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ABSTRACT

Building characteristics and earthquake damage are documented for approximately

370 high-rise buildings shaken by the San Fernando earthquake of 9 February 1971 0

The resulting data are organized into damage probability matrices, showing the

relationships among earthquake resistance, intensity of ground shaking and damage 0

Results are given separately for steel and concrete buildings, and damage to

the various structural and non-structural components is described separatelyo

The difficult process of collecting these data is explained, and suggestions

are made for similar efforts during future earthquakes 0





PREFACE

This is the seventh in a series of reports prepared under National Science

Foundation Grants GK-27955 and GI-29936 0 A list of previous reports appears on

the next pageo There are three principal investigators for the overall study:

Professors Robert Vo Whitman~ John Mo Biggs and Co Allin Cornell - all faculty

in the Department of Civil Engineering 0 The data collection effort described

in this report was carried out by Dro John Wo Reed, who then was Visiting Assistant

Professor of Civil Engineering and now is Senior Research Engineer with DRS/

John Ao Blume Associates Research Division in Las Vegas~ Nevada, Dro Sheu-Tien

Hong~ Research Associate in Civil Engineering, has carried through with the

analysis and discussion of the datao

Many other MoloTo personnel also contributed to the study: Dr o Erik

Vanmarcke~ Assistant Professor of Civil Engineering; Messers Michael Ackroyd.

Robert Czarnecki~ John Isbell~ Jorge Diaz-Padilla and Edwardo Kausel - all

Graduate Research Assistants; and undergraduate students. Craig Schweinhart

and Richard Yue 0

In addition D many individuals outside of MoloTo also took part in this

effort o Much of the actual data-gathering was performed under subcontract to

MoloTo by two firms with offices in or near Los Angeles: J o H. Wiggins COo

and Ayres~ Cohen and Hayakawa. The Building Owners and Managers Association

(BOMA) of Los Angeles cooperated in the data-gathering effort~ and credit is

due to Messers Edward Gibbons and Phil Bauman for this great assistance.

Mr. Eugene Schader of Los Angeles contributed much valuable advice and infor­

mation. FinallY9 thanks are due to the many individuals and organization who

responded to our requests for data and information 0
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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 non-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 to a study of the cost and benefits

of seismic design being conducted at M,I,T, under a separate 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 to various governmental agencies,

1,2 SCOPE OF THE STUDY

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

stories, There were several reasons for adopting this restriction,

I, 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 I-story to 4-story

residences (ESSA. 1969; Steinbrugge et aI" 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
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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 Cd) 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 built

before design for lateral forces was first required in 1933, and those 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 subsequently. In essence,

documentation of damage to any building 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

purposes, it is believed that the level of documentation achieved represented
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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 Czarnecki (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 VII VIII VI VII VIII

5-7 36 346 0 117 321 17

8-13 21 236 0 79 231 6

14-18 2 8 0 36 37 0

19+ 0 2 0 12 41 0

Total 57 592 0 244 630 23

*On1y 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 L,\1 12

8-13 9 78 0 28 70 4

14-18 0 2 0 12 19 0

19+ 0 1 0 3 26 0

Total 19 114 0 57 156 16

4
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Chapter 2

DECISION ANALYSIS FOR 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 occur 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

seismic 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 facts so as to recommend

a reasonable balance between initial cost and risk of future damage, although

seldom has the actual balance been stated in an explicit way, Today, it is

beginning to be possible to face this balance openly and realistically. In

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 analy2e 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 Grant GK-27955 from the National Science Foundation (NSF).
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The methodology is designed only to provide systematic and rational

information concerning benefits 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 outlined in Figure 2.1. the 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 earthquake 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. where

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 losses.

In simplest terms. a particular building system might be defined. for

example. as: all buildings having 8 to 13 stories. In a more refined study.

a building 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.
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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 strategy. This

cost might be expressed as the extra cost to design for Zone 2 requirements

as compared to making no provision for earthquake resistance.

One key step is determining the earthquake occurrence probability. This

is the probability that a ground motion of some given intensity will occur

during, say, 1 year. at the site of interest. Intensity may be expressed by

the modified Mercalli scale, or better yet 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 (Cornell. 1971).

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

is expressed by a family of damage probability matrices. Each matrix applies

to a particular building system and design strategy, and gives the probability

that various levels of damage will result from earthquakes of various

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 its 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 Mercal1i)

show the fraction of all buildings expected to experience each of the levels

of damage, given that an earthquake 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 2.1 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 lifeo Yet today communities already

make such judgment implicitly 0 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 0

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 optimization methodology can be no better than the

information incorporated into these matrices. Hence, a major effort is

necessary to compile information concerning damage to buildings during

earthquakes 0 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-damageo The documentation and analysis of damage

from the San Fernando earthquake - the subject of this particular report ­

fits into the first approach 0



Table 2,1

EARTHQUAKE DAMAGE STATES

Damage Ratio* %

11

a

1

2

3

5

6

7

8

Description of Level of Damage

No damage

Minor non-structural damage-~a few walls
and partitions cracked, incidental
mechanical and electrical damage

Localized non-structural damage--more
extensive cracking (but still not wide­
spread); possibly damage to elevators and/or
other mechanical/electrical components

Widespread non~structural damage--possibly
a few beams and columns cracked, although
not noticeable

Minor structural damage--obvious cracking
or yielding in a few structural members;
substantial non-structural damage with
widespread cracking

Substantial structural damage requiring
repair or replacement of some structural
members; associated extensive non-structural
damage

Major structural damage requlrlng repair or
replacement of many structural members;
associated non-structural damage requiring
repairs to major portion of interior;
building vacated during repairs

Building condemned

Collapse

Central Value

o
0,1

0,5

2

5

10

30

100

100

Range

0-0,05

0,05-0,3

1,25-3,5

3,5-7,5

7,5-20

20-65

65-100

* Ratio of cost of repair to replacement cost
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GROUP CHARACTERISTICS ~ NUMBER OF BUILDINGS: 368 0 HEIGHT: 5 to 100

STORIES 0 AGE~ 1800 to 19720 STRUCTURAL TYPE: ALL TYPESo FOUNDA-

TION TYPE: ALL TYPESo

DAMAGE PROBABILITY MATRIX

DAMAGE STATE

DJI.lfAGE RATIO MERCALLI INTENSITY

UPPER BOUND (%)

STATE (%) VI VII VIII

0 0005 80 05 2501 6

1 0,3 15 06 24,7 19

2 1025 309 2602 44

3 305 207 14 02 13

4 705 a 508 6

5 20 0 2,5 12

6 65 0 105 0

7 100 0 0 0

NO o BUILDINGS 77 275 16

FIGURE 2 0 2 EXA11PLE DAMAGE PROBABILITY MATRIX

13
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Chapter 3

GATHERING THE DATA

3. I 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 inspected 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.l,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 Mol.T. in

September 1971 are reproduced in Appendix A.
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During the period prior to award of the grant~ several such firms had been

contacted and proposals had been obtained,

Chronolcgical1y~ the data gathering effort may be divided into 3 phases:

June 1971 through November 1971; December 1971 through 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 graduate 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 (Thomas 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 time 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 Oaks,

California. 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 Elevator

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 looking 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 9 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 to compile these lists; Chapter 4 will

discuss the data in detail.

3.2.2 Preliminary Damage Study

It quickly 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 Company 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 to 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. It was widely believed that the estimated repair cost was less than

the actual damage. One reason for this belief was that the cost

18
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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 40%.

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 incorporated in the Original Data Base

provided to M.I.T. at the end of September 1971.

At M.I.T. is 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



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 building. 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 effort. In

many cases, the nature of various building damages were obtained from

maintenance engineers located in the surveyed buildings, whereas the cost

information was obtained from the owner or manager located elsewhere.

Consequently, two or more trips were involved for these buildings.

The first survey was conducted approximately eight 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 were 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. Many of the repair costs were revised several

times by subsequent interviews in an attempt to single out the "repair cost

due to earthquake damage."

20
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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 various 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.l.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, a 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

Several 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 1933, and thus

all buildings built since that date could be presumed to have more-or-less 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 Countys 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 quality 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 remaining

categories were reasonably well populated. As a goal for the pilot survey,

it was decided that enough questionnaires should be sent so that:

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

owners would be contacted.

2. When there were more than 10 buildings 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, it 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 building 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.l.a shows the questionnaire 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

usually 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.l.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. 3.1.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 remained 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. M.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 questionnaires, collected

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 15% of the mailings were returned

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

field 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 list. In

most cases, the problem was that the address on the elevator list was different

from the current mailing address; The address On the M.I.T. building list was

then corrected.

The Ayres firm reported that, in general, the fact that M.I.T. 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.I.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 l1ARCH 1972 THROUGH DECEMBER 1972

At this stage, the M.I,T. study had available from various sources damage

information for about 200 buildings. Some 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 questionnaire survey, and the interest of both

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 a representative of the Insurance Service

Office,)

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 letter. Again the forms were

returned to the BOMA office, and the Ayres firm administered the effort.

Over 700 questionnaires were mailed during April and May, Many of the

building 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 buildings exhausted the addresses

in the MIT Data Base for the San Fernando 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% of the building owners answered the

questionnaire within two 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). Field 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 15% 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 yielded 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

in summer and fall, 1972

The number of buildings with "comp1etelt 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.I.T. staff, BOMA and the Ayres

firm that the gathering of damage information 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 yield 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 constructed of steel, concrete or

brick masonry, It was felt that it would be beyond the knowledge of the

respondents to provide further differentiation between particular structural

systems such as concrete ductile frame construction, concrete shear wall

construction, etc, 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 regional

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 owners are entitled to a reduction in the assessed value of

their building for one year, 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 information was available in a report, "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/BONA 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,



29

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 governmental 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 agencies 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 significant 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 basis 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 Assessoris 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 other

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 just 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,I,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 solve the problem of matching reliable mailing addresses to buildings,

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 in 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 responsibility and authority to assemble this

information. 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 dollar 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 in this report,

3, The first responsibility of municipal employees after a major earth­

quake is to protect lives, Municipally employed building inspectors and

engineers will not be able to undertake the survey of less damaged

buildings; 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 a 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 tlalltl

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 pool of manpower 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 ll 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 to 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

groupings of buildings with different ages.

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

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

3. Send 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, if 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 from 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 reduced. 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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Table 3.1

SUMMARY DESCRIPTION OF WIGGIN'S INFORMATION SOURCES

INFORMATION SOURCE

State and L.A. City Elevator
Division Lists

High-Rise Activity in
~h~California:l960­
1967 published by Economic
Research Department,
Security Pacific National
Bank

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

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

L.A. County Assessor's
Office Assessed Values

INFORMATION OBTAINED

For all 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,
assessed values were found

GENERAL CO'MMENTS

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.
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lOePARTMENT Olr' CnfHlL, EINIGJ!NE!E~HNG

MASSACHUSETTS INSTITUTIE O~ TECHNOLOGV

CAMBRIDGE. MASSACHUIEIETT6 02139

=Ques ti onnai lFe-

1. What is the basic function of the building?

offi ce-- apartment-- other (defi ne)-- -------
2. What year was the building constructed?---
3. Please identify th~ type of building construction used:

steel frame--
bri ck maso,n'y--

concrete frame--
other (defi ne)

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

5. What is the build:ng height above the ground level? s tori es----

feet----
6. What was total r~rair cost for physical damage caused by the San

Fernando earthquake? $----
7. Pl ease i ndi cate the percentage repai r cost breakdown for the items

1i s ted be low:

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

Non-s tructura 1:

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

Electrir:ill (transformers. lights. etc)
Elevators. escalators, and/or dumb waiters

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

Total

8. 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? $----

9. Would you be willing to give a detailed cost breakdown?----

%--

%
----'

%--
%---%--

100 %

Fi rm-----------

If so. who should be contacted?
Name-------------
Addres s--------------------------
City ~__ Phone _

Thank you for answering the questionnaire.
FIGURE 3 0 1a. FIRST MoIoT o QUESTIONNAIRE Building No.------
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DEPAh'~rjrlM!~l',rr Of' CI'V11b ~NGiN~IERIN@

MASSACHU(!;ETTS INSTITUT~ OIF TECHNOLOGY

CAM~F.lIDGE. MA810ACHUIlETTEl 02l:!i19

January l~ 1972

Dear Sir:

The Massachusetts Institute of Technology is conducting a study of the
damage caused by the earthquake of February 99 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 9 1971 caused varying degrees of damage to
high-rise buildings. Because this earthquake is the most recent large
shake to occur in a populated United States area it has drawn the attention
of the people who are responsible 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 questionnaireo The answers
you pravi de will become part of a comprehensive damage data base for
selected parts of the Los Angeles areao Please be assured that your
responses will remain annoymous.

It is not critical that the cost information requested is exact. We
appreciate that the time you have to answer the questionnaire is limited 9

and we ask only that you be reasonably accurate. Even if your building
did not suffer any damage~ please sti11 answer the questionnaireo The
fact that your building had no damage is very important information. Please
return the completed questionnaire in the enclosed envelopeo

Thank you for your cooperation.

Vp.ry trl,lly yours ~

Robert Vo Whitman
Professor of Civil Engineering
Head of Soil Mechanics and
Structural Engineering Divisions
FIGURE 3 0 1b. MoloT. COVER LETTER FOR FIRST MoloT. QUESTIONNAIRE
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Iffiilllnll@ll1ffig (QhkTIffi~F'§ & lW21IDl21g~If§ A§§@cen$l[ll®IDl
OF LOS AMGELES

i"HiOR\J1i:: G24·2!81

PHIL BAUMAW
General Manager

TO:

FROM:

SUBJECT:

January, 1972

BUILDING OWNERS AND MANAGERS

PHIL BAUMAN, GENERAL MANAGER

EARTHQUAKE QUESTIONNAIRE

l'JroBidoR'l'
oW. G. cox

Manager of
Corporate Buildings

SOUTHERN C1l.LIFORNU
Ct:..S CO'MPANY

Vico Pro$idow~

"MORGAN ADAMZ, JR.
PaTIne-;

ADAMS PLAZA

Vico Prollidol'i~

·LOWELL J. rWpl'W
Vlee Pres'dc'I'lt

R. ,l,.. ROWlI.N & co.

In a continuing effort to assemble information on the effects

of last year f s earthquake on office buildings, BOMA is partici-

pating with the National Science Foundation and the Massachusetts

Institute of Technology in additional 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.

Trcasl.lror
·LOUIS W. JONES, Jll.

Vice Pf'ocident
TITLU INSURANCE AND

T11U~T COMf'ANY

DIRtiCTOll.S
·HENRY E. BLAESING

Leasing Consultant
:>nnv STOnY nUll.OING

AUSTIN C. CHILES
Building Manager-Assistant Cashier

BA NK Or' AMERICa

A. J. DANZ
Manag<r of Buildings

ATLANTIC RICHFIEI.D COMPll.NY

llDDV S. ~Ii:LDMAM
Managing DirectO'i'

LOS ANGELES HOMIl:
FURNISHINGS MaRT

J. ~!lWARD GIBBONS
President

eNION RR~CO

JOHN fl. GlASS
Vice PresMent

w. ROSS CAMPBELL co.

L. 3. HIGBEE
Building Manager
UNION OIL CENTER

1I(l(:;"" M. RHLEV. J!1.
Manage)"

PACIFIC MUTUAL BUlLDXNG

M. DOW LIIlerl
ManagliW

AIRPORT IMPEIU1l.L Tovmrul
!3L SEGUNDO

~LOVD W. O'BRIEN
Vice President

CALIFonN:u.. FEDERAL GAVlNGD
AND LOAN .hSSOCI.ll.TION

"ROLL!N C. PAa£ll>MS
Vice Pre.,idrmt

6ECURITY pACIFIC NbTIONAL BANII

JAMES W. 1lr;INHAflD
Building Superintendsnt

DIi:PARTMENT OF WATER AND pownn
CITY OF LOg .aNGELEU

ADViSORY COUWCIL

WILUAM fl. BLA~U

Vice President
TJTLE INSURANCJZ AND

TnUST COMPANY

FEDEMYED II'JIYH !lIUILDIN~ DII'JNEt1lS AND MANAlillE"S ASSOCIATIDN DNTERNATIONAL

ReBEfl.T E. SHEEHAN
S""lor V lee Presoldem

CALIFORNIA FEDERAL SAVINGD
AND LOAN ASSOC:u.TION

JOHN H. WILLIAM$
V ice President

ll. A. ROWAN lie co.

encls.

FIGURE 3.1c. BOMA COVER LETTER FOR FIRS T H. 1. T. Qr~sTIONNAIRE

fl.OV w. seHEMllENBEflGofl.
VIce President

UNITED CALIFORNIA BANg

AllAN W. SY©li<C,%,
Manager, Office Building"

CnwrURY crrr, me.

GIZOIlGLi L. ii'@PP[Jl'l
Vic. P7e,idG'it~

WAGENSELLEn &. Dtm9T
SnCURlTIEB CORP.

WiLW\M E. WMi:l
Owne1-Rep1esentativl,?

BRACK SHOPS. QUINBY BLOCS.

°Member EItecutive CommiUee



BUILDING OWNERS 8. MANAGERS ASSOCIATION OF LOS ANGELES

SHORT FORM

EARTHQUAKE QUESTIONNAIRE

C. Total Building Floor Area •• __~ (gross sq. ft.)
(based on exterior dimensions, ex-
cluding subterranean parking areas)

D. Building Function (Occupancy):

6. other (descri be):

GENERAL BUILDING INFORMATION

A. Year built (original building)

-_%

------_%

none _or

e. partition walls (excluding painting)

c. Elevators, escalators, and/or dumb wai ters %

d. Ornamentation, Interior & E
Exterior (marble, tile, etc.)

$----------

b. Electrical (transformer, 1 ights, etc.) ••• %

B. Please indi cate the percentage repai r 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. Nechan;cal (plumbing, tanks, heating,
vent i lating, and/or ai r condit ioning, etc.) ~%

I I EARTHQUAKE DAMAGE INFORMATION

A. What was the total repair cost for physical damage
caused by the San Fernando Earthquake? (Including
all categories in Part B below).

0__

5. Hoteli. Office Building

2. Apartment

3. Hosp i tal

4. Store ••

2. Bu i 1din g He i ght

Have there been additions
to the original building? Yes__ NO__

B. Building Height:

i. stories Above Main Entry

Eo Type of Bui lding Construction

L Steel Frame. 1.1. other (descri be)

2. Concrete Frame.

f. ceil ings (excluding painting) •

g. Exterior non-structural walls
(excluding glass and painting)

%

-_%

3. Brick Masonry. h. Glass •• -_%

F. If available, please give County Assessor's "Assessed"
Value. (25%' of Fair Market value) Improvements only,
excluding land.

1. pre-earthquake (1970).

2. post-earthquake

3. Reduction (due to
earthquake damage)

i. Painting

j. Contents (furniture, fixtures,
personal property, etc.) •••

k. Other (i ncl uding professional fees,
building department fees, etc.) ••

Total

%

------_%

=%

100%

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

If so, what is the estimate bf this cost? $ _ number of days building unusable ,

D. Would you be willing to discuss this further? Yes No _ I f yes, who shou 1d be can tacted?

Name, _

F i rm _

Add ress _

city Ph 0 ne _

Thank you for answering this questionnaire.

FIGURE 3. 2a. JOINT M. I. T. !BOMA QUESTIONNAIRE

215 W, SEVENTH STREET LOS ANGELES 90014 MAdison 4-2181 Bui 1din g No. _
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IffiilllnTIaIlnlffi~ ([})'Wnn<eIf§ & lWcHHill£llg~If§ A§§ ®rEnmtnmllln
OF LOS ANGELES

214 WEST SEVENTH STREET 0 LOS ANGELES, CALIF. 90014 0 PHONE 624-2181

• PHIL BAUMAN
General Manager

April, 1972

- OFFICERS-

Thank you very much.

FROM: PHIL BAUMAN, GENERAL MANAGER

TO: BUILDING OWNERS AND/OR MANAGERS

Presiden~

• LOUIS W. JONES, JR.
Vice President

TITLE INSURANCE AND
TRUST COMPANY

Vice President
'MORGAN ADAMS, JR.

Partner
ADAMS PLAZA

ViC0 President
* J. EDWARD GIBBONS

President
UNION REAlCO

'freQsurer
*FLOYD W. O'BRIEN

Vice President
CAliFORNIA FEDERAL SAVINGS

AND LOAN ASSOCIATION

*Member Executive Committee

- DIRECTORS ­

ROBERT C. ACCOMANDO
Vice President

Operations and Management
CUSHMAN & WAKEfiELD, [NC.

HENRY E. BLAESING
leasing Consultant

NEW STORY BUilDING

.W. G. COX
Manager of Corporate Buildings

SOUTHERN CALIFORN[A
GAS COMPANY

A. J. DANZ
Manager of Buildings

ATlANTIC RICHFI ELD COMPANY

EDDY S. FELDMAN
Managing Director

lOS ANGELES HOME
fURNISHINGS MART

L. B. HIGBEE
Building Manager

UNION Oil CENTER

ROGER M. !(ELLEY, JR.
Manager

PACIFIC MUTUAL BU[lDING

ALAN D. LEVY
Vice Pre~ident

TlSHMAN REA l TY &
CONSTRUCTION CO., INC.

M. DOW LUICK
Manager

AIRPORT IMPERIAL TOWERS
EI Segundo

EUGENE W. METCALF
Ass·lstant Secretary & Manager

Property Management Dept.
R. A. ROWAN & CO.

• ROLLIN C. PARSONS
Vice President

SECUR[TY PAC[FIC NATIONAL BANK

BERNARD L. PROBERT
Operations Manager

DEL AMO fiNANCIAL CENTER
Torrance

JAMES W. REINHARD
Building Superintendent

DEPARTMENT Of WATER AND POWER
CITY Of lOS ANGELES

ROY W. SCHENKENBERGER
Vice President

UNITED CAlifORNIA BANK

ALLAN W. STORMS
Manager, Office Buildings

CENTURY CITY, [NC.

WILLIAM E. WARD
Owner-Representative

BRACK SHOPS, QUINBY BUILDINGS

~IGURE 3.2b. BOMA COVER LETTER FOR JOINT M.I,T,/BOMA
QUESTIONNAIRE

We urge your earliest cooperation in this effort a nd pI edge our
continuing perseverance in your and the industry's behalf.

As you know, BOMA is the only agency uniquely capable of obtain­
ing high rise earthquake and other data from and for our industry.
In a continuing program of assembling usable information which
can allay the effects of future shakes, we are participating with
the National Science Foundation, Massachusetts Institute of Tech­
nologyand their consulting firm of Ayers, Cohen and Hayakawa,
in this final data gathering program.

SUBJECT: SHORT FORM EARTHQUAKE QUESTIONNAIRE

If you have participated in our regular surveys on Occupancy or
Building Operating Costs, you know the information is held in con­
fidence and reference is never made to a specific bUilding in the
published reports. Let me assure you that this survey informa­
tion will be treated with that same confidence.

From information obtained in this and earlier surveys, valid and
reasonable preventative measures will be developed and recom­
mended for implementation later this year.

- ADVISORY COUNCIL ­

WILLIAM R. BLACK
Vice President

TITLE INSURANCE AND
TRUST COMPANY

ROBERT E. SHEEHAN
Senior Vice President

CAliFORNIA FEDERAL SAVINGS
AND lOAN ASSOCIATION

JOHN H. WILLIAMS
Vice President

R. A. ROWAN & CO.

FEDERATED WITH BUILDING OWNERS AND MANAGERS ASSOCIATION INTERNATIONAL
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Chapter 4

DATA BASE

4.1 SUMMARY OF DATA AND INFORMATION SOURCES

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 Office),

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-rise 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

Oaks, California in two separate maps entitled, '~ew 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.) SP - "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. In 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 permit

valuation.

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

Entitled. IlSan Fernando Earthquake February 9. 1971. Plot of

Maximum Recorded Basement Acceleration ll

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 EERT - NOAA-EERI 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 1l by L.A. County Assessor's

Office. September 9, 1971

This report contains the assessed building values which are approximately

one quarter of the market values and the assessed value reduction after the

earthquake and prior 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 repair permits have been obtained

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. P

BLDG FUNCT - The basic function of the building. The key for the entries

is as follows:



o - 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 the

entries is as follows.

C - Concrete

S - Steel

BM - Brick Masonry

OT - 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 building 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

3 - Piles foundation

4 - Caisson 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 relationship to any other building identification

number. A list equating BLDG NO. and MIT NO. has been retained

in the files at M.l.T.

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

building.

HT - The height of the building in stories above ground level.
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INCONV COST - The inconvenience cost suffered by the owner and occupants

(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 a number which corresponds

to a page in the Thomas Bros, llLos Angeles County - Popular

Street Atlas - 1972 Edition,1i 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· Mercalli 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-structural damage in dollars in Wiggins' list,

STEIN NO, - The building number listed in the Steinbrugge/Schacler Report

(Appendix A),



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 allocated 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. For example, build­

ing number 551 has information stored in the 55lst record of the "Original Data

Base Data and the 55lst record of the BOMA Questionnaire Data" file. Even if

there is no information for a particular building, a record has still been

allocated in each file. lVhile 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 analysis are given in Appendix

J under a separate 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 information 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 DAMAGE, EERI NO., NOAA EERI NO., ACCEL, and FOUND

TYPE. The inforrrration 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 NOo p 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 data 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, % MECH, % ELECT, % ELEV, % OTHER, GROSS FLOOR AREA,

and BLDG 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, % GLASS, % PAINT, % OTHER, GROSS FLOOR AREA, BLDG

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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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 list 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 indicate 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 unavoidable. 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 desirable to present all the factual

data to the readers along with a 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:

1. Original Data Base value

2. BOMA value

3. Original Data Base area times $25/ft 2

4. MIT Questionnaire area times $25/ft 2

5. MIT/BOMA area times $25/ft 2
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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:

10 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 Questionnaire, 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, ~1.I.T. Survey Questionnaires and the

WERe maps. The construction dates are accurate to within 2 or 3 years, the

older buildings (pre-1940) being the least accurate. For the purpose of dis­

tinguishing the seismic code provision, the accuracy of construction date

may be considered to be sufficient.
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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

account for a basement. The attempt here is to count all stories beginning

with the ground floor. These heights were checked against the Security

Pacific List~ the survey questionnaires and the WERe maps. In general~ the

building heights are accurate to within ±l 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 sources of the building type

information are the survey questionnaires, the WERe 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 for evaluating assessed values are presented in Appendix B, and

assessed values have been obtained for most of the buildings with complete

damage and building information, 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

assessed 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

viously. The best way to obtain the replacement cost 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 WERe 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 from

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 than the replacement cost for the
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buildings completed within one or two years. The average 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 value is

defined as 4 x the assessed value). A building 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 developing cOlnmunities in the Los Angeles area,

a building 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 assessment. 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 common to all, and hence the market value-to-replacement cost ratio

is more-or-Iess 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 two

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, most 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 respo~se and the owners have

been assured that the information will be used for a general statistical study

only, it is 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 does 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 a 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 Questionnaires. 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, substantial differences do exist in some cases.

This is not totally unreasonable since Steinbrugge's damage costs were esti­

mated before repair completion. Additionally, the chance of mismatching the

buildings always exists.

The damage cost shown on the repair permit does not reflect the true

amount, but rather is estimated to be about 25% to 50% of the total cost.



54

This practice is followed because the cost of the repair permit increases with

the repair cost. Note 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 repair permit are very unreliable and are not used in

constructing 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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Table 4.2

STRUCTURE OF ORIGINAL DATA BASE DATA
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DATA

BLDG NO

LOC

DATE

HT

BLDG VALUE

GROSS FLOOR AREA

STRUCT TYPE

STRUCT DAMAGE

NONSTRUCT DAMAGE

STEIN NO*

STEIN DAMAGE

EERI NO+

NOAA EERI NO+

ACCEL

FOUND TYPE

INFORMATION SOURCES

WIGGINS (modified by M.I,T,)

WIGGINS

WIGGINS. SP. BMQ, MIQ. MBQ, WERC

WIGGINS, SP. LADP. BMQ, MIQ. MBQ, WERe

SP. WERC. LACA

SSR, LADP. WERe
WERC, BMQ, HIQ, MBQ, SCHADER

WIGGINS

WIGGINS

SSR

SSR

EERI

NOAA EERI

EERI. NOAA EERI

SCHADER

* The correspondence between BLDG NO and STEIN NO is given in
Appendix A, This correlation is a Nbest judgemene' 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 this report so that buildings cannot be identified in
the lists which contain damage information,



Table 4.3

BUILDING COST INDEX (FROM ENGINEERING NEWS RECORD)

YEAR BASE YEAR 1913 = 100 FACTOR TO GET 1971 COST

1971 943 1

1970 835 1.13

1969 790 1.20

1968 721 1.31

1967 676 1.40

1966 652 1044

1965 627 1.51

1964 612 1.54

1963 594 1.59

1962 580 1.63

1961 578 1.64

1960 559 1.69

1959 548 1.72

1958 525 1.80

1957 509 1.86

1956 419 1.92

1955 469 2.01

1954 446 2.11

1953 431 2.19

1952 416 2.26

1951 401 2.35

1950 375 2.52

1949 352 2.68

1948 345 2.74

1947 313 3.02

1946 262 3.70
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DAMAGE DISTRIBUTION (%)

DAMAGE EQ-88 WHOLE DATA

STATE VERSION A* VERSION B+ BASE

0 a 4 25

1 9 21 25

2 17 35 26

3 26 28 14

4 25 38 6

5 15 4 3

6 4 a 1

7 a a a

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

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

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 motion 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 value) 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 constructed 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 probability 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,

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
I

MDR
I

1 I DR
iIn I i=l

where n
l

total number of buildings in a particular category subject to ground

motion intensity, I,

damage ratio for the i th buildings in a particular category and

subject to ground motion intensity I.
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An alternative method for computed MDR
I

would be:

8
MDRI = L PSICDRSs=o

where PSI = probability that a building of a particular type will experience

damage state S when subject to ground motion intensity I,

CDR
S

= central damage ratio for damage state S (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 building 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 a range for the fundamental

frequency of the building, It is divided into four categories, namely:

5 to 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 a 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): Zone 0 of UEC (no earthquake provision) for the pre-1933

buildings and Zone 3 of UEC 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 period are discussed in Appendix

D. Because only a few high-rise buildings were built during the Depression

and World War II, 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 combinations 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 building 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 Hotion 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 of them is perfect by itself. As a

first step in this effort, the modified Mercalli intensity, the most popular

qualitative 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. 1.1 were sketched by the writers using the

preliminary isoseismal 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 isoseismals 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. s.la. If Scott's

suggestions were to be followed, the implication would be virtual 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. s.lb). 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 of 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 has been developed which computes damage probability

matrices by height, age, structural type, and foundation type groupings. In

constructing the matrices, 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 2 )

MIT Area (x $25/ft 2
)

Data Base Area (x $25/ft 2 )

Market Value (assessed value x 4)

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 2 )

MIT Area (x $25/ft 2
)

Data Base Area (x $25/ft 2 )

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 version.

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 ratios 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 ratio, and the standard deviation

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

The damage information 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, Le., the MIT/BOMA, MIT and BOMA Questionnaires.

For Version A, damage is divided into 11 components: structural, mechanical,

electrical, 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 to 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 20% structural, 5%
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mechanical, 10% elevators and 65% partitions and finish. In zone VIII, even

though the total dollars spent for repairs increased~ the percentage of

these repairs spent on structural damage decreased compared to zone VII.

These results may be compared with those compiled by Steinbrugge (1972)

for 27 buildings mostly in zone VII: 3% to 25% structural, 48% to 56%

interior finish, 23% to 34% exterior finish, and 4% to 7% for mechanical­

electrical.

5.3 DISCUSSION OF THE DAMAGE MATRICES

As stated previously, 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. Even though it may not be possible to

place great confidence upon each 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

explanations, 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 buildings 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 in this zone. The distribution

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 building categories, except the
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8- to l3-story, post-1947 concrete buildings which had a mean damage ratio of

0.15%, recorded a mean damage ratio of less than 0.1%. The overall average

damage ratio was 0.06%.

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-1947 steel buildings suffered less damage than did the post-1947

concrete buildings. This is consistent for all height categories. It is 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% 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 to 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 only 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.

c. 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. In general~ concrete structures suffered higher damages than their

steel building counterparts (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 was 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 buildings but rather concentrated

in a few buildings. Since the function of the elevator is of vital

importance to the tall buildings especially in the case of emergency,

it is advisable to improve the elevator design to eliminate the possibi­

lity 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.

S.l.b. Also shown in Fig. 5.l.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 hereafter 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 t1MI X. A multi-story tower at the Pacoima

Memorial Lutheran Hospital (area 3, intensity IX) was also very severely

damaged and was demolished.

Even though the intensities in the areas of 7, IS, 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:

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

comparable to the damage observed in MMI VII 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 13-story buildings exceeded the damage to 5- to 7-story

buildings. Considering all post-1947 buildings, the mean damage 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

epicentral region. It seems, however, that the limited amount of data available

in the epicentral region is not sufficient to provide a confident estimate.



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+

81
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@1~

PRE-1933 POST-1947

CODE NO OF BLDGS H,D,R, S,D, AREA CODE NO OF BLDGS H,D,R, S,D.

2 2 2 0,504 0.246

7 7 4 O,Oll 0,0096

15 15 10 0,0292 0.0386

16 16 3 0,0016 0,0012

19 19 5 0,0393 0,0157

21 21 2 0,0 0,0

22 22 9 0,0066 0.0061

23 1 0,0 0,0 23 2 0,0052 0,0050

25 4 0,0595 0,0952 25 5 0,0368 0,0396

27 8 0,0038 0,0051 27 7 0,0015 0.0032

33 1 0,0 0,0 33 10 0,0006 0.0009

34 10 0,007 0,0123 34 18 0,0061 0.0142

40 3 0.0 0.0 40 2 0, 0013 O.OOlJ~
41 41 16 0.0009 0,0018

42 42 34 0.0016 0,00:11

43 5 0.0131 0.0157 43 25 0,0037 0,0044

44 90 0,0422 0,0939 44 44 0,0048 0,0073

45 6 0.0005 0.001 45 1 0.0377 0.0

49 49 9 0,0004 0,0007

56 56 13 0.0007 O,OOll

63 63 1 0,0 0.0

68 68 2 0,0 0.0

70 70 2 0,0 O,G

73 73 1 0,0002 0,0

75 12 0.0002 0.0007 75 II 0.0 0.0001

76 76 1 0.0 0,0

80 80 1 0.0 0.0

92 92 1 0.0 0.0

96 96 2 0.0 0,0

FIG. 5.4. SUMMARY OF MEAN DAMAGE RATIO FOR EACH AREA. REPLACEMENT COST VERSION
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"" POST-I9478 AGE PRE-1933 ALL

"""" STRUCT TYPE ALL C S ALL C S ALL C S
-----

0 90 100 80 86 86 86 88 90 83

1 10 0 20 14 14 14 12 10 17
., 2 0 0 0 0 0 0 0 0 0
""H

0 0 0 0 0 0 0
"'" 3 0 0
H

l'- uo
0 0 0I

""
4 0 0 0 0 0 0

V")
CJ

0 0 0 0 0 0 0
~

5 0 a

'" 6 a 0 0 a a a 0 a a
7 a 0 a 0 a a 0 0 0

M.D.R. 0.0003 0 0.0006 0.0003 0.0002 0.0003 0.0003 0.0002 0.000

ST DEVIATION 0.0008 a O. 0011 0.0006 0.0005 0.0006 0.0007 0.0005 0.000

1N0 OF BLDGS 10 a 5 14 7 7 24 10 12

a 78 80 75 75 46 94 74 56 86

1 11 20 a 14 27 6 13 25 5
..~ 2 11 a 25 7 18 0 11 13 9
""H

"'" 3 a a a 4 9 a 3 6 aC') H
.-< uo

I 4 a 0 a 0 a a a a aco "":;]
5 a a a 0 0 a a a a

~

'" 6 a a a 0 a 0 a a a
7 0 0 0 0 0 a a a a

M.D.R. 0.0010 0.0002 O. 0021 0.0012 0.0027 0.0002 O. 0013 0.0019 0.000

ST DEVIATION 0.0026 0.0004 0.0036 0.0033 0.0049 0.0006 0.0033 0.0042 0.002

NO OF BLDGS 9 5 4 28 11 17 38 16 22

a
-

a 0 a 75 67 83 75 67 83

1 a 0 a 25 33 17 25 33 17
-l<

"" 2 a a a 0 a a a a aH

"'"DO H 3 a a a a a a a a 0.-< U)

I

"""" 4 0 a a a a a a a a.-< CJ

~ 5 a a a 0 a 0 a a a
'" 6 0 0 a 0 a 0 a a a

7 a a a 0 a a a a a
M.D.R. a a a 0.0007 0.0009 0.0005 0.0007 0.0009 0.000

ST DEVIATION 0 a 0 0.0012 0.0013 0.0010 0.0012 0.0013 0.001

NO OF BLDGS a a a 12 6 6 12 6 6

a 0 a a 67 a 100 67 a 100

1 a a 0 33 100 a 33 100 a
-1~

"" 2 a 0 0 0 0 a a a aH

"'"H 3 a 0 0 0 a a a 0 aU)

+
""'" 4 a 0 a 0 a a a a a.-< :;]
~ 5 a 0 0 0 a a 0 0 a
'" 6 0 a a 0 a a 0 a a

7 a a a a 0 a a 0 a
M.D.R. a 0 a 0.0003 0.0007 0.0001 0.0003 0.0007 0.000

ST DEVIATION 0 a a 0.0003 0.0 0.0001 0.0003 0.0 0.000

NO OF BLDGS a a 0 3 1 2 3 1 2

a 84 88 78 77 60 91 78 67 86

1 11 13 11 18 28 9 16 24 10
-l<

"" 2 5 a 11 4 8 a 5 6 5H

"'"H 3 a a a 2 4 a 13 3 aH U)

H

"""'" 4 a a a a a a a a aCJ

~ 5 a a a a a a a a a
'" 6 a a a a a a a a a

7 a a a a a a a a a
M.D.R. 0.0006 0.0001 0.0012 0.0008 0.0015 0.0003 0.0009 0.0012 0.000

ST DEVIATION 0.0019 0.0004 0.0026 0.0024 0.0035 0.0007 0.0024 0.0031 0.001

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. is and standard '
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~
I1MI VI VIr VIII

S AGE PRE-1933 POST-1947 ALL PRE-1933 POST-1947 ALL POST-1947

"''" STRUCT TYPE ALL C S ALL C S ALL C S ALL C S ALL C S ALL C 5 ALL C 5

STRUCTURAL 0 0 a a a a a a a 12 14 10 20 28 13 18 24 12 32 52 3

XECHAIHCAL a a a 8 15 a 8 15 a 4 4 5 8 7 9 7 6 8 9 8 9

ELECTRICAL a a a a a a a a a 0+ a 1 1 0+ 1 0+ 0+ 1 1 2 1

ELEVATOR a a a 50 a 100 50 a 100 7 11 1 11 12 11 10 11 9 7 1 17

ORNA.'IENT a a a 0 a a a a a 12 8 19 2 2 3 5 4 6 4 0+ 9

~
PARll1l0N a 0 0 0 a 0 0 0 0 16 22 6 19 15 22 18 17 19 11 16 4

J-. CEILING a a a 8 15 a 8 15 a 3 1 6 7 5 9 6 3 9 1 0+ 2

EXTERIOR a a a a a a a a a 5 7 1 1 2 1 2 3 1 5 0+ 11

GLASS a a a 2 5 a 2 5 a 5 7 1 2 3 2 3 4 2 2 4 0+

PAINIING a a a 27 55 a 27 55 a 33 25 48 24 23 24 27 25 29 18 10 29

OTHER a a a 5 10 a 5 10 a 2 2 2 5 3 5 4 3 4 10 7 15

~;o OF BLDG a a a 2 1 1 2 1 1 11 7 4 27 12 15 40 21 19 10 6 4

STRUCTURAL a a a 8 a 15 4 a 8 8 11 5 18 22 13 12 17 8 34 17 50

HECl-IANICAL a a a a a a a a a 1 0+ 1 7 8 7 4 4 4 1 a 2

ELECTRICAL a a a a a a a a a 1 1 0+ 1 1 2 1 1 1 a a a
ELEVATOR a a a a a a a a a 8 5 11 7 2 14 8 3 12 14 4 25

OR~fu'lENT a a a 8 a 15 4 a 8 6 7 5 6 3 9 5 5 6 a a a

'"
PARTITION 24 a 47 42 70 15 33 35 31 22 23 20 16 18 12 19 20 17 2 a 4

.-;
I CEILING a a a 12 a 25 6 0 12 5 6 2 4 3 7 5 4 4 a a a'"

EXTERIOR a a a 10 a 20 5 a 10 9 7 12 4 5 3 7 6 8 a a a
GLASS 6 a 12 a a a 3 a 6 2 2 3 11 11 10 7 8 6 a a a
PAI~TI~G 70 100 41 20 30 10 45 65 25 35 34 38 19 19 19 27 26 30 5 a 10

OTHER a a a a a a a a a 3 4 3 7 8 4 5 6 4 44 79 9

~O OF BLDG 2 I 1 2 1 1 4 2 2 33 15 17 29 17 12 63 33 29 2 1 1

STRGCTliRAL a 0 0 0 0 0 0 a a 0 0 a 0 a 0 a 0 a 0 a a
,iECHANICAL 0 0 a 0 0 a 0 a a a a 0 2 0 3 2 a 2 a 0 a
ELECTRICAL 0 0 0 0 0 0 0 0 0 0 0 0 4 a 7 3 a 5 a a a
ELEVATOR a a 0 a a a a a a a 0 0 28 70 1 24 70 0+ a a a
ORNA}iE~T 0 0 0 a 0 a a a a a 0 a a a 0 a a a a a a

~
PARTITION a 0 0 0 a a a 0 a 20 0 20 40 15 57 37 15 48 a a a

I CEILING a a a a a a a a a 20 a 20 5 8 3 7 8 8 a a a;:';
EXTERIOR a 0 a 0 a 0 a a a a 0 0 2 0 3 2 a 2 a a 0

GLASS 0 0 0 0 a 0 0 0 0 0 0 0 0 0 0 0 a 0 0 0 0

PAINTING 0 a a 0 a a a a 0 60 a 60 5 7 3 14 7 18 a 0 0

OTHER a 0 0 a a 0 0 0 a 0 0 a 14 0 23 11 a 17 0 0 0

~O OF BLDG a 0 0 a a 0 a a a 1 a 1 5 2 3 I 6 2 4 a a c
STRliCTURAL 0 0 0 0 0 0 0 0 0 0 a 0 20 0 22 19 0 20 0 0 0

XECHANICAL 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 1 0 0 0

ELECTRICAL 0 a 0 0 0 0 0 0 0 0 0 0 a a 0 0 0 0 0 0 J

ELEVATOR 0 0 0 a a 0 0 0 0 1 0 1 13 C 14 12 0 13 0 0 0

OR:-;AMENT a a 0 10 10 a 10 10 a 36 a 36 3 a 3 5 a 5 0 0 ,

Ij:, PARTITiON 0 0 0 0 0 0 0 0 0 50 0 50 25 0 26 26 0 28 C C
.-;

"

I
CEILI~G 0 0 a 0 Q 0 Q 0 0 2 0 2 2 0 2 2 0 2 0 0

EXTERIOR 0 0 0 0 0 0 Q 0 0 0 0 0 3 0 3 3 0 3 C a ,
J

GLASS 0 0 0 90 90 0 90 90 0 1 0 1 0+ 0 0+ 0+ 0 0+ 0 0 0

PAI:-;TI:\C 0 0 0 0 0 0 0 0 0 10 0 10 32 95 28 31 95 27 0 C 0

OTHER 0 0 0 0 0 0 0 0 0 0 0 0 1 5 1 1 5 1 0 0 0

~O OF BLDG a 0 0 1 1 0 1 1 0 1 0 1 16 1 15 17 1 16 0 0 0

STRUCTURAL a a a 3 0 8 2 a 5 8 12 5 18 22 15 14 18 12 32 47 12

HECHANICAL 0 0 0 3 5 0 2 4 0 1 1 2 6 7 5 4 4 4 8 7 8

ELECTRICAL 0 0 0 0 0 0 0 0 0 0+ 1 0+ 1 0+ 2 1 1 1 1 1 1

ELEVATOR 0 0 0 20 0 50 14 0 33 8 7 9 11 10 12 10 8 11 8 " 19

OR~~iE~T 0 0 0 5 3 8 4 2 5 8 7 8 4 2 4 5 4 6 3 c+ 7

-' PARTITIO~ 24 0 47 17 23 7 18 18 21 21 23 19 20 16 23 1 19 22 10 ~, 4
:;:

8 5 4 4 5 4 6 5 4 5 1 C+ 2
CEILI~G a 0 a 8 5 12 6 4

EXTERIOR a 0 a :. a 10 3 a 7 8 7 9 3 4 2 4 5 4 4 1 8

GLASS 6 a 12 19 32 a 15 24 4 3 4 2 5 7 3 4 6 3 2 3 li.

PAI~TI~G 70 a 41 19 28 5 34 46 17 35 31 39 22 22 23 27 26 28 15 9 25

OTHER a 100 a 2 4 a 2 2 a 3 3 3 5 6 5 4 5 4 16 17 14

~O OF BLDG 2 1 1 5 3 2 7 4 3 46 22 23 77 32 45 126 57 68 12 7 5

FIG. 5.7. SUMMARY OF THE XEA"" COMPONENT DAIlAGE RATIO, VERSION A
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ZONATION AS IN FIG. 1.1 ALTERNATE ISOSEISMAL IN FIG. 5.1a

11MI VII VIII VII VIII
E-< AGE POST-1947 POST-1947::r::
c..'J
H STRUCT!'xl ALL C S ALL C S ALL C S ALL C S::r::

TYPE

0 24 21 24 0 0 0 19 17 17 0 0 0

1 27 26 28 25 0 38 29 23 31 0 0 0

'" 2 27 16 38 50 25 62 29 17 46 0 0 0!'xl
E-<
~ 3 15 26 5 17 50 0 15 30 3 0 0 0E-<

r--- (f)

I 4 7 11 5 8 25 0 8 13 3 0 0 0If) fL1
c..'J

~ 5 0 0 0 0 0 0 0 0 0 0 0 0
A 6 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 a 0 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 0 0

BLDGS

0 36 27 44 25 0 50 34 25 44 0 0 0

1 31 33 31 0 0 0 30 31 29 0 0 0
-l< 2 20 32 6 25 0 50 21 31 9 0 0 0fL1

~ 3 11 8 16 0 0 0 11 8 15 0 0 0(Y) E-<
rl CJ)

I 4 2 0 3 0 0 0 1 0 3 0 0 0co fL1

~ 5 0 0 0 50 100 0 3 5 0 0 0 0
A 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 0 0 0
BLDGS

FIG. 5.10. VARIATION OF THE DAMAGE MATRICES DUE TO THE CHANGE OF INTENSITY ZONATION

* Data for damage States expressed in percentage.

M.D.R. 's are not expressed in percentages.
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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 this 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 construction 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, building 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 collection 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 efforts 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 suitable 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-1947 concrete buildings were damaged consi­

derably.

4. In 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



L

BUILDING INFORMATION A.2

STORIES

CONSTR ABOVEI
BELOW

BLDG NO STEIN NO+ DIST LOCATION DATE GRADE AREA* EXTERIOR AND ORNAMENTATION

607 1 Wilshire 57-59 6/3 350,000 Marble facing crkd

1799 2 Beverly Hills 1955 8/1 92,000 Windows 5th & 7th

559 3 Beverly Hills 59-60 8/1 85,000 Windows 3rd

783 4 Van Nuys 63-64 8/0 97,000 Lobby walls crkd. 4th - 7th

16 5 Sherman Oaks 64-65 8/1 45,000 Windows 1st, 4th, 8th

345 6 Sunset Strip 60-61 9/3 100,000 Front window

304 7 Hollywood 63-64 10/0 110,000 Conc. ext. walls crkd

1513 8 Beverly Hills 63-64 10/1 100,000 None

109 9 Downtown L.A. 62-63 11/2 280,000 Windows broke & shifted

173 10 Hollywood 58-59 12/1 102,000 Windows 2, 5, 6, 8, 9

1169 11 Miracle Mile 55-56 12/1 110,000 Ext. conc. wall crkd

663 12 Sunset Strip 62-63 12/1 159,000 None

434 13 Westwood 60-61 12/1 128,000 Tile facing crkd.

1260 14 Hollywood 65-67 12/1 200,000 None

828 15 Hollywood 55-56 13/0 95,000 Windows. all flrs

1539 16 Wilshire 57-58 13/1 200.000 Tile loose

3 17 Hollywood 68-69 14/0 188,000 None

860 18 Westwood 61-62 15/2 231,000 Window crkd 8th

1150 19 Sunset Strip 63-6L~ 15/1 140,000 None

1407 20 Century City 68-70 15/3 340,000 None

640 21 Miracle Mile 63-64 18/1 160,000 None

19 22 Hollywood 61-64 19/3 90,000 None

269 23 Miracle Mile 59-61 22/1 210,000 None

856 24 Wilshire 60-61 22/1 453,000 Marble crkd in lobby

1353 25 Wilshire 61-63 22/1 356,000 Ext, conc, walls crkd

782 26 Westwood 69-70 2l}/4 605,000 Windov7 seals broken

1089 27 Wilshire 67-69 31/1 750,000 Marble broke in lobby

1702 28 Miracle Mile 1968 31/4 475,000 None

109 29 Downtown L,A. 1963 32/2 700,000 Tile damage ext, walls

1486 30 Downtovro L,A, 65-67 42/ 700,000 None

1699 31 Van Nuys 66-67 7/0 59,000 Ext. pL crkd

1389 32 Encino 64-65 8/1 68,000 Wall pL crkd

537 33 Hollywood 63-64 8/3 120,000 Window slippage all flrs

785 34 Beverly Hills 61-62 8/1 79,000 Glass loose



337 35 Encino 65-67 9/1 110,000 None A.3

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 cone. wall all fIrs

910 40 Beverly Hills 64-65 10/1 60,000 None

796 41 Beverly Hills 63-65 10/2 120,000 None

826 4·2 Miracle Mile 47-48 10/0 425,000 Windows broke 3rd to 10th

897 43 Downtown L.A. 68-69 10/2 130,000 None

44 Downtmm L.A. 1964 10/0 133,000 ML&P crkd (south)

1062 45 Hol1yw'ood 66-68 11/1 130,000 Windows broke 1st

555 46 Miracle Mile 1951 11/1 100,000 Crkd cone. 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 l\Tilshire 65-67 12/1 150,000 None

589 51 Panorama City 61-62 13/1 130,000 15 windows broke

733 52 Sherman Oaks 65-67 13/0 200,000 None

1564 53 Sherman Oaks 65-66 13/2 200,000 Marble loose, cone. 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 ------ Tile facing fell

*Area is total square footage above grade.

+ structural steel buildings, the numbers shown here are identical to those of theFor

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)



Elev. oil spilled, bath tubs & tIts crkd 14.0

None 18.0

None 20.0

Elev. wts. off track, sprkl. pipe broke 22.0

EARTHQUAKE DAMAGE .

INTERIOR AND CONTENTS

Filing cabinets over. ML&P part. crkd

Part., ceiling tiles damg.

ML&P stairwell crkd 4th to 6th

ML&P part. crkd Restr. damg. 2nd

Books, pictures fell

File cabinets, books. light fixtures fell

Intr. walls crkd. books fell, furn. damg.

All fIrs ML&P crkd, ceiling tile fell

L&P walls crkd all fIrs

So. stairwells damg.

Books, lamps, file cabinet fell

Slight cracking to L&P

Drywl. crkd all fIrs

Slight drywl. crkd

Crkd drywl. 3rd to 9th

Crkd bsmt walls (cone.), crkd L&P

Crkd ML&P walls thruout

2 cracks in drywl., books fell

Crkd, ML&P drywl. all fIrs

Stairwell cone. wall crkd

Crkd drywl. all fIrs

Crkd ML&P walls

Crkd ML&P core. books fell

Crkd drywl. 4th to 14th

Ceiling tile fell, books fell

Cone. fIrs crkd 21st to 25th

ML&P walls crkd all fIrs

Crkd drywl. all fIrs

L&P walls crkd all fIrs

L&P cores crkd stairs & elev.

Vinyl wall covering buckled, drywl. crkd,
furn. damg.

All fIr. drywls. crks, X-ray equip. damg.

Minor cracks all drywls

ML&P 1st crkd, books, statues, watercooler
fell

BUILDING EQUIPMENT

AC & boilers moved

None

Slight damg. elev. wts.

None

Elev. wts. loose

None

None

Slight to elev.

None

None

AC yoke broke

None

None

AC moved

Beacon light fell

None

None

None

AC out of adjust

None

Slight ele. damg.

Cable in elev. damg.

Elev. damg.

Elev. cables jumped

Elev. wt!>. moved

Elev. cable & wts. moved

Elev. cables damg.

Elev. broke loose from track

AC fan shifted

Elev. cables damg.

A.4

EPICENTRAL

DISTANCE

(MILES)

22.5

22.0

22.0

14.0

17.0

20.0

20.0

22.0

24.0

20.0

22.5

20.0

22.0

20.0

20.0

22.5

20.0

22.0

20.0

23.0

22.5

20.0

22.5

22.5

22.5

22.0

22.5

22.5

24.0

24.0



None

None

Cracks in ML&P and spandrels

Books fell

Drywl. crkd all fIrs

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 fIrs, cabinets moved

Drywl. crkd all fIrs

Ceiling tile damg., lamps & statues fell

Crkd cone. coIs and dry wls

Drywl crkd all fIrs

Drywl crkd all fIrs, 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 1st & 3rd stairwells

Drywl crkd, ceiling tile fell

Supplies and books fell

Drywl crkd, ceiling tile fell

Dryw1 crkd stairwells

L&P wall crkd

A.S

AC moved slightly 18.0

None 20.0

Elev. vltS. loose 22.5

Elev. wts. loose 20.0

AC off mount 23.0

Boiler damg. , elev. wts. 22.0

None 22.0

Pipes in fan rm. broke 22.5

None 23.0

Slight damg. to elev. 24.0

Elev. relay damg. 20.0

None 22.5

AC compr. moved 22.5

None 17.0

Elev. wts damg. 22.5

Elev. wts damg. 22.5

None 13.0

Power surge in AC 17.0

None 17.0

None 23.0

None 23.0

None 18.0

Elev. cars damg. 23.0

Elev. cable damg. 23.0

None 16.0





APPENDIX B

Procedure for Determining Assessed Valuations

The following description

was prepared by Ayres, Cohen

and Hayakawa

B.1



Each 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 building 9 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. Each area consists of approximately 30 city blocks. Details

of these blocks in each area are described in the map book. Figure

B.I, attached, shows an example of a section of the marked Thomas

Map divided into many areas 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

about 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:

B.2



Step 1: 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.

B.3



B.4

FIGURE B"l Section of Thomas Map
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OWNER ADDRESS

BUILDING ADDRESS HAP PAGE PARCEL LAND IMPROVED

OWNER NAHE BOOK NO. NO. VALUE VALUE USE

5144· 27 20 55~OOO 111~250 1800

117 W. 9th 5144 28 1
RM 1200 LA.15

117 W. 9th

LAo15

GARLAND, Wm 5144 28 2

Figure Bo 30 Sample PagE! in Assessor 1 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 3.303), 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.l



J. H. WIGGINS COMPANY~

2516 Via Tajon
Gentlemen:

C.2

Inc. Hazard Analysis and Evaluation
Palos Verdes Estates. California 90274

The J. H. Wiggins Company is charged with the responsibility for collecting

information on damage and economic losses resulting from the San Fernando

earthquake of February 9. 1971. 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. In 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 building was randomly selected from all high-rise 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 01Nner 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



QUESTIONNAIRE
C03

Building Map Code:

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

San Fernando earthquake of February 9. 1971?

Yes--- No---

2. In what year was the building constructed?

3. What is the basic function of the building?

storeoffice

warehouse---

___ hospital

_____ manufacturing

___ apartment

other (define)-----

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

include basement. roof or penthouses in your count)

5. From the following list. please identify the type of building construction:

steel frame

steel reinforced concrete

steel reinforced brick masonry---
unreinforced brick masonry

other (define)---

do not know---

6. Did the building sustain any damage as a result of the San Fernando earthquake of

February 9. 19717

Yes--- No

7. From the following list. identify the types of damage

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

roof and floors

other (define)---

___~building frame

___ partitions

foundation

walls----



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)---

c) 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):

j. For each of the above types of damage experienced~ please provide either the actual

or estimated amount required to repair the damage:

a) major structural

b) major electrical or mechanical

c) non-structural damage

plaster

. glass breakage

external facade

other (define)

d) other types of damage

$

Actual

$

Estimated

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

the building (excluding land value):



C.S

(total damage)
(market value of structure) %------

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

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--- No

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

professional opinion 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 your building for

structural integrity and safety?

Yes--- No If yes. did you request the examination? Yes---

No---
14. Did the SFEQ result in your making any structural improvements to

the building?

Yes---
improvements were made:

No--- If yes. please explain what type of

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

damage?

$--------



.6. If you lease space in the building~ did you have any tenants move or refuse to

renew leases due to the earthquake?

C.6

Yes--- No If yes~ please answer the following:

Number of tenants moving

Reason for moving _

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



INTER OFFICE CORRESPONDENCE

!tJ(J!JO§@05V[fj @rt,]W@f$ @fJfJ@j /}JJ@{JfJ@l}@f!$ dJ$$@@o@f1o@[jij
OF LOS ANGELES

C,7

DATE: JULY, 1971

TO: ALL BUILDING OWNERS AND MANAGERS

FROM: BUILDING OWNERS AND MANAGERS ASSOCIATION OF LOS ANGELES

SUBJECT: FEBRUARY 9, 1971 EARTHQUAKE STUDY

YOU HAVE INFORMATION WHICH 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 DETAILED AND EXCLUSIVELY OFFICE BUILD­
ING ORIENTED NATURE OF THE COMPOSITE EXPERIENCE EXCHANGE INFOR­
MATION WHICH CAN BE DERIVED FROM THE COMPLETED QUESTIONNAIRES
ENCLOSED,

THE BOMA EARTHQUAKE COMMITTEE HAS SPENT FOUR MONTHS DRAFTING,
ALTERING, REFINING AND CREATING THE ENCLOSED QUESTIONNAIRES,
THEY ARE DESIGNED TO PRODUCE DATA WHICH IS SIMPLY 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 FILL OUT THOSE
SECTIONS APPLICA BLE WITH 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 WfuL NOT BE MADE TO ANY SPECIFIC BUILDING IN THE
PUBLISHED REPORT.

WITH YOUR INDISPENSABLE COOPERATION THE RESULTS WILL BE COMPILEDs
PRINTED AND DISTRIBUTED BY AUGUST 31, 1971.

THANK YOU

BOMA EARTHQUAKE COMMITTEE

CHAIRMAN: 10 EDWARD GIBBONS» PRESIDENT, UNION REALCO

COORDINATOR: PHIL BAUMAN, GENERAL MANAGER B, 0, M, A.



City .. __ _ _ _ _. __ ._ _. _.. _ _ _ .. __ __ ._ _. Phone No. . _ __ .__ .._._ _._ __ .

1e of
_.. ne r

Name of
Bu i 1ding

Address

Add ress

City&State

------------_.-.. - _._-_ .. _.. _ - _.- - --_ _ -- _-.- .

... ,.uu__ __ _ u _ _ _ .

C.S

IlUULDH1G O~ERS AIlD MAUAGERS
Association of LoS Angeles

Fobruary 9, iSl71 Earthquake
ComrnlttBB Survey

Building
Code No.

Brief
Name

SERIES 100
GEt1EllAl QUEST! OOS

101-DATE au I LT

102-TYPE OF BUI LOING

person
Answeri ng .__... . .__ .. . . .. . .__ ._... __ .. . ... .. __. . .. __ ._.. ._ .._.. __ .. .. _._. __ ... __

Tel.
Tit 1e . ._.__.__ .__ . .__ . . . . . . . . No.

A- Res i dence

B-Apartment

C-O ff ice Bu i 1din g ..... _

103-LOCATION OF ACCELEROGRAPHS

D-HoSp i tal

E-Store

F-School

G-Market . .__ .__ ._. . __

H-Industrial

I-Hotel

J-parking structure

G:'other (descri be)
',/

A-None .. . _

10~STORIES ABOVE MAIN ENTRY

A-Number """" __

lOS-STORIES BELOW MAIN ENTRY

A-Humber ... __ . __

B-1 f yes, 1 i st fl oar numbe rs . .__.......__ . .. __ .__ .__..... .. __ ... __ .... __ .... ... ..__... __ ........__ .... .. .__ . . . ......

B-Typ i cal He i ght __ .__ __ __ __.__ __ ..__ __ __ .__ __ __ __ .__ .

B-Ty pica1 He i gh t ..__ .. __ __ __ __ __ __ __ ..__ ---- .. ------.------..------ ..---------------

106-MECHANICAL FLOORS (List floor numbers) .......................................................................................................................................................................

107-SITE FEATURES

A-Fl at

lOB-FOUNDATIONS

A-Spread footings

B-Hillside

B-caissons

C-Retaining hillside

C-Pi1es

D-other (descri be) .....................................................................~ "' ~ .

lO9-S0IL TYPE AND CONDITIONS (describe if known)

.._ .

.............................................................................................................................................................................................................................................

llD-SHAPE OF BUILDING: On the graph sheet on the reverse of this sheet, draw:

A-Pl an of bu i 1d i n9: ShoW 1ength

ShoW width

Show location of steel frames

Show concrete shear walls

............................... )..{ 11.. __ .l.L __ .l

Indicate direction of North by arrow.

B-Elevational view of building: Mark main entry 1E!Ve1

Show height of building above and below entry level

(ovar)



person
Answeri ng

SERIES 200
REPAIRS AND I~SURANCE

, ,tl e
Tel o

_ __ '.. No.

Co9

BUILDING O~ERS AUD MANAGERS
Association of Los Angeles

F0bruary 9, jSl7l. Earthquah0
Co~itto0 SurvQY

Building
Code Noo
Bri ef
Name

201-What is the estimated or actual cost to repair the damage?

A-STRUCTUR AL

B-INTERIOR FINISHES

C-EXTERIOR FINISHES

D-MECHAN ICAL & ELECTR ICAL _ .

E-ELEVATORS

F-ESCALATORS

Est imated Actual

G-OTHER

TOTAL

202-Was the building covered at the time of the earthquake
by an insurance pol icy haVing earthquake damage protection?

......................................=====

A-YES B-NO

203-was this insurance1coverage a requirement of the long
term lender?

A-YES B-NO

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

$----------
205-What amount of co-insurance is provided for in your

Earthquake Insurance pol icy?

A-NONE

B-80%

C-90%

0-100%

E-OTHER (describe)

206-What was the total amountof Earthquake Insurance coverage?

$---------

207-What amount was deductible

A- _

B- $ _

20B-What percentage of total damage will be recovered
under your Earthquake Insurance?

----_%



C,lO

SERIES 300 -,

BUILDING MECHANICAL AND ELECTRICAL SYSTEMS I~

INDICATE FLOORS DAMAGED AND DEGREE
OF DAMAGE BY GROUPS OF FLOORS:

T-total losS s-severe M-moderate

I , L1 e

person
Answering

MsT

Check
if

Check dam­
type aged

ISU I LD I NG 011lJ EllS AM D MAtlAGEll5
Association of LoS Angeles

Fobruary 9, $\71 EQrthqUlllw
Co~ltteG 5urvoy

Building
Code No,

Bri ef
Name

D-TYPICAL FLOOR CONSTRUCTION

Tel,
No,

M

L-Light

sT

Check
if

dam-­
aged

heck
Type

i-Elevator

8:~!..!?~.~ .
9-0ther (descri be:

i-Wood ...- --- -- --........ : i :
2:.~.?~.~.:.?.~.?.~.~.:.~~.~............................. . -·····r····· i······r·····
3:.~.?~.~ !.:.~.~.!.?~.~?.~.?.~~:'~~~ :::::::::: ::::::::::: ::::::f::::::r:::r::::
l(-Precast prestressed

5;:~:~:~:~·~·~·;~·;:.·.~;.~.~.·~~.;.~·.:·iJ.!.! ·..: : :: ::. ::::::.r:::.::t::::J: .

6~~.~.~.~.~ ~.~.~.~.~.~_~.~~~............................ 1 i I

':;::;;~:::;;;;:~;" ..................................••••••••••••••••j•••••II···
3-Pos t ··~~~~·i·~~~~··~~~~·~~~~············· ·······r······+···+-_·-
4~i~~i~~~:~·~·~·;·~·;~·;·;·~~····················· ······t·······f······:·······
5~~·:~~;···~~:~:···:~~~·~~·~·~···;;·;·;·········· ······r···r-···~·······

.........................- __ - ·······_·····························[··--···i·······t--.'--

6:.~.!.:.~! 9.~~~!....i.!!.~.~.1.~.!.!.?~ ..D.!.! j L L .
7:.~.t.:.~l 9.!':s:~! ~!?Ju.! ) + j

······t·············j

·····[1+
......•.............................- - - -.---..-- _.- .._ -----:-.;-- :---._.7.;--

2-Sta i r
... _ i j :

:~~~~:a.~.~::~~ :::::::::: :'::::: ..': ·:::.·.·.r:::·::r::.·.T···
B-C~N·~~~~~~·I·~~··················· ·······r····· ;

A- TY PE

302 Roof Penthouso

.. --... ~_....

.... __ .- - -..-_..~_ _-;- ·· __ ·r····_-l~y.?o.?~~:.~.i.~~l ~~P'P'?.~.~ .
2-Wood moment frame

7-Concrete moment frame

5-S tee1 braced frame

....... ---_ -. - - - _.-- - __. .. . .
9--:~C?~(;.~.e.~.~ brac ed f ra.rn~........... . 1. ; .
B-Ductile concrete moment

frame

3::.~t.~~! ~~.r.~.i(;.a.l...s~.e~.o.r.t .

4:.S.t.e.e.~ I11()(11~~.t...!r.ilm.~ "

lO-Other (describe)

C-FRAME

301 Typa of Construction
Above Main Entry Laval
( I terns 301-308)

lovor)



c,n

Cl1eck if
Check dam-
Type aged T S MiL

O1eck if

CheCk ~.~ T S tel i
303 Stai rs

A-INTERIOR STAIRS

8-EXTERIOR STAIRS............__ -._ - _.- - _----_ __ .. - - -

30~ Indicate Type 01 Shaft Walls
Py nUlllber from! ts,'il 301.-13
in place of a check

A-INTERIOR STAIRS SHAFTS

&-EXTERIOR STAIRS SHAFTS

C-ELEVATOR SHAFTS

30~~iiiii;.:.· ·:·.· ·:..~'~~ : [] ::= .
8~\'I1 NDOWS : : :

C;.;.;._~._~?;._.·.;.·~·~·.~ ._ ::::::::: ::::::::::. :::..-.-.:..-.-.- ·.· .- r..:..:r:::·.-.:r· :
D~~~~_~~.~_~._E?~.~~~_!.~ ._ _ _ _ _.._._. __ _ j. ~. __ ._ .. _~ ._ .._

~~.~~~~~? ..~.O~.C.~.~.:.E ..l l, l.. .
F-MASONRY UNREINFORCED

:~~~~.~i~:T:~:~;:::~:~:~:~·:·~~ · ::__:.::,;:.::.:~,;,!".:.:::::.:::,.,:::::::::
I~·o·T·~iE·R--··(desc-r-fbeT··-·--_··_··_-_···_·····_- ..- .-" .. '-" -_.- -_.

- ---- -- ----.-.- --.._-" ~. .. i. -_l..-. _

306 Attached Building Cllftopies ' ! :
A~~.~.O.D........................................................ . [ j ;.
B-STEEL i j ;.-.----.. -- -..-- - -.-----.- -.-- -- .. - - -- ·······-r···_·r····-···t····-·
C-CONCRETE , :

....- - -- - - -- - -- - -..-. -·· ..--·f·---··f---····-i-····-··

D-CANT I LEVER i 1 :
........--- -- ..-- ..--- -- -....... ....•..... ····.•.~·· .•··~ i ..·-.····

E-HANGI NG iii............. -.- ----.- - - -- - ---..--..--- -········1----··r,
307 Ca iIi ngs

B-OTHER WALLS

l-.~.'?'?? ..~~.~.?..LP.).~~~r:!: "'" ..
2-Wood stud & P1as terboard ''''''r''''j·..·..·t..
3::j.1e-raT"sTii«..&·Tiit'fi.. ll.iiij · ·; r·..·--t-·

plaster : : :- _-- _ ~ .:. _~ .
lI-Metal stud & plasterboard iii
;j~.-D~y~~i·i ·..· ·..· ·· --·..[----..1· 1 ·..

c·~~;~~~:~;;:;c;~'oct ...........trt
3-Steel vertical support ! : j

:iIf::f::~i~iF~~::::::~:~~~~· :::::::::: :·.:·.:T:::r:::~r··::::::
~=~~~.~.~.~~.~ ..;~.;~. j'~~i"'~~~~~'~'t .. : ·r Y".. ··
~:::R~T~:~:~:~:~~~::~~~?~~i.::::::::~:::: :::::::::: ::::::::::: ·::::::L:::::::::::;::::::.
B-Ductile concrete moment , ; ;

frame , : :

9;~~~~;~~~::~:~~:~;:~:::i~~;;.:::::::: .:::::::::: :::::::::::. ::::::r:::::r::::.r..·.··.···
lO-other (describe) i ! !

0- i~.;~.~~·~··.~.~~.~~·~~~~:~.~·~..·::· ·:: :: :: : ·..·r ' :.:]:·: ·
2-poured concrete
3::..;;;·;t··t~~~i·~~~d .. ~~~~·~·~·t·~ · ; i.. "'1""'"
lI~~~~~~~t .. ~·~~~·t·~~·~·~·~·d ..·~·~~~~ 't~--'" · ·t·..···[ ..· (·······
~jj:j:ri~~~~[::J;;;;;;i; .••..••....•••··•·•••·.11,••••••••,:,'

310 ~i~·~~~f~t~~·t~ii~~·~~·~· ·..· [..
:~~~~~~~~ ..~~~~..~.~.A·~·R·~·b·t~·~·D.~ !..L

&-STEEL

C-BASEMENT PITS

... ---- - - ··············--··r:·····-:-······i··········
C-CON CRETE

311 Free Standing Canopies

A::\'!.~'O.D __ .

--- . i'- ~ _j'- -.._-

-"""-'" ······t·············~_······_·

•••••••••••••••• --0" •••••• t._....~ ...-...~ ..-...-
F-BRACED

E-FRAME

D-CANTILEVER FROM GROUND

312 Wore emergency G~its

obstructed

A-BY JAMMED DOORS
."'••• , "·0' _ •••••••••••••••••• _ •• _.. ••••• •••••••••• • •••••••• _. _ •••• _~ _ •••• _;_.

~~~H~~~~~~~£rTber · · · -- L ..i..

._ __ __ - - -_ - __.._-_.. _.. ~.. -.. _-;-

D-TUNNELS : , ,
"""" -- - ---- _ - - - _. - - _ -..•...... ~ _ ;

E-EXTERIOR ENTRY i : i..........- -.- --- .. _ _ _........ ... ' .: ~

:~;·~·;·~·~·~·.~·.~.~;.~·.:.~./.~.~.~.~O'!.~G.·.·.~·.·.·.'.' ~..~~ :. . :::J::·:::::.·.·.·.:.·.·:.i,'.·.·.·.·.· .
H-:-.~.R.O.~.N.P. ..O'~..~.I.IL , \. .
I-EQUIPMENT ON SITE i , ,
J.::OTHER···(de·sc·;-·fb·e·j··· ······ · ·· r--··' ..···T········

- •••••••••••• " ••_" •• '.'.'.'" ••••• 0 ••••••• _.. ••••••• • ••••• _ •••••••••_.... • ••••• ; ••••• _~ •••••••~. _ •••••••

A-LATH & PLASTER
;·;~;~~~~~~ ..~~~~~~·I ~~~..~.;~~ ",,,,,,,, · ~ t..-- ..·, ·
........................................................................... 1 .;. , _ .

C~~~~.~.~ ~~.~.~.~.~.:.~.~: __ __ __ ..1. .1 ,__ __.

"·:~:1~;:f::::::;;;;;;;;············ ··1·····1:··.
......- -- --.-..-.. - -- - ········~······T········:-······--

C-PENDANT '
~.~~.~.~..~.~.~.~.;~.; ·..+····t········1·· ·..·

E..OTH·ER· ..(d·~~·c;:·i·bej' ..· · · ·..· -- +.. T ·'·..·
........................................... : ···· r..···i i .

309 Type of Cofts·'ruction !" ',i,:",baloQ !'lain Entry Level
A-SHEAR WALLS

1-Diagonal wood sheathing , '
..0.r..2.1J..~0.0.~................................................ ... .. . :.1 l...

2~~::lJ.c.'!~ c.?~.~.r.~t.~.... .. ':".::::L.:L":".J..::"
3::~!:~~~~.~ c:.~.~.c.:.~.t.e. i 1 ~ ..
lI-::R.r:!.T1.f().r~.e~ ..~.s.o.~.r.t.. f l ..
~.-:-.~.n.r.~.i.n..fQ.r.c.e.~ ..rn.a.s.o.~.r;( ""'"','''
6-other (describe)



ISERIES 11,00
CONSTRUCTION QUESTIONS

person
Answerl ng

Tel.
Ie No.

Indicate Chi1,ck
-.-----'""-'-.:..;;....:..;;,---......-----l! dam-
Type & number of un i ts size aged

MECHANICAL
llOt-TYPE OF BOILER:

CoI2

BUILDING OWVERS ~D MANAGERS
Association of LoS Angeles

Fl3bruary 9, 1971 Earthquake
Cow.mittaG Survey

Building
Code Noo
Bri ef
Name

Indicate degree of damage

T S MIL

\~~1 severe!Moderate kight

A-STEAM - ; .;. 1 ..
a-HOT WATER _..................... :::

C-E LECTR IC _ _ _.............. .. 1" ]"' ( --.

II 02-TY PE OF REFR I GERATI ON: ..• -· ,..• • --r·..· · ·..·
A-CEHTR I FUGA L _._ _ - t ,.~ i.-- .
B-REC I PROCAT I NG __ , < i .

C-ABSORPTION .. . 1 l i
lIO;3 TY PE OF COO LI NG TOiJERS: , '1 ·..·..· ··r ..

~-I NDUCED DRAFT - _ _... .. i j ~ .
ll--FORCED DRAFT _ 1.. 1. j..
C-\'!ATER i i :

:::~:I:~··~:;:::C·~·~·l:I:~:~::~~~~~~::::::::::::::::::::::::~::.'::::::: ':::::::::::::::.':::::::::::.~: ..::..::..:::::: :.:::: :::::::.':::::::::::::::: :::.::::::::: .::::::::::::::::1:::::::::::::::I.::'.'.'..:..: : l-.
E-ROOF ~ i 1-----_ _.-_.....•................~.......................................................................................•~............. : : :

F- BASE ME HT.................................................................. .. :::: :::::~:~::::I::::::::::::T::::::·.:·.·.·.·.:.·.·.L·--
G-FL OR"U"8E;. .:. .iON"' R ..

lIOll-PUMPS ............................................................................ ,........................................................................•...- - .

lI05-AIR HANDLING UNITS:

A-CEN TRAL .

B-LOCA L __ . .

lI06--TYPE OF TANK

A-OOMEST I C WATER --........... .. -- -- --1. -- --,-- ---- t.
B-F I RE RES ERYE .... __ L--..-- L j ..

~~;~~~on.~.~ ~.:.~.~ __ ! I
~BASEMEHT __ ::::::::::::: :::::::::::::::::::::::: .:.:: -- , ""--"--"'1'''''''''''''''') ----.--... ,

,O,~:~:~:::;:".T,,;~.,;"';.~.·;.ll.;,"' .••·.•·. •..•........•............................................... ·············IT·......., .
- - - -.-.-- - -..- -- .- - -.----... ·--··-···-······-t-·-··· r---"'-

8-REFR I GERAT I ON • .,

C-COOLI NG TOWERS __ • ·..•• ·r ·..···~ ·· ..·..······;·.. ··
D-PUM PS _ __ _..•..••.•••....•.....•..._•...._ __ •... __ ._......•..•............•......••_..••.... _.•..•.._•... _•...•.••._•.. __ .. - --·······-····r-·······-··--··!-··--··-···-··--·-~·--· .. -

E-A IR HAND LING UN I TS __ ::::::::::::: ::::::::::::::::r:.·.·.·.·.·..·.::::r:::.::::.::::.r::: .
F-P I PING ! j

(oller)



..............................................................................................................................................-- ---

~O&·HOW LONG WAS EQU,P~ENT OUT OF SERVICE?

A.BO I LE RS .

B·REFR j GERAT i ON

C-COOLING TOWERS

o PUMPS

E-AIR HANDLING UNITS

Hou rs Days

C.13

ELECTRICAL

~09-BUILDING PRIMARY TRANSFORMERS

~lo-SWITCHGEAR AND MOTOR CONTROL CENTERS
~ll-BUS DUCT AND FEEDER SYSTEMS

~12-LIGHTING SYSTEMS
~13-HOW LONG WAS ELECTRICAL SYSTEMS OUT OF SERVICE:

~l~-WHAT INSPECTIONS WERE REQUIRED FOR ELECTRICAL SYSTEMS?

~15-RECOMMENDATIONS FOR FUTURE INSTALLATIONS:

hours;

Check if
Damaged

__ days

UTI L1TI ES

lI16-WERE ANY UTILITY SERVICES INTERRUPTED?

lI17-WERE THE APPLICABLE UTILITY COMPANIES REQUESTED TO INSPECT
AND/OR RE-INSTALL SERVICE TO THE BUILDING?

lI1B-WERE THE GAS LINES WITHIN THE BUILDING PRESSURE TESTED AT ANY TIME SUBSEQUENT
TO TH E EA RTH QU AK E? .

~l9-PLEASE GIVE ANY RECOMME NDA TI ONS FOR FUTURE INSTALLA TIONS:

Yes No



C.14

SERIES 500
ELEVATORS A~O ESCALATORS

ion
AII.:iweri ng

Title _ .•...................._...........•..._ .
Tel.
No.

~UILDHjG Q\mERS Mll MAUAGERS
Association of Los Angeles

Fobruary 9, ~n Eerthquahe
Cor-mittoQ Survey

Bu i 1di ng
Code No.
Bri ef
Name

Indicate type

Check
if

Damaged

Indicate degree of damage

Total i i Mod-- :
Loss i Severe i erate i Li ght

T : S i MiL
: : :

501-HO~ MANY ELEVATORS IN BUILDING?

502-TYPE OF SYSTEM
A-Hydro -----_ __ _._- ---_..-_ -- _-~ _ - --- _ _-- ......

B-Geared traction

C-Gearless traction

D-D rum

50~ LOCATION OF MACHINES
A-Basement _.__ ---_.__ - __ --_ .

B-overhead

C-Offset

50IJ.-ELEVATOR BANKS
A-Single bank __, B-Mult i bank

505-ARE ELEVATORS AUTOMATIC?
A-Yes __' B-No

506-IS THERE AN EMERGENCY POWER GENERATING FACILITY?
A-Yes , B-No _

B-No

507-CAN THE ELEVATORS OPERATE FROM THE EMERGENCY
POWER FACILITY?
A-Yes __,

50B-WERE ANY OF THE ELEVATOR DOORS WRENCHED?
A-yes , B-NO

51~-WERE ANY OF THE RAILS MISALI~ED?

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

B-No

B-No

B-No

A-Yes~

A-yes __,

A-Yes __'

i

509-DID THE COUNTER WEIGHTS SLIP OUT OF THE RAILS? . . I

5ro-~i~~:"i.'~";"\,~i~;~G,::~"UTOFT" lR I ,Ii::. I
511-~ERE ANY OF THE COMPENSATOR OR LIFTING ROPES DAMAGED?

A-Yes __, B-No _....................................... ._......................... ; r .

5":i::}:\I;:~~::i;R:::I;~mEi1::,"::'~LO:G: ______~~:-_-~---]!~f~
: : :
1 1 i
: : :

- ~ j · l · ·\ ··· ·
lHiAS THERE ANY D~BRIS FOUND IN THE El.EVATOR SHAn? ! 1 1

: : :

I I !



516-~ERE THE CARS PUT IHTO OPERATION BY THE QUAKE MOVEMENT?

Indicate type

Check
if

Damaged

C.15

Indicate degree of damage
Tota] ; ! Mod- i
Loss isevere! erate 1Ll ght

T ! S ! M ! L

A-Yes __' B-No

517-010 THE HEADERS ON THE HALL DOORS SETTLE,
CAUSltlG THE DOORS TO BIND?

A-Yes __' B-1l0 _.•_ _ _.•...•__ _ __._._._.._ •._ ..•..•••••...._ _ •......•.... _.._ j L t .
518-00ES THE BUILDING HAVE ESCALATORS?

A-Yes __' B-No

519-HOW MANY ESCALATORS?

520_WHAT FLOORS DO THEY SERVE?

from to _

521-IF DAMAGED, MARK WHERE:

A-Steps

B-Sk i rts

C-Cone pl ates _._.••.•..._..•__..._.__..•.•.....•._...•.....•.....•..•..••••..._.. _. ..... . .

O-H and ra i ] s _.,........................•.•...•••.........•.._................................... ...:::..•=..::=:=::=:::=:::::::=:::::=:=:::::.~ ..~..:.....::.:::::::::: :::::~::r:::::::::r:::::::::::r::::::::::::':
E-Baluster j ! i

~••••••••-.-•••••••• - _ •••••••- ••••_ •••••••••••••••••.................... _-••••••• - •••••••••••••••••••••_ •••••_ ••••••••••••.oa••••u ••••••••••••••_.0.··· ·· . __ --._-+ i ..j. •....•.•.....•

F-Uppe r head _...................................................... i!!
G-Lower head

H-st ructu re

I-other

522-~ERE THE ESCALATORS OUT OF ACTION?

A-Yes __'

523-HOW LONG?

B-No



C,16

~u ILl> JflG O~ERS All Il 14MAGEIlS
Association of LoS Angeles

FGbruary 'll, z,n EQr~hqual<o

Co~I~~eo SYr~oy

Building
Code No.
Bri ef

I_N~a~m~e:"":=========:..--l................_ - ""

ADDRESS

SERIES 600
PERSOMAL REACTIO~ QUESTIO~S

601-WHAT BUILDING WERE YOU IN?

CITY. STATE. liP CODE:

602-\"JHAT FLOOR WERE YOU ON? _

603-WHERE WERE YOU? (Check one of the below)

A-On an elevator

B-In a stai rwell

C-Near the core of the building

D-Near the exterior wall

E-Near the window

(Cheek where
appropriate)

Yes No

60~-REACTIONS DURING THE EARTHQUAKE

A-Did you freeze? B-1 f yes. for how long: seconds; ______ minutes

605-010 YOU HAVE DIFFICULTY IN MOVING1' (explain)

606-010 YOU MOVE WITHOUT PURPOSE? (descri be)

607-WERE YOU ABLE TO MAINTAIN CONTROL OVER YOUR EMOTIONS?

I f no, descri be:

608-010 YOU TRY TO FIND SHELTER?

If yes, where?

How long did you remain there? ____seconds; ______ mi nutes

609-010 YOU TRY TO ESCAPE?

If yes, how? A-By elevator ;

Describe 'c'

B-By stal rwell _ C-other route

610-WERE ANY OF THE EXITS OBSTRUCTED?

If yes, how were they obstructed? Decri be:

611-IF YOU TRIED TO ESCAPE BY ELEVATOR, WAS IT IN OPERATION?

If yes, how long did you wait? Seconds __; ml nutes

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

613-010 YOU GET OUTSIDE?

61~ DID YOU RETURN INSIDE THE BUILDING?

How soon did you return? _ ••• _ •••••~u •••• _ •••••• _ •••••• _ _._._ _ •• _ •••••__ •••••••••••••••• ••••• _ •••• __._ ••~•••••• _ ••••••••

615-010 YOU TRY TO CONTACT ANYONE WITHIN THE BUILDING?

616-WAS ANYONE AVAILABLE

617-WITH WHOM DID YOU FIRST MAKE CONTACT?



Col?

Check where
appropriate

Yes No

618-HAD YOU EVER BEEN GIVEN EXPLICIT INSTRUCTIONS ON EARTHQUAKE PROCEDURES?

619-DID YOU THINK ABOUT THESE INSTRUCTIONS?...... __ .

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

621-00 YOU THINK IT IS POSSIBLE TO PREPARE PEOPLE FOR SAFE RESPONSES TO EARTHQUAKES?

Exp 1a in: _ .

622-00 YOU FEEL PANIC AND HYSTERIA WILL PREVAIL IN 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-1 nsomn i a

C-Other (describe)

62ij-AS A RESULT OF THE EARTHQUAKE ARE YOU APPREHENSIVE OF ENTERING TALL BUILDING?

625-WERE YOU IN IMMEDIATE AND REAL DANGER FROM FALLING OBJECTS?

If yes, was it from any of the below? (cheek if applicable)

___ Light fixtures

_Ceilings

___Steaked or shelved objects

____ Other (describe)

626-WERE YOU INJURED?

If yes, how (describe)

627-WHAT FIRST MADE YOU AWARE OF THE EARTHQUAKE? _A-Sound

Oescri be
_B-Motion

628-WERE YOU ABLE TO OBSERVE OBJECTIVELY WHAT WAS HAPPENING?

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

630-YOUR AGE

631-_Male

632-(optiona l)

_FEMALE

Your name ~ ~_

Street address

Ci ty, state, Zi p Code ~ ~~~



Ayres, Cohen, Hayakawa Worksheet

1971 SAN FERNANDO EARTHQUAKE

SURVEY ON NON-STRUCTURAL DAMAGE

MIT - NSF

10 Name of Building, Address, and Function:

2. Basic Structural Characteristic and Building Orientation:

3. Number of Stories:

4. Year It Was Built:

5. Estimated Area/Floor or Approximate Size:

6. Original Cost of Construction:

7. Original Engineer ­

Architect:

Structural:

Mechanical:

Electrical:

8. Current Engineer on Repair ­

Architect:

Structural:

Mechanical:

Electrical:

ColS

90 Repair Costs:

Struco Mech. E1ec. Arch. E1ev. Total



10. Repair Done By:

11. Appraised Value and When Appraised:

12, Ceiling:

Lobby

a. Type:

b. Nature of Damage:

13. Lights:

Lobby

a. Type:

b. Nature of Damage:

14. Partition:

a. Type:

b. Nature of Damage:

15. Glazing or Curtain Wall:

a. Type or Manufacture:

b. Safety Glass Used:

c. Method of Repair:

d. Type of Mount:

e. Nature of Damage:

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

a. Type of Mount:

b, Where Located:

c, Nature of Damage:

d. Method of Repair:

17. Electrical - Emergency Generator, Transformer:

Typical

Typical

C.19



a. Where Located:

b. Type of Mount:

c. Nature of Damage:



Dol

Appendix D

Variations in Earthquake Resistance Required

by Codes

The Jo Ho Wiggins COo 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~ Mro Don Moran and Dro John A. Blume 0 The

third was prepared by Dro Wiggins himself 0 The three estimates are shown in

Figs Dol, D02 and D03.

Mro 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 0 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. DoZ. Mr. Blume notes that most buildings only doubled

in strength; however, schools were considerably strengthened by the field act.

Dr. Wiggins took the various factors, such as live load change, wind loads,

earthquake mass, earthquake 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

differentlyo 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

took place. The results are shown in Fig. D.3.

From these three estimates, derived independently of one another and by

various techniques, it is fairly obvious that structures designed before 1934 are

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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MIT/BOMA Questionnaire
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APPENDIX H
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