henefits and risks; public bodies must still make the
final decision concerning the proper balance between these conflicting
considerations. The proposed methodology can never (and should never) be a
substitute for judgment and experience, but rather provides for a systematic
organization of such experience and judgment. The major benefit of the

methodology is to force specific consideration of the many factors included.
2.2 GENERAL METHODOLOGY

Figure 2.1 outlines, by means of a flow chart, the methodology for
analyzing the costs and risks associated with designing tall buildings
against earthquakes, As oputlined in Figure 2.1, rhe methodology is aimed
at selecting seismic design requirements for a specific project or for use in
a building code. However, the same general methodology can be used as a basis
for insurance considerations or for federal disaster relief laws. A very
similar methodology has already been applied to estimating possible future
losses to residential dwellings in California (ESSA, 1969).

The heart of the methodology is examination, in probabilistic terms, of
the damage which one earthqusgke will cause to a particular building system
built with a particular design strategy. This evaluation is repeated for
different levels of earthquakes, different design strategies and, whexe
appropriate, different building systems. For each different design strategy,
the initial cost required by that strategy is added to the present value of
possible future lesses.

In simplest terms, & particular building system might be defined, for

example, as: all buildings having 8 to 13 stories. In a more refined study,
a bullding system might, for example, be: 8~ to l3-story reinforced concrete
buildings with ductile moment resisting frames. Other building systems are
then defined by different ranges of stories, different construction materials,
and different lateral force resisting systems. The soil conditions upon
which the building is to be built also form part of the definition of the

building system.



The simplest statement of design strategy is: design in accordance with

the Uniform Building Code for Zone 2 {(or 0, 1 or 3). More refined variations
on the design requirements may also be considered, such as requirements
concerning ductility, allowable drift, requirements concerning mechanical

equipment, etc. The initial cost is a function of the design stratepy. This

cost might be expressed as the extra cost to design for Zone 2 requirements
as compared to making no provision for earthguake resistance.

One key step is determining the earthquake occurrence probability. This

is the probability that a ground motion of some given intenmsity will occur
during, say, 1l year, at the site of interest., Intensity may be expressed by
the modified Mercalli scale, or better yvet by the spectral acceleration for
the fundamental dynamic response period of the building system. Methods now
exist for making reasonable estimates for the earthquake intensity probability
for any location, by appropriate analysis of the historical record and of
geological information (Coxnell, 1971).

The effect of wvarious levels of ground motion upon the building system

is expresged by a family of damage probabilitv matrices. Each metrix applies

to a particular bullding system and design strategy, and gives the probability
that various levels of damage will result from earthquakes of wvarious
intensities. Table 2.1 shows one possible categorization of levels of damage.
These levels of damage are described both by words and by the ratio, to
replacement cost, of physical damage to the building and itsg contents. Fig.
2.2 illustrates a damage probability matrix based on the categories of damage
in Table 2.1 (damage states 7 and 8 have been combined in this matrix). For
example, the numbers in the column labeled intensity VIII (modified Mercalli)
show the fraction of a1l buildings expected to experience each of the levels
of damage, given that an ecarthquake of intensity VIII occurs {see Fig. 2.3
for a summarized version of the modified Mercalli scale of intensity).

With each damage state, there is an incident cost. These are different

from the costs shown in Table Z.1 which are intended only to identify the

level of damage. The total incident cost for each damage state includes loss
of function or loss of time during repairs and, in extreme cases, injury and
loss of life and impact on community. Not all of the factors can be readily

expressed in dollars, and many people find it very difficult to accept the
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notion of placing any sort of value on life. Yet teday communities already
make such judgment implicitly. For example, how do we know that it is better
to make a building owner pay extra for added resistance to earthquakes instead
of contributing the same sum toward a transit system which would reduce highway
deaths? The constraining factor is that the total resources available are
in fact limited.

If it were possible to express all losses in dollars, then the
criterion for optimum design would be minimum present total expected cost.
Actually, future losses will be only partly expressible in dollars, and
multi-attribute objectives must be considered. Nonetheless, the approach
outlined here will serve to make clear the considerations which must be

balanced to achieve a balanced design.

2.3 DAMAGE PROBABILITY MATRICES

A family of damage probability matrices is required: one for each
different building system and each design strategy for that building system.
The matrices are at the heart of the optimization study. The final results
of applying the cptimization methodology can be no better than the
information incorporated into these matrices. Hence, a major effort is
necessary to compile information concerning damage te buildings during
earthquakes. Two approaches may be used: (a) one which relates actual
observed damage (or non-damage) directly to intensity of earthquake ground
motion, and (b) a second method in which theoretical predictions of dynamic
response are used to interpret and extrapolate the empirical information
concerning damage and non-damage. The documentation and analysis of damage
from the San Fernando earthquake - the subject of this particular report -

fits into the first approach.
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Table 2.1

EARTHQUAKE DAMAGE STATES

Damage Ratio* ¢
Description of Level of Damage Central Value Range
No damage 0 0-0.05
Minor non-structural damage—-a few walls 0.1 0.05-0.3

and partitions cracked, incidental
mechanical and electrical damage

Localized non-structural damage--more 0
extensive cracking (but still not wide-

spread); possibly damage to elevators and/or

other mechanical/electrical components

Widespread non-structural damage--possibly 2
a few beams and columng cracked, although
not noticeable

Minor structural damage-—obvious cracking 5
or yielding in a few structural members;

substantial non-structural damage with

widespread cracking

Substantial structural damage requiring 10
repair or replacement of some structural

members; asspgciated extensive non-structural

damage

Major structural damage requiring repair or 30
replacement of many structural members:

associated non-—structural damage requiring

repairs to major portion of interior;

building vacated during repairs

Building condemned 100
Collapse 100

Ratio of cost of repair to replacement cost

o

i

=
[y =

Procel

55 093“1525

1.25-3.5

3.5-7.5
7.5-20

2065

65-100

[

I~
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GROUP CHARACTERISTICS: NUMBER OF BUILDINGS: 368. HEIGHT:
STORIES. AGE: 1800 to 1972. STRUCTURAL TYPE: ALL TYPES.
TION TYPE: ALL TYPES.

DAMAGE PROBABILITY MATRIX

DAMAGE STATE

DAMAGE RATIO MERCALLT INTENSITY
UPPER BOUND (%)
STATE (%) VI VI VITI
0 0.05 80.5 25.1 6
1 0.3 15.6 24,7 19
2 1.25 3.9 26.2 44
3 3.5 2.7 14.2 13
4 7.5 0 5.8 6
5 20 0 2.5 12
6 65 0 1.5 0
7 100 0 0 0
NO. BUILDINGS 77 275 16

FIGURE 2.2 EXAMPLE DAMAGE PROBABILITY MATRIX

5 to 100
FOUNDA-

13
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Chapter 3

GATHERING THE DATA

3.1 PREPARATIONS FOR DATA GATHERING

The idea of conducting this study arose during the month following the
San Fernando earthquake. The grant for study of risk and benefits of seismic
protection (see Chapter 2) had just been made by the National Science Foundation,
and it appeared that the San Fernando earthquake offered an excellent opportunity
to determine damage probabilities. A considerable number of tall buildings had
been ingpected for damage immediately following the earthquake {Steinbrugge
et al., 1972).% However, from contacts with engineers in the Los Angeles
area, it was evident that data sufficient for determining damage probability
matrices had not already been documented, and that further field work was
essential.

The study described in this report began 1 June 1971 —- nearly 4 months
after the earthquake. At the time, it was feared that this unavoidable delay
might hinder gathering of meaningful data, and indeed subsequent experience
proved that the trail was somewhat cold. Nonetheless, it was believed at the
time that data gathering was still feasible —-- and this has proved to be true.

Prior to 1 June, faculty from M.T1.T. had already visited Los Angeles to
view the damage caused by the earthquake. From this visit, and from the
abovementioned contacts with local engineers, a general picture of the scope
and nature of the task had been formulated. As stated in the original
proposal, it was deemed essential to establish associations with one or more
engineering firms located in the Los Angeles area; such arrangements would
provide first-hand knowledge of local political and commercial organizations
that might assist with the study, and also personnel to make the necessary

local contacts and undertake the necessary digging out of information.

* The key tables from this report which became available to M.I.T. in

September 1971 are reproduced in Appendix A.



During the period prior to award of the grant, several such firms had been
contacted and proposals had been obtained.

Chronologically, the data gathering effort may be divided into 3 phases:
June 1971 through November 1971; December 1971 chrough February 1972; and
March 1972 through the present.

3.2 JUNE 1971 THROUGH NOVEMBER 1971

3,2.1 Building Lists

During June, M.I.T. entered into a subcontract with the J. H. Wiggins
Company of Palos Verdes Estates, California. Basically, the subcontract
called for compiling a list of all buildings having five or more stories
and for assembling whatever damage information could be obtained without
undertaking a questionnaire. As part of this subcontract, the Wiggins
Company also assembled, as they became available, results from other studies
of the San Fernando earthquake by Los Angeles engineers, and funnelled
these results to M.I.T. A gradﬁate student from M.I.T. spent two months
working with the Wiggins Company during the summer of 1971.

The specific requirements for the building list went through several
changes as the task evolved. Initially a long list of significant building
characteristics was prepared. However, it rapidly became apparent that the
effort to document all of the characteristics was unwarranted. Finally,
it was decided to concentrate effort upon the following building character-
istics:

Address - to indicate Intensity of ground shaking and for use in
possible subsequent questionnaire surveys. A location
code, based upon the grid lines of a commonly used map of
Los Angeles (Thomos Bros. map), was recommended by Wiggins
for use in coding this information.

Date of construction - to indicate the lateral force provisions
in effect at the ¢ime the building was designed.

Number of stories -~ to indicate the fundamental period of the building.
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Value - against which damage repair costs could be compared.
Gross area — as an alternate indicator of total building value and to
call attention to buildings of unusual size.

For the time being at least, it was necessary to abandon efforts to document,
for each building, such important characteristics as structural system type
and foundation type.

It was not a simple matter to obtain a list of all buildings having
5 or more stories, together with the desired information. No such list was
already in existence. There were lists, together with very useful maps, of
all buildings having 8 or more stories built since 1946: this information
had been compiled by the Western Economic Research Company of Sherman Caks,
Califernia. The Economic Research Department of the Security Pacific National
Bank provided a list of all buildings having 5 or more stories built from
1960 through 1967. It was the 5~ to 7-story buildings prior to 1960 and
the buildings built prior to 1947 that were the problem. Various City and
County agencies were contacted, but they did not have the required information
in usable form. At one stage, consideration was given to abandoning the
attempt to list all 5+-story buildings, and to concentrate‘on very limited
geographic areas and visually sight and personally document each building
within these small areas. Three areas were tentatively selected for this
approach; about 20 blocks in downtown Los Angeles, the Beverly Hills-
Westwood area, and the San Fernando Valley. Finally, it proved possible,
through the courtesy of the California and Los Angeles City Elevatorx
Divisions, to obtain a listing of all licensed elevators. By interpretation
of this elevator list, it was possible to prepare a building list giving
address, date of construction and number of stories.

With this building list, it was then possible to go to the County
Assessor's office to obtain current assessed valuation. However, because
of the format in which the records were kept, this was a time-consuming and
hence expensive task. Appendix B describes the procedure that must be
followed. In addition, the address used by the Elevator Division often did
not coincide with the address used by the Assessor's Office. Hence, at this

stage, this procedure was followed only for buildings for which damage repair



permits were obtained in the preliminary damage study. The lists of the
Western Economic Research Company and of the Security Pacific National Bank
gave building permit valuations for recent buildings and this information
was an alternative to locking up assessed valuation.

The building list and building characteristics compiled in this way
were not entirely perfect. (Their accuracy will be discussed in Chapter 4).
However, they provided a very satisfactory starting point. This information
was made available to M.I.T. by the end of September 1971 in the form that
facilitated key punching for storage into a computer. Table 3.1 summarizes
the chief information sources used tc compile these lists; Chapter 4 will

discuss the data in detail.

3.2.2 Preliminary Damage Study

It gquickly became clear that considerable effort in the form of
questionnaires and personal follow-up was going to be required to prepare
a satisfactory documentation of damage. Hence, as a preliminary effort,
the Wiggins Compeany was charged with documenting the evidence available in
the public record.

One source of data was the file of damage repair permits at the Los
Angeles City Department of Building and Safety. The Department kindly made
the file of these permits available. Fortunately, each permit showed the
number of stories in the building. Hence, by going through the many file
boxes card by card, it was possible to compile a list of buildings having
5 or more stories for which application had been made for a repair permit.
There were approximately 100 such permits. Two points must be made concerning
these data:

1. This was not a perfect source of information. The Wiggins Company
was unable teo find permits for several buildings that were well
known to have been damaged and repaired. In addition, the
addresses given on 30 of the permits could not be matched with
addresses in the Assessor’s Office,

2. 1t was widely believed that the estimated repalr cost was less than

the actual damage. One reasgson for this belief was that the cost
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of the permit was related to the estimated cost of repair;
Another reason was the belief that a permit was required only
for that portion of the repairs that affected safety. The
Wiggins Company asked four practicing, competent professional
engineers to estimate the ratio of the repair cost as shown on
permit applications with the actual value of damage caused by
the earthquake. The four estimates were 25%, 33%, 50% and £0%.
The average of these estimates was 37%; however, the Wiggins
Company felt that the actual ratio was lower than this average
estimate.

For these reasons, these data concerning damage were rather unsatisfactory.

The County of Los Angeles had excellent records of building damage
stored in a computer. However, when the printout was examined, it was found
that there were virtually no buildings having 5 or more stories under
County jurisdiction.

Phone calls were made to building officials in the smaller cities lying
within Los Angeles County. Since there were very few tall buildings in most
of these cities, and since most of them experienced only intensity VI ground
motion, the building officials could readily report on the damage which was
generally minimal to nonexistent.

All of this damage information was iIncorporated in the Original Dats Base
provided to M.I.T. at the end of September 1971.

At M.I.T.'s request, the Wiggins Company also made proposals as to the
format of a questionnaire to be used for seeking more information on damage
and made recommendations as to the administration of a questionnaire approach.

The suggested questionnaire and cover letter may be found in Appendix C.

3,2.3 Detailed Damage Study for Limited Number of Buildings

During July, a second subcontract was entered into with the firm of
Ayres, Cohen and Hayakawa located in Los Angeles. This firm, which special-
izes in electrical and mechanical aspects of building design, previously
had studied non-structural damage in Anchorage caused by the 1964 Prince

William Sound earthquake, and was already engaged in a similar study of



20

non-structural damage caused by the San Fernando earthquake. Under the
subcontract with M.I.T., the Ayres firm was to compile detailed, floor-by-
floor, damage cost information for 17 buildings. This survey was carried
out exclusively by personal interviews. The survey covered the basic
characteristics of the building, such as age, height, type and cost of the
construction, together with the nature of the earthquake damage and repair
cost of various components in the bullding. The interviewer used a
prepared 3-page questionnaire (see Appendix C) and wrote down information
gathered from the interview.

These specific buildings were generally well known high-rise buildings
in the greater Los Angeles area built after 1960. The majority of them have
installed strong motion accelographs. The position of the interviewed
person varied from building owner, manager, managing agency, maintenance
engineer to construction superintendent. Barring a few exceptions,
the majority of the persons interviewed cooperated with the effeort. In
many cases, the nature of wvarious buillding damages were obtained from
maintenance engineers located in the surveyed buildings, whereas the cost
information was obtained from the owner or manager located elsewhere.
Congequently, two or more trips were involved for these buildings.

The first survey was conducted approximately eighi months after the
San Fernando earthquake. A great majority of the damage repair work was
completed. Based on the timing of the survey and the attitudes of the
owners and managers during interview, it appears that the cost information
gathered was more factual than if the survey had been conducted immediately
after the earthquake.

The repair costs sometimes wexe misleading because some owners elected
to take this opportunity to lump other routine maintenance repair work into
the damage repair. Some of the repair work was not limited to the restor-
ation of the damage but went beyond that into preventative work to strengthen
the existing installation. Manv of the repair costs were revised several
times by subsequent interviews in an attempt to single out the "repair cost

due to earthquake damage."
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In an effort to gather detailed floor-by-floor construction cost of
partitions, additional field trips were made to 5 buildings to measure
partition lengths from tenant drawings and determine the type of partitions
used. Unit cost for varicus types of partitions were obtained from the owners
and in some cases with the help of partition contractors and gypsum and
plaster manufacturers.

The data gathered from this effort has been used by M.I.T. as part of a
detailed comparison between damage and dynamic response (see Report No. 4).

The total damage costs from this effort have also been included in this report.

3.3 DECEMBER 1971 THROUGH FEBRUARY 1972

By this time, it was evident that it was essential to collect additional
data about damage. Hence, 2 questionnaire survey was planned. This survey
had two objectives:

1. To serve as a pilot study for a possible subsequent and more

extensive survey.

2. To give additional damage information for certain specific classes

of buildings as is explained below.

This survey was the main data gathering effort during this period. The task of
encoding data for storage in a computer, as described in subsequent chapters,

also began at this time.

3.3.1 Categorization of Buildings

Saeveral decisions had been reached about the grouping of buildings for
purposes of analyzing the data.

First, buildings were grouped into three categories according to date of
construction: pre-1933, 1933-1946, and post-1947. Requirements for design
against earthquake first appeared in 1933 after the Long Beach earthquake.
Hence all buildings built before that date could be presumed to have little
or no planned resistance to earthquakes, Based upon analyses prepared by the
Wiggins Company, the level of earthquake resistance required by the Los
Angeles building code had remained more-or-less constant since 1%33, and thus

all buildings built since that date could be presumed to have more-or-lesgs the
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same level of required resistance to earthquakes (see Appendix D). While
different code provisions have applied at different times for Los Angeles City
and County and for other municipalities within the County, these differences
can be ignored for the purposes of this study. The year 1947 marked the time
at which there was a major jump in the gquality of readily available information
regarding the characteristics of buildings. Since very few buildings were
constructed between 1933 and 1947, it finally was decided to concentrate upon
two age groupings:

1. Pre-1933 - having essentially no planned resistance to earthquakes.

2. Post-1947 - having a minimum earthquake resistance as required by

current codes.
As was seen in Table 1.1, there were considerable numbers of buildings in each
of these age groupings.

Second, buildings were grouped into four categories according to the
number of stories: 5 to 7, 8 to 13, 14 to 18, and 19 plus. The break at 8
stories reflects the lowest story height for buildings listed on the excellent
maps of the Western Economic Research Co. The break at 13 stories reflects the
height limitation imposed by the City of Los Angeles building code from 1933
until relatively recently. The break at 18 stories was chosen rather arbitrar-
ily to provide a compact grouping of buildings of medium story height.

Use of two principal age groupings and four height groupings, plus
three ground shaking intensity levels (modified Mercalli VI, VII and VIII)
resulted in a total of 24 categories into which buildings would fall. About
six of these categories contained fewer than 10 buildings; the femaining
categories were reasonably well populated. As a goal for the pilot survey,
it was decided that enocugh questionnaires should be sent so that:

1. When there were fewer than 10 buildings in a category, all bullding

owners would be contacted.

2. When there were more than 10 bulldings in a category, damage infor-

mation would be obtained for at least 10 buildings.
Thus the minimum number of 10 buildings was selected as the fewest required
to provide meaningful damage statistics. To determine the number of addi-
tional questionnaires to be sent, the number of buildings for which damage

information had already been obtained was subtracted,
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3.3.2 Administration of Questionnaire Survey

After reviewing various possible forms of questionnaires, 1t was concluded
that: (a) the questionnaire itself must be very simple and be no longer than
one page with an addressed stamped envelope to facilitate return; (b) every
effort must be made to establish the legitimacy of the survey and to satisfy
respondents that their bullding would not be identified by name or address in
published reports; and (c¢) follow-up contact would be necessary to ensure a
reasonable return.

Fig. 3.1.a shows the gquestionnaire used for this survey. Some of the
questions were aimed at verifying building characteristics previously
documented by the Wiggins Company. Other questions requested information that
usuglly was not already known: type of occupancy and type of building
construction. A final group of questions requested information about damage.

A covering letter on M.I.T. stationery (Fig. 3.1.b) described the purpose
of the study and requested cooperation from the addressees. In addition, the
Building Owners & Managers Association (BOMA) of Los Angeles agreed to endorse
the survey and Mr. Phil Bauman (General Manager of BOMA) wrote a second cover
letter (Fig. 3.l1.c). Since the building owners' names were not known at the time
of mailing, the envelopes (which gave M.I.T. as the return address) were
addressed to the "Building Manager." The return envelope was addressed to the
BOMA office.

Because unexpended funds remsined in the subcontract with Ayres, Cohen
and Hayakawa, and because that firm was experienced with the type of personal
follow-up that was expected to be necessary, the Ayres firm was requested to
administer the survey. ™.I.T. provided listings of buildings in the various
categories, and specified 9 sub-geographic areas of particular interest and
the number of returns desired for each category. Ayres' firm randomly selected
the particular buildings to be addressed, mailed the guestionnaires, cocllected
the returns from the BOMA office, compared the returns with the mailing list,
and undertook follow-up as necessary.

The initial mailing was 200. Approximately 25% of the questionnaires
were completed and returned within a month. {(The rate of return dropped
rapidly after the first two weeks.) Over 157 of the mailings were returned

by the Postal Service with the indication that the street number could not be



found. New addresses were picked from the building list in order to meet the
desired quotas of building location and type. The total final mailing was
267 questionnaires,

The follow-up procedure was developed by trial-and-error. Without knowing
the name of the building owner, it was difficult to find the telephone number
of the building manager. Since the selected buildings were clustered in a
few 4-mile square areas, it was decided that personal interviews conducted
in a few field trips could be made effective. The first field trip started
two weeks after the initial mailing. In all, twelve field trips were made
with each of the one-day trips covering approximately 18 buildings. These
fleld trips were judged very effective in that approximately 90 returns were
attributed directly or indirectly to the result of these efforts.

A follow-up was made for each mailing returned by the Postal Service as
undeliverable. In a few instances, the building proved to be a special type,
such as a parking garage: In some other cases, the building simply no longer
existed. These buildings were then eliminated from the building 1list. 1In
most cases, the problem was that the address on the elevator list was different
from the current mailing address; The address on the M.I1.T. building list was
then corrected.

The Ayres firm reported that, in general, the fact that M.I.TI. conducted
the survey appealed to the building owners. They surmised that it made owners
feel that the survey was part of academic research that would not be used in
any way against them. A few owners expressed the unwillingness to get
involved with BOMA, and some of them simply refused to cooperate with the
survey as a whole.

A total of 141 questionnaires eventually were received of which 135

contained usable information.

3.3.3 BOMA Questionnaire

Independently of the M.T.T. study, in August 1971 BOMA had sent 500
questionnaires to its membership seeking information about earthquake damage.
A very comprehensive earthquake form had been used: A sample of this form
appears in Appendix C. Only 40 of the building owners responded. It was
felt that the poor return was caused by the lengthiness and complexity of

the form.
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M.I.T. purchased copies of the completed questionnaires from BOMA. Of the

40 returns, 33 were for buildings having 5 or more stories,
3.4 MARCH 1972 THROUGH DECEMBER 1972

At this stage, the M.I.T, study had available from various sources damage
information for about 200 buildings. BSome building categories (date of construc-
tion, height, intensity) still were poorly represented. More data still was

desired.

3.4.1 MIT/BOMA Questionnaire Survey

The success of the first questionnalre survey, and the interest of beth
MIT and BOMA in obtaining the best possible documentation of the earthquake
damage, inspired a second questionnaire survey conducted jointly by M.I.T. and
BOMA. Mr. Eugene Schader, an engineer for the Insurance Service Office,
acted as a consultant to BOMA on this project. (Mr. Schader undertook this
work as an individual rather than as a3 representative of the Insurance Service
Qffice.)

A new questionnaire form was prepared, representing a compromise between
the first MIT and BOMA forms (Fig. 3.2.a). The same M.I.T. cover letter was
used once again, while BOMA prepared a new cover leiter. Again the forms were
returned to the BOMA office, and the Avres firm administered the effort.

Over 700 questionnaires were mailed during April and May. Many of the
buillding addresses were furnished by BOMA; these buildings were scattered in
Los Angeles and Orange County. The majority of the BOMA addresses in Los
Angeles County overlapped the addresses on MIT Data Base, and considerable
effort was spent matching .these addresses to keep the record straight and to
avoid duplicate mailing. The remaining bulldings exhausted the addresses
in the MIT Data Base for the San Fermando Valley, and the Hollywood and

Pasadena areas, and for all of the apartment buildings.

The returns, with a lesser degree of success, followed the same pattern
as the initial survey. Approximately 15%Z of the building owners answered the

questionnaire within twe weeks of mailing and the rate of return dropped quickly.
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Again, over 15% of the mails were rejected by the Postal Service (including a few
supplied by BOMA). TField trips were much less effective this time, mainly
because of the wide geographic spread of the addresses. The average number of
buildings visited per trip dropped to 12. Owing to budgetary considerations,
only 7 field trips were made with approximately 157 of the returns attributable
to the field trip effort. The total return from the mailing and follow-up was
about 200 questionnaires.

In late June, 1972, an analysis was made of the returned questionnaires from
the standpoint of coverage of the different location-age-height categories. A
new priority list of categories was drawn‘up emphasizing buildings in intensity
zone VI, and another 151 questionnaires were mailed. Three field trips were
specifically aimed at completing this list. This effort yilelded about 20
additional completed questionnaires.

At this stage, over 1200 questionnaires had been mailed or distributed
covering all building/location categories of primary interest. From this and
other efforts, "complete' data were then available for about 370 buildings as

indicated by Table 1.2. The sources of these data were:

BOMA Questionnaire 33
MIT Questionnaire 140
Main MIT/BOMA Questionnaire 200

Special mailing and follow-up N5
in summer and fall, 1972

The number of buildings with "complete" data was less than the total number of

returned questionnaires from the several surveys plus entries from other sources

because a number of the same buildings were included in several of the surveys.
It was then the unanimous opinion of the M.IL.T. staff, BOMA and the Ayres

firm that the gathering of damage informaiion had reached the point of dimin-

ishing returns. Several more field trips were made in the fall of 1972 to

cover all remaining addresses in the San Fernando Valley. This last effort

served mainly to eliminate from the data base structures that did not meet

the criteria for the study, but did vield several more completed questionnaires

for buildings in the zone of high intensity,
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3.4.2 Data on Structural Type and Foundation Type

On the MIT and MIT/BOMA Questionnaires, respondents were requested to
indicate simply whether the building was consiructed of steel, concrete or
brick masonry. It was felt that it would be beyond the knowledge of the
regpondents to provide further differentiation between particular structural
systems sucli as concrete ductile frame construction, concrete shear wall
construction, etec. Similarly, no information concerning type of foundation
was requested on the questionnaires.

From the questionnaires, information on general structural type was
obtained for nearly all buildings for which damage information was obtained,
In addition, Mr. Schader offered to provide from his files information
concerning type of foundation and type of structural system for the buildings
for which there was otherwise complete information. He was able to provide
this additional information for about 125 buildings.

To complete this particular information, it appeared that it would be
necessary to contact the architects and/or engineers for each remaining build-
ing. Another possibility, the use of information in the files of the regicnal
Office of Civil Defense, had been explored earlier in the study. The records
in that Office were in a form that made it very difficult to match up their list

of buildings with the MIT list.

3.4.3 Assessment Reduction for Building Damage

Mr. Schader also pointed out another potential source of data. According
to law, building owﬂers are entitled to a reduction in the assessed value of
their building for one vear. The amount of reduction was based upon owners'
estimates of damage subject to verification by the County appraiser. Presum-
ably, the ratio of reduction to actual damage would be the same as the ratio
of assessed value to actual value. The reduction was received only by those
owners applying for it.

This informaticn was available in a reporit, ""1971 Disaster Value Report
EQ-88," by the Los Angeles County Assessor's Office dated September 9, 1971,
At M.I.T.'s request the Ayres firm examined this report. Since the entries in
the report did not indicate the size of the building, Ayres listed all build-
ings with an assessed value of $50,000 or more. They then matched addresses

with those on the MIT building list, and where a match could not be made a
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MIT/BOMA Questionnaire was mailed to the address in the Assessor's report.
Approximately 110 questionnaires were sent (this number is included in the

total MIT/BOMA mailing described in section 3.4.1) of which about 30 were
returned by the Postal Service as undeliverable. (One does wonder just how

the yearly tax bills reach these particular owners!) This source of information

yielded damage values for 20 buildings.

3.4.4 Additional Assessed Valuations

During the late fall of 1972, it was decided that assessed evaluations
should be documented for all (if possible) of the buildings for which damage
information had been collected. The Ayres firm assembled this information from
the County Assessor's Office using the method described in Appendix B. Even
after considerable effort, it still proved impossible to match a few of the

building addresses with any address in the files of the Assessor's Office.

3.4.5 Encoding and Interpretation of Data

Encoding of data for storage in the computer began in January 1972 and
continued steadily throughout 1972, and there was continued improvement in a
computer program for extracting data from storage. The format for storage in
the computer is described in Chapter 4. During the fall of 1972, the accuracy
of all computer-stored information has been double-checked back against the
original sources,

There also was continued analysis of the data as a basis for deciding how
much additional data is required. Damage probability matrices were generated
from the data at several different states. Such matrices are discussed in

Chapter 5.

3.5 COMMENTS ON DATA GATHERING EFFORT

At the outset of this study, the M.I.T. staff recognized that this form
of experimental research would be every bit as difficult as good research in
the laboratory. Indeed, it proved to be difficult and expensive to compile
accurate and useful statistics. The task was certainly complicated by the

human element.
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Having completed the effort, questions arise. Which data gathering pro-
cedures proved most effective? Should still other procedures be used? What
steps might be taken before an earthquake to facilitate data gathering after
an earthquake? The following sections comment on some of these questions.
Inevitably, these comments will suggest that some povernmental agencies should
make some changes in their practices. These comments are not intended as
criticisms; rather they are suggestions based upon lessons learned. All of the
City, County and State agenciesg contacted in the course of this study were

extremely cooperative in making their records and files available.

3.5.1 Building List

The single most important step to facilitate a similar damage study, in
Los Angeles or any other area, is to prepare in advance a list of all buildings
giving their most significent characteristics and their addresses. Such a
list would have other uses as well: (a) in a benefit/risk analysis to assist
in choosing the optimum level of required resistance to earthquakes and other
rare events; (b) as a basls for a program of phasing out older buildings that
present hazards, etc.

Several key decisions must be made as a starting point for drawing up the
list. First, it must be decided what types of buildings should be included,
Presumably the list would not include just tall buildings with 5 stories or
more. First priority might be given to listing especially important structures
vital to community functioning. At the other end of the spectrum, single
family residences might be individually listed only in certain limited areas
spread out to give suitable geographical coverage. The second decision con-
cerns the building characteristics to be documented. From the standpoint of
earthquake damage studies for tall buildings, the following characteristics
are suggested:

Dates of original construction and major modifications
Number of stories

Structural system (steel, concrete frame, etc.)

Type of partitions

Type of exterior cladding

Type of ceilings/overhead lighting
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Type of foundation
Nature of soil (for any city it should be possible to develop a
small number of typical soil profiles for this purpose)
Address (location address and mail address of owner)
Other characteristics presumably would be added to meet objectives other than
earthquake damage studies.

It will also be necessary to designate one municipal or county agency to
be custodian of this data bank. For cities in the United States, at least,
perhaps the best agency would be the Assessor's Office. Such offices already
have all properties listed together with an address where the owner can be
reached. Other information, presumably to be researched and evaluated by cther
agencies, can be added readily. Using modern data bank techniques (Schumacker,
1971) it is possible to store the information in such a way that many of the
building characteristics could be used to access the information. It would
help greatly jusit to have the stored information readily accessible by loca-
tion address, and to have this same address used by all governmental agencies.

It will be a formidable task to develop a building list for a large
metropolitan area. At a recent national workshop on planning for disaster
mitigation, it was recommended that the federal government find a pilot
effort to develop suitable methods and procedures (McClure, 1972). One
potentially useful source of information, not used in the study described in
this report, is the maps prepared by the Sanborn Company (see comments in ESSA,
1969). M.IL.T. has subsequently used these maps for preparing building lists,
and has found them very useful for identifying what buildings exist as well
as their heights, sizes and structural characteristics. These maps alone do
not sovlve the problem of matching reliable mailing addresses to bulldings.

In addition, the information concerning structural characteristics is not

always accurate.

3.5.2 Damage Data

The best method for assembling statistics concerning damage caused by
future earthquakes will depend greatly upon the nature of the community
where the earthquake occurs. The best method will also depend upon the

overall objectives of the damage study. For example, immediately after an
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earthquake a community must estimate the total loss for purposes of applying
for disaster relief. A survey with this objective will be quite different
from the type of survey described in the preceding sections.,

The following discussion pertains to establishing data of the type dis-
cussed Iin this report. Within this general context, the following general
observations may be made:

1. Substantially complete damage information can be collected only if a

municipal agency has the reeponsibility and authority to assemble this

informaetion. The law must require cooperation by building owners, and
should contain a specific requirement for reporting the level of damage.

2. It is essential to establish, within the first one or two weeks after

an earthquake, the general level of damage for each building in the group

of buildings to be studied. It is not essential that the actual cost of
damage be estimated during a visit to a building; rather, it will suffice
to use damage descriptors such as those in Table 2.1, Such damage
descriptors will permit a community to estimate dellar damage for purposes
of applying for disaster relief. Armed with such information, it should
be possible to obtain at a later date the actual dollar cost of the damage
for purposes of a study such as the one described iIn this report.

3. The first responsibility of municipal employees after a majcr earth-

quake is to protect lives. Municipally employed building inspectors and

engineers will not be able to undertake the survey of less damaged
buildinge; all such employees will be very, very busy with essential
functions.

Note that a two-stage process is envisioned: (1) an initial survey to
establish e general picture of the damage and to identify buildings for which
more information would be desirable, and (2) a later questionnaire survey to
pin down actual damage costs.

These observations suggest that the initial survey of the damage of Mall"
buildings would best be undertaken by volunteer engineers from the community
with a municipal agency providing the impetus and direction. Just how to
organize this volunteer effort will certainly depend very greatly upon the
community. {(Possibly advanced undergraduate and graduate students from

engineering schools will be the best available pocl of manpowef for this
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purpose. Such students are always anxious to help in an emergency and, with
proper briefing, would be very capable at matching visually discovered damage

to damage descriptors.) Such "volunteer inspectors' will have to be provided
with documents authorizing them to inspect. They should be instructed not to
force entrance into buildings where owners resist the inspection: such building
owners must be approached later through more formal channels. The volunteer
inspectors also must be instructed not to offer judgements concerning safety

of a building, and indeed not to enter any building where they personally are
concerned about safety. In effect, the job of the volunteer inspectors would be
to document moderate to light to no damage; inspection of heavy damage should be
left to municipal engineers or to engineers specifically designated by the
municipality.

For maximum effectiveness and minimum chaos, such a survey effort will
require considerable preplanning and coordination. An essential ingredient is
a building list. Before the earthquake, the building list should be broken
up into geographical and building type units to facilitate the assignment of a
manageable number of buildings toc groups of volunteer inspectors.

If the preplanning has not been done, and if the building list does not
exist, the whole effort will be much more difficult. Considerable hastily-
organized planning will have to be done during the first few (already hectic)
weeks after the earthquake. Based upon the experience from the present study,
a few suggestions can be made.

1. Study the apparent zones of different intensity and the geographic

eroupings of buildings with different ages.

2. Select no more than 5 (and preferably only 3) geoeraphic locations,

each perhaps 5 blocks square, and concentrate efforts in these zones.

3. B8Bend observers into each geographic area to record, block-by-block,

the size and characteristics (apparent age, apparent structural type)

of each building, and also to describe the apparent damage.

4, Identify, 1f possible, large managing companies controlling groups of

buildings, and plead for their cooperation in recounting the damages to

their buildings.
The key here is selection and concentration on a few limited areas.

The questionnaire survey to establish actual damage costs should be
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conducted within a year after the earthquake. The information on damage from the
initial survey should provide leverage for securing cooperation f£rom owners:
however, follow-up undoubtedly still will be necessary. Follow-up should begin
within two weeks after the mailing. By selecting a limited number of geographic
areas for detailed study, the cost of the follow-up can be greatly veduced. A
survey matrix should be established giving types of buildings by location, and
targets (number of buildings with actual cost data) should be set for each

category of the matrix.
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SUMMARY DESCRIPTION OF WIGGIN'S INFORMATION SOURCES

INFORMATION SOURCE

State and L.A. City Elevator
Division Lists

High-Rise Activity in
Southern California 1960-
1967 published by Economic
Research Department,
Security Pacific National
Bank

New Hi-Rise Apartment
Buildings, map prepared by
Western Economic Research
Co. (WERC)

New Hi-Rise Office Buildings,
map prepared by Western
Economic Research Co. (WERC)

L.A. County Assessor's
Office Assessed Values

INFORMATION OBTAINED

For 211 buildings containing

elevators:

1) address of building

2} number of elevator
landings

3) date of elevator
installation

For all buildings 5 stories
and above and a valuation
of $500,000 or more

1) address

2) valuation

3) date permit issued

4) height in stories

5} building use

For all apartment buildings
8 stories and above built
from 1945-1970 in the Los
Angeles~Orange County region
1) date of construction

2) building name & location
3) height in stories

4) permit valuation

For all office buildings 8
stories and above built from
1947-1970 in the Los Angeles-
Orange County region

1) date of construction

2) building name

3) height in stories

4) permit valuation

5) gross floor area

For building and property,
assassed values were found

CENERAL COMMENTS

Addresses often slightly
in error. Building

height assumed equal to
number of lands minus 1.
Only 90% of lifts over 5
stories include a base-
ment--hence some 5-story
buildings were unavoidably
omitted.

Compiled from building
permits issued by various
city and county building
departments in the 10
southern counties of
California

Map shows 88 buildings

Map shows 207 buildings

Market value assumed to
be 4 times assessed
value. Very expensive
procedure to obtain
assessed values.



DEPARTMERNT OF CIVIL ENGINEERING
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
CAMBRIDGE. MASSACHUBETTES 02138

-Questionnaire-

What is the basic function of the building?

office apartment other (define)

35

What year was the building constructed?

Please identify the type of building construction used:
steel frame concrete frame

brick masonry other (define)

What is the total building floor area (gross sq. ft.)?

What is the building height above the ground level? stories
feet

What was total r:pair cost for physical damage caused by the San
Fernando earthquake? §

Please indicate the percentage repair cost breakdown for the items
listed below:

Structural (beams, columns, concrete walls, etc.)

Non-structural:

Mechanical (plumbing, heating, ventilating,
and air conditioning, etc.)

%

%

Electrinal (transformers, lights, etc.)
Elevators, escalators, and/or dumb waiters

%
%

Other (partitions, walls, ceilings, glass, etc.)

%

Total 100 %

Was there any inconvenience cost caused by the earthquake (i.e.
rental loss, employee time loss, etc)? . If so, what
do you estimate this cost to be? §

Would you be willing to give a detailed cost breakdown?

If s0, who should be contacted?
Name v Firm

Address

City ) Phone

Thank you for answering the guestionnaire.
FIGURE 3.1a. FIRST M.I.T., QUESTIONNAIRE

Building Ho,
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DEPARTMERNT OF CIVIL ENGINEERING
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
CAMRBRIDGE., MASBACHUBETTS 02138

January 1, 1972

Dear Sir:

The Massachusetts Institute of Technology is conducting a study of the
damage caused by the earthquake of February 2, 1971. This work is
sponsored by the National Science Foundation. The information obtained
will be used as a data base for estimating losses which might occur from
future earthquakes.

The earthquake of February 9, 1971 caused varying degrees of damage ©0
high-rise buildings. Because this earthquake is the most recent large
shake to occur in a populated United Siates area it has drawn the attention
of the people who are responsibie for changing building codes. It is fair
to state that in the future, earthquake code load factors will be either
increased or remain the same. It is in your best interest that decisions
affecting codes be based on accurate data.

The first step in this effort is to obtain an assessment of the damage
which occurred during the San Fernando earthquake. It is for this reason
that we ask you to please answer the attached questionnaire. The answers
you provide will become part of a comprehensive damage data base for
selected parts of the Los Angeles area. Please be assured that your
responses will remain annOoymous.

It is not critical that the cost information requested is exact. We
appreciate that the time you have to answer the questionnaire s Timited,
and we ask only that you be reasonably accurate. Even if your building

did not suffer any damage, please still answer the questionnaire, The

fact that your building had no damage {s very important information. Please
return the completed questionnaire in the enclosed envelope. '

Thank you for your cooperation.

Very truly yours,

(RIS S VAR ne S

Robert V. Whitman

Professor of Civil Engineering
Head of Soil Mechanics and
Structural Engineering Divisions

FIGURE 3.1b. M.I.T. COVER LETTER FOR FIRST M.I.T. QUESTTONNATRE
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%@ﬁﬁcﬂﬁmg Owners & Mmag@nﬂg Assoeiation

OF LOS AMBELES

PHIL BAUMARN
General Manager

TO:

BUILLDING OWNERS AND MANAGERS

FROM:

SUBJECT:

In a continuing effort to assemble information on the effects
of last vear's carthquake on office buildings, BOMA is partici-
pating with the National Science Foundation and the Massachusetts

Institute of Technology in addirional data gathering programs.

It is in our vital interest to have factual information available
when emotional, restrictive building code legislation is proposed

and we urge your cooperation in helping to assemble that informa-

tion,

Please fill out the questionnaire and return to the BOMA office in

the enclosed envelope.

This information will be held in confidence and reference will not

be made to any specific building in published reports.

ADVISORY COUNCIL

WILLIANM R. BLAGK
Vice Prasident
TITLE INSURANCEH AND
TRUST COMPANY

AQGBERT E. SHEEHAN
Senior Vice Prasident
CALIFORNIA PEDERAL SAVINGD
AND LOAN ASSOCIATION

JOMKN M. WILLIAMS
Vice Presidont
. A. ROWAN & CO.

encls.

FIGURE 3.1lc.

218 WESY SEVENTH STREEY - LOS ARNGELES, CALIF, 20014

January, 1972

PIHIL. BAUMAN, GIENERAL MANAGER

EARTHQUAKE QUESTIONNAIRE

Cordially,
wy

ey

" PHIL BAUMAN
General Manager

FEDERATED WITH BUILDING OWRNERS AND MANABERS ASSOCIATION INTERNATIOMNAL

PHONE G24-2181

OFCICERS

Procidoat
W, &, 6OX
Manager of
Corporate Buildings
SOUTHRRN CALIFORMLA
GAS COMPANY

Vico Prasidont
*AORGAN ADAMS, JR.
Partnev
ADAMS PLAZA

Vice Prosidon?
*LOWELL J. HEPPLE
Vice President
R. & HOWAN & €O.

Troasaror
“LOUIS W, JOMES, JR.
Vice Prasident
TITLE INSURANCE AND
TRUST GOMPANY

DIRECTORS
“HENRY E. BLAESIRG
Laasing Consuliant
NEW STORY BUILDING

AUSTIN C. CPMLES
Building Monager-Assisgtant Coshier
BANK OF AMERICA

A. J. DANZ
Manager of Buildings
ATLANTIC RICHFIELD COMPANY

EDDY S. FELDMAN
Afanaging Director
LOS ANGELES HOME
FURNISHINGS MART

J. EDWARD GIBRONS
Presidant

UNION REALCO

JOMN B, GLASS
Vice President
w. RQS§ CAMPBELL CO.

L. B. HIGBEE
Building Manager
UNION OIL CENTER

ROBER M. HELLEY, JE.
Managger
PACIFIC MUTUAL BULLDING

M. DOW RUIEK
anager
ATRPORT IMPERIAT, TOWERI
BL SEGUNDD

FLOYD ¥W. O'BRIEN
Vice Pre.
CALIFORNIA FEDERAL BAVINGS
AND LOAN ASSOCIATION

*RGLLIN €. PARSONS
Vice Presidont
SECURITY PACIFIC NATIONAL BANI

JAMES Y. REINHARD
Building Superintendont
DEPARTMENT OF WATER AND $OWIR
CITY OF LOZ ANGELES

QOY W. SCHENKEMBERGER
Vice President
UNITED CALIFORNIA BANK

ALLAN W, STYORKIS
Manager, Office Buildings
CORTUNY OITYT, INC.

GEQRGE &, TOPPLR
Vice President
WAGENSELLER & DURST
SECURKTIES CORRP.

WILLIAM £, WARD
Owner-Represeniakive

BOMA COVER LETTER FOR FIRST M,T.T, QUESTIONNATIRE PRACK sHOPS, QUINBX BLDCS

*Member Executive Committee



BUILDING OWNERS & MAMNAGERS ASSOCIATION OF LOS ANGELES

SHORT FORHM

. .

EARTHQUAKE QUESTIOHRNAIRE

| GEMERAL BUILDING TNFORMATIOH

A. Year built (original building) « ¢ « &+ o + o & o
Have there been additions
to the original building? Yes_ __ No_ = o____

8. Building Helght:

1. Storiss Above Main Entry . .
Z. Building Height o ¢« o o w o

C. Total Building Floor Area . . (gross sq. Tt.)
(basced on exterior dimensions, ox—

cluding subterranean parking areas)

D. Building Function {(Occupancy):

1. O0ffice Building . 5. fotel . « . . &
2. Apartment . . . . 6. Other (descripe):
3. Hospital . & o & B

o Store o o v e o —

E. Type of Building Construction
1, Steel Frame . . . 4. Qther (describe}

2. Concrete Frame¢. o _
3. Brick Masonry . .

F. I available, please give County Assessor’s "Assessed”
value. (28% of rair Market valuc]  Improvements only,
excluding land.

1. pre—earthquake (1970). o o &

2. Post—earthquake , . ¢ « « «

3. Reduction (due to
edrthquake damage} . .

1

EARTHQUAKE DAMAGE
A,

{NFORMATION
What was the total repair cost for physical damage

cauysed by the 3an Fernando Earthouake? {Including
all categortes in Part B below),
5 ] or none

Please indicate the percentage repair cost breakdown
for the items listed below. Indicate 0% where repairs
were not required or amount negligible.

1. Structural
(beams, columns, shearwalls, floors, etc. %
2. Non—-Structural:

a. Mechanical (plumbing, tanks, heating
veptilating, and/or air conditicning, etc.)]

2%

be Electrical (transfarmer, 1ights, etc.). . . b
c. Elevators, escalators, and/or dumb waiters %
d. Ornamentation, Interier & E

Dxterior (marble, tile, €tC.) o o o o = « « %
e, partition walls (exciuding painting) . . . %
f. ¢etlings (excluding painting) « o « o o o+ ____ %
g. Exterior non-structural walls

(excluding glass and painting) « o » = « » %
he G1ASS 4 4 » o = 2 o a o & = s 2 8 5 « 2 o = %
fe PAINTING & v v 6 s o 6 5 o s o 6 o o o o « %
je Contents {furniture, fixtures,

personal property, etCe) o v o o o+ o o . %
ke Other {including profcssional fees,

building department fees, etc.) . . . ., . . 3

Total « & v 0 o s o = =

C. Was there any inconvenience cost caused by the earthquake (i.e., renta) loss, employee time loss, etc. )7 Yes

|f s0, what is the estimate df this cost? §
D. Would you be willing to discuss this further?

Name

Yes

; number of days building unusable .

No

17 yes, who should be contacted?

Firm

Address

city_

Thank you for answering this questionnaire.

. ___Phone

FIGURE 3.2a.

215 W. SEVENTH STREET LOS ANGELES 90014 MAdison §--2181

JOINT M.I.T./BOMA QUESTIONNATRE

Building No.

D ——
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Building Qwners & Managers Association

OF LOS ANGELES

= — = =3

LT 214 WEST SEVENTH STREET o LOS ANGELES, CALIE. 90014 o PHONE 624-2181

“PHIL BAUMAN
General Manager

April, 1972

— OFFICERS —

Prasident
*10OULS W. JONES, IR,
Vice President
TITLE INSURANCE AND

TO: BUILDING OWNERS AND/OR MANAGERS TRUST COMPAIY
* MORGAM ADAMS, JR.

FROM: PHII, BAUMAN, GENERAL MANAGER A;Aiis”éfAzA
1. SEARS Sbons

SUBJECT: SHORT FORM EARTHQUAKE QUESTIONNAIRE UNION REALCO

Traasurar
*FLOYD W. O'BRIEN
Vice President

As you know, BOMA is the only agency uniquely capable of obtain- — cALIFOwiA FERERAL SAVINGS
ing high rise earthquake and other data from and for our industry.

In a continuing program of assembling usablc information which — DIRECTORS —
can allay the effects of future shakes, we are participating with ROBERT & a0

Operations otd Management

the National Science Foundation, Massachusetts Instirtute of Tech- CUSHMAN & WAKEFIELD, INC.
HEMRY E. BLAESING

nology and their consulting firm of Ayers, Cohen and Hayakaws, Leasing Consulicnr
< . N N NEW STORY BUILDING
in this final data gathering program. W, G, COX

Meonager of Corporate Buildings
SOUTHERN CALIFORNIA
GAS COMPANY

If you have participated in our regular surveys on Occupancy or & 1 DANZ
Building Operating Costs, you know the information is held in con-  anadi%dman Eheany
fidence and reference is never made to a specific building in the B o ELDM AR
published reports. Let me assure you that this survey informa- DRNISHINGS MART

rion will be treared with that same confidence. L. B. HIGBEE

Building Manager
UNION OIL CENTER

ROGER M. KELLEY, JR.

From information obtained in this and earlier surveys, valid and PACIFIC Mbanoger o ING

reasonable preventative measures will be developed and recom- ALAN D, LEVY
. . . ice President
mended for implementation later this year. ConSMAN REALTY &
M. EAOW LYICK
We urge your earliest cooperation in this effort and pledge our Ampoargl;\gz?ﬁéi TOWERS
. . . . N gundo
continuing perseverance in your and the industry's behalf. GUGENE W, METCALE

Assistant Secrstary & Manuger
Property Managersent Dept.
A. ROWAN & CO.

Thank you very much. *ROLLIN €. PARSONS
Vice President
SECURITY PACIFIC NATIONAL BANK
11 s BERNARD L. PROBERT
Cordldll 2 ; Operations Manag
“ o / ., DEL AMO FINANCIAL CENTER
e : Torrance
% éﬂ\:‘gES VSV RE(NHARD
ing Superintendent
ey 2 (44 . s DEPARTMENT OF WATER AND POWER
— ADVISORY COUNCIL — 4/"A /rf cle v CITY OF LOS ANGELES
2
WiLLiam R. BLACK A PHILY BA_UMAN ROY W, SCHENKENRERGER
Viee President t
TITLE JNSURANCE AND UNITED CALIFORNIA BANK
LE INSURANCE 2 seneral Manager e ¥
ROBERT E. SHEEHAN Manuger, Office Buildings
Sentor Vice President - CENTURY CITY, {NC,
CALIFORNIA FEDERAL SAVINGS FIGURE 3.2b, BOMA COVER LETTER FOR JOINT M,I.T./BOMA VIILLIAM E. WARD
AND LOAN ASSGCIATION QUESTIONNAIRE Owner-Representative
JOHN H, WILLIAMS BRACK SHOPS, QUINBY BUILDINGS
7. A\‘J‘CR"O*:\’;‘:;G’EQ' co. *idember Executive Committee

FEDERATED WITH BUILDING OWNERS AND MANAGERS ASSOCIATION INTERNATIONAL
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Chapter 4

DATA BASE

4.1 SUMMARY OF DATA AND INFORMATION SQURCES

The construction of the data base has already been described chrono-
logically in Chapter 3. To provide an overview of the data base, the
information sources and the contents of the data base are described briefly
in the following subsections. Table 4.1 provides a cross reference between

sources and data.

4,1.1 Information Sources

(a) SSR-Steinbrugge/Schader Report

Immediately after the earthquake, a damage survey was conducted
by the Pacific Fire Rating Bureau (now the Insurance Service 0ffice),
465 California Street, San Francisco, California. The results were
published in a report entitled, "San Fernando Earthquake, February 9, 1971"
by Steinbrugge and Schader. The damage information along with some building
characteristics for 59 high-rise buildings was given in the report and is
reproduced here in Appendix A,

(b) WERC - High-Rise Building Maps Published by Western Economic

Research Company

Information concerning high-vrise buildings of 8 stories and above
built between 1946 and 1970 in the Los Angeles-Orange County Region was
published by Western Economic Research Company, 13737 Ventura Blvd., Sherman
ODaks, California in two separate maps entitled, "New Hi-Rise Apartment
Buildings' and '"New Hi-Rise Office Buildings." Contained on the maps are the
building name, date of construction, location, height, gross floor area, and
permit valuation. Altogether, 88 apartment buildings and 207 office buildings
are shown on the maps.

(c) 8P - "High-Rise Activity in Southern California 1960-1967 by

Security Pacific National Bank"
This report presents a comprehensive record of all high-rise con-

struction activity in Southern California during the period from 1960 to



1967. 1In general, high-rise buildings are defined as having 5 or more floors
and a value of $500,000 or more. Information provided in this report includes
building function, date of construction, height, address, and pernmit
valuation.

(d) EERI - A Map Published by Earthquake Engineering Research Institute

Entitled, "San Fernando Earthquake February 9, 1971, Plot of
Maximum Recorded Basement Acceleration"

This is a map published by the Earthquake Engineering Research
Institute to show the location of the strong motion instruments and the
maximum accelerations recorded by the instruments during the San Fernando
Earthquake. Forty-eight high-rise buildings are included in the map. Most
of the information can also be found in the NOAA EERI, described next.

(e) NOAA EERI — NOAA-FERT Report Entitled, "Strong Motion Instrumental

Data on the San Fernando Earthquake of February 9, 1971"

Given in this report are the building address, height, structural type,
location of strong motion recorder, and the maximum acceleration recorded
during the San Fernando earthquake. There are 61 high-rise buildings con-
tained in this list.

(f) EQ-88 - "1970 Disaster Value Report EQ-88" by L.A. County Assessor’s

Office, September 9, 1971

This report centains the assessed building wvalues which are approximately
one quarter of the market values and the assessed value reduction after the
earthquake and priof to repair of the damages,

The devaluation of high-rise buildings is determined from owner's
estimates verified by the county appraiser. The devaluations are accredited
toward 1971's property tax only. After 1971, the buildings are assumed to
.have been repaired and the 1972 property tax was figured assuming the build-
ings were restored to the pre-earthquake assessed value. It is up to the owner
to appear for reappraisal if repair has not been completed. Apparently,
the possible building devaluation after repair has not been considered.

(g) LADRP - L.A. City Damage Repair Permits

Approximately 100 copies of damage repalr permits have been cbtained
from the Department of Building and Safety, the City of Los Angeles. Given

in the permit are the building function, number of stories, date of
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construction, size of the building, description of the repair, and the cost
of repair.

{h} LACA - L.A. County Assessor's Office

The assessed present building value (approximately one quarter of the
fair market value) may be obtained from this office.

(i) WIGGINS - Wiggins Building List

This is a list including most of the high-rise buildings 5 stories and
above in the Los Angeles area produced by J. H. Wiggins Company. The M.I.T.
building number and location code are assigned to each building on the list.
The date, height, value, structural damage, and non-structural damage are
recorded if available. Information concerning date of construction and height
was obtained from the State and City Elevator Division Lists of the L.A.
area. In doing so, it was assumed that the elevator was installed when the
building was constructed and that the building height equals the number of
elevator landings minus 1 (to account for a basement). The building value
was obtained from the Security Pacific report, WERC maps and the County
Assessor's Office. The structural damage is derived from repair permits;
the non-structural damage is obtained mainly from private conversations and
cost estimates for a few public buildings.

{j) BMQ - BOMA Questionnaire Survey as described in Section 3.3.3

(k) MIQ -~ MIT Questionnaire Survey as described in Section 3.3

(1) MBQ - MIT/BOMA Questionnaire Survey as described in Section 3.4.1

{m) SCHADER - Eugene Schader of the Insurance Service Office

Mr. Schader provided information on foundation and structural system
for some 125 buildings while he acted as a consultant to BOMA in the
MIT/BOMA joint effort on the MIT/BOMA Questionnaire Survey.

(n) ADR - Ayres Detailed Report as described in section 3.2.3

4.1.2 Data
The data stored in the several portions of the data base are identified
and defined as follows.
ACCEL - The maximum acceleration recorded in the building during the
earthquake. @
BLDG FUNCT - The basiec function of the building. The key for the entries

is as follows:



0 - Office
A ~ Apartment
H - Hotel
OT - Other

MIT NO. The building identification number, from 1 to 1851, used in
the construction of the data base., MIT NO. and BLDG NO. are
different.

STRUCT TYPE - The type of building frame construction. The key for'ihe
entries is as follows.
C - Concrete
S - Steel
BM - Brick Masonry
0T -~ Others

BLDG VALUE - The value of the building in dollars.

DAMAGE COST - The total cost of repair in dollars.

DATE - The year in which the building was constructed. -

EERI NO. - The bﬁilding identification number assigned in the EERI map
entitled "San Fernando Earthquake February 9, 1971. Plot of
Maximum Recorded Basement Acceleration."

FOUND TYPE — The type of foundation construction. The key for the
entries is as follows:
1 - Isolated spread footing
2 ~ Spread and combined footing

Piles foundation

3
4 - Cailsson foundation
5

Others

BLDG NO, - A number used to identify buildings for purposes of this
report. These BLDG NO.'s were assigned randomly and bear no
systematic relaticnship to any other building identification
number. A list equating BLDG NO. and MIT NO. has been retained
in the files at M.I.T.

GROSS FLOOR AREA - The gross floor area in square feet of the entire
building.

HT - The height of the building in storieg above ground level.
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INCONV COST - The inconvenience cost suffered by the owner and occcupants
(including the rental loss, employee time loss, etc.) in dollars.

LOC - Location of the building in reference to the Thomas Bros. Map Code.
The Los Angeles area is divided into approximately four mile
square areas. Each area is assigned & number which corresponds
to a page in the Thomas Bros. '"Los Angeles County - Popular
Street Atlas - 1972 Edition." The area locations and the
corresponding numbers are shown in Fig, 4.1. In a few
instances, the assigned numbers deviate slightly from the Thomas
Bros. Map, This figure also shows the correlation, as used in this

. study, between location and modified Mercalll intensity.

NOAA EERI NO. - The building identification number in the NOAA EERI report
entitled, "Strong Motion Instrumental Data on the San Fernando
Earthquake of February 9, 1971.."

% COMPONENT - Component repair cost expressed as a percentage of the

' total repair cost. Components include:
STRUCT - Structural damage
MECH - Mechanical damage
ELEC

Electrical damage
ELEV - Elevator, escalator damage
ORN - Interior ornamentation damage
PART - Partition, walls damage, excluding painting
CEILING - Ceiling damage, excluding painting
GLASS - Glass damage
EXTERIOR - Non-structural walls damage, excluding glass and
painting
PAINT - Painting cost
OTHER - Any other damage-related cost (including professional
fee, Building Department fee, etc.)
REDUCT MARKET VALUE - The reduction of the building value after the
earthquake and prior to the completion of the repair in dollars.
STRUCT DAMAGE ~ Structural damage in dollars in Wiggins' list.
NON~STRUCT DAMAGE - Non—strucéural damage in dollars in Wiggins' list.
STEIN NO. - The building number listed in the Steinbrugge/Schader Report
(Appendix A).
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4.2 DATA GROUPS

To facilitate access to the data from the various origins, the informa-
tion is organized in four principal groupings and stored in the Information
Processing Center (IPC) of the Massachusetts Institute of Technology. They
are named:

(1) Original Data Base Data (ODB)

{2) BOMA Questionnaire Data (BMQ)

(3) MIT Questionnaire Data (MIQ)

(4) MIT/BOMA Questionnaire Data {(MBQ)

Each group of data represents a particular phase of the data base construction
as described in the following sections. When the first set of data was
encoded, the final scope of the data was not yet known, and the same was true
at successive stages. Rather than change the entire input format at each stage,
a new data group was created. Four disk files are allocared for the data base
information. Each file consists of 2000 records. Information for each build-
ing is assigned to a separate record. However, information for a particular
building resides at the same record location in all files. TFor example, build-
ing number 551 has information stored in the 55lst record of the "Original Data
Base Data and the 551st record of the BOMA Questionnaire Data' file. Even if
there is neo information for a particular building, a record has still been
allocated in each file. While this is somewhat wasteful of disk space, the
storage needs will never exhaust the disk capacity. The main advantage of

this system is in the logical simplicity of the data structure. The record
size, of course, varies from file to file. In order to protect the buildings
being identified, the details of the system used to store and process the data
along with several computer programs for data analysls are given in Appendix

J under a geparate cover with distribution restricted to only the concerned
parties. The structures of the data groups are as described in the follow-

ing subsections.

4.2,1 Original Data Base Data
The infermation contained in this group includes MIT NO., LOC, DATE,
HT, BLDG, VALUE, GROSS FLOOR AREA, STRUCT TYPE, STRUCT DAMAGE, NONSTRUCT
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DAMAGE, STEIN NO., STEIN DAMACE, EERI NC., NOAA EERI NO., ACCEL, and FOUND
TYPE. The information sources for each item are listed in Table 4.2. In
the case where inconsistent information exists, the data from latter sources
(further to right in table} supercedes the former data. For purposes of
illustration, the first page of this listing is shown in Fig. 4.2 with

MIT NO. being replaced by BLDG NO.

4.2.2 BOMA Questionnaire Data

The information contained in this group includes MIT NO., STRUCT TYPE,
BLDG VALUE, DAMAGE COST, % STRUCT, % MECH, ¥ ELEC, ¥ ELEV, % OTHER, and
DAMAGE/VALUE (the ratio DAMAGE COST/BUILD VALUE, expressed as %). All data,
except the BLDG VALUE which is obtained from WERC, is obtained from the BOMA
Questionnaire. This date group is illustrated in Fig. 4.3 with the MIT NO.
being replaced by the BLDG NO.

4,2.3 MIT Questionnaire Data

The information contained in this group Includes MIT NO., STRUCT TYPE,
DAMAGE COST, % STRUCT, %Z MECH, 7 ELECT, % ELEV, % OTHER, GRCSS FLOOR AREA,
and BLDC FUNCT. All data was obtained from the MIT Questionnaires. The first
page of the listing is shown in Fig. 4.4 with the MIT NO. being replaced by the
BLDG NO. The total listing is given in Appendix F, also with the MIT NO.

being replaced.

4.2.4 MIT/BOMA Questionnaire Data

The information contained in this group includes MIT NO., STRUCT TYPE,
BLDG VALUE, DAMAGE COST, % STRUCT, % MECH, % ELEC, % ELEV, % ORN, % PART,
% CEILING, % EXTERIOR, 7 GLASS, % PAINT, % OTHER, GROSS FLOOR AREA, BLEDG
FUNCT, INCONV COST, and REDUCT MARKET VALUE. The data was obtained from
the MIT/BOMA Questionnaire, the Ayres Detailed Report, and the County
Assessor's Office. The first page of the listing is shown in Fig. 4.5,
with the MIT NO. being replaced by the BLDG NO. The total listing is given

in Appendix G, also with the MIT NO. being replaced.
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4.3 DATA PRESENTATION

In order to provide a unified picture of the data base and to facilitate
comparisons between data from different sources, the data from various sources is
collected and printed in a summary building list for all buildings for which
damage information has been collected. In doing so, two measures are undertaken
to minimize the possibility of the buildings on the 1list being identified. First,
the new BLDG NO. is assigned randomly to replace the old MIT NO.; thus, the
original data base listing {which had some limited distribution) cannot be used to
identify buildings for which damage data have been collected. Second, the
building height is printed as 19+ for all buildings taller than 18 stories. The
information contained in the summary list includes BLDG NO., HT, DATE, LOC, STRUC
TYPE, FOUND TYPE, BLDG FUNC, VALUE CODE, BLDG VALUE, DAMAGE CODE, DAMAGE COST, and
DAMAGE/VALUE (ratio of DAMAGE COST to BLDG VALUE). The first page of the summary
list is shown in Fig. 4.6 and the total listing of the buildings with damage
information is given in Appendix H. All of the notations, except VALUE CODE and
the DAMAGE CODE which are discussed below, used in this listing are either defined
in Chapter 4.1.2 or are self-explanatory. Note that -9 is used to iIndicate that
the data are unknown.

Since the data base was constructed from various information sources and the
degree of accuracy varies from one to the other, inconsistency in the data itself
is unaveidable. The success and meaningfulness of the data analysis depends on the
care taken in discriminating the accurate data from the inaccurate. This is not
necessarily an easy task, and it appears degirable to present all the factual
data to the readers along with 2 discussion on the accuracy of the data which is
given in the following section to provide some kind of confidence measure on the
data's validity. The VALUE CODE and DAMAGE CODE are designed to indicate the
source of Information for building values and damage costs, respectively. The
key for entries of the VALUE CODE is:

7 l. Original Data Base value

2. BOMA value

3. Original Data Base area times $25/ft?

4. MIT Questionnaire area times $25/ft?

5. MIT/BOMA area times $25/fc?
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6. Replacement cost as defined in Section 4.4.4

7. Present market value (assessed value X 4)

The key for entries of the DAMAGE CODE is:

1. Original Data Base Data

2. BOMA Questionnaire Data

3. MIT Questionnaire Data

4. MIT/BOMA Questionnaire Data

5. Steinbrugge Damage Data

In addition to the total damage cost, the component damage information is
also provided in the BOMA Questicnnaire, the MIT Questionnaire, and the
MIT/BOMA Questionnaire. Since lengthiness of the components damage information
prevents them from being included in the summary building list, the listings
of the BOMA Questionnaire, the MIT Questionnaire, and the MIT/BOMA Question-

naire are presented in Appendix E, Appendix F, and Appendix G, respectively.

4.4 DISCUSSION OF THE DATA

As described previously, the data base is constructed from various
sources of information over a period of time. A scrutiny of the data base is
helpful in discriminating the conflicting information, and an estimation of the
confidence level for the data collection may thus be obtained. The discussion
on the date of construction, building height, building type, building value,

and damage cost follows.

4.4.1 Date of Construction

For most of the buildings, the date of construction came from the Wiggins
Building List which in turn adopted the date of elevator installation from
the Elevator Division List. It is assumed that the elevator was installed
when the building was constructed. However, these dates were superceded if
so indicated by the Security Pacific, M.I.T. Survey Questionnaires and the
WERC maps. The construction dates are accurate to within 2 or 3 years, the
clder buildings (pre-1940) being the least accurate. For the purpese of dis-
tinguishing the seismic code provision, the accuracy of construction date

may be considered to be sufficient.



4.4.2 Building Height in Stories

The primary source of this entry is the Wiggins Building List which in
turn adopted the information from the Elevator Division List. It is assumed
that the building height equals the number of elevator landings minus 1 to
acevunt for a basement. The attempt here is to count 2ll stories beginning
with the ground floor. These heights were checked against the Security
Pacific List, the survey questionnaires and the WERC maps. 1In general, the
building heights are accurate to within *1 story. For buildings with damage

information, the building height generally is perfectly accurate.

4.4.3 Structural Type

The structural type gives the type of building frame construction and is
roughly divided into steel, concrete, brick masonry, and other to give a general
indication of the ductility of the buildings. The scurces of the building type
information are the survey questionnaires, the WERC maps, and the information

provided by Mr. Schader, and can be considered to be reliable.

4.4.4 Building Value

In order to normalize the building damage cost so that the buildings may
be placed in a certain damage state classified according to the damage ratio
(damage cost to present building value), estimates for the present building
values are essential. There are at least two ways of assessing the present
building value: the current market value and the replacement cost. The
difference between these two values, which arises from depreciation, infla-
tion, and market conditions,; may not be significant for the modern building
constructed in recent years, while it will be great for the old buildings.
From the standpoint of our study, the replacement cost is considered more
appropriate since this cost is a more-or-less definite quantity unaffected by
changeable factors such as assessing practice, market conditions, and infla-
tion. On the other hand, the assessed market value may be more meaningful for
studies conducted by the insurance industry.

The market value by itself is seldom a definite quantity but rather a
random variable depending on many factors affecting the building owner and

the economical strength of the community. It appears that the best way to
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obtain a consistent estimate of the market value is to multiply the assessed
value, which can be obtained from the County Assessor's Office, by a certain
factor. It is believed to be a common practice in the Los Angeles area that
the assessed value is approximately one quarter of the fair market value.
Procedures fcr evaluating assessed values are presented in Appendix B, and
assessed values have been obtained for most of the buildings with complete
damage and building infcrmation, except some non-—taxable public buildings and
the buildings with no damage reported. In all, more than 300 assessed values
were recorded with most of them coming directly from the Assessor's Office and
part of them from the MIT/BOMA Questionnaire, The assessed values alone are
not necessarily accurate; for example, a building may be divided into several
parts for the purpose of tax reporting, or a huge building complex may be taxed
by a single bill. Hence the assessed values will not be realistic unless the
building listed in the data base is identical to that listed in the Assessor's
Office. Checking the market value against the replacement cost, which is
defined next, appears to be the best way to eliminate some errors. About 30
assessad values were considered totally unreasonable and were eliminated from
the record as a result of this exercise.

The replacement cost is more—or-less a definite value as noted pre-
viocusly. The best way to obtain the replacement cest is to start with the
permit values at the time of construction and then to correct this value by
multiplying by an inflation index (Table 4.3). The permit values of most of
the modern high-rise buildings are available from the WERC maps and the
Security Report. For the old buildings built before 1946, and the 5- to 7-
story buildings built before 1960, no permit values are readily available £rom
public literature, and consequently are very difficult to obtain. For these
buildings, the replacement cost may be estimated from the total gross floor
area. The dollar values per square foot of floor area for a number of build-
ings are plotted in Fig. 4.7. The average value of 25 dollars per square foot
is adopted for all types and ages of buildings to estimate the replacement
cost based on the total floor area.

A comparison of the market value and the replacement cost is presented

in Fig. 4.8. The market value is higher trhan the replacement cost for the



buildings completed within one or two years, The averape market value~to-
replacement cost drops sharply in the first several years after the building
has been completed then becomes more—or-less constant. However, the scatter
of the data is fairly large.

To explain the behavior of the market value-to-replacement cost ratio,
an understanding of assessing practice is essential (since the market wvalue is
defined as 4.X the assessed value). A bullding is first assessed for tax
purposes when construction has been completed. The building is reassessed at
varying time intervals depending on the economic growth of the community in
which it is located. In rapidly develeping communities in the Los Angeles area,
a bullding may typically be reassessed every year., However, in areas of very
slow growth, the time between assessments may be 4 to 5 years. Normally, the
real market value is higher than that computed from the assessed value because
of the effect of inflation during the period since last asgsessment. The sharp
drop in the market value-to-replacement cost ratio for the newly constructed
buildings is explained by the fact that, while the replacement cost can
presently be determined for all buildings, the assessed value data are avail-
able for only those years in which the buildings were constructed. For the
older buildings which have at least been reassessed once, the inflationary
effect is cuommon to all, and hence the market value-to-replacement cost ratio
is more-or-less steady, with a very slow decreasing rate with age if the
building has been properly maintained. The scatter of the data may result
mainly from the difference in improvements and maintenance that a building
received during the past years. Either version of present building value, the
market value or the replacement cost, may be used for data analysis depending
on how the results will be interpreted. It is desirable to use both values
for the construction of the damage matrices and to compare the results. The
information at hand, however, does not provide complete data for both sets of
values, and compromises must be made. For the market values, more than 90%
are derived from the assessed values and the rest are estimated from the permit
value or the floor area: for the replacement cost, about half are obtained

from the corrected permit value, the other half from the gross floor area,
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4.4,5 Damage Cost

Damages incurred during earthquakes can be roughly divided into twe
categories: physical damage (repair cost) and nonphysical (incident) damage.
The damage cost hereafter refers only to physical damage. While some data is
derived from the Steinbrugge/Schader Report, damage repair permits, and the
EQ-88 Report, mest of the cost data is obtained from the Ayres Detailed Report
and the survey questionnaires. The accuracy of the data from each data source
is discussed next.

Since the questionnaire return is a voluntary response and the owners have
been assured that the information will be used for a general statistical study
only, it 1s reasonable to assume that the damage cost indicated in a question-
naire is the true figure or estimate. During the follow-up interviews it was
learned that the extent of the damage dces not affect the attitude of a person
answering the questionnaire. The building owners were very cooperative once
they were convinced that the damage information would be kept confidential and
that the study results could be very helpful to them. The covering letter from
BOMA of Los Angeles undoubtedly helped greatly in this respect.

from & limited number of comparisons, the data from the MIT and MIT/BOMA
Questionnaires agreed very well, while the data from the BOMA Questionnaires
differed slightly from that of the MIT or MIT/BOMA Questicnnaires., This
difference is reasonable because the damage costs from the BOMA Questionnaires
were estimated before the completion of the repair.

The Ayres Detailed Report covers the damage floor-by-floor, and the data
is believed to be excellent.

The matching of buildings in the Steinbrugge/Schader report with build-
ings on the M.I.T. list was based on the writers' judgement and has not been
confirmed by the authors of that report. While most of the damage costs
estimated from the Steinbrugge/Schader Report agree well with those obtained
from the questionnaire survey, substantisl differences do exist in some cases.
This is not totally unreasonable since Steinbrugge's damage costs were esti-
mated before vepair completion. Additionally, the chance of mismatching the
buildings alwaye exists.

The damage cost shown on the repair permit does net reflect the true

amount, but rather is estimated to be about 25% to 507 of the total cost.



This practice is followed because the cest of the repair permit increases with
the repair cost. Neote that only structural damage repair requires application
for a permit, while the nonstructural damage may be repaired without permit
authorization, and hence may not be included in the data. Therefore, the
damage costs from the repailr permit are very unreliable and are not used in
coustructing the damage matrices.

Presumably, the assessed value reduction (from the County Assessor's
Office) should equal one quarter of the total damage repair cost. The correla-
tions between the assessed value reduction and the damage cost from the
questionnaires for a number of buildings are shown in Fig. 4.9. It can be seen
from the figure, that the assessed value reduction equals the damage cost in
the average sense, and hence the assessed value reduction may be considered as
the damage cost.

However, because it may bias the data population toward the damaged side,
the information from the assessed value reduction has not been Incorporated
into the data base construction. Fig. 4.10 shows the difference between the
damage distributions derived from the whole data base and from the EQ-88

Report.
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DATA
BLDG NO
LOC
DATE
HT
BLDG VALUE
CROSS FLOOR AREA
STRUCT TYPRE
STRUCT DAMAGE
NONSTRUCT DAMAGE
STEIN NO#*
STEIN DAMAGE
EERI NO©
NOAA EERT NO'
ACCEL
FOUND TYPE

Table 4.2

STRUCTURE OF ORIGINAL DATA BASE DATA

INFORMATION SOURCES
WIGGINS (modified by M.I.T.)
WIGGINS
WIGGINS, SP, BMQ, MIQ, MBQ, WERC
WIGGINS, SP, LADP, BEMGQ, MIQ, MRQ, WERC
SP, WERC, LACA
SSR, LADP, WERC
WERC, BMQ, MIQ, MBQ, SCHADER
WIGGINS
WIGGINS
SSR
SSR
EERI
NOAA EERI
EERI, NOAA EERT
SCHADER

# The correspondence between BLDG NO and STEIN NO is given in

Appendix A. Thi

s correlation is a "best judgement"™ made by the

writers and has not been officially confirmed. It is probably
accurate for about 54 out of 59 buildings cited in SSR.

+The correspondence between BLDG NO and EERI NO and NOAA EERI is

not given in thi
the lists which

8 report so that buildings cannot be identified in
contain damage information.



Table 4.3

BUILDING COST INDEX (FROM ENGINEERING NEWS RECORD)

YEAR
1971
1970
1969
1968
1967
1966
1965
1964
1%63
1962
1961
1960
1959
1958
1957
1956
1955
1954
1953
1952
1951
1950
1949
1948
1947
1946

BASE YEAR 1913 = 100
943
835
790
721
676
652
627
612
594
580
578
559
548
525
509
419
469
446
431
416
401
375
352
345
313
262

FACTOR TO GET 1971 COST
1
1.13
1.20
1.31
1.40
1.44
1.51
1.54
1.59
1.63
1.64
1.69
1.72
1.80
1.86
1.92
2.01
2.11
2,19
2,26
2.35
2.52
2.68
2.74
3.02
3.70

58
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DAMAGE DISTRIBUTION (%)

DAMAGE EQ-88 WHOLE DATA
STATE VERSION A% VERSION B BASE

0 0 4 25

1 9 21 25

2 17 35 26

3 26 28 14

4 25 38 6

5 15 4 3

6 4 0 1

7 0 0

*Version A is computed by assuming: Repair
cost = Reduction value times 4,

Version B is computed by assuming: Repair
cost = Reduction wvalue.

FIG. 4.10, DAMAGE DISTRIBUTIONS FOR ALL TYPES OF
BUILDINGS IN MMI VII ZONE OBTAINED FROM THE EQ-88
REPORT AND THE WHOLE DATA BASE.
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Chapter 5

DATA ANALYSIS

Establishing a relationship between earthquake damage to high-rise
buildings and ground morion intensity is the principal objective of this
study. Since both the strength of a building and the local ground motion
pattern are to a large extent random in nature, it is not possible to obtain
a deterministic relation between the damage state and the ground motion for a
particular building. The most logical way is to proceed in a probabilistic
manner and to establish a statistical relationship based on available damage
data.

In so doing, buildings and the ground motion intensity must be categor-
ized according to the pertinent characteristics which relate to damage:
damage is determined by a complex interaction between building and ground
motion characteristics, The ideal approach is to combine the building and
ground motion characteristics into a single parameter which correlates well
with building damage and is useful to indicate the damage potential of an
earthquake loading to a particular building system. Such a parameter, however,
is not presently available and the building and ground motion categorization
must be made subjectively based on current pertinent knowledge. A precise
categorization for both building and ground motion is very difficult, if not
impossible, because of the great number of factors which affect the behavior
of buildings during an earthquake. The building and ground motion categor-
ization used for this study is discussed in section 5.1.

The categorization of the building and ground motion makes it possible to
construct a statistical relationship between the damage states and the ground
motion intensity for a particular class of buildings. The damage matrices
described below represent such relations. The damage matrices are essentially
the lumped probability density functions of the damage cost ratio (the ratio
of the total damage cost to the building wvalue) and from them the building
damage behavior may be discerned.

In addition to the information concerning the total damage cost, it is

also desirable to investigate the damage cost in view of different damage
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components, so that effective design procedures may be implemented to reduce
the total damage in a future earthquake. The component damage matrices as

described in section 5.2 are constrxucted for this purpose.
5.1 DAMAGE MATRICES

A typical damage probability matrix has been shown in Fig. 2.2. Each
column of the matrix represents the probability of incurring the given damage
states for buildings belonging to a particular category under the excitation
of a certain earthquake intensity. The sum of each column is always unity.
The whole matrix in turn represents the preobability of incurring the damage
states under all ranges of the earthquake intensities for a particular building
category.

Because of the difficulties in obtaining enough accurate damage informa-
tion and in categorizing buildings and ground motion intensity, it is hardly
possible to establish a set of damage matrices which have small (say less than
0.5) coefficients of variation and/or which can be used to describe the earth-
quake damage behavior observed in other areas. However, this study does
represent the first effort of this kind and provides a valid understanding of
damage behavior of high-rise buildings, at least those in Southern California,
under earthquake loading. L

For many purposes, it will suffice to condense the information in each

column of the matrix into a single quantity: the mean.damage ratio (MDR). As

used in this report, the mean damage ratio is computed on the average of the
damage ratios for all buildings in a particular category subject to the

specified intensity. That is, in this report:

n
1 I
MDR. = — I DR
I np oiq iI
where ny = total number of buildings in a particular category subject to ground
motion intensity, I.
DRiI = damage ratio for the ith buildings in a particular category and

subject to ground motion intensity I.
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An alternative method for computed MDRI would be:

8
MDR., = §= r ICDRS

I o S

where PSI = probability that a bullding of a particular type will experience
damage state S when subject to ground motion intensity I.

CDRS = central damage ratio for damage state 8 (see Table 2.1). This
alternative method is not used in this report. The two methods will yield
similar but not identical values.

For this study, the type of construction is divided into steel and
concrete to give a general indication of the ductility of the building. There
were insufficient brick masonry buildings to justify treating such buildings
in a separate category. The ductility, of course, varies from bullding to
building for each type of construction and hence it would be desirable to
obtain a more uniform grouping of buildings to further classify the buildings
according to particular structural systems, e.g., concrete shear wall con-
struction, concrete ductile frame construction, etc., However, the limited
amount of data available does not warrant a breakdown according to the
particular structural systems.

The building height is used to estimate 2 range for the fundamental
frequency of the building. It is divided into four categories, namely:
5¢te 7, 8 to 13, 14 to 18, and 19 stories or higher. In addition,
matrices have been computed for all buildings taken together. The class-
ification is largely subjective as discussed in section 3.3 refinement
is impractical for the limited amount of data presently available.

The foundation type gives an indication of the local soil properties
and could be & very important factor in a complicated geological location.
However, the effect of the foundation type is neglected because of (a)
limited information on the foundation type and (b) the fairly consistent
geological conditions (at least in a gross sense) in the Los Angeles area.

The design code provision is characterized by reference to the Uniform
Building Code (UBC): Zome O of UBC (no earthquake provision) for the pre-1933
buildings and Zone 3 of UBC for the post-1947 buildings. The years between
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1933 and 1947 are a transition period in the earthquake code evolution and the
variations in earthquake resistance in this periocd are discussed in Appendix
D. Because only a few high-rise buildings were built during the Depression
and World War I1I, the age category 1934-1946 was omitted in the analysis.

The building categorization is summarized in Table 5.1. For each intensity
zone, damage probabilities and mean damage ratios were determined for each of

the 45 combinatiocns represented by this table.

5.1.1 Building Categorization

For purposes of this study, the primary factors influencing the response
of a high-rise building to an earthquake are:

1. The type of bullding construction

2. Natural periods of the building

3. Foundation type

4. Design seismic resistance
Building height will be used as an indicator of natural period, while building

age will be used as an indicator of design seismic resistance,

5.1.2 Ground Motion Intensity

Since the invention of the strong motion recorder, the intensity of earth-
quake ground motion can be described in two ways: a qualitative measure such
as the modified Mercalli'intensity scale and a quantitative measure such as the
maximum ground acceleration. Various intensity scales in each category have
been proposed in past years: yet none cf them is petrfect by itself. As a
firsec step in this effort, the modified Mercalli intensity, the most popular
gqualitative intensity scale used in the United States, is used in this study.
The attempt to use a quantitative measure of the ground motion intensity will
be the subject of another report. A description of the modified Mercalli
intensity scale is shown in Fig. 2.3.

Because modified Mercalli intensity involves a very subjective evaluation,
inevitably there was some difficulty in assigning Intensities to each location
zone., The isoseismals used for this study have been indicated in Fig. 1.1 and
the corresponding relationship between location code and intensity has been

shown in Fig. 4.1, While the buildings in the epicentral region (location
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codes 2 and 3) are included in the data base, they have been excluded from the
statistical analysis presented in this report.

The isoseismal lines in Fig. 1.l were sketched by the writers using the
preliminary iscseismal map by Scott (1970). Scott's original map covered a
large area of California, and the writers applied considerable judgement,
based upon their own observations of damage, in refining the iscseismals to
make them applicable to the smaller area of interest in this study. When
shown Fig. 1.1, Scott suggested the revisions indicated in Fig. 5.1a. If Scott's
suggestions were to be followed, the implication would be wirtual elimination
of intensity zone VIII. For purposes of this study, it was decided to stick to
the version in Fig. 1.1; this point is discussed further in section 5.3.3.

The NOAA version of the epicentral intensities shows values from VIII to
XI (see Fig. 5.1b). However, many of the intensities appearing on this map
are influenced by observed damage to high-rise buildings and must be treated
with care.

Of course, the damage matrices can at any time be recomputed using a
different relationship between location code and intensity. However, the best
prospect for clarification eof this confusion lies in development of a quantita-

tive measure of intensity of ground motion.

5.1.3 Computation of the Damage Matrices

A computer program nas been developed which computes damage probability
matrices by height, age, structural types'and foundation type groupings. In
constructing the maitrices, there are several sources of information available
for both damage costs and building values. The various damage cost and build-
ing value sources are explained in detail in Chapter 4. Both the damage cost
and building value sources can be searched for in any prespecified order and
their values scaled by a prescribed factor. Therefore, in the computation of
a given matrix, several damage sources can be selected and searched in a
predetermined order. Similarly, building value sources can also be selected.

Two sets of damage matrices have been generated based on the replacement
cost and on the market value. There are approximately 370 buildings for
which both damage cost and building value information, along with other build-

ing characteristics, are available. The searching order is:
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MIT/BOMA Questionnaire
MIT Questionnaire
BOMA Questionnaire
Steinbrugge Damage
for the damage costs, and
Corrected Permit Value
MIT/BOMA Area (x $25/ft?)
MIT Area (% $25/ft?)
Data Base Area (X $25/ft?)
Market Value (assessed wvalue X &)
for the building values of the replacement cost version and
Market Value (assessed value X 4)
Corrected Permit Value
MIT/BOMA Area (x $25/ft?)
MIT Area (% $25/ft?%)
Data Base Area (X $25/ft?)
for the building values of the market value version.

The replacement cost version and the market value version of the damage
matrices are summarized in Figs 5.2 and 5.3, respectively. Note that all
probabilities and mean damage ratios are expressed as percentages. The mean
damage ratios of the market value version are almost twice as high as those of
the replacement cost versionu

An alternate way to present the damage data is to group the data accord-
ing to geographic location of the buildings rather than according to building
category. In this way all damage data are presented in a single matrix with
each column of the matrix representing the distribution of damage ratics for
one particular area. The replacement cost version of these damage ratio dis-
tributions has been computed for both the pre-1933 and post-1947 buildings.
The number of buildings, the mean damage ratioc, and the standard deviation

for each area are summarized in Fig. 5.4.
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5.2 COMPONENT DAMAGE MATRICES

The damage infermaticn for a particular building category in a certain
intensity zone are lumped together and rearranged to show the percentage of
the component damage cost in relation to the total damage. Because the damage
components breakdown of the MIT/BOMA Questionnaires is different from that of
the MIT and the BOMA Questionnaires, two sets of component damage matrices are
created. The first set, designated as Version A, uses only the MIT/BOMA
Questionnaires, while the second set, designated as Version B, employs all of
the survey questionnaires, i.e., the MIT/BOMA, MIT and BOMA Questionnaires.
For Version A, damage is divided into 11 components: structural, mechanical,
elecitrical, elevator, ornamentation, partition, ceiling, exterior walls, glass,
painting,and others. For Version B, damage is divided into only five compon-
ents: structural, mechanical, electrical, elevator, and others. The term
"others" covers all those not included in the previous components in each set.
Sample matrices of Versions A and B are given in Fig. 5.5 and Fig. 5.6,
respectively. Each row of the component matrix represents the probability
of incurring the given component damage ratio (component damage cost to the
total damage cost) for buildings belonging te a particular category. The sum
of each row is always unity. The mean component damage ratio and its standard
deviation for each component are also given {(as %) at the right end of the
matrix and the sum of the mean component damage ratio is always 100%. Some
representative component matrices are selected and presented in Appendix I.
The mean component damage ratios from Versions A and B are summarized in
Figs 5.7 and 5.8, respectively,

The building damage may be considered to be closely related to the
maximum inter-story displacement and the maximum acceleration which the
building experienced during the earthquake excitation. The mechanical,
electrical, and elevator damage may be more closely related to the maximum
acceleration, while the other components are more closely related to the
maximum inter-story displacement.

In general, for buildings in intensity zone VI, the damage was about
5% structural, 5% elevators, and 90% partitions and finish. For newer

buildings in zone VII, these numbers were approximately 207 structural, 3%
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mechanical, 10% elevators and 65% partitions and finish. In zone VIII, even
though the total dellars spent for repalrs increased, the percentage of
these repairs spent on structural damage decreased compared to zone VIT.
These results may be compared with those compiled by Steinbrugge (1972)

for 27 buildings mostly in zone VIIL: 3% to 25% structural, 48% to 56%
interior finish, 237 to 347% exterior finish, and 47 tc 77 for mechanical-

electrical.

5.3 DISCUSSION OF THE DAMAGE MATRICES

As stated previocusly, the damage matrices are probabilistic statements
relating earthquake intensity to damage state for each particular building
category, while the component damage matrices illustrate the damage distri-
bution among the various damage components. The confidence level of these
distribution matrices depends on the amount of data available and on the
complexity of the building groupings. Ewven though it may not be possible to
place great confidence upon sach number in the matrices, the general pattern
of the damage behavior may be examined and the mean damage ratio may be used
with reasonable confidence. The following discussion is based mainly on the
variation of the mean damage ratios while the damage matrices are used to
detect some abnormal behavior of the mean damage ratio and to substantiate
explanatiens. The mean component damage ratio and the component damage
matrices are discussed in a similar way. The following discussions are based

on the damage matrices of the replacement cost version

5.3.1 Damage Behavior in MMI VI Zone

The MMI VI zone covers a large area as shown in Fig. 1.1 and there are
a great number of high-rise buildings in this area. However, because most of
the bulldings suffered very little or no damage, less effort has been devoted
to the collection of data in this area. As a result, there are only 76 build-
ings with complete damage information located 1n this zone. The distributioen
of the buildings in each category is shown in Fig. 5.2.

A study of the damage matrices reveals that most of the buildings

suffered no damage at all. All of the bullding categories, except the
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8- to 1l3-story, post-1947 concreie buildings which had a mean damage ratio of
0.15%, recorded a mean damage ratio of less than 0.1%Z. The overall average
damage ratio was 0.067%.

Upon examination of the component damage ratios, it appears that paint-
ing, partitions, and glass were the major damage components, while the
structural damage, mechanical damage, electrical damage, and elevator damage
are negligible. It appears that the damage is closely related to the
inter-story displacement and the flexibility of the partition walls and glass
panels. At this level, the structural strength is not an important factor in
the extent of building damage. Improvement of the flexibility of the partition
wall and the glass panel may be one of the most effective ways to reduce the
total damage in MMI VI.

Based on the damage matrices, some observations follow:

1. The performance of the pre-1933 buildings was superior to that of the
post-1947 modern buildings, especially in the case of concrete buildings.

The possible explanations are that the modern partition wall and glass panel
construction is weaker than their counterparts in the old construction and/or
that the old buildings are stiffer than the new ones and hence less inter-story
displacement incurred during the earthquake.

2. The post—-18947 steel builldings suffered less damage than did the post-1947
concrete buildings. This is consistent for all height categories. It 1Is not
clear why the partition wall and the glass panel of a modern concrete building
is weaker than that of a modern steel building.

3. The 8- to 13-story buildings had higher damage than other height cate-
gories. This is true for both steel and concrete buildings. This observa-
tion may be related to the predominant period of the ground motions at a

moderate distance from the epicenter.

5.3.2 Damage Behavior in MMI VII Zone

As shown in Fig. 1.1, this zone covers downtown Los Angeles and some
highly populated areas. Most of the very tall buildings are located in this
area., Because the buildings suffered from light to severe damage, considerable
data gathering effort has been devoted to this area and there are 275

buildings with complete damage information located here. The damage statistics
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generated from this zone are much more reliable than those from the other two
intensity =zones.
It is apparent from the damage matrices that only 20%Z of the buildings
were free from damage and that the post-1947 modern buildings performed quite
satisfactorily while the old pre-1933 buildings reported very high repair costs.
Some of the pre-1933 buildings were very close to collapse. A study of the mean
component damages shows that the painting and partition wall still accounted for
the major part of the repair cost, but structural damage and elevator damage both
represented a sizable portion. The wide scatter of the component damage matrix
values reveals that the damage pattern varied greatly from building tec building.
This may imply that the earthquake damage is always going to occur in the
weakest part of the structure owing to improper design or bad workmanship, and it
is always possible to reduce the earthquake damage by paying attention to
detailing and workmanship. Some observations from the damage and component
matrices follow:
1. The most striking point from the damage matrices is that the pre-1933
buildings, both concrete and steel structures, suffered moderate damage
and recorded a mean damage ratio of 2.75%, while the post-1947 buildings
had ounly light damage with a mean damage ratio of 0.5%. The extent of
damage of the old buildings is 5.5 times that for the modern buildings.
This may result from the following:
a. The effectiveness of the earthquake design provision in
reducing the earthquake damage. '
b. In repairing the structural damage of the old buildings, it
is a common practice to not only bring the strength to the previous
state, but also to reinforce it to reach the strength required by
the current building code.
¢, Many defects and cracks existed in the old buildings before
the earthquake. Owners took the opportunity, when repairing the
earthquake damage, to refinish the building and reported these
costs as part of the earthquake damage. It is very difficult
indeed to separate earthquake and non-earthquake damages at the
time of repairing.
2. For the post-1947 modern buildings, there is a general trend that the

taller the building, the lighter the damage (see Fig. 5.9)., It is
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probably because the UBC code is more conservative for the taller
buildings and the wind force consideration, instead of the earthquake
provision, may govern the design for lateral resistance for the taller
buildings.

3. 1In general, concrete structures suffered higher damages than their
steel building counterpartg (see Fig. 5.9). Also, concrete buildings
suffered a higher degree of structural damage than the steel buildings.
This seems to be reasonable since yielding is more visibly evident

in concrete members than in steel members.

4. The elevator damage wag approximately 10% of the total cost of all
building categories. It is worthwhile to note that the elevator damage
is not uniformly distributed among the bulldings but rather concentrated
in a few buildings. Since the function of the elevator is 5f vital
importance to the tall buildings especially in the case of emergency,

it is advisable to improve the elevator design to eliminate the possibi-
licvy of elevator failure during severe earthquake. Additionally, the
failure of an elevator may cause much inconvenience and employee time

loss.

5.3.3 Damage Behavior in the Epicentral Region

The modified Mercalli intensities in the epicentral area according to the

intensity rating by the Seismological Field Survey, NOAA, is shown in Fig.

5.1.b. Also shown in Fig. 5.1.b are the area codes as defined in Fig. 4.1,

the locations of the high-rise buildings with damage information, and the

boundary lines of the intensity zone used in this study. Since the high-rise

buildings with damage information are located only in areas 2, 7, 15 and 16,

the discussion heresfter will be mainly focussed on these four areas.

The high-rise buildings in area 2 were all heavily damaged: The Olive

View Hospital nearly collapsed, the Holy Cross Hospital suffered very severe

damage and may yet be demolished, and the Indian Hill Medical Center sustained

a damage ratio of 26%. All three buildings were modern reinforced concrete

construction. Therefore, no comparison of the behavior of steel and concrete

structures can be made. The details of the damages to these buildings are

available in other publications, e.g., The Engineering Features of the San
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Fernando Earthquake, Feb. 9, 1972, EERI. The intensity at the locations of
these three buildings was rated as MMI X. A multi-story tower at the Pacolma
Memorial Lutheran Hospital (area 3, intensity IX) was also very severely
damaged and was demolished.

Even though the intensities in the areas of 7, 15, 16 and 17 were rated
as MMI VII by the Seismological Field Survey, it was decided to include these
areas in the MMI VIII zone for this study for the following reasons:

1. Even though the damage to modern steel buildings in this area was

comparable to the damage observed in MMI VIT zone, the modern concrete

construction suffered a much higher degree of damage than was recorded in
the MMI VII =zone.

2. There would be no damage data at all for MMI VIII if these areas are

included in MMI VII. The inclusion of these areas into MMI VII does not

affect the damage matrices for MMI VII to a major extent as shown in

Fig. 5.10.

3. At their minimum, the intensity of these areas was right on the

boundary line between MMI VII and MMI VIII. It seems reasonable to use

the damage data in these areas as a representative measure of the damage
behavior in the MMI VIII zone, at least as a lower bound.
One lesson we may learn from the building damage behavior in the epicentral
area is that the steel structures suffered far less damage than the concrete

buildings did at high levels of ground motion Intensity.

5.3.4 Additional Observations

For the older steel buildings in MMI VII (see Fig. 5.9) and also in MMI VI,
the damage to 8- to 1l3-story buildings exceeded the damage to 5- to 7-story
buildings. Considering all post-1947 buildings, the mean dsmage ratio atten-—
uates more rapidly with distance for 5- to 7-story buildings than for 8- to
13-story buildings outside the epicentral region (see Fig. 5.11). The observa-
tions may be related to differences in the rate of attenuation of high and low
frequency components of the ground motion. The trend was reversed in the
epicenctral region. 1t seems, however, that the limited amount of data available

in the epicentral region is not sufficient to provide a confident estimate.
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Table 5,1

SUMMARY OF BUILDING CATEGORIES

BUILDING BUILDING  FOUNDATION DESIGN
TYPE HEIGHT TYPE STRATEGY

All types All heights All types All buildings

Steel 5-7 Pre-1933
Concrete 8-13 1947-1971
14-18

19+
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CODE

2

7
15
16
19
21
22
23
25
27
33
34
40
41
42
43
44
45
49
56
63
68
70
73
75
76
80
92
%6

FiG.

PRE-1933
NO OF BLDGS

= B o

10

20

12

5.4. SUMMARY OF MEAN DAMAGE RATIO FOR EACH AREA, REPLACEMENT COST VERSION

M.D.R.

o O O O o O

L0595
.0038

.007

.0131
L0422

0.0005

0.

0002

S.D.

.0952
.0051

.0123

o o o O O O

0.0157
0.0939
0.001

0.0007

AREA CODE

2

7
15
16
19
21
22
23
25
27
33
34
40
41
42
43
44
45
49
36
63
68
70
73
75
76
80
92
96

POST-1947
NO OF BLDGS
2
4
10

e Y B N s S L ¥ e v

—

11

N

M.D.R.
0.504
0.011
0.0292
0.0016
0.0393
0.0
0.0066
0.0052
0.0368
0.0015
0.0006
0.0061
0.0013
0.0009
0.0016
0.0037
0.0048
0.0377
0.0004
0.0007
0.0
0.0
0.0
0.0002
0.0
0.0
0.0
0.0
0.0

5.D.
0.246
0.0096
0.0386
0.0012
0.0157
0.0
0.0061
0.0050
0.0396
0.0032
0.0009
0.0142
0.001§i
0.0018%
0.0031
0.0044
0.0073
0.0
0.0007
0.0011
0.0
0.0
0.0
0.0
0.0001
0.0
0.0
0.0
0.0



JMHI VI
§ AGE PRE-1933 POST-1947 ALL
ElsrrUCT TYPE ALL c s ALL C ] ALL c s
¢ 90 100 80 86 86 86 58 9% 83
1 10 0 20 14 14 14 12 10 17
%2 0 0 0 o 0 0 0 0 a
=3 0 o 0 0 0 0 0 0 0
v o 0 0 0 0 0 0 0 0 0
g5 0 0 0 0 0 0 0 ) 0
2 6 0 0 0 o 0 0 0 0 o
7 0 0 0 0 0 0 0 0 0
M.D.K. 0.0003 0 0.0006 | 0.0003  0.0002 0.0003 | ©.0003 0.0002 0.0004
ST DEVIATION | 0.0008 a 0.0011 | 0.0006 0.0005 0.0006 | 0.0007 0©.0005 0.0008
[vo OF BLDCS 10 0 5 14 7 7 24 10 12
0 78 &0 75 75 46 94 74 56 86
1 11 20 0 14 27 6 13 25 5
o2 11 0 25 7 18 0 1l 13 $
AR 0 0 o 4 9 o 3 6 o
1 oy 0 0 0 0 0 ¢ 0 0 0
é 5 a 0 ¢ o 0 0 0 0 0
) 0 ¢ 0 G 0 ¢ a 0 a
7 0 0 o a 0 o ¢ 0 a
M.D.R. 0.0010  0.0002 ©0.0021 | 0.0012  0.0027 0.0002 | 0.001% 0.0019 0.0008
ST DEVIATION | 0.0026 0.0004 0.0036 [ 0.0033 0.0049 0.0006 | 0.0033 0.0042 0.0022
NG OF BLDGS 9 5 4 28 11 17 18 16 22
0 0 0 0 75 67 83 75 67 83
Lt 0 o 0 25 33 17 25 33 17
5 2 o 0 g 0 0 o 0 0 o
A 5 o3 o 0 o 0 0 o} 0 0 0
> R 0 0 0 0 0 0 0 0 0
% 5 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
M.D.R. 0 0 0 £.0007  0.0009 ©.0005 | 0.0007 0.0009 0.0005
ST DEVIATION 0 o 0 0.0012  0.0013 0.0010 | 0.0012 0.0013 0.0010
o or BLDSS 6 0 0 12 5 6 12 5 6
0 0 0 0 67 0 100 67 0 100
1 0 0 0 33 100 o 33 100 0
é 2 0 0 0 0 0 0 0 0 0
B 3 0 0 0 0 0 ] 0 0 ]
5 §‘ 4 0 0 0 0 0 0 0 0 0
55 o 0 0 0 0 ¢ 0 0 0
"6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0
M.D.R. 0 0 0 0.0003  0.0007 0.000L| 0.0003 0.0007 0.000L
ST DEVIATION 0 0 0 0.0003 0.0 0.0001{ 0.0003 0.0 0.0001
MO OF BLDGS 0 o 0 3 1 2 3 L 2
o 84 88 78 77 60 91 78 67 86
1 11 13 1l 18 28 g 16 24 10
% 2 5 0 11 4 8 0 5 6 5
al B s 0 0 0 2 4 o i3 3 0
gy 0 0 0 0 0 0 0 0 0
% 5 0 0 o 0 0 0 9 0 0
6 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 ) 0
M.D.R. 0.0006 0,000% 0.0012] 0.0008 ©0.0015 0,0003| 0.0609 0,0012 G.0006
ST DEVIATION | 0.G019  0.0004 0.0026| 0,0024 0,0035 0.0007| 0.0024 0.0031 0.0017
NO OF BLDGS 19 8 9 57 25 32 77 33 42
FIG. 5.3. SUMMARY OF MEAN DAMAGE RATIO, MARKET VALUE VERSION

Data for damage states expressed in percentage.

M.D.R."s and standard
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* Data for damage states expressed in percentage.

M.D.R.'s are not expressed in percentages.

ZONATION AS IN FIG. 1.1 ALTERNATE TSOSEISMAL IN FIG. 5.1a
MMI Vi1 VIII VIT ] VIII
& ] AGE POST-1947 POST-1947
= STRUCT _j
s ALL C s ALL C 8 ALL C S ALL ¢ S
TYPE
0 24 21 24 0 0 19 17 17 0 0 0
1 27 26 28 25 0 38 29 23 31 " 0 0
2 27 16 38 50 25 62 29 17 46 0 0 0
E 3 15 26 5 17 50 0 15 30 3 0 0 0
E E 4 7 11 5 8 25 0 8 13 3 0 0 0
é 5 o 0 0 0 0 0 0 0 0 0 0 0
S 6 0 0 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 o 0 D 0 0 0
M.D.R. | .0082 ,0105 .0066 | .0117 .0267 .0042 |.0092 .0134 .0060 0 0 0
NO OF 41 19 21 12 4 8 48 23 29 | 0 o o
BLDGS
0 36 27 b4 25 0 50 34 25 44 0 0 o0
1 31 33 31 0 0 0 30 31 29 0 0 0
52 20 32 6 25 0 50 21 31 9 0 0 o0
e % 3 11 8 16 0 0 11 8 15 0 0 0
b p b 2 0 3 0 0 0 1 0 3 0 0 o
% 5 0 0 0 50 100 0 3 5 0 6 0 o
S 6 0 0 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0 0 0
M.D.R. | .0047  .0043 .0052 | .0494  .0963 .0025 |.0072 .0090 .0051 0 0 0
NO OF 70 37 32 4 2 2 73 39 34 o 0 o0
BLDGS
FIG. 5.10., VARIATION OF THE DAMAGE MATRICES DUE TO THE CHANGE OF INTENSITY ZONATION
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Chapter 6

SUMMARY AND CONCLUSIONS

The preceding chapters have described the assembling, processing and
analyzing of the data concerning earthquake damage to high-rise buildings,

5 stories and higher, during the San Fernando earthquake of February 9, 1971,
Lessons learned and results derived from rhis exercise are summarized in the
following paragraphs.

The data collection effort has been described, chronologically, in detail
in Chapter 3. The first step in this effort was the construcition of a build-
ing list which would contain all buildings 5 stories and higher in the Los
Angeles area. This was done by adopting the information obtained from a
listing of all licensed elevators provided by the State and Los Angeles City
Elevator Divisions. It was learned later that the Sanborn maps prepared by the
Sanborn Company of New York could be the most useful documents for the con-
struction of such a building list. To obtain the damage cost, bullding value
and structural type, effort was first spent in studying published literature
and in consulting with local engineers and government agencies. It was
quickly learned that a questionnaire survey with subsequent personal follow-up
would be necessary if a sufficient quantity of data were to be compiled; hence,
questionnaire survey constituted a major part of this total effort. In all,
about 370 of 1650 buildings on the list had damage data available with most
of the information coming from the questionnaire survey. It is believed that
all possible avenues have been explored and that the data collectiocn effort
has reached the point of diminishing return. Indeed, the task of compiling
accurate and useful statistics proved to be difficult and expensive. Some
suggestions are made concerning possible similar efferts following future
earthquakes. The importance of having an adequate building list in advance
of an earthquake is stressed.

The data have been organized into a format sultable for storage in a
computer to facilitate ready display in useful form. The main features of
the data are compiled in the Summary Building List (Appendix H), and informa-

tion concerning component damage can be found in the listings of the BOMA
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Questionnaire Data (Appendix E), the MIT Questionnaire Data (Appendix F) and the
MIT/BOMA Questionnaire Data (Appendix G). In presenting the data, it has been
kept in mind that the data may be used in different ways by different researchers
in the future. Every effort has been made to check the validity of the data,
and it is believed that it is reasonably accurate and reliable.

The data have been analyzed in Chapter 5 by constructing and examining
damage matrices and component matrices. The damage matrices give the
probabilistic distribution of the damage ratio (the total damage cost divided
by the building value); the component matrices show the probabilistic distribu-
tion of the component damage ratio (component damage cost divided by the total
damage cost). Two versions of the damage matrices, the replacement cost version
and the market value version, have been presented in Figs 5.2 and 5.3,
respectively. Differences between these two versions result from the two ways
that the building values were evaluated. Also, two versions of the component
matrices have been presented in Figs 5.7 and 5.8, and in Appendix I. Differ-
ences between these two versions result from the different number of compon-
ents used in each version. In addition to the matrices mentioned above, the
mean damage ratios for each geographical area have been computed and are shown
in Fig. 5.4. From study of the matrices and mean damage ratios, the following
conclusions may be drawn:

1. At the level of MMI VI earthquake excitation, most buildings suffered

no damage. Some buildings had partition wall cracks but only to a very

limited extent.

2. At MMI VII, the pre-1933 buildings suffered considerable damage

while the performance of the modern buildings, both concrete and steel,

was quite satisfactory.

3. At MMI VIII, only the post—1947 steel buildings did not suffer

extensive damage. The post-1%47 concrete buildings were damaged consi-

derably.

4. 1In general, concrete buildings experienced a higher degree of damage

than the steel buildings.

5. Generally, the taller the building, the smaller the damage for the

high-rise buildings (5 stories and above).

While these trends have already been observed by others based on limited data,



the detailed and extensive study of damage caused by the San Fernando

earthquake has served to document these trends in probabilistic terms.
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APPENDIX A

High-Rise Buildings in Steinbrugge Report



BLDG NO STEIN NO

607
1799
559
783
16
345
304
1513
109
173
1169
663
434
1260
828
1539
3
860
1150
1407
640
19
269
856
1353
782
1089
1702
109
1486
1699
1389
537
785

1

v oo NNy e W

W oW W W W R N N R RN RN R N R e e b R
BV o O s V- T B R N R N O O A L T T T * LY T SO VO Sy Py o

DIST LOCATION
Wilshire
Beverly Hills
Beverly Hills
Van Nuys
Sherman Oaks
Sunset Strip
Hollywood
Beverly Hills
Downtown L.A.
Hollywood
Miracle Mile
Sunset Strip
Westwood
Hellywood
Hollywood
Wilshire
Hollywood
Westwood
Sunset Strip
Century City
Miracle Mile
Hellywood
Miracle Mile
Wilshire
Wilshire
Westwood
Wilshire
Miracle Mile
Downtown L.A.
Downtown L.A.
Van Nuys
Encino
Hollywood
Beverly Hills

BUILDING INFORMATION

STORIFES
consmn ABOVE/
DATFE. GRADE
57-59 6/3
1955 8/1
59-60 8/1
63-64 8/0
64-65 8/1
60-61 9/3
63-64 10/0
63-64 10/1
62-63 11/2
58-59 12/1
55-56 12/1
62-63 12/1
60-61 12/1
65-67 12/1
55-56 13/0
57-58 13/1
68-69 14/0
61-62 15/2
63-64 15/1
68-70 15/3
63~64 18/1
61~64 19/3
59-61 22/1
60-61 22/1
61-63 22/1
69-70 24/4
67-69 31/1
1968 3174
1963 32/2
65~67 42/
66-67 7/0
64-65 8/1
63-64 8/3
61-62 8/1

AREA#*
350,000
92,000
85,000
97,000
45,000
100,000
110,000
100,000
280,000
102,000
110,000
159,000
128,000
200,000
95,000
200,000
188,000
231,000
140,000
340,000
160,000
90,000
210,000
453,000
356,000
605,000
750,000
475,000
700,000
700,000
59,000
68,000
120,000
79,000

EXTERIOR AND ORNAMENTATION
Marble facing crkd
Windows 5th & 7th
Windows 3rd

Lobby walls crkd. 4th - 7th
Windows 1lst, 4th, 8th
Front window

Conc. ext. walls crkd
None

Windows broke & shifted
Windows 2, 5, 6, 8, 9
Ext. conc. wall crkd
None

Tile facing crkd.

None

Windows, all flrs

Tile loose

None

Window crkd 8th

None

None

Nene

None

None

Marble crkd in lobby
Ext. conc. walls crkd
Window seals broken
Marble brecke in lobby
None

Tile damage ext. walls
None .

Ext. pl. crkd

Wall pl. crkd

Window slippage all flrs

Glass loose



337 35 Encino 65-67 9/1 110,000 None
754 36 Sunset Strip 62-63 9/1 100,000 None
1371 37 Wilshire 61-63 9/1 117,000 None
132 38 Sunset Strip 62-63 10/2 140,000 None
276 39 Downtown L.A. 63-64 10/0 85,000 Crkd conc. wall all flrs
910 40 Beverly Hills 64-65 10/1 60,000 Nomne
796 41 Beverly Hills 63-65 10/2 120,000 None
826 42 Miracle Mile 47-48 16/0 425,000 Windows broke 3rd to 10th
897 43 Downtown L.A. 68-69 10/2 130,000 None
44 Downtown L.A. 1964 10/0 133,000 ML&P crkd (south)
1062 45 Hollywood 66-68 1171 130,000 Windows broke lst
555 46 Miracle Mile 1951 11/1 100,000 Crkd conc. walls
301 47 Wilshire 65~67 11/3 330,000 Window broke (3)
870 48 Sherman Oaks 69-70 12/2 118,000 None
855 49 Miracle Mile 62~64 12/0 65,000 None
1837 50 Wilshire 65-67 12/1 150,000 None
589 51 Panorama City 61-62 13/1 130,000 15 windows broke
733 52 Sherman Ozks 65-67 13/0 200,000 None
1564 53 Sherman Oaks 65-66 13/2 200,000 Marble loose, conc. cols crkd
1616 54 Century City 61-63 13/3 300,000 None
1250 55 Century City 62-64 13/3 300,000 None
1787 56 Encino 69-70 14/0 190,000 = Marble crkd in front
1280 57 Century City 69-70 15/3 251,000 None
1666 58 Century City 67-69 19/4 200,000 None
652 59 Universal City 1969 20/0 ememee Tile facing fell

*Area is total square footage above grade.

+
For structural steel bulldings, the numbers shown here are ldentical to those of the

SSR. For reinforced concrete buildings, the numbers shown here are those of the SSR
plus 30.

A.l. High-Rise Buildings Listed in the Steinbrugge/Schader Report (Buildings in Course

of Construction Not Listed)



EARTHQUAKE DAMAGE

AL
EPICENTRAL
DISTANCE
INTERIOR AND CONTENTS BUILDING EQUIPMENT (MILES)
Filing cabinets over, ML&P part. crkd AC & boilers moved 22.5
Part., ceiling tiles damg. Nene 22.0
ML&P stairwell crkd 4th to 6th Slight damg. elev. wts. 22,0
ML&P part. crkd Restr. damg. 2nd None 14.0
Books, pictures fell Elev. wts. loose 17.0
File cabinets, books, light fixtures fell None 20.0
Intr. walls crkd, books fell, furn. damg. None 20.0
All flrs ML&P crkd, ceiling tile fell Slight to elev. 22.0
L&P walls crkd all flrs None 24,0
So. stairwells damg. None 20.0
Books, lamps, file cabinet fell AC yoke broke 22.5
Slight cracking to L&P None 20.0
Drywl. crkd all flrs None 22.0
S5light drywl. crkd AC moved 20.0
Crkd drywl. 3vd to 9th Beacon light fell 20.0
Crkd bsmt walls (conc.), crkd L&P None 22.5
Crkd ML&P walls thruout None 20.0
2 cracks in drywl., books fell None 22.0
Crkd, ML&P drywl. all flrs AC out of adjust 20.0
Stairwell conc. wall crkd None 23.0
Crkd drywl. all flrs Slight ele. damg. 22.5
Crkd ML&P walls Cable in elev. damg. 20.0
Crkd ML&P core, hooks fell Elev. damg. 22.5
Crkd drywl. &4th to l4th Elev. cables jumped 22.5
Ceiling tile fell, books fell Elev. wts. moved 22.5
Conc. £lrs crkd 21st to 25th Elev. cable & wts. moved 22.0
ML&P walls crkd all flrs Elev. cables damg. 22.5
Crkd drywl. all flrs Elev. broke loose from track 22.5
L&P walls crkd all flrs AC fan shifted 24.0Q
L&P cores crkd stairs & elev. Elev. cables damg. ‘ 24.0
Vinyl wall covering buckled, drywl. crkd, Elev. o0il spilled, bath tubs & tlts ecrkd 14,0
furn. damg.
All flr. drywls. crks, X-ray equip. damg. None 18.0
Minor cracks all drywls None 20.0
ML&P 1st crkd, books, statues, watercooler Elev, wts. off track, sprkl. pipe broke 22.0

fell



None
None
Cracks in ML&P and spandrels
Books fell
Drywl. crkd all flrs
Crkd ML&P stairwell
Crkd walls, stairwell
Crkd L&P walls, shelves & books fell
Drywl. crkd all flrs
Drywl., crkd all flrs
Drywl. crkd all £lrs, cabinets moved
Drywl. crkd a1l flrs
Ceiling tile damg., lamps & statues fell
. Crkd conc. cols and dry wls
Drywl crkd all {lirs

Drywl crkd all flrs, crkd masonry
stairwell, brick fell

Beams crkd at shear walls, 4th - 8th

Drywl crkd, file damg.

Acoustic ceiling fell, pl. broke near elev.

& stair
Drywl crkd lst & 3rd stairwells
Drywl crkd; ceiling tile fell
Supplies and books fell
Drywl erkd, ceiling tile fell
Drywl crkd stairwells
L&P wall crkd

AC moved slightly
None

Elev. wgs. laose
Elev. wts. loose

AC off mount

Boiler daumg., elev. wts.

None

Pipes in fan rm. broke

None

Slight damg. to elev.

Elev. relay damg.
None

AC compr, moved
None

Elev., wts damg.

Elev. wts damg.

None
Power surge in AC

None

None
None
None
Elev, cars damg,
Elev. cable damg.

None

A5

18.0
20.0
22.5
20.0
23.0
22.0
22.0
22.5
23.0
24.0
20.0
22.5
22.5
17.0
22.5
22.5

13.0
17.0
17.0

23.0
23.0
18.0
23.0
23.0
16.0






APPENDIX B
Procedure for Determining Assessed Valuations
The following description

was prepared by Ayres, Cohen

and Héyakawa

B.1



Fach building is identified by a serial number in the Assessor's
Office. This number is known as the parcel number. In order to find the
ownership and assessed values of a bullding, one must first find its
parcel number. Knowing the address, the following items are needed to

find the parcel number of a building:

Item 1. Thomas Map

The county of Los Angeles is subdivided into several thousand
areas. Fach area consists of approximately 30 city blocks. Details
of these blocks in each area are described in the map book. Figure
B.1, attached, shows an example of a section of the marked Thomas
Map divided into many areass where the numbers in each area correspond

to a map book number.

Item 2. Map Book

Figure B.2, attached, shows a typical page of a map book.
The numbers at the upper left hand corner are the number of the
map book and the page number of the book. The numbers in the map
are the parcel numbers in the specific city block. No street

address is given in the map book.
Item 3. Assessor's Roll

The Assessor's Roll is a series of books containing information
atout each parcel including its parcel number, building address and
assessed values. Figure B.3; attached, shows a sample page in an

Assessor's Roll book.

The procedure for obtaining the assessed value is as follows:



Step 1l: Obtain the marked Thomas Map (Item 1) to find the number
of the map book (Item 2) in which a particular building

is located.

Step 2: Obtain the Assessor's Roll book (Item 3) which includes

information of the particular building.

Step 3: Place the map book and the Assessor’s Roll book side by
side and proceed to find the particular address in the
Assessor's Roll by matching parcel numbers in the two

books.

We estimate that the time required to obtain the assessed values of

304 buildings will be approximately sixteen man days.
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OWNER ADDRESS
BUILDING ADDRESS MAP PAGE PARCEL  LAND IMPROVED

OWNER NAME BOOK NO. NO. VALUE  VALUE TUSE
5144 27 20 55,000 111,250 1800
117 W. 9th 5144 8 1

RM 1200 LA.15

117 W, 9th
LA.15

GARLAND, Wm 5144 28 2

Figure B.3. Sample Page in Assessor's Roll Book



Appendix C
Questionnaire Forms

This appendix contains a questionnaire form proposed

by the J. H. Wiggins Co. (Chapter 3.2.2), the questionnaire
used for the BOMA survey {(Chapter 3.3.3), and the work- ‘
sheets used by the Ayres firm for detailed documentation

of damage (Section 3.2.3). The Wiggins Co. remarked that
their proposed form undoubtedly was too long and needed

to be shortened. Their approach was to first include all
desired information before attempting to shorten the

form.

C.1



C.2

J. H. WIGGINS COMPANY, Inc. Hazard Analysis and Evaluation
2516 Via Tajon Palos Verdes Estates, California 90274
Gentlemen:

The J. H. Wiggins Company is charged with the responsibility for collecting
information on damage and economic losses resulting from the San Fernanda
earthquake of February 9, 1971l. This work is being performed under
subcontract with the Massachusetts Institute of Technology who reports to

the National Science Foundation.

The information will be used as a data base for the development of a

method to predict losses which may occur from future earthquakes. This
research is necessary in order to provide a better means of coping with
a future disaster, should one occur. 1In this particular study, we are

limiting the survey to high-rise buildings in the Los Angeles County area.

Your name was obtained from the 1971 County Assessor's tax rolls as the
owner of the building located at the address on the bottom of this letter.
The buillding was randomly selected from all high-vrise buildings in Los
Angeles County. It would be greatly appreciated if you would complete the
questionnaire and return it in the enclosed envelope. Please be assured

that your response will remain anonymous.

In order to insure anonymity of response, the completed questionnaire does
not contain any addresses or owner information. The code number on the
questionnaire merely identifies a general geographic location in the
County of Los Angeles (i.e., San Fernando Valley, downtown Los Angeles)

in order that we can correlate earthquake ground motion to building damage.

We thank you in advance for your cooperation and prompt attention to this
request.

Very truly yours,

William J. Petak
Vice President

Enclosures



CBB
QUESTIONNAIRE

Building Map Code:

Have you owned the building located at the address on the attached letter since the

San Fernando earthquake of February ¢, 19717

Yes No

In what year was the building constructed?

What is the basic function of the building?

office hospital . store apartment

warehouse manufacturing other (define)

What is the maximum number of floors above ground level in the building? (DO NOT

include basement, roof or penthouses in your count)

From the following list, please identify the type of building construction:

steel frame N other (define)

steel reinforced concrete

steel reinforced brick masonry

unreinforced brick masonry do not know

Did the bullding sustain any damage as a result of the San Fernando earthquake of

February 9, 19717

Yes No

From the following list, identify the types of damage

a) major structural damage requiring the services of a structural engineer:

foundation building frame __rocf and floors

walls partitions other (define)




C.4

b) major electrical or mechanical damage:

elevators inoperative

ruptured water or sewer lines within the building

loss of electrical power due to failure within the building
mechanical or electrical equipment broken loose from mounts or skids
causing damage or inoperative condition

light fixtures broken loose from anchorage

other (define)

¢) non-structural damage:
plaster cracking
window and door glass breakage

external facade damage (i.e., parapets, outer brick veneer)

d) other types of damage (please define):

3. For each of the above types of damage experienced, please provide either the actual

or estimated amount required to repair the damage:

Actual Estimated
a) major structural $ §
b) major electrical or mechanical
¢) non-structural damage
. plaster
glass breakage
. external facade

other {define)

d) other types of damage

}. Please estimate the total damage in terms of a percentage of the market value of

the building (excluding land value):



C.5

(total damage)
(market value cf structure) %

10. Please estimate the dollar cost involved due to loss of operation or incounvenience

resulting from damage to the building:

11. Did you obtain a building permit from the city or county in order to repair your

building?

Yes Ne

12. Did you retain an engineer to survey your building and provide you with a

professional copinion regarding its structural soundness:

Yes No How much was his fee $

Is the fee included in damage costs listed above? Yes No
13. Did a member of the county or city engineer’s office examine vour building for

structural integrity and safety?

Yes No 1f yes, did you request the examination? Yes
No
14. Did the SFEQ result in your making any structural improvements to
the building?

Yes No If ves, please explain what type of

improvements were made:

15. What 1is the estimated cost of the improvement (s) excluding cost of repairs of

damage?




C.6

If you lease space in the building; did you have any tenants move or refuse to

renew leases due to the earthquake?

Yes No If yes, please answer the following:

Number of tenants moving

. Reason for moving

. To what geographical area did tenant(s) move?




DATE:
T0:
FROM:

SUBJECT:

INTER OFFICE CORRESPONDENCE c.7

Building Owmers and Heonogers Associotion

o F L O 5§ A NGELES
JULY, 1971
ALL BUILDING OWNERS AND MANAGERS
BUILDING OWNERS AND MANAGERS ASSOCIATION OF LOS ANGELES

FEBRUARY 9, 1971 EARTHQUAKE STUDY

YOU HAVE INFORMATION WIIHCIH WHEN COMBINED WITH THAT OF OTHER

BUILDINGS, WILL BE OF MAJOR IMPORTANCE TO YOU AND THE ENTIRE

OFFICE BUILDING INDUSTRY, THAT INFORMATION CONCERNS THE EFFECTS
OF THE FEBRUARY 9th EARTHQUAKE ON OFFICE BUILDINGS IN SOUTHERN
CALIFORNIA,

YOU WILL BENEFIT FROM THE DETAUILED AND EXCLUSIVELY OFFICE BUIL.D-
ING ORIENTED NATURE OF THE COMPOSITE EXPERIENCE EXCHANGE INFOR-
MATION WHICH CAN BE DERIVED FROM THE COMPLETED QUESTIONNAIRES
ENCLOSED.

THE BOMA EARTHQUAKE COMMITTEE AS SPENT IFOUR MONTHS DRALITING,
ALTERING, REFINING AND CREATING THE ENCLOSED QUESTIONNAIRES,

THEY ARE DESIGNED TO PRODUGCE DATA WHICH IS SIMPIL.Y NOT AVAILABLE
FROM ANY SOURCE FOR OUR INDUSTRY,

BY PARTICIPATING YOU WILL ASSURE YOURSELF OF THE ONLY WAY OF
RECEIVING THE RESULTS OF THE SURVEY,

THE QUESTIONNAIRE IS MADE UP OF 6 SECTIONS. PLEASE I'ILL OUT THOSE
SECTIONS APPLICA BLE WITII ALL DELIBERATE SPEED AND RETURN TO THE
BOMA OFFICE BY JULY 30, 1971,

IN ORDER TO ASSURE THE MOST MEANINGFUL INFORMATION, PLEASE
DUPLICATE AND COMPLETE THE QUESTIONNAIRES FOR EACH BUILDING
UNDER YOUR JURISDICTION,

NATURALLY THIS INFORMATION WILL BE HELD IN STRICTEST CONFIDENCE
AND REFERENCE WILL NOT BE MADE TO ANY SPECIFIC BUILDING IN THE
PUBLLISHED REPORT,

WITH YOUR INDISPENSABLE COOPERATION THE RESULTS WILL BE GOMPILED,
PRINTED AND DISTRIBUTED BY AUGUST 31, 1671,

THANK YOU ~
BOMA EARTHQUAKE COMMITTEE
CIIAIRMAN; J. EDWARD GIBBONS, PRESIDENT, UNION REALCO

COORDINATOR: PHIL BAUMAN, GENERAL MANAGER  B. O, M. A,



c.8
Name of
BUTTBING oo et ee e e e oo reF e oot e eeeeeeseses oo een 1o esamar st e 20 e eeas s oo seenns e e crms s BUILDING G-RERS AHD MANAGERS
Association af Lo§ Angeles
Address e
Fobruary 9, 7% Earthquake
City . Phone No. Corml ttee Survoy
Building
e of Code No.
.ner e e etk et bbb e R e e Brief
Name .
OO T S e ———— e ee oot ere st e ot r e ees s

City & State

Persan

ey T R
SERIES 100 N
GENERAL QUESTIONS TIOIE o No:

O -DATE BUNLT

102-TYPE OF BUILDING

A~Residence | — D-Hospital .. . G-Harket oo —_— J-parking Structure

g-Apartment E-Store oo H-industrial _  ee— \k~other (descride)

¢-0ffice Building . o F-8choot . o t=Hotel —_— -
103-(OCATION OF ACCELEROGRAPHS

A=None .. ... B-1f y€S, 1St FI0ON NUMBEIS e es it sssss s antameemsas s rs sas s maa e oo sees s R Ta o s e b s s r b en s oe e 1m e
104-STORIES ABOVE MAIN ENTRY

A-fumber _ B-TypiCAl HEIGRT o eeee e meeeerreseemere e ceseesemeaces
105-8TOR|IES BELOW MAIN ENTRY

A-Humber B-Typical Height _
106-MECHAN ICAL FLOORS (LISt F100T NUMBEIS) L .iiieoeeseersrmeennreseeesccmecmanmeoseoces OO OSSN
107-SITE FEATURES

A-Flat B-Ki11side _ C-retaining hillside .
108—FOUNDAT I ONS

A-Spread footings B-caissons ¢-pites -_

D=0ther (deSCribe] oo ecesecrsesssssersmrs s seees . etemenrateaaassaesannettinear et
109-SC1L TYPE AND CONDITIONS (describe if known)
110-SHAPE OF BUILDING: On the graph sheet on the reverse of this sheet, draw:

A-Plan of building: Show length

Show width
Show Tecation of steel frames W oo i AL

Show concreie shear walls

indicate direction of Horth by arrow.
B-£levational view of building: Mark main entry level
Show height of building above and below entry level

levor)



| SERIES 200
REPAIRS AND 1NSURANGE

c.9

| BUILDING OWMERS AUD MANAGERS
Association of Los Angeles

February 9, ©7L Earthqueko
Committes Survey

Person
Answering .. - PR Building
Te) Code No.
aWle - rrenmrenasesessmermanes et nasassrs s enen . Noe prief
Name
201-what is the estimated or actual cost {o repair the damage? Estimated Actual

A-3TRUCTURAL

B-INTERIOR FIRISHES OO VOO R

C-EXTERIOR FINISHES

O-MECHANICAL & ELECTRICAL

E-ELEVATORS

F-ESCALATORS

G-OTHER

202-Was the building covered at the time of the earthquake
by &n insurance policy having earthquake damage protection?

A=YES B-NQ

203-Was this insurance\covcrage a requirement of the long
term lender?

A~YES B-HO

204-What was the depreciated replacement cost of building (insurable
value) as established for sarthquake insurance purposes?

$

205-What amount of co-insurance is provided for in your
Earthquake |nsurance Policy?

A~NONE C-90% E-OTHER (describe)

B-80% . D-100%

206-What was the total amountof Earthquake [nsurance coverager

§

207-Whal amount was deductible
A g

k- &

208-What percentage of total damage will be recovered
under your Earthquake |nsyrance?

q
o




SERIES 300

BUIEDING MECHAN{CAL AND ELECTRICAL SYSTEMS éggy/f

pErson
Answering

C.10

BUILDING OWHERS AND HMAHAGERS
Association of Los Angeles

Fgbruapy 9, 1971 Earthquake
Commi ttee Survey

Building
L Code No.
grief
INDICATE FLOORS DAMAGED AND DEGREE Name
OF DAMAGE B8Y GROUPS OF FLOORS:
T-total loss S-severe M-moderate L-Light Eheck N
Check P Check | dam- i
if type |aged ML
Check | dam- ?

Jype Jaged | T ? S i

301 Type of Construciion
Above Main Eniry Level
{I1kemz 301-308}

A-SHEAR WALLS

1-Diagonal wood sheathing

2-roured concrete

3-Precast concrete

b-Reinforced masonry

s-ynreinforced masonry

6-0ther {describe)

B-DTHER WALLS
1-Wood stud and plaster

2-wood stud and plaster
board

y-Metal stud and plaster
. board

5-Drywall

6-Cavity walls

9-0ther {describe)

C=FRAME
1-wqu“ygrt}c§] support
3-3tee] vertical support
4-steel moment frame

5-Steel braced frame

T-toncrete moment frame

8-Ductile concretie moment

rete braced frame

10-pther (describe}

D-TYPICAL FLOOR CONSTRUCTION

11392 Roo? Pen thousa

A-TYPE

B-CONSTRUCTION

1-Wood

2-Poured concrete

3-~Ppst tensioned concrete

4-Precast prestressed
concrete

5-Steel deck concrete fill ]

6-0ther (describe)

E-ROOF CONSTRUCTICH
1-~¥Wood

2-Poured concrete

3-Post tensioned concrete

4-pPrecast prestressed
concrete

5-Steel deck, concrete fiil

6-5teel deck, insulation fill

7-3teel deck, no fill

-Gy pSum

9-0ther {describe:

1-Elevater

3-Mechanical

BoROOT SCIREM e

1-Wood

2-Steel

3-Concrete

4-MASONTY

5-Shear wall

lovor)



Cc.11
Cneck if Cherk if
Check| dam- dam-
Type|aged | T : S M L Check| ageg | T | 8 L
303 Stsijrs B-OTHER WALLS
i1-Wood stud & plaster

CyNTERJOR STAIRS b1 bbb SR RNME R PIESERT L
AANTER O LR : 2-Wood stud & plasterpoard
- EXTERIOR RS H s-gﬁetaé SUETECTETR AR r

308 {ndicets Type of Shafi Walls
y number from !tem 30L-B
in place of & check

—INTERIOR STAIRS SHAFTS

305 Facade
A-PARAPET

C-HINDOW WALL

D-PRECAST CONCRETE

E-POURED CONCRETE

C-CONCRETE

B—STEEL e

D-CARTILEVER

ETMANGING

307 Ceiltngs
A LATH & PLASTER .

B-SUSPENDED ACOUSTICAL TILE

C-0THER (describe)

30B Light fixtures
A»CEILiNg"

B—CE!L]NG SURFACE MOUNTED

C-PENDANT

D-WALL MOUNTED

E-0THER (descr1be)

309 Type of Congiruciion
€ow Hain Entry Lowel

AASHEAR WALLS

3-precast concrete

j-Reinforced masonry

é-Qther (degcr|be)

6-Cavity WATlS

C-FRAME

1-Wood vertical support

2-Wood moment frame

3~5tee] vertical support

y-Stee) momént frame

5-5teel braced mf_ramd

7 rame

6-Concrete vertical support)

7-reinforced masonry

s—gucti Te concrete moment
rame

9—Concrete braced frame

10-pther {describe}

and

310 Other Structyres
Related Features

A—INTERIOR MAIN SLAB ON GRADF

E—EXTEREOR ENTRY

F-EXTERIOR SITE SLABB

G*GRQUQD AGAINST BUILDING
H=-GROUND ON S1TE

I-EQUIPMENT ON SITE

JIOTHER (deocr be) Teresrns

311 Frec Standing Canopias

A~WOOD

B~-STEEL

F-ERACED

312 Yoroe emergency oxiis

obsirucied

A=-BY JAMMED DOORS

B-BY DEBRIS

CEOTHER {describe}”
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SERIES 800 BUILDING OWHERS AKD MARAGERS
COHISTRUCT IO} QUESTIONS Association of Los Angeles
Person Fabruary 9, 1971 Earthquake
Answering Commi ttee Survey
Building
Tel,
‘e Non Code No. _
Brief
Name
Indicate Chjeka indicate degree of damage
. dam— ¢
its size
Equipmont insido tho Buildipg Type & number of unl aged toIal S H H F
10sS severeiModerate iLight
MECHAN | CAL
01-TYPE OF BOILER: ;
A-STEAK L
B-HOT WATER P
C-ELECTRIC

402-TYPE OF REFRIGERATION:
A-CENTR] FUGAL

B-RECIPROCATIHG

C-ABSORPTION

403 TYPE OF COOLIRG TOWERS:
B-(HDUCED DRAFT

B-FORCED DRAFT

C~WATER

D-AIR

Location of ceoling towors

E=ROOF

F-BASEMENT

GFLOOR WUMBER

204—PUMPS

405-A)R HAKDLIKG UNITS:
A-CENTRAL

B-LOCAL

106-TYPE OF TANK
A-DOMESTIC WATER

Location of tenks
C~ROOF

B-FIRE RESERVE

D-BASEMENT

E-DTHER

4O7-EQUIPMENT LOCATED AWAY FROM BUILDING
A=BOILERS

B-REFR{GERAT!ON

C-CODLING TOWERS

D-PUMPS

E-AIR HANDLING UNITS

F=P1PING

fovar)



408 -HOW LONG WAS EQUIPMERT OUT OF SERVICE?

A& -BOTLERS

C.13

Hours Days Yeeks

8--REFRIGERATICON

C-COOLING TOWERS

D--PUMPS

E-AIR HANDLING UNITS

ELECTR1CAL
L09-BUILDING PRIMARY TRANSFORMERS

H10-SWITCHGEAR AND MOTOR COKTROL CENTERS

411-QUS DUCT AND FEEDER SYSTEMS
y12=-LiGHTING SYSTEMS

413-HOW LONG WAS ELECTRICAL SYSTEMS OUT OF SERVICE:
BI4-WHAT INSPECTIONS WERE REQUIRED FOR ELECTRICAL SYSTEMS?

hours; days

Check if Total .
Damaged Loss_ Severc Moderate _Light

HTILITIES

43I6-WERE ANY UTILITY SERVICES |NTERRUPTED?

B17-WERE THE APPLICABLE UTILITY COMPANIES REQUESTED TO IMNSPECT
AND/OR RE~INSTALL SERYICE TO THE BUILDING?

418-WERE THE GAS LINES WITHIN THE B

TO THE EARTHQUAKE?

Yes No

YILDING PRESSURE TESTED AT ANY TIME SUBSEQUENT

H19-PLEASE GIVE ANY RECOMMENDATIOMS FOR FUTURE |NSTALLATIONS:




SERIE3 500
ELEVATORS ARD ESCALATORS

C.14

jon
AuoWering

R Tet.
Title NOw

BUILDING OWHERS AND MANAGERS
Association of Los Angeles

Fobruary 9, 1971 Earthqueko
Cormitiee Survey

Butlding

Code No.

srief
Name

Teta] | Mod-
) Check | Loss | severe ierate| Light
Indicate type Damaged] T S L L

Indicate degree of damage

50 1-HOW MANY ELEVATORS [N BUILDING?

502-TYPE OF SYSTEM
A-Hydro

B-Geared traction

{—Geariess traction

D-D rum

503 LOCATION OF MACHINES
A-Basement

B-overhead

c-offset ..

S0U-ELEVATOR BANKS
A~Single bank ; B-Multi bank

505-ARE LLEVATORS AUTOMATIC?
A-Yes H B-No

506-1S THERE AN EMERGENCY POWER GEHERATIHG FACILITY?
A-Yes ; B-No

507-CAK THE ELEVATORS OPERATE FROM THE EMERGENCY
POWER FACILITY?

A~Yes ; B-HNO

508-WERE ANY OF THE ELEVATOR DOORS WRENCHED?

A-Yes 3 B-Ko

509-DtD THE COUNTER WEIGHTS SLIP QUT OF THE RAILS?
A-Yes H B~hO

510-WERE AKY OF THE LIFTENG ROPES OUT OF TREIR
GROVES [N THE TRACTiOH DRUM?

A-Yes H 8-Ho

511-WERE AKY OF THE COMPENSATOR OR LIFTING ROPES DAMAGED?
A~Yes H B-to

512-WERE THE GERERATORS OR OTHER EQUIPHENT DISLODGED
FROM THEIR HOUNTS OR MISPLACED?

A-Yes ; B-Ro

513-WERE ANY OF THE RAILS M1ISALIGNED?

A-Yes ; B-Yo

4-WAS THERE ANY DEBRIS FOUND i¥ THE ELEVATOR SHAFT?
A-Yes H B-No

515-DID THE COMPENSATOR SHEAVE PULL OUT OF THE RAILS?

A-Yes ; B-Ho

{evor)



C.15

tndicate degree of damage

Total oG-
Cheek |'oss isevere] erate i Light
Indicate type bamaged | T s Y L

516-WERE THE CARS PUT IRTO OPERATION BY THE QUAKE MOVEMENT?
A-Yes ; B-Ko

517-DID THE HEADERS ON THE HALL DOORS SETTLE,
CAUS|HG THE DQORS TO BIND?

A-Yes H B-itc

518-DOES THE BU|LDIMG HAVE ESCALATORS?
A-Yes ) E-HNo
519-HOW MANY ESCALATORST

520-WHAT FLOORS DO THEY SERVE?

&

from t0

521~ |F DAMAGED, MARX WHERE:
A-Steps

B-Skirts

c-cone plates

p-Handrails

E-Batuster

F-ypper head

G-Lower head

H-Structure

j—0ther

§22-¥ERE THE ESCALATORS QUT OF ACTIOW?
A-Yes M B-Ko
523-HOW LONG?




SER{ES 600
PERSONAL REACTION DUESTIONS

601-WHAT BUILDING WERE YOU [N?

C.16

BUILDING OWIERS AND MANAGERS
Association of LoS Angeles

February 9, ®71 Earthouake
Cornl ttoe Survey

Bu;Iding
ADDRESS Code ko.
Brief
CITY, STATE, ZIP COOE: Rame
602-WHAT FLOOR WERE YOU ON?
603-WHERE WERE YOU? (Check one of the below)
A-On an etevator pD~near ithe exterior wall
B-In a stajrwell E~Near ihe windew
C-Near the core of the building
(Check where
appropriate)
Yes Ko
60U-REACTIONS DURIKG THME EARTHQUAKE
_________________________ | ADid you freezet B-1f yes, for how long: ______ seconds; minutes
505-D1D YOU HAVE DIFFICULTY bt MOVING? (explain)
_________________________ 606-DiD YOU MOVE WITHOUT PURPOSE? (describe)
,,,,,,,,,,,,,,,,,,,,,,,,,, 607-WERE YOU ABLE TO MAINTAIN CONTROL OYER YOUR EMOT{OKS?
|7 no, describe:
506-01D YOU TRY TO FIND SHELTER?
IT yes, where?
How long did you remain there? seconds; minutes

609-DID YOU TRY TO ESCAPL?
{7 yes, howt A-By elevator ; B-By stairwell

Describe "c*

C~other route

610-WERE ANY OF THE EXITS OBSTRUCTED?
|7 yes, how were they obstructedy Decribe:

611-1F YoU TRIED TO ESCAPE BY ELEVATOR, WAS 1T IK OPERATION?

1t yes, how Jong did you wait? Seconds minutes

PR

612-DID YOU TRY TO GET OUT EVEN AFTER THE
FIRST MOVEMENT AHD NOISE HAD STOPPED?

613-N1D YOU GET QUTSIDE?

614 DID YOU RETURN INSIDE THE BULLDIKG?

How soon did you returne

615-DID YOU TRY TO CONTACT ANYONE WITH{N THE BUILDING?
616-4AS ANYONE AVAILABLE

617-¥/1 TH WHOM DID YOU FIRST MAKE CONTACT?

{over)




C.17

Check where
appropriate

Yes Ho

61B=HAD YOU EVER BEEN GIVEH EXPLICIT IKWSTRUCTIONS OK EARTHQUAKE PROCEDURES?

619=D{D YOU THIKKX ABOUT THESE INSTRUCTIONS?

620-D1D YOU AT ANY POINT BELIEVE THE BUILDING WAS GOING TO COLLAPSE?

621-D0 YOU TH{NK IT |S POSSIBLE TO PREPARE PEOPLE FOR SAFE RESPONSES TO EARTHQUAKES?

£xplain:

622=DC YOU FEEL PANIC AND MYSTERIA WILL PREVAIL 1% THE EVENT OF
A QUAKE OF EQUAL OR GREATER MAGNITUDE TO THAT OF 2/9/71¢

Explain

623-HAVE YOU EXPERIENCED ANY LASTING EMOTIONAL REACTION, SUCH AS:
A-Claustrophobia

B-Insomnia

¢-0ther (descripe)

624-A5 A RESULT OF THE EARTHQUAXE ARE YOU APPREHENS|VE OF EWTERING TALL BU{LDING?
625~HERE YOU IN {MMED{ATE AND REAL DANGER FRCM FALLING OBJECTS?

If yes, was it from any of the below? (check if applicable)
___Light fixtures

___Cellings

__ Steaked or shelved objects

Other (describe)

626~-H#ERE YOU [ NJUREDS

ifyes, how {describe)

627-HHAT FIRST MADE YOU AWARE OF THE EARTHQUAKE? _ A-Sound B-Motion
Describe

62B~WERE YOU ABLE TO OBSERVE OBJECTIVELY WHAT WAS HAPPEN{NG?

629-DESCRIBE FEELING OR TYPE AND DIRECTION OF BUILDING MOTION AND MOVEMENT OF O0BJECTS.

630-YCUR AGE
631-  Male _ FEMALE

632-{optional)

Your name

Street address

City, State, Zip code




Ayres, Cochen, Hayakawa Worksheet

1971 SAN FERNANDO EARTHQUAKE
SURVEY ON NON-~STRUCTURAIL DAMAGE
MIT - NSF

Name of Building, Address, and Function:

Basic Structural Characteristic and Building Orientationm:

Number of Stories:

Year It Was Built:

Estimated Area/Floor or Approximate Size:

Original Cost of Construction:

Original Engineer -
Architect:
Structural:
Mechanical:

Electrical:

Current Engineer on Repair -
Architect:
Structural:
Mechanical:

Electrical:

Repair Costs:

Struc. Mech. Elec. Arch. Elev. Total

C,18



10.

11.

12.

13.

14,

15.

16.

17.

»

Repair Done By:

Appraised Value and When Appraised:

Ceiling:

Lobby
a. Type:
b. Nature of Damage:
Lights:

Lobby
a. Type:

b. Nature of Damage:

Partition:

a. Type:

b. Nature of Damage:

Glazing or Curtain Wall:

a. Type or Manufacture:
b. Safety Glass Used:
c. Method of Repair:

d. Type of Mount:

e. Nature of Damage:

Mechanical and Plumbing - A/C, Pump, Ducts, Cooling Tower:

a., Type of Mount:
b. Where Located:
c. Nature of Damage:
d. Method of Repair:

Electrical -~ Emergency Generator, Transformer:

C.19

Typical

Iypical



C.20
a. Where Located:
b. Type of Mount:

c. Nature of Damage:



D.1

Appendix D

Variations in Earthquake Resistance Required

by Codes

The J. H. Wiggins Co. prepared three different estimates of the relative
strengths of buildings in Los Angeles by code year. Two of these were obtained
by prominent California engineers: Mr. Don Moran and Dr. John A. Blume. The
third was prepared by Dr. Wiggins himself. The three estimates are shown in
Figs D.1, D.2 and D.3.

Mr. Moran estimates that the wind provisions that came in about 1925
increased the relative strength slightly: but the earthquake provisions in 1934
increased the relative strength considerably by a factor of 4. However, in
1959, Mr. Moran believes that the ductility provisions, among others, caused the
code in general to be lowered. However, in some instances, it may be even
higher--such as for shear walls.

Dr. Blume has estimated the relative strength for various types of buildings.
These are shown in Fig. D.2. Mr. Blume notes that most buildings only doubled
in strength; however, schools were considerably strengthened by the field act.

Dr. Wiggins took the wvarious factors, such as live load change, wind loads,
earthquake mass, earthguake acceleration (used in design), concrete allowable
stress, steel allowable stress, and wood allowable stress, and noted the
changes over the years. Dr. Wiggins weighted each of these seven factors
differently. He gave live loads, wind loads; and concrete, steel and wood stresses
a weighting factor of 1; whereas, he gave earthquake mass and earthquake
acceleration a weighting factor of 4. Dr. Wiggins then added the factors
together, making them relative to the lowest series of years during which changes
toock place. The results are shown in Fig. D.3.

From these three estimates, derived independently of cne another and by
various techniques, it is fairly obvious that structures designed before 1934 ave

about 40% as resistant to earthquake forces as structures designed after 1934.
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APPENDIX E

BOMA Questionnaire

Data

E.1
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APPENDIX F

MIT Questionnaire
Data

:
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MIT/BOMA Questionnaire
Data
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APPENDIX I

Component Damage Matrices



TAELE OF CONTENTS

MMI HEIGHT DATE STRUC. TYPE PACE
VI ALL ALL S I-1
VI ALL ALL c I-2
Vi ALL ALL ALL I-3
VII ALL ALL S I-4
VII ALL ALL C I-5
VII ALL ALL ALL I-6
ViI ALL PRE-1933 5 -7
ViI ALL PRE~1933 C 1-8
VII ALL POST-1947 S 1-9
VII ALL POST-1947 C I-10
VI1 5-7 ALL ALL I-11
VII 8-13 ALL ALL I-12
VII 14~18 ALL ALL I-13
VII 19+ ALL ALL I-14
VIII ALL ALL 5 I-15
VIII ALL ALL C I-16

VIII ALL ALL ALL I~-17
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