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INTRODUCTION

The Joint U.S.-Romanian Seminar cn Earthgquakes and Energy
was held September 2-9,1985, ‘at the Romanian Building Research
Institute (INCERC) in Bucharest. The seminar was supported by
the National Scilence Foundation (NSF) Division of International
Programs (Grant No., INT 85-03889) and the Romanian Mational
Council for Science and Technology {CNST), under the U.S.=-
‘Romanian Cooperative Science Program. During that week over
seventy researchers from Romania and the United States met in .
intense and vivid discussions about topics of building research,
with the focus on earthquakes and ehergy conservation. The
seminar prowided an opportunity for exchanging scientific
research information, and encouraging the establishment and’
planning of future joint research cooperation.

The groundwork for the seminar began in the spring of 1984,
when the Architectural Research <Centers Consortium (ARCC) was
searching for ways to further international cooperation. ARCC is
an organization of over forty academic institutional members
devoted to supporting and encouraging research in the fields of
architecture and building. _The membership of ARCC includes
leading university-based research centers and has a Dbroad
geographical distribution within the United States. ARCC has
also conducted seminars with othar overseas researchers,
including those in Sweden and the United Kingdom. The initiative
for this seminar was taken by Professor Samuel  Aroni of UCLA.
with the encouragement and help of NSF, he traveled to Romania in
September 1984 and met with Dr.Eng. Romulus Constantinescu of
INCERC, the Romanian Bulilding Research Institute. INCERC is a
la:ce and impressive research organization in Bucharest under the
dlrection of the Central Institute for Research, Design, and
Guidance in Civil Engineering (ICCPDC), established in 1950 and
consisting of four sections and six laboratories. Earthquake
research and energy conservatjion are prominent in its activities,
representing twe of its four sections. During the Seqptember 1984
visit, an agreement was reached to organize a seminar, to be held
at INCERC in Bucharest as a first step of collaboration between
Romanian and American institutions and researchers in areas of
mutual interest. The two subjects selected were earthquake
issues and energy conservation. In addition to their intrinsic
importance, the decision to focus on both of them stemmed from
the belief in the advantage of synergism. There is some
interaction between them, and having two subjects for the seminar
enhanced the possibilities of finding areas of future

collaboration, and encouraged cross-fertllization of research
ideas.



We are well aware of the earthquake dangers facing the
Pacific coastline of the United States, as well as many cther
locations within the national boundaries. Significant research
has been conducted and much more is needed. Among the important
topics of recent research interest have been the problems of old
buildings, their repair, strengthening and recoastruction, issues
of vulnerability and risk of both buildings and lifelines, ncn-
structural elements, performance of emetgency facilities during
earthquakes, issues of human behavior and injuries, and planning
for earthquake preparedness and disaster mitigation. Romania is
also located 1in a seismic regiorn and suffered greatly from the
earthquake of March 4, 1977, in which some 1,600 persons were
killed, over 11,000 were injured, 33,000 buildings collapsed or
were severely damaged, industrial facilities were seriously
damaged, and damage totaled over $2 billion. There is much to be
learned from this major earthquake, which has been studied in
great detail by Romanian researchers and is the subject of a
recent comprehensive Romanian book. The third most important
event in the modern seismic history of Romania was the recent
earthquake near Tulcea in the eastern part of the country, on
November 13, 1981. The epicenter was near settlements which have
developed rapidly in recent years, and the behavior of modern
high~rise construction as well as the non-structural damage are
of particular interest. The Romanian earthguakes are of special
international importance because of the proximity of a large
number of prefabricated industrialized buildings. This is
probauvly +the first time that such newer buildings have been
subjected to major earthguakes on such a large scale, and their
seismic behavior is of great interest. Serious seismic research
in Romania has gone on for a long time at their Building Research
Institute (INCERC), both in Bucharest and at the Jassy branch of
the ICCPDC, where some o©f the earliest earthquake testing
facilities, including shaking tables, were developed.

During the 1last ten vears, energy conservation in buildings
has been the subject of research interest in the United States.
The use of scolar energy, active and passive systems, utilization
for hot water and space heating, and the upgrading of existing
buildings have all been topics of both field work and research
activity in both countries. Romania has also put an emphasis on
energy conservation at a larger urban scale. Romanian solar
installations during the last five years have included some 600
projects for hot water or space heating and some 14,000

apartments. The solar hot-water installation in Baneasa
(Bucharest), consisting of 2239 apartments, is the largest in
Europe and possibly in the world. Industrial applications

include an interesting ice manufacturing plant using solar
energy, and large projects for heat recovery from industry for
storage and use by some 20,000 apartments for bcth hot water and
space heating. A two-story experimental sclar house, which
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includes four apartments, has been srected at IMCERC for

comparative research of active and passive systems for both space
heating and hot water.

The seminar consisted of an opening wsession, followed by
four working sessions, with the participants divided into two
groups disacussing earthquakes and energy respsctively. -m-
presentations and discussions on the subject of ear
coverad the spectrum of selismic wvulnerability and b.hav or o!
buildings, urban systems and critical facilities, as well as
human bshavior and injuries during sarthquakes. Those desaling
with energy conservation, included solar passive and active
systems, retrofitting, daylight applications, total bulilding
performance, and problems of energy conservation at an urban
scale. Each of the four working sessions, concentrating on a
specific group of related topics, consisted of one or two
presentations of American papers, a summary of the relevant
Romanian papers ©presented by a rapporteur, And an open
discussion. The saminar was enriched by field visits to a large
scale solar inatallation and to the Jassy Seismic Testing Station
and laboratory. The final day, devoted to research needs and
areas of future cooperation, proved to be very fruitful and
productive.

Romanian participants included engineers, architects,
planners, and sociologists from INCERC and over a dozen other
institutes, canters, laboratories, and universities throughout
Romania. Thay prepared sixty-one papers, thirty-seven on the
subject of earthquakas and twenty-four on energy topics. The
American team consisted of nine academics, from seven different
universitiea, each with a paper on earthquakes (four papers) or
on enerqy (five}. X bilingual program and abstracts of all the
papers was prepared by INCERC and distributed at the seminar.
The seminar was co-chalred by Dr. Constantinescu and Professor
Aroni.

wWe would 1like to thank all those who in various ways
contributed ta the seminar and made it possible, including all
the seminar participants. MNr. George Matache of CNST, and Eng.
Valeriu Cristescu, the Gensral Director of ICCPDC and INCERC,
provided significant help and guldance. Eng. Emil Swn'
Georgescu of INCERC was of invaluable halp in the seminar
organization. The excellent work of a number of staff, and
sclentific translators at INCERC ls gratefully acknowledged.
Our gratitude is expressed to Dr. Gersocn Sher, Ms. Bonnie H.
Thompson, and Ms. Deborah L. Wince of the NSF Division of
International Programs and to Dr.William Anderson and Mr. Gifford
Albright of ths NSF Directorats of Engineering for their support
and assistance. In the United States , the seminar participan
were selacted with the help of an Advisory Committee conluﬁ
of Professor David S. Haviland (Dean, School of Architectlyy),
Rensselasr Polytechnic Institute), Dr. Frederick Kringold
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{Associate Dean fox Research and Extension, College of
Architecture and Urban Studies, Virginia Polytechnic Institute

and State University, and President of ARC), and Professor Samuasl
Aroni.

The work of the joint seminar *‘is presented in three volumes.
Volume 1 contains an introduction "And summary of all papers,
sessions and discussions. Significant contributions were made in
the writing of this volume by Professor Daniel Abrams, Professor
vVolker Hartkopf, Professor Henry Lagorio, Dr. Horea Sandi,
Professor Robert Shibley, and Eng. Teodor Teretean. volume 2
contains the forty-one papers on the subject of earthquakes, and
volume 3 the twenty-nine papers on topies of energy. The
editorial help of Mr. Wwilliam Fulton, in the United States, is
much appreciated. The reproduction of these volumes was
performed at INCERC.

The American participants express sincere thanks and
gratitude to the Romanian hosts for their outstanding
hospitality, both scientifically and socially. Finally, we hope
that this publication will prove to be useful and will further
contribute to the achievements of the goals of the seminar.

Professor Samuel Aroni, Ph.D. Dr. Eng. Romulus Constantinescu
Graduate School Of Architecture Deputy Scientific Director
and Urban Planning, UCLA Romanian Building Research

Institute, INCERC
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SESION I : EXPERIENCE OF PAST EARTHQUAKES.
PERFORMANCE OF BUILDINGS AND BEHAVIOR OF
ACCUPANTS . SUMMARY OF LESSONS.



I.1 INJURIES AND OCCUPANT BEHAVIOR IN EARTHQUAKES

Samuel Aronj #
Michael E. Durkin **

ABSTRACT

Lite safety is the foundation of all earthquake hazard reduction measures.
Therefore, we should base these measures on empirical evidence rather than
speculation. Yet, until very recently, we had little hard information about the
etlology of earthquake injuries in different U1.S. bullding types.

This paper proposes a comprehensive conceptual framework for earthquake
injuries. [t presents preliminary results of an epidemiclogical study of the role of
physical environment and occupant behavior in earthquake injuries, involving the
injuries during the 1978 Santa Barbara, 1979 Imperial County, and {983 Coalinga,
California, earthquakes. We also describe our work in progress concerning the
injuries in the 1985 Chile earthquake. For the past earthgquakes we document, not
only the type of injury, but also the physical agent responsible, We analyze the
relationship of the injury to factors such as building type, damage level and
personal characteristics, Of major importance was the behavior of the building
occupants during the earthquake. We describe how specific actions either
contributed to or helped to prevent earthquake injuries.

We review several previous studies of occupant behavior in past U.S.
earthquakes, These involve the behavior of patients and staif in five hospitals
heavily damaged in the 197] San Fernando earthquake, and the response of office
workers in the five story Imperial County Setvices Building in the 1979 Imperial
County earthquake.

Finally, some suggestions are made for future research on the subject,

+ Professor, Graduate School of Architecture and Urban
Planning, UCLA, Los Angeles, California

#+ Research Associate Professor, School of Architecture,

University of Southern California, Los Angeles,
California 3
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INTRODUCTION

During the past two decades, over half a million people have been killed or
injured in earthquakes. On July 28, 1976, the Tangshan, China earthquake killed
240,000 people and injured 164,000 more.ll) This year, the Chile earthquake of
March 3, 1985, claimed 180 lives and at least 2,572 injured.(2

The United States, due primarily to the absence of a large seismic event
occurring in a heavily populated area and improved seismic engineering practices,
so far has been spared the high mortality of other countries. According to the U.S.
Geological Surveym, as shown in Table 1, some 1,029 were killed by earthquakes in
California during a period of 168 years. More specifically, in the 1906 San
Francisco earthquake, 3[{ were killed outright, 352 were reported missing and
about 400 were injure {4 The 1964 Alaska earthquake was responsible for 130
deaths and 30 injuries.(%) By far, the largest number of casualties in a recent U.S.
earthquake occurred in the San Fernando earthquake of 1971 when 38 died and
2,543 injured required hot ital treatment and 3,000 more were treated at Red
Cross first aid stations, No {fatalities occurred in the three California
earthquakes discussed at length in this paper, 1978 Santa Barbara, 1979 Imperial
County, and 1983 Coalinga, but there were at least 85,78, and 211 injuries,
respectively,

What happens when our luck runs out? Today, nearly 20 million Californians
live in zones of major earthquake risk. A 1980 FEMA report estimates that if a
great earthquake hit the Newport-Inglewood fault in Southern California at
4:30 p.m. on a weekday, when many people are either inside or just leaving their
office buildings, 23,000 pecople would be killed and 91,000 others would require
hospitalization. M, on the other hand, this earthquake occurred in the early
morning (i.e. at 2:30 a.m.) when most people are at home, the number of estimated
casualties would drop to 4,000 dead and 13,000 hospitalized. In addition, the FEMA
report estimates the number of inj?ries not requiring hospitalization to be from 13
to 30 times the number of death.{?) The estimated dollar loss in buildings and
contents is $62 billion.

Even if the preceding estimates are high, it is clear that large numbers of
injuries and fatalities can overwhelm available medical resources, as well as create
long-term social and economic disruption unless we find a way to reduce them. It
is also apparent that smaller versions of these catastrophic losses can result from
moderate earthquakes which are certain to strike California and other seismically
active areas in the United States during the forseeable future.

Significantly, the overwhelming majority of earthquake-induced injuries and
fatalities occur in buildings. Hazardous earthquake-induced building performance
can range from complete building collapse, with its obvious implications for life
safety, to the injury-producing behavior of structural and non-structural elements
and building contents,

Ensuring life safety has inspired the evolution of earthquake hazard reduction
measures in the U,S. Codes and other regulations are designed to ensure life safety

by preventing building collapse. For example, the Field Act, requiring the seismic
4



TABLE It

Destructive California Earthquakes, 1812-1980

(according to the U.S. Geological Survey

Doiiar Loss
at the
Date Location Lives Lost Time of the %ke
m

1812 San Juan Capistrano 40 -~
1857 Fort Tejon - -
1865 San Francisco - 0.3
1868 Hayward 30 0.35
1872 Owens Valley 27 0.25
1392 Vacaville -~ 0.23
1898 Mare Island - 1.4
1899 San Jacinto 6 -
1906 San Francisca 700 500.0
1915 Imperial Valley 6 0.9
i9ls San Jacinto and Hemet - 0.2
1923 Santa Barbara 13 3.0
1926 Santa Barbara i ~—
1932 Humboldt County 1 -
1933 Long Beach 115 40.0
1940 imperial Valley 9 6.0
1941 Santa Barbara - 0.1
1941 Torrance-Gardena -— 1.1
1949 Terminal Island ~ 9.0
1951 Terminal Island - 3.0
1952 Kern County it 60.0
1954 Eureka-Arcata 1 2.0
1955 Terminal Island ~~ 1.0
1955 Qakland-Walnut Creek ! 1.0
1957 San Francisco - 1.0
196} Terminal Island - 4.5
1969 Santa Rosa -~ 3.35
1971 San Fernando 5] 504.95
1975 Oroville - . 2.5
1978 Santa Barbara - 12.0
1979 Imperial County - 30.0
1980 Mammoth Lakes -— 1.3

Totals 1,029 §1,201.83



re--ofit of unreinforced masonry schoolhouses, was enacted following the 1933
Lor.g Beach earthquake because it was felt that many children could have been
injured if classes had been in session. Similarly, parapet ordinances were passed
after the Bakersfield earthquake, during the 1930's, because it was thought that
talling parapets had been responsible for the numerous deaths and injuries following
the Long Beach earthquake. More recently, observations of non-structural damage
following the Alas<an and San Pernando earthquakes, and speculation about its
poter-tial contribution to earthquake injuries prompted regulations requiring the
fastening of hazardous non-structural elements.

In spite of the potential of buildings for injury and disruption, surprisingly
little is known about 1) how people are actually injured, 2) what elements or
building types are particulatly hazardous, 3) how people behave during and
immediately aiter an earthquake to avoid or induce injury, 4) what effects such as
health status, age and prior training have on injury, and 5) what can be done to
mitigate particular dangers. Most of the research on earthquake hazard reduction
has focused on overall building structurc. While traditional engineering studies
certainly result in stronger and safer buildings, more research is needed on the
particular aspects of buildings that have actually caused injury in past earthquakes.

There is virtually no empirical data on the contribution of the physical
setting to injury.

There have been a number of reports of injuries in past earthquakes and
similar disasters. This information ranges from anecdotal stories in the news
media and juurnals to formal epidemiological studies that attempt to descrie the
incidence of mortality and injuries resulting from these disasters.\8,%,10,11,12) Few
of these published studies, with the exception of one study by Glass and his
associates 13), have systematically attempted 1o investigate possible associations
between injury and selected aspects of the physical setting. Nor have associations
between injury and such factors as time of day, age and behavior been suggested in
any but a few of the studies.

Several studies of occupant behavior during earthquakes in hospitals(14),
office buildings{15,16), and homes(17,18) have been conducted in recent years.
However, because of the dearth of empirical data, potentially misleading
"conventional wisdom” about how to avoid injury in earthquakes has accumulated.
This "conventional wisdom", based on overly general assumptions of building
performance in earthquakes and on the capability of occupants to perform
recommended actions, needs urgent reappraisal. For example, although doorways
occasionally survived the collapse of unreinforced masonry buildings, the
recommendation to stand in a doorway is not sufficiently specific for type of
building or type of doorway to be particularly useful to occupants. A recent study
of occupant response in the Imperial County Services Building (a reinforced
concrete building with a metal floor to ceiling interior partition system) during the
1979 Imperial County earthquake noted that persons who took refuge in doorways
often experienced them buckli(\s around them, and several occcupants were struck
by the door as it swung shut.l13:16) Observations described in this paper indicate
that many people injured while leaving their dwellings would have escaped injury
had they stayed inside. Clearly, what is needed are more specific
recommendations derived from a basis of empirical data from recent and future
earthquakes, all over the:.world, leading to comprehensive hazard mitigation
planning and education,
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This paper proceeds to discuss a proposed conceptual framework for a
comprehensive approach to earthquake injuries and their prevention and mitigation,
a framework which involves the interaction between four groups of factors and
four time phases related to the earthquake. Next, we describe in detail
preliminary results of an injury and occupant behavior study of four recent
earthquakes. They are the 1978 Santa Barbara, the 1979 Imperial County, and the
1933 Coalinga eartiiquakes, in California, and the earthquake in Chile of March 3,
1983, The observations are discussed and some conclusions are drawn,

This work is based on an epidemiological study of the role of physical
environment and occupant behavior in earthquake injuries, conducted together with
our coliegues Professor Jess F. Kraus and Research Epidemiologist Ann H. Coulson,
of the School of Public Health at UCLA, and supported by the National Science
Foundation. The study has the aims of increasing available knowledge of how
people are injured, and escape injury, in earthquakes; identifying the contribution
of aspects of the physical setting such as structure, layout, and bullding contents,
as well as identifying the contribution of occupant behavior and personal
characteristics to jnjury in earthquakes, We are using the approach of
epidemiology, which is the study of the distribution and determinants of disease (in
this case trauma) in human populationsl19,20); for effectively determining the
susceptibility of different types of persons to specific types of injury in specific
types of physical settings.

To evaluate the importance of personal characteristics and individual actions,
it is necessary to identify the distribution of these aspects both among persons
suffering injury and among uninjured persons under similar circumstances. In this
study, for the four earthquakes mentioned above, we are using a case-control
approach. The case group, i.e. those suffering clearly earthquake related injuries,
is mainly identified Zrom the reviews of hospital, Red Cross, and physicians'
records. We are interviewing as many of these injured persons as possible, using a
questlonnaire developed in the study. This comprehensive questionnaire covers
injuries or medical problems associated with the earthquake; during the main
event, an altershock, or in the recovery period while searching through rubble,
cleaning up debris, inspecting damage, or working as a volunteer, in the National
Guard, or in the police farce. It deals with all the activities of the person from the
beginning of shaking through injury and treatment. It documents the details of the
physical environment and the injury, as well as the level of damage sustained by
any buildings invalved in the injury. It asks about prior training or experience with
ather earthquakes, and any conclusions drawn by the injured for their behavior in
future earthquakes under similar circumstances, Finally, it determines any chronic
medical problems that the person had, their influence on the injury and the
aggravation that the injury may have produced. The injured person is also asked
about other people present in the same place when the injury occurred, and the
names of uninjured friends, assumed by us to have similar personal characteristics
as the injured. The Control group, selected from both "same place” and "friend”
categories, is being interviewed using a special but similar questionnaire, Both
Tield interviews and the analysis of results are presently being conducted for ail
four earthquakes involved in the study,
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CONCEPTUAL FRAMEWORK

The comprehensive problem cf earthquake injuries, understanding the details
of the etiology of these injuries, and the various actions needed for their
prevention and mitigation, is a very complex one, It involves many aspects and a
number of disciplines. The need exists for some model, or conceptual framework,
which is at the same time comprehensive, simple, and flexible. Such a conceptual
framework is shown in Figure |, inspired by a similar matrix proposed by
Haddon(21,22) for the problem of prevention of motar vehicle crash injuries.

FIGURE It Conceptusl Framnwork for Earthquake Injuries

FACTORS
PHASES Human Physical Socio-Economic Circumstantia)
Pre-Earthquake
Earthquake
Recovery
Long Range

The model uses four fundamental phases of gereral applicability to
earthquakes: the pre-earthquake, earthquake, recovery, and long range phases,
Within each phase, in focusing on injuries, we can consider four groups of factors
which influence injuries in various ways; namely human, physical, socio-economic,
and circumstantial factors. Each of the 1& phase-factor ijnteractions represents an
area of specific sets of concerns within the comprehensive picture of the matrix as
a whole, The phases also remind us of the "continuing" aspect of earthquake
injuries, Beyond the obvious injuries during the earthquake, injuries can and do
occur during the recovery period that are earthquake-related, and there is evidence
of long range psychological and emotional injury, as well as some physical ones.
The long range phase merges into the pre-earthquake phase for the next event,
with particular significance when a seismic gap is identified, or another reason
arises for an earthquake warning ar prediction.
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Hopefully, the conceptual framework will serve some useful purposes in that
it should facilitate identifying the various roles the interactions play in mitigating
and preventing injury. Let us exemplify some interactions by discussing a number
of issues,

The human factors include personal characteristics such as age, sex, state of
health, etc. At the pre-earthquake phase they affect personal preparedness
planning and receptivity for training towards greater protection from injury.
During the earthquake they influence behavior and the probability of either greater
safety or increased likelihood for injury. For example the starting and propagation
of fires, with subsequent injuries, during both the earthquake and early recovery
phases, are due to a combination of both human and other factors. Human factors
during the recovery phase would impact the medical problems of the homeless,
another aspect of earthquake related injuries. Also, human factors, including
curiosity and lack of discipline, contribute to tsunami losses, sometimes at great
distances from the epicenter. One example is the |l deaths at Crescent City,
California, in 1964, due to the tsunami generated by the Alaskan earthquake hours
earljer. A long range-human factors interaction, influenced by physical and
circumstantial histories, is, for example, the prevailing attitude that exists about
specific earthquake dangers. While fires have occurred during U.S.
earthquakes,(23) with 1906 San Francisco being a major example, the predominant
fear is of building and other collapses. This is in gontrast to Japan, where the fear
of earthquakes is dominated by the fear of fire.(24) An obvious explanation for the
Japanese reaction is their past repeated experience, for example the Kant
earthquake of 1923, when the majority of the 90,000 deaths were caused by fire.(24

Physical factors include all the characteristics and variability of the built
environment, as well as those of local and regional seismicity, These factors
obviously have a major impact on injuries and for the considerations appropriate
for each of the four phases. Included in the physical factors are non-structural
elements, as well as building contents.

The socio-economic factors are a large group, including institutional factors,
cultural aspects, and the varlability of circumstances of families, communities and
regions, all of which alfect issues of injuries at the different phases. During the
pre-earthquake period, they are relevant for considerations of planning,
preparedness and education. The performance of social organizations, for example
hospitals, and the various industrial and work environments, during all earthquake
phases, can have a major impact on injuries. Social roles and relations, as well as
human characteristics, among those in the same location during the earthquake
phase, may account for one person being injured and another not. For instance, in
the Coalinga earthquake, a husband who teft his living room to exit the house
directly through the front door was uninjured, while his wife who left the same
living room to exit circuitously through the kitchen was injured by broken glass,
The wife was seeing to her children who were in the backyard playing. In the
recovery phase, soclo-economic factors are also important in providing the needed
organization and resources, including those for the homeless, and in making a
difference to the health of individuals,

Finally, the group of circumstantial fac:ors, for example the time and season
of the earthquake, can have a profound infiuence. In the United States, so far, we
have been very lucky with respect to the timing of damaging earthquakes. The
1933 Long Beach earthquake, which caused extensive damage to pre-Field Act
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school buildings, occurred at 3:45 in the afternoon when the schools were
empty.(23) The 1964 Alaska earthquake, although 8.4 in magnitude, struck a
sparsely populated area in the late afternoon of Good Friday, when offices and
commercial establishments were closed in the heavily damaged downtown
Anchorage. The death toll of the 1971 San Fernando earthquake certainly would
have been considerably higher if the event had occurred three hours later when
between 100 and 300 staff would have occupied the first-story area of the Olive
View Hospital Psychiatric building, which was crushed during the earthquake, and
in the areas of the main hospital building, which were destroyed by the collapsed
stairway towers,(26) As far as the season of the earthquake is concerned, major
secondary scurces of injury and damage associated with California earthquakes are
landslides and dam failures (primarily in’ winter or spring) and uncontrolled fires
(primarily in summer and fall).(3

Our own study is mainly concerned with the earthquake and part of the
recovery phases, and deals primarily with the .human and physical factors, Much
work needs to be done, in many earthquake prone countries, to provide the
understanding and empirical data required to answer the many questions raised by
the conceptual framework.

BEARTHQUAKE INVESTIGATIONS
We shall present and discuss next results of our current study of injury and
behavior of four earthquakes, namely the 1978 Santa Barbara, 1979 Imperial County,
and 1983 Coalinga, all in California, and the Chile earthquake of March 1985. Some

relevant details of these earthquakes are given in Table 2. Our results are
preliminary since not all interview:ng and analysis have been completed.

TABLE 2: Details of the Earthquakes Investigated

Maximum Intensity

Earthgquake Magnitude {Modified Mercalll) Date Time Desd Injured
Santa Barbara 3.7 v August 13, 1978 NI PM, - 3
4 : Sunday)
Imperial County 6,6 Vil October 13, 1979  8:16 P.M,  o-- 73
{Monday)
Coalinga 6.7 VIl May 2, 1933 182 P.M, —- 211
{Monday)
Chile 7.8 Vit March 3, 1985 7167 P.M, 180 2,572«
{Sunday)

Santa Barbara, California, 1978

Santa Barbara is a coastal community in southern California, some 160
kilometers northwest of Los Angeles. In 1978, together with neighboring Goleta,
{(where the University of California, Santa Barbara (UCSB) campus is located), it
had a population of about 143,000. The August 13, 1978 earthquake struck on
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Sunday at 335 P.M,, and had a magnitude of about 5.7. The resuiting ground
motion had a marked directional asymmetry, which caused greater intensity west
of Santa Barbara near Golety. Eleven aftershocks occurred within the first 20
minutes after the main event.

Santa Barbara does have some old buildings, but most residential buildings are
single family homes. and low rise apariments of wood censtruction. There are only
four buildings in Santa Barbara which are 5 or more stories high. In Goleta, except
for a few old wood frame and adobe structures, the buildings are relatively modern
{20-30 years oid). On the UCSB campus, there are some multistory reinforced
concrete structures. No serious injuries occurred in the earthquake as a result of
structural failures. No major damage was reported to conventional residential
houses. However, in Goleta, 324 mobile homes were damaged, 68% in a major way,
Four such homes were rendered uninhabitable, and one was destroyed by fire,
Overall, minor damage occurred to 68 apartment buildings, with an . -erage of 6
units each, and to 30 businesses, many of them stores. The total fin.ncial loss
caused by the earthquake was initially estimated to be $7.31 million, some 47% of
which was sustained by facilities at the UCSB campus. This included damage to
buildings, elevators, utilities, light fixtures,, ceilings, and laboratory supplies and
equipment. West of Goleta, a soil fill failure caused the deraiimsm of a freight
train seme 10 minutes after the earthquake, without any injuries,

A total of 85 injured people were treated at two local hospitals, including 1
by paramedics and 2 by private doctors. This number also includes 9 people who
were injured during the recovery phase. The incidence of injury was thus 0.6 per
1,000 population. The injuries were generally minor, with only 3 persons
hospitalized. This included a hip injury, to a very old lady who feil during the
earthquake and the short hospitalization of two people with cardiac problems,

We started the investigation of the Santa Barbara injuries over six years after
the event, and, in this mobile community, the delay caused difficulties in locating
the injured persons. Our préliminary results are based mainly on hospital records.
At present, interviewing continues, with about 14% of the injured having been
interviewed as of August 1985,

1, Who were injured?
Table 3 presents the distribution of the injured by age and sex, It can be seen
that the majority were young (55.3% below 3] years of age) and male (67 %).

2. What were the injuries?

The types of injuries are shown in Table 4, The majority of the injuries were
lacerations, abrasions, and contusions (56%), The majority of the fractures and
sprains were twisted ankles and minor fractures to fingers, wrists, and toes, Some
unusual injuries included cat scratches during the the earthquake, and a dog bite
later, which we assume to be earthquake related. One of the burns was caused
during the earthquake by exposure to chemicals, at home, and the second by hot
soup, at work in a restaurant. Finally, there was an accidental exposure to
tertilizer chemicals during the earthquake, and exposure to toxic fumes during

cleanup operations. As can be seen from Table 5, the most vulnerable parts of the
body to injury were arms, hands, and feet,
11



TABLE 3 Santa Barbara Injuries: Age and Sex Distributlon

Age Number
0-10 3
11-20 12
21-30 30
31-30 17
41-30 10
51-60 4
61-70 3
71-30 2
30+ 2
Total &

aBecause of rounding, the total does not equal 100%

TABLE %: Santa Barbara Injuries: Type of Injury

Type of injury

Lacerations, Abrasions

Contusions

Head Injuries
Fractures, Sprains
Muscle Strain
Back Injuriez
Anxiety Reactions
Eye Injuries
Cardiac

Anirial Bites
Burns

Other

Total

Percentd®

5.9
16.1
35.3
20.0
1.8
4.7
3.5
2.4

24

100.1

Numberd

13
23

INNNN WK & WS
s

—
(=4
(=]

Sax Number Percent

Male 57 67.0
Female 28 33.0
Total 3 100.0

Percent

33.0
23,0
5.0
19.0
3.0
4.0
2.0
1.0
2.0
2.0
2.0
20

100.0

aNumbers include several cases of multiple Injuries to the same person



TABLE 5: Santa Barbara Injuries: Part of Body

Part of Body Numbera Percentb
Head, Face 7 7.4
Eyes 3 3.2
Neck 3 3.2
Shoulders 4 4.2
Arms, Hands 33 4.7
Chest 2 2.1
Back 5 3.3
Hip 1 1.1
Legs 4 4.2
Knees 9 9.5
Ankles 9 9.5
Feet 13 15.8
Total 95 100.2

2 Numbers include several cases of multiple injuries to the same person

b Because of rounding, the total does not equal 100%

3. Where did the injuries occur?

As shown in Table 6, most of the injuries (57.6%) happened in or near the
home. The 31.3% in "business" locations were mostly in grocery or liquor shops,
but also at work. The 7 "outside" injuries included 3 falls {off bicycle, thrown froin
truck, and a fall in the garden), 3 injuries while driving, without the involvement of
another car {including an anxiety attack) and an injury to a toe while jogging. Two
(2) of the "home" injuries happened in mobile homes, Both ~ases involved relatively
minor head injuries from fallen objects. The very small number of injuries found in
mobile hones in very surprising, in view of the large number of such structures
damaged, One plausible explanation is the timing of the earthquake, on a Sunday
aftenoon during the summer, when people were ouside their mobile homes, and
before dinner preparations. Also, additional minor injuries probably did occur and
did not require hospital treatment, Qur 835 injuries represent a lower bound,

TABLE 6: Santa Barbara Injuries: Location

l.ocation Number Percent
Home 49 57.6
Business 27 31.8
Outside ? 8.2
Unknown 2 2.4
Total 85 100.0
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4.  When did the injuries occur?

It has already been mentioned that out of the total of 85 injuries, 9 (10.5%)
occurred after the main shock, during the immediate recovery phase. Seven (7)
were cleanup and rescue operations, | was the dog bite, and | was an anxiety
attack.

5. How did the injuries occur?

Table 7 presents a general classification of the manner of injury. Overall, a
total of 19 injuries (22.4%) were related in one form or another to broken glass.

The objects involved included a bookcase falling in an office and causing back
lacerations and a compression fracture, and a broken sliding glass door.

The falls listed are considered to be "primary,” i.e. happening very quickly
after the earthquake and apparently before much ather movement. They include a
fall off a stool, while taking a shower, and an old person just standing in the
kitchen. The average age was 40 years.

Those injured leaving buildings were not hit by any object. They represent
anxious people trying to escape environments they considered very dangerous,
Actually, they would have been safer staying put. The exiting involved jumping
through a window, through doorways, running out through a glass door, jumping
over a railing, etc,, and all except one of these persons were male. The average
age was 30 years.

The large group who "bumped into something" represents people who

undertook a variety of actions inside the built environment. They collided with a
chair, a sofa, a fireplace, and walls and doors.

TABLE 7: Santa Barhara Injuriess Manner of Injury

Sex
Manner of Injury Number Male  Female Percent
Hit by Objects 13 7 ] 17.6
Falls 13 6 9 17.6
Leaving Buildings 9 3 1 10.6
Bumped into
Something 1% 14 3 22.4
Other 7 22 5 313
Total 85 57 28 100.0

We would like to point out again the “lucky” timing of the earthquake, on a
Sunday afternoon during the summer. The UCSB campus was aimost empty of

people. Had the campus been occupied, the estimate has been made of "at least 25
persons killed, and several hundred seriously Injured®(28),
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Imperial County, California, 1979

On Monday, October 13, 1979, at 4:16 P.M., a destructive earthquake, of
magnitude 6.6, shook the Imperial Valley, California, just north of the Mexican
border, The population of the neighboring areas of El Centro, Imperial, Brawley,
and Calexico, was about 30,000. lrnpertal County is for the most part a flourishing,
extensively irrigated, agricultural area. 29)

Buildings in the area are of varying ages and construction. Most of the
commercial buildings are one and two-story structures, many relatively old and
built of unreinforced masonry, but there is also a representative group of recent
relatively modern structures. In general, there was only minor structural damage
to the typical commercial construction, although a few buildings were subsequently
condemned. There was some parapet damage, some acchitectural damage, but also
widespread spilling of libracy racks, store merchandise, and other shelved items.
The most significant structural damage was to the six-story Imperial County
Services Building, which had to be demolished later, It was also the subject of a
detailed earlier study of earthquake behavior,(15, I6) The total estimated damage
of the earthquake was $30 milion.(29)

A total of 78 people were found to have been treated at the local hospitals,
at Brawley, El Centro, and Calexico. This number also included 6 people who were
injured during the recovery phase. The incidence of injury was thus 1.5 per 1,060
population. Four (4) people were hospitalized, for a back injury, two leg and foot
fractures, and a child for severe burns by hot water from a kettle., The burns
required one month of hospitalization, while the others were less than one week.

Our preliminary results are based only on hospital records, and the numbers
are probably low. We have started interviewing and, because of a relatively stable
population, hope to find a large fraction of the injured even after six years have
elapsed,

1. Who were injured?

Table 8 presents the distribution of the injured by age and sex. Almost half
(46.2%) are below the age of 31 years, and the majority (61.5%) are women,

2. What were the injuries?

The types of injuries are shown in Table 9. Of the people suffering anxiety
reactions, including hysteria, there were ten women and one man. The average age
of the I was 32.2 years, with 8 of the 11 below 40 years, Table 10 shows the most
vulnerable parts of the body to have been arms and hands, followed by back and
head.

3.  Where did the injuries occur?

As shown in Table 11, we know only the location of 33 injuries, most of which
(57.1%) were in or near the home. The rest (42,9%) were in business, including a
variety of stores and shops. None happened outside.
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TABLE 3: Imperial County Injuriess Age and Sex Distribution

Age Number Percent? Sex Number Percent
0-10 7 9.0
11-20 16 20.5
21-30 12 16.7
31-40 18 23.1
&1-30 12 13.% Male 30 8.5
51-60 5 6.4 Female [} 61.3
61-70 4 34 Total 78 100.0
71-80 2 2,6
30+ 1 1.3

Total 78 100.1

aBecause of rounding, the total does not equal 100%

TABLE 9: Imperial County Injuries: Type of Injury

Type of Injury Numbera Percentb
Lacerations, Abrasions 22 25.3
Contusions 15 18.4
Head Injurijes 6 6.9
Fractures, Sprains 12 13.8
Muscle Strain 1 1.2
Back Injuries 11 12.6
Anxiety Reactions 11 12.6
Eye Injuries 1 1.2
Cardiac 0 0.0
Animal Bites 4 4.8
Burns 2 2.3
Other 1 1.2
Total 87 100.1

2 Numbers include several cases of multiple injuries to the same person

b Because of rourding, the tatal does not equal 100%
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TABLE 10: Imperial County Injuriess Part of Body

Part of Body

Head, Face
Eves

Neck
Shoulders
Arms, Hands
Chest

Back

Hip

Legs

Knees
Ankles
Feet

Total

Numbera

10

- —

22

»

15

= l&ewq—

Percentd

12.5
1.3
3.8
,Io

27.3
2.5

18.8
1.3
8.7
8.7
3.0
3.0

100.1

2 Numbers include several cases of multiple injuries to the same person

b Because of rounding, the total does not equal 100%

TABLE 11: Imperial County Injuries:

Location

Home

Business
Qutside
Unknown

Total

Number

20
15
0

2

87

Location

Percent®

37.1
42.9
0.0

100.0

2 Percentages calculated of the 35 known locations

4.  When did the injuries occur?

Out of the 78 injuries, 6 (7.79%) occurred during the recovery phase. Two (2)
were cuts on giass in cleanup operations, and 4 were dog bites, 2 of children.
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5. How did the injuries occur?

Table 12 presents a general classification of the manner of injury. Overall, a
total of 9 injuries {11.5%) were related in one form or another to broken glass.

The objects involved in the injuries include a broken plate glass window,
hitting a woman while exiting a business, hot water causing burns, a water bottle, a
cotton bale, and a car falling off a jack and catching a worker's arm between the
tire and the fender,

The falls listed, based on hospital records and, so far, without confirmation
by interview, are considered to have been the primary manner of injury. They
include a fall off a step ladder, standing in the kitchen, in a market over spilled
items, etc, The average age was 19 years.

As mentioned above only | of thase injured while leaving a building was hit by
an object. The exiting includes 2 jumps through windows, 2 cases of group panic,
cuts and twisted knees. The average age was 37.8 years.

As before, the group listed t¢ have "bumped into something” includes peaple

hitting doors or doorways, chairs and tables, and being throwr. against walls. The
manner of injury of about one third of the "other" group is unknown,

TABLE 12: Imperial County Injuries: Manner of Injury

Sex

Manner of Injury Number Male Female Percent
Hit by Objects 138 5 g2 16.5
Falls 14 4 10 17.7
Leaving Buildings 3a 6 22 10.1
Bumped into Something 13 4 9 16.5
Other 3L 11 20 39.2

Total 79 30 49 100.0

ANumbers include a female who was hit while leaving a building
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Coalinga, California, 1983

Coalinga, with a population of about 7,250, is located in the western part of
the San Joaquin Valley approximately 60 miles southwest of Fresno, and midway
between San Francisco and Los Angeles. It served initially as a coaling station for
the raliroad, and iater as a center for oil exploration and commercial activities for
the surrounding agricultural area, On Monday, May 2, 1983, at 8:42 P.M,, an
earthquake of magnitucse 6.7 occurred. A large aftershock followed slightly more
than 3 minutes later.{30.

The earthquake devastated Coalinga's central business district, Most of the
structures in this area were old, over sixty years old, and built mainly of
unreinforced brick masonry with timber roofs, There were some 35 of them, and
they suffered major destruction, Coalinga had 2041 one-~ to four-family dwellings
and over 100 mobile homes. A few of the dwellings were old and built of sdobe,
tile, unreinforced hollow concrete block, and unreinforced brick, Their overall
performance was very poor. Most of the dwellings were of woed-frame
construction. Their performance ranged from minor damage to subsequent
demolition, Those designed t0 be earthquake-resistant performed very weli.
Yirtually all mobile homes suffered some damage, and many fell from their
supporits. There was ?ne) major fire, in the central business district, and three
minor residential fires.\30) The overall damage was over $35 miilion.

So far we have identified 211 peopie who have been injured. This represents
an overall incidence of injury of 29 per 1,000 population, There were no fatalities.
Most injured people were treated at seven area haspitals and by the American Red
Cross (ARC). The above number includes 10 injuries in subsequent aftershocks,
mainly that of July 25, 1985, and 49 injuries during the recovery phase, The number
excludes injuries listed by ARC but judged by the local hospital staff not to be
earthquake-related, 17 injuries to ARC staf! members during recovery, and 137
ilinesse (s)uch as upper respiratory infections) that were treated at the Red Cross
sheiter.\31) The 2]l injured included 17 people hospitalized (8%). They represent
an incidence of hospitalization of 2,3 per 1,000 population. The jate afternoon
earthquake found many residents at home making dinner, Luckily, no fatalities
occurred during this earthquake,

The interim results, presented in this paper, are based on both hospital
records and extensive interviewing. We approached 14} people, were refused by 8
(5.7%), and have used our questionnaire so far in 133 interviews. These plus 36
hospital and ARC records, for a total of §89, are analyzed and presented here. An
additional 22 injured were identified recently in a random short questionnaire used
in conjunction with another study, They will be discussed separately below,
Interviewing is now proceeding of both injured and controls,

Before discussing the 139 injuries in greater detail, consider Table 13 which
shows the distribution of places where treatment was provided. The vast majority
(33.19%) were at hospitals and ARC, Table 14 presents data on the degree of
damage to bulldings associated with injury. This is information obtained during
interviews with our questionnaire, and is available for 100 injuries. The 39 cases
listed under "unknown® also contain injuries outside of the built environment,
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TABLE 13: Coalinga Injuries: Places of Treatment

Place Numbersd Percent
Hospitals 116 518
American Red Cross 70 31.3
Doctors' Offices 16 7.1
Otherb 15 6.7
Unknown _7 3.1
Total 224 100.0

aNumbers include cases treated in multiple places

bMainly at home

TABLE 14: Coalinga Injuries: Degree of Damage to Buildings Associated with

Injury

Degree of Damage Number Percent Percentd
None 3 1.6 3.0
Minor 45 23.83 43.0
Major 24 12.7 24.0
Demolished 238 14.3 23.0
Unknown( or not 83 47.1 -
applicable)

Total 189 100.0 100.0

aPercentage calculated excluding unknown or not applicable cases

l. Who were injured?

Table 15 presents the distribution of the injured by age and sex, We have
indicated both total and hospitalized injuries, and also the incidence of injury per
1,000 population. (The 1980 census provides the most recent breakdown by age of
the population of Coalinga, Since 1980, the recorded population of Coalinga was
increased by about 500). It is apparent that the injuries in both categories are
highest among the eiderly. They seem to be more susceptible to injury, and may
also reside in older houses that are more prone to damage. The majority of the
injured are women, the percentage increasing to 60.5% if we exclude 12 National
Guardsmen, all male, who were injured during the recovery phase, However, the

ratios of men to women reverse if 'we consider the sexes of the hospitalized
injuries. 20



TABLE 15: Coalinga Injuries: Age and Sex Distribution

Total injuries Hospitalized Injuries
. Age Number Percents Rateb Number Parcent Rate

0-10 16 .5 13.9 0 0.0 0
11-20 26 13.3 19.5 b 23.5 3.0
21-30 w 19.6 30.4 2 1.8 1.6
31-40 23 12.2 24.7 L 23.5 b3
41-50 22 11.6 3.0 0 0.0 0
31-60 11 3.8 15.0 2 iL.B 2.7
61-70 23 13.2 84.6 1 5.9 1.8
71-80 10 5.3 26.3 1 5.9 2.7
80+ 9 4.3 42.7 3 17.6 182
Unknown 10 3.3 — —_—

Total 189 100.1 1?7 100.0
Sex Number Percent PercentC Number  Percent
Male 82 43.4 39.5 11 6.7
Female 107 36.6 60.3 _6 32.3

Total 139 100.0 100.0 17 100.0

aBecause of rounding, the total does not equal 100%

bRate of injury per 1,000 population, of the particular age group.

CPercentages calculated excluding 12 National Guardsmen, all male, injured during
the recovery phase,
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2. What were the injuries?

The types of injuries are shown in Table 15. The majority were lacerations,
abrasions and contusions (34.49%). Some of the head Injuries and fractures led to
hospitalization, Of the people suffering anxiety reactions, there were 10 women
and 2 men. The average age of the 12 was 43 years, ranging from 24 to 71 years of
age. Only 1 of the burns occurced in the kitchen, which is surprising in view of the
hour and the fact that 9 other injuries occurred in the kitchen to people being hit
by varioys objects, as well as some jdentified falls in the kitchen. The other burn
happened to a volunteer during recovery. "Other” injuries included stress induced
psoriasis, swailowed poison by a child from a spill, and a few earthquake-associated
ilinesses,

Table 17 presents the distribution of injured parts of body. The most
vulnerable are arms and hands, head and face, and feet. We have also indicated the
parts involved in 15 of the 17 hospitalizations. The other 2 included an anxiety
attack and stress, and a sunstroke suffered by a National Guardsman.,

TABLE 16: Coalinga Injuriest Type of Injury

Type of Injury Numberd Percentd

3.4
23.0
3.3

Lacerations, Abrasions 75
Contusions 55
Head Injuries 21
Fractures, Sprains 1 14.2
Muscie Strain 7 2.9
Back Injuries 14 5.9
Anxiety Reactions 12 5.4
Eye Injuries 3 2.1
2
2
2
S

Cardiac 1.0
Animal Bites 1.0
Burns 1.0
Other 3.3

Total 238

8 Numbers include several cases of multiple injuries to the same person
b Because of rounding, the total does not equal 100%
22



TABLE 17: Coalinga Injuries: Part of Body

Part of Body Numberd Percentb
Head, Face 82 (5¢ 17.9
Eyes 6 2.6
Neek 3 1.3
Shoulders 20 (1) 8.5
Arms, Hands 53 (2 22.6
Chest il .7
Back 13 7.6
Hip 6 (3¢ 2.6
Legs 150k 6.4
Knees 24 (2)C 10.2
Ankles 9 (2)° at
Feet 280K 1.9
Total 235 100.4

2 Numbers include several cases of multiple injuries to the same person
b Because of rounding, the tatal does not equal 100%

€ Hospitalized injuries

3. Where did the injuries ocouwr?

As shown in Table 18, about one half of the injuries (52,9%) happened In or
near the home, The home locations included 12 injuries in apartments, & in mobile
homes and | in a parked moving van. Two (2) of the mobile home Injuries happened
during an aftershock, and the & injuries included falls (3), and being bumped against
a railing (1). Only 7 injured persons were located above the fround floor, including
3 on the second floor, 1 working on the roof, and | on an oll rig., The 12,7% In
"business" locations were In offices (3), shops (16), a restaurant(2), the post
office(l), and a hotel (2) which later burned, Generally, these were more
vulnerable locations than homes, The 31 “"outside® injuries happened at different
times: & during the main earthquake, 1 during an aftershock, and 22 during the
recovery period. The & "outside” injuries on May 2, 1983, included a fall off a bike,
jumping out of a parked moving van, outside an old building which collapsed,
jumping off a tractor in an open field, hit by bricks from a collapsing bullding while
parked In a car (2 people), falling near a shaking tree, and escaping from the top of
an oif rig, 83 feet in the air.
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TABLE 18: Coalinga Injuries: Location

Location Number Percent
Home 100 52.9
Business 24 12,7
Outside 3l 16.4
Unknown 34 18.0
Total 139 100.0

§.  When did the injuries occur?

Table 19 shows the times of injury. As expected, most happened during the
main earthquake (69.4%). However, there were alse !0 injuries (5.29%) during
aftershocks, Three (3) of them (33%) included 2 anxiety attacks, and | person
jumping out of a window, possibly indiceting an increased ievel of nervousness.
Table 20 preserts some details related to the &3 persons injured du‘ing ‘he
recovery phase,

TABLE 39: Coalinga Injuries: Time of Injury

Time of Injury Number Percent
Main Earthquake (May 2, 1983) 1340 69.4
Aftershocks3 10b,d 5.2
Recovery Phase 49cd 254
Total 193 100.0

aMainly during the aftershock of July 25, 1985
bTwo people were injured both during the main earthquake and an aftershock
COne person was injured both during the earthquake and the recovery phase

done person was injured both during an aftershock and the recovery phase

5. How did the injuries occur?

Table 21 summarizes the manner of injury. In this case numbers include
injured in more than one category. To clarify the manner of injury, further
analysis was conducted. ‘
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TABLE 20t Coalinga Injuries: During Recovery Phase

Item Numberd

Ir! 'ry to Volunteers,

Na..onal Guardsmen,

ARC(, znd Police

Porce 2
Cleanup "~k 26
Anxiety, Jtress é
Cuts 10
Dog Bites 2
Ilinesses 6
Falls on Wet Surfaces 2

Total 72

8Numbers include multiple entries. The total number of people involved is 49,

TABLE 21t Coalinga Injuries: Manner of Injury

Sex
Manner of Injury Number  Male Female
Hit by Objects 47 15 32
Falls 34 14 40
Leaving Buildings 23 9 14
Bumped into Something L4 6 3

&Numbers include injured in more than one category

Table 22 shows the location of the 87 injured who were hit by objects, in
decreasing order of frequency. The hour of the day explains the large number of
women preparing dinner in the kitchen, a place most vulnerable to be hit by a
variety of objects. Three (3) injuries by objects happened while standing in a
doorway. One family had established a "predetermined” safe location {for
earthquakes, an alcove in the house some & feet by 4 feet, and four people used it,
with only one of them being hit by a falling stereo. This happened in an old

building built in 1899.
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TABLE 22: Coalinga Injuries: Hit by Objects: Location

Sex

Location Number Male Female Percentd
Kitchen ] 1 7 17.0
Shop, Store ] 3 b ] 17.0
Exiting 7 3 4 14,9
Living Room 5 | 4 1¢.6
Doorway 3 1 2 6.4
Family Room 2 1 1 4.3
Bathroom 2 1 1 4.3
Bedroom 1 0 ! 2.1
Dining Room 1 U 1 2.1
Hall 1 0 1 2.1
Predetermined Alcove 1 0 1 2.1
Second Floor 1 | 0 2.1
Root 1 1 0 2.1
Qutsides Parked Car 1 0 1 2.1
Cleaning (recovery phase) 1 0 t 2.1
Unknown & 2 r 8.3

Total 47 15 32 99.8

aBecause of rounding, the total does not equal 100%

26



Table 23 provides some details of the 54 falls, in decreasing order of
frequency. The average age of the 21 knocked down by the earthquake was 62
years (3 out of 21 were over 70 years), and 13 were female (35.7%). Of those 11
listed as "trying to leave buildings,” 8 actually exited and 3 only intended to dc so.
None of these 11 injured was hit by an object, Their average age was 30 years.
The 8 injured listed as "hit by objects” experienced subsequent falls,

TABLE 23: Coalinga Injuries: Types of Falls

Sex

Type of Fall Number Male Female Percentd
Knocked Down 21 3 18 3.9
Trying to Leave Buildings 11 3 3 20.3
Hit by Objects 3 3 5 14.3
Recovery Phase 4 1 3 7.4
In Mobile Home 3 ] 3 5.6
01t Bicycle 2 2 0 3.7
Panic in Business 1 0 1 1.9
On Wet Surface (Shop) 1 0 1 1.9
01{ the Roof 1 1 0 1.9
Unknown 2 d d 3.7

Total 54 14 40 100.1

& Because of rounding, the total does not equal 100%

Table 24 shows the details of a variety of events associated with people who
were injured while exiting or close to exiting buildings during the earthquake. The
most common occurrences were falls and being hit by an object (34.8% each).
Those leaving buildings included 8 people from old unreinforced buiidings. They
suffered & "hits by objects” and & falls,

TABLE 24: Coalinga Injuries: Leaving Buildings

Event Associated

With Sex
Leaving Building Number Male Female Percent?
Fails 8 2 6 34.3
Hit by Objects 3 3 3 35,3
Back Pain 2 0 2 8.7
Ankle Injury 1 0 1 4.3
Bumped Against Railing 1 1 0 4.3
Cut Arm on Screen Door 1 | 0 4,3
Jumped Out of Window | 1 0 4.3
Jumped Out ot Second Floor 4 1 0 4.3
Total 23 9 14 99.3

a Because of rounding, the total does not equal 100%
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Table 25 deacribes the variety of objocts that injured people "bumped into”.
The most common were doorways and walls (21.4% each). One of the 2 doors was a
screen daor which caused cuts on exiting.

The number of injuries involving glass was 30, representing 15.9% of the
total.

TABLE 251 Coalinga Injuries: Bumped Into Something

Sex

Object Number Malse Female Percent®
Doorway 3 1 2 218
Walls 3 1 2 21.4
Door 2 1 1 18,3
Stove 2 2 0 14.3
Table 2 0 2 is.3
Railing 1 1 0 7.1
Armchair d 0 1 AN

Total 14 - 3 3 99.9

& Because of rounding, the total daes not equal 100%

Beyond the above discussion of the who, what, where, when and how of the
Coalinga Injuries, and certalnly overlapping with this discussion, we will consider

next four specific items, namely the hospitalized injuries, disabilities, doorways,
and old buildings.

6. Hospitalized Injuries

We have already mentioned the fact that there were 17 pie hoapitallzed
(3% of the total of 211 injuries, or 9% of the 139 analyzed), representing an
incldence of 2.3 per 1,000 population. Their age and sex distribution ls shown In
Table 15. Also Table 17 gives the distribution of the parts of body involved among
the hospitalized. Table 2¢ presents some information on the circumstances of their
injury. The largest parcentage was of 3 people In or near oid buildings (29.4%).
There was a similar number of 35 "vulnerabie” people, namely an oxygen tank
collapsing on 1 slesping partly disabled man, 3 falls by people partly paralyzed, old,
cr with previous hip surgery, and | disabled person hit on the head by an object in
the kitchen. The accident involved a volunteer in a truck, and the iliness was a
sunstole sutfered by & National Guardsman. Qut of the 17 cases, we know that the
hospitalized were In § buildings with minor damage, and in 3 buildings which were
destroyad. The perlods of hospitalization ranged from 3 days to over 2 months.
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TABLE 26: Coalinga Injurles: Hospitalized

Clroumstances Number Percentd
In or Near Old Buildings 3 29.4
Yulnerable b ] 29.4
Anxiety _ 2 11.8
Accidents, lliness 2 11.3
Brick Facing of Pireplace 1 5.9
Falf on Wef Surface 1 5.9
Unknown A 3.9
Total 17 100.1

2 Because of rounding, the total does not equal 100%

7. Disabilities

Of the 133 injured interviewed, 30 persons (37.6%) had some "disability" or
vulnerability that could have made them inore prone to injury, or to a more severe
injury. In fact, 3 of the 30 (10%) were hospitalized, not significantly higher than
the overall (8-9%), Only 3 of this group of 50 people seem to be officially listed as
"disabled". The multiple disabilities present jn the group are summarized in Table
27. Heart conditions and high blood pressure predominate (40.9%). The injuries
include 2 cases which alss emphasize the vulnerability of the group. Two (2)
people, 1 diabetic and 1 with high blood pressure, had to go to the hospital to pick
up essential medication lost during the earthquake. Listing pregnancies as
"disabilities” does not, in any way suggest them tc be such! The 5 women were
over § months pregnant, and it is suggested that this may have influenced their
normal mobiiity. It may have also made more vuinerable once injured, In addition
to this group of 30, there were 2 cases relevant here. One (1) injured person
suffering a fall had a cast removed 3 weeks earlier, and 1 person was injured when
grabbed on & recent surgical incision causing an hemorrhage,

3. Doorways

Standing in a doorway tigures prominentiy among recommended actions in an
earthquake. In fact, on questioning, 7 people {5.3%) stated that they had such
instruction. A total of |3 people (9.8%) acknowledged some prior "training" for
earthquakes, Of these, 1 stated that he was told to "get out” ¢! a building, 1 told
to take cover, and 4 were not explicit about their earthquake training. Nine (9)
people questioned (6.8%) indicated that at the beginning of the earthquake, taking
cover under a doorway was the "first thing" they tried to do,

Table 28 lists various events that were assoclated with injuries at doorways,
involving 10 people. As described previously, 3 people were bumped at doorways
(Table 23), and 3 were hit by objects (Table 22). One of those hit, by glass, escaped
more serious injury from a falling bookcase. Two {2) people reached the doorway
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after injury, by glass and by a dresser. An sdditional person reached a doorway
and left it before the earthquake was over, moved outside and got cut.

TABLE 27: Coalinga Injuries: Disabilities

Disability Number 3 Percent B
Heart Condition, High
Blood Pressure 27 40.9
Diabetes 13 19.7
Arthritis 10 15.2
Pregnant 5 7.6
Back Problem 4 6.0
Artificial Hip Joint 2 3.0
Mild Brain Damage 1 1.5
Partially Paralyzed i 1.5
Prior Knee Surgery 1 1.5
Asthma 1 1.3
Partially Blind A 1.5
Total 66 99.9

3 Numbers include several cases of multiple disability of the same person

b Because of rounding, the total does not equal 100%

TABLE 28: Coalinga Injuries: Injuries At Decorways

Circumstances Number Percent &
Bumped into Doorway 3 27.3
Hit by Objects at Doorway 3b 27.3
Reached Doorway after
Injury 2 18.2
Fall at Doorway 3b 27.3
Total 11 100.1

4 Because of rounding, the total does not equal 100%

b One person was both hit and fell
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9.  Oid Buildings

Eighteen (13) injuries were assofrated with people in or near old buildings.
Fifteen (15) buildings were involved. Out of these 2 had minor damage, 3 had
major damage, and 10 v re demolished. Of these 13 injuries, 5 were hospitalized
(27.3%), and & occurred weilekxiting an oid buiiding.

We are now in the process of interviewing the two types of controls, people
who were in the same physical setting as the injured (we aim at about 60
interviews), and friends of the injured {about 150 to 200). These will be then
thoroughly analysed to obtain further insights into injury and behavior under
earthquakes. We have already r entioned the 22 minor injuries indentified recently
in a randon short questionnair. in conjunction with another study. The total
number of such one-page questi. .aires 3o far has been 116. These were random
interviews stratified with respect to building damage, i.e. the distribution of the
interviews is aimed to mirror the distribution of the building damage as noted by
the American Red Cross. [t is very interesting to note that not only have we found
22 of them (19%) to have sustained minor injury, but of the 9% uninjured
interviewees, 39 (41%) mentioned being struck (10) or bumped (9), having been
trapped (5), or having failen (9), having had some problems with animals (14), or
having been almost struck or bumped (15). There were thus 62 missed opportunities
for injury among these 39 people. These cbservations underscore at least two
points. There are probably a large number of minor injuries which are never
recorded in the official numbers, and which may add up to a fot of suffering and
loss, Also, there is probably much knowledge that can be usefully gained from
studying the near misses,as well as the injured.

Chile, 1935

On Surday, March 3, {985, at [9:48 P.M. local time, a destructive earthquake
struck near the coast of central Chile. It has a magnitude of 7.8, and was felt
widely through South America. Maximum MM intensity VIII was in the Valparaiso
Vina del Mar area, Damage to structures, particularly unreinforced adobe buildings
but reinforced concrete as well, occurred ?vsr a wide area, Bridges, lifelines, and
industrial facilities were also damaged. 32) 8~xma 31,000 housing units have
apparently been destrOéeg and 220,000 damaged, ‘.otal of over 16% of the housing
stock of a large area.(33) The official number «i homeless, as of March 12, 1985,
was 370,000. 1t is now believed that 180 people died and 2,572 sought hospital
treatment for injuries within the first 3 days. However, health oHicials estimate
that there may have been as many as 10,000 pec;ple with minor injuries who did not
seek hospital treatment during this pericad.‘2 Although, most of the injuries
occurred in Santiago with its huge population, the ratio of those treated to
population was highest in the most heavily damaged areas of Milipila, San Antonio,
Valpariso and Vina del Mar.

Reasons given for the light casuality rate incilude the timing of the
earthquake which occurred on a late summer Sunday evening when commercial
districts were closed and there was still light enough to enable people to
successfully evacuate buildings., We believe that many of the earthquake fatalities
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were due to the partial collapse of structures or the failure of non-structural
elements like ornamentation or ceilings. Of the 86 cases of death that have so far
heen established 72 died of head injuries or muitiple trauma. For exmple, a 67 year
old man was killed in a movie theater in San Antonio when the structure collapsed.
A 45 year old man died in a Santiago restaurant when a wall fel] in on him,
Hcwever, imost of the non-fatal .injuries were due to non-structiral elements,
building contents and inapproprigte actions (e.g. being-hit by a falling roof tile or
being thrown against something or being cut by a piece of glass),

The injured apparently had time to engage.in many actions during the
earthquake, at lest in low-rise structures, And, our preliminary interviews suggest
that some of these actions were detrimental. An example is the woman who leil
and fractured her ankle while trying to run down the stairs of an undamaged home.
There appears to be a rough correlation between level of damage and injury. For
example we have so far identified 3 injuries in the heavily damaged Acupulco
Apartment and expect to find more, However, many injuries occurred in bulldings
with no apparent structural damage. It will be interesting to uncover the cause of
these injuries. Our speculation is that the relatively greater mation of some mid-
rise apactment buildings may have prevented occupents from taking self-protective
actions, -

As part of our NSF study, we are now in the process of conducting interviews
in Chile, in collaboration with local people, of about 1,000 to 1,200 of the injured
and some 500 to 700 controls.

QCCUPANT BEHAVIOR
Previous Studies of Occupant Behavivr in Past U.S. Earthquakes

.  Occupant Behavior in Damaged Hospitals{!¥)

The first study was a documentation of the actions of patients and staff
inside the five hospitals most heavily damaged in the 1971 San Fernando
Earthquake. These facilities suffered different levels of damage--ranging from
minor, in the case of Kaiser Panorama City, to complete collapse of some
buildings, in the case of the Veterans Administration Hospital. This investigation
of occupant behavior during and immediately alter the earthquake was part of a
larger, more comprehensive study of the Immediate response and the long term
recovery process that .each hospital experienced. Administrators, department
heads, physicians and key members of the nursing staif were Interviewed, those
present at these hospitals when the earthquake began or arriving soon after to
assist in relief Qperations. Bach person was asked to recount his sequence of
actions froin the time that the shaking began wuntil the time that he had reached a

place of safety. In this manner the initial response as well as the evacuation was
covered.

Although some time had elapsed since the earthquake, making it ditficult to
locate all of the key informants, a good general picture of what people did was
gained. Contrary to the popular assumption of general panic, little irrational
behavior was found among hospital staff on duty at the time of the earthquake,

Staff members first engaged in a combination of behavior aimed at self protection
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and saleguarding their patients. For example, one nurse herded the moving
incubators together and sheltered them with her body until the shaking stopped.
The first action after the shaking was to look In on patients and reassure them.
This reaction is not surprising since the hospitals were hierarchicaily organizad
with clearly defined lines of authority.

It was also found that, surprisingly, with the exception of those 47 killed in
the collapsed VA Hospital and the 3 at Olive View, there were few reported injuries
among staif and patients. This low injury rate ls attributed to timing and location,
the fact that at 6§ A.M. few people were at work or moving about or on the lower
floors where damage was greatest.

2. mzmm-%mm Bullding(t?, 19

The 1979 Imperial County Earthquake provided a unique opportunity to study
‘systematically the resporse of office workers in the Imperial County Services
Bullding, "a 6 story office building sustaining em:u_ae damage to render it
inoperative and require subsequent demolition. building did sustain
conglderable non-structural damage.

Using a very structured approach, 112 individuals were surveyed who were In
this building during the earthquake, 96% of those actually in the builiding., This
Instrument included questions about peopie's actions, their perceptions of risk, and
their previous training.

Once again it was found that prior training and expectations played an
important role in the way that people responded. Por example, 79% of the
occupants followed the prearranged evacuation plan, However, because of several
previous evacuations necessitated by bomb threats, occupants evacuated down only
one of two possible firestairs, even though both were intact. This could have
created conditions of overcrowding had the building been more fully occupied or if
there were injured to be transported. The evacuation pattern was prearranged
because this stairway was thought less hazardous than the other in case of a
bombing. T-is finding supparts the position that different emergency situations
call for different organizational responses. It further illustrates the need to have
contingency plans developed and In place.

A second finding questions the general usefulness of advice and prior training.
Although 36% of occupants reported getting under their desks, 9 of these received
minor injuries when their desks struck them or they bumped the desks while trying
to get underneath, Of the &7 injuries that occurred, haif happened to people
enp;ed,, unnecessarily, in evasive behavior (getting under a desk or standing in a
doorway).

A third finding Is that building contents caused more injuries than non-
structural elements, with the ratio of Injuries from building contents to non-
structursl elements 3 to |, People were hurt mostly by moving desks, filing
cabinets, and furniture located in the immediate vicinity of where those people
were located. This suggests that in addition to the traditional non-structural
abatement measures of securing suspended ceilings and lighting fixtures, we need
to secure or reposition building contents in sreas where peaple spend most of their
time. This finding illustrates the necessary interplay of engineering and
preparedness practices,
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Present Study-Occupant Behavior

The preliminary information presented in this paper, on the earthquakes
investigated as part of our study, contains much about occupant behavior. Indeed
it substantiates recent emphasis in the literature that there is a great deal of
activity that occupants can engage in during the terrifying seconds of shaking.
Some of this activity can be detrimental and some beneficial. We shall review
some observations, within the conceptual framework and its groups of factors.

l. Human factors seem to play a significant role in earthquake injuries.
Coalinga has shown the greater risk of injury with age, and with its associated
factors of vulnerability. With age peopie seem to become more vulnerable to
earthquake falls, On the other hand, younger people seem t0 have a greater
tendency to exit the built environment. It is as if, for earthquake safety, one is at
greater risk when either young and energetic, and seemingly using this energy to
exit violently and quickly, or old and weak and unable to prevent being knocked
down,

Exiting, contrary to popular impulse, and particularly evacuating an
unreinforced masonry buildng during an earthquake is not necessarily beneficial and
may prove harmful. So far, we have analyzed the actions of those inside the
unreinforced masonry buildings in the Coalinga Central Business District. By
interviewing the groprietors of the small businesses located in these bulldings, and
selected occupants, we were able to determine the number of people inside,
whether they stayed insid or attempted 1o exit during the shaking, and whether
they suffered any injuries.(3%) Our initial results indicate that the relative risk of
injury while exiting one of chese buildings versus staying may be over 3ta 1. 1t is
unfortunate that this appar ntly is the first thing that people try to do, Table 29
shows responses to one of cur questions in Coalinga, namely "“if you moved, what
was the first thing that you tried to do?" We obtained 70 responses {52.6% of 133
interviews). Out of those 44 (62.9%) gave "leaving the building” as their answer!
Taking cover in a doorway is another high priority, with both advantages and
possible dangers,

How important is the human factor of sex in occupant behavior? In Santa
Barbara, possibly stimulated by the pattern of aftershocks, those injured while
exiting buildings were mainly young men (8 to |, as shown in Table 7). One
example comes to mind, A young couple were in their living room next to the exit
door. Outside there was a long railing that forced a person ‘going out to walk next
1o the house for some 15 w0 20 feet before turning into the garden. The husband
dashed out, dived over the railing, fell and suffered wrist injuries. His wife
followed more quietly, walked around and was uninjured.

When it comes to interactions with other people in an earthquake, what are
the human motivations, and are there differences between the sexes? We have
abserved a few examples of injuries as a result of "panic” in a crowded place. In
Coalinga, we have also observed behavior originating in a desire to protect
children, iriends, and spouses. In one case an injured woman used pieces of a
ceiling, that tell on her in a store, to protect herself and a friend, Out of 16 cases
of observed behavior aimed at helping or reaching others, 14 (37.3%) were women,
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TABLE 29: Coalinga Injuries: 1f You Moved, What was the First Thing that
You Tried to Do?

"First Thing" Number Percent &
Leave Building L) 62.9
Take Cover: 14 20.0

In Doorway 9

Under Table 3

Predesignated Place |

Unknown 1
Move to Another Room s 7.1
Dodge Objects 2 2.9
Try to Help (daughter,

mother) 2 2.9
Try to Find (children) | .6
Other 2 2.9

Total 70 100.1

3 Because of 1uunding, the total does not equal 100%

2.  Socio-BEconomic factors may possibly explain the great difference in anxiety
and emotional reactions between Santa Barbara (2.0%), Coalinga (5.4%), and
Imerial County (12.6%). On the other hand, the difference between those "leaving
bujldings” does not seem significant (Santa Barbara: 10.6%, Coalinga: 14,0%; and
Imperial County: 10.0%).

3.  Circumstantial factors were much in evidence., The timing of the Santa
Barbara earthquake was very lucky. In Coalinga many women were caught in their
kitchens.

Questions arose on why there were so few injuries and no fatalities in the
business district of Coalinga, in spite of the great amount of damage to the oid
buildings. At least two factors seem to be responsible. The time of day, and day
of the week, found relatively few people downtown. Also, a number of the heavily
damaged unreinforced bulldings were unoccupied, have been vacated, and had
vacant second floors because of previous fire code violations,
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CONCLUSIONS

% e have discussed many issues > earthquake injuries and occuparnt behavior,

We have argued that there is a great need for much empirical data on the subject,
whic' could, eventually, begin to make a difference in saving lives, pain and
suffe .ng. The evidence suggests tnat there are possiblities for significant benefits
to be achieved. There is a need for a comprehensive approach to the problem of
earthqurke injuries and we have described and suggested a suitable conceptual
framewark,

We have presented preliminary results from our epidemiological study of the

rose of the physical environment and occupant behavior in earthquake injuries.
This deals with four earthquakes, from 1978 to 1985, in California and Chile, ard
we are continuing the tie - wcrk of collecting data,

In terms of ‘uture research needs dn the suuject, three items come to mind:

A new approach seems to be needed, 1o develop the eventual mass training
and education of the public towards a safer behavior during earthquakes. It
should be aimed 2* i educing detrimental immediate reactions, and increasing
the ability of adapting to earthquake situations, and using the short time
avalilable during the event for both decisions and actions aimed at maximizing
the probability of safety and survival.

The accumulation of empirical data and theoretical insights, should proceed
paralle! with new engineering developments towards salety from injuries,
that go beyond the needed work on structural design. This should include, for
example, the safety of building contents, non-steuctural elements, and the
development of cheap and effective safe "earthquake shelters® within our
buildings, old and new,

International cooperation should be particularly valuable here, since

earthquakes are relatively rare and simultaneous efforts in many parts of the
world can create a most valuable synergism.

36



ACKNOWLEDGEMENTS

This paper presents work conducted with the financlal support of the National
Science Foundation in the form of a supporting grant No. CEE-3319358. The
assistance and advise of Dr. Willlam A Anderson, Program Director, Earthquake
Systems Integration, Earthquake Hazard Mitigation Program of the Emerging and
Critical Engineering Systems, is much appreciated. We acknowledge the help and
assistance of our collegues in this study, Professor Jess F, Kraus and Research
Epidemiologist Ann H. Coulson, of the School of Public Health at UCLA, We are
most grateful to the men and women who agreed to talk about their earthquake
experiences in order, hopefully, to help others in the future,

37



REPERENCES

(1) Barthquake Engineering Research Iastitute, The 1976 Tangshan, China
Earthquuice, (Berkeiey, Califoraia, EERI), March 1980

(2) Recent information from the Ministry of Health, Santiago, Chile, July 1985

(3) U.S. Geological Survey, Scenarios of Possible Earthquakes Affecting Major
California Population Centers, with Estimates of Intensity and Ground Shaking,
Open-File Report 81-115, (Menlo Park, California, USGS), 1931

(4) Lawson, A, et. al,, The California Earthquake of April 18, 1906, (Washington,
D.C., Carnegie Institution}), 1969

(5) National Research Council, The Great Alaska Earthquake of 1964: Human
Ecology, (Washington, D.C., National Academy of Sciences), 1970

(6) Steinbrugge, K., and E. Schader, Earthquake Damage and Related Statistics, in
L. Murphy (ed.), San Fernando Earthquaie of February 9, 1971, (Washington, D.C.,
U.S, Department of Commerce), 1973

(7) Federal Emergency Management Agency, An Assessment of the Consequences
and Preparation for a Catastrophic California Earthquake: Findings and Actions
Taken, (Washington, D.C.: F.E.M.A.), November, 1980

(8) Saidi, F., "The 1962 Earthquake in Iran: Some Medical and Social Aspects,” The
New England Journal of Medicine, Vol. 268, No. 17, April 25, 1963

(9) Predanic, E, and D, Kamcevski, "Medical Problems of Disaste. in Skoplje:
General, Anatomical and Clinica! Characteristics of Injuries and their
Management,” Yojnosanit Pregl., 21: 7-3, pp. 476-432, 1964

(10) Lantis, M., "Impact of the Barthquake on Health and Mortality,” in The Great

Alaska Earthquake of 1968: Human Ecology, (Washington, D,C., National Academy
of Sciences), 1970

{11) Sommer, A, and W.H. Mosley, "East Bengal Cyclone of November, 1970:
Epidemiological Approach to Disaster Assessment,” The Lancet, 1: pp.1029-1034,
May {3, 1972

(12) Coultrip, R.L., "Medical Aspects of U.S. Disaster Relief Operations in
Nicaragua,” Military Medicine, 139: pp. 879-883, November, 1974,

(13) Glass, R.L, et. al., "Earthquake Injuries Related to Housing in a Guatemalan
Village," Science, pp. 638-645, August 12, 1977

(14) Arnold, C. and M. Durkin, Hospitals and the San Fernando Earthquake of
1971: The Operational Experience, (San Mateo, California, Building Systems
Development), August 1933

ie



(15) Arnold, C., M. Durkin, R. Bisner, and D, Whitaker, imperial County Services
Bulidings t Behavior and rational Consequences as a Result of the 1979
Imperial Valley Earthquake, (San Mateo, California, Building Systems
Development), August 1982

(16) Arnold, C,, M, Durkin, and R, Eisner, "Occupant Behavior in the Imperial
County Services Building During the 1979 El Centro Earthquake,” The international
Journal of Disaster Studies and Practice, (forthcoming)

(17) Archea, 1. and M.-Kobayashi, "The Behavior of People in Dwellings During the
Off-Urakawa Earthquake of March 21, 1932, Proceedings of the Eighth World

Congress on Earthquake Engineering, (San Francisco, California), pp. -1101-1107,
July 1984

(18) Ohashi, H. and Y. Ohta, "Importance of Indoor and Environmental Performance
Against an Barthquake for Mitigating Casualties”, Proceedings of the Eighth World
Congress on Earthquake Engineering, (San Francisco, California), July 1984.

(19) Saylor, L.F. and 1.E. Gordon, "The Medical Component of Natural Disasters",
The American Journal of the Medical Sciences, pp. 342-362, September 1957

(20) Parrish, H.M., et. al., "Epidemiology in Public Health: Planning for Natural
Disasters,” Public Health Reports, Vol. 79, No. 10, pp. 8563-867, October 1964

(21) Haddon, ¥., Jr., "Options for the Prevention of Motor Vehicle Crash Injury®,
Israel Journal of Medical Science, 16{1), pp. 45-63, 1980

{22) Kraus, L.F., review of William Haddon Jr., Options for the Prevention of Motor
Vehicle Crash Injury, (Los Angeles, California, UCLA Alcohol Research Center),
May 1981

(23) Aroni, S., Earthquakes and Fire, (Los Angeles, California, Graduate School ot
Architecture and Urban Planning, UCLA), April 197]

(2%) Arnold, C., Earthquake Disaster Prevention Planning in Japan, (San Mateo,
California, Building Systems Development), November |982

(25) Millikan, R.A,, Earthquake Hazard and Earthquake Protection, (Los Angeles
California, Joint Technical Committee on Earthquake Protection), June 1933 ’

(26) Johnston, R.G, and D.R, Strand, "Olive View Hospital", in L.M. Murphy {ed.),

San Fernando, Californig Earthquake of February 9, 1971 (Washington, D.C,, U.S.
Department of Commerce), 1973

(27) Earthquake Engineering Research Institute, Engineering Features of the Santa
Barbera Earthquake of August 13, 1978 (Berkeley, California, EERI), December
1978 :

(28) Steinmetz, W.H., "How One Campus Survived," Professional Safety, pp. 13-17,
January 1981

(29) Earthquake Engineering Research Institute, Reconnaissance Report, imperial
County, California, Earthquake, October 15, 1979, (Berkeley, California, EERI),

February 1980
39



(30) Earthquake Engineering Research Institute, Coalinga, California, Earthquale
of May 2, 1983, (Berkeley, California, EERI), January {984

(31) Durkin, M.E., S. Aroni, and A. Coulson,” Injuries Resulting from the Coalinga
Earthquake®, in EERI {above reference 30}, pp. 277-279, January 1984

(32) Anon,, "Earthquake in Chile, March 3, 1935," Earthquake Engineering Research
Institute Newsletter, Vol. 19, No. 5, May 1985

(33) Information from the National Emergency Office, Santiago, Chile, April 1935

(34) Durkin, M.E., "Improving Seismic Safety in Unreinforcsd Masonry Buildings",
Ekistics, pp. 333-357, November/December 1934

40



iﬁé ROMANIA EARTHQUAKE OF MARCH 4, 1977:NOTES ON THE EFFECTS
THE POST-EARTHQUAKE REACTION,AND THE FUTURE ACTION WEEDS

Horea Sandi*
1.INTRODUCTION

The social awareness about the real dimensions of earth-
quake risks is increasing, given the general social development
followed by an increase of the elements at risk and inmany cases
of their vulnerability,the experience of recent destructive earth~
quakes,and the higher degree of social education and of effec-
tiveness of mass media. This awareness generates an increasing
pressure for mitigation of risks, by adopting sound coordinated
strategies in this view.

The control and limitation of the risk of adverse effects
of strong earthquakes is determined essentially by two major
factors:

{a) the control and limitation of the vulnerability of the
elements at risk, leading to a limitation of immediate eventual
earthquake effects;

{b) the social ability to promptly and efficiently react in
the aftermath of strong earthquakes in order to prevent notential
severe chain effecta, as well as losses due t0O a prolonged
paralysis of the social mechanism.

Any attemot to develop an integrated plan of mitigation of
seismic risks must consider the two factors mentioned.TLe develop-
ment of such protection plans must rely, on the other hand, on a
sound filtering of the experience of destructive earthquakes This
paner is intended to present, in this relation, a view on some
gignificant aspects pertaining to these factors in the light of
the experience of the Romania earthquake of 1977 and, thus, to
contribute to the develormment of improved general earthquake pro-
tecticn strategies.

2.SOME DATA ON THE RCMANIA EARTHQUAKE
OF 1977 AND ON ITS EFFECTS

2.1. General

A summary of some data on the destructive Romania earth-
quake of 1977 and of its effects, based on the detailed infor-

*
Head,Structural and Earthquake Engineering Division,
INCERC (Building Research Institute), Bucharest.
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mation provided in /1/ and /12/, is given in this section.

The earthquake of Friday, 4 March 1977, occurred at about
22,00 o'clock, local time. Its mechanism was of multi-shock type
and the last, and strongest, shock was at a depth of 10% km and
had a Richter magnitude of 7.2. The earthcuake affected with in-
tansitiesa of VII MSK or_more (practically up to VIII or VIII +),
an area of more than 10° kmZ, of which some 80% belongs to Romania.
A few instrumenta) data cbtajined, as well as the interrretation
of the results of the post-earthquake surveys, have shown that,
for extensive areas,the ground motion was characterized by rela-
tively low predominant frequencies, of 0.5 to 1.0 Hz. This was
the case for the Southern part of Romania,characterized by thick
and relatively soft sedimentary geological layers. On the other
hand, it aprears that, for zones with different geological con-
ditions, lJocated in the mountain area or in the North-East of the
country ,predominant frenquencies were of 2.0 to 4.0Hz. There was
apparently a strong correlation between the predominant frequen-
cies producaed during the 1977 earthquake and the predominant
frequencies corresponding to the records of weak earthquakes at
various seismoclogjcal stations. The area affected by intensities
VI or more is inhabited by some 50% of the population of Romania
apd covers centers of important social and economic activities
where a wjde variety of artifacts of man were located. Among
other, it must be mentioned that more than one million apartments
built during the post-war era and designed to resist earthquakes
were located in the area referred to,

The total number of victims was 1570 (of which some 90 %
were in BucBarest) and the overall economic losses were higher
than 2 x 107 US dollars /1/.

The earthquake had effects on the natural environment a t
numerous places (rockfall, small landslides, modification of the
water table, formation of new wells, subsidence etc.),but nowhere
did these effects play & significant role in relation to social
and economic losses.

2.2. Some Data on the Performance of 0ld Buildings

The diversity of structural behavior during the 4 M a rch
1977 earthquake has been put especially to evidence by the case
of buildings (apartment buildings, hospitals,schools, etc.). The
degree of damage undergone by buildings, eapecially by apartment
buildings, ranges from apparently little or no damage to heavy
damage and even collapse.

The heaviest consequences on old buildings have been recor-
ded in Bucharest, where 27 apartment buildings located in the
central area have collapsed, totally or partially. Most of these
buildings had been heavily affected by the 1940 earthguake , s ©
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that they did not possess the necessary resistance capacity for
a second strong earthquake. Most of the buildings that collansed
were located at street corners, which has confirmed the unta~
vorable effects of overall torsional oscillations, of whipping
behavior and of shock transmittec hy adjacent buildings.The buil-
dings which collapsed were six-to twelve-story high and rela-
tively flexible, such that their fundamental natural periods fell
in the range- of predominant periods of the ground motion,in some
cases after some flexibilization due to post-elastic strain was
produced during the earthquake,

The old,relatively low, bearing masonry buildings, charac-~
terized by & higher stiffness, have shown a better performance
as a rule especially in Bucharest. Collapses were noticed in iso-
lated cases, outside of Bucharest.

An overall picture of the damage distribution for the old
buildings is given by the statistical damage spectra derived o n
the basis of an extensive survey of the performance of buildings
/1/, which was under other at the basis of the vulnerability ana-
lysis summarized in /11/.

The category referred to as having the most affected buil-
‘dings in the City of Bucharest, presented some specific cons-
truction features. Their bearing structure was in most cases com-
posite, consisting of bearing brick masonry and reinforced con-
crete members oriented horizontally and vertically. There was no
concern during design for earthquake protection and,in most cages,
even for their protection against other horizontal loads,l i k e
those due to wind.

The pattern of behavier of some of the old tall buildings,
which represented the most heavily affe.:ted categoryymay be
understood in connection with some features of their urban a n d
architectural planning, of their structural design,of the quality
of construction works, of their history of service, overloading,
maintenance and intervention of man during service. One may emp-
hasize in this respect:

(a) lack of concern for providing adequate conditions for
neighboring buildings (neighboring buildings with strongly dif-
ferent dynamic characteristics and unsufficient separations were
bound to undergo heavy hammering/pounding efforts);

{b) prevalence of architectural planning over structural
design, that led rather often to unsuited structural solutions ,
characterized by lack of dynamic symmetry, discontinuities in the
vertical bearing members, etc:;

(¢} lack of concern in the structural design for protection
against earthquake loading and even against static lateral load-
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ing (like that induced by conventicnal wind);

{(d) poor cquality of buildings materials and sgometimes of
construction works;

{e) overloading by the strong earthquake of 10 Novenber 1940
any by blast effects due to war bombing;

{f) negative effects of corrosion, of traffic induced vibra-
tion etc.:

(g) lack of appropriate maintenance, rehabilitation a n 4
upgrading works;

(h) unsuited interventions that sometimes weakened load-
bearing members of crucial importance.

2.3. Some Data on the Performance of New Buildings

The new apartment buildings, built after 1950,presenta wide
diversity of architectural planning and of structural solutions.
The solutions adopted have appeared especially in  standardized
design. The standardized solutions of large-series apartment build-
ings adopted in Romania may be divided into two categories: low=
rigse buildings (up to 5 stories) and high-rise buildings (8 to 18
stories, the most freguent being that of 10-11 stories).Various
construction technclogies have been used for the various struc-
tural systems,including nrefabrication and industrialized forms
for cast-in-place concrete. The structural solutions have varied
considerably.

Three cases of partial collapse of hew apartment buildings
have been recorded, Two of them were related to tall buildings in
Bucharest where the groups of apartments located around one o f
the stair cases (placed in each case at the extremity o f ¢t h e
building) were affected. For one of the buildings (a four-stair-
case one), the two lower stories collapsed, such that the upper
six stories moved downwards without reversal. For the other buil-
ding ( an eleven-story six-staircase one), the group of apart-
ments was reversed and destroyed.

The behavior of bhearing wall masonry structures, designed
ad erected according to the code provisions, has been generally
a good one, these buildings having undergone cnly rather slight
damage. An exception, characterized by heavy damage, was repre-
sented by a few buildinge, located in the cities of Ploiesti and
Craiova, for which no satisfactory earthquake protection measures
had been adopted during the design.

The most characteristic damage produced by the earthquake
to masonry buildings may be characterized as follows :
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- inclined cracks, especially in longitudinal walls, star-
ting as a rule from the corners of openings;these cracks h a v e
been some times wide, and their orientation has been as aruleat
45° (sometimes X-shaped), putting to evidence the failure of ma-
sonry under principal stresses (due to lack of tensile strength),
;hiskkind of failure affected either only the mortar,or even the
ricks

- horiznntal cracks in walls, under the floor over t he
first story, or at the lower and unper ends of vertical members
located between windows;

- long vertical cracks in walls, sometimes along the whole
height, as well as in window benches, or at the zone of crossing
of longitudinal and transverse walls, due to local lowquality of
work (weak mortay, absence of mortar, etc.);

~ tilting of walls;
- dislocation and expulsion of masonry at corner zones.

The large panel construction represented an increasingly
important share of the new construction. The performance of these
buildings was good or fair in almost all zones for five~story as
well as for ejght-or nine-story buildings. Some features of the
sprcific damage pattern must be nevertheless emphasized. The
localization of damage was in most cases at the joints, seldanat
the lintels and more seldom at the vertical bearing parts of pa-
nels. Damage was observed also at the corners of panels for one
solution characterized by connections at the corners, by means of
thick reinforcement bars, The lower rise, five-story panel buil-
dings presented more extensive damage in areas where the predo-
minant frequencies of gr~—-d motion are believed to have been
higher, as in the City o. Ilasi. The opening of cracks at joints
or at other parts showed a tendency to increase in time,anparently
in connection with the increase of ground settlements. T h i 8
generatas, of course, scare, given the risk of corrosion of rein-
forcement, especially of the reinforcement crossing the joints.

The cast-in-place, reinforced concrete, shear wall buildings
that present the greatest weight among the structural solutions
adopted in seismic zones, especially for high-rise buildings, have
shown various behavior patterns, as a function of their overall
nunber of stories, and of the structural solution, as well as of
the intensity of ground motion. Thus, five-story buildings have
shown a good or fair behavior, independent of the structural so-
lution adopted (amaller or large intervals between shear walls).Little
important damage has bean recorded for these buildings on t h e
other hand the eleven~story buildings have shown, in some cCases,
heavy or medium damage, for various types of structural solutions,
especially at the lower stories of buildings. The damage has been
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apparent especially for structures with larger intervals bhetween
shear walls, with a free first story, used for shopping areasOne
of the principal causes of the damage recorded has been the gene-
ral design, not always adequate for resistance to lateral loads.
One must mention in this relation following shortcomings of solw-
tions adopted:

~ a) stiffness discontinuities in case of open storiegwhich
have led to concentration of high deformation at the first story,
or to insufficient connections to assure a spatial interactimmof
floors and transverse shear walls;

- b) non-uniform distribution of gstiffness at a given story
in case of some structures with short intervals between parallel
shear walls, where tendendies of separation have occurred in the
staircase zone:;

- ¢) low ductility.

The following typical damage must be mentioned for high -
rise buildings with cast-in-place reinforced concrete shearwalls:

- vertical cracks at various stories of the buildings, due
to shrinkage effects, favored by the absence of corresponing con-
tinous reinforcement, which have increased their width after the
earthquake;

- horizontal cracks, especially in the zones of casting in-
terruption, at buildings erected by means od sliding-form tech=-
nologies, as well as in the zones of joints of floors with the
bearing wallse;

-~ cracks and concrete crushing in lintels of the 1 ower
stories and wide cracks, ranging up to destruction of the extreme
zones of horizontal sections, where buckling of reinforcement and
concrete expulsion have occurred,

The new reinforced concrete framed structures,with five,or
eleven to twelve stories, for which a regular pattern of columns
and beams has been provided, have shown generaliy a much better
. pexformance than old buildings with reinforced concrete framed
structures, for which the pattern of columns has been an irregu-
lar one. The damage has bheen localized generally at the lower two
or three stories in case of tall buildings and consisted of damage
of the main structure, as well as of the non-structuralpar t s
(infill masonry, cladding, etc.) placed between structural members
A main cause of damage of framed buildings consisted of the impor-
tant gap between actual stiffness and stiffness estimated in
deaign. This is due to the lack of attention paid in design ¢ o
the contribution of non-structural members to the overall stif-
fness of buildings. The presence of infill masonry modifies con-
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siderably the stiffness. This can lead to non-symmetry, signifi-
cant torsional effects due to the irreqular pattern of walls that
can produce an overloading of some of the columns. It must b e
mentioned that most damage in framed structures has been observed
at the first,open stories,. used for shopving areas.

The service systems (sanitary, electrical,heating,etc.) of
apartment buildings did not undergo directly damage, They w ere
damaged in cases when the building elements supporting them were

affected more seriously (expulsion and collapse followed by in-
direct damage).

As in the case of old buildings, an overall view on the da-
mage distribution pattern in Bucharest is given by the statisti-
cal damage spectra of /1/.

The effectiveness of earthquake resistant construction may
be evaluated, keeping in view the proportion of apartments col-
lapsed :out of almost 400,000 apartments built in Bucharest,from
1950 to 1977, only some 40 apartments, located around two stair-
cases of two different buildings, were destroyed, leading direc-
tly to victims,i.e. the prOportxon of cocllapsed apartments w a s
slightly higher than 1 x 10-4. There were nc collapses to affect
people in inhabited apartments built during the same period out-
side of Bucharest., In case one considers the total number of earth-
quake resistant apartments built in zones affected by intensities
of VII or more, the proporsion of collapsed apartments reducesto
about one third of 1 x 107%,

2.4, Some Data on the Effects upon Urban Systems

The experience of destructive earthquakes shows that, i n
many cases, the overall losses are due to an important extent not
directly to collapses, but to chain effects that can significamtly
magnify {(in some cases very many times) the initial losses ( the
effects of fire during the San Francisco, 1906, or the Tokyo,L923,
earthquakes dramatically confirm this statdmént).

The second order, or chain, effects did not play an impor-
tant role during the Romania earthquake of 1977, Given the limi-
ted height of buildings and the widtM of streets,the collapees of
buildings, even in Bucharest, where some 30 taller b u ildings
{around 10 stories high) collapsed, did not affect the posibili-
ty of evacuation of neighboring buildings when that became neces-
sary. The rescue teams did not encounter significant access dif-
ficulties when tackling buildings where people buried or injured
necded help. Earthquake induced fire was limited in Bucharest to
two collapsed buildings and it was quickly confined and extinqui-
shed. Summarizing these effects, it may be stated that chain ef-
fects were practically negligible and the cases of damage or
failure could be analyzed and dealt with each of them by itself.
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The number of apartments affected by heavy damage or collapse
totalled 32,900.

It is useful to mention also some facts in relation to the
risk of loas of life generated by earthquake induced damage. The
central part of the small town of Zimnicea, consisting of o 1 d,
low gquality, low rise buildings, was to a great extent destroyed
or damaged heyond repair by the earthquake, such that afterwards
it was fully replaced. In spite of the numerous cases of collapse
or damage beyond repair, the number of victims was extremely low,
since almost all inhabitants managed to flee from the collapsing
one-story houses, Of course, the chances of escape fram collapsing
tall buildings are much lower., In some other towns, none of the
cases of collapse of low rise buildings led to victims but several
casudlties were due to collapse of chimneys or of other non-struc -
tural parts of buildings, that hit persecns walking on the streets.

3. SOME DATA ON THE POST-EARTHQUAKE REACTION
AND ON THE FACTORS HAVING INFLUENCED IT

3.1. General

The society must defend itself, as far as possible,in order
to minimize the losses inflicted by strong earthquakes.Moreover,
the society should turn the earthquake impact to i t s advantage,
using the opportunities created in this dramatic way to lea r n
and open new development paths, because have been relaxed t h e
otherwise almighty constraints of the status quo.The way in which
the earthquake impact was used after the Skopje earthguake of
1963 represents a remarkable example in this sense.

The post-earthquake reaction, in the narrow sense of ac-
tions undertaken in the aftermath of an earthouake during a limi-
ted time period,includes two main and complementary components

(a) the pragmatic aspects, aimed essentially to limit the
earthquake induced losses;

(b} the scientific aspects, aimed essentially to convert
the earthquake impact into an opportunity of societal learning.

The two apsects referred to, together with a discussion of
the favorable factors having prompted the post-earthquake reac-
tion, are briefly reviewed further on.

3.2. The Post-Earthquake Reaction.Pragmatic Aspects.

Turning now to the post-earthquake reaction,it may be roted
that small scale rescue operations were started in Bucharest during
the night of the earthquake by some small teams. A large scale
reaction started the next morning, following the decjisions taken
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during the night by the government. The active participation of
the head of state, who personally coordinated the accuisition
of specific information, as well as making and carrving out de-
cisions in relation to the reaction strategy, must be mentioned
It also must be mentioned that the resocurces of the whole coun-
try were thoroughly coordinated and used.in order to overcome the
earthquake, which affected more or less half of the territory of
the country, and to accelerate the recovery at a national scale,
Strong teams, in which army units plaved the major role and which
were supported by a massive deployment of building squipment ,
started to work the next morning, in order to rescue survivors
and to remove the debris. During the same time numerous design
and research engineers were sent to do a free inspection and sur-
vey of the central area of Bucharest,that was the most affected The
headquarters of civil engineering work were organized by t h e
Peoplers councils of counties and towns, including the People rs
council of Bucharest. Numerous institutes with competent design
and research engineers existed at the earthquake time in Bucharest
and in several other major towns strongly affected by the earth-
qguake. Nevertheless, numercous competent design engineers from the
institutes located in towns not affected were mobilized and
brought to the most affected areas, varticularly to Bucharest,in
order to participate in the recovery effort. T h e headquarters
defined the most urgent tasks for teams of engineers asked t o
evaluate the components of the building stock (residential buil-
dings, industrial structures, etc.) and to propose solutions of
ermargency intervention (introduction of provisional supports to
damageibuildings, adoption of emergency strengthening sclutions,
adoption of emergency demolition sclutions, in accordance with
the specific situations). Sufficient gquantities of buildings ma-
terials were made available for these emergency interventions.

Some 35,000 families lost their shelter due to the earth-
quake. New shelter could be provided promptly primarily because
of the fact that the construction of new residential buildings
ran at that time at a rate of more than 150 000 apartments a
vear {almost all of them being built from centralized funds, t o
be rented or sold to the population after completion of construc-
tion). It was also possible, without significant difficulties,to
provide provisional shelter to residents of buildings requiring
more serious repair and strengthening operations. In spite of the
fact that several hospitals were damaged, some severely , t he
medical network was able to cope with the burden of injured per-
sOns.

In relation to the design regulations in force at t hat
time, it may be noted that, by means of decisions at the govern-
ment level, some major corrections were promptly brought to the
basic documents defining the seismic zones of Romanis as well
as the design forces (particularly the spectral factors).

The headquarters referred to, together with the Central
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Institute for Research, Design and Guidance in Civil Engineering,
distributed the tasks of deaign of repair and strengthening t o
various institutes of design and research and asa’‘~-ned some tasks
also to faculty staffs, which were particularly a:v've in a ll
centers.The repair and strengthening solutions use” were adapted
specifically for steel, reinforced concrete or mag ...y members or
parts of buildings. The research lsboratories were very active in
testing, under emergency conditions, various jacke- ‘rgqg, coatinag,
injections solutions. Among others, a repair solution for rein-
forced concrete members, consisting of fiberglass coated w i t h
apoxy, was developed inINCERC.

The repair and strengthening work, which atarted u n & exr
smergency conditions, was not governed at the very beginning by
a unique philosophy on the decision making about the nature o £
technical solutions, the level cof safety to be provided to buil-
dings affected, etc. Within a few weeks it was decided to rastore
the general look of Bucharest, replacing the collapsed buildings
and those to be demclished,with buildings to fit into the existing
pattern of the central area. It was alsc decided to build a new
pelitical and administrative center in Bucharest (that ma jor
investment is currently under construction). As concerns the level’
of safety to be provided by repair and strengthening work it was
decided to restore the initial earthquake strength o €
buildings. That philosophy, which was intended to limit the con-
sumption of buildings materials, is BHeing reexamined at present
basically in research work, keeping in view the needs of deciding
on the adequate level of earthquake regsigtance with consideration
of the importance of the structures and of the duration of sub-
sequent service, given the general plan of renewal of the buil-
ding stock. It may be noted here that the older (pre-war} buil-
ding stock, which was not designed initially to resist earthquake
will be replaced almost entirely by the end of this century,given
the rate of new construction.

The replacement of collapsed or demolished buildings proce-
eded at a fast pace. At the locations of most of the thirtybuil-
dings collapsed in Bucharest one could pee at the end of 1978 new
inhabited buildings adapted to the architectural environment and
built at a qualitative level exceeding the average,.

‘.2 rate of new construction was slowed to some e x tent
during 1977 and partly during 1978, due to the recovery effort.
Measuges were taken nevertheless in order not to reduce the total
construction output during the five-year plan period 1976 ~ 198G
This represented a very intense construction effort during t h e
second half of the five-year plan period.

The earthquake resistant design regulations were replaced
in early 1978: the seismic zoning standard STAS 2923-63 was repla-
ced by the new standard 1ii00/1-77, which basically endorsed most
of the corrections made shortly after the sarthguake. The earth-
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guake resistant design code P.13-70 was replaced by the new code
P,100-78 (slightly revised subsequently as P.100-81), wh i ch

introduced significant improvements in the design rules. The
spectral factor was adapted to the knowledge provided by t h e
sarthquake. The qualitative recommendations on providing 4 u o~
tility were replaced by a consistent approach specifying quan-
titative conditions required by the providing of ductility(limi-
tation of gravity induced compressive stress in columns,l i m i-
tation of conventional tangential stresses in sectionsof columns
and of shear walls, specification of minimum and maximum reinfor
cement ratios, detailing rules,etc.). Strong emphasis was put on
the selection of structural solutions intended to provide a high
degree of resistance under economical conditions, (limitation of
masses and height, avoiding of asymmetries, providing of sti

and ductility etc.). The concern for adoption of economical so-
lutions was constantly present.

According to a program of drafting design regulations for
various categories of atructures, which was andorsed by ¢t he .
Natiocnal Council on Science and Techmology, work was started ail-
ready in 1977 in osrder to draft new codes for the earthquake resis-
tant design of bridges, of dame, of some specific industrisl equip-
ment, etc.

There was a cnnatant concern for learning from the earth-
quake and for improving the design and construction work quality.
The government agenci~s involved in this field (primarily t h e
Rational Council on Science and Technology and the Central In-
stitute for Research, Design and Guidance on Civil Engineering )
supported strongly the general effort to improve the technical
knowledge. Some specific details on this subject are given i n
next section. The important contribution of highly qualified for-
eign specialists of the field of earthquake engineering must be
kept in view here too. The discussjons with well-known specialists
of suveral countries or international agencies (Japan , Soviet
Unjpon, United States of America, UNESCO etc.) helped the design
and research engineera considerably in better understanding o f
the earthcuake consequences, of the needs of rehabilitation and
upgrading of the buildings affected, the needs of improvement of
the design regqulations, the specific problems raised by construc-
tion techniques ,etc. The government agencies referred to active-
ly contributed in making these contacts as efficient as possibie
under the post-earthquake circumstances. These government agen-
cies consistently coordinated also the efforts to acquire spacific
scientific information ¢ see in this respect next section too).
The improvement of the research facilities was also a constant
concern at the government level during the post-earthquake paricd.
Besides ocher directions kept in view, the most important direc-
tion is represented by the seismic testing station which i =
currently under construction at INCERC-Bucharest (this station
will include two shaking tables and a testing hall endowed with
strong reaction wallas and hydraulic actuators). T h e =zesearch
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branch at Iasi will also considerably extend its facilities i n
thre near future.

The international aid received during the post-earthgquake
period must be mentioned here too. Three UNDP/UNESCO national
projectes have contributed considerably in improving the research
equipment and the technical level of the Romanian civil engine—
ering community by means of consultants, services and of fallow-
ships., The important aid provided by the government of the United
States of America must be mentioned here too { the fraction of it
devoted to research equipment played a particularly important role).
The aid provided by Soviet Union, Japan, China and other ¢ o un-
tries must be mentioned here too. The positive effects o f the
regional UNDP/UNESCQO/UNDRO and UNDP/UNIDO projects, in the period
from 1981 to 1983, which were organized to a great extent due to
the impact of the earthquake of Romania and of Yugoslavia (15April
1979) should be noted too at this place.

3.3. The Post-Earthauake Reaction. Scientific Aspects.

A strong earthquake affecting a populated and developed area
may represent, if this opportunity is properly used, a source of
information of inestimable value. It is a task of highest priority
for all the professions and professionals that may subsequently
contribute by means of their knowledge to the mitigationof seismic
risks, to collect the highest possible amount of relevant infor-
mation during the shaking and thereafter.

Some main categories of information to be considered are:

a) Data on the ground motion, as well as on the motion and
performance during the earthquake of various artifacts of man;

b) Data on the damage inflicted of various buildings,engi-
neering structures, infrastructure components etc.;

¢) Data on the complex losses due to the erathguake;

d) Data an the actual reaction ot individuals and of various
protection systems designed to more or less automatically react
during the earthqguaka.

The post-earthquake activities carried cut in Romania after
the 1977 earthquake are presented to a large extent in /1/. Some
data on this subject are nevertheless summarized here.

A standard macro-seismic survey was undertacen by the Ceuter
of Earth Physics and Seismology. Scme 12.000 copies of a cues~
tionnaire were distributed to practically all localities (some
2,000 copies of them were distributed in Bucharest). The met-
hodology adopted was that of the MSK scale, which was standar -
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dized in Romania prior to the earthquake.The isoseismals compiled
on this basis within three months after the earthquake were i n
very good agreement with the is¢seismals compiled in Bulgaria and
USSR following the same methodology. This activity was r e 1l a t e 4
exclusively to the category of data (a).

The information provided by the macroseismic survey w a s
completed by the instrumental information, which was of seismlo-
gical and of engineering nature, The seismological information
contributed to the localization .of the source and furnished
thereafter a considerable quantity of information on the sequence of
aftershocks. The recording of aftershocks (the strongest of which
were in the range of Richter magnitudes 4 to 5)was and is carried
out as a youtine activity. The strong motion recors obtained dur-
ring the earthquake provided information on the motion of t h e
ground at several places, as well as of a type of tallbuildings .
All the instrumental information of this category pertained t o
the category of data (a).

A survey of the damage distribution w a s organized i.n
Bucharest under the auspices of the Naticonal Council on Science
and Technology. More than 18.009 buildings of the Cityof Bucharest
were investigated according to 3§ methodology derived on the basis
of the MSK-scale methodology. The buildings were categorized ac-
cording to two criteria : structural system and fu ndamental
natural period. The following categories of buildings were c¢on-
sidered :

1) buildings made of weak materials (adobe like):

2) brick masonry with fleoxible floors ( built before the
war);

3) the same (built thereafter):;

4) brick masonry with rigjd floors(built before the war);

5) the same (built thereatter):;

6) buildings with r.c. frame strcture:

7) buildings with r.c. bearing walls (with small inter-wall
distances);

8. the same (with wider inter-wall distances).

The basic result of the survey was represented by t h
statistical damage spectra derived for 1 km x 1 km squares o
Bucharest, for each of the ptructural systems considered. T h
processing of data made it possible to compile maps of macro
seismic intengities related to some definite intervals of periods
of oscillation /1l/. The statistical damage spectra were use d
thereaft or also in order to derive conditional damage histograms
characterizing the vulnerability of the various structural systems
/11/, /16/. The information obtained on the basis of this survey
wae thus related.to both cataqories {a) and(p)referred to i n this
section. The basic information was obtained within two or three
months after the earthquake, leading to the intensity maps. The

53

1O



additional processing requiredto Jerive wilnerability ¢ h ar a c-
teristics was carried out in 1962,

Another survey of the damage distribution was organized
in Bucharest under the auspices of the Central Institute for
Research, Design and Guidance in Civil Engineering. The studv was
carried out by a staff of the Design Institute of Bucharest and
of INCERC (Buildings Research Institute). More than 800 buildings
built according to several standardized design sclutions,w e r e
investigated, so that any of the types of standardized buildings
considered was exhaustively dealt with. Por any types t o which
more than 100 buildings pertained, the fundamental natural periods
for three directions (oscillations in the longitudinal p 1l a ne
oscillations in the transverse nlane, oscillations of overall tor-
sion) were exhaustively deétermiped, using the ambient vibration
technique. The statigtical distribution of damage was imvestigated
and correlations with the location and with the azimuthal orien-

tation were derived. This atudy, which provided essentially data
of category (b), but which was of interest also in order to confirm
the data related to category (a), was completed within about one
vear after the earthguake. The results are summarized in /1/.

Another survey was carried out for a sample of several tall
buildings for which pre-earthquake experimental data on the natural
periods were available. This survey included the determination of
the post-erathquake natural periods, along with the investigation
of damage undergone, The increase in natural periods was c¢c o r -
related with the damage observed as well as with the azimuthal
orientation of buildings /1/. The data obtained have shown that
light damage involved an increase of natural periods of nomore
than 20 to 25%, while moderate damage involved as a rule an inc-
rease of no more than 40 to 50%. The data obtained in this w a y
pertain again to the information of category (b). This work was
carried out within some six months.

Several individual structures were analyzed in depth,using
experimental and/or computational methods. The structure for which
the study was the most detailed is that of the main hall of the
Exhibition of Achievements of the National Economy, which consists
of a 96-meter span steel dome supported by 32 radially oriente d
couples of columns. The latter study included an experimental bio-
graphy inatural periods of translation along two directions, o f
rotation in a horizontal plane and of ovalization of the main ring
supporting the dome, determined before the earthquake (July 1976},
immediately after the earthquake (March 1977) after the provisional
strengthening (April 1977}, before the final ungrading work{July
1982) and after this work (July 1984). This experimental work was
accompanied by engineering calculations (analysis in the linear
range, non-linear time-history analysis on a simplified@ model,es-
timate of the ultimate static acceleration on several simplified
models, corresponding to the different directions of oscillations
and to the pre-and post-upgrading stages). The experimental da ta
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obtained up to 1982 are given in /1/. Another case to be mentioned
here is that of a tall building for which a strong motion record
at the top floor was cbtained during the earthquake. The experi-
mental data were used for response gpectrum and Fourier analysis
tecniques and engineering calculations were carried out for both
casen referred to.

It must be noted algo that, besides the projects referred to
which were very directly linked to the earthquake experience,im-
portant research efforts, sponsored from centralized fundsa o r
from funds of several clients (design institutes, industrial en
terprises etc.), were and are being currently devoted t o the
general improvement of knowledge in the fields of seismology,en-
gineering seismology, earthquake engineering, general structural
angineering etc, The tonics dealt with cover a wide field, ranging
from fundamental problems to studies of specific site conditions,
specific structural solutions, etc.

3.4. Remarks on the Factors Having Prompted the Post-Earthgquake
Reaction.

It is important to underline some major factors that made
possible at that time (1977), a strong reaction to the seismic
event, These are:

(a) the general strength of the national economy, which
made it ovossible to carry the heavy burden of losses and of the
immediate post-earthguake recovery efforts;

(b) the existence of a large earthquake-resistant huilding
stock, which could be kept in service and house people and cur-
rent activities, and aiso represented a good operational basis
for the intervention activities;

(c) the high rate of construction for new apartment buil-
dings, which created a buffer residential area and made it pos-
sible to promptly house practicallv all inhabitants whose dwel-
lings were damaged beyond repair or needed important rehabilita -
tion works;

{d) the availability of a satisfactory amount of building
materials, building equipment and other material resources o f
good quallity, which made it possible to put into practice ¢t h e
solutions of intervention adopted;

(e) the existence of a satisfactory number of engineers,
tachnicians and workers of good gualifications, which madeit pos-
pible to develop technical solutions required by the intervention
works and to put them into practice;

(f) the existence of good operational bases,in the pruximi ty
to sites requiring intervention and also the existence of goo 4
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acgess possibil:ties to the sites repairing intervention:

(g; the .«<istence of a sufficient number of scientists and
technicians ..i:> were able (with the very precious assistance of
highly qualified eyperts of several countries, having visited
Romania in the aftermath of the earthquake) tc summar.-e t h e
experience of the earthquake and to develop some technical pro-
posals of action ‘'nd of important improvements of the requlatory

basis of technical activities;

(h) last and not least, the ability of the goverument +t o
keep the general social order, to mobilize and coordinate t h e
existing resources of various natures, tc make and implement
prompt decisions,

4. SOME NEEDS OF FUTURE ACTION
4.1l. Control and Mitigation of Seismic Risks

A firast major factor menticned in the introduction in rela-
tion to the limitation of overall risks is represented b y the
limitetion of the vulnerability of the various elements a t risk
and/or of their exposure(the seismic risks are determined also by
the factor of seismic hazard, but the possibilities of man in
relation to this factor are practically limited to the appropriate
selection of sites of human activities, i.e. avoiding the parti-
cularly hazardous sites).

The limitation of vulnerability and expocsure of elements at
rigk must represent a constant concern in the development of stra-
tegies related to various fields of work. In relation to the mon-
sideration of new buildings and of other satrctures, it is neces-
sary to apply the rules of earthquake resistant buildings. This
imphies the development of the corresponding regulatory basis,

t 1 tion of people as well as organizing the appropr iate
£ rk for applicatiorn in practice of the knowledge accumula-
ted.gﬂhe general social and economic development spontaneously
¥dds new elements at risk, some of them characterized by a poten-
tial for heaviest consequences fo eventual earthquake induced
damgge. Romania has entered the nuclear age and the nuclsar power
plants, as well as some components of the auxiliary nuclear in-
dustry, which will strongly increase their number in the ne ar
future, represent the most significant examples in this sense.

On the other hand, the tendency to increase building density

increases also the seismic vulnerability, if not at the level of
indiyidual buildinga, then at the level of urban systems. Other
factprs increasing the vulnerability cogld be mentioned too. All
these facts require a rethinking of the paths of general develop-
ment as well as of the criteria of earthquake protection and the
adoption of appropriate measures . The experience of the Romania
eartliquake as well as of numerous o.her strong earthquakes, has
put to evidence the importance of the contribution of the high
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vulnerabi:ity of older buildings and other artifacts of man ¢t o
the ovesall szismic risks. The control and mitigation of seismic
rigsks must include therefore, as an essential component,the con-
cern fot the gradual rehabilitation and upgrading of the existing
building stock, especially of the older buildings,not engineered
to resist :arthquakes. Similar attention must be paid also to the
more recent buildings which , in spite of having been built ac-
cording to some earthquake resistant design rules, may not cor-
respond any more, due to the adverse effects of the previous earth-
quake{s) or of other sources of overloading, of corrosion a n d
aging, or, simply, to the modifications of the earthquake resis-
tance requirements involved by the more recent knowledge. T h e
intervention on the existing building stock must be planned i n
connection with the general activity of planning of the develop-
ment of urban systems. The seismic risk analysis must lead in
principle to the specification of categories of buildings of dif-
ferent priorities and correlate the general development plans with
the deadlines set for intervention for the various categories re-
quiring action. A more analytical view in this respect is given
in /7/.

considering now the technical support that must be provided
to the design activities, it may be mentioned that Romania bene-
fits from design regulations for conventional buildings and en-
gineering structures that are generally up-to-date and for which
a constant concern of periodic revision and improvement exists.
Nevertheless, the task of completing and updating the regulatory
basis with some important components is far from being fulfilled.
The most stringent present needs are :

(a) the improvement of provisions related to the seismic
conditions of the country;

{b) the development of a regulatorv basis concerning the
earthquake protection of the existing building stock:

{c) the development of design codes for non-conventional
structures, like nuclear power plants and other components of the
nuclear industry;

(d) the development of a regulatory basis concerning t h e
earthquake protection of various built systems, like urban systems
lifelines,etc.

4.2, Earthquake Preparedness

The earthquake preparedness measures must make sure that a
prompt and efficient reaction will take place in the event of a
strong earthquake. This reaction must cover both main a s pe Cts
referred to in section 3.1., namely the ability to limit the
adversa earthquake effects and the ability to gather a great amount
of significant information of scientific and technical nature.
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A comprehensive view of earthquake preparedness needs must
consider the various post-earthquake phases and the corresponding
need for action. One can consider in this respect the following
post-~earthquake periods [9] :

a) the occurrence phase, lasting for seconds and minutes;
b) the short phase, lasting for hours and a few days;

¢) the medium phase, lasting for weeks and a few months;
d) the long phase, lasting for some years,.

Generally speaking, the shorter the phase referred to, the
more one must rely on appropriate preparedness measures adopted
prior to the earthquake, For the occurrence phase it is possible
to rely only on the action of some automated systems (e.g.: the
strong motion accelerographs, the gsafe-shut-down devices, the e-
mergency supply systems, etc.), or on the appropriate reactionof
some specially trained people. During the occurrence phase some
private persons may turn off gas or electric power, may flee,etc
The authorities could, in case appropriate preparation is made,
alarm the inhabitants of a definite territory, especially against
some chain effects like flooding due to collapse of a dam,leakage
of gas or some chemical substances, etc. From the acientific view
point it is possible to randomly observe some aapects of the
natural phenomenon and their influences on the natural and man-
made environment. Gathering of information during this period is
highly dependent on automated systems, like the components of

. 8trong motion arrays. During the short phase, it is time to fight
against fire, leakage of natural gas or of various chemical sub-
stances, flooding of basement floors from which people cannot
escape at the moment;to save people from underneath the debris,
and to take some emergency measures aimed to avoid further col-
lapses of buildings. From the scientific view point it is pos-
ssible mainly to observe visually some earthquake effects and to
take pictures of them. During the medium phase, it becomes pos-
sible to take technical action in order to tackle some of t h e
highest risk sources of possible destructive aftershocks or other
poesible strong actions {e.g.strong winds, flood, industrial ac-
cidents etc.). This time should be intensively used in order to
collect the highest pussible amount of relevant information o £
scientific and technical nature. The long phase is a time f or
full recovery, and systematic abatement of risks in connection with
the adoption of new development plans in the frame of physical and
urban planning activities. This must be a time of summary of
earthquake lessons, of adoption of comprehensive preparedness
plans from all the pragmatic and scientific view points,of course
and of thorough and gualified implementation.

The importance of proper functioning of automated devices
during the occurrence phase was emphasized already. Besides that,
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it was alsoc mentioned that a prompt and well oriented reaction
of individuals during the occurrence period as well as therpafter
may have far reaching positive effects too. Such reactions will
be much more likely in case appropriate educational ac tivities
are organized. The educational activities should be at the level
of public and, separately, at the level of individuals w h o are
asasighed some precise tasks, in relation toc the components of
urban or regional infrastructure, of some branches of industry ,
etc. The educational activities must be periodically repeated and
this must include exercises anncunced in advance or, eventually,
not announced,under conditions intended to simulate some features

of the earthquake occurrence. It is useful in this connection to
have an idea of the eductional activities organized in Japan i n
relacvion to an anticipated earthguake [15]. Another aspect of
preparedness is represented by the concern for emergency inter -
ventions on damagelstructures in order to avoid accidents during
the post-earthquake period. This includes analysis of solutions

and preparation of gquidelines for installing emergency supports
or strengthening members, for carrying out emergency demolition
works,etc. This aspect of preparedness must be considered in cor-
relation with the various requirements of construction works :
education of gqualified workers, making sure that building mate -
rials and equipment can be made available under emergency con-
ditions, etc.

In spite of the fact that prediction activities are still
in their infancy, attention should be paid to the chances o £-
fered by eventual successful prediction activities, which, in case
of adequate preparedness,may lead to a spectacular decrease in the
losses of various natures, first of all in the losses of lives .
According to the estimates, a correct prediction andwarning would
eliminate, in the event of a magnitude 8 Tokai earthguake,10,900
deaths, 16,700 cages of heavy injury and 98,300 cases of
light injury, 275,000 houses destroyed by fire, tnatwould repre -
gent the toll of earthquake under standard conditions of no pre-
diction and no warning. These impressive positive effects of
prediction and warning can materialize only in case of complex
preparedness activity thoroughly carried out.

The scientific preparedness includes two main aspects:

(a) installation and maintenance of various instruments
intended to record automatically some significant parameters of
the seismic phenomena;

(b) methodological preparation of surveys to be carried
out in the event of an earthquake.

The instruments (standard strong motion network, master-
slave systems or central recording systems, eventually systems
intended to record strain parameters, etc) represent the object
of some specialized projects, requiring a certain investment and,
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besides this, a gqualified maintenance activity. This is not a
proper place to discuss detalls of that direction of work,but it
is nevertheless necessary to mention the importance o £f proper
maintenance in order to provide a high probability of nroper
functioning of the automated instrumentation.

The second main asvect referred to deserves more attention
here. A prover methodological preparation of the surveys to b e
carried out in the event of an earthquake is of primary importance
for efficient work wxier the emergency and stress conditions created

by a destructive earthcuake. The survevs to be carried out may be
categorized as follows:

(a) surveys on the physical effects of earthquake ;

k4

(a.i.) effects on the natural environments;
(a.ii.) effects on the artifacts of man;

{b) surveys on the losses due to the earthquake;
(b.i.) hard losses:;
{(b.ii.) soft losses.

The surveys on the effects of category (a.i.) wiil cover a
wide range of aspects, like surface faulting, landslide, r o c k
fall, subsidence, liquefaction, modification of the water table,
etc. In order to derive a high guality of significant informa -
tion on such effects, it is necessary to collect a comprehensive
set of data, including:

- a description of the ore-earthquake environment andcon -
ditions such as:features of the landscape (including quantifica-
tion of the free slopes), data on the geological conditions(in-~
cluding, if possible, geotechnical and geovhysical characteriza-
tion of the ground), data on the effects of some natural or ar-
tificially generated events (possible strong rains, flood ,effects
cof quarry blasts etc.);

~ a precise descrintion of the earthquake effects, such.as
direction, length and amplitude of faulting, slope, mass of rocks
and distance of sliding related to a landslide,area affected by
liquefaction, possible quantitative characterization of earth -
quake generated wells, subsidence amplitude, quantification o f
water table modification, etc.

It may be hoped that rrecise data could be useful for more
accurate assessments of the characteristics of ground motion a t
places where no other information is available.

The surveys on the effects of category (a.ii.) may repre-
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sent the most significant and accurate socurce of information,pro-
vided the built environment existe and rexper surveys were carried
out. Such surveys may cover samples of works pertaining to a
certain category {(in most cases, regsidential buildings), the
investigation of which should provide basically information to be
statistically processed, or they may cover individual works,which
could remresent the cbject of in depth cage studies. The_samples
representing the object of statistical studies must fulfill two
requirements that are unfortunately conflicting :the samples must
be sufficiently homogeneous (e.g,:masonry buildings of a rather
Jhiomogeneous height, guality, age), architectural layout,structural
lavout, etc.) and they must be suificiently numerous in order to
make possible a statistical processing of data. T h e individual
structure:, -like industrial engineering structures, damsbridges,

etc., represznt caees per se, deserving a special preraratory work, which

cannot be tackled at this plaeed. As for the surveys devoted ¢t o
subseguent statistical analyses and interpretation, it will b e
necessary again to collect a comprehensive set cf data,including :

- a description of each of the buildings ard other WOrks
dealing with, position and orientation, age, architectural charac-
terization and layout (including a schematic drawing) ,structural
characterization and layout (material, type of structure, gquan -
tification of areas of resistant sections along the various di -
rections, description of connections etc);characterizationof s=oil
and foundation conditions (nature of soil, geotechnical charac-
terization, type of foundation, estimate of ultimate overturning
moment etc.); and corresponding quantifications ( at least in a
*broad® way); cuantification (at least in a broad way) of som e
characteristics 1like dynamic characteristics, static acceleration
corresoonding to the limit of linear behavior, ultimate static
acceleration, ductility; data on the biography {(past cases of
strong loading and of damage occurrence,past repair and strengt-
hening works, past changes of layout etc.);

- a description of the damage induced by the earthquake
(the description must be made in terms that are specific to the
materials and structural tvpe, as given in the form of fig. 2.2.
of [11]}.

Some discussions on the damage evaluation methoaology may
be mentioned here. A main goal in organizing the damage sur vey
should be that of making possible a most accurate assessment o £
the ground motion characteristics, given the concepts and methods
of structural analysis used in earthquake engineering. The t a sk
is of course not easy, given the inherent high scatter of earth-
quake effects (consider the scatter of damage probability matrices
or the scatter of damage degree plotted against static critical
accelerations). Nevertheless, efforts must be made in this direc-
tion.

The surveys on the effects of catégory {(b.i.) will refer to
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losses of life and injury, to losses of property and costs of re-
covery actions (direct losses, as those corresponding to b uli l-
dings collapsed,cost of rehabili tation works, etc. ;indirec t
losses, as those related to she property lost due to collapseor
damage in buildings) monetary losses due to interruption of pro-
ductive activities, interruntion of transportation etc.:desxip -
tion of chains of events having resulted in losses (e.g.lmediate
cases of casualties and injuries ) etc. I ¢ is desirablehere to
deacribe in qualitative terms and to quantify all aspects tha t
may be quantified, in spite of the difficulties of quantifying
some indirect losses which may sometimes hardly be classified ex-
clusively into only one of the categories (b.i) and (b.ii) . A
possibly accurate guantification of losses will be of paramount
importance in order to carry out subsequent cost-benefit analyses
related to the reagonable degree of earthqmake protection.

The survey of the effects of category (b.ii) will ref er
mainly to paycho-social effects, ta cultural implications of the
deterioration or change of the environment etc. These aspects may
be hard to quantify, but their importance should by no means be
underestimated. It is most desirable to identify, in the surveys
of this nature too, the immediate causes and sources of stress ,
of psychonervous ailments, etc.

The results of scientific nature referred to in this section
will be of use, primarily, for the community affected directly
by an earthguake. They can represent no less, a most valuable
national or regional contribution to the international effort
devoted to the comprehensive understanding of the earthqgquake
problem. It may be suggested that more efforts be devoted at an
international scale to the preparatory work for surveys related
to all categories of data referred to in this section,

4.3. Some Present Research Needs

We should emphasize some research needs of general interest
for the earthquake protection. The directions nentioned here are
of primary importance for the analysis of seismic risk, as well
as for the decision on the appropriate level of earthquake protec-
tion. They are important in Romania and elsewhere and may repre-
sent a subject of cooperative research. They are related to:

(a) the analysis of seismic hazard;

(b) the analysis of the mechanical behavior of members, bea-
ring structures, non-structural components and buildings or en-
gineering structures as a whole;

{(¢) the analysis of the complex losses due to strong earth-
quakes;

(d) development of an appropriate framework for the miti -
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gation of seismic risks related to the existihg building stock

The analysis of seismic hazards should encompass the expec-
tancy of activity of varjious seismic sources affecting t he
Romanian territory, the specific attenuation laws and the fea-
tures of local amplification phenomena. This should lead to a
better code basis, expressed in terms of maps of the activity of
sources and of expectancy of various seismic intensities and, if
possible -also of maps specifying the exoected predominant f r e-
quencies of ground motions,

The analysis of the mechanical behavior of various structu-
res, structural components and systems should be directed p r i-
marily such as to provide realistic and at the same time operati-
onal, full models of the force-deflection relationships. S u c h
developments are needed not only for proper structural camponents,
but alsc for the analysis of ground-structure interaction pheno-
mena. It must be noted in this respect that, according to several
engineering analyses, the ground-structure interaction phenomena
played a key role in the behavior of :relatively rigid and resis-
tant buildings during the earthquake of 1977. It must be kept in
view, also, that the development of non-linear force- deflection
models for various structural components and for the ground is a
primary condition for a rational ca.:.lbmation of some factorsused
in code formats and, in the future,for a replacement of the con-
ventional linear structural analvsis methods by means of morere
alistic ones.

The analysis of the complex losses inflicted by earthquake
is a necessary step in order to provide the basis f or a com-
prehensive seismic risk analysis. The various loss components
{losses of lives, losses of property, disruptions of human a c-
tivities etc.) must be considered in a coordinated and comprehern-
sive manner. The importance of this direction is supported by a:
apparent gap in the estimates of overall losses due to different
earthquakes. As it was mentioned in section 2.1., according ¢t o©
official estimates, the losses due to the earthquake of Romanis,
which affected with intens’ties of VI1 to VIII (+) an area of
some 105km2,(which some 10’ inhabitants), were higher than 2x109
US dollars. For comparison, the earthauakes of Friuli, 1976, and
Montenegro, 1979, which affected with intensities of VII to 1IX
{+) areas of a few thousands of square kilometers, with no more
than some 10° inhabitants, were estimated to have produced losses
of 5 x 102 and 4 x 107 US dollars respectively. Tt is hard t o
believe that the diference between the Romania earthquake and the
two other destructive earthguakes which covered limited are a s
could be so great. The opposite seems to be more credible. That
is why the methodologies of estimation of losses must be rethought
and revised. Note in this respect alsc that an eventual underes-
timate of losses, or of vulnerability, will lead to a distorted
outcome of any cost-benefit analyses and consequently to sys -
tamatic underdesign and exaggerated subsequent losses in t he
event of future strong earthquakes.

63



The develcpment of a framework for the mitigation of seis-
mic risks related to the existing building stock should put into
value the preparatory work already carried out in this field.This
preparatory work has encompassed topics and methods of evaluation
of the earthquake resistance of exigting buildings /3/,of analysis
of seismic risk and decision mpthodology /5/,/7/.,/8/ etc.,of met-
hods cf repair and strengthening of various types of structures
/6/./13/ ete. It is time now to start pilot studies on extended
samples of buildings and, then, to systematicallv tackle the va-
rious components of the existing building stock, in order to reach
within a limited time interval of less than two decades, an ac-
ceptable level of seismic risks (note here that according to /2/
a future destructive earthquake of a similar nature to that of
the 1977 is predicted for 2004 + 4 years and that one of the aut-
hors of /2/ participated in the successful prediction in 1974/4/
of the 1977 event).

4.4.A Stringent Task:an Integrated Earthquake Protection Plan

The evaluation of the current state-of-the-art of Romanian
activities related to earthquake protection permits to us state
that Romania is an at least fairly developed country from  this
view point. Such a statment is supported by several facts: t h e
number of trained experts, the level of technical solutions adop-
ted in practice (which have at least fairly dealt with the 1977
earthguake, inspite of having been among the most economical i n
the world), the export of know-how, the number and quality of
scientific contributions.

The 1977 earthquake led to a significant progress f r om
almost all viewpoints. In spite of the progress achieved, it is
time now to develop an integrated earthguake protection plan at
the national level. Such a plan, which should become a component
of the national, economic and social development plan, should
include sections related to the development and design of new
buildings, industries, facilities, etc.:; the development a n 4
protection of urban systems, lifelines, etc.; the control an 4
mitigation of risks related to the existing building stock;t h e
development of research activities; the preparedness measures of
varjous natures (including correlation with the earthgquake pre -
diction activities); the.education of population and specialists,
etc, A joint effort to answer in the closest future thi s
challenge is certainly justified, it not already overdue.
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1.3 SEISMIC BEHAVIOR OF SOME INDUSTRIAL AND
TELECOMMUNICATION STRUCTURES: SOLUTIONS
FOR SEISMIC RISK REDUCTION

Panait Mazilu
Mircea Ierem*
Mircea Neicu R
Lucian Rogca

X

XXX

The structural layout of some industrial and telecommu -
nication buildings, damaged by earthquakes are presented.

Structure seismic response and strengthening Reasures
are deacribed together with conclusions upon the building sa -
fety degree, in case of a future event.

1. TELECOMMUNICATION CENTER
1.1, Structural framework. Damage description,

The steel structure is built of columns and girders with
gtiff fixed Jjoinings, made of riveted rolled steel sheets and
profiles. The reinforced concrete floors have been made using
steel joints, supporting shuttering for concrete work,all joints
remaining embedded in concrete as a proteetion measure against
fires,.The masonry work has been carried-cut at the same time
with the structural framéwork, using cement mortar, so that the
ocuter walls of the building actually acted as shear- resistant
walls of the bullding actually acted as shear-resistant walls,
preventing the free deformation of the respective steel frames
and taking over shear forces, due to the seismic loading.

The building structure underwant two major earthguakesof
about the same magnitude in 1940 (M=7.4) and 1977 (M=7,2)without
interrupting the operaticn of the telecommunication equipment
for 12,000 connection lines.

In the present situation, the 53 columns of I shape steel,

X Civil Engineering Institute, Bucharest - Romania
XX Project Institute, Bucharest - Romania
xxx Rolling Mill Projects Institute - Bucharest -~ Romania
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forming a concrete section with stiff reinforcement,are sub-
tected to high compression stresses (of about 1500-2000 daNﬁum
under fundamental loading. The additional stresses that might
appear during & future earthquake were intended to be taken
over mostly by certain additional elements. The floors uaiccudp
culated for live loads varying between 200 and 600 daN/cm®,de-
pending on the technclogical function of the respective floor.

The strength of the building under seismic stresses has
been obtained in an empirical way, at the time when it was
deaigned {1933), considering the hyperstatic nature of the
structure, which favors its post-elastic behavior. The whole
structural aseembly, participates in the absorbtion adr dissi-
pation of the energy by using suitable infill materials and by
careful execution, providing the necessary ductility. However

the structure does not have uniform and symmetrical layout
in horizontal and vertical planes, this being subordinated to
the architectural outlook (the arrangement of columns pre -
sented no regard to continuous alignement and to symmetry,
their orientation was different. There existed also indirect
transmission of vertical forces). Thia fact led to rotation

effects around a vertical axis, beside the translatipn ones ,
due to the seismic forces, Consequently, some additiocnal ho -
rizontal forces had been introduced in certain vertical mem -
bers of the structure, especially in the recessed angles of
the courtyard. lioreover, the vertically non-uniform distribu =
tion of masses, the great height of the construction {52.50 m,
the highest in the country, at the time of its erection, as

well as the height of stories- all led to the failures of non-
structural members {brick masonry, panels, windows)under the
seismic forces of the 1977 earthquake. These were due to the
fact that the relative displacements of the storys was consai-
derable, exceeding the values provided by the present norms
{for example Hn/200 for brick infill masonry).However at pre=-
sent, part of the ductile damping of some structural members
{columns and the absorbtion capacity of other elements (masonry)
have been more Or less exhausted.

The position of the stiffness center and the position
of mass centers respectively for each level of the three dis-
tinct zones of the building, as well as their respective ex -
centricities, have been calculated, being known as the plane
U shape arrangement of columns and the related loads on each
level (basement, ground floor, mezzanine, 10 stories and 2 towers)

In order to estimate the general torsional effects for
each zone, the horizontal seismic force has been congidered
as it applies to each level with an eccentricity against  the
centroid,

The construction arrangements have been considered for
each zone and as a result, the seismic force may be taken
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over by sach respective zone and the assymetry effect calculation
for sach zone may bs neglected,

l.2.8trengthening msasurea

The strengthening solution should ensure the building
against a severe earthquhke of Il class (according to the sarth-
quake resistant design principles of K.Muto/2/: 0.2 g accele -
ration), so that in the frame of structure responss, the stresses
and deformations of structural members should exceed the elas -
tic range limit and the non-structural msembers could be some -
vhat damaged, Consequently, a linear calculation method has
been devepolled for the new situation, considering also the
possibility of stresses within the post-elastic range.

The value of total possible seismic force, to be taken
over by the strengthening work (F=16,000 kN), calculated accor-
ding to Romanian Code P 100-81, has been estimated at about
$-7% of the building weight, which would provide protection for
a seismicity degree of 8.0-8.5. Also, the achtevement of streng-
thening work for such an important building, which should com—
ply with the streansth and stability requirements stipulated by
the present technical regulations, is rendered difficult by the
fact that the operation of the telecommunication center may
not be interrupted. Consequently, there have been considered
only those variants of strengthening solutions which required
no indoor interference.

1.2.1. Strengthening of the steel structure by stesal

reinforcing members, aiming to create strengthened vertical
stiffening diaphragms, made of steel trusses, inserted betwean
two rows of columna depending on the restrictions imposed

by the equipment,

1.2.2. Compound bracing of the steel structure by rein-
forcud concrete and steel elements. The same bracing principl e
as thc previous one is taken into consideration but the bra -
cing of steel columns is performed by embedding them inside a
B 300 reinforced concrete section,

1.2.3. Bracing of the structure by inserting B 300 rein-
forced concrete elements, building frames, using stiff rein -
forcerent in columns and steel rods in girders. The disadvan -
tage Of unaesthetic diagonals is obviated bpt there are great
difficulties to perform concrete casting in narraw spaces,
near equipment under operation,

l.2.4. Strengthening of the structure through a rein-
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forced concrete control tubular construction, five levels high,
built outside the eéxisting building (inside the courtyard), The
connection between the building and the tubular construction is
to be made in front of the existing knots of the floors. Taking
into consideration the U shape of the building, if a selismic
force is developed perpendicularly upon the two aisles, the tu-
bular structure position has a great eccentricity towards the
existing building and therefore, besides the translation ac -~
tion, it is stressed alsc by a general torsional effect.In or-
der to diminish this rotation effect, it is also necessary to
perform the stiffening of a front panel of the same hejight., As
the tubular structure has a small weight, in comparison with the
building weight, it is necessary to weight the basement of this
construction with a 3 m slab foundation, to avoid columns pul-
ling out of the ground.

The new tubular structure, together with the stiffening
panels of the existing building, might take over the conventi-
onal, additional stresses, due to seismic effect, and the buil
ding’s natural vibration period would be approximately equal
for the two directions and would diminish to about 1.2. - 1. 4.
seconds.

1l.2.5. Strengthening of the structure by building some
diaphragms on the outline of the building, made of B 250 rein -
forced concrete, cast from the outside. The masonry and the
stone plating of the facades are to be removed, preserving the
present architecture,

1.2,6, Strengthening of the structure through two tu -
bular structures, made of reinforced concrete, one located in-
side the courtyard and the other outside the existing buildingr

2, -THERMAL POWER STATION
2.1, Structural framework. Damage descrintion

The structural framework is made of frames with rein-
forced concrete columns, the span being of 42 m and 9 m, res-
pectively disposed in bays of 9 m. The 10 bays have a central
expansion joint of 0,75 m, Between the A and B rows of co -
lumns the )1 & high aschine-hall located accomcdating two tur-
bine-generator units of 125 MW and a revolving speed of 3,000rm
which subject the hall to some technological vibrations.Between
the B and C rown the 28 m high auxiliary building, are located.

The columns of the AB hall have a gradual variable rec -
tangular cross-~section with the lower part of 180 x 70 cm,
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These columns support on hénged supports, roof trusses
made of rolled profile bars, forming simple or compound sec tions
The truss is placed on top of columns, on support devices fixed
by M 36 screws in ovalized holes and welded pegs,preventing ho~-
rizontal displacement but allowing limited rotations on sup -
ports. Two travelling cranes with a lifting capacity of 1,000kN
operate on rails, laid at +20.50 m level on prefabricated rein=-
forced concrete beams with prestressed reinforcement, The beams
are simply supported by the columns. The whole structure is
covered with prefabricated concrete caissons,

The structural framework of the BC building is made of
frames with cast-in-place reinforced concrete columns and gir -
ders, longitudinally fastened by reinforced concrete 35 x 80 om
beams and prefacricated fleoor. This building is much more rigid
as the AB hall structure, being lower, with a much smaller span
and having several longitudinal connections,

Therefore, during the braking of the travelling crangwhich
is generating longitudinal inertia forces along the ruaningrails,
the measured displacement of a column from the A row was about
4,5 times greater than that of the correspondend column of the
B row. Also, the natural fundamental vibration period of the
longitudinal frame of the A row, separately calculated, was
about 70% greater than the natural period of the longitudin al
frame of the B row also taking intc account the masonry panels)
These results have been obtained after the replacement of the
concrete caissons from the level of AB hall roof by thermo -
ingulated and waterproof, corrugated pressed steel sheets, of
ROMCOR type.

The following damage of the structural framework has
been produced by the earthquake of March 4, 1977) the columns
of the A row suffered large remanent strains at roof level and
consequently the trusses slid off the bearings causing the s8li-
ding of caissons of one bay and the sliding of the beams aup—
porting the crane rails, off the columns brackets.

2.2, Bracing Measures

- jacketing of cclumns of the A row, after removing the
concr=te layer covering the steel reinforcement, by putting
on additional longitudinal reinforcing f/ 16 mm bars, at 15 cm,
joined by ¢ 10 mm, ties, welded at ends to the existing rein -
forcement.

- Bracing of columns of the A row, between levelsg 10.0 m
and 16,9 m, in two bays, where the technological conditions
permitted. A steel truss, mad e of two U 24 profiles, has been
used.
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= Strengthening of front concrete columns by Jacketing
them with additional reinforcing § 20 mm bars, joined dy # 10mm
ties, at 10 cm, along a height of 12 m, increasing the crass-
ssction from 60 x 140 cm to 60 x 165 cm,

= Laying of a light cover made of corrugated steel sheet
and bracing horizontally, vertically, longitudinally and trans-
versally the roof framework at the upper and lower soclsplates
of the girders. Taking into account the height of the struc. -
ture of the machine-hall, it is absclutely hecessary to put
lengthwise additional longitudinal bracings, at the roof level,
made of continucus beams, so that the large deformations ot
frames might be reduced by passing part of the loadings fxrom
the more flexible structures (AB) to the more rigid ones (BC).

3. BARS DRAWING MILL
3.1. Structural framewcrk. Damage description.

The prognction hall has 4 spans of the pgame height(K =
7.5 m) and a 5 span of a different height (H=11,7 m) with an
area representing akout 1/6 of the whole area. Travelling cranes
of 50 kN run along the first spans while the last one has no
lifting mechanism The current bay is 6 m. The supporting struc-
ture xonsists of reinforced concrete columns, embedded in pre -
fabricated concrete foundations, prestressed reinforced ooncrete
beams for roof and 3.0 x 6.0 m caissons made of reinforced cons
crete. At the higher hall, (H=11l.7m) the transverse prestressed
beams for roof have not been fixed on columns by monolith joints
and the roof longitudinal caissons have not been monolith with
the supporting beams. Only the joint weldings between the steel
plates, embedded in beams and columns, have been performed,

The weldings without seismic effects, but the embedded
anchors of the plates were pulled out of the voof beam concrete,
and cracks were found in the concrete between the strands,
in the supporting area.

3.2, Strengthening measures

Jacketing of the upper and of the columns in order toc in-
crease roof beam support wtth about 10 cm, was provided,

4. WELDED PIPES FACTORY
4.1, Structural framework. Damage description.

The production hall has 3 spans of 18 m each and a bay
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length of 6m The hall is provided with travelling cranes for
190-200 kN,

The upper part of the columng of the outside row, where
the reinforced concrete beams are supported, were damaged. These
effects were probably caused by the existence of an adjoining
building (the electrical power stagion) of a smaller height which
rests on some brackets of the damaged columns. Cracks and dis -
placements of the building frent were also caused.

4.2, Strengthening measures

Strengthening columna jacketing them with B 300 reinforced
concrete, between the bracket supperting the crane track and
the upper end. It has been found that similar damage occurred in
the structures with the cross-section of frame type with dis -
levelments, such as columns supporting the roof (reinforced con-
crete stiff plates) at different levels. Thus, large cracks a=
ppeared at the level where the column section changes, In this
row of columns, cracks and displacements of the concrete also
occurred at the upper part of the column.

Considering these fundings, it ie recommended for the
future, to give up the case of small dislevelments, it is ad-
visable to provide uniform heights and in case of large ones, to
provide longitudinal joints.

5. ELECTRICAL AND MECHANICAL MAINTENANCE WORKSHOP
5.1. Structural framework. Damage description.

For this purpose a prefabricated reinforced concrete hall
with two spans os 24 m and bays of 6 m, with two expansion jaints
was provided. The hall is equipped with two travelling cranes of
50 kN, and 160/50 kN respectively. The reinforced concrete co -
lumns are embedded in prefabricated foundations. The beams have
been made of panels assembled by prestressing; purlin and pre -
fabricated plate are laid on these beams.

Following the 1977 earthquake, the front longitudinal walls,
made of 37,5 ¢ thick masonry, were displaced and brick crushes
and breakings occurred. Because no straps were made, the brick
plating has been detached over large surfaces. At median c¢co -~
lumns detachments of the concrete at the level of the crane track
beams, have been found uncovering the reinforcements along a height
of 10-20 cm. The steel reinforcement did not buckle up,

Within the joints of trusses with the column ends, some
harmless crushes of the monolith concrete took place.
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5.2, Strengthening measures
Partial insertion of walls in the facade.

Insertion of longitudinal steel bracings between column
upper ends and the level of the crane track beams.

6. PIPE DRAWING MILL

6.1, Structural framework. Damage description.

Hall with 2 spans of 30 m and 24 m and bays of 1l2m, Pre =~
fabricated reinforced concrete pillarxs spatial steel trusses,steel
girders for the tracks of travelling cranes of 50 kN with ro -
tating jib, roof made of prefabricated reinforced concrete plates.

Following the earthquake, fine cracks appeared at the upper
part of columns, at the level of the crane track beams.

6.2, Strengthening measures

The cracks have been grouted with epodur.

7. DRAWING MILL
7.1, Structural framework. Damage description.
The hall has a span of 15 m and bays of 10.77 m.

The structure is made of poured-in-place reinforced con -
crete frames. The track beams for travelling cranes of 50kn are
made of monolith reinforced concrete. The rocf 18 made of rein -
forced concrete shell.

Pollowing the earthguake, the marginal columns, common ¢o
an adjoining auxiliary hall; broke in the zone over the adjoining
hall. This one has represented an element which caused stiffness
variation along the column height.

7.2, Strengthening measures.

Removal of damaged concrete, casing of columns with steel
profiles and recasting of concrete for the disleveled part above
the .adjoining hall.

8. EXTRUDING HALL

8.1, Structural framework. Damage Description,

The hall has a span of 36 m and bays of 12 m,
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Reinforced concrste columns supporting steel trusses
and steel purling, The foof is built prefabricated reinforoed
concrete caissons. Travelling cranes of 50 kN and 125 kN are
operated.

After the sarthquake, cracks appeared at the upper part
of the columns, in the recess foy the walkway,

8.2, Strengthening measures.

Jacketing of columns, along the damaged parts with angle
steel profiles. put on the adges and tightened by steel yokes,

Taking into account the damage caused by the dynamic
effect of the earthquake upon the reinforced concrete columns
with variable sections, within the zone of the quick change of
the sections a gradual transition that should be made between
their upper and lower parts is suggested,

9, MACHINE-TOOL FACTORY
9.1. Structural framework. Damage description,

The halls ar¢ made of steel frames with S5 disleveled
spans of 30 m each and 9 bays of 12 m. Within the first 2 spans
there is the heavy mechanics hall, provided with 4 travelling
cranes of 150 kM and 300 kN. The steel columns have the lower
part made of Vierendeel system caisson and the upper part of I
profile, joined rigidly by girders with variable cross-sections
of velded compound double T profile. Within the following 3
spans, the light mechanics hall is provided with travelling
cranes for 100 kN lifting capacity. The steel columns,of slen-
der simple caisson type, support crossed trusses made of pipes.
Upon the rigid columns of Vierendeel type, common for both
halls, the trusses rest on rollers, During the earthquake the
rollers sprang out, because they had not been provided inside
boxes and with blackings for limiting vertical wmotions and
therefore the trusses slid off the bearings.

9,2, Strengthening measures.

Ramplacement of the rollers with classical hinged sup -
ports, giving up the possibility of horjizontal displacement,
taking into account the flexibility of columns in the light
mechanics hall.

NOTE: The designers of the structures described in this paper
were:
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3.

1. Arch.L.S.Weeks, New-York for

The Telecommunication Center (steel frame made by
"Regita" factory, 193l).

2. Energetic Deaign and Research Institute for

Thermal Power Station - West Bucharest,

3. IPROLAH - Bucharest, for

Bar Drawing Hall - C.0.5.TIxrgovigte

Welded Tube Factory - I.T.Republica, Bucharest
Electrical and Mechanical Maintenance Workshop— I.T.
"Republica®, Bucharest

Tube Drawing Hall - I.T."Republica", Bucharest
Drawing Hall - "Laromet” plant, Buchavest

Extruding Hall - "Laromet" plant, Bucharest

Machine and Tool Factory, Bucharest
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I.4 SOME CONCLUSIONS ON THE BEHAVIOR OF THE STEEL AND
COMPOSITE STRUCTURES SUBJECTED TO SEISMIC ACTION

Constantin Dalban®
Elena Dragomirescu xx

ABSTRACT

The steel or composite structure halls reacted favorably
during the March 4, 1977 earthquake; nevertheless damage W a s
noted especially in the cascs of heavy roof deck sclutions or of
inadequate structural conception.

The paper presents an analysis of the damage causes and
also the conclusions cencerning the improvement of the Romanian
Aseismic Structure Design Code P 100=78 published in 1978,

This paper presents conclusions of the analysis of the steel
and composite industrial halls’behavicor during the March 4, 1977,
earthquake in Romania,.

The majority of the steel and composite industrial buil -
dings (over 80 &) were built after 195C.

The design of these structures ensured an earthguake resis-
tance complying with the code provisions in force in the period
1950~-1977.

The usual structural systems were:

(a) Steel halls with light roof deck, consistinq of trusses
or plate girders (rafters) and purlins that support corrugaced steel
or asbestos-cement sheeting.

x Dr.Eng.Professor, The Civil Enginearing Institute Bucharest
xx Engineer, Design Institute for Typified Buildings-Bucharest.
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(b} Steel halls with heavy roof deck including trusses or
plate girdegs and reinforced concrete, reinforced cementor light
cell concrete plates, resting directly or on steel purlins, o r
prestressed concrete large panels supported directly by trusses.
The roof framing was provided with steel bracings, An effect of
shear diaphragm was ensured by the concrete roofing and bpy the
corrugated steel sheeting. Usually the steel halls have been pro-
vided with heavy travelling cranes, running on steel girders, or
with transport equipment overhanging the roof framing. The built
up or latticed steel columns generally had hinged connections to
trusses at the roof deck level, The longitudinal stiffness of the
structure was ensured by adequate vertical bracing systems,

{c) Mixed halls had the same types of rocf deck (see items
a and b) but they had reinforced concrete columns., To ensure the
necessary longitudinal stiffness of the structure two schemeswerm
used: transversal slender colums and vertical steel bracings, or columns
developed on both directions, without bracings.

The most important general aspects concerning the behavior
of these structures are:

1. The stecel and composite halls with light roof deck had
a very good behavior during the earthqguake.

No damage to require repair loading to interruption o £
the production process occurred although in some areas o f the
country the earthgquake intensity exceeded by 1 - 2 grades t h €
values mentioned by the existing code, This better behavior o £
the steel structures in comparison with other types of structures
is explained by the higher strength and ductllity of the steel,
by the lower weight of these buildings as well as by the excess-
strength of the columns (The columns have been checked for t h e
most unfavorable combination of the loads-vertical and horizon-
tal crane forces, wind loads etc.). The high deformation capaci-
ty of the steel in the inelastic range allowed the dissipation of
the induced energy during the earthquake without damage to struc-

tural members, even when the design values of ths loads were sig-
nificantly exceeded.

2, The importance of the bracing systems and of the roof
diaphragm in order to assure the gencral stability of the struc-
tures and limit the deformations due to the earthquake was al-
ready noted. Thus, when the overloading of some main structural
members occurred, the roof diaphragms of corrugated sheet ensured
the redistribution of the seismic loads, avoiding the partial
failure of the rocf framinq,

3. The steel and composite halls with heavy roof deck gene~
rally had a satisfactory behavior during the earthquake. Never-
theless some cases of damage to members or details producing the
failure of some parts of the building have been noted.
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The main ocause of these damages was the fact thac the de-
sign values of the seismic forces provided by the code available
before 1977 were exceeded by the earthquake.

The failure occurred in some members or member sections
without supplementary resistance capacity, where the seismic loa-
ding played the main role. In this category are included the upper
parts of the columns and bracings over the runway girders and also
the connections between the truss and the column, Other parts o £
the columns, as the bottom parts under the runway girders, desig-
ned for the load combinations that considered the horizontal and
vertical forces induced by cranes and wind loads, presented sncugh
supplementary strength to support the seismic action without da-
mage, In some cases, the failureswere caused by indequate design
of the structures, or of some members only, that could lead to the
amplification of seismic loadings effect. For all these analyzed
cases one must underline the adequate behavior of the horizontal
diaphragm made of concrete plates, that ensured the redistribution
of the stresses in the roof plane, from the more stressed members
to the less stressed ones, thus limiting the extension of the da-
magEU

4. A number of damaged halls with heavy roof decks, in
Bucharest, where the seismic lateral forces were sigmficantly

a canparison with the provisions of the code available before 1977,
are presented in the following:

A0 i
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= The engine room of a thermoelectric-power station in
Bucharest (fic.l) with a span of 42 m, a 9 m bay and a clear height
of 31 m was provided with a reinforced concrete panel roof, sup-
ported by steel trusses. The columns, supporting the mounting hea-
vy cranes, were made of reinforosd concrete. The columns on one of the
gsides are common with those of a multistored cast-in-place con=~
crete building. During the earthquake the reinforced concrete co-
lumns failed and the anchorage zones of the trusses were damaged.
That led to the collapse of the roof framing. Under the condi -
tions of an excessive seismic action the main causes of the col-
lapse may be considered as follows: a heavy roof located at a
high level, an important difference between the lateral stiffness
of the columns and the multistory building and a poor quality of
the cast concrete.

The new roof deck was made cof corrugated steel panels,

- The turbo-units hall in the Heavy Engine Planc-Bucharest
(fig.2) with two central spans of 36 m, the clear height of 30 m
and two lateral spans for each side, of 24,50 m with 15 m height,
provided with very heavy travelling cranes, had a steel structure
and a heavy roof deck made of reinforced concrete panels and ther-
mal insulation congisting of light cell concrete, having a total
weight of 400 kg/m“. During the earthquake lateral displacements
of the roof framing with 8-85 cm {an average of 50 cm} occurred ,
due to the shearing of the connection into the plastic deformation
of the top side of the structural steel columns and to the buck -
ling of vertical bracing bars, located over the runway crane gir-
ders, It has to be noted that for the above mentioned reasons
{item 3), the damage was limited at the zone over upper rumway gir—
ders. Repairs to the damaged building included alsoc the replace -
ment of the heavy concrete deck by a light roofing made of corru-
gated sheeting. A hall for welded assemblies at the 23 August Plant
in Bucharest (two bents of 24 m and 12 m bay), with canposite struc—-
ture and heavy roof deck,underwent the collapse of the trusses(b)
from two contiguous bents (fig.3), The collapse was caused by the
failure of the central column (a), whose free deformation during
the earthquake was impeded by a rigid interior building, built
without expansion spacing around the column; the whole deformation
of the structure under seismic action was developed along the top
part of the column that becomes thus a "short column”" with strong
shear forces, but without an adequate reinforcement. As a iesult
of the analysis of these cases, after 1977, for halls with large
spans and heights (L » 24 m and H > 16 m), solutions for halls
with light roof decks have been adopted.

5. The roof bracings generally had a good behavior, an im-
portant contribution being the interaction with the roof deck dia-
phragm. The vertical bracings between columns made of members with
a low slenderness, resulting from the crane and wind loadings,suf-
fered no damage., Some bracings with very slender cross diagonals
of the halls failed through buckling of compressed diagonal,followed
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by the fracture of the tensioned diagonal,

6. The connections between steel members and concrete mem -
bers sometimes suffered damage resulting from overstressing during
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the earthguake, The ordinary bolt connections subjected to shear
behaved unsatisfactorily both at the truss-to-column connection s
and at the crane girder-to-column connections. The transmission
of the shear forces by the keeper plates had a high load-bearing
capacity. Another weak structural detail was the anchorage of the
bearing plates supported by the reinforced concrete columns for
the connection with the trusses, with the crane girders and -~ h e
vertical bracings. The"pulling out" phenomenon was encounte r ed.
This effect was caused also by the damage of the concrete around
the anchor bolts.

Some damage appeared in the roller expansion bearings. At
the Tool and Units Plant in Bucharest (fig.4) the expansion joint
between two steel halls with a light rodf deck having very diffe-
rent rigidity to lateral displacements, was carried out by roller
bearings. Because of the different vibration natural periocds o £
the two parts of the hall (one with stiff columns supporting heavy
cranes, the other one with elastic columns having transport equip-
ment haaged to trusses) important relative displacements occurred,
the rollers facturing the keeper plates and falling from the bea-
rings, The trusses remained supported by the steel brackets of
the columns that were provided with high bearing capacity a n d
could therefore support the shock produced by the collapse of trus-
ses. Special provisions have been adopted for different types o £
fixed connections and of the roller expansion bearings being sub-
sequently included in the aseismic structural design.

7. The March 4, 1977, earthquake confirmed the special im-
portance of the layout and also of the aseismic protection pro-
visicns; it was underlined on this og¢casion, that these measures
have to be compulsorily observed for all the builldings located in
scismic areas, whatever the accepted intensity of the earthquake.
The analysis of many cases showed that the structures provided
with an overall aseismic layout and adequate detailing solutions
behaved more satisfactorily during an earthquake with higher in -
tensities that those considered in design.

The conclusions of the analyses carried out on the damaged
structures and also the analysis of some significant damage of the
steel structural members and connections of the proposals for the
improvement of the specific design were the basis provisions draf
ted by the authors, provisions that were subsequently included in
to the Romanian Aseismic Structural Design Code P 100-78,
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I.5 DYNAMIC BEHAVIOR OF SPATIAL STRUCTURES AND
SHELLS DURING THE MARCH 4, 1977, EARTHQUAKE
IN ROMANIA

Mircea Mihailescu x)

The effects of the March 4 1977, earthquake on the Romanian
area, appear in fig.1l, in which the principal intensity @aones are
depicted and triangles mark the spots where the structures discus
sed later on are located.

Fig.l

X} Professor at the Polytechnic Institute Cluj-Napoca.
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The behavior of spatial structure , during this earth-
quake, was analyzed, taking into account two time periods for
the erection of buildings, namely: (i) in the 1920 - 1940 interval
before the first great earthquake occurred in Romania, and betwe
en 1944 - 1977 until the second big earthguake.

These categories will underline that the earlier build=
ings of were erected without any seismic protection, while those

of second class were conceived in agreement with the Romanian
seismic code.

The spatial structures dealt with belong especially to
shell roofs and containers, only one case is reffering to a
double layer grid covering,

It also should be mentioned that all the considered struc-
tures are made of reinforced or prestressed concrete., Generally,
spatial structures, shells in particular, behaved rathecr, well
during the March 4 1977, earthquake, in their fields ( curved
plates within their boundaries). The explanation of this good
behavior has to be seen, in the intimate layout of spatial straoc-

tures, able to produce a similar response for actions ‘oriented in
any direction (fig.2),

FIG.2

Damages occturred mostly at the edge or support elements ,
then when they were wrongly conceived, or when later introduced
partition walls or other functional elements made the entire
structure to rotate during the earthquake motion around an ec-
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centric vertical axis.
Failures happened at many water towers not to their . oon-
tainer shells, but to the support cylinders, due to shear forces

greater than the section capacity or due tc some foundation
deficiencies.

200mc? B500mc? 1000m¢?

0 g I
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FIG.3

Two umbrella shells, as fig.4 shows, overturned about
their bases, because they were not well enough fastened at the
rigide level with the adjacent house. (fig.4).

FiG. 4
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In the second part of this report 7 shells located in
various intensity zones, as fig.l shows, will be presented.

At a locomotive depot erected in 1974 (marked 1 on the map),
whose roof is made of 40 conoidal shells of 6.5 cm thickness
(fig.5) each restim on arches supgorted by columns, no trouble
was recorded, in spite cf the VII~
earthquake,

degree intensity of the

In the center of this
depot there are five
elliptic shells of 8cm
thic) ness, eschomernw
a 27x16.50 m area.
These also have suf
fered no damage,

The. second shell be~-
iongs to the Predeal
rallway station(fig.6)
whose roof is an asym -
metric hyperbolic pa-
raboloid made of pre-
cast elements as-
sembled by prestressing.

The chering of about
800 m“ area, rests on
two abutements, trough
steel hinges, and it
suffered apparently mo
damage during the earth
quake referred to. The
shell, marked on 3 on
FIG.6 . the figtl“ map (placed-
~ 1in an 87 degree in-
tensity zone) is a sport
hall, whose roof is
made of five she%ﬁs ’
described by a 4 de-
gree equation cogering
an almost 1200 m“ area
(photo fig,7). The
shell was made of pre-
cast units, made of
two 4 cm thick plates
including, between
these a 5 cm tharmal
insulation sheet. The
assembling was performed
by longitudinal pre-
stressing. This shell,
which rests on the
foundation through ste
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el hinges, suf-
fered nc damage,

In Bucharest a
big depot (4 on
fig,l) erected in
1933, whose roof
is made of cylin-
drical shells, sup
ported by tied ar-:
ches, was affected
only by cracks in
columns 1t their
upper parts as drawn
in £fig.8.

Also in the capital,
a big covered ares
of about 10,000 m
has to be men-
tioned. Its roof
is made of a 7 om
thick cylindrical
shells shaped in
an original S form
Cracks occurred,in
this case, to the
supporting frames,
espectally to same
columns over loaded
by the torsion ce
ated through some
partion wallgwhich
have displaced the
rigidity center.
Fig.l0 shows the
cracks and some
repairing details,

A similar S~shaped
shell (photo 11 )
was built at Sa-
vinegti ( location
5 on £ig.l). The
shells of 6.5 cm
SRR thickness rest on
Al frames with curves
SESALY spandrals, placed
. 3 | at the outer shell
side (fig.l1l2),

In this case, no
damage was chserved,




as was the case with
a veladroidal erected
in Cluj ( location 7
on fig.l), whose in-
ner view appears in
fig.1l2. This shell,
made of precast ele-
ments, had a vary
good performance du-
ring the last earth-
quake.

The structure made
of precast thin lens
elements (location 8
on fig,1, photo in
fig.l13) has suf-
fered no damage either.

Also undamaged was a
double-layer grid

structure made of
FiG.10 single-type precast
elements (location 9
on fig,.l), which was
assembled at the
ground through post-
tensioned cables
(fig.l1l4).

In this case, no
damage of any kind
could be seen in
spite of the fact
that intensity eight
was suffered during
the 1977 earthjuake,

Reference:
/i/ STAS 9165-72
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I.
CO§SIDERATIONS OF THE CAUSES OF COLLAPSE GR DAMAGE OF SOME
DWELLINGS IN BUCHAREST DURING THE MARCH 4, 1977,EARTHQUAKE

Gheorghe SAndulescu™

ABSTRACT

The collapse of 30 dwellings, having 6 to 12 storiesuring
the March 4, 1977, earthquake imposed the need for serious analy-
ses 1n order to explain and eliminate the causes of the collapse,
The in asitu determinations of the dynamic characteristics of the
severely damaged buildings correlated with the on~site investiga-
tion concerning the actual reaponse of the buildings under strong
seismic loads. They revealed the main causes of fallure for seve-
ral characteristics structur2l elements, and for the whole struc-
tural assembly.

The paper presents the errors both in the seismic design
and in the execution of some reinforced concrete characteristi ¢
details, corresponding to the available level of knowledge on a
national and international scale in the pericd these buildings
were constructed.

The report 2lso presents a number of the author’s conside-
rations about safety as a function of time, a new method of seis-
mic design; the design of conventional elements has to be replamd

by realistic determinations of the available load-bearing capaci-
ties of the building at a given moment.

x Civil Engineer, Design Institute for Typified Buildings,
Bucharest
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The March 4 1977 earthquake affected a very large area of
the territory of our country. As a consequence, this earthquake
subjected to seismic actions a large number of buildings essen -
tially different from the point of view of the structural concep-
tion, structure material, level of engineering knowledge avai-
lable for design and execution, building age at the time of the
earthquake, number of preceding micro and macro earthguakes, con-
sequences of the service period concerning the preservation o £
the stiffness characteristics, loading level, etc.

As a matter of fact, taking into account the above mentio-
ned items, almost every buildiflg can develcp a specific strength
during a local earthquake. The specific wvalue of this strength
is determined by the interplay between all the events the buil-
ding have previously suffered and the loading characteristics im-
posed by the respective earthquake. Nevertheless is possible to
establish some common general features for the response of dif-
ferent building categories with identical or similar design con-
ceptions during a certain type of earthquake - especially when
the age of these buildings is almost the same and the loading an-
tecedents similar. Such a situation ebviously occurred during
the 4 March 1977 earthquake, when the great majority of the buil-
dings in Bucharest behaved satisfactorily, excepting the 8 - 10
story dwellings located in the center of the city and erected in
the period between the two World Wars, which did not behave pro-
perly and led to 30 of the 33 collapses recorded in Bucharest.

The main cause of these failures both in structural and
non-structural elements was the lack of an aseismic design con-
ception of the buildings built before 1940. Also these buildings
were not  designed for conventional mass loads, as the specia-
lists concluded subsequently. As a matter of fact, the basic de-
sign conception of these buildings provides only a load bearing
capacity for the gravity load, We assign that fact not to an in-
sufficient training of the specialists but to an insufficient know-
ledge of the earthquake engineering problems in that period o f
time,

For tall buildings with reinforced concrete framed struc-
ture, the lack of an aseismic design conception that led to fai-
lures and collapses can be expressed by:

1. The funectional design lay=-ocut presenting asymmetrical
shapes with respect to the main axes. That led to overloading s
as a result of the general torsioned effects (e.g.Bd.N.Bilcescu,
No.24).

2. The partition of the functional space (flats) in asym-
metrical shapes led to the impossibility of an organized lay-out
of the structural members (beams and columns). Thus they are not
able to form structural subassemblies (frames) providing the re-
quired stiffness and capacity to resist the overloadings, by dis-
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sipating the absorbed seismic energy, in poust-elastic regime,

3. Due to the randorm arrangement of the main structural mem -
berg as mentioned, as a consequence of the total subordination o £
the structural to the functiocnal solution, the structural systen
withstanding the horizontal loads has a causal character and con~-
sists of concrete structural elements provided to resist gravitati-
onal loadings and non-structural elements-interior and exterior
walls whose contribution to the load-bearing systems was fortuitous.

4. The contribution of the interior and exterior walls to
the load-bearing system for horizontal loads along with the struec -
tural members provided to carry the vertical loads to the ground,
led to a random development of structural’ schemes (weak frames),Due
to these schemes the building, by the general box—-effect,could re-
sist the effect of the seismic bame shear force and the deformation
imposed by the earthquake. Therefore stress redistributions,in some
cases even total changes of the stress types and thus exceeding the
load~-bearing capacities of some specific sections of the main struc-
tural elements, failed.

5.The general box-effect, made the partitioning walls and
especially indeed those framed by columns and bheams, to act as shear
walls in the transfer of the horizontal inertia mass loads to the
ground. The inabil'ty of the masonry walls to take over tensioned
stresses, caused c¢racks and diagonal failure planes at X shape, out
of plane displacements and even their collapse. At the same time,
in the concrete structural elements that framed the walls, overloading
resulted due to the partial shear wall effect (in fact compression
diagonal truss mechanism}. These overloadings are represented b y
additional shear forces in columns causing the damage of these ele=
ments.

6. The lack of designed stiffening elements,corresponding to
the vertical profile and to the mass of the building, provides a
high flexibility featured by natural vibration periocds of more than
2 sec, The above mentioned general box-effect reduced the building
flexibility, providing an additional rigidity in comparison with
that of the concrete structural elements. Even if this "selfcor rec-
tion® of the dynamic characteristic of natural vibration had been
realized, the constructive assembly remained in the "flexible"ranga
Thus, considering the shape of the response spectra curves determi-
ned for the March 4 1977 earthquake, a higher amount of seismic ener-
gy was absorbed by these buildings in comparison with more rigid
buildings and so the structural and non-structural elements we r e
more intensively stressed.

7. At the same time, the general box-effect, gave these buil-
dings a general adapting process under the action of real seismic
loads. This occurred less by bending inelastic lateral deformation-
the building was not provided for but more by shear forces, whereby
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the absorbtion of the seismic energy by an irreversible but Himit-
ted stress-strain deformation process was achieved.

8. In most of the cases, the vertical profile of the buil-
ding does not present a constant stiffness or a linear  variation
dum to the large free spaces of the shop ground-floor. The gene-
ral box-effect did not include the height of the ground floor of
the building. So, the transfer of the seismic forces towards the
ground, by shear forces especially, overloaded the ground floor
columng, the unique elements available to withstand the base shear
force at this level. Therefore these elements suffered such dama-
ges as: cracks and failure planes due tc the exceeding of the ca-
pable stresses by the compressive principal stresses gerresponding
to the stress combination and by this may determin€ the begin-
ning of the collapse process.

9. Plastic hinges in the column-beam joints developed when
the number, nature and distribution of the interior walls couldn’
t significantly ensure the general box-effect, The response of the
building is performed by the balance between the induced seismic
energy and the potential energy corresponding to the inelasticde-
formation developed by the whole building. The plastic hinges de-
veloped in most of the cases in beams (joint area) without Lea-
ching the limit deformation of the concrete in compression. Thus
vertical cracks due to exceeding the elastic deformation in rein-
forcement have occurred. ’

10, The reinforced concrete slabs, which were not designed
as horizontal diaphragms able to provide common deformations o f
the adjacent vertical load-bearing structures, overloaded by the
gigeral torsion effect of the bulldings (as a result of its plane
and vertical symmetry), suffered such damage as: cracks and fai-
lure planes because the reinforcement elastic limit were exceeded

(generally the reinforcement disposed along the secondary 4 i-
rection,

11. A reciprocal influence was noted between adjacent buil~
dings with different dynamic characteristics when aseismic joints
were not provided or when the existing ones were too small, T h e
example of the building Calea Victoriei 95 was significant. In
this case, one of the adjacent buildings having a lower height,
started a process that impeded the deformation tendency of t h e
building during its post-elastic adapting. Thus, the structural e-
lements at the respective level have been drastically damaged.

12, It is assumed that one of the causes of the damage,
besides the above mentioned lack of an aseismic design, is t h e
poor quality of the concrete used for columns and beams. In that
period of time the B 120 - B8 140 Grade was used in building. The
loadings caused by the 1940 earthquake, the bombing during t h e
1941-1944 War and especially the progressive decay of the material
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due to the pollution and to the corrosion of the concrete led to a
decrease of the igitial strength value under 100 kg/cm4 (in some
cases 50-60 kg/cm<),

The decay of the concrete by concrete mass microcracks and
by the loosening of the covering-layer also involved a significant
corrosion process of the load-bearing reinforcements.T h a t de-
creased obviously the load-bearing capacity of the structural ele-
ments, especially for overtaking the shear forces, leading to
cracks and failure planes and finally on severe states of total
collapses.

We do consider that the correct understanding of the cau-
segs that produced severe damage in this ‘category of bulldings du-
ring the March 4 1977 earthguake, represents only the starting paint
for the assesament of a new design philosophy for buildings under severe
seismic loading., This philosophy has to take ihto account the
complexity of the safety relationships in order to balance a very
uncertain loading state with a required load bearing capacity avai-
lable at the moment of hazard.

Thus we intend to present here some considerations regar-
ding the future development of a more realistic analysis of ¢t h e
buildings under seismic loadings.

It is well known that in the common design practice, buil-
ding safety is determined by a "designed safety" corresponding to
an ideal case, In this case the building would perform in strict
conformity with the design condition from all points of view: di-
mensions, physical and mechanical characteristics of the materials,
ground and loading conditions. The specialist checks the reguired
safety conditions both for the common service loads and for ex-
ceptional loadings as the seismic loads. The specialist has t o
check the building design as if it would be already in service,
unchanged, for the whole service period.

Thus the building is provided with a load-bearing capacity
that exceeds the normal service loadings and is close to the limit
value of the extraordinary loadings that determine the proportio-
ning of the structure. Under normal service loadings the building
has to remain in the elastic stress-strain range, while under ex-

traordinary loadings an inelastic behavior is allowed, as a sur-
vival method.

From this point of view we can ask the question:

Has the building under extraordinary load the same survival
whatever its age, or, in other words, can we accept the idea of a
constant post-elastic adapting capacity of the main structural e-
lements for the whole service period?

That is under the question because it can be assumed that a
building is featured by:
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- lifet The building is a living mechanism that permanently
records the consequences of the service conditioms,

- age: The building presents a variation of the available
load-bearing capacity during the service period.

- reaction: The building can periodically adapt itself to a
loading state.

As paradoxical as it seems, the actual design philosop hy
does not consider the safety problem under the above mentioned as-
pects, although it is obvious that the total resources the buil-
ding has, during a peak-loading (the seismic loading) are directly
determined by the age of the building and also by irreversible loa-
ding antecedents of the building.

The exceptional seismic load that can bring the building
¢close to collapse will have valuea different from the design valuwe.
It should be also assumed that these values are different for
different moments in time. The building is influenced by:

=~ The state of the building loads that preceded the event
and could lead to a variation of the stiffness distribution as re-
gards the design assumptions, to a lower or higher "micro out-of -
use gtate",

~ The characteristic of the process of the building adaping
to the ground, under normal service loads and the nature of t h e
existing soil=structure equilibrium at the event moment,

= Variation in time of the mechanical characteristics of the
construction materials that may prove to be a faverable or unfavo-
rable development from the point of view of the load~bearing capa-
city and especially from the point of view of the non-linear de-
formation characteristics,

~ The number and value of the seismic loading antecedents
of the building, taking into account the increasing importance which
has to be paid to the micro—earthquakes. Even 1f thegse are not di-
rectly perceived by people, they subject nevertheless the buildings
to the ultrasound effects.

= Thes influence of the environment on the building (corro -
slon, bio-degradation).

Considering the above mentioned, the safety philosophy o f
the actual design consisting of the check-up of a theoretical load-
bearing capacity as regards one or several presumed loadings, has
to be approached from a more realistic view. This new philoscphy
should accept the necessity to verify the building’s functionality
by the safety criterion considered as a variable function in time,
considering the building permanently influenced by the complex ac-
tion of the environment. The analysis of the safety dynamics of a
structure is necessary when an anticipated possible behavior of
the building is required for a future earthquake, due to the fact
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that the available load-bearing capacity to resist the seismic
loads is a direct result of the previous loading suffered by the
buildings.

Two different ways may be adopted ir design practice ¢t o
determine the variation of the safety in time, namely:

1. A check of the whole safety of the building even in the
design phase for several distinct stages of the service-period.

For each of these stages, taking into account on one hand
the probability of the strength and deformation characteristic s
changing and on the other hand, that of the lcading and adapting
process to the environment, it would be possible to assess again
the allowable functionality conditions, keeping the same safety
level for a possible seismic load action of a given type of earth
quake.

2. The periodic checking of building safety for seismic
loadings, at significant time-intervals (20-25 years), taking into
account the real situation of the building, on the basis of the
mechanical and stiffness characteristics by nondestructive ana -
lysis methods.

Depending on the above mentioned data, in order to main-
tain the same safety level, the building may suffer functional
limitations, as for example the reduction of the 1loading level,
the partial shutdown of constructive assembly {(reduction of the
level number or of the additional structural elements in compa -
rison with the initial design, harmoniously integrated into the
constructive assembly).

By these two methods essentially, it would be possible to
adopt a new philosophy, passing from the static assessment of
safety, to a main realistic approach, implemented now in all the
fields of technology, concerning a new assessment of the avai~
lable potential as a function of the physical and moral wear o £
the respective unit, because the building can be easily assimi-
lated to a complex mechar.ical unit.

Transpositing this approach into current design requires
the development of an appropriate calculus method based on a re-
search technique able to supply complete data concerning the
actual buildinag stiffnese, the recorded stress state and the ava-
ilable strength capacity of the structural elements.

98



I.7 EARTHQUAKE PROTLC '.ON OF EXISTING LOW-RISE
RESIDENTIAL AND MIXED-QCCUPANCY BUILDINGS

Decebal Anas&asescux
Radu Marinov

Most of the existing building stock found beth in Romania
and elsewhere congists of low-rise (2-5 stories) residential and
mixed-occupancy buildings. Depending on the date of construction,
the construction of such buildings range from plain or reinfor -
ced masonry walls with wooden floors or small brick vaults with
steel members, or RC floors to construction or prefabricated reinm
forced concrete frame or shear wall structures.

Except for buildings with the latter type of construction,
buildings constructed before earthquake-resistant design became
common practice (and before the first Romanian code,P13-1965,for
earthquake~registant design was issued), have been found to show
major shortcomings as regards their global and local seismic be-
havior,

Thus, for example, such buildings are often irregular
in shape and asymmetric in the horizontal and vertical distribu-
tion of volumes, masses, and stiffnesses. This is partly due to
+he sometimes decisive influence of the architectural layout of
a building. The unfavourable response of clder buildings to earth-
~1ake motions is aggravated by their wooden floors, whose ina -
daquate stiffness in their own plane and jointing to the sur=-
rounding walls prevents the benefical interaction between t h e
vertical members of the structure. Moreover, the stiffness, bea-
ring capacity and ductility of the structural elements providing
protectior against earthgquake effects and diminished due to inap-
propr _ate detailing and the lack of engineering analysis. T h e
generally low density of masonry walls spaced sometimes as much
as sixteen to twenty meters span (a spacling far in excess of the
present code provisions), the reduced dimensions and poor trans-
verse reinforcement of the columns of reinforced concrete frames,
the presence of too many openings for doors, etc. in the walls
all may cause severe damage under an earthquake, In addition,
inappropriate locations of the load-bearing members cause t he
torsional stiffness to be greatly reduced as compared to t h e

X Dr.&rag., borign Institute of Timigoara (IPRCTIM), Romania
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translational one and determine a pronounced eccentricity o f
the center of stiffness. This, in turn, causes the lateral
bearing members, especlally those located at some distance from
the center of stiffness, to be overstressed, an effect that in-
creases with the duration of the earthquake, causing greater
damage and loading, implicitly, to an aven greater loss of tore
sional stiffness. The effect of structural torsion was noticed
in many low~rise buildings after the earthguake in Bucharest on
March 4, 1977,

The plcture of structural deficiencies that make buildings
sensitive to earthquakes is completed by the use of low-grade buil-
ding materials (bricks, mortars and concrete), mode worse by the influ-
ence of environmental factors like vibrations, physical and che-
mical pollution, etc.; faulty execution on site; and last but
not least, subseguent alterations in the structure, particularly
in buildings where the ground floor has special functions, dif-
ferent from those of the superstructure above,

In many cases, low-rise buildings have insufficient stif-
fness. However, the second-order (P-A) effect due to the dead
load of the structure is less pronounced in them than in taller,
often more flexible buildings constructed before 1960.The total
collapse of low-rise buildings was encouraged by the lackof duc-
tility in the vertical load-bearing members (low-grade concrete,
poor transverse reinforcements, insufficiently anchored longitu-
dinal reinforcement).

Recent earthquakes of high intensity(including the 1977
earthquake in Romania) have c¢learly shown that older low - rise
buildings without earthquake protection have a different respmse
to ground motion than newer ones (built after 1960) which had
been designed according to modern concepts of earthguake protec-
tion. Thus, the structural deficiencies described above, parti -
cularly those affecting the general structural layout, caused
various degrees of deterioration in the structural members such
as horizontal, vertical or inclined (diagonal) cracks in masonry
walls and concrete columns and beams, culminating in the local
or total collapse of the building.

Earthquake-resistant design therefore became a major de=-

sign consideration with the staff of IPROTIM, the Timigocara/
Romania Design Institute, when they were charged with streng-
thening buildings in Bucharest with mcderate-to-severe damage

from the 1977 earthquake, and in Ouled-Fares in Algeria after the

devastating earthquake on October 18, 1980 (intensity X-XI on the
MKS scale).

Correction of the damage to these buildings required,above
all, adequate bracing of the structural ensemble by means of new,
high-stiffness elements (masonry or RC diaphragms); this opera -
tion was sometimes difficult to carry out because of the func-
tional restrictions due to the architectural layout both in the

100



superstructure and in the ground floor (which had larger spaces
with fewer columns), One example is a block of flats (consisting
of basement, ground floor and four storeys)that was built in the
1930's, with masonry walls and reinforced concrete frames and
floor slabs; another example is the reinforced concrete-framed stnoc-
ture of the Quled-Fares hospital mosque that was under construc-
tion when the earthquake occurred.

In the Bucharest building, the two main masonry shear -walls
that are oriented in almost orthogonal directions were overstressed
due to their eccentric position, and the floor slab rotated as a
result of the general torsicnal effect, superimposing this dis-
placement and stressing intensely the main frontal longitud i nal
frame of the ground floor facade.

To provide a uniform bracing of the structure (by creating
similar stiffness along the principal direction and dampéningthe
general effect of torsion), median shear walls running in the di-
rection of the two firewalls were introduced. This was done b ¥y
lining the existing, 15 cm thick partitions of the other floors
with a 10 em, coat of reinforced concrete and contianing these on
the ground floor and basement with 15 cm thick reinforced concre=~
te or 25 cm thick reinforced masonry shear-walls (fig.l).

In badly damaged structural members {(masonry firawalls,
cracked in a diagonal directions, and columns in the facade frame)
the brickwork was repaired and its cracks grouted with cement mor-
tar before bracing the walls and columns with reinforced concrete.
Less badly damaged walls were also repaired by grouting.

While the general layout of the Bucharest building permit=-
ted new stiffening members to be introduced inside the building,
this was impossible in the case of the Quled-Fares hospital mosque.
The only solution functionally admissible was to provide RC shear-
walls along the contour of the building, playing the role of ex-
ternal "tubes", as they are specific of multistorey buildings(figz).

Since the structure had not been protected against earthqguakes 1 n
accordance with the provisions of an adequate code, the short co-
lumns at the leve'! of the hollow. "sanitary" space suffered visible
damage owing to nase shear. A peripheral RC diaphragm was there-
fore provided at this level, and both the ground floor columns
and the newly provided shear-walls were jointed to this diaphragm,

Before deciding whether a structure is worth strengthening
and, if so, how the strengthening should be carried out,the degree
of detericration has to be assessed, This can be done in one of
the following ways:

1, Knowing the natural period of vibration of the building
in its initial stage (say, on commissioning) To and at some later
time, T1l, the degree of dctcerioration may be expressed as
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g=1- exp [B’%ﬁ—], (0< g¢1)
Q
(1)

in which To is assumed to have been determined experimentally.
2. A survey of damages in the structure gives the degree

of deterioraticn as:

g:ZE.iéj—‘
2.5 (2)
in which 8i is the bearing capacity of a structural member "i" under

horizontal loading, and ci .is the rate of decrease of this bearing
capacity due to damage.

The decision of whether a building should be pulled down,cr,
on the contrary, strengthened, and the extent of strengthening,
should be based on the following parameters: reliability of the
structure, the estimated life expectancy of the building.

The reliability of the structure can be assessed from Eq.3:

where R 18 the structural reliability at the considered time,Ro is
the initial re:iability of the structure, g is the degree of de-
terjoration of the structure, and n is the number of earthquakes
of maximum intensity likely to occur during the life of the buil-
ding. For a period of 40 years, between two earthguakes of maximum
intensity, n=1 # 2,

Since considerable social, economic and financial efforts
are required for reconditioning all the buildings damaged after a
disastrous earthquake, a"strengthening strategy" should be worked
out by grading damages and scheduling repairs. "Graded strength-
ening” really means that the measures required the damage :Jdone by
the earthquake are differentiated, drawing a distinction between :

(a) full strengthening (100%), which involves all the mea-
gures required to restore at least the initial raliability of the
structure gso that it satisfies current earthquake code provisions,
and

{b) partial strengthening (75 or 50%), respectively), which
means that the measures indicated for (a) are achieved to an ex-
tent of 75 or 50%, respectively.

*Sheduled strengthening” refers to the planning in time of
strengthening works, usually in the following order:

1 - strengthening of vertical load-bearing members(columns,
walls)

2 ~ restoring horizontal rigidity by providing shear- walls
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and bracings, and strengthening longitudinal walls
3 - repair and strengthenina of floors,

Full strengthening requires all these three operations to
be carried out, in case of partial strengthening, steps 1 and 2
must be carried out to achieve 75% - strengthening, while step 1
is compulsory for a 50% stpengthening of the atructure,

Table 1 pruposesa way of grading and sheduling strengthe-
ning works depending on the decrease in reliability and the life
expectancy of the building at a given time:

Table 1
n/Ro and D/Do ~ dependent grading and

scheduling of strengthening works
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In this table, Do is the initial life expectancy of the
building and D 18 the 1life expectancy at the time of amsideration,

The disastrous damage caused by recent high-intensity earth
quakes, especially in old buildings that had not béen given anti
seismic protection after earlier earthquakes, have clearly shown
that adequate strengthening of such buildings is essential. Ac-
tion must also be taken in areas of potential seismicity where ,
so far, structures have not gone through earthquakes of the in-
tensity for which they have been designed. One example 1is pro-
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vided by Timiséara/Romania, a town located in an earthquake area
of intensity 7 (MSK).

Of the 170 earthguakes recorded in this area (the Banat)
between 1766 and 1976, six had an epicentral intensity of 6 - 7.5
on the MSK scale. These were generated in the fault running west
to Timigocara. Owing to the small depth of the foci (4 to 10 km},
the intensity of such earthquakes decreases rapidly with the dis-
tance from the epicenter; for an earthquake of intensity 7, the
radius of the corresponding isoseismal line is 3 to 8 km, depending
on the depth of focus, This explains why the city of Timigoara h a s
never been affected by previous earthquakes; the most intense of
more recent earthquakes (on 27 May 1959), of a maxdmum intensity
assessed to be 7,5 in the epicentral area (near the village Sag,
on the southern section of the fault), occurred at 12 to 13km fram
Timigoara, a distance that did not affect the present perimetercf
the town,

It is obvious that in case of future, stronger, seiemic ac-
tivity in the central section of the fault, the isoseismal line
of intensity 7 will include all of the present built-up perimeter
of Timigoara. This makes an afalysis and strengthening of exis-
ting unprotected low-rise buildings in the town essential,
moreover because their foundations are absolutely inappropriate.
In a considerable number of buildings located on difficult grounds
(dumpings, alternating clay and sand layers with a rather high
water table),unacceptable differential settlement occurred,causing
cracks and other damage that was than aggravated during subsequent
earthguakes.

CONCLUSIONS

Earthquake-resistant protection of existing unprotected
low-rise buildings for housing and social-cultural activities re-
quires urgent action to be taken. This involves:

1, making a survey of the structures of such buildings, to
provide a history of previous interventions and a distinct c¢las-
sification of the latter;

2, determining the dynamic and material characteristics of
the more important members of the structure; determining the na-
tural frequency of vibration of the buildings at different times
(intervals) to assess the progressive decrease in the stiffness
of the structure due to environmental effects;

3. mapping and micro-zoning the areas of seismic hazard,
i.e.determining the spectra of seismic response for potentially
seismic town areas. Distinction must be made between static and
dynamic regponses of buildings, according to the depth of the focus,

4, determining the actual level of structural safety o f

the analyzed buildings and categorizing structures according t o
this criterion:
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5. deciding in favor of strengthening, depending on the
assessed structural safety level of the building, on the seismi-
city of its location and on the planned future service expec-
tancy correlated with general city planning, Scheduling or streng-
thening work depends on the financial stzte cf the owners, In
very old buildings in the first stage, the structure can be stif-
fened (braced) by means of additional transverse walis» cappings,
ties etc. and wooden floors can be clamped and stiffened by means
of orthogonal steel reinforcements, at a later date, they can be
replaced by RC floors;

6. working out a consolidation design at the assessed le-
vel of structural safety. Elements newly introduced into the
structure should be integrated as completely as possible, an d
structural requirements should be correlated with the functional
regquirements of the existing architectural layout. Also, consi -
dering the close interaction between structure and soil, the ne-
gative effects of this interaction should be eliminated or at
least diminished;

7. issuing codes concerning both the methods of evaluation
and the techniques of strengthening for buildings; working oat
detalled as well as standard designs to ensure maximum c¢fficiency
of the earthquake-resistant protection of existing low-rise buil-
dings,
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I.8

REMARKS AND €ONCLUSIONS CONCERNING THE EFFECTS OF THE 1977

EARTHQUAKE IN THE PRAHOVA COUNTY: THE BEHAVIOR OF PEOPLE

AND BUILDINGS, SOCYAL AND TECHNICAL ACTIONS FOR RECOVERY
AFTER THE EARTHQUAKE

Aurel Neltorx
£lena Iliescu x
Gheorghe Pitig

1. GENERAL DATA

The Prahova district is Southwest of Vrancea seismic zone.
The capital of district, Plolegti city (227,000 inhabitants) 1 s
60 km North of Bucharest and 130 km from Focgani, the capital of
Vrancea district. The Prahova district has 852.000 inhabitants
{1984) about 3,8 % of the country population, Ih the Notth of the dis-
trict are mountains (the Carpathians); in the center a hilly aone
(with great salt mines Sli&nic-Prahova, Telega-Cimpina and oil
- fields); in the South the Romanian plain. Prom a tectonic point
of view, the Prahova district 1is situated on the moesic sub-
plate, including the-contact zone with the inter-alpine gub-plata
Fault system exist in the Drajna-Vilenii de Munte zone (to t h e
West) and the major fault Tinosu (10 km Southest of Ploiegtl ) ,
Fierbinti ~ CXldragi to the North (V,Ctmpina),

2. SEISMIC HISTORY OF THE PRAHOVA DISTRICT

The Prahova district has felt all the earthquakes whose
epicenters have been located in the Vrancea zone, The epicenters
of many earthquakes of low intensity before 1977 were located at
Bucov (8~10 km east of Ploiegti). Existing documents lack infor -
mation concerning the previous earthquakeg,though we have more
information about the November 1940 earthquaka. Withnesses of
both the 1940 and 1977 earthquakes were very useful, Here are same
excerpts from the cfficial documents of the 1940 earthquake:

"The ninth degree (sometimes 10th degree) of seismic in~
tensity had been felt... here and there... in Plopeni (Prahova),
70% of the residential buildings were destroyed, the rest being
damaged. The railway bridge fell. The church... suffered seriocuss
damage. Brick, stone, and wooden buildings have collapsed.

X Civil Engineers, Prahova Design Institute - Ploiegti
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"The eigth degree was felt in large areas.... In Valenii
de Munte... walls of brick buildings on stone block foundations
were aplit... At Soimari (Prahova) 22% of the houses collapsed
and 68% suffered heavy damage, In Cimpina the walls of weak and
solid houses were slpit.” Similar failures were felt in Ploiegti

and other towns.

Here are some facts about the 1977 earthquake for  compa=-

rison:
- In Plopeni & bricked, 4 story building collapsed, and a

water tower too. A great number of reinforced concrete buildings
(schools) and bricked houses sufféered serious damage,

- At Vilenii de Munte; only several historical buildings
{the memorial N.Iorga) have been kept.

~ At Cimpina: a simtlar situatieén . The other localities on
the list from 1940 are to be found in 1977.

As a result of an inquiry among the yitpesses of ¢t h e
1940 and 1977 earthquakes the following conclusions have been drews

- the recallections grew blur with a great deal of sub -
ject.

- the few actual comparisons seem to demonstrate a stronger
earthquake effects in 1977,

The same conclusions are drawn from the analysis of pnoto -
graphic documents, which show the effects of 1940 earthquake on
the Culture Palace in Pléilegti. This was more seriously damaged
by the 1977 earthquake, but not in the same 2zones where it h a 4
been repared after 1940 seism,

The 1963 regulations included the Prahova district in the a*h
degree selsmic zone and the buildings erected after this period
took into account this regulation.

3. THE PLACE OF PRAHOVA DISTRICT IN THE SEISMIC EVENT FROM
1977

The 1977 earthquake had a multiple focus. The final Bshock
S3, the strongest, took place near Pitirlagele(Buzdu district) 90
km Northeast from Ploiegti (fig.l). The main direction of energy
radiation was South-West, the faults from the synclinal side Drajnar
Vilenii de Munte served to propagate the energy towards the cen-
tral zone of the district. The salt mountain mass Telega-Biicoi -
Sl3inic, directed the seismic wave, towards the fault Tinosu(Ploiesti)
-Fierbinti-CAlaragi and its extension to the North,

For the Prahova district we have no records of seismic in-
tensity. This is assessed py CFPS Bucharest at I-VIII, on the Med-
vedey map at I-VIII-IX, and by Despeyroux (France) at I-VIII. A s
compared with Bucharest (registered by the ahove mentioned at I -
VIII), we must take into account the following aspects:
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- In the Prahova district, there were no framed old buil-
dings similar with those that fell in Bucharest.

- The buildings with the same atructures, designed for the
8k seismic grade in Plciesti, Cimpina etc., luffeigd similar fai-
lures with those in 3ucharest, designed for the 7 seismic degree,

= The buildings designed after 1964 in the Prahova district
were hear the level of actual requlations,

= A number of old buildings (churches) suffered greater
damage as compared with those in Bucharest, The analysis of these
aspects lead to the conclusion thet the seismic intensity in
Ploiegti and in the most affected zone in the district was at
ljeast equal with that recorded in Sucharest. The under estimate
of intensity was generated, probably, by the smaller number of
victims,

4., HUMAN BEHAVIOR DURING THE EARTHNUAKE

Between the 1973-1976, the population felt some faint short
tremors, These events did not produce damage., Therefore, in its
initial phase, the 1977 earthquake d4id not alarm the population,
But bacause of the duration of the oscillations and their in -
¢reasing amplitude, together with loud noises and the cutoff of
electric power, the panic-stricken population left the buildings
in haste. In crowded places (restaurants, theaters) the panic was
general,

Lacking seismic education, some inhabicants in the street
were injured by falling fire walls, chimneys, etc.

The following were also noticed:

- strong oscillations, first vertically and then horizon -
tally, which gave the impression of general instability and inse-
curity;

- loud noises, produced by the falling of furtniture,walls
and floors;

- large furniture, shelves, and cupboards overturninggplates
and dishes breaking; pictures falling;

- outside, large and strong oscillations on the surface of
asphalt (with the bending of columns), which later resumed their
position;

- the visible illumination of the sky.

5. THE REACTION OF EMERGENCY SERVICES

The breaking off of electric power supply (due to the shif -
ting of transformerj caused the interruption of radioc and televi-
sion emission and also of the telephonic connectiona. Though with
dificulty, traffic went cr. The telephone connections were re -
placed by radio-telephones, which kept working in the medical
assistance network,
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Medical assistance was assured without interruption in
the whole district, though of the 16 hospitals, 5 were strongly
affected, some pavillions needed evacuation, and another 4 were
greatly damaged. The fire engines succeded in stop several small
fires, All the available means were directed to the salvation of
victims and helping those who had suffered from the disaster.The
population was continuously supplied with focod,

6. SEISMIC PERFORMANCE OF BUILDINGS
a) GENERAL ASPECTS

The housing stock in the Prahova district was deterioratal
more or less. Some buildings fell down; many were strongly da -
maged, The industrial installations, the bridges and the roads
were damaged. Some factories interrupted their activities, Some
fires broke cut,

b) EFFECTS ON RURAL BUILDINGS

Buildings built according to traditional methods (wooden
buildings) suffered little damage.

Raw stoned buildings were strongly damaged; the mortar
did not secure che band between the stone blocks. The stone buil
dings suffered little damage, The brick buildings behaved dif=-
ferently: .

- those with simple brickwork walls suffered some collapees
and much damage;

- those with brickwork with concrete cores and floors
suffered only slight damage, even if the cores were only at the
corners,

¢) THE EFFECTS OM URBAN BUILDINGS

We took into account representative public buildings L)
3 stories.

The buildings built during 1920-1935 generally of brick
massive masonry, suffered important damage, destruction and dis=~
location, Some= of them needed demolishing, other ones repairing,

For public buildings with reinforced concrete frames{Cen-
tral Halls Ploiegti} the damage was limited, but the cost cof re-
palring were very high.

Five-story locad-bearing mascnry buildings constructed be-
fore 1964 suffered heavy damage, such as failure of corners,win=-
dows, longitudinal elements, etc,, and a general shear failure
at the ground level, Many of these buildings wexe evacuated and
reoccupied after major repairs.
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There were few framed buildings in the district, Thase suf-
fered heavy damage in joints, cracks at the end of beams, and shear
failure in columns.

A special case was the collapse of a 4 story building with
floor shops. The block fell down by the general shearing of co~
lumns under the floor beam. The buildings with mondlithic rein -~
forced concrete walls had little damage: cracks and concrete crw
shing. The large panel buildings were affected very little. The
preexisting cracks opened and the slabs slipped over lintels,

7. THE SPECTALISTS ACTIVITIES

In evaluating the post-earthquake situation, the specia -
lists were confused. They had to carry on both a psychologicaland
a technical activity. As compared with the problem, the number of
engineers was insufficient, Some of them derived subjective con -
clusions and delayed them decisions. Technical analysis involved
many specialists: design engineers and technical boards from ad-
ministration. In case of another earthquake, the situation may he
repeated, because many of the specialists who had gained experi-
ence in 1977, should be retired by then., In c.uer to avoid future
confusians and delays, it would be useful to develop regulations
in order to establish a consistent way to analyze the effects of
earthquake and to evaluate the vulnerability of buildings. In a
first step, the methodology must be very simp. in order to in-
volve tedivr trained specialists; Later, complex analyses may be
done, on the bage of data from the first step.

8@ THE REPAIR AMD PROTECTION OF BUILDINGS

By sustained efforts of all the working people, in a short
period of time, the damaged buildings were ready to be used again
Top priority were the hospitals, the schools, administrative buil-

dings, as well as the evacuatel apartments, In the masonry buil
dings - showing a longitudinal deficit - the bearing walls were
provided with reinforced netting. Other buildings were repaired
in the displacement areas, by introduction of structural atcel
braces, or of sdéme webs in the corners. The shear wall buildings
were infected, strengthened with cancrete newly grouted, The da-
maged columns and nodes, were repaired and strengthenad with
concrete. To protect affected areas, a sustained action of ju -
dicious verification from the view point of antiseismic strength,
is necegsary the repaired or strengthened buildings included. For
solving the problem as a whole a permanent program is necessary
because the passing of time sends us away from the passed earth =~
quake and draws us near the next.
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9. CONCLUSIONS

We again underline the following aspeots:

- the Prahova district was strongly affected by the 1977
earthquake;

- continuous activity is necessary in order to protuct
the existing buildings. A useful tool maybe a regulation which
eatablishes a constant way of work,

- for the next earthquake training of speclalists body
is necessary.

BIBLIOGRAPHY

1. Bdlan 5t., Cristescu V,, Cornea T. = "The 4th

1977 earthquake in Romania";

tarch

2, Nestor Aurel -tgsehavior and safety of existing buil-
dings during the March 4 1977 vrancea earthquake in Prahova
county” - Journal CONSTRUCTII nr,3/1985;

3, Nestor Aurel, Iliescu E., Iliescu M,, - "Fundamentation
t#lements of necessity of intervention on some buildings which
suffered the 1977 earthquake"™ CNIT Conference "Design , construc-
tion and examination of structures in seismic areas " Tagi 1933,

114



STT

Legend:
~ ==~ Seismic zone after
STAS 11100/%77
........ Seismic zone after
STAS 2923 /63

T"‘:P';' j,\; )
{ : 6;-;/ [ YasLul
i AN % ?ACA ‘V'”
Jl
> SIBIU (? . - KEVASNAL EM‘-GALATI
S sor s p ARG
BT TR, et S S2 g N s
oNmetes 7 b f,( Lgae 1 Y % i
P F\-t Blo,ZﬁU BRALL >
{7 SARGE§ 7 PRAHOW s -

, GORJ LCQQLAVH AR i R LNTY TV‘fLCEA
AP P‘MB&‘ o Ferbinti HA A
.\f Vi ‘)_fL;[é .‘Vk»-\_ L%L‘QMTA N
, LY ' - , 'lcll A -\ -

4 / ‘.”‘TI"NA \Bucur(e ti c?lg 0Si
£/ poLJ ,:V frELEOR A “LONSTANTA
@ P g, ouRye i

Fig- 1




911

COUNTRY PRAHOVA
Legend:
<

K< zone very highly]
affecdeg 9 -

Zone highly
affeccied

D Zone with mode
damage

Fig. 2

c .
X < \ "

7> 4 URZICENI

\.FAQLT Tinosu-Fierbinfi-Calarasi
1




I.9 BEHAVIOR OF RESIDENTIAL BUILDINGS IN

JASSY DURING THE 1977 VRANCEA EARTHQUAKE

Constantin Mihai %!

Silvia Covali *X)

Gheoxrghe Palamarux*x)

The original monuments in the city of Jassy which mark its
different historical stages, such as Saint Sava church, Three
Hierarchs and Barboi church or The Palace of Culture (which is
built on the site of the old princely palace), are guarded by
Cetdtuia, Galata, Frumcasa and other monasteries which are locat
ed on neighboring hills.

Due to ite suitable conditions for human life and its
location at the ¢rossing of commercial routes, the city of Iaasy
quickly developed and in a short time became the capital of
Moldavia country, a political, and economic, cultural center of
the country. It is noteworthy to mention that in the city of
Iagi functioned the first university as well as the first

academy in Romanja,

It may be said that in the city of Jassy every place re-
minds one a historic moment. That is why the city may be con-
sidered as a true national museum where each stone and house 1is
talking about its past.

Generally, the historical monumental buildings of Iagi
have stone masonry foundations, stone or brick masonry walls and
columns, timber floors and variocus kinds of small vaults and

arched walls,

The roofs were made of wood frame, works, and special fil-
lings of heavy materials were used as floor insulation. Both
exterior and interior walls had appreciable thickness (generally
more than 1 m) and sometimes they had no weaving connections at
corners and intersections. The ¢lder buildings were provided with
steel ties or more rarely, with wood ties as well as with iron-
clamps. The guality of stcne and brick masonry as well as that
of the mortar varies appreciably from one building to another.

The historic monuments to which references are made in
this paper have resistant structure made of massive bearing

X, XX, XXX, Senior researchers, ICCPDC - branch of Jassy,
Romania
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masonry and floors with variable stiffness and heavy masses.
Church buildings are generally provided with towers symmetrical-
ly or asymmetrically distributed about the main structure. Ar-
rangement of the resisting elements and their connections, as
well as general arrangement of the masses, often induce, due to
seismic input, complex actions that are difficult to evaluate by
calculations. Also difficult to estimate is the bearing capacity
of different elements due to the fact that they underwent various
tegrees of damage in time, which are difficult to be evaluated
For example, an old building constructed 500 years ago in
Romania has survived 31 earthquakes of which, seven had the in-
tensity degree of 7, five of 7/2, ten of 8, five of 8/2 and four
of 9 in the epicentral region.

It should be noted that a part of the old buildings, due
to their structural equilibrium and accuracy of execution under-
went minor damage from the garthquakes, However, the number of
these building is relatively small (fig.l12).

SOME REMARKS REGARDING THE PERFOIMANCE OF SEVERAL HISTORICAL
MONUMENTS IN THE CITY OF JASSY

Twelve photos have been selected from various views of the
monumental buildings in Jassy taken after the March 4,1977,earth
quake to emphasize specific damage of monuments that were af-
fected, Figures 2 to 4 show the 0ld University and Academy build-
ings while Figs.5 -~ 12 show images of different churches.

The most important observations are mentioned below:

- the effect of masses upon inertia forces even for low
rise buildings (Figs.2 - 1ll);

- weak mechanical qualities of some materials degraded
dquring the years:

- unfavorable effects of some foundations without spatial
connections and made of unadequate materials;

- unfavourable effect due to the absence of some continuous
intermediare connectiong at large height walls;

- unfavourable behavior of appendages located at the upper
part of building, especially when asymmetrically placed (Figs.7;
8; 11};

- unfavourable behavior of short columns, especially when
they are made of stone work or brick masonry (Figs.9:; 10);

- any modifications performed to bearing elements of the
building during its life are evidenced during earthquake action
and generally have detrimental effects (fig,ll):;

- lack of walls weaving at corners and intersections pre-
sents particular dangers (Fig.2; 3);

- timber floors do not provide the required interaction of
the building walls. These floors can present a great danger when
the ends of wood beams are degraded (Fig.3; 6);

- in some cases the interior or facade ornaments under-
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went important damage. Their repair is expensive and difficult
to perform.

The restoration of historic monuments is a special and
very difficult problem. A restoration design should be bhased
upon numerotis studies and research projects, from which those
referring to structural strength are of a special importance,

9. 2 113. 4
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I.10 DESIGN AND PERFORMANCE OF PREFABRICATED BUILDINGS
LOCATED AT SITES WITH DIFFICULT GROUND CONDITIONS
DURING THE MARCH 4, 1977 EARTHQUAKE

Adrian Hihalaﬁpex
Aurel Liulica

Victor Mihailovici™

ABSTRACT

The paper presents some aspects concerning the design
{layout, construction peculiarities, material, consumption} and
behavior of dwellings having five stories with large-panel struc-
ture bullt in the city of Jassy, in high seismic 2zones with
difficult foundation conditions. '

The main features of the behavior of these structures in
gservice are described, under the action of both permanent and
special loads. References are made to the behavior of such
buildings in the earthquake of March 4, 1977, Also shown are
some aspects concerning the general degradation of the buil-
dings, the components, and the damage due to external agents;as
well as implications about the stability and resistance capacity.

Finally, necessary conclusions are presented for the de-
sign of fully precast buildings on grounds with difficult foun-
dation conditions and a high degree of geismicity, in order to
achieve, frcm the socic-economic point of view, a satisfactory
architectural solution and general seismic protection.

Buildings with large panels. with five stories erected
after 1960 in the city of Jasay, generally have a rectangular
shape in the plan, with the structure of coupled shear walls
along the two directions (fig.l).

The buildings with reinforced concrete shear walls erec-
ted with large panels represent about 40% of the dwellings built
till the year 1977. The high parcentage of these buildingl ins

x Dr.eng.

xx Engineers Research and Design Institute - ICPROM Jassy

) Romania
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due to paculiarities of layout, low material consumptions, and
high speed in erection.

The region where the city of Jassy is located has two
characteristic zones:

- zones on the plaine (river Bahlui) with grounds consis-
ting of contractile clays with variable level of the underground
water, which can rise to the ground level;

- zones on the slopes of the hills with ground consisting
of loessical dusty calys, ground that is sensitive to moisture
{consolidated).

The layout and the analysis for seismic locads have been
performed in accordance with the Romanian standard STAS 2923-52
{63) and the Romanian earthquake resistant design - code P13-63
{version Pl13=-70) taking into account that the town of Jassy is
located in a zone of degree 7 (MSK).

The designation of large pannel system is applied to
multistory structures composed of large concrete panels which
are connected vertically and horizontally so that the wall pa-
nels enclose appropriatelly size spaces for the rooms of the
building. Prefabricated wall panels are usually cne story in
height and in general both horizontal and vertical joints e-
xists between the panels. The horizontal floor and roof panels
usually consist either of one-way spanning prefabricated slab
elements or of two-way spanning elements of the size of the re-
levant room. hen properly connected together the horizontal e=-
lements act as diaphragms, transferring the earthquake loads to
the walls in addition to resisting the gravity loads.

The load bearing walls are placed both perpendicular and
parzllel to the longitudinal axis of the buildings. The walls
provide resistance toc horizontal seismic loads in both direc -
tiong and support the aravity load from two-way spanning floor
and roof elements.

The joints between the panels are constructed to assure
the continuity of the shear-walls and of the slabs realising
the linkage of the precast members. The joints have been de-
signed to take the shear force that occurs between the ends of
the precast elements, so that finally the entire structure shall
bihav: like a monolitnic reinforced concrete coupled shear wall
structure.

The lateral end shape of the iarge panels and the linkage
elements have been designed so that the joints shall have the
capacity to take the shear force and the local compression force
of the concrete.

Technologically, the joints have been designed of the
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closed or open type, undercasting the concrete or casting it at
the view.

Depending upon the type of joints, the end preparat i on
of the panels is with shear keys of the castellated type.

The general structural behavior of those buildings du-
ring the earthquake of the March 4, 1977 was been goad. Special
phenomena was not observed, but there have been noted cases of
damage in the structural elements characteristic for the
shear walls of reinforced concrete as well as specific damage
due to the execution techneclogy of the large panels,

In the dwellings with the structure of reinforced <con-
crete shear-walls erected large panels cracks of the following
kind could be noted:

. in the joints between the large panels (walls) that
occur in general at all types of vertical joints. These cracks
occurred on the entire height of the joints, with a current o-
pening of 0,1-0,2 mm and accidentally of 0,5-1,0 mm and have
the trace of the contact zone between the panel and the con -
crete cast in the joint{fig,2).The seismic action has alsc am-
plified the opening of some of these cracks that existed with
a very small opening before the earthquake.

. under the floor panels - in the contact zone with the
vertical wall (0,1-0,2 mm) which have longer openings in the
zone of the coupled beams where occurs also a local crushing
of the mortar.

. in the coupled beams frequently at the doors, vertical
or inclined in the fixing zone (0,1-0,2mm) and of recuded fre -
gquency at the windows.

. in the wall panels - rare enough, along a vertical or
inclined direction, at the ground level, the second and the
fifth level.

Also noticed were cracks between the prefabricated stairs
and the horizontal stair panels due to the layout of thejoints
between these elements.

The lack of plaster at the entirely precast buildings
with five stories in the city of Jassy means that the damage is
not impressive at the first view but the damage at the large
panels is at least of the same nature and the same size at the
buildings with 9-11 stories, with the structure of reinforced
concrete shear walls. The foundation grounds in this zone have
a hatural vibration period computed as 0,25-0,41 sec.in the zone
of the plain (Bahlui river) and 0,26-0,26 sec.for the zone of
the slopes and this fact makes the buildings with a high stif-
fness sensitive {reinforced concrete shear walls structure)
with small periods (0,3-0,4 sec.) and leads algo to a specific
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spectral conposition of the seismic motion of this zone, That is
because the effects of the earthquake have been sc obvious for
these types of structure with the decrease of the lateral rigi-
dity. Thus, an aspect that must be pointed out is determined by
the influence of the foundation ground, characterized by the na-
ture, thickness, declination and succession of the ground layers,
the presence of the underground water, factors that can deter -
mine overload effects on the buildings.

Taking into account the importance of the joints of the
residential buildings with large panel structure in -transferring
of the forces and in the dissipation of the induced” . earthquake
energy, it is necessary to estimate the bearing capacity reserve
of the structure., Because of the peculiarities of this con
structive system for which the shear walls are realized of se -
parate elements (prefabricates panels) and zones of cast insitu
concrete, the cracks develop generally between the two types of
concrete. These cracks, as have been observed at the investigated
buildings, are amplified as number, length and opening by the ac-
tion of the earthquake, and this leads to a lack of protection
of the reinforcement in the joints and also to a separation of
the structural elements.

From the analysis carried out it turns out that this con-
struction system is an earthquake resistant: system. This sys ~
tem has some technological aspects that require its use in our
country.

Together with the increasing of the reliability degree ,
fulcil'ed some socjial-economic demands concerning the reduction
of the fuel and of the material consumption, the realization of
some urban enssemble and agreable volumetric aspect with las =
ting finishing (executed in the factory)
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I.11 SEISMIC BEHAVIOR OF DWELLINGS WITH COUPLED SHEAR WALL
STRUCTURE LOCATED AT SITES WITH DIFFICULT FOUNDATION
CONDITIONS DURING THE EARTHQUAKE OF MARCH 4, 1977

Adrian Mihalache®

ABSTRACT
Presented are the characteristics of the foundation
ground on which buildings with coupled shear wall structure

{(bature of foundation ground, the presence of the phreatic wa-
ter, vibration pericd of the ground) of the zone of the city of
Jassy, that can determine the local amplification of the
seismic oscillations with the effect of overloading the buil =
dings. Also pointed out are some aspects concerning the design
of these buildings and their behavior during the earthquake of
the March 4, 1977. The remarks are related to the general stru-
tural behavior and to the behavior of the structural members
depending on the execution technology, the seismic intensify,etc.
Alsc pointed our are the possibilities of assessingtle hfluence
of the foundation ground on the seismic loading and also the pa-
rameters that characterized the working stages of the building.
In conclusion elements are presented that must he taken into ac-
count in the design of structures located in such zones.

To make evident the capacity of earthquake resistant of
structures with coupled shear walls located on grounds with di¢
ficult foundation conditions, their behavior at the earthquake
of March 4, 1977, and especially the comparative behavior of
the buildings with different locations are examined,

The earthquake of March 4, 1977 represented a natural
testing laboratory of particular importance the structures de-
signed to resist earthquakes erected by means of industrialized
techniques.

An aspect that must be pointed out is determined by the
local influence of the ground, characterized by the nature,thick-
ness, ilnclination and succession of the layers of earth, the
presence of the phreatic water, as well as the depth and the

x Dy. eng. Research and Design Institute - ICPROM ~Jassy-
Romania
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thickness of the underground water layers.

The region where the city of Jasay is located has two
characteristic zones (fig.l):

- zcones on the plaine (river Bahlui) with grounds con -
sisting of contractile clays with variable level of the un-
derground water which can rige to ground level (fig.la);

- zones on the slopes of the hills with grounds consis -
ting of loessical dusty clays, grounds are sensitive to moi =
sture and consolidated (fig.lb).

The structural and economic efficiency of the coupled
shear walls has decided upon their choice, about 30 years ago,

structural elements of multi-story dwellings and administrative
buildings situated in seismic areas.

Dwellings in Jassy with B-ll stories with coupled shear
walls of reinforced concrete were erected until 1977 with:

a. plywood panels formworks (fig.2.1,-2,4,.):

b. gliding formworks (£ig.2.5.-2.11)

¢. plain steel forms (fig.2-12).

The layout and the analysis for seismic loads have Leen
performed in accordance with Romanian standards STAS 2923-52§3)
and Romanian earthquake resistant design code P 13 - 63 (version
P 13 - 70) taking inbotﬁccount that the Jassy is considered
located in a zone of 7% Jdegree (MSX),

In determining the horizontal loads at all these buil -
dings the calculated values of the factor (tab.l) which in -
troduces the influence of the fundamental vibraticon period and
of the ground, has been increased by 50%. The increase of the
factor (was required because the ground in this zone have an

elevated undergy¥ound table (zones on the plaine), This value
was maintained also for the grounds sensitive to the moisture,

which representgﬁagotection at the 7V2 degree (MSK).

a) Behavior of structural members

In the full shear-walls the following kinds of cracks
have been observed:

- vertical, generally at the upper levels of the buil -
ding, resulting from the accentuated sghrinkase effect because of
the absence of a continuocus reinforcement with network along
the vertical direction of the building. These cracks have been
located especially in the long shear-walls;

- horizontal, straight along the casting joints, both
two consecutive stories and in the joining zone of the shear-

walls with the level-floors, cracking opened due to the seismic
actions;
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- inclined, due to the principal tensile stresees from
the seismic shear forces accentuated also by some interruptions
in casting concrete in these areas, as well as by the absence
of a continucus corresponding reinforcement with network, The
presence of the inclined cracks even at the upper levels of a
slander shear-wall also indicates the shearing force effects
due to the action of the superior modes of vibration.

The coupled ahear~walls have presented cracks both in
the structural members -like these mentioned previously and in
the horizontal connection elements: "

~ vertical, in the rigid fixing zones of the coupled
beams, in the vertical structural elements, due especially to
the seismic bending moments;

- horizontal, straight along the casting joints {( under
the slab) uncorrespondingly tested and opened due to the peis -
mdc action;

= inclined, or "X" shaped, due to the main tensile stres-

ses from the seismic shear force, These cracks have appearéd
more accentuated, even leading to the concrete dislocation in
the lower zones of the stiff shear walls with one single tow

of openings (0,2-0,4) H. At the flexible shear walls,the cracks
have extended almost to all the levels.

b) General structural behavior

One of the main causes of the structural damage was the

absence of an adequate antiseismic layout with regard to the
general geometry, of the story stiffness distribution and of
the connections between the structural members. The damage

cappeared in the coupled beams and especially in the staircase
shear-walls. In buildings with a honey comb type of structure
(fig.2.10) the damage was located in the staircase elements
connecting the two building bodies, which have a separation. In
the building (fig.2.1l1, £ig.2.12) the tendency to damage wag
located especially in the internal longitudinal shear - wall
taking most of the seismic loads along this direction.

In the two distinct and different zones of the clity
of Jassy buildings with indentical structures and layout are
located. Thus, for building A(fig.2.1l) in the plain zone, the
geismic loads have been determined (tab.) with the seismic fac-
tor ¢ = 6,75% (increasing the factor for grounds with high
underground water table) while building T (fig.2.12)in the slope
zone in the tAtiragi residential district have been also pro -
tected for the seismic factor ¢ = 6,75%, although the calculated
seismic factor was 5,4%. The analysis performed have pointed
out that in the buildings located in the plain zone ( river
Bahlui) where the underground water table is high, the damage
was stronger JA.2.11) is compared with that in the buildings
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of the TAtAragl zone (T.2.12.). Thus the values of the funda -
mental vibration periods measured after the earthquake(tab.2.)
are longer for the buildings in the plain zZone, as a result
of the amplification by the ground of the seismic loads. The
observations carried out require improved construction solutions
in the design of such structures, as follows:

= to adopt an adequate layout (symmetry of the general
geometry, distribution of the story stiffness and connections)
in view of ensuring a best spatial cooperation;

- to use structures with at least two longitudinal
shear walls;.

- to determine the stiffness of the structure and hence
the number of neceasary shear - walls in terms of the limits
in which it follows to maintain the seismic response, in the
case of different kinds of earthquakes.
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SESSTION II:EVALUATION OF THE EXISTING BULDING STOCK.
VULNERABILITY AND RISK ANALYSIS.
REPAIR AND STRENGTHENING OF STRUCTURES.
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1¥.1
DETERMINATION OF BUILDLING STOCKS FOR URBAN YULNERABILITY

ANALYSIS AND EARTHQUAKE LOSS ESTINATION®

Barclay G. Joues,** Donald M. Kausor ,*¥w
Charles M. Hotchkiss,®¥w* and Michsel J. Savoniskriwd

ABSTRACT

Estimating potential losses from earthquakes involvaes
determining the alements at risk, establishing the
vulnarability of each type of slement to an avent of a given
nugoitude, and assigning a probability that an event of that
seaverity will 8ot be exceeded at the aits of tha slement
within a specified periocd of time. Enginears and scientiats
have davoted waych rTesearch to vulustability apd hazard
assessment. Estimating alements at risk has received less
attention.

This paper reports on & series of studies concerned with
daveloping wamethodologies for making f(andirect sstimates of
building stocks. The rasults of Trecent resesarch using a
complete enumarstion of the Dbuilding stock of a moderate-
sized wmatropolitan aresa {n the United States, Wichita,
Kansas, are comparad to praeavious and less complets studies.
The opumbar and arsa of buildings disaggregated by use ars
given and replacenent costs calculatad. The spatial
diatribution of buildings by rings outward from the center is
also detarminad. The existiang building =tock of a metro-
politan area {s shoewn in greater detail tham previously
available, and regularities in the composition and distribdbu-
tion suggest tha techmniquas ars geanarally applicadle.

#The <Tesesarch reportad haere vwas supported in part by the
¥ational Science Toundation through Grant ¥o. CEE 83 11288,

% Professor of Cley & Regional Planning, Cornell University.
%% Senior Ressarch Associate, The Urban Instituta.
*#wxed Agst, Professor, Californls State Polytechunic University

*w*ikhkt Research Assistant, Cornell Univarasity.
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INTRODUCTION

In considering the Lapact of potential sarthgquakes, a
prominent earthquake engineer wrots,

« « +it must ba considersd that buildings of the
past will etill abound--buildings which can neither
be abandoned, nor streagthened. Thus the fact
remains that for the foresseable future strong
saarthquakes are still going to bes mnatural
catastrophies. [Turnsek, 1982}

Another expert in the field has discussed the problem at
greater length.

In the U.5. and many other countries there axists a
tremendous amount of building stock which was
coanstructed before seleaic design requirements were
astablished or befors the aextant of potentially
sctive areas was established. The rTange of hazard
potential in these ©buildings can range froa
acceptable to totally wunacceptable. Because this
stock of aexisting structures represents a huge
econoaic investment, it is not fsasible to remova
and replace any substantial part of thesa
structures. Thus & serious problez axists 1in beling
able to assess the level of hazard presented by an
existing structure. . . .

An additional problem with existing structures {is
that for many regions of the world, including the
U.8., there do not sxist sny good jinventorias of
what the actual duilding stock is. Aa actual survaey
of existing building astock can be very expensive
and will not be feasible for most regions. Thus
indirect =methods are nsedad to satimate duilding
stocks and the potantial hazard leval or possible
sconomic losses for & xegion. [Gaus, 1980)

The building stock in most ragions has been the result
of & slow sccretion over time with structures remaining from
all phases of tha settlement of the locale, evan the earliest
one., Tha survivability of bdulldings over centuries and
millenis is phanomenal. As a conssquanca, the inventory of
buildings at risk from an earthquake is anormously complax in
its charactaristics.

Risk assassment consists of establishing the alements at
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risk frem a particular natural hasard., The vulneradility of
each of these eslements to an avant of a given magnitude must
be assigned by expressing the degree of loss on a scale from
C to 1, Hazatd assessmant astablishas the probability that an
avent of a given magnitude will not be excesded at the site
of the element within some specified period of time.[UNWDRO,
1984a] :

Vulaerabilicty functions are then calculated in a matrix
listing hazards of various magnitudas on one axis and
building typss by categories of vulnerability on the other.
The percentage of ©buildings 4ia each category expsctsd to
sustain various dagrees of damage i{n terms of percentage loss
in valua 1is estimated for each magnitude of event. The cell
entries are ths sum of the products of the percent loss of
valuse times the percent of buildings suffering various
degresas of damage for each category for each magnitude of
event. The potential loss from a particular event can then be
raadily calculated by aultiplying tha cells of the matrix by
the total value of structures in each category and summing
for each magnitude of event. Risk can then be datermined by
multiplying the aggregated vulnerability by the probability
of a particular event. Aggregate losses for a specified
period of time can be calculated quite simply.

Vulnerability assessments for urban areas are useful for
a variaty of purposes. They establish the potential magnituda
of a problem sand provide s basis for determining whethar or
not and to what extent vulnerabllity reduction measures are
Justified. They provide a basis for preparing for
catastrophic events by indicating the scale of effort that
will ©be necessary to recover from a disaster. If they could
be made quickly and sasily, they could help in planning for
and undertaking raliaf and reconstruction immediately
following catastrophies.

Much vulnerability sanalysis has been undertaken and meany
loss estimates have been preparad. Perhaps the mcst extensive
of these was a monumental study which projectad annual
building losses from 1970 to 2000 for each of the states in
the U.S. for each of nine nastural haszsards {(earthquaks,
landslide, expansive soil, hurricane windestorm surgs,
toruoado, tiverine flood, local wind, 1local flood, and
tsunami. ([J. H., Wiggins Company, 1980] Another notable
example estimated the losses from a recurrencs today of the
most wsevere sarthquake im U. S. history, that at New Nadrid,
Mississippi, which begen December 16, 1811. [Liu, at al.,
1979] Recent research which was 1liaited to residential
structures used approaches similar to those reported hers.
[Shodak, Gauchat and Luft, 1984] Scoreas of other studies have
been made. Many of them have been very sophisticated and havs
considered other economic losses such as the contants of
structures, loss of production and income, injuries and loass
of lifa. They are too extensive to review hars.
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Risk, or the probablae loss »f all kinds, is therefore a
function of thrse variadles: hasard, vulanerability, and
slasents at risk. Ve have improved our hazard assessment
capabilicy greatly ia recent YOATS. Ve are making
considerable progress in vulaoezability assessment for
particular kinds of structures. Ve have not dons nsarly as
well 4in devising mathods for determining the sleaments st
risk. Regazdlass of the sophistication and scientific
knowlaedge that has besn used in vuloerability analysis in
arriving st loss estimates, we really do not know how good
such assessmonts are Ddecauss they are based on estimates of
ths elements at risk the accuracy of which {s unknown. Mait
of thesa studies carsfully make disclaimars at the ocutsat
indicating some degree of unceartainty about the assumptions
that have had to have been made about the alements at risk.
The 7rTessarch that will be raeaported hartea is pazrt of a
continuing sesries of studies ditected towards improving our
capacity to waake {(ndi{rect estimates of one of the major
elamants at risk from natural disasters, the buildiang stock
existing in am yrban raegion,

ESTIMATING EXISTING BUILDING STOCKS

In previous attampts to develop methods and techniques
for making indirect estimates of existing building stocka we
have positad that inventorises of buildiangs would be
characterized by various empirical regularities, as is the
case with the results of so many kinds of human spatial
behavior. [Jones, Manson, Mulfoerd and Chain, 1976; Jonas,
1478] Thase regularities would make it possible to build
models which would describe the charsctaristics of building
stocks that would be generally applicadble to many different
tegions in a wide variety of cultures and countries. The
paranmaters of the models wouyld need to be fitted and modified
to produce accurats sestimates 1ian each situtation, dut the
gensral atructure and architecture of the model would remain
constant.

The basic modsel {indicated there would be a stable
telationship betwesesn people and buildiags. The
Population/Building Ratlioc would increase generally with the
slze of the urban area under study. The size distribution of
the bduilding stock as measured by area would de skewed to the
right, as would the distribution of bduildings by height. The
joint distribution of ©Dbuilding by area and height would bde
approximated by a bivariate lognormal distribution. Further,
the classification of buildings by residential and
non~-residential use would shov stable relstionships. Total
building area per parson and residential bduilding ares per
person are expected to be relatively stable also. Remarkably
tobust esmpirical regularities wars found in the studies cited
above. PRurther study confirmed tha earlier findings and
indicated building arsa per person ralationships wvarse stable
also. [Bsuman, 1983]
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Hons of the early studies coversd a complete urban
region. Most of them were restricted to central city arsas.
Whathar or not thars would turn out to be major differences
betwean central and peripheral areas w2z, unknown. The data
used permitted only very crude disaggregation of buildings by
use, and study in detail was not possible.

ENUMERATING A METROPOLITAN BUILDING STOCK

To address some of these questions ws sat out to study
the building etock of a complate, seslf-containad moderate
sizsed metropolitan arsa. It was desirable that it be isclated
and nuot part of some larger conurbation. The study area
selected for detailesd empirical analysis wvae Wichita, the
largeat city in the state of Kansas, located approximately at
the geographical center of the country. For purposes of
analysis the metropolitan area can bs considared to congist
of the county in which 1t {3 1located, Sedgwick County,
throughovc the pariecd of study.

Spatial Analysis

Wichita, a relatively young wurban center barely more
than a century old, has been a2 major city for fifty years,
but wmuch of 1its growth has taken place since World War II
(Table I, Figure 1). Centrographic measures have praven to be
3seful techniques for summarizing location, dispersion and
shape of variables distributed iu space. [Jonas, 1980] A
limited number of these spatial statistics was used in this
study of the Wichita building stock: the Center of
Population, the Avexrage Radius, and the Standard Radius.
Historical analysis of the Canter of Populatior (ceanter of
gravity of population by place of residence) indicatas the
location of Wichita has been remarkably static measured in
thousands of metars in Universal Transverse Mearcator
coordinates. In 1980 it was 910 meters south and 190 meters
west of its location in 1930 (Table II), Like many cities in
the world, Wichita has becoma more dispersed and spread out
during the study period. The average distance of the place of
residence of & member of the populstion from the Cantear af
Population (Average Radius) has increased from 5.4 kas. ino
1950 to 8.3 %kms. 1n 1980, The Standard Radius (root mean
second momant) has increased alio. The increasing dispersion
15 mnot clossly ralated to the rate of change of the
population and mwmust be considered independant of growth
(Table I1).

Detajiled data were acquired from the tomputer tapes
maintained by the County Tax Assessor for 166,000 parcals of
land and 248,000 buildings for 1983, -Non-building structures,
while extremely 1important in terms of wuse, function and
sagnitude of valua, were excluded from consideration. Since
the purposes of ths tax assessor in complling and maintaining
the tapes d4id not coincide with the objactivas of the study,
{t was necessary to make access to the assessor's parcel
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Table

I. Papulstion of Wichita and Sedgwick County, Ki, 1870-1983.

Year Cicy of Wickhits Sadgrick Cosmty Wiehica
[y}
Fercaut
Popuiation Change vopulacion Change of Comwaty
Susber Parcemt Numbar Farcant
70 1,093
1830 4,711 18,753 17,438 1812.60% 26.19%
1890 25.9%3 18,842 t83.71T 43,414 24,873 132.63%  S4.63%
13440 16,871 sia 3.42% &4 ,073 &7 1.,02% 55.%8%
1910 52,430 17,779 112.607% 73,893 1,012 €3.83% TL.78%
1920 11,217 19,747 3r.e8% 92,236 1%,13 6.18% 78.30%
1930 111,110 38,8%) 33.846% 126,330 44,09 &7 . 81% 81.30%
1940 114,966 3,8% 3.47% 142,9%9 6,689 L, 89 80.40%
1930 142,27% 33,313 46.37%T 222 190 79,2191 %3,43% "5.70%
1940 254 ,6%8 234,419 31.35% 343,229 110,939 $3.41% 74.21%
1%70 276,334 21,834 3.50T 1330,6% Tobhd 1.071% 78,891
1980 279,112 z,718 0.982 366,331 15,837 4.31% 76.191
1983 383,300 14,789 “, 0%
Figure 1
Population, 18701983
<00 Wichita and Sedgwick Coounty, Kansas
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table [T: Centragraphic Nessures,

Populaczion,

Sadgwick Co,, KA, 1%40-1%30.

Heasuras 1940 1930 1960 1970 1980

Totsl Pepulatien 141,999 111,190 343,119 330,.4%% 364,311
Change 79,281 116,939 7,883 13,887
Pezcaat Changs 55.43% 3a.e12 .17 4, 52%

Coantax of Pepylation:

L axis (massrs 0009) 445.70 “e.73 447,04 46,77 646,54

Cantar of Pepulstios:

Y ixis (mstars 000s) h172.43 4171.36 4171.10 4171.06 &17L.03

Averags Radius (kms.) 3.351 3.41 .40 ¥.38 8.17
Change -0.10 1.1 8.78 Q.89
Pateent Changs «1.73% 11.90% 11.88% 12.11%

stasndard Radles (kas.) 4.80 1.8 8.40 v.33 19.1%

ange =0.93 0.73 6.75% 0.9

Parcant Change «10.60% $.30% 8,733 L X319

Coafficient of

Ciramlariey 0.8§1 0.88 0.84 0.0 0.9%1




recoras to supply missing data items. Fiald surveys wers also
made to clarify ambiguities and verify informatiom. A large
scale effort made it possible to determine the number of
buildings with considerable accuracy, clasrify the buildings
intc primary and secondary (or auxillfiary) structures, and
categorize them into detailed typea by usa. Araea, haeight, and
year of contruction wers othev attributes associated with the
buildings. The rasults are summarigad in Table III which
provides meore {nformation about the building stock of a
metropolitan area 1in the Unitead §&States than has been
pravicualy availabla.

The spatisl distribution of the building stock within an
urban ragion is of particular 1iaoterest. Many of the
constructs of urban ecconomics and urban geography arse
concerned with apecifying spatial relationships in
metropolitan areas. Centrographi¢ analysis indicates while
the number of structurea {s slightly more dispersed than tha
population (an average radius of 8.6 kms. vas. 8.3 kms.) the
total area of structures is slightly more concentrated (an
average radlus of 8.2 kms.) as shown in Table IV, Therefore,
the larger buildings are closer to the center, but only to an
extremely modest degras and not to the extent usually
assumed. Analyais of mean area of buildings by annule shows
fluctuation from ring to ring that i3 not systematic. The
area of single family homes 13 =more diapersed than ths
number, but not nearly as much as urban economic rent models
would lead one to expect, Annular analysis of meaan area shows
a tendency £for average size to vary with distance but with
considerable variation. Mobile homes, an increasingly popular
form of low cost housing, are highly dispersed reflecting
both their exclusion from central areas and thair recent
growth, But this Indicates the rresence of substantial
numbers of housaholds with modast incomes at considerable
distance from the ceanter {nstead of <close in vhere many
theories suggest they are concentrated.

The Average Radius of industrial buildings by area 1s
larger than that for total population and that for amy other
building type except mobile homes and agricultural
structyres. This finding does not conform asither to current
theoretical conetructs or conventional wisdom about the
distribution of manufacturing activity. Hospital and college
and university buildings heve the smallest Average Radius and
are the moat concentrated types.

Distribution by Rings ox Anunules

Bufldings by number and area by use were analyzed by
snnules from the Centsr of Population. The annules were
derived from the centrographic measures for greatest
generality of application and comparison with othar areas.
The first annule has a radius 1/4 of tha Average Radiua,
ahout 2 kms., the secynd through the seventh annules have a
width o7 L/? of the Average Radius, about 1 km., the efghth
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Table 111, Wumber & Arsa Total Bldge., Fedgwick Ca. KA., 198D,

Wes af Skzuatute Husbhar Aras im Sq. Pt.
Frimary Jesendary Tetal Primary . Sscendary Total
Total 133,210 116,360 247,770 1TZ, 845,477 44,769,088 317,834,383
Resldentiai 120,319 107,404 227,713 443,738,294 38,308,348 103,118,840
Slugle Fam. & Nob. Nemes 1109,38% 106,878 233,267 146,612,314 37,723,132 184,340,370
Siagle Pasmily 210,783 106,318 Z1T7,279 140,046,280 37,383,424 177,619,704
Hobile Wemas 1,626 p1 1] 7,988 6,563,938 144,720 6,710,856
Hulit=Tan, & Qrewp Qrve, 1,930 314 T,45¢ 17,114,004 TTE,394 17,880,470
Nes-Resldentisl 12,00 7,138 30,047 109,337,383 6,268,342 113,403,729
Commerciasl 7,334 2,009 ¥.,343 51,397,98Y 2,476,081 133,074,0%0
Induotrial 1,324 511 1,038 36,163,999 T4, 034 16,907,030
Agrierltusal 1,194 4,348 8,801 3,439,480 2,334,247 6,143,727
Qther 1,838 330 1,163 26,745,118 491,380 27,138,098
Goverament (T2 1) [13] 3,549,480 341,323 5,1%0,807
Institutiensl 780 11 8 9,153,089 "W,L73 9,3%2,07
Pratera, & Charitable [ 38 ) 3¢ 133 1,046,331 46,982 1,003,513
Religlens 493 11 187 4,969,42) 44,163 4,813,684
Nespital [1) & 72 3,639,945 4,930 3,044,075
Béecatien 613 15 018 11,840,00) 34,802 11,493,217
Sanesl S48 12 893 4,086,519 34,492 y,140,971
Cellaga 70 b | 73 2,393,816 430 1,336,244
Table 1YV, avarage & Standard Radit: Bldges. by Use, Sedgvisk Co., Ki, L983.

Use of Strzucture

Nuaber of Strvecures

Area of Jrrecturss

Average Scandard Avarags Standand
Radiwe Radiwae fadins Radins
Total Frimary Structurss 8.33 10.70 4.20 10.32
Aupldencial 8.68 10.53 3.49% 10.66
Sing.e Pam, & Nod. Nemes 8.30 10.%4 .87 10,90
tiagls Tamily $.30 10.37 .73 10.77
Hobils Komes 10.11 11.3% 10.19 11.36
Hulti-Fam. & Growp Quers. 7.23 8,49 7.0% $.05
Vog-Reaidancial .28 13.04 7.48 $.00
Comnarcial $.77 9.41 $.10 (3]
Iadustrial 7.00 9.74 5.82 1€.23
Agticultural 17.33 18.5%0 17.87 18.9%
Othary .02 13.43 t. 8¢ ¥.28
Ceveraseat 13.09 14,44 r.73 9.9%
institnticnasl 7.43 10.11 [y 13 7.09%
catern. & Charitable ¢.8% .19 6.65% 8.3?7
Religlens 8.3¢ 10.84 .30 8.70
Nospital 3.34 2.18 1.38 1,41
Tducation T.04 10.33 7.0 10.31
Scheol s.14 10.486 e.81 11.30
Collagse 3.03 3.9 .71 3.3%
Tetal Populatien (1980) .17 10.1¢
Total Wewstiag Umtice (1980) 1.1 4. 70
Nousing Usics Buile 1970-19%40 10.44 12.06

'—‘
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and ninth snnules have a width of 1/2 Average Radius, and tha
tenth annuls extands from twice the Average Radius to the
boundaries of the county. The annules were selected in such a
way as to minimize the differences in the numbar of buildings
in each ring while maintaining a simple progression in width.
The number of primary bduildiangs by use by adnule is shown in
Table V and Pigure 2. In the astudy region, 90% of the
structures are rasidential and 107 non-residential, which is
quite comparabls to fiadings of previous sctudies. Ths
percentaga <compogition by these major categories by annulas,
summarized 4ia Table ¥ and Figure 3, is reamarkably constant
axcept for the first and teanth rings. Howasvaer, the mixtures
by uae within residential and non-residentfial categotries vary
considerably by annula.

The area composition of the bullding stock is guite
diffarent from the building count since non-residential
structures tend to bYe much larger than residential ones. For
the study reglion 60% of the area of primary bufldings was in
resideutial wuse and 40% in non-resideutial. The varistion by
annule 4is shown in Table VI and Pigures & and 5. Except for
the first annule which was dominated by aon-resideanticl area
and the ninth annule where residential srsa predominated, the
distribution {a <rTemarkably conatant. Again, there are major
differences £from ring to ring within the residential and
non-residential categorias.

Replacement Cost

We have now derived the primary data to permit snalysis
of wvalue of the building stock by use and by distridbution in
space, It was decided to estimate replacemeant cost of
bulildings since that would reflect coat of repairs of
partially danmaged structures and rTestituytion of destroyaed
onas, I[o other words these estimatss provide the basls for
approximating recovery costs rathet than any other measure of
value or loss. Depreciated value of bulldings is not
considersd., Value of contents and losses dus to $nability teo
use structuras are not calculated., Replacemant cost or value
of non-building structures or aite Iaprovements are not
included. Land value is omitted. Only primary structures hava
been included hars, and replacement costs of secondary
buildings axre not shown.

Construction <costs vary by use of building, type of
construction and size. The bullding stock was disaggregated
by wuse and by size class interval. Construction costs per
square foct were taksn from a standard estimating guide.
[Means, 1985] Normally, square footage costs decline with
size. Consideration was given te the fact that tha use
categories, wvhile gquite detailed, contain heterogeneous
bullding types. For example, government structures includse
Ruildings as different as simple fire stations and fmposing
court houses. For soma building type: assumptions wars made
that quite different kinds of build.ngs would characterize
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diffarent sigze classes. For that reason tha square foot costs
do not decline monotonically within each use catesgory. ln
sach case the type of constructioun selected vas neither the
most nor leasst expansive, The estimates are shown in Table
VII. The total replacement cost of the 1983 building stock in
Wichita is estimated at $13,615,000,000, or approximately
$33,700 per parscn. Of the total 547 1a for rasidential and
467 for non-residential structurcs.

Batause of the considerable variation of uses withia the
major catagories by annule, replacement costs vary mors from
one ring to sasnother <than other measures as shown in Tabls
VIII aad Figure 6. However, the replacement cost by
residential and nonerssidential use is relatively constant
from oune ring to anothear except for the first snnule whare
nen-residential buildings represant an overvhelming
percentage of the total <cost and the ninth annule whers
residential costs predominats (Pigurs 7).

Density Distridutions

It (s aextramely useful and 1illuminating to analy:ze
spatial distributions in standardized terms, The most common
means of doing this is by expressing variables in terms of
units of area by distance from some rafersnce point. Strong
enfirical regularities have beesn found from place to place
and from one point in time to another through such anaslysls.
Valies per square mile were calculated for annules ocutward
from the Center of Population for resident population, and
sumber, area and replacement cost for total, residential and
non-residential buildings. The results are shown in Table 1X
and demonstrate for wmost seriss the expected monotonic
declines outward from the center. Population and buildings
per square wmile are shown in Pigure 8. Por 33 ysars we have
known that the decline in population density outwazrd from the
center 1is well described by a nagative exponential function.
[(Clark, 1951] The log of population and building density are
plotted against distance in Figure 9. The resulting lines are
reasonably close to the straight ones we would get 1If the
negative exponentlal fitted precisely.

Building ares per square mile is plotted in Figure 10,
and the log of the value in Figure 11. Building area conforms
evan better than number of buildings to tha =negativs
exponential function. One of the findings graphically
portrayed 1in this diagram {s that noun-residential building
area conforms quite well to tha model. If we assume constant
area per worker across the annules as & 7Tesult of the
interaction of many variables, this would indicate employment
is negative exponentially distributed. VWes have had little
evidance of the spatial distributivn of employment
previcusly, but centrographic studies have indicated similar
dagress of dispersion as found heve. [Jones and Manson, 1982]
While the number of square feet per worker ocsems to be
somevhere Dbetweesn 400 and 500, there is tremendcous variation
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Figure &

Bidg. Replacement Cost by Annule
unty.
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Log of Number per Square Mile

Figure 8

Population & Building Density by Annule

Sedgwiok Counly, Kaonsas, 1883
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Figure 10

Building Area per Sq. Mile by Annute

Sedgwich Counly, Kensas, 1083

Squore F
~
i

1
L —
o 2 ¢ ] ] 10 12
Distance dram Conter in Miles
a  Toi Bidge. *  Res. Diigs. ¢ Hon-Res. Piige
Figure 11
Log of Building Area psr Sq. Mile

e Sedgwisk Counly. Kenees, 1883

18 -
i 14 ~
X
i 13
E 12 4
4
k)
5 11 4

10 4

. L] b L L Ll L] L L o Ll Ly L4 1

] 2 4 [ ] 8 10 12
Distonce from Center In Mies

o Tot. Didge. +  Res, Miage ¢ Noh-Res. Bldgs

1€3



from one use to anmothear and even withia usea. Church
buildings, grain elevatora, and patroleur tank farms have low
wvorker deusities. There i3 a vast range Iin area per worker
from one typa of retail activity to anothar. Central city
hotals have lower worker desnsities than neardy office
buildings. In the absence of datter informatiom, the evidence
suggeats a negative exponential function reasonably describes
the distribution of employment density in a metropoclitan
area. Admittedly, thias hypothesis requires further
investigation. Tradliztional <competing models indicating the
central concentration of employment and conversely the sub-
urbanization of jobs are not supported. The dispersion of
edployment activities seems to conform to general pattarns in
the dispersion of metropolitan areas.

Replacement cost of Dhuyuildings pexr square mile is also
reasonably approximated by the negative exponential as shown
in PFiguzes 12 and 13. The values are averages and mask a
greaat deal of important detail. However, they provide a
useful basls for making loss and damage estimates for
sub~areas within an urban region. Residential costs excaed
non~residential ones for every annule except the first.

CONCLUSIONS

Careful enumerations of buflding stocks and their char-~
acteristics such as size and use provide a basis for studying
the morphology of the structures which make up urban regions.
Prelimliaary analysis indicates ampirical regularities
characterize their distributions over categories and by
categories over space, If these relationships are found to be
general ones, the task of making indirsct estimates of
existing bulldings in areas of Iinterest will be greatly
facilitated. Better replacement cost estimates for eleme-ts
at risk from earthquakes snd other natural disasters car be
made. Determining risk o: the probable loass will ba made
‘earier. Urban vulnerability analysis can be simplified and
the results of such analysis more readily used in
sestablishing appropriate mitigation measures.



Figure 12

Replacement Cost per Sq. Mile by Annule
Sedgwisk Counly, Kaneow, 1883
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II.2 ROMANIAN TECHNOLOGCY FOR STRENGTHENING REINFORCED
CONCRETE STRUCTURES BY SHEATHING WITH FIBERGLASS
TISSUES GLUED WITH EPOXY RESINS

Dr.eng.Romulus Constantinescu™

The March 4, 1977 Vrancea earthquake posed great problems
concerning the repairing and strengthening of damaged buildings.
The structure of residential buildings, hotels, commercial buil=-
dings, schools as well as hospitals were designed according to
various design solutions for handling seismic loads, such as :
masonry bearing walls, monolith reinforced concrete and precast
frames structures and reinforced concrete shear walls. The de-~
gree of damage to these structures was different according to
the construction type and the action of the seismic load.In the
case of reinforced concrete frame structures, with special re -
ference to girders, damage occurred especially in the supporting
zones where the shearing force caused cracks or specific failures.

INCERC had to provide immediate strengthening solutionsand
techniques according t¢o the kind and degree of damage.

This paper deals with an original method provided and
used by INCERC to strengthen the reinforced concrete buildings
by sheathing them with fiberglass tissues glued with epoxy re=-
sins. Thils method can also be used for strengthening heams da-
maged due to shearing forces.

The experiemnts souqght to finalize the technological
strengthening procedures and to control the efficient use of
this method with a view to recover the initial bearing capa -
citv of the damaged members by strengthening.

A large rumber of static tests were performed on full
scale beams and reinforced concrete shear walls models initially
located up to failure (a loading similar to that caused by the
earthgliake) . Afterwards the element is repaired and then 1loaded
to a new faillure in order to obtain comparable results.

At the same time, a thorough analysis has been performed
on the efficiency of the strengthening solution in the recovery
ofthe member-bearing capacity in accordance with the conditions
of failure under initial loading. Special attention was paid

X  Building Research Institute - INCERC
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to zones damaged by predominant stresses due to shear forces.

During the first stage, three beams Gl' G., and G3, all
having the length of 4 m, the T-shaped cross sec@ion of~25x50cm,
the slab width of 125 cm and the slab thickness of 10 om, were
tested.

: Acccrding to the initial estimates, G, would fail at a P
overall loading of about 42 tf, at shearing force, G, would fail
at a P overall load of about 40 tf and at a bending ﬁoment due
to the better quality of concrete and due to the low quality
of longitudinal reinforcement; beam G, fail at shearing force
at a loading of P, , = 55 tf, as a reBult of the fact that du-
ring the test of Eﬁis beam efforts were transmitted towards its
ends.

During the tests of this first stage the average resis-
tance of concrete cubes - corresponding to each beam was as
follcws:

- G, bean - 160 Kgf/cm?®
- G2 beam - 170 kgf/cm2
- G, bean ~ 195 kgf/cm?

During the two testing stages all the beams were simply
supported.

After failure the beams were strengthened and the second
test was conducted under the conditions of the firet one. The
strengthening followed a different solution for every beam.

G, beam: The beam strengthening was performed by c¢o -
vering w}th reinforced concrece during two successive stages:

- the internal strengthening of the beam was done by in-
jection the cracks vhich occurred after failure at loading du -
ring the first stage with epoxy resins.

- the external strengthening of the beam was done by
covering it with reinforced concrete; then the two lateral gides
of the beam web were roughed (bush hammered) of concrete and

cleaned and finally a primar coating of epoxy putty layer made
of epoxy resins, hardener, and cement was brushed on.

Soon after brushing on the epoxy lute layer the co >
vering reinforcement was mounted on both sides of the beam web
using spacing means, and then the shuttering was tightened by
means of a polyethylene leaf. The shuttering was fixed on the
beam with two steel bars introduced in holes already existing
in the beam web. The steel bars were provided at the ends with
a screw thread and a screw nut for fixing the shuttering on the
exterior side of the beam, and with plastic pipes in the coating
area. After mounting the shuttering, the covering was performed
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by casting concrete manually from the upper side of the shutte-
ring with a space of 5 cm height left along the whole length of
the beam. Initially the concreting was done by pumping but du-
ring the preliminary tests the results were not those anticipated.

The cuncrete compaction was performed with interior vi-
brating devices. After concreting, the upper side of the co-
vering coat in the unshuttered zonec was fillied with concrete.
The whole concreting work, including the mounting of shuttering,
was done in a very short period of time because after no more
than 30 minutes the epoxy resin of the primar coating layer is
poelymerized, meaning a considerable decrease of the  adherence
because of the formation of a glassy surface. For providing
a Better adherence at coating, viscous concrete was used.

During testing the resistance per cube in t&e concrete
cocating of the strengthened heam was of 539 Kgf/em™.

It has been established by calculation that if the jac =
keting and steel work fully, an increase of 70 % can be dbtained
in the bending capacity and another increase of 16 % can also
be obtained in the shearing force capacity. In such conditions
the failure should occur by bending moment at a total force
of about 71-72 tf,

G, beam: The beam was strengthened by coating it with a
fibre glgss tissue stuck on an epoxy resin. The coating was
done with fibpeglass tissue anchored with acronal and with re-
sisting fibres along one direction.

The strengthening was performed in two stages:

~ interior strengthening of the beam was accomplished by
injecting epoxy resins into the crack openings over 0.5mm which
occurred at failure during the testing of the first stage:;

- exterijior strengthening of the bear was done by cecating
it with a fibre glass tissue stuck on the epoxy resin.

During the second stage the two sides of the beam web

sweére brushed with a wire brush and cleaned with compressed air,
afterwards applying the first epoxy lute layer. Then, a fibpre
glass tissue previously cut tc dequate dimensions(and with
cross and horizontal resistance fibres) was applied over the
lute. The tissue was applied by means of a steel cylindrical
wheel moving along the two directions for a better penetration
of the epoxidic 1lute. The second layer of epoxidic lute and

fibreglass tissue was applied according to a similar technology.

Finally, three layers of fibreglass tissue were applied
on each side of the web. On the last tissye layer one more
layer of epoxidic lute pressed with a steel cylindrical  wheel

was applied. The covering coating was applied al
length of the G, beam. 9 PP along the whole
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After applying this covering coat the calculated bearing
capacity was increased by 20 tf at shearing force.

‘"Due to the fact that the tissue was applied with the
resisting fibres along a cross direction, there was no in-
crease in the bearing capacity at flexure after coating. The

bearing capacity was exclusively recovered by injecting epoxy
resins into the cracks.

G, beam - The strengthening of the beam was performed
by coatigg it with fiberglass epoxy resin tissue. This streng =
thening method was similar but not identical with the one

used for the G beam. The difference between these two methods
are as followsg

- use of a fibreglass tissue with roving fibres, the
registance fibres being orthogonally placed along the two
directions of the plane;

- the coating was performed by applying discontinuo us
strips on the longitudinal line of the beam and in zones of
maximum shear forces at both ends of the beam (trying to awid
the possible reductions of the post-elastic strains when coa =~
ting is continuous); there were three layers on each side of
the beam web,

After coating, the bearing capacity at minimum shear force
was increased by 20 tf. The bearing capacity was exclusively
recovered by injecting epoxy resins into the cross.

The beams were tested before and after strengthening
and the following could be observed:

- cracking condition (occurrence, development and crack
openings at various stages);

= gtrains (thread comparators in cpenings, in the middle
and near the transmission force peints, link comparator on
supports) ;

- the overall behavior, possible disturbance and local
damages;

- bearing capacity and method of cracking.

The tests results of the three beams may be synthetized
as follows: '

G, beam - During the two tests no cracks or initial
damages 6ccurred due to casting or handling.

During the first test (before strengthening), the beam
cracked under a load of P = 10,600 Kgf between the points where
forces were applied, with a maximum crack opening of 0.10 mménean
value 0.065 mm).

In proportion to the increase of load, the cracks in=-
creased in number towards supports and enlarged in openings
up to failure in the plate.

171



The beam failed at a total load of P =~ 86,600 Kgf after
an inclined crack had occurred in the maximum shear force zone;
at breaking, the opneing of this crack was 12 mm.

During the second stage (after strengthening), the co-
vering coat cracked on both sides of the beam web at a load
of P=2,600 Kgf in an area close to the extremities of the beam
(including zones of maximum shear force); the minimum opening
of the cracks at this stage was of 0.08 mm (mean value 0.05lmm)

The heavier the load is the larger the number of cracks ( on
supports) and their openings will be up to failure at the
upper side of the plate,.

The failure of the coated beam occurred at a total
loading of P = 60,000 Kgf when uncovering the web (on both
sides) and as a2 result of hbreaking old concrete (concrete of a low

quality as compared with that one used for coating) and at the
same time with the yielding of the longitudinal reinforcement
anchorage at the same extremities.

After uncovering, no interaction was seen between the
coat and the beam and the latter was broken due to the shearing
force along an inclined crack that occurred in the plate, too.
The maximum deflection at breaking was of 14.80 mm;than means
1 : 260 out 0f the calculation span.

G, beam - The beam had no cracks or initial degradation

at casti%g or handling. During the first stage (before the
strengthening), the beam cracked at a load P = 10.600 Kgf bet-
ween the points were forces are applied, with a maximum

crack span of 0.02 mm.

With the increase in locad, the cracks increased in num-

ber (towards supports) and enlarged in openings. The beam
failed at a total load P= 54,600 Kgf; after the occurrence
at failure of a normal crack in the middle of the beam; the

crack apening was of 2.50 mm.

During the second stage lafter strengthening) the coat
cracked at a load P = 37,600 Kgf on both sides in the centrail
zone of the beam; the maximum opening of the crack was 0.10 mm
and with the increase of the load, the normal cracks increased
in number (towards supports) and enlarged in openings up to
failure at the upper side of the plate. .

The strengthened beam failed at a total load P=5B,6000
Kg¢.' wvhen a normal crack occurred in the middle of the beam
anda closer to cone of the points where the forces are applied:;
the opening of the crack after failure was of 3 mm.

In zones of maximum shear force and close to the supporte
there was no damage in the beam or in the filreglass epoxy

172



resing tissue coating.

Under a similar load, beam G, was broken (before streng-
thening) at a bending moment, not a% a shearing force as beam
G, did, and this is due in the main to the high quality of
¢Oncrete.

It is possible that the rigidity of the supports should
have had a bad influence on the behavior of the beam at a shear-
ing moment. It is a noteworthy fact that both before streng -
thening and after it, the beam broke at a bending moment. After
strengthening the additional at breaking was unsignificant.

The test proved the efficiency of strengthening in the
case of beams damaged at a bending moment and cracks injected
with epoxy resins. The coat made of tissue impregnated with
epoxy resins, increased the rigidity of the beam, its defor -
mations being in general very low in comparison with the un -
covered beam,

G, beam - This had no cracks or initial damages at cas-
ting or handling. As concerns the analysis on the efficiency of

the covering coat made of fibre glass tissue and used forx
strengthening those parts of the beam damaged by shearing
force, a certain laoding scheme was chosen that may cause the
breaking of the beam under shearing force (for this purpose

the application points of loads were close to the supports).

During the first stage (before strengthening), the beam
cracked at a load of P = 7,600 Kgf between the application points
of forces, and with a maximum opening of the crack of 0.08 mm.
At the same time, with the increase of the load, the normal
cracks increased in number (towards supports) and enlarged
their openings. At a total lecading of 45,000 Kgf, an inclined
crack occurred in the zone of maximum shear force close to cne
of the supports.

The beam was broken at a total locad P= 64,400Kgf after
an inclined crack occurred between the application point of a
force and the adjacent support (the crack occurred in the
plate, too); the breaking crack had occurred before. At brea -
king, the opening of the inclined crack was of 2.7 mm and the
normal crack with the maximum opening in the beam was of 2.2mm.

During the second stage (after strengthening) the beam
recracked at a load p = 20.000 Kgf in the central zone of the
beam; the maximum opening of the crack was 0.12 mm and when
the loading increased the cracks increased in number {( towards
the supports) and enlarged in openings.

The failure of the strengthened beam occurred at a total
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load of P = 86,600 Kgf in the central part of the beam after a
normal crack occurred in the middle of the beam; the opening
of this crack was of 0.65 mm at breaking, The covered zones had
no damages in the area of maximum shear force.

As compared with the growth of the bearing capacity that
should be obtained by coating (and based on calculations), the
real growth was superior, although smaller than that one ade -
quate for a load of 40 Kgf/cm obtained on samples, and as it
stands, the break from the first stage somehow damaged the ini-
tial resisting capacity. It is worth mentioning that the wvalue
of the bearing capacity after strengthening is linited by the
concrete resistance in the beam, respectively by its capacity
to ensure the link between the non-strengthened element and the
covering layer,

The results of the tests showed the efficiency of the
strengthening method in beam zones damaged by the shearing force
occurred at sheating with fiberglass tissue covered with epoxy
resins, The advantage of this strengthening method are as fol -
lows:

~ low consumption of manual labor, as compared to those
required by other strengthening methods obtained by removing
the hammering of concrete surface, the concrete forming, rein-
forcement and concrete casting in narrow spaces;

~ the short execution time, because execution 1is easy
and simple;

~ avoidance of section thickening in strengthened zones
and therefore to observe the initial service and a.aesthetical
conditions as well as the inconvenience generated by changing
the stiffness of strengthened units,

We may conclude that by using fibpPeglass tissues embedded
in epoxy resin in strengthening, the bearing capacity of sec -
tion under predominant stresses due to shear force may be
restored or even improved by including a corresponding number
of embedded tissue layers determined by calculus according to
"C 184 - 77 Technical Prescriptions",

The efficiency of a large number of layers is limited
by the quality of concrete in the units to be plated namely by
concrete ultimate stress.
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ASPECTS FROM THE TESTING OF G1 BEAM BEFORE STRENGTHENING

PHOTO 1

Overall view of the beam
at failure

PHOTO 2

Detail of the end where
the failure occur

ASPECTS FROM THE TESTING OF Gl BEAM AFTER STRENGTHENING

PHOTO 3

Overall view of the beam
at failure
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ASPECTS FROM THE TE#TING OF

PHOTO 4

General view of the beam
in an intermediate plase
of strengthening(injection
of the more opened cracks)

PHOTO 5

General view of the beam
strengthened with fibre-
glass tissue

PHOTO 6

End detail of the
strengthened beam

GIBEAM AFTER STRENGTHEN ING
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ASPECTS FROM THE TESTING OF G3 BEAN AFTER STRENGTHENING

PHOTO 7

General view of the
strengthened beam

FROTO 8

Detail of the midspan of
the beam where the failure
crack between two inject-
ed crack can bhe observed

PHOTO 9

End detail of the partial
strengthening with fiber
glans
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II.3.CURRENT POSSIBILITIES FOR ANALYSIS AND MITIGATION OF
THE SEISMIC RISK AFFECTING THE  EXISTING BUILDING STOCK

Horea Sandir
1. INTRODUCTION

Earthquake protection of the existing building stock r e-
presents a problem of large dimension which increasingly concen-
trates the attention of experts of various fields.The experience
of numerous countries demonstrates dramatically the high seismic
risk connected with older buildings, which were not designed to
resist earthquakes. The experience of the Romania earthquake of
1977 confirms fully this statement.

Tne works involved in the rehabilitation and upgrading of
existing buildings are at the same time technically difficult and
costly and this fact clearly limits the possibilities of tackling
the existing building stock. On the other hand,in many countries,
particularly in Romania, the existing building stock is gradually
replaced,sometimes at a rapid pace,by new buildings, related to
the general plans of urban renewal and development.It is cbviously
necessary tc correlate the two major actions referred to , namely
that of mitigation of seismic risks related to the existing huil-
ding stock on one hand, and that of urban development on the other
hand.This paper is intended to contribute to a review of some con-
ceptual and methodological aspects, of basic data reguired by the
estimation of seismic risks and by the adoption of t he mos t
suitable decisions for intervention, of the practical possibilities
of risk estimation and decision.

2. BASIC CONCEPTS AND METHODOLOGICAL ASPECTS

2.1l. General

Seismic riak represents the expectancy of losses of various
natures due to the occurrence of seismic actions (which is con-
sidered in this paper only in relation to the artifacts ofi man,
potentially affected by destructive earthquakes). T h e impos -
sibility of deterministic prediction of the losses to occurimore-
over even of the basic factors which generate such losses) makes
necessary the use of probabilistic concepts and of corresnonding
methodologies in this conna:ction. Some basic definitions and
relations on this subject are presented in this section.For more
details it is possible to consider the developments of /4/, /9/,
/147,

*
Head, Structural and Earthauake Engineering Division,
INCERC (Building Research Institute), Bucharest.
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2.2. Basic Concepts

Considering the developments of /14/, the risk amalysis can
be carried out using the following terminology:

Seismic Hazard (H) :expectancy of occurrence of cases o f
seismic actjon at the sites of buildings dealt with,expressed in
probabilistie terms. .

Seismic Vulnerability (V) : distribution (in probabilistic
terms} of damage or losses, conditional upon the magnitude o f
seismic action,

Specific Risk (S) : expectancy of damage or losses, a s a
function of service duration, assuming the elements at risk fully
exposed, expressed in probabilistic terms.

Elements at Risk (E): people, property, human activities that
might be adversely affected by earthquake (and for which it |is
neceggary to gquantify, besides values, the degree of exposure).

Risk {R) : expectancy of losses, as a function o f service
duration, considering the real exposure of elements at risk, ex-
pressed in probabilistic terms.

This list of basic concepts may be usefully detailed and
completed, considerirg the quantifications of damage, loss and
exposure. On the other hand, it is necessary to keep in view the
crucial fact that the losses inflicted by earthquakes are con-
nected with various systems (urban systems, regional systems.life-
lines etc), due to various interactions and chain effects. A comprehen -
sive approach should consider this fact. Besides some b a s i c
aspects considered in this connection in /2/, it may be useful t©o
apply the developments of /6/ in order to analyze the risk to
complex rystems.

The limits of the extent of this paper makes it possible to
deal only with individual buildings and to reduce, as far aspos-
sible,the number of basic concepts. An abridged approach may deal
only with three basic concepts, namely hazard,vulnerability and
risk.

2.3.Basic Expressions and Relations
Hazard is quantified by the parameter 7{P) which denotes

the experted rate of occurrence of seismic acaion at intensity
gj (discretization of intensities is assumed)for a unit time in-
tarval . A second hazard measure is represented by the parameter
ﬁ;h)(T). which denotes the expected number of events of inten -
sities equal to or higher than qj,-for a time interval of dura-
tion T, ’
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- 'z )
LTI S S (2.11
3 3 3

rossible losses due to earthquakes are quantified into se-

veral loss components, Lg,which are not comensurable (losses of

lives, losses of property etc.). It is also assumed that the

losses are discretized into a finite number of degrees,Lcx.Under

these conditions, the vulnerabilitvy of a building dealt with is

related to one seismic event and may be ?usmtif:.ed by means o £
k/3

the conditional discrete nrobabilities Pck/4* where
where
{v) .
?]i Pekyy = 1, {for any c or j) (2.2)

which denote the distribution {in a probabilistic sense) of losses,
conditional upon the intensity qg;. The approach adopted in this
paper includes the characterist}a? of exposure of various elements
at risk in the characteristic Ve 3 referred to.

The seismic risk may be quantified in several ways, all of
which rely on the assumption (or model) of immediate and £full
post-earthquake rehabilitation of bulldlngs and other el?m?ntsa:
risk atfected. A basic characteristic is the parameter fi
denotes the expected rate of oocurrence of losses of severitie§" Lck(for
a unit time interval). This parameter is given by the convolution

GRS -2 Panys Aa (2.3)

A second rxsk measure is represented by the parameter §(2) (),
which denotes the expected number of cases of losses of erities
Lck or higher, for a time interval of duration T,

k
- {r)
, Nt {2.4)

W

k'
(r)‘T) - T

=M

Another risk measure is represented by the probabilitv of nom-oc~
currence and non-~exceedance of losses of severity Lgk, for a time
interval of duration T. In case one adopts a Poisson model f o r
the process of earthquake occurrence and one accepts the assump-~
tion on full and immediate r?habilitation mentioned above, t h e
probability referred to, H FI(T), will be given by the expression

mm = exp {-n‘” (T) 1 (2.5)

A last measure of risk, used in this paper, is represented by the
cumulated expected 1osses, Lc (T). In order to derive an expres -
sion for these losses, it mav make sense to consider, for some
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loss components, discounting of losses by means of discounting

functions z. (t). The expression of L (T) will be in this case
T

= - =(xr)

L, (T) -So .’3:(1.,:,k Aok 2o(t) dt (2.6)

2.4. Some Methodological Aspects

The risk estimation may be made, in case of individualbuil-
dings without any major difficulties if one uses the relations
presented and one makes the necessary data available ( the dif-
ficulties of risk analysis are considerably increased in c a s e
one tackles explicitely svstems and one wants to adopt a consistent
approach, according to the developments of /6/.

At the level considered, the main difficulties raised b v
the risk analysis will be related to the input data, which ar e
discussed in next section.

3. PROBLEMS BRAISED BY THE IN®UT DATA
3.1. General

According to the arproach developed in section 2,the input
data are of two categories:

a) the hazard characteristics ’ﬁ;h)

b) the wvulnerability characteristics pé;)/j

These two categories of basic data raise specific and dif-
ficult problems, so some specific comments are in order.

3.2. The Data on Seismic Hazard

The basi ?ata on seismic hazard, represented by the cha-
racteristics n{" , mav be derived in principale on the basis of
official documents, like existing zoning maps (and eventuall y
microzoning data}, or of special studies, intended to investigate
the seismicity of a gsite. The hazard maps pnrovide nevertheless
limited information, (e.g. macroseismic intensities, or peak ground
accelerations witr one or two return periods). This makes it naces-
sary to use additiona ?ssumptions in order to determine the
full set of parameters 53]‘ required by a full risk analyeis. It
is possible here to use classical recurrence laws like a Gumbel
type distribution for macroseismic intensities (which is similar
to the well known Richter magnitude recurrence law),or a Frechet
type distribution for peak ground accelerations, or effective
peak accelerations /1l1/. or other kinematic parameters conside red
in these analvses. Given the constant geometric ratio of kinematic
parameters correshonding to macroseismic intensities ordered
acco-ding to a constant arithmetic ratio, there is compatibility
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between the use of the classical Gumbel and Frechet distributions
for the two categories of parameters. A more difficult problem is
raised by the limited wvalidity of the classical laws, given es-
pecially some nhysical limitations toc earthgquake magnitudes(glven
the features of geo-tectoni¢c nrocesses) and to ground motion in-
tendities (given also the features of local site conditions). It
must be recognized that the current state of the art of c ei g~
mological knowledge is characterized by serious limitations and
the need of extensive future studies.

3.3. The Data on Seismic Vulnerability

The basic data ?n seismic vulnerability, represented by
the characteristics p v) . , may be derived on the basis of statis-
tical analyses of thecgéléome of post-earthquake surveys and /or
on the basis of engineering and social-economic analyses. T h e
first source referred to, represented by the observation, gu an-
tification and statistical treatment of post-earthguake studies,
leads to characteristics of observed vulnerakility. A comprehen-
sive set of data of this kind is given in /5/, /12/ where the most
significant and detailed results have been obtained on the basis
of the post-earthquake surveys carried out in Romania in 1977/1/,
/7/. The second source referred to, represented by the engine-
ering and, afterwards, socio-economic analyses, leads to charac-
teristics of predicted vulnerability. The comprehensive data of
/9/, which are based on data observation and analysis and jud-
gement, must be mentioned here as a valuable source of informa -
tion, which puts into evidence, among other things, the influence
of earthquake resistant design strategies on the vulnerability of
buildings.

The vulnerability characteristics of the sources reflrred
to are affected by a high scatter of damage or losses f o r
definite intensity of action. This fact is particularly signifi
cant for the current level of knowledge in the field of earth
quake engineering. On the other hand, this high scatter of wvul -
nerability data leads to severe limitations of the posibilities
of control and management of seismic risks.

3.4. Addenda

The limited amount, accuracy and certainty characterizing
the input data referred to raises the need for extensive future
research of various kinds. This must be oriented along directions
corresponding to both of the categories of data {a) and (b) men-
tioned in section 3.1. This research must include at the s am e
time some fundamental conceptual and methodological developments
as well as applied research, related to the seismicity of som e
gitegs and regions and to the vulnerability of specific classes
of buildings or other works.
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4 .RISK AMNALYSIS AND CRITERIA FOR DECISION
TO INTERVENE ON EXISTING STRUCTURES

4.1. General

Risk analysis is not a final goal in itself,but represents
an intermediate step required by a cost-benfit analysis, which
represents, in turn, a main support of decision making. Decision
making is a necessary activity in principle any time when adesign,
or earthquake protection strategy is to be adopted. This ma y
happen either in the case of the design of new buildings, or in
the case of rehabilitation and upqgrading activities related t o
the existing building stock, It is necessary to consider, in any
case, various possible protection strategies in order to adorpt,
after corresponding analyses and judgement, the most reasonable
of the possible strategies.

4.2. Cost-Benefit Analyses

A central goal of activities related to the building stock,
whether this concerns new developments or existing ones, i s re-
presented by the maximization of the overall utility. One mus t
consider in this relation the following main factors, or ¢ o n-
tributors (in a positive or a negative sense) to the o verall
utility:the benefits B resulting from the normal service, t h e
investment costs, C', the maintenance costs, M, and the costs of
damage (or the losses), L. As in the case of earthguake induced
losses, [or which it was necessary (see section 2) to consider
various non-comensurable components L., it is necessary to consider
homologous components for the other terms, Bs, M. etc. (e.g.:ithe
l.ves expected to be lost, corresponding to a definite guantity
L, may ve algebraically added to the lives expected to be saved
s the activity of a heospital or of another building providing
erergency shelter or rescue). The overall utility, U, will be
guantified under these conditions by a system of components U,
with the expression :

= - L - .
U, B, Ce M, L (4.1)

The expression (4.1) is useful in order to judge a posteriori the

utility of a given building, provided full information on this

subject is available. In case one wamts to carry out a costibenefit
analvsis related to the future utility, it will be necessary, of

course, to consider the random nature of at least some of the
terms of expression (4.1) and trv to maximize the overall utility,
A first, perhaps sometimes too rough,approach, consgists of the
use of average, or expected, values, for the random cquantities

of the expression (4.2). The expected values of the utility com-
ponents U,.U,, will be in this case

U, = Bc - Cé - M, - L. (4.2)
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{where by it was assumed that the investment costs may be esti-
mated in a deterministic way). The conditions

Uc = max (4.3)

cannot be satisfied simultaneously, as a rule, since different
strategies may prove to be the most suitable in case one single
ccmponent (c) is considered. The multi-parameter (with respect
tc the index (c) problem may reduce to a one parameter optimi -
zation problem, in case one considers some (positive) weights*wc
to be attached as factors to the condition {4.3)and one rewrites

z w, U, = max (4.4)
[

The values w_ of the weights referred to should represent a mat-

ter for sociSl-economic analvses and, ultimately, of judgement by

an interdisciplinary experienced team., Such a team should consider

various possible strategies S;, to which various values Uci(4.2)
will be associated and select the most reasonable one.

4.3. Cost-Benefit Analysis versus Code Provisions

The cost-benefit analysis represents a difficult tashéhnm
the huge quantity of information to be gathered and processed ,
This activity is avoided in practice by using the provisions of
design codes, which are assumed to have adopted on the hasis of
a sound socio-economic judgement, the most gsuitable calibration
of some conventional design parameters defining the strategy t o
be adopted. This represents an important limitation of design ef-
fects, and, also, a source of safety, since possible coarse er-
rors due to lack of information or experience in cost-benefit
analysis will be avoided. On the other hand, it must be recog -
nized that the code provisions snecifving the level of earthquake
protection present serious shortcomings, since they do not lead
t0o some reasonable differentiations of design strategies or they
do not cover some specific cases. To illustrate this statement,
one must emphasize the very limited specifications of codes o £
many countries (including Romania), with respect to the protec -
tion (including eventual rehabilitation and upgrading) of exis -
ting developments, the lack of differentiation of seismic coef-
ficients as explicit functions of the desired service durationof

buildings (whether they represent new developments or existin g
ones), etc.

These facts lead to the conclusion that the use of codes must be
completed, in several cases, by using more or less dewveloped cost-
benefit analyses, which are able to provide an insight of highest
importance into the problems raised by the adoption of earthquake
protection strategies.

4.4. Some Specific Conditions and Restrictions to Be Considered
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in Relation to the Existing Building Stock

A specific question to be considered in relation to inter-
vention on existing buildings is represented by the formulation
of decision alternatives. These are related to two main asvects:

(a}the function of a building ;
(b) the structural characteristics of a building.

From the view point of the function of a building, one may con-
sider, as alternative solutions:

- functional upgrading in correlation wiilh structural
upgrading;

- unchanged function;
- adoption of a function of lower importance;
- abandoning the use.

From the view point of the structural characteristic, one may
consider, as alternative solutions:

- structural upgrading:
- unchanged structure;

~ removing of some hazardous parts (e.g.some balconies ¢ r
upper stories};

- demolition.

While man is practically unable at present to influence in
a positive sense the seismic hazard, it is possible to influence
considerably the vulnerability of buildings. This may refer either
to the primary vulnerability, i.e., the proneness to damage con-
ditional upon seismic intensity, which is influenced by the inter-
vention on the structural characteristics, or to the secondary
vulnerability,i.e., the proneness to losses conditional upon the
degree of damage, which is influenced by the intervention on the
function of buildings.

The adoption of the decision on intervention on the exis -
ting building stock is subjected to specific restrictions ofthhdl
the most important are related to:

(a) the feasibility of some of the solutions considere&
initially;

(b} the need of correlation of solutions considered f;o r
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individual buildings presenting some kinds of interaction a n 4
of correlation with the general plans of urban development.

The feasibility conditions may be of various tvpe,such as:

- making sure that specific materials or manufactured parts re -
quired by a definite sclution may be made available;

~ making sure that design engineers, conatruction technicians anl
workers possessing the expertise required by some specific solu-
tions are available;

~ making sure that there exists the necessary room for construc-
tion works of various natures {(including eventual demolition);

~ making sure that the duration of intervention works is compa-
tible with some specific service conditions.

Without going into analytical details that are specific to
complex systems /6/, some important qualitative aspects connec -
ted with urban systems must be taken into account. The experience
of behavior and analysis of urban systems suggests the importance
of a high degree of safety to be provided to buildings located at
some critical places, like crossings of streets, narrow portions
of streets etc. The eventual collapse of such critically located
buildings may lead to the heaviest post-earthquake.consequentes,
due to the ipability of rescue teame to gain access, of evacuntion
of people, etc.

Another practical aspect not to be neglected is that ofdif-
ferentiation of the required earthquake remistance of buildings,
as a function of their subsequent service duration. Conversely ,
assuming that the resistance of a building was evaluated and does
not fulfill the requirements for normal buildings of the s a.m.e
category, a deadline for intervention (including eventual aban-
doning and demclition) <¢an be set in order to limit the seisnic
risk to an acceptable vealue. Under some simplifying assumptiooas
in case one considera the ratio

Saff
r = -~ (4.1)
sreq
(Sees :effective earthquake resistance, expressed in terms o f
forces, accelerations, seismic coefficients ;Sreq :required earth-
quake resistance according to code provisions, expressed in ho -
mologous terms), the acceptable subsequent service duration i s
given by an expression
2

T = r T

acc (4.2)

nom’
where T is. the nominal, or normal, service duration for new
buildinagnof the same category {(the exponent 2 in relation (4.2)
approximately corresponds tc the exponents of the extreme value
laws characterizing the racurrence of seismic actions of various
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intensities).

5. ILLUSTRATIVE ANALYSES OF SEISMIC RISK
AFFECTING SOME CATEGORIES OF BUILDINGS

5.1. Input Data

An illustrative analysis of seismic risk affecting s ome
categories of buildings was carried out in the form of a research
project of INCERC/10/. The analysis referred to was concernedwith
several categories of buildings, for which data on vulnerability
were obtained from American /9/ and Romanian /5/,/8/ sources.The
data on seismicity were adopted according to a Gumbel distribution,
corrected in order to account for possible intensity.

The American categories of buildings referred to in /9/cor-
respond to four design strategies, related according to UBC t o
zones 0,2,3 and S (the latter zone implies doubling of forces
determined for zone 3). These strategies were considered equiva-
lent to protecticn againet nominal intensities VI, VIII,IX and X
according to the MSK intensity scale. Additional data hypotheti-
cally corresponding to a design strategy associated with zone 1
were determined through interpolation. Interpolation was u sed
also in order to adopt a finer discretization with respect to
intensities, going from integer intensity degrees to halves o f
degrees. The damage degrees were defined according to /9/ in the
following manner {(Table 5.1) :

Table 5. 1.

Damage degree Losses, as a percentage of

() Characterization replacement cost

D none-0 0

1 light-1L o to 0.05 %

2 medium-M 0.05 to 1.25 %

3 heavy-H 1.25 to 20 &

4 total-T 65 to 10¢ & (building con -
demned)

5 cocllapse-C 100 ¢

The Romanian categories of buildings were the classes A. 2
(bearing wall magonry without r.c. floors, built before the 194
earthquake) and A.6 (framed structures, built before the 19540
earthquake, basically not engineered to resist earthquakes). The
damage degrees and vulnerability matrices are described in /8/.

The seismic hazard was represented by means of an analy -
tical law
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qma X

™ (qm =1 7P () aq (5.1)
q
where e
- b' exp [a'-b'q - — ] {q < )
=(h) . _ ‘ Inax” Imax
n \Q) b (5-2)
0 ‘q= q___)

max

The values of parametuers {a') and (b') were a' = 2 1ln 10,b'= 0.5
ln 10. The parameters (¢') and {ap.x) were assignec several values
aimed to lead to a varametric study. The results presented here
in correspond’ to the values c' =0.04 1ln 10, gmayx= 9.5 ( IX 1/2).
%,grgp];ic representation of the seismological data is given i n
ig.5.1.

5.2. Results Obtained

The results o?tained were exnressed by means of the r i sk
characteristics ler (1} (one s.umple loss component, c¢= 1, with
index (c) committed, was considered). The representation o £
results given in following figures is related to the natural
cologarithm H,, ©of this naranmeter,

{ry,_ _ ={r)
Hop in Ny {1 {5.3)

It is easy to determine on this basis the survival nrobabilities
for any time interval, using the relation

(r)

uc(,? (T) = exp(-T N (1)) = exp i-il(f’ (7)) (5.4)

derived from the more general expression (2.5).

The illustrative results obtained for the input data refer-
red to are represented in fig.5.2 and 5.3 for the American buil-
dings and in fig.5.4 for the Romanian buildings.

In order to judge the results obtained, it must be kept in
mind that the values of tl_}e(- parameter Hj; correspond to following
values of the parameters N r”(l) and H, (7)) (Table 5.2)

Table 5.2

B H, 171(” (1) Hy (-1‘0 vears) o HO(IOO years )
4 1.83 x 1072 0.8326 0.1602
6 2.48 x 1073 0.9755 0.7805
8 3.35 x 103 0.9967 0.9670
10 4.54 x 10 0.9995 0.9954



_ The results obtained put to evidence the strong denendence
of the parameter Hy on the earthquake protection strategy. There
exists no absolute protection, given the vulnerability characte-
ristics assumed. The efficiency of increased protection 1s obwvious
egpecially in connection with the risk of greater damage.Lighter
damage is practically unavoidable in case of a longer service
duration. .

6. FINARL CONSIDERATIONS

1. The seismic risk must re considered ag an objective reality
for regions which are likely to be affected by strong groun d
motions. It is possible tn quantify it and to analyze it,provided
input data of satisfactrrv juality are at hand. It is possibleto
mitigate it by means of some appronriate measures, positively in-
fluencing the vulnerabil:iv of buildings and of ather artifacts
of man.

2. The seismic risk must be analvzed and contrelled,in order to
limit losses inflicted by future earthcuakes. While the new deve-
lopments, designed according to modern code provisions,are in most
cases provided with a satisfactory degree of earthquake protec -~
tion, the ©ld buldings, not engineered to resist earthquakes,re-
present a major source of risk and, consenuently, a major threat
to society. Interventions intended to mitigate the risk connected
with these buildings, zccording to a sound strategy., are there:
fore necessary.

3. vhile code rrovisions related to the design of new buildings
are well developed in wnractically all technically advanced coun-—
tries, the regulations related to the protection of the existing
building stock are missing in most countries and, where t hey
existthey do not cover the whole range of interest. It is neces-
sary to concentrate imnortant technically cualified forces i n
order to graduallv bridge this important gap. It must be no ted
that, besides .c.sign methodologies and formats that are simi l ar
to those specified by coudes related to the design of new buil -
dings, it is necessarv to consider different methodologies and
formats for specific purposes. Exnlicit cost-benefit analvses ,
baged on explicit risk analyses, may be justified in order to
adopt reasonable decisions with respect to the interventions o n
the existing building stock. The explicit consideration of intei-~
vention alternatives related to the function and the structural
characteristics, a nrimary filtering considering the feasibility
criteria and thereafter a proper cost-benefit analysis, are re -
quired in this contevt.

4. The intervention on the existing building stock must be based
on the consideration of the building stock as a system,since the
seismic risk is related essentially to various systems,the com-
ponents of which may strongly interact. The analysis of risk-which
could affect existing systerms must put into evidence the most
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significant risk sources, 1like buildings located at critical
places, huildings or facilities that are highly hazardous or
likely to be involved in chain effectsa, etc.

5. The problems of intervention on the existing building stock
must be analyzed in correlation with the strategv of new develop
ment of urban systema, lifelines, etc. The earthquake resistance
reruired for existing buildings must be derived, keening in view
the expected subsequent service duration. The required resistan-
ce level must be thus differentiated. Conversely, in case a
definite existing resistarce level is considered in the category
of the problem data, it is vpossible and necessary to set a cor-
responding intervention deadline. The consideration of the dead-
lines specified for various individual develooments must be sum-
marized in a list of intervention priorities. A sound list o £
priorities, followed by appropriate interventions on the buil-
dings presenting the highest intervention priorities, may result
in a spectacular reduction of geismic risk, obtained by means of
moderate efforts.

6. The most difficult technical problem raised by the analysis of
seismic risk is represented by the analysis of vulnerability of
buildings and other werks. High attention must be paid to the
task of gathering information of this subject in relation to all
aspects of vulnerability.

7. Engineers and other specialists who should be involved in the
mitigation of geismic risk affecting the exigting building stock
need a special training, exceeding the fields dealt with in clas-
gical education.

" 8. An important step to be considered in relation to the mitiga-

tion of seismic risk affecting the existing buildings is repre -
sented by the planning of pilot studies, to precede mass action,
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II.4 A SUMMARY OF STUDIES ON THE SEISMIC VULNERABILITY
vr BUILDINGS, CARRIED OUT IN BUCHAREST SUBSEQUENT TO
THE MARCH 4, 1977 EARTHQUARE

Horea Sandi*

Dan Cazacu®“#*
Cristian Constantinescuw*#®»

Mihai Stancutwwk

1. INTRODUCTION

The Romanian, March 4 1977, seismic event represented not only
a destructive carthquake, but also an opportunity of exceptional
value to improve of the technical knowledge in earthguake engine-
ering. This fact was underlined by many of the foreign experts
who vigited Romania after the earthguake. The main reasons for the
scientific value of this experience are the features of the natu~
ral phenomena (type of earthquake, extent cof the area subjectedto
strong shaking, spectral content of ground motion) and the number
of artifacts of man that were subjected to a direct natural tes~
ting (this includes, among other, various categories of m odern
structures, most of them standardized and erected by means of in-
dustrialized methods and, at the same time, engineered to r e sist
earthquakes) .

The seismic event of March 4 1977 waa followed by numerous
analyses of its nature and effects. One of the important directions
of work was the detajiled post-earthquake survey of buildings i n
Bucharest. This survey, designed initially to provide detailed in-
formation on the features of ground motion, provided basic infor-
mation that was used subsequently for other purpouses too. Among
other thdihgs, this information was used, in the framework. of an
international proiect [13), to derive data on the seismic vulne-~
rability of buildings.

The present paper is intended to present & summary of stu-
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dies on the vulnerability of buildings, parts of which were pre -
sented previously in [5],[6],17],(8],(13]). The content is devoted
t0 a presentation and discussion of basic concepts and of m e ¢t-
hodological aspects, of the results of cbservation, of the cor-
relation between survey results and results of some engineering
analyses as well as to comments on the state-of-the-art.

2. CONCEPTUAL AND METHODOLOGICAL ASPECTS.
2.1. General. Conceptual and Msthodological Aspects.

The basic concepts and terminology were used in a g reement
with the developments of {141, of _.which some references are given
in [6}. VULNERABILITY was understood, in this frame, as the dis -
tribution of damage (expressed in physical, observable, terms,the
distribution being understood in probabilistic or statistical texms,
conditional upon the intenmity of seismic ground motion affecting
definite buildings.A distinction was made between OBSERVED VUL -
NERABILITY,K or VO, (i.e., conditional statistical damage distribu-
tion, as derived from post-earthquake surveys for some de fin tte
classes of buildings or other structures} and PREDICTED VULNERA -
BILITY, or VP, (i.e. conditional probabilistic damage distributi-
on, as derived from engineering analyses for some types of buii-
dings).

The vulnerability analysis requires basically definitions
and guantifications for three categories of data :

(a) the object of analyses (type or class of buildings or
of other works dealt with);

(b} the effects of seismic action (damage or loss actually,
or potentially, inflicted te the object);

(¢} the seismic action.

The bulk of primary data for the VO-analveses carried o u t
for various classes of buildings in the city of Bucharest w ere
provided by the extensive and detailed damage survey organized in
April and May under the auspices of CNST (National Council on Sci-
ence and Technology of Romania). This survey, which is described
in more detailed terms in {l], is briefly summarized here too.

The territory of the city of Bucharest was divided into squa-
res of 1 km x 1 km. Some 300 buildings were analyzed within each
of the squares (the buildings ware selected, so0 am to have a re-
presantative sample of the damage distribution). The buildings in-
vestigated included dwellings, schocls and hotels. A damage survey
form as given in fig, 2.l.was used.

Classification of buildings.
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The buildings investigated were divided into five basic ca-
tegories pertaining to different construction systews:

C, low quality construction (adobe-like).

C, Masonry bearing walls and flexible floors.

Cy Masonry bearing walls and rigid floors (R.C.).

C, Reinforced concrete framed structures.

C: Reinforced concrete bearing wall structures
(cast-in-place or precast solutions).

The categories C; and C3, which represented the bulk of the
survey sample, were subdividei according to age (pre-1940 and post
1940) . The buildings pertaining to each pf the categories were
subdivided according to the criteria of dynamic characteristic s;
using simple empirical formulae, the fundamental natural periods
were estimated and the subcategories were related to following os-
cillation period intervals : 0 t¢ 0,15s; 0.15 to 0.258.;0.25 ¢t o
0,358,:0.35 to 0.508.; 0,50 to 0.708.:0.70 to 1.00 85.;1.00 to 1L.30
. tand more than 1,30s,

Quantification of damage.

Rules were established in order to quantify the observed
degree of damage for various types ¢f structural elements and for
some types of non-structural elements. These rules were inspired
by the MSK scale (the MSK scale experience shows a fairly linear
correlation between DD's (damage degrees), as given by the met -~
hodology adopted on ome hand, and the MSK intensity degree on the
other hand). The statistical survey referred to was organized at
an unprecedented level of detail and this fact required some ite-
rative testing of the damage degree calibration. The final guan-
tification methodolcgy represented the third variant adopted.More
details on this aspect are given in [1]. The DD's ranging from 0
{not affected) to 5 (collapse), were finally defined as follows :

I.Masonry

Bearing walls:- not affected :0
- s8lightly affected :1 ;
(for lack of specification, 0.5) ;
cracked :1.75;
getrong cracking :2.50;
strong cracking , 45°:3;
out of vertical direction :4 ;
collapsed :5.

Non-bearing masonry :
- not affected :0;
(for lack of specification :0.5);
- cracked :1 ;
- partially collapsed :2 ;
- completely collapsed :3;
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The DD assessed for a building was the maximum of the DD's
assessed for bearing walls and for non-bearing masonrv respecti-
vely.

II.R.C. frames
Columns : not affected :0.5;
cracked :2;

strong cracking :4;
crushed concrete :4;
buckled reinforcement :4.

Beams : not affected :1;

slightly affected :1;

{for lack of specification :0.5);
- cracked :2;

- strong cracking :3;

- failed :4.

Infill masonry :

- not affected :0)
boundary cracks :1;
cracking :1.5;
strong cracking :2;
dislocation :2.5;
collapsed :3.

The DD assussed for a building was the maximum of DD's as-
gsessed to columngs and to infill masonry for pre-1950 buildings,and
the maximum of DD's assessed to beams and to infill masonry for
post-1950 buildings.

TII.R.C. bearing walls
- not affected :0;
- glightly affected :1;
{for lack of specification 0.5);
- cracked :2;
- strong cracking :3;
- failed :4.

The same valﬁes as in case of R.C. frames were used for
infill masonry and for columns.

The DD's assessed for a building was :the maximum of DD's
assessed for R.C. bearing walls and for infill magonry, respec -
tively, in case of buildings with homogeneous layout :the maximm
of DD's assessed for the former ones and for the columns,in case
of flexible-first storey buildings.

1v. Buildings done of low quality materials
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Walls :~ not affected :0;
- slightly affected :1;
(for lack of specification :0.5):
- cracked :2;
- strong cracking :3;
- collapsed :5.

The DD assessed for a building was measured as the DD as -
sessed for the walls.

Statistical damage spectra. The outcome the of investiga -
tion was represented by the statistical damage spectra derived
for the various squares of the territory and for the various ca -
tegories of buildings. As an example, the statistical damage spec-
tra derived for one central sguare of Bucharest are reported i n
fig.2.2. {(complete results are given in [1] ).

The degree of confidence of results may be checked on the
basis of variance of results (in case of large samples, the r.m.s
DD d4id not exceed 0.7, which represents a statisfactory resu l t
from the view point of the MSK scale; the coefficient of varia -
tion of DD was decreasing for increasing DD},

The statistical damage spectra were used in order to derive
MSK - intensity assessments for the various squares of the t e r-
ritory of Bucharest. These assessments were related to oscillation
period intervals. The cbhserved intensity maps developed were re-
lated to the intervals of periods 0 to 0.15 s. 0.15 to 0.25 s and 0.7 to 1.0s.
These maps are given in [1] , where the tables of comversion of DD into MSK in-
tensities, for various classes of buildings, are also given,

2,.2. Methodological Features Related to the
Deriving of Vulnerability Characteristics.

The tasn of deriving vulnerability characteristics {( more
precisely, according to the formulation adopted in the Project
documents, vulnerability functions), was novel in Romania andwork
was started primarily due to the requirements of the UNDP/ UNESCO
Project. The methodologies adopted in this connectionwere derived
by using the concepts, definitions and guidelines adopted by the
first meeting of the Working Group and, besides this, by t he
developments of [4).

The main features of the approach to the vulnerability
analysis can be summarized as follows :

1. Input data . The input data were the assessments o n
ground motion characteristics and on the distribution of dJdamage
degree for scome samples buildings,It must be mentioned again, in
this respect, that the assessments of the ground motion charac -
teristics were themselves the result of a comparison of the sta -
tistical data on damage distribution with the assessments of the
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MS5K scale and of a least error approach that led to the assessment
for a zone of more or less homogeneous conditions of ground motion
(end in Bucharest, also for a specific interval of oscillationpe-
riods), of a certain degree of MSK - intensity (the intensity as-
sessments wf}i made, in Bucharest, in halves of MSK degrees,e.q.
«»+ VII,VII or VII to VIII,VIII,...).

2, Processing. It was possible, on this basis, to consider,
for classes of buildings that were homogeneous from the view point
of construction system (and of fundamental natural periods) t h e
statistical distribution of damage, as related to samples corres-
ponding to more or less homogenecus conditions of ground motion
intensity (and oscillation period intervals). To be more specificg
considering the statistical information given by damage spectra
in Bucharest for various categories of structures as illustrated
in fig.2.2, it was possible to consider all the squares of appro-
ximately equal intensity (for a given interval of oscillation pe~
riods) and to -draw up a histogram of damage distribution for omne
of the structural types considered,

3. Representation of results. The results of processing were
represented in the from of series of histograms of DD ( damage
degree) distribution for various MSK intensities for each of the
¢constructive systems considered. It was possible to derive, on
this basis, data on the average DD and on the r.m.s. DD ang t o
plot the data on the same graphs as those representing the hi s-
tograms. The presentation of results obtained in this way is given
in Chapter 4 of the Report.

4. Additional information, It was possible for a class o £
structures that were highly homogeneous to go one step ahead inan
analytical direction that might help in characterizing the vul-
nerability in a more analytical manner. This was the case of some
standardized buildings, erected series-wise in Bucharest. The con-
sideration of damage in bearing walls oriented longitudinally or
transversally respectively, in conjunction with the consideration
of the azimuthal orientation of buildings, permitted researchers
to consider the distribution of damage in longitudinally oriented
and in transversally oriented bearing walls, as a statistical func-
tion of the azimuthal orientation of buildings. It was possible ,
in this way, to eliminate the influence of the directivity o f
ground motion and to derive some conclusions on the longitudin al
and, respectively, transversal "v" 's of the given tyre of buil -
ding.

3. VULNERABILITY CHARACTERISTICS DERIVED FROM
THE POST-EARTHQUAKE SURVEYX.

3.1. Data on the Characteristics of the Building Stock.
The building stock that is relevant from the viewpoint o £
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vulnerability analysis presented in this paper consists primarily
of residential buildings in service for not more than approxima -
tely one century,i.e. having been built not earlier than the last
guarter of the 19-th century.

The stock of residential buildings used as the basis for the
statistical sample in the post-earthguake analysis may be catego-
rized according to various gualitative and quantitative criteria,
among which the most significant are :age, basic construction ma-
terials, construction system, degree of engineering, azimuthal o-
rientation, features and characteristics of ground conditions,dy-
namic characteristics, characteristics of the degree of earthquake
protection and ductility characteristics,

It is possible to define some classes with respect to any of
the criteria enumerated.In order to describe the building stock
referred to, it is useful to present a brief on the development of
earthquake protection in relation to the development of building
activities.

Romania had entered the stage of modern development by mid
nineteenth century, when the development of Europe gradually beca
me significant or prevalent for the social, economic and wurban
development of the country. The brick masonry constructions of re-
sidential buildings had become prevalent especially in urban areas.
Most ¢ ¢ the buildings built during the nineteenth century we r e
one-or two-story buildings. The guality of materials and workman-
ship was different for different geographiy areas, due to the na-
ture of basic materials and the tradition of manufacturing a n 4
workmanship. The early twentieth century witnessed the gradual de-
velopment of taller buildings and the introduction of reinfor ced
concrete, at first mainly for slabs, lintels, girders, etc. The
systems of vertical and horizontal loadbearing members were never-
theless not designed to resist horizontal loads, since the concern
and know-how of design engineers in relation to earthquake resis-
tance problems was practically absent up to the second world war.

The fifth decade of the 20-th century represented a turning
point in building activities as they related to. earthquake pro -
tection, due to several reasons, of which the most significant
were :

{a) the occurrence of the destructive earthguake of November
10 1940 {the first strong earthquake withstood by mcdern construc-
tion in Romania);

(b) the occurrence of the Second World War which led to des-
truction or damage due to bombing and to a slawdown in construc -
tinn activities;

(c) the first direct contacts with the Soviet school of
earthquake engineering, one of the leading schools in the worid.
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The period after 1950 witnessed a major improvement in en -
gineering education in universities, mainly by the courses on the-
ory of structures of a medern level and the crganization of earth-
quake engineering research activities that tackled an increasing
range of problems of experimental, theoretical or computational
nature.

The development of construction systems during the thi r d
quarter of the twentieth century may be characterized as follows:
the trend toward industrialization of construction has led to a
gradual decrease in the use of masonry as compared with other buil
ding materials. Cast-in-place reinforced concrete has heen u 8 ed
increasingly, for low-rise buildings (up to five stories high)and
for high-rise buildings (more than seven stories high). The mo st
widely used solution became that of bearing walls. Various tech-
nological soluticons were adopted, among which, for some years,were
sliding forms. The technological solution proving to be the mo st
advantageous, primarily due to the increased certainty of a satis-
factory quality, was that of industrialized, dismountable f o rms
{consisting of two-or three-dimensicnal components). The cast «in
-place bearing wall reinforced concrete structures represent b y
far the bulk of high-rise buildings built during last two decades,
The soluticons adopted are characterized by_low steel consump t ion
indices, which are in the range of 20 kg/m4 for low-rise buildings
and in the range of 30 kg/m2 for high-rise buildings.

An industrialized system which was introduced in about 1960
and which gradually increased its share until it became preva-
lent for low-rise buildings and now tends to became prevalent for
high-rise buildings too, is that of large panel construction. Be-
sides this, pretabricated construction was adopted also by using
three-dimensional (room-size) precast elements ("bhell" or "“tunnel"

shaped) .

It is also useftul to give scme broad gquantitative charac -
terization of the building stock from the view pocint of parameters
related to earthquake behavior and resistance., The most signifi-
cant parameters from this viewpooint are :

- the fundamental natural periods ;

- the seismic desig: factor CI;

- gome earthquake resistance indicators defined further on;

- some ductility characteristics.

The factor C; may be considered primarily in case of engi -
neered construction.

It is convenient to use alsc the following simple indica -~
tors :
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the area indicator,

I = Aactive

ar m
and
- the acceleration indicator
Isf.a_cﬂv—eas—zIR
ac m ar's
where :

Aactive(mz):the total area of horizontal sections of shear
resisting members, oriented along a direction
considered;

m(t) : the mass generating seismic- forces to be trans-
mitted through Aactive'

R, : the ultimate shear strength of the material

Iar : has not a direct physical sense, but

Iac(m/52] :has the sense of ultimate static acceleration ,
corresponding to the shear strength of the struc-
ture considered (critical acceleration).

The building stock of Romania is generally rigid from the
viewpoint of dynamic characteristics. The fundamental periods of
low-rise buildings belong to the interval (0.2-0.3)s and for high-
rigse buildings belong, for the same conditions, to the interval
(0.04n~0.06 n)s(n:number cf stories) [9].

Engineered structures, designed according to the provigions
of earthguake resistant codes, may be easgsily characterized by
means of the seiasmic design factor Cj (related to the fundamental
mode) . According to the codes in force after 1963, this factor was
to be determined according to the relation

C; = kg ° f(rI)-np'cI (3.1.)

where
k_ :ratio of conventional design acceleration to the acce -
leration of gravity, depending on the fundamental na -
tural period Tyi

P(TI) :dynamic factor, depending on the fundamental natural
period TI;

¢ tcorrection factor, accounting for the influerces of
damping characteristics, of strength reserves and of
ductility;
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£ :équivalence factor, given by the relation :

(F my Vo )2

(£, k)(Zn' R

(3'2!

I
kI]

(VKI :fundamental natural shape).

As a result, the value of C_. ranged between 0.06 and 0.09

for I = VII MSK and between 0.10 &nd 0.15 for I = VIII MSK f o T

rigid buildings and respectively between (.02 and 0.03 for I= VII

MSK and between 0.03 and 0.05 for I = VIII MSK, for relative ly
flexible buildings (T = 1 8}.

Non-engineered structures may be characterized by means of
the parameters I,y and I,.. These parameters may be useful,on the
other hand, also in order to characterize the ultimate horizontal
static force carried by a structure. The nature of building mate-
rials, the building tradition, as well as some non-structural re-
quirements, have led to some typical solutions that may be charac-
terized as follows. The lowest, traditional, masonry buildings
(one or two stories) are characterLZed by relatively high values
of Iay, such as0.02 to even 0.05 m?/t. This leads, even in cas e
of lower quality masonry (e g. Rg= 0.2 MPa), to high values o f
I5c- that can exceed 5 m/s2, The more modern masonry buildings
{non-engineering), which might be three-to five-stories high, may
lack internal walls (replaced by reinforced concrete coclumns not
designed to resist earthauakes) maf he cgaracterlzed by low values
of I,,., ranging between 0.005 and .01l m /t and leading to values
of Iac that are even as low around 1 m/s2. The values of I,y and
I,c were even lower for high-rise buildings not designed to resist
earthqguakes, the resistant structure of which was composite, re=-
sulting from the assemblage of reinforced concrete members a n d
magonry walls (scmetimes lightweight masonry). Engineered high =~
rise bearing wall buildings (ten to twelve stories) .were charac-
terized (for different solutjons and directions) by values of 3y
sometimes lower than 0.001 m2/t, but as a rule in the range of
0,002 to 0.003 m%/t. This leads, in the most unfavorable cases,to
values of I, around 1 m/s82, but as a rule in the range of 5 m/s

The ductility characteristics of the buildings stock wer e
in most cases low. The traditional low-rise magonry buildings,
lacking reinforced concrete members, have few ductility sources.
The ductility characteristics were low in many cases even for
framed structures designed to resist earthquakes. Due to t h i s
fact, the ductility characteristics of buildings with reinforced
corcrete framed structures were tc a great extent the re sult of
interaction of reinforced concrete frames with masonry (the latter
one playing the role o2f non-linearly behaving trusses).
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3.2. vulnerability Characteristics for Various
Classes of Buildings.

1. Buildings Made of Low Quality Materials

These buildings were relatively old (most ¢of them .built be-
fore 1900) and made of low quality materials (adobe type, wooden
gtructure with earth infill, etc.). They were in no case engine -
ered. Their height was as a rule one story. The floops: usuall y
were made of timber. The living conditions in such buildings were,
in most cases, precarious. They represented a small part of t h ~
building stock and were disapearing due to the demolition w o rk
carried out in relation to the activities of reshaping the city.

The most characteristic damage noticed in such buildings
consisted of a wide vertical crack at the inteérsection of walls,
with a tendency to lose stability, and expulsion, inclined cracks
tendencies of s8liding of floors and roofs,.collapse of chimneys ,
ete.,

The "V" characteristics are given in fig.3.1.

2.014 Buildings with Masonry Bearing Walls and
Flexible Floors (built before 1940}

These buildings represented the major part of the older
building stock of Bucharest. Their share in construction activi -
ties started to decline after the First World ¥Har, when reinforced
concrete floors became a usable solution in Romania. Their height
was in most cases of one or two stories but were built to a height
of four or five stories in relatively rare cases. Their shape was
in many cases irregular and highly non-symmetric. The quality o £
masonry was variable, ranging from poor to excellent. It is pos-
sible to meet high quality masonry even in some poor small
houses. The poorer houses often lacked a proper foundation, e 8 -
pecially when a basement was not built. This shortcoming led i n
several cases to the development of specific cracks or of tilting
of walls even before the earthquake, due to uneven settlements de-
velopment mainly as a result of the freezing-defreezing phenomena
The floors were made as a rule of wood Or masonry vaults suppor -
ted by steel beams.

The damage due to the earthguake was in some cases heavy ,
including some ccllapses (more numerous collapses occurred outside
Bucharest). The heaviest damage involved dislocation and expulsion
of walls. Beside that, it was nossible tc observe in many cases
cracks of various orientations and width. The inclined cracks
sometimes let to failure planes. X-shaped wide cracks were a lso
observed. The lack of a satisfactory horizontal tie, due to t h e
lack of rigid and strong floors, raised the risk of loss of sta -
bility after the occurrence of damage due to earthquake.
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The wvulnerability characteristics are given in fig.3.2.

3. New Buildings with Masonry Bearing walls and
Flexible Floors (built after 1940).

The share of these buildings in the building stock tenda to
decrease in time, given the increasing use of reinforced concrete
in construction of floors. :

The general pattern of observed damage was similar t» that
of the previous class of buildings.

The "V" characteristics are given in fig.3.3.

4.01d Buildings with Masonry Bearing Walls and
Rigid Floors (built up to 1940).

The general featires of this class of buildings are similar
to those of the class discussed in the previou: two paragraphs ,
except for the floors, which were made of reinforced concrete.

The general damage pattern was qualitatively similar to that
of the previous clagsses referred to, but the presence of rigid
floors did not permit the development of some unfavorable timesof
behavior ; like sliding of wooden or steel beams and tendency for
walls to lose stability.

The "V" characteristics are given in fig.3.4,

5. New Buildings with Masonry Bearing Walls and
Rigid Floors (built after 1940)

The use of reinforced concrete members (horizontal and ver-
tical) with a confining role contributed seriously to increased
strength and also gave the masonrv buildings a significant degree
of ductility.

The "V" characteristics are given in fig.3.5.

6. Buildings with Reinforced Concrete Framed
Structure.

The increase in height of buildings led, especially after
: -, to the introduction of reinforced concrete vertical bearing
.-rs, This construction system was used for numerous tal ler
..:ldings in Bucharest which shaped the modern center of thecity.
he height of these buildings is 6 to 12 stories., It mu s t bhe
mentioned that, until the destructive earthguake of 1940 { an d
then during the war and early post-war period up to 1950), these
buildings, in spite of being built on the basis of engineering
design, were not ‘designed to resist earthquakes . There w a s no
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concern for an adequate structural layout and detailing. In many
cases, the vertical bearing members were not continuous over +*he
entire height of a building, so that second or even third order
supporting solutions were adopted. There was no concern for inclu-
ding moment-resisting nodes and the reinforced concrete structure
played the role of transmitting part of the gravity loads to the
ground and, also, of confining the infill masonry, which represen-
ted an essential element for the lateral load-resisting capacity.
The {apparent of hidden) effects of the destructive earthguake of
1940 upon these buildings must be noticed.

The reinforced concrete framed structures designed to resist
earthquakes were built after 1950 to a limited extent, given the
economic and technological advantages of the bearing wall rein -
forced concrete structures used in mass construction of high rise
buildings. Such structures were used for buildings of the health
care network, schools, etc,, but relatively seldom (especially
before 1970) for high-rise residential buildings.

The older buildings of this class represented the major por-
tion of buildings which collapsed during the 1977 earthquake.Many
buildings of this class were affected by heavy damage. The mai n
reasons for their poor performance was the lack of concern f or
earthquake resistant design, the frequently low construction gua-
lity, the effects of the previous overloadings (1940 earthquake,
bombing during war), the corrosion phenomena, some cases of u n-
suitable interventions that reduced their ability to withstand
earthquakes and the lack of survey and adequate repair and streg -
thening measures.

The new buildings of this class, designed to resist earth -
quakes, shawed a considerably hetter performance. They were nevert-
heless affected by damage mainly to non-structural elements. I n
some cases specific damage due to collision (pounding}also occur-
red. In some cases structural members were also affected by damoa

The damage in the reinforced concrete members o £ older
buildings was in many cases heavy. Cracks, sometimes of conside -
rable width, as a ruie appeared close to the ends and had various
orientations (horizontal or inclined,due to shear force effects).
Concrete crushing also appeared. Most affected were the external
columns (especially corner columns). Concrete expulsion and re -
inforcement buckling were also noticed. The beams were also a £ -
fected by cracks at the ends (vertical or inclined). Concrete
crushing and reinforcement building appeared also. The floors were
affected as a rule by frequent, small cracks. The nonstructural
members (mainly infill masonry, separation walls, etc.)were fre -~
guently affected by heavy damage like wide cracks (as a rule in -
clined or X-shaped), dislocations or even collapses and reversals
of walls.
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The damage observed in newly constructed buildings was qua-
litatively similar, but statistically slighter, due to the e £-
ficiency of earthquake protection measures.

The "V" characteristics are given in £ig.3.6.

7. RBigh-Rise Buildings with Closely Spaced Reinforced
Concrete Bearing Walls.

The bearing wall reinforced concrete structures represented
the bulk of the high-rise building stock built during the last two
decades.

The layout for long-in-plane buildings was based, for dif-
ferent design solutions, on one or two longitudinal internal bea-
ring walls.

The heaviest damage observed for such buildings was a cru-
shing of concrete due to bending compression and by inclined wide
cracks, followed in some cases by concrete dislocation and expul-
sion. Other characteristic damage types were inclined or X- shaped
cracks in lintels, vertical cracks {sometimes wide) or inclined
cracks in bearing walls, especially in the more rigid ones. The
cases of slight damage were characterized by fine cracks of v a ~
rious orientations (vertical, inclined, horizontal) in bearing
walls, especially in relation with some local construction defects.

The "V" characteristics are given in fiqg.7.

8. High-Rise Buildings with Reinforced Concrete
Bearing Walls at Larger Intervals.

Besides the solutions characterized by small intexrvals bet-
ween the transverse bearing walls, several solutions were charac-
terized by larger intervals between bearing walls, aimed to permit
more architectural freedom in shaping the apartments. These solu-
tions were designed and erected under conditions that are similar
to those referred to for the previous class of buildings.

The damage pattern was qualitatively similar to that des -
cribed for the previous class of structures.

The "v* characteristics are given in fig.3.8.

4. CORRELATION WITH SOME PARAMETERS OF
ENGINEERING ANALYSES.

4.1. Methodological Aspects.

In order to perform a firut attempt at correlating survey
data on damage distribution with the outcome of engineering ana -
lysis, was decided to use a sample of buildings of Bucharest ,for
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whigh post-earthquake survey data cobtained in 1977 (2], [13] were
at hand.

The activity related tc the Bimplified evaluation of t h e
reaistance characteristics of buildings consisted Of two ma i n
steps.

First step

This step included the collection of the drawings of buil -
dings analyzed, gathering of information of the quality of buil -
ding materizls, determinaticn of tre dynamic characteristics ard,
to the extent to thzt this was pcssikle, drawings of the damage
rattern, as well as non-destructive testing aimed as help in the
evaluation of the building material properties.

Second step

The second step included the processing of basic data and
the proper evaluation work. As was previously mentioned, the eva-
luation technique should be different for the different specific
evaluation methods beiny adapted to this kind of building material
and structural systen.

The second step consisted in fact of following operations :

- evaluation of the built areas for the different storiesof
a building:

- evaluation of the mass of a building dealt with;

- evaluation of the active area of the horizontal section
through bearing walls, for each of the two main directions of a
building;

~ evaluation of the capable shear stress {the shear strass
that could be borne by the masonry in case of harizontal loading)

- calculation of the critical (static) accelerations of a
building, for each of the two main horizontal directions;

- estimate of the spectral acceleration believed to have af-
fected a building during the strong earthquake of 1977;

- calculation of the ratios of spectral, to critical, acce-
lerations.

The evaluation of the critical acceleration, denoted, agr,
was thus based on the evaluation of the static l‘h.'enqth,scap.givan
by the expression :

scap - Aact. tcap ’ (4.1.)
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were A, ., represents the active area, while T.,, represents the
capable shear streas (determined with consideration of the influ-
ence of nominal, gravitational stresses).

The critical acceleration is given by the ratio

S
a, = ——;-‘1’— (4.2.)

where m represents the mass of the part of the building above the
horizontal section for which the verification is performed.

The basic parameter to be used in correlation analyses i s
the ratio

r = —2£ (4.3.)

where ag,(T) represents the value of the spectral acceleration
response spectrum of absolute acceleration for 0.10 critical dam-
ping) determined to have affected the site of the building. Given
gome data in the literature (the logarithmic relationship between
macrosgeismic intensity and kinematic parameters of ground motion,
logarithmic relationship between the damage degree and the acce -
leration [3]), [11]) it appears to be reasonable to consider also
the logarithms of the ratio r,
a__(T)
8 = log r = log e (4.4.)

cr
4.2, Studies Carried out ard Results Obtained

The correlation analysis was carried out in a sub-sample of
80 buildings, pertaining to the categories A.2 (30 buildings) and
A.4 (50 buildings). The sub-sample buildings were selected from
a l km x 1 km sgquare located North of the central area of Bucharest
{it was shown in [1l) that 62 such squares were investigated duriy
the post-earthquake survey referred to). The statistical data re-
lated to this square were relatively rich and characterized by a
higher degree of reliability. .

Architectural drawings were procured for these buildings and
2111 available information on the building materials, the erection
year, etc., was gathered. The basic data were processed and cen -
tralized in forms of direct use in obtaining the elements that are
necessary to correlate analytical evaluations with observation
data, The information considered for a building consisted of :lo-~
cation, number of stories, type of floor (flexible or rigid),mass,
active areas of the bearing walls at the first floor, for each of
the main horizontal directions;critical accelerations along the
two main directions.

For each building an outline drawing was prepared.The degree
of damage, as assessed during the post-earthquake survey,was noted
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too (the damage degree varied, according to the MSK mathodology,
as mentioned in section 2, from 0 to 5).

The gstimate of cxritical accelerations on the basis of re-
lation (4.2) was carried out as follows :

- the active areas of the first-story walls were determined
for eaeh of the main horizontal directions ;

~ the average normal (compressive) stress was determined for
the horizontal section corresponding to the first story ;

«the capable shear stress was determined, conaidering t h e
influence of the compressive stress, on the basis of a linear re-
lationship.

The capable shear stresses were determined considering the
type of mortar (lime) that was usual for buildings built of brick
masonry before 1940.

The spectral accelerations were evaluated on the basia o f
response spectra determined for the strong-motion record obtained
at INCERC in 1977({1l]. Civen the similarity of local conditionsbet-
ween the site of INCERC and the square investigated,it was assumed
that the acceleration spectra did not differ significantly. T h e
natural periods considered for the buildings were estimated b v
means of simplified methodz. The potential errors due to this ap-
proach are limited. '

To illustrate the form, the basic data used and the results
of calculations, the data referring to one of the buildings are
reproduced in fig.4,2.

The results cobtianed are renresented in fig.4.3. for buil-
dings of category A.2 and in fig.4.4. for buildings of categorva
4. These fiqures plot the ratio r (4.3.) or its logarithm s(4.4 )
against the degree of damage estimated during the post-earthquake
survey, for each of the sub-sample buildings referred to . T he
average 8 and the r.m.s.value were also determined for each afthe
sub-sample for which the same value of the damage degree d was as-
sessed during the post-earthquake survey.

The results plotted in fig.4.3 and 4.4 show a general ten -
dency toward an increase of the damage degree with the increase of
the parameter s. The sensitivity of the damage degree is high.The
tendency toward increase is affected by randomness represented by
the zig-zagging of the average curve a(d). This is due,primarily,
to the limited size of the sub-sample investigated. The r.m.s.
is high and so is the corresponding coefficient of variation.

The relatively high scatter of results may be due to factors
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affecting both the abscissa and the ordinate of the figures 4.3.
and 4.4,

The factor s represented in the abscissa raises the follow-
ing main questions and doubts :

- the uncertainties about the estimate of a;, , created pri-
marily by the lack of direct information on Touni

- the uncertainties about the estimate of agp(T), createdby
the transfer of the apectrum from the recording péint to the site
of the building and by the lack of data on the inflvence of the
nig-linear behavior on the equivalent natural period to be con -
sidered ;

- the fact that important factors and features of the post-
elastic behavior (ductility characteristics, influence of ground
compliance etc.) were not considered in the analysis;

- the lack of data about the pre-earthquake building his -
tory (effects of the strong 1940 earthquake, effects of the w a r
events, effects of the interventions of man ete.).

The assessed degree of damage r-.ses also some important

questions and doubts :
R . .

- the possible non-homogeneity of survey techniques, due to
the participation of different survey teams at different sample
buildings and to the limited gualifications of the membersof teams

- the level of siqgnificance of damage quantification accor-
ding to the methodology adopted, [1l], for the degree of exhaustion
of resistance after the earthguake.

5. SOME COMMENTS ON THE-STATE OF TI{E-ART

The experience of vulnerability analysis carried out to date
makes it possible to dizcuss several methodological aspects, re-
lated both to the characterigzatiom. and quantification »f factors
used for defining vulnerability characteristics, as to the met --
hodology of deriving such characteristics, itself. The factors
for which characterization and quantification should be discus -
sed are, as mentioned in section 4, the object of analysis, the
effects of seismic action and the seismic action itself. The
methodology of deriving the characteristics referred to will be
considered in relation to the sequance of steps of work, with at-
tention for the input data and for the unknown quantities con -
nected with each of the steps.

Regarding the characterization of buildingé dealt with, it
ia desirable to introduce more complete qualitative characteri -
zation, along the guidelines of [12] on the evaluation of exis -
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ting buildings and to determine the values of various cuantita -
tive characteristics, such as natural vibration periods, critical
accelerations, ductility characteristics, ultimate deflections,as
wﬁil as characteristics of the ground conditions and foundation
system.

With respect to the quantification of seismic effects, the
two main approaches are represented by the use of measures of ob-
servable damage, as was actually done according tc the methoddogy
described in this paper, and bv the use of a monetary measure(the
fraction of replacement cost). None of these measures is perfect.
Firast of all, they do not have a direct significance. The damace
degree determined according to an MSK-type methodology does not
account for the degree of exhaustion of earthquake resistance of
a structure. The fraction of replacement cost does no more account
for the actual lossges, since the indirect losses due to damage oc-
curence may be many times higlar tbhan the fraction of replacement
cost (consider the value of costly equipment eventually damaged ,
the loszgzes due to interruption of industrial output or even t h e
cases of injury or leoss of life).

The most reasonable way of improving the system of charac -
terizing and quantifing earthquake effects appears to be that o f
attempting to evaluate the degree of decrease of the ability o f
structures to resist earthquakes. This task is particulary d4if -
ficult and very important research efforts are necessary in order
to reach positive results in this direction. Indeed achievements
along this wav should be of particular importance.

With respect to the characteristics of seismic action,it is
important to consider not only a unique intensity for ag i ven
ground motion, but also a spectral characteristic. Given the cur-
rent state-cof-the-art, the most reasonable sclution is to consider
the response spectrum {absolute acceleration). It is important to
dispose of a nicture of the whole spectrum, in crder to make pos=-
sible, in some cases, the evaluation of effects for higher natural
modes and also the effects of léngthening of natural periods under
regime of nost-elastic deformation. The methodological implicaion
is, in this case, to develop appropriate wavs of inference of res-
ponse spectra at sites where proper accelerographic recodrs are
not at hand (which is, practically, the rule).

From the viewpoint of methodologies to be used in deriving
the vulnerability characteristics, some specific aspects connec -
ted with the specific data and uncertainties must be kept in mird .
Some quantifications can be considered here, going along the lines
of [(4;. Assume that a (scalar) guantification of seismic actionis
adopted and that the corresponding parameter a are attributed only
discrete values (e.g. integer and half-integer MSK intensities ),
denoted q+. Consider also, that some distribution of statistical
or probabilistic nature must be considered due to some reason to
be discussed further on. The discrete probabilities of occurrence
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of values g4 are denoted pj.

Asgsume now that a (scalar) quantificaticn of the damage de-
gree is also adopted and that the corresponding parameter & are
attributed only discrete values (e.g. integer values from 0 to 5,
according to the scale presented in section 3 of the paper),deno -
ted dy. Consider here too, that some distribution must be consi -
dered and that the discrete probabilities of occurrence of values
dy are denoted Pk-

The discretization of the parameters g and 4 permits expres-
sion of the vulnerability characteristics in termas of conditional
distributions. Consider in this connection the conditional discrets
probabilities Pk/j'

The symbols and quantifications introduced permit applica-
tion tothis case of the formila of total probabilities,

o, =L Py /5P 5 (5.1.)

This formula may he used with different purposes. When the
vulnerability characteristic pys4{ is known (e.g. on the Lasis of
VP-analysis) and the probabilistic distribution p, is given too
{e.g. by means of some assessment on the isoseismils of a future
earthquake) the distribution of damage, by, may be derived/ pre-
dicted from the relation (5.1). when the damage distribution
is given by postr earthquake survevs and some assessment on t h e
distribution pj of intensities is adopted too, the vulnerability
characteristic py .« may be derived. When the damage distribution
Pk is given and 5‘& vulnerability characteristic Pk/ is given
too for some class of huildings (note that the macroseismic scales
include a system of statements that renresent, basically,descrip -
tions of Pk /i type) , a macroseismic analysis, leading tc sstimate
of pj becomés feasible.

llote here that, when one wants to determine one of the fac-
tors of the right member of (5.1), it is not possible to start
from a linear algebraic system with a sguare matrix. To overcome
the difficulties raised in this respect, it will be necessary t o
use, on the basis of (5.1), the condition of minimum error.

2
Zk u (P - 23 Py /1 pj) = ﬁin., {5.2.)
where uy represent some non-negative weights, or utilities, ex -
pressing the deqgree of confidence. More developments in this res-
pect are given in [3].
The real situation in case of VO-analysis in the following:

- the available data are related only toc the distribution
Pxr Provided by post-earthquake surveys ;
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- the assessments on the distribution ps(which are made in
a rough form) are based on some broad statemefits on the val:res
Pk/j. for wide categories of buildings and other works;

~ the assessments on the vulnerabiliiy characteristics pg/4
are bagsed on the data on py and on the previous assessments on Py

The VO-analyses include thus, in principle, a two--step ap-
oroach which could become tautological. It is most desirable t o
try to eliminate the bias and uncertaintiea raised in this context
and the main possibility of achieving some progress in this sense
is renresented by the use of some additional, different sources for
the assessments on the distribution vy. The radical solution i n
this view is represented by the availability of instrumental data
This possibility is unfortunately not a realistic prosmect for the
ovresent and for the near future, given the cost of instrumentation
and the differences in ground notions even at closely spaced points.
In spite of these dificulties, efforts should be devoted primarily
to the development of more refined technigues of retrodiction of
the characteriastics of ground motions.

6. FINAL REMARKS

1.The task of deriving "v" characteristics for various classes

of buildings, as formulated in the framework of the naper was novel
at a national scale.

2.The "V" characteristics derived in relation to this paper represent
results of obvious interest. Even in this imperfect form,they will
be used for various engineering purposes.

3. The results obtained suggest some significant differen -
ces in the "V" characteristics of different classes of buildings.
Influence of the constructive systems, of the age and degree o f
engineering , are present in these results.

4. The analysis of "Vv" characteristics may be of direct use
for des.gn engineers, since they indicate some unwanted sensiti -
vities of various constructive systems and may suggest, in this
way, the adoption of more suitable design solutions.

5. The "VO" characteristics should be used in relation ¢t o
the derivation of "VP" characteristics and to risk analysis.It is
felt that some specific developments are needed in this relation.

6.The evaluation of resultsobtained evidences the need for
future fundamental work in relation to the development of metho -
dologies of post-earthquake surveys and of derivation, en thi s
basis, of more significant assessments on ground motion charac -
teristics and on the vulnerabilitv of various classes of buildimgs
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~ 1I.S ° STATISTICAL STUDIES FOR THE PREDICTION
OF SEISMIC DAMAGE OF REINFORCED
CONCRETE STRUCTURES

Cristian Radu Constantinescu x)
Mihail Stancu **)

The experimental ressarch and studias on the dynamic beha-
vior of existing buildings performed in Romania are more than
20 years old (9).

The first ambient vibration tests of full-scale struc-
" tures offared an efficient way of studying the linear response
of stractures and identifying the dynamic properties of new

onstructive-system buildings. This research and theae studies
werw of great importance for the permanent improvement of earth-
quake engineering knowledge and constituted a reference point
for the experimental studies carried out after the Vrancea
Earthquake of March 1977 (1).

The identification of changes in ambient vibration res-
ponse between pre- and post-earthquake conditions created the
possibility of obtaining data necassary to find a ocorrelation
between experimental results and observed damage of buildings.

METHODCLOGY FOR EXPERIMENTAL DATA ANALYSIS AND INTERPRETATION

Giving the importance of adequate behavior of éxisting
buildings, new or old, which were damaged during strong motions,
several methods were developed for the evaluation of their se-
ismic resistance. Some are based on analytical procedures, othas
on ambient vibration testing of full-scale structures excited by
wind and microtremor ground motions.

. The axperimental methods cqonsist of analysis and inter-
pretation of data obtained on existing buildings by means of
adequate measuring equipment., These ambient vibration tests as-
sumse that the structures can be approximated by damped, linear
dynamic systems, and that the excitation is a wide band )
vibration, The structures amplify those fraquencies closed to
_.their-magural fraguencies. This amplification depends on the

x) Scientific Researcher - INCERC
xxn) Senior Sciemtific Researcher -~ INCERC, Romania
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damping capacity of structures. The natural freguencies of strug
tures ~an be identified by Fourier analysss of axperimsntal data.

The damping ratio of the soil-structure system, whioch is
of great importance for the dynamic bshavior of a building, can
be obtained by high level procedures, using the autocorrelation
function of structural responsa (3).

Such exparimental studies were psrformed on 35 beam and
column R,C, structures built before 1940.

In order to illustrate the methodology described previcmly,
bafore the presentation of the statistical study results and the
correlation with the observed damags after the earthquaks of
March 1977, some sxperimental results obtained obn a representat
ve R,C, structure with bemus and columns damaged during the
quake are shown.

Figures 1 'Qﬂ < indicate the time response of a building,
recorded at the 8 level, on the two main directions of build~

ing.
%MVU\ANMWWNMWWWM
| : ‘Ic|
A% 1. aschlotons of sthooke an trarsversal obechon
i

iy
B2. axciiphine af Studtve an bttt dvectiv:

“

Figure 3 indicates the Pourier spectra of osuillations

" shown in figure’'l and 2 used for identification .of translational

and torsional natural frequencies.

[ -

Figures 4 and 5 indicate the Autocorrelation functions of
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oscillations shown in figures 1 and 2 used for identification of
damping ratios on the main directions of building.

MATHEMATICAL HODEL USED FOR DATA ANALYSIS AND INTERPRETATION

The experimental studies proved that structural deflection
and rocking motion are predominant within the total motion of
buildings. The swaying motion is small and can be neglected. In
this case, the bulldings are better represented by rocking-struc
tural deflection systems as shown in Fig.6,

The equationa of motions
of the system are:

]k./'a*f-gc@ # Kp Gy 0
or b

”’féd.}'-**é)+0>?+tx
f(&'?‘—-— + ¢ &H;m,-a T %, 4

V]
9. 6. .é’aac:' - stvctiral
ab%évp Sysrom
mass of structure

- moment of inertia of structure

- total displacement of the mass

- angular displacement of the mass

- displacement due to rocking motion

in which:

®OxHA

- elastic displacement of structure

- rocking angle at base

= viscous rigidity of structure

- viscous rigidity of foundation

- elastic stiffness of structure

- elastic stiffne3s of foundation
~ height of the mass.

TEFOQQ

By assuming the forms of solutions as

{Xz-ﬂ t (wbere 4,8 constonss)
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the fnllowinq freguency equation can be obtained:

2(Rs +) 7 ) 2% (Y 703 # ) 4 1) 254 2/ yins 2 g )z 4yC=0
where ye %

Expressing: Zg2 <ol 2 1/6
the general scolution for the total displacement of structure
becomes:

X = e XU (cp cosBedt» G Beist)
where : Cr,Cp = CORSHOITS.

Thus the natural circular frequency of soil-structure sys-

tem ig:
0 =»ddh ;é(;%ﬁge

and the damping ratio of soil structure system :.s:
ok

Va5

The last two relations show the influence of rocking mec-
tion on the dynamic characteristics of structure.

s

In general, the damping of the structure is very smill
and the soll-foundation system has large damping. For a combina
tion of n_ = 0.005 and ng = 0.5 the results are shown in Fig.7.

n}
(7 9]
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The mathematical model described offers the possibility of
an accurate interpretation oi experimental data and a good cor
reldtion between experimental data and simplified evaluations of
structures.

STATISTICAL STUDIEG

Giving the weight of beam and column R.C. structures,built
before 1940, in an urban area with buildings, the statistical
studies took into consideration all the available data concerr
ning the dynamic characteristics of this type of buildings. The
statistical data related to these buildings were relatively rich,
homcgeneous and characterized by a high degree of reliability. A
first category of results is shown in Fig.8.

4
| TRANSYERBSAL \ cavsrreoivaz

3

(o)
¥

Lumber of levels

| @Qatery g [0 1® @ ey
o7 e @8 ¢ 4¢ a6 a8 0
Frg. 8. Corrclatior belveen exoervmentd obly ana'
observed domage.,

The relatively good correlation between the experimental da
ta (fupndarmental natural periods vs, number of levels} and the de-
grees of observed damage should be noted. The experimental data
were oibbtained before any strengthening work.

L second category of statistical analysis results is shown
in Fig.9%. These results are related to experimental studies to
crack tlie efficiency of strengthening works carried out after the
1977 earthquake. The changes in natural periods of buildings on
the main directions between pre- and post-strengthening works are
presented,
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The regression lines for the delimitation of observed dama-
ge domains are shown in the same figure. Two important uspects -
can be observed: the individual effect of change in natural dyna-
mic characteristics due to strengthening works and the possibili-
ty of predicting, by means of statistical data, the future se~
ismic bshavicr of these buildings.

The last aspect is more clearly put into evidence in a
third category of statistical analyses on a sample of 42 buil-
dings, others than those analysed previously. For these buil-

dings the experimental studies were performed only after streng-
thening works. The results are shown in Fig.l0, They are in agre-
ement with enginsered data concerning the strengthening works,

The analysis of data on damping capacity of structures of-
fers the last category of results presented in this paper.

The damping capacity of the soil-structure system is corre
lated with the elestic stiffness of the structure (Fig.ll). The
damping capacity decreases when the elastic stiffness of struc-
ture degradas.

237



t TRANSVEC AL LONS/TUDIRL
2 P v vy

2
®

Number of ‘evels
S~
~
~°

~

—3
~

\...
S~

™
R
w
’::
:
~
o™
o
~3

0. /%aétgé'a’ degree oF obrmope wsiag
exvermentl abtr a¥er Shengtheniig

This same aspect was suggested by a theoretical analysis of
the simplified model described in Chapter 3 of this paper. It is
in contradiction with experimental results obtained on reaction-
wall tested structures in which the damping capacity of a struc-
ture increases with the decrease of elastic stiffness. This para-
dox can be explained by the diminution of the soil damping in-
fluence due to the decrease of elastic stiffness of structure.

FINAL REMARKS

Experimental methods to predict future seismic behavior
of R.C, structures can be efficiently used for buildings with
predominantly elastic structural deflection in the total deflect-
ion obtained by experimental metheods.

This paper described only the main procedures, data analys-

238



—

qae

£ 7. Dompmag roto vs. novvrol perbd
(e.pa’g-ﬁmzw bty )

is and interpretation. There are also many other procedures for
interpretating experimental data (filtering procedures, eross-
correlation technigr~s3, etc.) which offer the possibility of
identification of s...e dynamic structural sensibilities ( the de
gradation of floor gtiffness, the interaction betwsen two buil-
dings, etec.).

Although it isacceptable only for the structural behavior
in elastic range, the method offers important data for the pre-
diction of seismic response of R.C. structures. The information
is of great importance gspecially in cases when experimentaldata
on pre- and post-earthquake dynamic structural characteristics
are available.

The comparative evaluation of damping capacities for Aaif-
ferent types of soll-structure systems coffers important data
regarding the future seismic behavior of buildings. The Aamages
which occur in structures leads to a decrease of damping capa-
city of soil-structure systems and, as a result, to an increase
of structural stresses.
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Another important result of the experimental studies 1is
the good correlation with the mathematical model described in
trhis faner,
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11.6 RESEARCH ON STRENGTHENING METHODS
FOR EARTHQUAKE DAMAGED MASONRY

M.Simonici X

Rurposa., A widely used strengthening wethod for masonry
shear walls, simple and relatively moderate in cost, consists of
external reinforcement made of welded wire mesh § 4 mw/10 cm,bon
ded to both sides of the wall by means of a 3-4 om thick layer

of hand-applied mortar at 1 : 3 (cement':sand) ratio. The main
purpose of the research wis to evaluate the effects of this me-
thod on strength, stiffmess and other characteristics of the

strengthened shear walls response. Considering the obtained re-
sults, another method was worked out and tested, quite different
from the preqeding one, in the way reinforcement is distributed
and used. Retnforcing is performed on both sides of the shear
walls, using reinforced concrete bars with the diameter estab-
lished by calculation. Vertical reinforcement is composed of
structural and repartition reinforcement, The former is discon-

tinousa, the bars being concentrated at the ends of the shear
walls, or when needed in its span. The structural reinforcement
is anchored in the foundation and in the floor slabs. Thus

holes are perforated in the floor slabs and structural reinforce
ment is introduced, being then spliced by welding to the upper
floor reinforcemant. The holes are then concreted. The vertical
repartition reinforcement is evenly distributed and not andwored .
Horizontal reinforcement is evenly distributed on the height of
the shear wall and is anchored to it, At the basis of the shear
wall 2-3 bars close to each other on the vertical should be pro-
vided in order to prevent buckling of vertical bars and to con-
fine compressed zones,the distribution pattern of reinforcement

is shown in Fig.l. Steel anchor blocks (shown in Fig.l), hawving
the respective bars introduced and fixed, were used to reproduce
under laboratory conditicns the effects of the reinforcement an-
chorage in the floor slabs.

aﬂg&hgggégg*;aln the first stage, masonry elements were
tested up to ult te load, then strengthened with welded wire
meshes and tested again under the same conditions. The results

of unreinforced and strengthenaed masonry elementa tests were
then compared. In the second stage, unreinforced masonry ele-
ments were again tested up to ultimate load and were then
strengthened according to the second method previously de-
scribed.

The criteria adopted for evaluation of gradual effects of

x) Dr.eng. Senior researcher, INCERC
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the two strengthening methods were: mode of failure, strength ,
stiffness anda stiffness degradation, ductility, etc.

Experimental results were compared with theoretical ones
obtained by applying the calculation method from (20). This al-
lowed the checking of calculation hypotheses, confirming the pos
sibility of using the above mentioned method,

Results of the research
Testing of the welded wire mesh strengthening method

Tests were carried cut on 20 masonxry specimens, 1l35cm lang;
90 cm high and 29 om thick (h/l = 0,67). The specimens were erec-
ted on a reinforced base heam. At the upper part cf the
a 15 cm high reinforced concrete beam was cast. Specimens load-
ing was carried out using a 13 t constant vertical load and
horizontal displacements applied in alternating cycles with in-~-
creasing amplitude. Unreinforced masonry specimens were  marked
with ZS symbol followed by the order number of the specimen.After
strengthening, their symbol was changed tc ZC. For the evaluation
of effects obtained by means of this strengthening method used
under site conditions, at certain specimens certain execution spe
cifications were deliberately omitted, such az masonry surface
cleaning with wire brushes, joint deepening and cement grout
spraying.

The following conclusions can be drawn from the tests per-
fermed:

Unreinforced masonry specimens (2S) failure was produced
generally by alternative crushing of compressed ends and, with
certain specimens, cracking along the two diagonals followed, as
a result of shear force (Fig.2).

Very often, with specimens strengthened with welded wire
mesh, mortar layers came off because of poor adhesion to masonry

Fig.2
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The stre'ngthening did not influence the failure mechanism. It can
then be said that strengthening with welded wire mesh does not
increase masonry specimens resistanos or stiffnesa.

Fig.3 shows the average load ~ deflection hysteretic envel
opes for unreinforced masonry specimens (ZS) and for the strength-
ened ones (2C), while Fig.4 reproduces stiffness degradation
curves for the two groups of specimens. The comparison of the
respective curves clearly show that by applying the described
technology the damaged masonry can only be repaired partially
but not at all strengthened.

Tasting of the gtrengthening method with digscountinous rein

forcement .

Tests were performed on the same materials, with sizes iden
tical to the previous ones. The specimens were loaded similarly
but the vertical load was higher (20 t as compared to 13 t).This
explains the difference between P -8 curves of unreinforced ma-
sonry specimens from the iwo series of testings., Unreinforced ma
sonry specimens were marked MS and the strengtheneq ones MC.

The conclusions of the tests are the following:

Failure of unreinforced masonry specimens occurred &t ec~
centric compression and was characterized by plastic deformation
of the masonry at the lower ends of the specimens alternately ocam
pressed (Fig.5).

Fig.5
246



FPig.6




8ve

P, f K, tt/mm

26 - MC 26

24 ¢ 2 1

22 1 22 1

20 - 20 1

18 4 18 1

16 1 16 t

1% 1 MS % 1

12 4 12 1 MC
10 - 10

8 | a 4+ MS

6 1 6 1

4 i 1

o 6 8 Amm 2 L & & 4mm

Fig.8 Fig9



Failure of strengthened specimens occurred due to rein-
forcement yielding, with plastic deformations lower than for
the reinforced masonry (Fig.6,7).

Strengthening effects on masonry resistance, ductility and
stiffness are shown in the average hysteretic envelopes and stif
fness degradation curves in (Fig:8,9). It is obvious that the
tested method doubles the strength of the masonry and increases
its stiffness and ductility.

Conclusions

The present paper clearly shows that strengthening with
welded wire mesh @ 4 mm mortar bonded is not a means of strength
ening the damaged shear walls but a method of partial restoring
the initial characteristics of masonry.

The second method, where the vertical reinforcement is
anchored in the foundation and in the floor slabs while the
vertical one is mechanically fixed to the masonry, presents the
following advantages:

- at low reinforcing ratios and using hand applied mortar,

significant increases in strength, stiffness, ductility and
energy dissipation capacity is obsezrved;
- by adequate choice of the ratio between vertical and

horizontal reinforcement masonry failure occurs at flexure with
compression proving thus a ductile behavior;

- comparison experimental results of both unreinforced and
strengthened masonry with the analytical calculation obtained by
calculation method (20) almost similar values for forces cor=
responding to cracking, yielding and ultimate stage respectively.
Greater differences among digplacement values of unreinforced
masonry are explained by the conditions under which tests were
carried out. Thus the effects ¢f the proposed strengthening me-
thod can be controlled and selected by means of calculation.

The mentioned results are conditioned on the adeguate ap~
plication of execution technologies.

It is of utmost importance to provide a good adhesion betwg
en mortar and masonry, which can be achieved by adequate masonry
cleaning and wetting, joint deepening and cement grount spraying

Reeearch must be continued in order to establish the
limits of the reinforcing ratio, elaboration of rational de-
tailing specifications for reinforcement anchoring in the founda
tion, for strengthening the connections between the shear walls
particularly at the corners and cross joints, etc.
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II.7 POSSIBILITIES OF ASSESSING SEISMIC RESISTANCE OF
OLD BUILDINGS

Dunmitru Vasileﬁcux
pPaniel Diaconu

ABSTRACT
The assessment of resistance capacity of existing old
buildings designed and constructed prior to the use of ade -
guate aseismic provisions is a necessary and important step

for reducing the global seismic risk in a glven area. The pro-
blems of identification, assessment and elimination or miti -
gation ¢of high seismic risk have received increasing attention
in recent years.

This paper examinations various possibilities in the
earthquake resistance of old buildings consisting of masonry
walls, reinforced concrete frames, or a combination of the two
and describes a relatively simple approach of estimating the ca-
pacity of a structure tc withstand earthquake loading. The ap-
proach is based on available documentation or field collected
data concerning the features of a structural system the qua -
lity of materials used, strength and ductility characteristi cs
and other factors influencing the behavior of buildings during
earthquake ground motions.

INTRODUCTION »
In recent years develcopments in earthguake engineering
have been reflected in substantial changes in seismic design

provisionsa, usually requiring increases in lateral design loads
or other corrective actions /1/. As a result a these chinges it
has become necessary to réeevaluate the existing structures
located in seismically active areas, especially when there are
doubts their ability to resist the recommended minimum lateral
forces. Earthquake codes are legally enforceable rules for the
design and construction of new buildings but scarce or rather

X ICCPDC, Bullding Research Center of Jassy, Romania
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no explicit references are made to the existing stock of old
buildings. A most essential requirement of these codes is that
they are applicable to all structures, so that the whole popu-
lation-is protected. A special cage, treated in this paper, 1is
that of old buildings constructed before adequate seismic de~
sign provisions were developed. In recent damaging earthquake s
most material and life losses have been recorded in old buil-
dings made of brick or stone bearing walls inadequately inter-
connected to floor or roof slabs /2/. Generally, in agiven town
the seismic risk related to old buildings is much higher than
that related to new buildings designed in accordance with ade -
gquate aseigmic provisions. On the other hand, the seismic risk
should be very low for essential facilities and can be relati =
vely high for a purely functional structure such as warehouse
Although it is practical nor economically feasible to provide
the same level of protection against earthgquake for all buil-
dings (existing or planed) in a given town it becomes however,
necessary to identify the unsafe structures and to re-evaluate
them with respect to their ability to resist seismic forces.
These buildings may require some modification or strengthening
to minimize the risk of injury or loss of life, although full
compliance with the current lcading code may he hoth expensive
and technically demanding.

The investigation of factors and basic relations to be
considered in a rational approcach to the decision on intervention
on existing structures was presented by Sandi /3/ . Even if the
acceptable level of damageof existing old buildings is greater
than that for new buildings the minimum level of protection
must be assured and structural collapse prevented in all buil -
dings. The assessment of the earthquake of a structure is a
problem of decision - making under uncertainty. The decision
refers to the required levels of strength and ductility which
must be assigned to the building. The major uncertainties arise
from the unknown nature of the earthquake that should be anti -
cipated at a particular site, the interaction of the structure
with the ground, and random nature of the parameters modelling
the structure. In predictions the earthquake resistance of a n
existing building one would like to be able to calculate or at
least estimate the probability that the structure will survive
the earthquakes it may experience during its lifetime. Perhaps
survival with a specified degree of damage is of greater in -
terest than survival alone. On the other hand the imestigation
of the residual resistance of an existing building measured
against current design criteria is of great importance.

Generally in the assessment of the buillding structures,
the accepted level of safety is taken to be that of elements
designed exactly in accord with the seismic code in force and
the examined building and its individual components are asses -
sed in terms of a J' value where:

¥ =(actual ultimate strength)/{ required
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ultimate strength)

For an old building as a whole, T values of 0.25 or even
less are frequently encountered although for individual members
values as low as 0.1 are not uncommon. A large variety of methods
for evaluating the structural adequacy of existing building may
be used. Ideally, appropriate three-dimensional dynamic response
analysees for different types and intensities of ground motion
would provide the most reliable results. These analyses must ac-
count for soil=-gtructure interaction and for the nonlinear be-
havior of astructural elements. Such methods are likely to be con=
sidered for application to structures whose survival and inte -~
grity during an earthquake are sufficiently important to warrant
extra care and accuracy in the evaluation. Therefore, the most
desirable and practical méthod for evaluating earthquake resis-
tance would be one combining simplicity of computation with an
accepted level of reliability. In addition the application of
engineering judgement is paramount so that the appropriate weight
may be given to factors that cannot readily be quantified but
which, nevertheless, have a significant effect on the per -
formance of the structure as a whole.

The main purpose ¢of this paper is to present a relatively
simple procedure of assessing the aseismic resistance aof old
buildings constructed of masonry walls or reinforced concrete
frames processing some inherent weakness in their main struc -
ture and other similar systems. The procedure includes a  rapid

evaluation technigue to analize the structural adequacy of a
large number of buildings in a seismically active area and it
is not intended for detailed structural analysis o individual
buildings,

The basic phylosophy of the paper 1is similar to  that
presented by Aayama /4/ for reinforced concrete structures. The
main difference congists of a more explicit consideration of the
features of o014 low-rise buildings of unreinforced masonxry
walls or reinforced with less steel that is considered adegquate
to quantify the 8tructure for the term "reinforced". The re~
sults of an application of the procedure in evaluating the la-
teral resistance of 43 buildings affected by the 1977, March ¢4,
Romanian earthguake are also included in this paper.

THE BASIC PRINCIPLE OF THE ASSESSMENT PROCEDURE

Generally the existing old buildings located in seismic
areas exhibit deficiencies including: (1) Lack of strength in
relation to level of lateral forces; (2) Lack of auctility; (3)
Presence of major life safety hazards particularly during mo ~
derate earthquakes due to nonstructural components: (4)Irregular
plan shape or other concevtual inadequacies; {5) Lack of inte -~
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grity in detailing: (6) Construction defects,

wWithin the proposed procedure, the earthquake resistance
of an existing structure is svaluated through several indices
taking into account the strength and ductility characterist ics
of the used materials, types of structural ¢ nents and other
parameters influencing the behavior of a structure during
earthquake motion such as soil-structure interaction, overall
seismic adegquacy, deterioration in time of initial characearistics.
The procedure was developed to allow for a rapid evaluation of
a large number of buildings and to provide a basis of = compa-
rison of relative levels of safety between buildings,

The capacity of earthquake resistance of an individual
building may be evaluated by a saquence of procedures which
are repeated in successive steps using more refined idealizations
of behavior from one step to the next, The first step repre -
sents a relatively simple estimate based on 1limited data re-
garding the present condition of the structure. The second and
third speps require a more complete description of the struo~-
ture and a classification of its structural system according to

available deformation capacity and ductility at the damage
threshold,

The aseismic resistance index Igq of a structure con=
sists of the product of four factors related to the strength

capacity and ductility under lateral loading, site conditions,
structural adequacy and time deterioration of the elements:

I, = R. S. P. D (1)

Vertical members such as load carrying walls, pillars, columns
and lift or stair cores are frequently maintained at the same
dimensions through the height of the building for architectuwral,
planning or errection reasons, and the level of safety is larger
at the upper levels.

Generally the index I_ is evaluated at each story and
in each principal plan direclion. For those buildings with uni-
form storles the evaluation may be limited to the ground floor
level, The terms in relation (1) are defined as follows:

R~=basic factor of lateral resistance capacity, depending
on ultimat= horizontal strength, failure mode and ductility of
vertical loadbearing elements.

S-site factor representing local geological conditions,
soll characteristics and relationship between the dynamic
characteristicas of the structure and the kind of soil.

P=-structural aseimmic adequacy factor to consider the
overall configuration, the distribution of stiffness andstrength
and plan or elevation irregularities.

255



D~ time degradation factor to consider modification of
original properties due to cracking, chemical or corrosive
attadk and other agents.

The moat substantial part of the computational effort
consists of determining the value of factor R, as willbe shown
below. Some considerations regarding the criteria for evaluating
the factors S, P and D have been given in a previous work /2/It
may be observed that for unity values assigned to these factors,
the index I_ = R. In other words, the last three terms in
relation (1} may be considered as corrections of R due to the
influence of some structural and site characteristics.In this
respect the factor S was introduced, as mentioned, to account
for local soill conditions that may attenuate or amplify the
structure response under a given seismic excitation, depending
on the dynamic characteristics of the structure and underlying
ground. A single value of S is assigned for the entire building
in all the assessment steps,

The factor P is usually evaluated for each story and
each principal direction, excepting the first step evaluation
when a single value is eadopted for the structure under con -~
slderation. Apart from the influence of discontinuities in stif -
fness distribution and irregularities in structural confi -
guration, this factor may also include the influence of plan
dimension ratio of the building, presence of basements of va-
riation of interstory height. The more refined procedures may
also include the contribution of eccentricities between rigidity
center and mass center at a story as well as the variation of
the total weight from one level to another /2/. In a general
case, P may be written as a product of terms:

P = Pl PZ"'Pi"'Pr (2)

in which: r is the member of structural parameters considered
within the assessment procedure: P, is the influence degree of
i-th parameter and may be written &ds :

P, = 1 - (1 = gi)h1 {3)

The terms gi and h, are grading and adjusting factors respec-—
tively used in accardance with the situation of each parameter
at the ievel considered. In certain situations P, (i=1,2...r)
may be assigned dirrectly, provided that a unitiry criterion
is used for all buildings under consideration.

The time degradation factor, D, was introduced to acoount
for the effects of the modification of the original structure
characteristics during the life of the building,.The following
types of damage are considered: {a) cracks due to shrinkageor
accidental overloadings; (b) remanent deformation produced by
differentiated foundation settlements; {c) deterioration of
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material quality (d) damages due fires, vibrations or sarth-
quakes; {e} corrosion of reinforcement and other chemical at-
tack, An overage degres of damage is assigned to each storyran-
ging from o (no damage) to 1 (total failure) as may result from

a field survey o f the building, The conversion of overage
degree of damage to value of D may be perforuinq according
to Table 1.

rwble 1
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ASSESSMENT OF THE BASIC FACTOR OF LATERAL
RESISTANCE CAPACITY

Since S, P and D in relation (1) are modification fac -
tors of R as described above, some considerations are made
here regarding the assessment of tho R values. The general
form of R is:

R=R(f ,c, 4 {4)

in which B = story coefficient; ¢ ; d = ductility coefficient,
For simplicity all vertical structural elements are classified
according to their assigned ductility coefficients into three
or fewer groups. The minimum value within a group is assumed
as the coefficient d of the group and the 4 value of group 1
should be the smallest (4 ). The ductily coefficient
d may vary from 0.8 to 3, b dapindin on the type and characts -
ristics of the elements. Since low ductilities ars expected in
the presence ¢f high shear stress, the ductility factor far
ungeinforced and inadequately reinforced masonry walls as well
as extremely brittle columns is taken to be 0.8. The larger
value of 3.0 is assigned to ductile members like a column go-
verned by flexure,

When a structure attains its ultimate strangth at the
point of failure of the most brittle slements, the value of R
is evaluated with the following relation:

R=p(cvc +oc t ayCs) -

in which o,  ofy and &3 are reduction factors allowing for
deformation compatibility of vertical structural elements at
a given story.

The basic factor of resistance for a structure attaining
its ultimate strength at the failure point of the ductile mem -
bers is:

(6)
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The strength coefficient of the i-th group of elements is cal -
culated by dividing the sum of the ultimate shear strength of
elements by the total weight of the portion above the floor
under inspection:

%.‘%T /Z Gk-T'/ (y"z’) (7)

in which n = total number of stories; m= total number of ele -
ments included in the j=th group; i= the level under consideration.

In evaluating the strength capacity of an existing ma -
sonry building it is necessary to account for the possible modes
of failure vnder combined stresses. The resulting failures maybe
by shear along critical planes or tension failure incorporating
the interaction of the block, mortar and grout. The expected
performance of a brick bearing wall construction is usually de-
termined by comparing the maximum stresses calculated in the
lower level shear walls, due to the design earthguake forces
with the critical astrength. On the other hands, ultimatestrength
for shear, flexure and compression should be based on the con-
struction technique used and the extent of supervision rather
than the strength of the masonry constituents (masonry unit,mor-
tar, grout and reinforcement), It could be argued that scund de-
tailing is even more important to satisfactory seismic perfor -
mance than the provision of adeguate shear and flexural strength.

The terms primary structural system and secondary struc-
tural system are used to distinguish between members whose la-
teral resistance is included in the assessment process and those
whose resistance is congsidered in supporting gravity loads only.
Walls smaller in length than 60 cm are not considered in the
evaluation of coefficient ¢, in relation (7). When the struc -
ture is made of brick beariag walls in combination with reinfor-
ced concrete pillars and horizontal bands forming an integral part
of the bearing walls at rocf and intermediate floor levels, the
lateral shear force in relation (7) may be evaluated with an
approximate relation of the form:

.;5 ;zm (A, + A ) (8)
in which zm c w *20 ) (N/sz)

In the case of o0ld buildings made of reinforced concrete
frames and masonry infill panels the participation of masonry
in resisting seismic forces should also be considered. For the
purpose of this study, a simplified fallure criterion was used
to evaluate the expected performance of the structures. After
masonry cracking occurs, the post cracking response of the frame
wall system is modelled conservatively using the braced frame
mechanism shown in figs. 1 and 2. It is assumed that the cracked
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Fig. 2- Simplified foilre mechanism .

masonry forms wedges that brace the lower portion of the tension
column and the upper portion of the compressgson column,Plas-
tic hinges are assumed to develop at the extreme points of the
wedges and the unsupported height of the columns, H,,, is less

than the cclumn height., The shear capacity of the column is
given by:
" upp bott
T, = (Ma + My )/Hu. (9)

mueHmFﬂk 5(T‘1) is the unsupported height.
The coefficients ¢, of reinforced concrete columns

are calculated by introducing the minimum value of shear force
capacity into relation (7), namely:

Te min (T, T) (10)

in which T® i3 the shear force at the ultimate shear failure
of the column.

When reinforced concrete shear walls are present as re-
slsting members within the structure, the texrm T corresponding
to these members takes the following form:
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Temin ($Mg [0 W) (a1

in which M . is the ultimate bending moment of the wall at the
level under Eonsideration, T 1is the shear capacity of the wall
and qb =2 for a current level, excepting the top level
where qb = 1 H™ i8 the total weight of the reinforced concrete
wall from the considered level to the top. To calculate flexu -
ral and shear strength of the structure component members va -
rious relations may be used, similar to these used in the con -
ventional design procedure, or more simple relations based on
experimental data. This question, however, is not examined in
this paper.

The story coefficient F is calculated as:

'p 2—. 2n+ A (12)
nr i
This expressisn may be used for structures exhibiting funda -

nental mode shope close to a straight line both in the elastic
and inelastic range, A more conservative expression is used for
types of structures that do not meet the assumption relevant to
the linear mode shape:

p=-a+ n AL + n) (13)

in which n = total member of stories and i = the axamined story.

SOME CONSIDERATIONS REGARDING THE PRACTICAL APPLICATION
OF THE PROCEDURE

Usually, a preliminary evaluation may be performed by
calculating certain parameters pertinent to structural adequacy
and comparing them with reference values resulting from labo-
ratory tests or field observation of earthgquake effects upon

building stroctures. For example, a f2value may be calculated:

Q=5 LW/A% (14)

in which :El_vu = effective corss-sections (cm ) gf the walls at
the level under ingpection and A = floor ar=a (m“), The follo-
wing values are considered ag satisfactory for the structure

adequacy: L » 2 n (emm) © for buildings of axis stories or
less or Ll n + 6(cm/m) for buildings having more than six
stories (n is the total member of stories).

A mdre detailed discussion of those aspects was presented
in a previous paper /2/.
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In general, the first level procedure should be used
when a large number of buildings are to be evaluated by a uni-
tary approach based on an empirical, judgemental procedure con-
sidering relevant factors such as possible consequence of col-
lapse for grading the existing buildings. When insufficient data
on the structure are available at the time of evaluation, addi-
tional field survey may be performed and the values listed in
Table 2 may be used together with one of the relations

Trble 2
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in Table 3 for assessing the value of R. The relation (7) takes

the form:
T2 N ) /s
1= 1 1 (15)
~ ( AZX é‘)/;:f"'

As mentioned earlier, within more refined procedures the resisz -
tance capacities of the component members are calculated with
appropriate relations to determine the c. values. The term R are
then determined by the relation (3) or) (6) depending on the
ductility characteristics of predominant structural elements.

The procedure was applied with some particularities des -
cribed belcw to the analysis of a total number of 43 old buil -
dings in the city of Jassy, affected by the March 4, 1977,earth-
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quake. The correlation between values of the aseismic resistance
index, I_, and the overage degree of damage was studies and the
main resfilts are shown in figs. 3 and 4. Since the data on da-
mages produced by the earthquake were collected during a survey
putsuing mainly the evaluation of material losses and not the
evaluation of residual strength of the buildings, it was neces-
sary to re~-evaluate the damage degree on the basis of tlLe e -
xisting data. In some case ad hoc field investigations were
carried out together additional data on the structural system
and materials used., It should be pointed out that in lieu of
the data regarding the structural damage existed in those buil-
dings before earthquake occurrence, the factor D was consi-
dered 1 for all buildings analized. In this application of the
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procedure, the value of T for a particular building was consi -
dered as an absolute measure of its earthquake resistance,There-
fore, to compare value of I with overage degree of damage it
was considered appropriate to clasify the buildings ‘i distine-
tive groups according the seismic intensity of the site on the
MSK scale as resulted from a post-earthquake study. Of the 43
buildings analysed, 20 were located in a zone of iatensity 6.5
and the other 23 in a zone of intensity 7.5. While these two
groups represented small statistical samples in view of large
number of variables involved, the correlation is nevertheless
significant, This may be partly due to the fact that this ana -
lysis included building for which sufficient data were ava -
ilable or where those data were easy to 7get. The parameters I
and R as defined in relations (1) and (4., respectively, ma
also be used in various engineering investigations on the
seismic safety of existing stock ¢f buildings in a given re -
gion of high seismicity. Such investigatlions requires adéi -
tional data as the importance of a building, its degree of oc-
cupancy, vulberability of nonstructurul elements and other
factors, An empirical procedure was proposed /2/ to assess the
earthquake safety level by means of an index A given by the
following relation:
L L+ Iq

T mm—— —-— (16)
A +F Fo ° T
in which = aseismic resistance index related to nonstruc -
tural elements, Past experience has shown that a major life risk
particularly during moderate earthquake is due to falling

objects from parapets, ornamentations, chimneys and roof moun-
ted equipment. Repair of replacement to eliminate these risks
with emphasis on the major cccupancy areas, could be carried
cut with a relatively short period of time and a reasonable cost.
F. 1s a correction factor that takes into account the struc -
ture category and the fact that failure of some structures will
have greater consequence than those of other ones., F, is also
a correction factor to consider the influence of site seism i c
intensity according to zoning map. To take into account the
share of structural elements versus nonstructural ones in the
overall risk, a weighting factorflarger than unity was intro -
duced. In a recent study on the vulnerability of building lo-
cated in the city of Jassy a value of 3 was adopted.

The buildings analyzed by the above methodology are graded
on their safety level according td values of A listed in Table
4. The intent of the mecthodology was to avoid as much as pos -

Toble &
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sible the variation in grading due to individual judgement /2/ .
Whllg tue level of safety is not known in absolute terms, the
apprpach provides a basis of comparison of relative levels of
safety between buildings of structural or nonstructural charac-
teristics and different locations. )

CONCLUSIONS

. Of the major problems encountered in reliable assesaments
of earthquake resistance of existing constructions, the most
stringent are the reasonable prediction of the aseismic index I
and the specification of the ground motion at particular sites
in more accurate terms than thorce prescribed for the region as
a whole, This paper describes some possibilities of empirical
judgement for assessing the earthquake resistance of old buil -
dings and analyzing their structural adeguacy. Although the re-
sults of a practical application showed good correlation bet-
ween avaluated levels of strength and the amount of damage ob-
served during an earthquake, Zurther study is needed to exa -
mine in more detail the effects of variation of mainparameters
-of the assessed levels of strength. In addition some detailed
analyses of representative buildings are necessary to calibrate
the results and to compare them with the results of the de-
dign esngineering practice.
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I11.8 OBSERVATIONS CONCERNING VULNERABILITY AND
SEISMIC RISK OF RESIDENTIAL BUILDINGS OF
MEDIUM HEIGHT

Constantin Mihai ¥’

The 1977 Vrancea earthquake affected virtually all old
buildinga in the city of Jassy. The damage survey concluded that
145 buildings totalling 25,000 sq. m, of area were damaged. Some
of them had to be demolished. More than 90% of the affected kuild
ings were constructed before 1940, when seismic design codes
were non-existent. These buildings were made of brick { 72 & )
adobe, trellis work and other unburnt materials. The new build-
ings erected after 1960 generally behaved satisfactorily during
the 1977 earthquake, although important differances regarding
the manner and degree of damage of Adifferent categories of
structures were observed. The recorded degradations did not af-
fect stability of those structures,

More significant degradations were observed in buildings
resting upon soils formed from contractile clays having shallow
water table, rather than in those buildings resting upon water
sensitive soils, Structural systems utilised for those buildings
were as follows:

reinforoced concrete shear walls, 36 %,
large panels, 36 %;

masonry hearing walls, 15 &% and,
current and lamellar frames 13 %,

Sites of new buildings generally were located on the two
levels of the city:

= an upper level having a macroporous watgy §ensitive sail,
In shat region the foundations were realized upon a compressed
ballast bed)

- a lower level where the foundation scil is composed of
contractible clay, the underground water table having variable
level, up to soil surface,

In both these ragions foundations of increasing rigidity
were adapted.

BUILDINGS CONSTRUCTED IN SPECIAL SITE CONDITIONS

x) Senior Ressarcher,Ph.D.,ICCPDC~Building Research Center of
Jassy, Romania
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In the following, references arg made to some buildings
having medium height erected in the period 1938 - 1965 in the
city of Jasasy. During the 1977 Vrancea earthquake these build-
ings underwent scme degradations. Three types of structures
erected on the lower level of the city have been selected for
this investication:

= an apartment block located on the left bank of Bahluil
river designated ags "B" (fig.l) consisting of reinforced con-
crete shear walls,

- an apartment bluck consisting of reinforced concrete
frames, placed in front of Nicolina rail station of Jassy, de-
signated as "N" (fig,2):

< an apartment block consisting of shear walls and colums
placed near "Tesitura" Factory, designated as "H" (fig.3).

Some fundamental structural elements of these buildings
are presented in the above menticned fiqures.

The foundation soll,exhibiting an accentuated non homo-
genous stratification, presents the following geotechnical char
acteristics:

index of consistency 0,55 - 0,85;
porosity 0,45 - ©,57 %;

modulus of elasticity 36 - 70 kg/sq.cm;
cohesion, 0,20 - 0,30 kg/sqg. . g
angle of internal friction 2% - 7°.

The foundations were of spatial box type with and without
cantilevers at block "B", respectively “N" or foundations of a
network type with cantinuous footings at bhlock "HY, The design
of these structure was performed by considering the soil-founda
tion - structure interaction depending on the ensemble rigiditj
in the two directions, Due to the difficult foundation soil con
ditions, it was necessary to survey in time the behavior of the
biock by measuring their settlements in terms of fixed reference
points. It was found that within approximately 2 years, goil
deformations were stabilized, the settlement produced during
the execution of the building being 65 - 70 § of the total set-
tlement, which have had ¢on average value of 11 cm. The total
settlement represented 43 & of the calculated one. The founda-
tions suffered maximum inclination of 3,5 &, the settlement of
mobile reference po...ts ranging between 5,8 and 14,3 om,

SOME ASPECTS OF OBSERVED VULNERABILITY AND SEISMIC RISK

The most frequent damage, which occurred in the blocks of
“B* and "H" type, were vertical or slow inclined cracks of lin-
tels, the vertical cracks of the nonpierced shear walls located
generally at upper levels as well as some perpendicular cracks
~ppeared an the floor perimeter. The majority of these cracks
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were initially due to concrete shrinkage as well as temperature
effect, During the 1377 Vrancea earthquake these cracks extended
and become wider. Some degradations occurred in the type "H"black
during the earthquake action, and wexe located in the region con
nection of the central rigid portion (on the shear walls) with
the elastic regions from the columns, situated at the two ends
of the block, in longitudinal direction.

The structural resisting system of block type "N" was mnot
damaged Jduring the earthgquake. Some degradations appeared through
infill walls as well as through the partitioning ones;.these el-
ements detached out of the atructure and presented some cracks,
particularly at levels 3, 4 and 5, The foundations of all three
types of blocks did not present any degradation. Due to signif-
icant displacements and rotations, side pavements detached out
of the socles,

A statistical analysis revealed that the examined blocks
cresented a medium damage degree of 2 and a standard deviations
ranging between 1.05 and 1.20 /1 , 4 /.

Significant variations were observed in the histograms of
damage degrees from one structural type to another / 4 [/,

It is well known that the problem of the dimensioning the
structures under earthquake forces is a problem of accepted seis
mic risk for every country. An important fact is to establish
seismic risk for a certain type at building and to select accep-
table risk in terms ¢of economic and social conditions, To do
this it is necessary to know the quality of materials utilized,
the existing degradations, life duration of the building, initi-
al architectural and structural details, subsequent modifica -
tions, geological conditions, etc, etc. /2, 3,5, 7/.

Akkag and Shale /8 /proposed the following important fac-
tors to be considered for analyzing the risk: overall resistance
of the structural system, story resisting structural system the
Plan symmet .y, elevation regularity, building juality as well
as level of applied codes,

By means of a weight coefficient the expected risk may be
estimated by determining the damage of the whole building,

The observations performed in the present paper intendedto
decrease the risk of the existing stock of buildings and to
provide a rational long-term development of the city of Jassy.
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11.9 CHOICE OF STRENGTHENING SOLUTION BY THE EVALUATION
OF POST~SHAKING STRENGTH CAPACITY OF A MULTISTORY
BUILDING HAVING A STEEL SKELETON STRUCTURE AND BRICK

MASONRY INFILLING

Virgil Fierbinteanu

Mircea Balcu iix
Dumitru Perovici KX

Mircea Dima

ABSTRACT

1. GENERALITIES

1.1, The building to be examined here benefits from spe-
cial consideration within the environment and architecture at
its disposal; moreover, from historical point of view, it was
the first Telephone Exchange Office for public use installed in
Romania /1/ (fig.l and fig.2).

rTig.2
x Ph.D.Associate Professor,The Civil Engineering Institute of
Bucharest, Romania
XX Lecturer, idem

xxx Dipl.Eng., The Railroad Design Institute of Bucharest
x¥xx Dipl.Eng., idem
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The Victoria Telephone Exchange Office building has a three-
side plane arrangement (fig.3). and a six-level height, except in
the left corner area, where an extra seven-story towcr was built,
(fig.4).

During 50 years of use, the Victoria buildiny proved to
be an ideal shelter and home for the assembly of electrical in -
stallations

The Bucharest Telephone Exchange Office located at 37
Victoria street was erected between 1931-1933, conforming to a
project of L.S. Weeks company - New York, USA, later between 193&
1939 and 1945~1946, the initial structure (12 levels) was enarged
with two adjacent buildings (6 levels each).

The ground of the building required a heavy foundation 1in
view of laying it on a gravel-sand layer, water imbued settled
to a depth of 8m, under the sidewalk level,.

The main effects of March 4, 1977, Vrancea earthquake
considerably reduced the bearing capacity of the structure through
the compromise between th~ metallic frame and non-metallic ele -
ments as well as other 1lc "ul damages,

The computation model obtained on the ground of these on -
servations was subjected to a dynami.- lysis of the building
got through the direct integration of Viancea earthquake accele-
rogramms.

The resialts were used in the
consolidation measures tnat details

the method of embedding the brick
pannels in the metallic structure.

| " E\\-
4
o]
=

Calea Victoriei

tatories y

Str. Matei Millo

Fig.3
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Plan etaj 2

Fig.5

1.2. The structure building assembly is three-dimensicnal
steel frame (i.e,columns, beams and girders) whose cross sec -
tions are riveted with I-beams and structural angles, channels
and strips.

The individual column clamped to its foundation base is
made using two or three-level I beam lattices packed into the
concrete foundation block, Altogether these blocks are inter -
connected by reinforced concrete beams to form a plane grid foun-
dation structure. The reinforced concrete floor diaphragms are
designed in a way that the girder steel beams are included into
the floor structure. The grid flcoor arrangement is shown in fig.
3 with the thtrd floor plane view (i,e, the first overground
story) ggd the Expical floor plane view of tower extra stories
(i.e, 5 to 1177),

The floor design was made using hanged timber forms and
the common deformation of concrete and steel skeleton has been
accomplished by the use of steel wire backing that covers the
I beams grid structure.

The brick external walls facing the streets are plystoned
with Rusciuk stone pieces; those facing the inside courtyard
are covered with limestoned mortar. The plystone of the front
walls is 10 cm thick,giving it a 40 cm thickness together with
the brick thickness,

The anchorage of stone pieces on wall suppert has been
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acoomplished using stesl wires and white mortar of Fisni., Tha
walls facing the courtyard are built up using cementsd wmortar
and the bricks are plotted according to a specific “Amsrican
brick arrangement technique®, The interior partition walls are
made from hollow bricks, 7 cm thick each, and cemented mortar.,
The layout of the intarior walls was detsrmined according to
functional criteria only, regardless of "embedded™ grid disposal.

The structure columns have also bmen "embesdded™ using
special sized, hollow bricks; they are builr up on the narrow
size around tha steel column and the rwminingspace is filled
with pieces, limestoned and cement mortar.

1.3. The foundation ground of the "Victoria" building
is not suitable for the placement of such a monumental building.
Soil tests in the area have revealed the following groond layer
structure /2/:

. an unstuffed, unconsolidated layer of 6,20 m thick be-

neath the sidewalk level of Calea Victoriei street;

. & thin clay layer, having sand inclusions:

. & gravel-sand layer, water imbued, at & depth of B m

under the sidewalk level.

The structure’s foundations are clamped within this last
layer; it is the level where base blocks of each columns are
grid-connected by reinforced concrete girders.

2, STUDY MOTIVATION

3.1, Aftexr the earthquake of March 4, 1977, some damage
was obssarved during the examination of “Victoria" Telephane Ex-
change Qffice in Bucharest; the most important ones are pre-
sented and discussed in the spirit of strengthening works to
ba undertaken.

chmp'a columng imdarwant local damage (i.e.cracke

in cm mf{ \? ﬁ” and everatl dis‘ee;bmee:. such a8
atan 8 uemau nn the vertieal axis

lmc as 4 om to the Nor round story level, 'l' ha
lateral Adisplacements ut.ond up to tho third floor, in the !mnt
vall facing Calea Victoriei street; from these one might con -
clude that the permanent, inelastic displacements registered
up to the third floor have an average value of 1/150 H(where H
denotes the story hetght). A column at low-story levels has
Yemanent bending curvatures with the maximum in-plane deflections
up to 3 cm ; this observation renders the hypothesiz accordi ng
to which columns were bent in two principal planes of inertia
and the bending moments are augmented by the axial force and
tha initial q.o-.tty imparfections of the steel structure.

276



There were, of course, large number of columns which underwent
the deformations of the type described above, but the "embedding"
into a less damaged protection material prevented the evaluation
of their permanent deflections and curvatures.

2.2, among other mtructural elements (walls, floors and
the foundation grid) some damage has been cbserved up to the
third story (i.e. parallel cracks on the facade to Matei Millo
street and some splits, up to 2 cm big, on the facade tower mo-
dule of the building).

In the exterior walls some small, isolated dislocatiors
between plystone pieces occurred; the damage of interior walls
reveals that they had undergone "constrained™ shear panel effect
during the earthguake motion.

2,3. These observations lead to the following important
conclusions regarding the total strength of the building after
the earthquake of March 4, 1977:

(1) the metallic strength structure presents at low -~
story levels, joints, beams and columns which gathered signifi-
cant plastic deformations;

{(ii) in the brick panels and in the floors placed at low-
story levels of the building, the post-elastic deformations caused
fissures and cracks characteristic for the shear panels, i.e.for
tranasversally loaded plates;

(iii) the post-shaking common deformation of the basic
compenents of structure is a compromtise between the deformations
of the metallic frame and those of the non-metallic structural
members; the compatibility of the deformations is achieved at
the expense of maintaining some residual elastic tensions in
the metallic structure, compelled to observe a deformed configu-
ration imposed by floors and walls,

2.4. The measures of immediate strengthening suggested
by the experts commission /3/ aimed at:

{1) consoridating with double diagonal metallic ground
floor panels on tle front side facing Calea Victoriei

(11) unlcading the building (water in the air-conditioning
tank should be maintained at minimum level; storage batteries
should be moved in the basement; certain equipment and aerials
should be located in nther places etc.); those proviaions were
mostly observed so that the telephone exchange affice functio ns
normal through the building is not strengthened.

Final strengthening measures impose the removal of fa-

cilities so as to perform surveys, by uncovering the column
coating near the joints of the metallic structure in view of
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knowing their state of deformations and of establishing practi-
cal possibilities of stifiening.

The final strenghtening operations should accomplish
the main objective mainly to bring the structure to its initial
bearing capacity (by jacketing the columns, stiffening the

joints, rewedging the brick walls, recontinuing the floors etc
/4/) at an (energetic) level as close as possible to the situ-
ation before the earthquake of March 4, 1977.

Taking into account that the strengthening operatiaons

require the reroval of facilities, the effort of "X-raying” the
present condition of the building, under normal functioning re-
gime is thoroughly justified by means of automatic computational
model, "identified"” (in the sense of the theory of systems) by
measuring the dynawmic characteristics after the earthquake /5/.

3. COMPUTATIONAL MODET.

The complexity and the characteristic features of the
structure of Telephone Exchange Office building may be summari-
zed as follows:

(i) one may identify 32 distinct plane frames, with a
variable number of levels and arranged both in directions x and
y in plane, and in arbitrary directions;

(ii1) the number of distinc¢t cross-sectional areas of
the columns exceeds 20 (an explanation of this variety of shapes
and dimensions is that the building was erected in three phases
over 17 years). The mean geometric characteristics of the column

cross-sectional areas were grouped in four different types and
are listed in table 1.
Table 1
SECTION AXTAL INERTIA
LEVEL NUMBER AREA I 1,
VI, X X 1 127,00 19518,00 8125.00
v, v Vi 2 204,00 39850,00 1352000
PRI 3 250,00 4924100 1610 00
S.Pi 4 318.00 6171000 205530u
.(?ii) the brick walls are distinguished by thickness,
composition and covering (by coating or plastering) 12 frames
from a total of 32 are "wedged" with shear panels arranged at

all levels or mnly

at certain storis;
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the walls increase the rigidity only in the plane of the frame

in which they are arranged, their rigidity in the
normal to this plane being neglected;

direction
(iv) the floors are considered as rigid washers in a ho-
rizontal plane and as plates under the action of vertical for~

ces, norm al to their plane. The hypothesis regarding the be -
havior of the floors as rigid washers essentially

simplifies
the spatial computation of the multi-story structures and is
widely used in literature (/7/, /8/). The validity of this hy-
pothesis is examined for the casge of the building tower ( the
corner facing the crossroad Calea Victoriei - Matei Millo street)
by performing the computation and the plot of the proper
of vibration obtained without using the stated hypothesis,

forms
Fig.8 shows the components of the first form of vibration
at two of the tower levels; it can be seen that the floors suf-
fer motions of rigid, solid type in horizontal plane (roto trans-
lations ), hence, the

floors may be considered as washers
horizontal plan, i.e. correlators of the displacements of
spatial frame joints.
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(v) The computational model of the strength structure is
supplemented, taking into account the dynamic computation, by a
system of elastic springs arranged in horizental plane of every
floor, meant to "stiffen” the spatial frame until identifying
its dynamic characteristics with the measured ones (see next
section). At the same time, the co-operation between structure,
foundation and ground is taken into the computation by intro -
ducing a "fictition story"”, under the level of the foundation
base; the total rigidity of the "fictitious story" introduced
was cbtained from the condition that the maximum side displa ~
cement computed by directly integrating the 1977 earthquake of
March 4, represent, at the upper level of the building, a frac-
tion equal to 1/100 of its total height (about 5 cm).

4. PROBLEMS OF DYNAMIC IDENTIFICATION

4.1, When examining the dynamic behavior of the building
to dynamic loads, the fundamental parameters are taken as be-
ing the first 10 nature vibration modes of the elastic linear
model of strength structure (proper periods T, and proper vec =
tors ¢ ., i=1,2...10). Among these dynamic chgracteristics the
fundame%tal natural period T1 represents the basic parameter

used in this work for "identifying" the computational model
with the actual structure.
Thus, the computational model of the structure with

post-earthquake damage was finished accsrding to the criterion
of the identity of the natural period T 1, computed with the
fundameptal period of the building measﬁred after the arth -

quake 11 = 1.25 gsec in direction N=-S /5/; the results Tll =

1.226 sec in table 2 meet the requirements of the stated cri -
terion.

Table 2

Natural periods of vibration of post-shaking computational

model
Mode of
vibration 1 2 3 4 5 6 7 8 9 10
Period
Ticl 1.226 1.070 0.666 0.544 0.490 0.340 0,258 0,246 0,206 0,189

280



The procedure of “identification” is certainly an incomplete onej
it is however estimated to achieve the best modelling of the
real situation, for which knowledge is so0 limited ... par . 2
"Study Motivation").

4,2, Unforﬁunately, one does not know the fundamental
natural period T, o, which the building in question had be -
fore the earthquake; such a value certainly would have repre -
sented "the object-function® (in the sense of theory of optimal
systems) for the computaticnal model of thi: building brought to
the initial bearing capacity by cohsclidating it. When this pa-
rameter is absent, the stremgthening solution suggested in the
work /5/, drafted according to the results of the numerical com-
putation /4/ appears like a spectrum of the natural periods T, 2,
in which the strengthened structure incregses its rigidity by
about 25 % and comes closer to values T, o computed for the
building before the earthquake, as resulted from table. 3.

Table 3

Natural periods of vibration of comgutational models

for structure before earthguake, T o

for structure after strenathening ng

Vibration

mode 1l 2 3 4 5 6 7 8 9 10
Period
o BIIE|N 0887 2857 P 53¢) ose| va2r | pew | o363 ¢350 Vo322

i
Period
wCs 962\ 0882\ o/ | ¢ 635\ w9 250 | owar | oz | 2254 232

The eigen vector (the eigen form) related to the eigen

period of vibration by values T.;o and T;1 are shown in fiq.9 ;
this comparison is used to desc*ibe the ﬁerformances of the

strengthening solution.

5. CONCLUSIONS

Taking into account that before the earthquake the bhuil-
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ding had a fundamental (computed) period ™0 = 0.938 sec., one
may generally estimate that the earthguake caused a reduction of
building reliability by 35-40 %; this reliability is to be re-
established to a larger extent by the building. For the time
being, one has proceeded to reduce and re-distribute loads, in
view of bringing the strengthened building to dynamic parameters
as close as possible to those of the building before the earth-
quake.,

From the examination of the eigen modes of vibration,
the "whip effect" introduced by the upper modes of vibration on
levels 10-12 is rendered evident., This effect leads to an 1in =
creased absorbtion of energy in the upper area of the building,
more sensitive to the upper modes of vibretion.
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Taking into consideration that certain elements of the
building which contributed to the taking over of the horizontal
loads were damaged, their operation being partially or totally
stopped, the suggested strengthening solution is conceived 80
as to achieve a clear and safe structure regarding ite beha -
vior to seismic stresses.
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Bringing the building to its capacities from the view-
points of strength, rigidity and dynamic stabiiity 1 2presents
the main objective of the strengthening solution.
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I1.10 THE STRENGTHENING STRATEGY FOR EXISTING
BUILDINGS ,DAMAGED BY EARTHQUAKES

Mircea Neicux

Zefir Apostolxx

ABSTRACT

After we had studied and strengthened about 2500 tall
buildings damaged by the 1977 earthquake we established the main
causes which led to the collapse of thirty buildings and the
serious damage of some hundreds of buildings, As a rule the
following design concepts have been used depending on the degree
of damage and the architectural value:

1. Reconstruction of the damaged buildings, preserving
their original destination and the outer aspect;

2.Restoration of damaged buildings by complete demolition
of the collapsed section, strengthening of the remaining part
and joining the two sections as a single whole from a struc -
tural and architectural point of view.

3. The reconstruction of some buildings by changing the
architectural style and in some cases by the demolition of 1- 3
floors.

4, The complete demclition of the damaged buildings and
the construction of a new cone, on the site.

1, CHARACTERISTICS OF THE MARCH 4, 1977 EARTHQUAKE

The strong earthquakes that have occurred during the hig-
tory of Romania were mainly foccussed in the socutheast zone  of
the Carpathian Mountains. The hypocenter depth was between 100
and 160 km, for the last two earthguakes, and the magnitude on
the Richter Scale for the earthquake of 1977 was estimated at 7.2.

The seismic intensity of the 1977 earthquake,which esta -

x coordinating structural engineer - Prolect Bucuregti Institute
XX collective resistance engineer - Prolect Bucuregti Institute
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blished the basis for study of thousands of buildings in Bucharest
varied between 7 1/2 and 9. We must specify that the determination
of seimaic intensity, on the basis of the MSK acale, doesn’t
allow an objective avaluation of the damagevr The behavior of
reinforced concrete buildings ranged from slight damage to ge-
neral collapse,

Generally, the degree of damaged buildings erected du-
ring the same period of time (for example: 1930-1940,1940-1950;
1960-1983; and 1983-1977) depended on the following factors: the
structural design conception, the execution and quality fo con-
crete in the structure, the ground-floor uses, the building’s
height, and layout, alternations and transformations in the buil-
ding since its construction, and so on.

Of main importance for the buildings’behavior was the
fact that, while some buildings were subjected to their Eirst
strong earthgquake, several other buildings experienced their
second earthquake and, due to the Second World war, those
structures were insufficiently strengthened, or not strengthened
at all, after the 1940 earthquake.

The 1977 sarthquake caused partial or total collapse in
about thirty important buildings erected between 1930 and
1940, as well as serious damage in about 300 ather buildings. In
the case of high-rise buildings erected after 1941, however,only
two partial collapses were recorded.

The behavior of these high-rige buildings has to be under-
lined, since as a result of the length of the seismic motion,

the degree of damage was much higher for flexible high rise buil-
dings than for rigid ones.

The acceleration spectra recorded in Bucharest have shown,
for the predominant direction N-S, values between 1.3-1.6 sec.,
while the most well-known and frequent apectra of the setsmic
acceleration on earth have been characterized by short periods,
with maximum amplitude T=0.4 sec.

II. STRENGTHENING BUILDINGS

The importance of strengthening buildings to withstand ad
missible conditions without loss of lives and great material da-
mage under a new strong ground motion., was brought out in stvrnng
relief by the disaster of March 4, 1977. If the buildings damaged
in 1540. The method for drawing up a strangthening praject is
well-known from the Romanian and foreign technical literature
and rafers to the achievement, step by step, of all the following
stages:
= the control of the building’s atate-of-the-art;

- determination of damage causesi
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choice of the strengthentng solutions;

calculation of the new resulted structure;

drawing up of all the strengthening details, for each buil-
ding member:;

technical assistance for the repairings,

The mere mention of the working stages might give the
wrong impression about tha complexity of the problem.

Starting with his experience, inventiveness, techni -
cal common sense and professional love, the structural engineer
has been assigned the task of solving the extremely difficult
problems raised by the strengthening of a building, since emery
damaged building is a unique case for which, to a certain
extent, there are no general prescriptions that may be used
without proper judgement.

Further on, we deal with the strengthening strategy used
in Bucharest for 2500 high-rise buildings.

According to the type of structure, the degree of damage
the town planning requirements of Bucharest, the historical
and architectural importance, different structural design con-
cepts have been used, as follows:

1. Strengkthening of the damaged building to preserve its
exterior style and initial functionality.

Many residential buildings, the Law Court,Medicine In-
stitute are included in this category (see photo 1,2,3).

The damaged structural elements of most of these buil -
dings entirely rebuilt. Additional stiffening walls wera used
as well as jacketed beams and columns.

Generally, the purpose was to provide the strength ca -
pacity of the vertical elements(beams and columns) at shearing
force, reduce the eccentricities by bringing the gravity cen =~
ter nearer to the structure’s rigidity center, ptrovide the
correct transmission of the horizontal forces to the vertical
elements through the horizontal diaphragms {(floors) etc.

The experience and the lab tests proved that the results
obtained by jacketing the columns and beams are better than
those obtained by strengthening with steel profiles as the
technical guide books often suggest .

At reinforced concrete shear wall structures, the cracks

were injected with epoxy-resins, restoring the initial resis -
tance of the members, This method has been used on a large scae.

In the future, the behavior of these buildings - depends
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Photo 1 - Institute of Medicine - damaged

Photo 2 - Institute of Medicine - strengthened
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on the correct execution of the injection works.

In many cases the reinforced concrete framed structures
have also been strengthened using stiffening reinforced brick
walls on the stories, especially on buildings with high ground
floors.

In many countries with high seismicity zones, a great
deal of research has been performed on the stiffening of {rame
structures with masonry, monolith reinforced concreta or rein-
forced concrete precast panels walls tec. Nevertheless, there
are many other problems of interest in this field that are worth
study.

Photo 3- The Law Courts.
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Photo 5-"Lido"building strengthened.
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Thoto 6-7 Academiei building
damaged.

thoteo 7-7 Academiel
building strengthened.
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Photo 9-33 Galati Street building - strengthenad
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Photo 10 - 102 Lipscani

strest damaged
building

Photo 11-102
Lipscani
street

building
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Photo 12 = "Turist' building - strengthened
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“hoto 13-"Dunarea" building damaged.

Photo l4-"Dunarea~ puiding reconstructed.
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2, The strengthening of partially collapsed buildings.

In a relatively small number of buildings, no more than
one third of the whole structure collapsed. The causes of this
partial collapse are numerous and are not dealt with in this
paper. The economic efficiency of the varicus strengthening me-
thods was studied for each case separately and in certain cases
(such as the Lido building, a building on 7 Academiei St. and a
building on Galati St.) the collapsed sections were demolished

and reconstructed and the remaining part of the building was
strengthened. Finally, the two sections became a single whole
structure with the same architecture. The new structure has

been designed to withstand a severe ¢arthquake in good conditions.

3. The strengthening of a building and the changing of
its architectural style.

For architectural or urban planning reasons or because of
great technical and economical difficulties, other buildings
had to have their facade changed {(in a few buildings the num -
bercf stories was reduced, as in the case o0f Turist and Lipscani
buildings.}.

4. Demolition

For almost 20 buildings, the collapsed areas exceeded 60%
of the whole structure. Their reconstruction and strengthening
were not necessary since they had no architectural value and the
cost would have been higher than of a new structure,

In such cases the demolition of those buildings was ad =~
visable, followed by the erection of new structures (for example
Dundrea building).
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IT.11 SIMPLIFIED AND MEDIUM COMPLEXITY METi!ODE TO
ESTIMATE THE RESISTANCE AND DEFORMATION CAFACITY
OF EXISTING BUILDINGS CASE AND STATISTICAx:.
STUDIES USING THESE METHODS
)

Mircea Mironescux )
Andrei Bortnoxfchix
Teodor Brotea %)
Adrian Stanes:u

On the occasion of strengthening works that the authors had
to do for buildings damaged by the earthquake of March 4, 1977,

simplified and medium complexity analysis methods were devised
concerning the resistance and deformation capacity of existing
buildings.

In this paper the respective methods are shown with case

studies of buildings with reinforced concrete shear walls, with
unreinforced clay brick masonry structure and with reinforced con
crete frame structure and infill-masconry panels. All have re-
inforced concrete slabs.

A statistical study is also presented, including a lot of
existing buildings investigated by the Design Institute Carpati
after the earthquake of March 4, 1977.

2. DESCRIPTION OF ANALYSIS METHODS

Both analysis methods are based on a model with a single
degree of freedom, through which the entire construction is inves
tigated, especially its bottom part, which is most vulnerable for
general or local collapse.

2.1. DESCRIPTION OF THE SIMPLIFIED METHOD

2.1.17 The mean compression stress is determined in the
vertical elements of the structure at the ground floor level for
its whole area, This affords very useful information concerning
the post-elastic resistance and deformation capacity of the
structure.

X) Structural Eng., Design Institute CARPATI, 70732
Bucharest, Romania, Str., Stirbei Voda 43,
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2.1.2., The actual ultimate shear force capacity of the
vertical elements of the structure is determined for eac! prin-
cipal direction of it, Pact.ult. = A x ®a , where A is only the
area of the element web and @a= 0,09 R_ for reinforced concrete
elements, beigq the mean cgmpression registancecm 2020x .

% = 0,5 daN/cm“; 1,0 daN/cm®; 2,0 daN/cem® and 3,0 daN/em” for
light concrete or clay brickwork of any mark, with M,; M, ; M
and M or Mloo mortar, representing the prismatic resis%gnce%§

morta??
2.1.3. The fundamental transverse vibration period
T, = 0,075.H/fE- is determined, Based on the elastic response

sPpectra of accelerations, taking a damping factor of 0,05 for

reinforced concrete, respectively 0,20 for masonry, the maximum

acceleration response is obtained. Then P___ 1 = Q x El X
/9 is calculated, where Q is the enti 8 &glaﬁg'of the

a con-
s%@ﬁction in KN, El =0,8, B ax in m/sec”, g = 9,81 m/secz.The
comparison of P helps to explain or to de-

termine the damgaé'ﬁégteeafgtu&tgiven earthquake,
2.2, DESCRIPTION OF THE METHOD QOF MELIUM COMPLEXITY

2.2.1, The relative level stiffnesses of the structure or
stiffness matrices are determined,

2.2.2. A model analysis is then performed which provides
w ;s T,,& ;, the vibration characteristics for the fundamental
moée, iespéctively, ana z, - the position of the resultant of
forces for this mode.

2.2.3. The position of the masses, center and of the stif
fness center for each level are determined. Later on, the
fupdamental freguency for uncoupled torsion vibrations is found,
¢ .+ which is compared with the uncoupled lateral vibration fre
qu-eaniesmlx w Y determined to 2.2.2.

and
If O,B(woﬁui orw ¥ £ 1,2 a more sophisticated method must
be taken into %onsiderati n.

2.2,4, The diagrams P -& are determined for all the vers
tical subsystems of the structure, By their summation, the ? -8
diagram for the whole structure or construction is obtained.

The relations P -8 are obtained by taking into considera-
tion the crpacking, yielding and ultimate stages for the sections
of the bottom part of the elements at flexure with compressicn
and also the failure by principal stresses (shear failure).

With the help of the envelope O, A, B a direct dynamic
analysis could be made for the model with a single degree of
freedom, out of which the maximum displacement for a given

earthquake could be obtained, d,.
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This value, compared with the relations P - of each ele-
ment or building as a whole, helps to explain or interpret their
behavicr at a given earthgquake,

2.2.5. The resistance and deformation capacities of the
ground under the foundation in the elastic and post-elastic range

are determined and then compared with the ultimate resistance
capacity of the structure at the ground floor level. The ground
deformations are taken into consideration to amplify the

structure deformations, and consequently the total energy balance,

2.2.6. If the building has been previcusly subject to
seismic or other actions leading to stresses beyond the elastic
range, or it was repaired or strengthened, these could be taken

into account by assessinyg the P - relations,

2,2.7. Fig,l to 6 help to explain the concepts and as-
sumptions at the basis of the two analysis methods,

2.2.8. Further on, case studies are presented for three
of the constructions investigated and strengthened after the

earthquake of March 4, 1977 by the Design Institute Carpati.

The Student's Hostel of the Stefan Gheorghiu Academy is a
building with a reinforced concrete shear walls structure, the
Colentina Hospital is a building with a unreinforced clay masonry
structure, and the Athénde Palace Hotel a building with a re-
inforced concrete frames structure with infill-panels of un-
reinforced clay masonry.
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IP(t)  PEINFORCED CONCRETE FRAME WITHOUT INFILLED BRICK MASONRY PANELS
9501
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Rhax (1) = 950
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{Pet) REINFORCED CONCRETE FRAME WITHOUT INFLLED BRICK MASONRY PANELS
Mitsdem = 735
"t - K = 125
o Tis) = 152
Bi%B,) = 10
Z(m) = BS5
Hnax(” = ' 900
dp lem! = 2367
Mmax
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REINFORCED CONCRETE FRAME WITH INFILLED BRICK MASONRY PANELS
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hﬁ:ﬂﬁ%cm) = 798

K, (ticm) = ¥9

Tyts) = 137
Bi%B,) = U

Ziml = BS
Pm“‘) - m

d.l.? em = 284

max
8 i = 3
ATHENE PALACE HOTEL - THE NEW UNIT (en)
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REINFORCED CONCRETE FRAME WITH INFILLED BRICK
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STATISTICAL STUDY

Within the Design Institute Carpati a methodology was used
on 69 buildings among the works invastigated by the Institute or
for which the Institute prepared designs for repair or strength-
ening after the earthguake of March 4 1977,

The buildings have been divided in two classes, those with
a clay brickwork structure and those with a reinforced concrete
structure.

34 lbearing masonry buildings and 35 reinforced concrete

buildings were investigated where the structure was either of
frames constructed before or after 1950, or of shear walls, or
of a dual, system {(frames and shear walls) carried out after
the 50s.

Among them are 66 buildings situated in Bucharest, 2 in
Sinaia and 1 in Craiova.

To ‘efine the classes of damage we have chosen ( large
moderate, small), the following criteria have been chosen:

We understand to be damage of a building the fellowing a
straight or inclined remanent crack which can be ocbserved after
@n earthquake in building elements and which proves that the ele
ment in that zone surpassed the range of elastic behavior during
the seismic action,

bDamage also means crushing the compressed 2zone or the in-
clined crack along the whole width of the element, which we
consider at the same time as unusable,

A Tlarge" degree ot damage is understood to be damage of
the non-structural elements, the horizontal structural elements

(beams, coupling beams) and one or more vertical structural ela-
ments.

A "moderate" degree of damage is characterized by damage
of the horizontal elements (beams, coupling beams) and the ver~
tical secondary elements,

A "small" degree of damage is marked by damage only to
the vertical secondary elements {(partitions, fagade etc).

All 69 constructions were examined with the first method
and 9 with the second one also.

By procegsing the data, means and mean square deviations
were calculated for many different characteriatics: we present
the most interesting and significant ones which in our opinion
is the ratio of maximum elastic shear force P to actual ultimate
shear force P capacity,
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TYpe Degrse of damage

of ) large modb;ggg small

construction means |mean means | mean means [ msan
squars square square
devia- davia- devia=-
tion tion tion

Constructions

with

clay masonry

structure 2,70 0,93 1,34 0,44 0,84 0,32

Constructions

with

reinforced

concrate

structure 1,99 0,37 0,96 0,27 0,49 0,19

i
CONCLUSIONS

The analysis of existing buildings presents several aspects,
among which the most eiynificant and important fror tiie poini or
view of the structural engineer 1s the theoretical analysis.

The paper is concerned with twe analysis methods, three
case studies and a statistical study wvsing such methods,

There are numerous difficult problems in applying sucis me-
thods and these appear from the beginning, from the identification
of the structural elements, the features of the constitueny ma-
terials etc.

All these difficulties could be overcome, LMt we should moi
get discouraged because the structural engineer, like any tach-
nician, needs quantification to analyze and solve - problem such

that of the behavior of a construction durinc seismic actions.
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1I.12 STRENGTHENING SOLUTIONS FOR SOME LARGE
SPAN FRAMED STRUCTURES

Neagce L. X) x)
Bilt&teanu L. %K
Mihdilescu St. )

In this report, we describe a strengthening solution for
some reinforced concrete framed structures damaged by the March
1977 earthquake., This solution was applied to some apartment
buildings within the "Bucur Obor" complex of dwellings and
stores (ALMO) in Bucharest,

The AILMO-Complex consists of five apartment buildings
placea in enclosure, closing inside a space for the stores. All
the buildings have a basement, a ground floor, a second floor ,
and then 10 stories above that - except for building II, which
has 14 stories above the first twe. The first two levels are
taken by the stores.

The-resistance structure of buildings I, II and III con-
sists of cast-in-place reinforced concrete frames laid out in
two directions. Buildings IV and v have a combined structure ,
comprising frames together with shields ~ their behavior and
their degree of damage as a result of the 1977 earthquake not
being the subject of this report,

Buildings I and II1 are made up of three units each, all

similar in layout and number of frames, spans, and size of
elements.
The basement is 6 m high and designed as a rigid box,

protecting the structure at the floor level above the hasement.

The ground flocr is8 4,00 m high, the second floor 3,50 m
high and the regular floors are 2,75 m high.

The foundations for all the transoms are built of plain
concrete blocks and reinforced concrete bearings for the con-
tour pillars, and reinforced concrete elastic foundations for
the central pillars,

%) Engineers

Xx) Dr.Eng. Design Institute of Bucharest Municipaliiy
“Prolect Bucuregti", Bucharest, Romania
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The lift wells are made of 15 cm thick reinforced concrete
separated from the structure by 2 cm wide joints.

The external and internal masonry was entirely made of
autoclaved cell concrete, in blocks or bands.

The whole complex was designed by the "Bucharest Project
Ingtitute* {n 1973-1974.

The seismic design of the structures was carried out for
degree 7 of seismic intensity, according to the prescriptions of
the Romanian Norms P 13-70, in force at the time when the pro-
ject was designed.

For one trargom ot the type used in buildings I and IIT,
the result was a vibration pericd of 1,50 - 1,60 k2 an an
overall seismic coefficient of 1,3 -~ 1,4 &. The dimensioning of
tihe sptructures elements was carried out for earthquake strains
corresponding tc a prescribed seismic ~ocefficient of 2,58 from
the gravity lecading wvalue.

The damages caused to these buildings by the March 1977
earthquake are characterized not by their seriousness, but by
a high frequency - especially at the first 5-6 stores and with
4 similar « volut*un at all the units - which led to a series
of solut! .ns or these damages, applied, without closing the
stor«s anc -acating he [lats.

The dam je centered .t the lower :ievels and consisted of
the ‘cllowirqg:

A. ''he exterior walls made of autoclaved cell concrete
rlocks cracked in X - shape, with joints displacements - some
of walls being completely ejected (in the internal courtyard).

The inner walls, located between the reinforced concrete
frames, were destroyed, dislodged or cracked, particularly at
the lower levels.

B. At the structural elements, only the following damages
occurred:

- 45° and x - shaped cracks at mest of the beams, frames
and bearings, at the first 6 - 7 levels with spans of 0,3 -~ 1,5
mm and even 2.0 mm,

Larger cracks were noticed near the central joints of the
frames. At the marginal joints at the lower side of the beams,
vertical cracks occurred as well.

- The secondary beams in the staircase area had vertical
cracks spread almost uniformly along the whole span.
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= All the casting joints performed incorrectly along some
beams, were evidently made by cracking.

- At the columns, crushings of the coating concrete of
the .steel bars reinforcement were noticed in the joints area,
resulting in the stripping of the reinforcement.

All the areas with concreting defects - segregation, pour
ing joints in incorrect positions and treated inadequately etc.
were also rendered evident by marked cracks and concrete ex-
pulsion. A column from the raised ground floor in building III
collapsed as a result of a concreting fault (an inner hollow ).

- The floors had numerocus small, ‘irregular cracks with
widths of 0.3 - 0,4 mm,

- The flights crushed in the areas crossing the stair
landings.

- The lift wells, made of monolith reinforced concrete and
separated from the rest of the structure by 2 mm wide joints,

worked together with the whole unit, so that all the walls
cracked in X-shape on the first 6-7 levels, at all -“-transoms.
The fact that the damage recorded at all transoms of

buildings I and IIT - to be found in building II as well - oc-
cured to a great extent to both structural and nonstructural el
ements proves that the main reason was the great seismic force
which acted upon the structure, in comparison with the force
for which the gtructure was designed, according to the P 13- 70
normative.

Thus, the designed horizontal seismic force was 2.5% of
the gravitational loading, although the P 13-70 normative admit

ted 2.0% too, and the results of the estimates had been 1,3 -
1,4%,

The processing of the accelerograms recorded by INCERC in
Bucharest on the occasion of the 1977 earthquake, led to spec-
tral response curves for accelerations completly different from
the acceleration spectral curve prescribed by the P 13-7C nor
mative, drawn up according to the Soviet and American standards .

According to these acceleration curves, the dynamic coef-
ficient value should have increased together with the increz=a
of the fundamental vibration period of the structure, reaching
maximal values for the period T: 1.0 - 1.6 sec., just for pe-
riods specific to the usual buildings with framed structures of
reinforced concrete, with 8-10 levels.

Thus, the main reason for the damage was the actual
loading of the structure beyond the value for which it had been
designed,
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The damage was aggravated also by a series of factors spe-
cific toc these buildings, such as the following:

- The plan - shapsd transoms, with the breaking-up of the
horisontal washers of the floors in the direction of the court -
yards and stairs, in the central span.

- The secondary beams being subject t0 tensile forces re-
sulting from the breaking tendency of the floor.

- The lack of walls of a resistant material (brick),wedged
up in the frames contour, which should have worked together in
taking over a part of the seismic energy.

- The walls of autoclaved cell concrete - a brittle ma-
terial - were damaged without putting up a great resistance,

- Many performance deficiencies such as: casting of the
plastic concrete in beams witl, breaking-ups and resuming the
concreting without respecting the mesasures prescribed by thc

norms;too far ties, especially of those supposed to be in close
proximity to the beam - column intersection etc.

- The transverse reinforcement of the bmams according to
STAS BO0OO, considering that concrete takes toc high a propeortion
of the total shearing force, led to the provision of a reduced
number of ties and inclined bars.

In establishing a strengthening method which could bring
the structure back to the initial bearing capacity. both the high
frequency of the damage and the necesaity of a rapid performance
without interrupting the activity in the stores and without va-
cating the flats, were taken into account.

With a view to the increase of the structure’s rigidity in
general, {(rigidity that had been reiuced by the extended cradckimg
of the beams and floors), and in order to ensure at least the
stability and resistance for which the whole building had been
designed, an additional stiffening system was suggested, This
aystem consists of introducing a number of shields of reinforced
brick masonry in place of some damaged walls of autoclaved re-
inforced concrste into the contour of some reinforced concrate
frames and cast in place in connection with these frames.

In both directions, the positions of this shield were de-
termined so as nct to modify the flats' functionality and disturb
the technological flow of the stores on the ground floor and
raised ground floor.

We also had in view an uniform distribution of these
shields in ths plan, on the two dirsctions, and a gradual re=
duction of their rigidity in height; in this way, ths shieldsare
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37.5 cm wide on the ground floor and raised ground £%gor, 22 oa
wide on the first and second floor, 12.5 cm wide on e hir
and fourth floor; such shields were not laid out on higher le-
vels.

These shield of reinforced masonry were made of solid brick,
longitudinally reinforced at each four courses. Fabrics STNB @
4/200 were laid on the side faces of the masonry, being con-
nected to this by its cross reinforcement,

The reinforced masonry was edged on four sides in concrete
frames, piercing the floors for the vertical continuity of the
reinforcements. The solidarization of the vertical frames with
the frame columns was made by steel bolts PC, 52 @ 25 (8 pieces
on the ground floor and 6 on the regular levels).

By edginy the masonry shields in concrete frames on the
four sides, first of all we had in view a perfect wedging betwe-
en frames and masonry, and then the ensuring that the sliding
forces of the in filling masonry between the frames were transmit-
ted to the columns, without loading the beams, which did not
have the necessary bearing capacity.

The purpogse of these masonry shields is to increase the
whole assembly capacity of taking over the shearing forces.

In principle, a structure made up from reinforced concrete

shear walls has a much higher rigidity against the shearing forces
than the framed structure.

In this case, the brick masonry shields, being made of a
material having its own riqgidity much lower than that of the
reinforced concrete, but with great possibilities of post -elastic
distortions, we can estimate that, in case of a possible seismic
lbading, the absorption of energy higher than that of a shield-
less structure can be ensured, by the action of the masonry shear
walls hefore the action of the reinforced concrete structure and
subsequently by a post-elastic co-operation with the structure,

At the same time, during a possible earthquake, the la-
teral displacements of the frame assembly with masonry shields
will be smaller than those of a simply framed structure, which

will provide a better condition for the common separating walls.

Through the framing system and the sclidarization with the
columng, the introduced shields of reinforced masonry ensure a
total shearing force transmission of minimum 2.5% of the build-
ing weight, the limits of a ahearing stress in the reinforced ma
sonry which do not exceed 3-4 kg/cm™,

The proper strengthening works psrformed at the ALMO build-
ings I and III consisted of the following:
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- Restoring all locally damaged structur::l elements ‘bhesus
pillars), by current means.

= Strengthening the reinforced concrete beams, in order to
increase the bearing capacity, especially when taking over the
stresses from the shearing force by plating their side faces with
glass fibre texture incorporated in epoxide resin. We must
emphasize that the usual method of strengthening the beams by
sheeting them, with reinforced concrete would have been very dif
ficult in this case, under the conditions of working areas and
without having the possibility of increasing the beams height in
the flats, these having the role of a lintel.

~ Marking the reinforced masonry shields, including the
contour frames.

= Remaking the plastering and finishing operations.

A conclusion drawn from designing and performing the
strengthening operation described, is the fact that the use eof
the reinforced masonry shields is an efficient easy-do procedure
which does not impair the functionaliry of the building.

Bibliography

- Report on the technical rpsearch concerning the damage
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INCLINED CRACK IN THE BEAM NEAR THE COLUMN JOINT.
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FACILITIES. URBAN AND SOCIOLOGICAL ASPECTS.
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I11.1
SEISMIC PERFORMANCE OF CRITICAL, EMERGENCY SERVICE FACILITIES

Heroy J. Laam‘ic’
ABSTRACT

The seismic performance of critical, emergency service structures such
as major hospitals, ambulance support systems, police and fire stations, and
communication centers is of strategic importance to post-earthquake recovery
efforta. These facllities, which must be immediately availarple after a dam-
aging earthquake, should continue to be fully opersble following the disaster
aml not become an additional liability during subsequent search and rescue
activities. The 1930 Irpinia earthquake in southerm Italy, which resulted
in the severe Impairment and evacuation of 12 hospitals, and the 1971 San
Fernando earthqualke in California where four major medical facilities were
lost and evacuated, clearly signaled that hospitals and other emergency ser-
vice structures located in areas of high selamic activity are strategic com-
ponents in response to the social consequences of major disasters.

In addition, the condition of utilivy delivery facilities, particularly
water supply, electric power and. sanitation servigces, followling a major dis-
aster is also of strategic Importance. In two recernt cases in California,
the 1971 San Fernando Earthquake and the 1983 Coalinga earthquake, it was
necessary to provide potable water amd temporary sanitation facilities for
pericds of four to six days following the selsmic event. Fire and police
stations must also contirue to fNurtion after a damaging earthqualte to facl-
litate search arnd rescue efforts. Several examples exist whereln severe
damage to fire stations, or fire-fighting equipment, in urban centers pre-
cluded the use of critically needed camponents and supplies during the imme-
diate post-eartiguake recovery perioed.

#Research Architect VI,
Center for Invirormental Design Research
University of California, Berkeley
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Recent developments in the performance evaluation of these key, criti-
cal systems indicate that the plaming, design and construction of emergency
service facilities must focus on their abllity to remain operable ard func-
tional following a damaging earthquake. Such essentlial structures, which
must remain standing after a major selamic event, should continue to serve
as responsive elements, ard rot as deterrents, to a camunity's recovery
efforts. This paper presents current trends for the seismic performance of
eritical, emergency service buildings in California which address this issue
as a social econcern in terms of public health and safety.

INTRODUCTION

In the assessment of earthquake hazards mitigation programs, it 1is
equally appropriste to maintalr an emphesis on the general, overall aspects
of anticipated selsmic safety problems from an urban scale point of view,
and their percelived interrelationshlps, as well as a focus on the technical
performance of individual structures, bulldlngs, and facilitlies, In several
cases, it has proven to be questicnable to have concentrated on one part of
the seismic hazards problem without having glven consideration to others.
Clearly, to avold unanticipated complications which might arise from having
ignored important relationships regarding the overall wban infrastructure,
it 1s essential that hazard reduction objJectives be addressed as a shared
responsibility between four elements of note:

Geophysical Aspects of larnd Use Planning
Technical Performance of Critical Facllities and Services
Interrelationships of Urban Scale Infrastructures
Soclal/Economic Concerns of Publlc Health arxd Safety

A balanced approach between these four elements 1s required to address
the earthquake problem which is filled with many complexities and an infinite
rnmber of variables. Consistently, unexpected surprises seem to be the name
of the game as new lessons are learned, or old ones relearned, after each
new mejor, damaging selsmic event, To better prepare a dommnity for future
earthquakes, 1t 1s Important that public policy emphasize these four aspects
of the problem equally in developing earthquake hazard mitigation programs
rather than treating 1t solely as an isolated technical iasue of simply im-
proving bullding design and constructlon methods.

One significant goal in earthquake hazards mitigation programs, among
others, which automatically touches on all four considerations indicated
ebove deals with the desigh and performance of critical, emergency service
facilities. These facilities are of strategic importance to three principal
phases of selamic hazards reduction: (1) preparedness effarts prior to an
event, (2) fire, search and rescue efforts after an event, and (3) post-
earthquake recovery and reconstruction followlng the event. Special atten-
tion, therefore, must be given to those emergency services and facilitles
vwhich are considered cruclial to successful recovery activities in terms of
public health and safety when acting on operaticnal efforts related to these
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three phases. Accordingly, this paper will be purposely limited in scope
to cover only the essential aspects ¢ this problem regarding earthquake
hazards reduction programs.

CRITICAL, EMERGENCY SERVICE FACILITIES

The seismic performance of critical, emergency service structures
such as major hospltals, ambulance support systems, police and fire stations,
ard communicatlion centers 1s of strategle importance to post-earthquake reco-
very efforts. These facllities, which must be immediately avallable after
a damaging earthquake, should be in a position to contime services and be
fully operable following the disaster and not become an additional 1liability
during subsequent fire, search and rescue activities.

In addition, the condition of essential utility delivery facilitles,
particularly water supply, electric power, and sanitatlon services, follow-
ing a major disaster 1s also of critical importance. Falilure of these faci-
lities during a damaging earthquake can severely impact the capacity of a
comunity to recover quicldy after a major selsmic event, and lead to its
isclation from the surrcunding support area. It 1s not uncommon tc witness
situations where it was necessary to provide temporary water supply and sani-
tation facilities for perlods of four to elght days, or lornger, following &
great dlsaster. In such cases, the very survival of the comumnity may be at
stake.

Among all the service facllitles essential “o the successful viability
of a comunity, there ire several whi:zh are corsidered most critical to con-
tinued cparuticns dur.ng and after a major, damaging earthquake. Table 1,
below, presents a re resentative listing of several facllities and services
eritical to the cont:mued function and operation of urban communities. When
in perfect working order, they are taken for granted, but when they misfunc-
tion, or are heavily damaged or impalred, normal activities can came to &.
standsti1]l amldst great firustration and consternation to all.

TABIE 1: CRITICAL, EMERGENCY SEFVICE FACILITIES AND STRUCTURES

Major Hospltals Water Supply Plants
Ambulance Services . Sanitation Plants
Fire 3Statlons Electric Power Plants
Police Stations Communiication Centers
Emergency Service Offices Transportation Routes

Dams ard Reservolrs

Source: Extrapolated from Callfornia Seismic Safety Conmission
Data, July, 1985.
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As a sample prelimirmry exsnple, 1t is clear that structures such as
fire ard police stations must contirue to function during and after a dumag-
ing seismic event to fight fires following the earthquake and to facilitate
search and rescue efforts. OSeveral examples exlst wherein severe damage to
fire stations precluded the use of cruclally needed equipment during the
imnediate post-earthquake recovery perlod. Even assuming that police and
fire stations have nov been damaged ard continue to be operational, after
the injured have been rescued, they must be taken to medical facilities for
treatment and recovery. When medical facllities themselves have been heavily
dameged, or rendered nonfunctional due to the earthquake, and can no longer
receive, the injured, they become an additional liability to the entire imme-
diate post-earthquake recovery period.

Accordingly, current developments in the performance evaluation of
these key, critical systems followlng recent earthquakes indicate that the
planning, design and construction of certain emergency-service facilities
must focus on their ability to remain operable and functional following a
mejor disaster. Such essential structures, which must remain standing after
a major earthquake, should also contlnue to serve as responsive elements,
and not as deterrents, to public health and safety in any recovery efforts.

HISTORIC DATA

The vulnerabillity of critical, emergency service facilities to major
selsmic events 1s well documented in California, and elsewhere, by data
records of past earthquakes. Speclific references clearly reveal that the
Impalrment of these facllitles can severely cripple recovery efforts as
medical facilities, police and fire statlons, goverrment emergency service
offices, water supply, sanitation and electric power plants, sanitation
services, and lmportant transportation routes are disrupted and/or rendered
useless. Disruption ¢f any of these facllities need not be only limited by
major structural damage, as 1ln several nases less severe rnonstructural arche-
ltectural damage has also been kmown t0 cause complete breakdown of opera-
tion. 1In Italy, after the 1980 Irpirdia earthquake, many hilltowns rematned
without adequate water supply, sewerage facilities, and water treatment
plants for weeks, or even months 11 some cases, after the main shock, Other
examples in Califormia, and other areas, of this Impairmment to critiecal
emergency service facllities are indicated by the citatioms of historic
data which follow,

San Francisco, California, 1906

An accounting of the 1906 San Francisco earthquake offers an excellent
exanple of how a combination of fallures to Cire statlons and fire-fighting
equipment exacerbated damage patterns caused by a major damaging seismic
event:
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"The state-of-the-art citywlde fire alarm system was
knockad out of action by the first shock wave. The
writhing of the San Andreas Fault not only broke
telegraph lines and twisted streetcar tracks to stop
all transit, it ruptured gas lines and water pipes.
The gas fed flames fran damaged fireplaces, flues
and stovepipes, while the broken water meins rendered
fire hydrants pressureless and firemen helpless.”
(Dillon, 1985)

It is quite evident from this nccounting that impairment and disruption
of fire stations, fire-fighting equipment, commnication systems, and water
supply as critical, emergency service facllitles of a community increased
the damaging incldents behind the total devastation of San Francisco in 1906
which ended in a severe urban conflagration. Even if the fire stations and
fire-fighting equipment had survived the initial earthquake wave motions,
lack of an adequate water supply would have still resulted in the incapecity
of the respective firemen and emergency military troops to stop the ensuing
conflagration.

Managua, .Nicaragua, 1972

Te use a more recent example as an illustration of the importance of
fire stations, fire-fighting equipment, communication systems and an adequste
vater supply to earthquake hazards reductlon, one only needs to refer to the
1972 Maragua, Nicaragua, earthquake.

"The Managua central fire station, bullt in 1964 to
withstand earthquake damage, was occupied by 20 fire-
men, 8 fire trucks, and 4 rescue ambulances. The main
shock collapsed the second floor, crushing fire appara-
tus, killing 2 firemen and injuring others. The commu-
nication radio was destroyed ard ro emergency electric
power was available. Fires suon began to break out in
the city, where hose lines were laid from the lake and
pumps put into place because the local water system
falled. Some fires resulted from the earthquake, some
from arson in order to collect insurance, and some from
looting. All fire-fighting equipment and personnel
continued on a 24-hour basis for seven days."

(Bolt, 1977)

With water lines totally destroyed, fire stations collapsed or knocked
out, ard most fire-fighting equipment and apparatus damaged beyond use, it
was not surprising to note that many fires spread throughout the entire down-
town area. The fires developed into a majJor urban conflagration which raged
unchecked for three to seven days. In the end, 750 schoolrooms, U mejor
hospitals, and 53,000 housing units were destroyed as block after block of -
the urban center was consumed by fire. (Cornell, 1979)
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San Fermando, Califarmia, 1971

After the 1971 San Fermando earthqualee, hospital construction generated
conalderable public concern in California regarding thelir potential collapse
in selsmic reglors for a Justifiasble reason: the 1971 earthquake was parti-
cularly dsstructive tc health care facilitles located in the area, and, in
turn, their impairment increased the inability of hospitals to offer emergen-
¢y care services to treat the injured let alone take care of their own pa-
tlemts who had to be evacuated from the most severely dameged facilities.

In the U.S. Department of Commerce publication, "The San Fernando, California,
Earthquale of Pebruary 9, 1971," Volume 1, Part A, Page 175, Kesler writes as
follows;

"Most of the major structures in the heavily shalen area
were medical facilities. Pour major hospitals (Olive
View, Veterans Administration, Holy Cross, and Pacolma
Memorial ILutheran) were located within the radius of 9
miles of the eplcenter. At the Veterans Administration
Hospital, some of the buildings that were built prior

to 1933 collapsed. The other three hosplitals, which were
built within the last 12 years with earthquake resistance
features, all suffered significant damage reswlting in
evacuation. There were in addition, three medical office
buildings (Foothill Medical Center, Pacoima Lutheran
Center, ard Irdian Hills Medical Center), two psychiatric
units (Golden State and Olive View), and one mechanical
equipment btuilding (Olive View). All, except Golden
State, were damaged significantly.®

(Kesler, 1971)

In the aftermath of the San Fernando earthquake it was most clear that
health care facilities are a type of bullding especially important to the
immediate post-earthquake recovery efforts of commnity ewirorments. In
this case, their damage and Impairment was particularly disruptive to the
treatment of Injured, and, instead, the four mejor hospitals in the immediate
area became liabilities to recovery activities. In the same publication,
Kesler contirmes:

"Not only are patients iicapacitated in many cases amd
ungble to take, perhaps, even simple precautions to
protect themselves, let alone safely endure an inter-
ruption in care, but also medical facilities are wurgent-
1y needed in the hours following widespread destruction
and injury due to an earthquake, At the time of disas~
ter, these installations must be functlonal, rather than
being among the casualties . . . "

"Serdous consideration should be glven to providing
increased levels of aafety for these important and
expensive facilities."

(Kesler, 1971)
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Coalinga, Califormia, 1983

The 1983 Coalinga earthquake was most notable for the collapse amd
damage to over 37 of wmreinforced masorry bulldings in ard adjacent to its -
conmercial cemter. However, for the purposes of this paper, it is signif¢-
cant to imlicate that there were also several leaks and breaks in the water
distribution system (one survey reported a total of eleven) and damage at
the water filtration plant which caused problems with water treatment. The
filtration plant was incperable until May 6, four days after the earthquake,
by which time all repairs were made and the clty water system placed back
into operation. A fleld survey of the situation reported the following con-
iitions on the second day after the earthquake:

"While most of the major water rain repairs had alsco
been made, the water treatment plant had not been put
back into operation, People were still cautioned not
to use their water. Chemical toilets were brought
into the community and set up on some street corners.
Potable water was provided by the National Guard and
by two brewerles that had suspended thelr normal acti-
vitles to provide free cumned drinking water."

(Nigg and Mushkatel, 1984)

CURRENT LEVELOPMENTS IN PERFORMANCE STANDARDS

With historic earthquake records clearly indicating the impertance of
critical, emergency facilities to selsmic hazard reduction programs, it is
not surprising to see that higher performance starndards have been developed
for some, and are in the process of being proposed for the planning and de-
sign of others. This has already occurred in California where the construc-
tion of major hospital facilities Is under the Jurisdletion of State con-
trol in order to ascertain higher performance levels through the California
Hospital Act of 1972. Precedence for this Act was fowd in California under
the Fleld Act and Riley Act which were enacted after the 1933 Iong Beach
earthquake and mandated by the State to govern improved earthquake resistant
design in public schools and other public bulldings.

Another emergency facllity that has received recent attention as a cri-
tical resource during the immediate post-earthquake recovery perlod is the
fire station with its fire-fighting apparatus ard equipment. This 1s parti-
cularly true for California where a significant pert of the existing build-
ing stock is light wood frame construction which represents a significant
addition to the fire load fourd iIn its urban centers. Facilitlies and opera-
tions provided by fire stations must be available to communitles during an
earthquake to provide critical public functions such as rescue, fire suppres-
sion, ambulance services, and medical assistance. In fact, during and lmme-
diately following the 1971 San Fernando earthquake, the need for such ser-
vices provided by fire and police services inereased by 300 to 700 percent
depending on the criticality of the adjacent area.
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In seeking improved performance standards for such critical, emergency
ficilities, the key 1s found in the attempt to keep the facility not only
"standing” but alsc functional and cperationgl during and after a major
sarthquake. In September 1975, the Clty of Los Angeles stated in 1its "Sels-
mic Safety Plan" that:

"It 1s important for post-earthquake recovery that criti-
cal facilities such as police ard fire statlons, hospi-
tals, dams and reservoirs, power facilities, and emergen-
¢y communication systems remain operative after an earth-
quake,"

In order to limit the scope of this subJect, the remaining sectlons of this
paper will focus on the planning and design of major hospital bulldings and
fire stations. Although it 1s ‘agreed that all of the critical, emergemcy
service facilities listed in Table 1 are equally significant to post-earth-
quake recovery, for purposes of objectivity and brevity this paper limits
emphasis on earthquake safety to two bullding types: major hospitals ard
fire stations.

CALIFORNIA HOSPITAL ACT OF 1972 AND 1983 REVISTONS

The 1971 San Fernando earthquake gave a clear signal that major acute
care hospitals located in urban areas of hizh selsmic risk represent a par-
ticularly critical resource in response to a major, damaging earthquake,
Public reaction to the questionable performance of the four major hospitals,
in which one eollapsed and the other three were extenslvely damaged and
evacuated, resulted in leglslation which developed and passed the "Hospital
Safety Act of 1972," as a direct product of Senate Bill 519. The revised
Act became effective in March 1983.

In passing the Hospltal Act, it was the specific intentlon of the Call-
fornia Legislature that any new hospltals constructed in California "which
must be campletely functional to perform all necessary services to the publie
after a disaster, shall be designed ard constructed to resist, insofar as
practicable, the forces generated by earthquakes, gravity, and winas." For
the first time 1n the history of California, performance standards for the
design and construction of a building required ttat a specific facility re-
main functional and cperable after an earthquake in contrast to earlier pro-
visions, such as the Fleld Act for public schools, which included the limi-
tation only that the bullding survive an earthquake wilthout injury to occu-
pants. The end result was a new concept in damage control in that not only
the structural system, but also the architectursl, mechanical, electrical,
ard life support systems, as well as all critical medical service systems,
were expected to maintain thelr integrity and remain operational after a
major earthquake. Damage cantrol in new hospital bulldings became mandatory
when the State pre-empted hospital coastruction from local control. The
intent of the legislation is not that the hospital must remain “undamaged,"
but that it must remein "functional” and “operational” in order to perform
all necessary services after a major earthquake.
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After 10 years' experierce the law was revised to clarify definition
of terms and to make allowance for the relative salety of specific single-
story, wood frame construction systems used for amall scale medical facili-
ties which house patients requiring skilled nursing. Other additions over
a period of time included considerations for disaster preparedness programs
for the medical services community to improve disaster medichl response.
These also contained, among other concerms, guldelines for standby agree-
ments for physlclans, casualty ildentiflcation amd registration techniques,
inventorying medical supplies for possible aerial shipment, anda test and
exerclses to evaluate readiness.

Today, 12 years after the enactment of the Hospvital Act, a general sur-
vey limited to the 3 East Bay Counties which comprise part of the Greater
San Francisco Bay Area in northern California, indicates that over 25 new
hospital facilities have been completed in compllance with the Act's perfor-
mance standards at a total cost of over $2U45 million (Office of Statewide
Health Plarning and Development, 1084),

Title 17 - Safety of Construction of Hospitals

Tne intent of the 1972 Hospitul Act, and amended in 1983, 4s trans-
lated into actions for implementation through Title 17, Public Health and
Safety Code, of the California Administrative Code which includes provisions
for application of the rules and regnlations prescribed. Requirements are
included for damage contral in which critical building elements, systems,
equipment, and apparatus necessary for the complete function and operation
of the hospital are to be designed, detalled and constructed to withstand
the maximum acceleratlon and deflections of the basie structure without
excessive displacement, or damage, which would disrupt essential coperaticns
and services to be performed. Deflection under lateral forces are to be
established by a dynamic analysl:, or assumed to be two times the static
deflection computed for the pres:ribed selsmic or wind forces.

The regulations established for hospital construction urder Title 17
are the basis design, plan checking, and approval of working drawings ard
specifications for all construction, amd alterations, of hospital facllities
in Californla. It 1s made clear that the appliecation of the regulations and
standards 1s not interded to 1limit the creativity of the designer, nor to
prevent designing to 8 higher standing. Supervislon of construction must
be under the direct responsibllity of thé architect or engineer who prepared
and signed the document for that particular work. Independent State review
of the design and construction documents prior to the start of work is com-
pleted by the Office of Architecture and Construction, in addition to the
.State Fire Marshall. Submission of the design and construction documents
for State approval are made in three stages: (1) Site Data and Site Plan,
(2) Preliminary Floor Plans and Qutline Specifications, and {3) Final Work-
ing Drawings and Specifications.

Site data information must include a "geological and Earthquake Engi-
neering Report" presenting all scientific data derived from an assessment
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of the geophysical aspects of the site ard the potential of earthquake da-
mage based on geologlcal, foundation, and earthquake engineering investiga-
tions.

General Design Requirements

The Hospital Act also coincided with a change in general design phil-
osophies ard overall planning concepts of hospltal operations wherein verti-
cal circulation was de-emphasized in favor of more economical and efficient
horizontal circulation in location of work stations, recovery wards, and
other medical services. These changes in hospital plarning and design oc-
curred simultaneously with implementation of new administrative procedures
related to cost contalrment goals.

Damage control standards, limited by design requirements related to
the continued functlon and operation of a hospital bullding during and after
an earthquake, give particular attention to the deflection of wall assem-
biles. The horizontal deflectlion of vertical structural systems, in the
plane of the wall, due to lateral forces is not to exceed 1/16 of an inch
per foot of height of any story. Deflection from head to sill of glazed
operdrgs, in the plane of the wall, iIs not to exceed 1/32 of an ineh per
foot of height of the opening unless the glass therein 1s prevented from
taking shear or distortion, or where tempered, safety or wired glass 1s used.
Pesign solutlons are also required to take into account: (1) defcrmation
compatibility of structural arnd nonstructural elements, and (2) inelastic
deformation in any portion of a connection between elements which could
create unsate conditlons.

Architectural, Mechanical, and Electrical
Engineering Design Implications

Title 17, Safety of Constructicn of Hospitals, has particular require-
ments which have specific Impact on the design of architectural, nonstruc-
tural, mechanical and electrlcal elements when thelr performance, and poten-
tlal fallure, has a direct bearing on the continued function of the basic
building. Each element, so ldentified, must be examined in detail to deter-
mine its role in malntaining the contiruwed function and operation of the
medical facility.

Anchorage details of all fixed items and camponents, including major
equipment and critical movable apparatus such as autoclaves, sterilizers,
kitchen {ixtures and appllances, laboratory material, x-ray equipment and
cubicle enclosures, must be detailed in consultation with the engineer, or
technical consultant, of record. In the architectural set of drawings, the
mamner in which all nonstructural partitions, window-wall assemblies, ard
wall openings are attached, or connected, to other components and systems
of the structwre must be conpletely accounted for and detalled.
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The general end result 1s that in the overall architectural planning
and design of hospitals, lightweight panels and wall assemblies are now
being used on bullding exteriors to reduce the tctal weight of the faclli-
ty's envelope. Using lesser building masses has made it easier to control
building deflection ard story to story drift. The basic structural syatem
of a multl-stary hospltal now terds to be shear wall construction, or
braced freme, ragher then moment frame. In terms of mass ard volume, hos-
pitals in California now tend to be of lesser height compared to the high-
rise, slab type building employed for health care facllitles in the past.
The typical medical facility 1s currently being plarmed and designed as a
medlum-rise, squat, three to four story structure rather than the tall,
slender, glass wall, towers of six to eight stories (or more) which were
common twelve years ago. There are exceptions, of course, but generaily
spealdng it 1s zimpler to design for damage control, at the moment, in
medium-rise bullding types in contrast o the oldef higher, slernder, and
more flexible ones.

Economlc Implicationa

Based on stwdies by the California Bullding Safety Board, it has been
estimeted that the average cost for compliance with the new seismic per-
formance standards has resulted inrabout a 25 percent increase in the
structural camponents of a hospital project with the understanding that
the structural portions of a new project account for about 12 to 15 percent
of total project costs., Therefore the total construction cost increase
attributable te structural 1tems ranges from 3 to 5 percent.

The estimated increase In costs for the mechanical and electrical
portions brought on by the regulations is approximately 15 percent with
the understanding that the mechanical and electrical items constitute
about 35 percent of the entire project costa. This results in a total
project cost increase of about 5 percent for thils portlon of the new pro-
Ject.”

Thus, the total project cost increase brought on by the new regula-
tlons 1s approximately 8 to 10 percent for the design of new hospital fa-
cllities in California. These cost incresses are in addition to any costs
imposed by the 0.7 percent fee assessed by the State Office of Architec-
ture and Construction for plan review ard checking, other fleld construc-
tion inspection costs, required geologic study costs, amd any unanticipated
project delays.

PLANNING AND L[ESICN OF FIRE STATIONS
During a major earthquake disaster, it is well known that local fire
departments will find themselves exceedingly taxed to perfcem the critical

services expected of them, A former sectlon of this paper dealing with
the historic record, which deséribed damage to critical emergency services,
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expected of them. A former section of this paper dealing with the historic
record, which described damage to critical emergency services, presented an
accounting on the damage and impalrments to fire stations during the 1972

Maragua, Nicaragua, earthquake. An accounting of the 1971 San Fernando,
California, earthquake irdicates similar patterns:

"The County Fire Department had some $400,000 damage
to structures, Two fire stations in the City of San
Fernando were severely damaged. Apparatus in the two
fire stations in the Sylmar ares were also rerdered
temporarily inoperative due to the obstruction of
apparatus rooan doors by damaged equipment and racking.
Electrical power failure in other locations necessi-
tated-the manual operation of many apparatus doors
normally activated by motorized units, causing delays.
In two or threc cases fire department automotive
apparatus had either been permanently or temporarily
shifted by earth movement (ground shaking) damage or
impingement upon the apparatus floor doors. In one
instance, apparatus moved laterally as much as five
feet, as well as longitudinally, with damage to both
itself and the fire station apparatus room. One
county fire station was so severely damaged that it
took nearly 30 mirutes to extract the department
punper truck from the bullding following removal of
obstructing debris, including the fire alarm system
control panel, ard freeing the apparatus floor doors.

Three fire stations were damaged to the extent that
demolition of the structures was necessary. Appara-
tus room doors experienced binding of rollers, failure
of a retraction spring, and general binding, in addi-
tion to damage by shifting automotive apparatus. In
one station all on-duty firemen were thrown from their
beds, struck by articles and falling plaster, amxi
sustained cuts, scratches,; and minor bruises."
(Kennett, 1977)

Prior studies had already indicated that a high potential existed for
extensive earthquake damage ard disruption to fire stations in California,
even with the enforcement of current seismic code requirements (Algermissen,
1973). At the time, there weren't any considerations or guldelines avail-
able for professionals to use in designing flre stations to remaln functional
or cperational during a major earthquake by golng beyord mere code provi-
sions, For example, a risk analysis study of the Los Angeles, California
area in 1973 indicated that a major earthquake on the Newport-Inglewood
fanlt would leave 35% of the fire stations nonfunctional, while a similar
study of the Wasatch Fault in the Salt Lake City, Utah, area projected that
50% of the B5 city and county fire stations surveyed would be critically
impaired (Algermissen, 1976).
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In 1978, as a result of risk analysis studies and the historic record
indicating the vulnerabllity of fire stations as a critical, emergercy ser-
vice facility to a maJor earthquake, the Natlional Science Foundation eward-
ed a grant to the AIA Research Corperation to review the preoblem, assess
design altermatives, and recommend appropriate guidelines to mitigate the
aituation. The problem lles in the potential for severe damage and disrup-
tion of emergency services exactly at the time in which the public demard
for critical rescurces and assistance will be at the maximum. Fire sta-
tions, as well as police stations, are consistently called upon to provide
emergercy sSearch and rescue services during a disaster as well as belng
relied upon for their fire-fighting capabllities, Without thelr services
and rescurces avallable, i1t has been shown that the potential of fire dam-
age, life loss, and injuries will increase dramatically urder the camplex
conditions which occur during a severe earthquake.

A comprehensive survey campleted as part of the AIA study on fire sta-
tions indlcated that many of thelir elements are most vulnerable to earth-
quake loads. Table 2 gives an indication of the range of elements and com-
porents which were identified as being particularly wulrerable, and fre-
guently cited, by the study in addition to any structural damage which
misht be sustalned Including collapse. Free Interlor circulation inside
the fire station is also very important.

TABLE 2: EXAMPLES OF FIRE STATION ELEMENTS AND COMPONENTS
POTENTIALLY VULNERABLE TO TYPES OF EARTHQUAKE DAMAGE

Jambing/Binding of Doors Electric Power Failure
Communication System Fallure Nonstructural Damage
Fire Truck Impalrment Apparatus Impalrment
Personnel Injury & Loss Water Supply Failure
Site Access/Egress Interior Circulation

Source: Seismic Design for Police and Fire Stations,
AIA Research Corporation, Washington, D.C., 1978.

Considerations for Mitigation Options and Strategles

Two approaches exist under which the seismic vulnerablility of fire
stations may be reduced: {1) Promulgation of special perfocrmance standards
for new facilities, and (2) Guldelines for the retrofitting upgrading of
existing facilities. To date, no local or regional public policy has been
1ssued to develop speclal performance standards, or criteria, for new facl-
lities similar in vein to the Hospital Act. However, many communities now
realize the importance of fire stations in providing critical, emergency
servicer uring a seismic disaster, and are giving speclal attention to the
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planning and design of new. public facilitles. Others have started programs
to strengthen and upgrade existing facilities under the impetus of ordi-
nances enacted for retrofit programs dealing with privately owned, existing
hazardous bulldirgs.

Hazardous conditicns in fire stations seem to fall essentially into
three problem areas: (1) Access/egress, (2) Personnel safety, and (3)
Operational contirmity (Kennett, 1977). For any mitigation Solutions to
be.effective, equal consfderation must be given to all three since they
are all closely interrelated., Accordingly, the Iimmediate rezommendation
made 1s to develop guldelines for addressing each on an equal basis.

Access/egress problems relate to both personnel circulation and vehi-
cular traffic within the building, externsl to the facility, and to and
from the site itself. If the Approach route to the faclility 1s impaired
or blocked, as happened to the main fire station in Managua, the fire sta-
tion may be rendered useless even when no damage 1s sustained.

Corsideration to be glven to requirements for personnel safety 1s self-
evident. Loss of technically tralned ard highly experienced persons can se-
verely reduce the effectiveness of any special services teams. If persomnel
are not avallable to operate fire-fighting eguipment and apparatus, the flre
station is of no value whatsoever mo matter how well equipped the facility
may be with the latest and most expensive materials. Speclal attentlon,
however, must be glven to the unlque personnel characteristics to preserve
the specific functions of a fire station: 24 hour occupancy, instant mobi-
1lity, emergency cammunication commands, intense circulation patterns, and
complex technical tasks. These must be malntained and executed without
Interference, distractions, and encumbr: ces from falling écoris, noperable
apparatus, or other hazards caused by bi!’ding movement.

Operational safety depends on: (1) Insuring the reliability of utility
services, including back-up emergency generators, (2) stabilizing a! pro-
tecting necessary equlpr , (3) safeguara'ng circulation spaces, and {4)
taking care of the integi .ty of all other critical areas o that the faci-
1ity can continue to function during the eme:gency period (Kennett, 1973).

In addressing the 1ssues posed by this part of the problem, all poten-
ti1al hazards must be evaluated for their impllcations to plarning and design
concerns., Elements which pose the greatest rick to the operations which are
cruclal to the continued function of a facllity must be given top priority
for they are the ones which can easlly shutdown the station and render it
useless. Malntaining electric power, water suprly, operational apparatus,
persornel safety, clear circulation patterms, an” open access/egress routes
requires the highest priority and performance ste.idards available,
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SITE PLANNING AND FACILITIES LOCATION

Finally, some issues regarding site location ard site plamming merit
attention relative to critical, emergency service facilities, whether they
be hospitals or fire stations. The best of plaming and design approaches,
even those using the highest selsmic performance standards avaeilable, are
useleas unless attention has first been pald to the location of the facili-
ty and its site plamming. Many examples exist whereln cutstanding build-
ings, well-constructed and adequately designed to resist seismic forces,
have been rendered inoperable and useless for thelr intended function dur-
ing an emergency when planned without consideration to site location ard
conditions.

Of all of the prior issues and concerns for the plarming and design
of emergency, service facilities indicated in this paper, perhaps the most
important is the necessity to glve appropriate attentlon to potential ha-
zards relative to geologlcal and geophysical characteristics of the site
and ad)acent areas. Lardslides, soil fallure, such as liquefaction or
subsidence, flooding, seiches, and tsunamis induced by earthquake ground
motions can be a significant threst to the contirued operation of any fa-
cility. AllL, or any of these, in ary combination of circumstances have
the potentlial of closing down a facllity unless properly addressed. This
in itself probably carries the highest priordty in.the initial plarning and
desigh of critical, emergency service facilitles. In California, this 1s
vhere the enactment of the Algquist-Priolo Speclal Study Zone Act, which
encompasses fault line zoning of active, known fauits, stands out. No ma-
Jor facility can be planned for, or located on, a site in the Speclal Study
Zone without first completing a thorough geological investigation, includ-
ing trenching if necessary, of the site. Such site investigations must
include evaluations of known ard potentlally actdve faults, both local and
reglonal, as well as assessments of slope stability, subsidence, and lique-
Jaction potential of the slte and its surroundings.

This Act was State mandated after the 1971 San Fernando, California,
earthquake, to supersede and pre-empt local jurisdiction and local bullding
code requirements. By law, provisions of the Act must be met bhefore any
building permits can be lssued for construction on any site within the
Speclal Studies Zones. The only exception made is for simple, single fami-
1y, detached residences, or duplexes, designed for private use. 1In partl-
cular, the location and siting of all critical, emergency service facili-
ties must conform to the provislons of this State mandated leglslation.

SUMMARY
This paper, 1n general, has present..’ some of the concerms regar-ing
the selsmic perforwmance of critical, emercency s<rvice facllitles locate!

iIn urban centers. In particular it focuscd on >haructeristic problems to
be approached in the plamning and deslgn ol major hospltels and fire
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stations, and identified high priority issues to be addressed in develop-
ing alternative options and strategies for the reduction of their exposure
to earthquake hazards.

Two case studlies in California, the Alquist-Priolo Special Study Zone
Act and the Hospital Act of 19372, were emphasized as examples of model
legislation developed for consideration in earthquake hazard mitigation
programs on a regiomal level. Both have been in effect, and enforced, in
the State for the last thirteen years as successful programs., While new
mjor structures plammed, designed, and constructed under the requirements
of both Acts have yet to be tested by a major damaging earthquake, it is
anticipated that results will be most favorable in performance relative to
public health and safety.

It is recammended that other areas of high selsmic risk consider es-
tablishing similar programs, modifled for local corxMtions arnd regional
characteristics, as an effective consideration in reducing the exposure of
critical, emergency facllitles to earthquake hazards. Although, in terms
of economics, such measures will increase design and construction costs,
the anticipated payoff in temmis of damage control, public safety, communi-
ty asplrations, and soclal goals will be substantlal after the next major,
damagling earthquake.
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I11.2 PREMISES OF A ROMANIAN EARTHQUAKE

PREPAREDNESS PROGRAM FOR BUCHAREST

xX)

Emil-Sever Georgescu

A first attempt to analyse the physical and functional re-
slstivity of the Bucharest urban area, the capital of Romania in
the case of a future earthquake (probable around the year 2000)
is presented below. Several factors as population (2.2 million)
and its structure on occupation, sex, age, economic and soci~-
al activities within the actual geclogical, seismic geographic
and urban context of the c<ity have been listed in this paper Spe-
cial attention is paid to old building stock as a probable source
of 1ife losges, injuries and damage. Life lines are also analysed.
Alternatives taking into consideration the motion of the active
population during the day and night, the season, day or time of

the earthquake occurrence, type of principal or secondary ef-
fects were included.

THE NECESSITY AND THE SCOPE OF AN EARTHQUAKE
PREPAREDNESS FROGRAM FOR BUCHAREST

The Capital of Romania nhas been strongly affected by all
Vrancea ea'thquakes the most recent being those of November 10,
1940 and of March 4, 1977. The periodlc activity of Vrancea focus

indicates return probabilities of a similar event around the
year 2000 /2/ . After the late earthquake 1,391 loss of life
and 7.596 injuries (90% of the country lasses) as well as a

great part of the <collapses, damages of old buildings and cther
losses reaching over 2 billion dollars for all Romania, were re-
corded only in Bucharest, Bucharest has important social and
economic, cultural and political functions related to the whole
country {(10% of the industrial production, a.s.o.). The aim of
this paper is to analyse elements at risk and the possibilities

to produce losses and disruptions of activities in Bucharest, as
a first step towards a disaster scenario. Consequently, one can

develop further on a complex earthquake preparedness program for
Bucharest,

SPECIFIC ELEMENTS FOR THE DISASTER SCENARIO

Natural causal elements

Location, Bucharest is located in the South of Romania, in
the Romanian Plain, at 60 km of Danube and 100 km of Carpathian

%) Structural engineer, Scientific researcher, Building Research
Institute - INCERC, Bucharest, Sos.Pantelimon 266, Romania
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Mountains. The mean altitude is 80 m, The geological superficial
structure is represented by sands and gravel varying from o
6 m, covered by flood mud, sometimes with loessoid aspect the and
clays. Cuaternary deposits vary from 500 m thickness in South
to 1500 m in the North. The seismicity of the zone is dominated

by the Vrancea focus (160-200 km N-E of Bucharest). Fraom the
racord of the 4 March, 1977 earthquake, one can appreciate that
long period motions could affect the territcory (1.5 - 1,8 s).The
Fratesti gravel layers containing preasurized water (under 100-
120 m depth) are considered the bedrock for the Bucharest zone.
The superficial multilayer over this gravel layer is the main
reason of the length of this periods. The climate is continental
temperate;..slightly excessive, with 4 seasons.

Conclusion. For the initial disaster scenario one can adeit .as
possible a strong motion of magnitude M=7 2 with long period of
oscillation and intensity in Bucharest, I BUCH = VIII - IX MSK or
MM, similar to the 1977 one.

ELEMENTS AT RISK

The town as an urban:xmmnﬂ%* . Bucharest is an old town,
for the first time mentioned in 59 in a royal muniment of the
famous Romanian King Vlad the Impaler, surnamed Dracula. At pre-
sent, the Capital of Romania, organized as a mualcxpality includ
ing the agricultural sector Ilfov, has 1,521 kn frog which th%
town itself reaches maximum dimengions of 20 x 20 km"™ with 159 km
built area. The town is surrounded by two major circulation rings
and has two main axes oriented N-5 and E-W, with neoclassical awd
high-rise R.C.,pre-1940 buildings. In the interior of the first
circulation ring,, along the mentioned axes, the locative density
is higher, buildings are often adjacent, with a height of 6 - 12
stories. In the new districts along the main roads and at -the
crossings, structures with 8-18 levels were erected while in the
interior #tructures with 5-11 levels were buils, Quarters with
one story buildings coexist near new guarters.

Building stock.A rough estimation gives for Bucharest a
stock of 760,000 aparttments./5.6/. From these, 164,000 apt.were
built before 1948, 123,000 apt. between 1948-1963, 147,000 apt.
between 1964 - 1970, 146,000 apt. between 1971 - 1977, 180,000
apt. between 1978 - 1984. The Aseismic Design Codes were put in
force in 1942 (provisional rules), 1963, 1970, 1978 and 1981 )
/3,4,5,6/. The main critical aspect is considered therefore the
bulk of cca. 300 high-rise r.c. buildingthbuilt before 1940 si-
milar to the 28 bulldings collapsed at. 4 of March 1977, On the
other hand, the frame buildings erected up to 1977 were designed
to the code forces more reduced as compared with those of rigid
buildings,

Conclusion. Bucharest has a building stock and an urban mod
el characterized by the existence of many high-rise old stnn:nm!s,
as well as by the large number of new, typified and precast huild
ings, aseismically designed. Due to all these urban characteris—
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tics, the elements presenting the highest seismic risk exist in
the central zone. The adjacence phenomena could make difficult
the interventiocn of the rescue teams or of the firemen, The
hypothetical collapse of several 0ld high~rise buildings in one
of the crossings along the main axes of the City would lead to
difficult traffic problems during all recovery period. Also
very old neoclassical buildings with rich ornaments, stucco and
balconies, as well as chimneys could endanger the life and limk
of pedestrians. Thé city has 20 green parks (312 ha) and 800 ha
lakes, nominally able to camp tae evacuees, Using only 1/4 from
this area, 375,000 persons (2 m”~ per person), 50% from the
inhabitants of these 164,000 apt. built before 1948 could be
camped if necessary. Concerning the problem of temporary hg%%ggv
omacan mention toc that in Bucharesgt, the state enterprises
built in the last years 20,000 - 25,000 apt, per year, from tne
state.ox private funds. In the emergency case, a sufficient num-
ber of flats will be always available for homeless people as
wvell as in 1977,

Life lines. The different life lines of Bucharest pregent
the following general state /3/:

- the water supply network (2046 km pipes) composed of
nain prestressed concrete pipes and distribution pipes in steal
or cast~iron, local pumping stations;

- the sewage network (1600 km) composed of concrete pipes
and sewage wWOIrks:;

- liquefied natural gas network (906 km) consisting of
steel pipes:

- ceptral heating network (437 km) including main under~
ground ducts for high pressure steam local heating stations;

= power supply network consisting of underground electric
cables and transiormers and also aerlial power network;

- the phone network including 535,000 sets.

The F.M. - radio network. In the emergency period, com=
munications and information will rely very much on independent
F.M. radio sets having their own power supply. Beside the
Ambulance Service, in Bucharest, these apparata exist on cars,
cabs and trucks of the Enterprise of Public Transport-ITB at se
verzl building enterprises, railroad personnel, traffic control
teams of police, municipal and sectors’ administration;

- the transportation network includes railroads, public ,
roads tramways, buslines, trolleybus lines, cabs, subway, do-
mestic and international airports,

Conclusion. Lifelines are well developed in Bucharest;fol-
lowing the experience of the 1977 earthquake when effects on
life~lines were not disastrous and analysing the state of art
the structure of life-lines in Bucharest, one can nevertheless
remark several potential critical points:

- damage potentials in the power transformers stations ,
the temporary cut c¢ff in the water and gas supply as well as in
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the phone service, due to the power cut off or following the ove:
turning of the accumulators and racks; -

- the general positive situation of access roads towards
the city can go worse cua to the obstruction of atreets and tram-
lines as a result of the collapse or damage of buildings in the
central zone of the town few :arrow streets;

~ the blocking of some °‘i1tal road crossings due to rescue,
demolition or strengthening w rks during the emergency period.
Bypass branches in these life.ines are required.

Population., In Bucharest live 2,227,568 inhabitants (2,011,
927 peopfe in the town and 215,641 in the agricultural sector
Ilfov).(1983).

2 The overall municipality d’nsity is of 1464.5 inhabitants/
km“ and of 12,500 inhabitants/km”~ of built area in the town (1983),
/3.5,7/.

The age structure of the population (1977) indicates that
the groups of age between 20 and 59 years represent 59.2% of
population, the group 0-19 yesars represents 30.20%, while those
over 60 years 10.6%.

Wemen represent in the Bucharest Municipality 51.8% of
population. In the town the active population represents (1984)
53% of population:1,063,400 inhabjitants. From this amount 772,500
are workers (72,5% of the active population) 22,6% are working

in commerce, transport, public services, 1lO% in educa+tion, science,

culture, a.s.o, In Bucharest a lot of commuters comming from lo-

calities situated at 50 - 100 km out of the town are working daily.

The daily motion of population.Several significant variants
for the correlation of the earthquake occurrence time with then
daily motion of the population will he proposed for Bucharest dis-
aster scenarios:

- for seismic event during the day, one can propose intervals
as: 23,00 - 6,00, 6.00 - 9.00, 9.00 - 14.00, 14.00 - 17.00 - 19,00,
19,00 - 23.00.

For the case of a seismic event during a working day one can
analyse the professional and age categor.es exposed predominantly
at risk at home (children, old people, housekeepers, persons at
home before or after job), exposea at risk while working or during
travelling in town, a.s.o. For Bucharest, the preliminary estimat-
ion concerning the numbers of peocple at work gives for the interval
9,00-14.00, 800,000 persons (maximum) and 130,000 persons Fkotween
23 100-6 .00 (minimum) .

' The earthguake during weekends or holidays will cateh a
great part of the population a. home, except people working in spe
cial industries and tourism. A lot of people will walk or have
entertainment in crowded public places, at sport games or shows,
The cold season will keep 40% of Bucharest population (children and
old people) at home. Mass secondary illness could occur because .°
an unexpected evacuation. The warm seascon implies a reduced numbe.
of people present at home because of vacation or activities in the
open {especially in sunmer the reduction could reach 30%)-
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Conclusion. Bucharest is a dense populated town, whars the
oarthqu%ﬁc could produce major effects. However, the active and

the 20-50 years old population, being in majority, the physical
and psychological reaction snsuring the svacuation and rascue
operations, will be positive. The daily motion of the population
can considerably facilitate their reaction if earthquake prepar-
edness is correlated in this respect. The education and informat
ion of population about the pre-seismic mesasures could reduce
panics, rummors, disorganitation and pshychlogical stressas.

Industrial functions. Bucharest got in 1983 13.8% of the
count:-;, {(ndustrial production, due to 214 enterprises. Machine
industry and metal processing (42.4%), chemistry (12,7%), food
industry (11.4%) are the main branches. Chemistry, medicine in-
dustry, oil industry, gas storage and supply that could spill
dangerous substances following sarthquakes are located in subrbs.
However, new devaloped quarters are now very close to some of
these nevw facilities.

Conclusion, A detallad analysis on damage potantials in
faciiities of each factory is necessary in order to avoid inter
ruptions in the industrial activity. Special industry working
with chemical substances must be included in particular programe
of protection.

The commercial network includes (1983) 6,727 units out of
which Y731 are public fcodstuff units./3,6,7/. Warshouses are
situated near railroad rings or on main highways. In the central
zone of the town there are shops, usually at the ground floor of

apartment buildings. In some quarters shopping centers were built
also as independent units.

Coniclusion. The commercial network plays an important role
during or after the emergency period. Therefore, aseismic pro-
tection should be realized by:

- protection of buildings, especially the pre-1940 type;

= protection of gocds in the warshouses and shops:

= protection of access roads to warehouses; storage of
enough quantities of goode for a first necessity.

Politic and administrative functions. Science education
culture, information, sport and tcurism functions. The govern-
mental, politic, aaifnistrativc central leading institutions of
the country and of the municipality are located in Bucharest,
Buildings of different ages and condition are used by these in-

stitutions, A new politic and administrative civic center is
under construction.

Science. There are 193 institutes of raesearch and design
with 98,018 peocple as personnel.

The aducation system includes 666 scholar institutions(l984)
/3,5,6,77 with 460,000 students.
Culture. There are 27 institutiéns such 2s theatre, opera,
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1,297 libraries, 93 movies, 5 concert halls having over 1000
places each of them./3,5,6,7/.

The mass-mgdia system includes radio and televisiocn, newspapers
Journals, a.s.o0. Each family has radio and TV sets { 465,388 radio
sets and 590,84¢ TV-sets registered in 1983). Out of all the
main daily newspapers seven are edited in Bucharest./3,5,6,7/,

Sport has a large network of endowments including 3 stadia
{total of 130,000 places), 3 halls with over 20,000 pPlaces
/3,5,6,7/.

Tourism benefits of 41 hotels with 10,000 beds. In this
respect over 1.3 million tourists per year are registered.

Conclusion. The presence of the main central institutions
in Bucharest, will obviously facilitate the entire fulfilment of
measures for the earthquake preparedness. Starting with the
experience of 1977, one can estimate that the existing adminig=-
trative structures could include new tasks from the earthquake
preparedness programs , too. The actual laws concerning the
intervention in the emergency situations (floods, storms, earth-
quakes, a.8.0.) as well as the law in force concerning the safety
of constructions are a useful juridic background,

The present education system should be protected against

earthquake, used as a tool of antidisaster education and used
=zven in the emergency period for temporary housina. Halls with
large concentration of people should be paid special
attention.

The mass media system in Bucharest has a modern structure
but it must be prepared for transmission of exact information in
a manner adequate to the earthquake phase. It is obviously neces
sary to protect their power supply. In the same range the insti-~
tutes of research and design should be protected taking into
account their role in the prcgrams for the pre-earthgquake  pro-
tection, in takiny emergency measures, in the rehabilitationworks
the survey and collection of data after earthquakes.

Anti-disaster functions. A seismic event could become a
digaster in function of the mass loss of life, fires following
earthquakes, epidemics, shortage of food, water, housing, etc.

Functions able to facilitate the antidisaster operations in
Buchareat present the following gtate of art:
Medical centers. There are 562 medical facilaties with

6,811 physicians, 17,000 assistants and 7,5000 auxiliary perscon-
nel in Bucharest., Tn this framework 55 hospitals with 27,552 beds
are in function, As main emergency facilities one can mention:

- the ambulance station, established in 1906, endowed at
present with 400 ambulances with FM radio communication; it has
over 500,000 patients per year;

- the Clinjical Emergency Hospital, established in 1934,
endowed at present with 635 beds;

- the Municipality Clinical Hospital,with 1,540 beds;
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- the Hospital " 23 August " with 700 beds;
- the Hospital of Neurosurgery;
- the Central Military Hospital.

Firemen, military units, traffic police t:-eams, eraction om
panies, the Red Cross Society, the Civil Defense have a good
endowement and should cooperate in the earthquake preparedness
programs.

Conclusion. The relative concentration of medical personnel

in Bucharest (327 persons per physician) is beneficial but it
cannot avoid some critical aspects. For instance, if from the
mentioned number of 300 olcd high-rise buildings we accept a
hypothesis of 45 collapsed buildings (that means an increase of
only 50% as related to 3917) one can expect 3-4,000 potential
victims. Let’s suppose proper rescue operations done by the

mentioned anti-disaster institutions,

Taking into account a ratio of injured per dead personsejual
to 5 (in Bucharest, in 1977, this ratio was 5.45 /1,4/ , a huge
mass ¢f 15-20,000 injured persons in the émergency phase results.
Tuereiore, the BinuitaneOus Liecauieui willi e not poussible. In se
veral hospitals (only for 7,596 injured persons of the whole
city) this problem occurred in 1977, It is obvious that the trang
portation of those persons (among which 5-7,000 could easily
require an emergency treatment) will rise problems to the arbulance
service and hospitals. For the dispatch and redistribution of
injured persons the Ambulance Station of Bucharest and the main

emargency hospitals use at present new FM radio-sets and phones
interconnectea for a joint intervention.

THE PRIMARY DISASTER SCENARIO FOR THE BUCHAREST
MUNICIPALITY

The primary disaster scenaric should provide to specialists
planners, administrators and inhabjtantgs an image about -the level
of damage and disruptions produced by the mentioned hypothetical
earthquake on the town, using rough methods. Data on wulnerability
of structures, functions and pesople in 1977 should be used for
calibration of results. Because the building stock and the industry
are certainly in evolution the scenario will be not a simple
repetition of the 1977 event. Population and managers are changing
too, thereafore the experience of 1977 could not entirely be
adeguate to the present position of each person. Thus, this initial
scenarico, even rough, will represent a starting point for measures
to be included in the earthquake preparedness program.

CONCLUSIONS CONCERNING THE BUCHAREST EARTHQUAKE
PREPAREDNESS PROGRAM

The Program will consist of a set of documents including
duties for different state and voluntary institutions. As Romania
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utilizes for all its social and economic development 5 years and
1 year plans, this program could be easily integrated in the gen
eral system. Long term measures (10-15 years) will include the
general 1dentTfT%EETEE'ET’EEE'Erobleml, studies and research,
need of new codes, scheduling of activities, etc. Mid=term measu
res (5 years) will include actions for the reduction of the most
evident disaster potentials. The disaster scenario will include
cause-effect hypothesis adequate for the real conditions of the
city. Priority should be given to lifelines. The education, in-
formation and antidigaster drilils, adequate to different cate-
gories of population, should bhe implemented. The emergency phase
measures (during and immediately after the earthquake, Io—G%EEE:}
will depend on the degree of endowment and preparedness provided
by previous phases, on the population experience concerning other
paat earthgquakes, on the efficiency of the c¢ommunication- infor-
mation system. The response measures, specific in the following

24-72 hours after the shock are cdependent to the degree of the
social and economic¢ planning and subordination, to the mass
madia activities, a.s.0. According to the rules in force in our
country, in this period the necessity state is decreed and spe~
cial funding aloted, rescue operation continue, the buildings are
inspected in order to assess thelr degree of damage and safety.
This operation implies that regulations concerning rescue,strength
aning repair works should be in force hefore the seismic event.
The Romanian experience, especially the experience ¢f Bucharest
has shown that the notion of recove eriod must be understood
in very large temporal limits, but t*e duration should be not
increased by the shortage of means of intervention., It is well
known the fact that in 1977 in Bucharest a lot of persons have
been rescued from the collapsed buildings after incredible time
intervals. For instance, a little girl (6 years old) after 62
hours, a woman of 22 years after 128 hours, an old woman after
188 hours. One of the world wonders of all times was the rescue
of a young man (19 years o¢ld) after 251 hours undexr the debris,

in a basement of a collapsed building. Thereifore, measures in
this recovery Eeriod will be gtarted immediately and should
refer to a the alffected fields of activity.
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Fig.l.Right side of "Magheru Ave." in Bucharest, having mainly
pre-1940 buildings. Building "A"is a reconstruction after 1977
of the collapsed bhuilding "Casata",

Fig.2 "Casata” building(noted"A~ in fig.l) after collapse at
the March, 4 th 1977 Vrancea Earthquake.
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Fig.> The New Concert Palace Hall in Bucharest built in 1960,
ca, 500U places.,

1-1:J:=||(tx|?

Fi.3.4 The new street crossing Bucur Obor with residential high
rise buildings of the 70's GSurface public transport and under
ground passage for trams, cars and buses tratffic.
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III.3 ARCHITECTURAL, ENGINEERING AND INDIVIDUAL
REACTION ELEMENTS CONCERNING THE OPPORTUNITY
TO EVACUATE APARTMENTS DURING THE EARTHQUAKE

Sever Goorqoncux
Diana M&ndruti xx

1. INTRODUCTION

The specialists usually recommend to the occupants not
to leave the apartment during the earthquake, advice that is
not always observed or understood,

In this papar the problem consists of determining if the
seismic elements as well as the structural, archieectural and
individual reaction elements allow or not a safe evacuation
of structures with modern architectural layouts during the
phases of a strong earthguake,

2. SEISMOLOGICAL CAUSAL ELEMENTS

From the analysis of the accelerograms regarding the
crustal intermediate earthquake, results the fo!lowing impor -
tant aspects concerning the opportunity to evacuate apartments
during the earthquake /1,2/;

= initlal phase with oscillations in the range of 0.001
- 0. - +.25)g on a duration of 2-10 s3

- main ghase with major oscillations of above (0.05g but
especially with values of 0.1 -~ 0.2 g, on a duration of
10-50 g {for magnitudes of 5.5 - 3);

- f£inal phase of gradual damping of the oscillations
under perception limit, on a duration of 17-30 s.

3, ELEMENTS OF DYNAMIC STRUCTURAL RESPONSE

Depending on the ratio between the natural dynamic cha -
racteristics of the structure and spectral dominant ones andthe
values of the seismic oscillations, the structure responds t o
the excitation transmitting certain effects to the lodger,

%X Building Research Institute - INCERC, Bucharest
xx Architecture Instttute "Ion Mincu", Bucharest
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The way the structure amplifies or atteruates the exci -
tation also depends on the soil-structure damping system as
well as on the story the apartment is located, Amplification va-
lues 1.5 - 2.9 were obtained at the earthquake in San Fernando,
USA, 1971 on instrumented reinforced concrete buildings, Some
corrections are necessary because of real location of the acce-
lerographs,

buring the Miyagi-Ken-Oki earthguake in Japan on June
12, 1978 ﬁccelerations of 0,264g at ground level, and of 1.0€ g
at the 9th £1oor of a building at Tohoku University were b S
corded, the amplification factor being 4 /4/.

Nowadays, before the earthquake, the dynamic analysis
offer both theoretically and instrumentally the calculus data
for each building type regarding the amplification assessment.

Concerning Vrancea earthquake with a predominant long
pericd (1.5 - 1.8s), tall buildings, especially framed ones
will significantly amplify the main seismic motion.

4, INTERACTIVE ARCHITECTURAL ELEMENTS
4.1. The layout type

For the uniform analysis of the relation between the a-
partments partition scheme type and the evacuation the de-
fining of an evacuation vector (E) (a displacement vector) is
suggested that quantifies the necessary way crossed by the ac-
cupant from one room to another, up to the leaving of the a -
partment,

The ability to evacuate each room is different depending
on the ratio "e" between the real possible evacuation vector
(F,) and the position vector of the door (E) as well as on the
vaEue (ER). -

Generally speaking we will have:

(Ep) (E1)
e = R _ = }:_ > 1
TEL) (E,)

The values (E_) and "e" for 3 types of apartments from
2 Romanian standard building types are presanted in table 1.
These values allow for the following conclusions:

= the total value of the vector E increases (as expectad
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2.56

———= THE REAL EVACUATION VECTOR i
-—~== THE THEORETICAL EVACUATION VECTOR

THE EVACUATION VECTOR FOR A ROOM N
THE CASE OF AN APARTMENT IN A
STANDARDISED BUILDING
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The real

evacuation

precast

evacuation

factor for

buildings

vector

modulus and .
apartaments in 5-9 storied

Table 1
_P
Parameter
ZIEN | e JZEN ] e J2ZIEJI] e
(m) {m) {m)
Room ]
5 Story Section P b.2 Section P.a.4mm ﬂT
Praoject
type 770 2 rooms 3 rooms L rooms
Bedroom 5.75 [1.085 71 1.07 7.1 1.07
Bedroom ~ - 6.6 1.4 6.6 1,40
Bedroom - - - - 8.7 1.87
Living room | 3.8 1.04 5.6 1.07 5.6 1.07
Kitchen 3.6 1.14 3.6 1,14
| _Bathroom 5.1 1.0 6.35 | 1.18 6.4 1,18
Shower ~ - 5.1 2.5 7.8 2.8
9 Story Section B. 12.
Project
type 772 2rooms 3 rooms 4L rooms J
Bedroom - - 8.5 1.04 | 9.25 1.03
Bedroom 6.10 1.09 6.00 | 1.0 4.85 1.04
Bedroom - - - - .65 | 1.03
Living room | 3.80 | 1.03 | 4.75 | 1.02 6.32 | 1.00
Kitchen 3.15 | 1.00 380 | 1,05 | 4.75 1.57
Bathroom 4,85 1.02 ] 760 1 1.16 | 8.00 | 1.07
Shower - ~ 3601124 ] 3.801 1.57
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with the increment of the rooms number in the apartment;

- a bedroom and an afferent bathroom in an apartment exit;
long corridors can cause crowding effects during evacuation;

= the living rooms have both tha advantage of their 1lo-
cation close to the exit and their purpose that presume a
reaction, unlike in the cass of bedrooms where wakening and
dressing delay the resactions

- gvacuation factors "e" have moderate values 1 - }.lfor
2 rooms apartmants up to values of 1,16 - 1,57 for bathroomsand
kitchens at 3-4 rooms apartments. By their purpose these room s
have some other disadvantages as the dressing operations, water
and fire turning off aetc,

4.2. Staircase type

Staircase type is different function_of the flight type,ligh-
ting system, number of apartments at each landing (the use of
the elevator during earthquake is not considered).

Taking into account the typification of the stairs, the
value of the initial vector that can characterize the displa-
cement on the landing and on the flight between two stories 1is
defined as follows:

(EA) - ( storey . r + |E landing|)
where r = 1,0 for direct flights
1.1 for flights with intermediate landing base,
1.2 for flights with more landing bases or flights.
The index "r"™ introduces the slowlng effect of the people

leaving the building because of the change in the descending di-
rection by turning,

The lighting system 4is included in the calculus by an
incremental coel¥icient oI the displacement vector as follows:
- natural lighting to exterior through windows:
i =1 (day); 1 = 1.1 (night).

- lighting to a small courtyard through a trap door or
other sources: i = 1 (dayl: i = 1.2 (night)

- artificial lighting: { = 1.1 (day)y L1 = 1.3 (night).

The number ¢of the apartments on the floor is included in’
the calculus as follows: e .

1 - 4 apartments n=1,0
5 = 8 apartments n=1,1
more than 3 apartments ne=1,2
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Thus we will obtain:

/Es/ = /ER/ s 1 .nm= (“lto:y‘ T + /Bflandiné)‘ i.n

The values /E;/ ’ IE;/, /Es/ for typified buildings in
Romania are prasented in table 2,

Table 2
Butl V2| \E. \E\
- Para- E E i n E

ding meter flight ianding {m) (] (m)

H l r min, max, min, max,

(ra}

GF + 4E
non-lighted 2,70 1.0 1l.43 5.63 1.2 1.0 5 10
staircase
CF + 4E
lightad 2,70 1.1 1.9 1.9 1.1 1.0 5.4 5.4
staircase
GF + 4B
ron-lightad 2.70 1.0 1.2 9.7 1.3 1.0 5.1 1.6
staircase

Enough cases where the staircase proved dangerous for eva -
cuation either by its collapse or bv the falling of some non-
structural elements, plasters etc (San Fernandn - 1971 ,Vrancea -
1977) are known,

4.3. Furniture type

Furniture delays the evacuation by:

- prcvents the occupants tc advance;

- overturning and hitting of the occupants.

By analysing the furniture types used in Romania, the
miniwal overturning accelerations according to building types are
showit in table 2
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Table 3

Purniture #/3 or H'/8 A fom/8%) I
type MSK
Modulated

book~cases 4.6=5%,00 (7,00) (140)~180~-210 VITI
Glass casses

or high sup- 2.9 - 4,8 210 - 340 IX
ports :

Sideboards 1.90 = 2.66 370 - 445 IX = X
wardrobes k) - 3,35 325 =300(0.3g) IX
Cupboards 4,28 230 X
Refrigovators 2.50 400 IX
B‘d. o-‘ - 0025 2¢Sq- 4g -

Tables, desks 1.75%

[}
~

490 - 560 X

Beside the probabilistic aspect of the oscillation an d
overtlrning under seismic effect some conclusiona can be dran

It is noticed that the greatest number of possibilities
of colliding with an oscillating cbject occur in the offices
with high boock cases, glass cases, and so on, at story accele
rations ¢of VIII degree MSK,

In bedrooms, wardrobes present a uniform medium ha-
zard at almost all types but starting with story accelerations
of IX degree MSK.

Consequently, the furnishing of a dwelling must be
done as to avoid agglomeration of rooms and cotrridors with
objects or high furniture pleces. Pixing or furniture on
walls or other members starting from a certain story could be
taken into account in flexible structures.

4.4. Finishing type and non=structural eslements

The degradation to oscillations of thin ccatings of new
prefabricated, industrialized structures is not dangerous.How-
ever, the degradation of framed structural systems with ma-
sonry infilling that often require plastering, vensering, etc.
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can influence people phychology or endanger occupants life in
a building.

5. ELEMENTS OF PHYSIOLODGICAL RAND PSYCHOLOGICAL REACTION

Regarding the frequency range 0.1 - 10 Hz (T = 10 -0.1s)
in ISO norms and other stndies /5,/) the following levels for
the human vibrations are considered:

- the perception of the vibrations 0,001g - 0.0l14g,

= annoyance sensation 0.015q9 - 0,02q.

- tolerance limit 0.10g - 0.259 - (0.,5gY.

It can be noticed that the first two levels are charac -~
teristic for the seismic phase I, period when the occupant has
not yet decided how to act.

The characteristic frequencies of the human body expe -
rimentally exposed to some vibrations on shaking tables are es-
timated as fcllows:
= 3 = 3,5 K2y (T = 0.33 - 0.298) for lying body;

3 - 6 Hz; (T = 0; 25 - 0.163) for person sitting;
S - 12 Hzy (T = 0; 2 - 0,088) for person standing;

§ :: :g:g;l)fggr'hggiger' at vibrations trans =~

verse to tha body

[ I B
Mt rh N

These frequencies are mainly present in the IInd phase of
tha earthquakes, when the body or certain parts of it suffer
oscillations of high amplifications at resonance. At the same
time the components of low frecquency that cause sensations si -
milar to sea sickness can add to the unpleasant sensation, es -
pecially for Vrancea earthquakes with spectral content of this
type.

Fealing his body exposed to oscillations and knowing
the possible effects of the earthquakes the occupant will in -
stinctively try to leave the apartment.

Thus the II“d phase is the phase of decision and the
begining of evacuation,

It was experimentally concluded that under the effect of
the oscillations the most instable position is the standing ons.
It is admitted that over 0,29 and sometimes even starting from
0,1g it is Aiffienl+ to stand up or walk without leaning to
somethihag.

The capacity to carry out action can be maintained up to
0.5 - 0,6g, only if the person can act sitting /3/.
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The acceleration of 0.29 is important, because for an
amplification factor 1.5 = 2, upper stories of some high buil-
dings reach the accelsration of 0.29 when the ground has 0.lg
{VII degree), the situation being of great interest for almost
half of Romania

Under this strong cscillation a middls age person can
walk by 0.3 - 0.5 m/s and kids and old men up to 0.3 m/s/7/.

For the descent (according to the authors determinations)
the following apeed under the effect of strong oscillations can
be considered:

- 0.3 m/s (2 stairs/s) for teens,

- 0.2 m/a (1.5 stairs/s) for adults.

- 0.1 m/8 (0.75 stairs/s) for children, agqed men etc.

Season and hour of earthquake occurrence influence the
evacuation by the increasing of the irresolution duration,
Health, age and even sex differentiate the reaction during the
earthquake.

An important psychological element ig to know in ad=-
vance the behavior of the structural elements existing inside
each occupant’s apartment under the earthquake action,

Thus the occupant in a framed building with infillin g
masonry must not be surprised by stronger oscillations as well
as by cracking of some walls right under his eyes.

The occupant o©of a large panel structure must know the
fact that the rigidity of hte building is greater as com -
pared to other types of structures.

The occupant of an old structure, with chimney, attics,
ornaments, balconies and so on, must not leave the building
during seismic shocks and even immediately after the earth -
quake in order to avoid the accident.

6. THE EVACUATION DURATIOH

According to the elements mentioned above the eva =~
cuation duration can be divided into the following partial du-
rations:

= irresolution dutation that mainly depends on the func-
tional aspect of the room dwelt by the occupant. Its maximum
value is generally equal to the duration of the initial seis -
mic phase; it is greater in the bedroom, bathroom, kitchen than
in the livingroom;

- evacuation duration up to exit from the apartment
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where the evacuation factor "e" introduces the increasing ef -
fect caused by turnings, changes of direction, stops, doors
opening and shutting, corridors as well as other factors that
depend only on the apartment type.
= evacuation duration on the staircase
| eq| 1B,
T

ev, staircase = * - + b

v, v

where v, repregents the descent speed on the flight,

V repregents the speed of displacement on the landing and
b is the number of the stories.

In tables 4 and 5 the partial and total evacuation du-
ration, calculated for typified buildings with GF + 4 and GF +
8E are given,

The calculus was carried out regarding an earthquake
occuring at night at 22,00 o’clock, when the mambers of the fa-
mily can be simultaneously present in various rooms.

Aggravating and favouring elements were 1nc1uded in the
factor "e",

CONCLUSIONS

1, The types of apartments and the staircase in the ana-
lysed multistoried buildings do not allow evacuation before
the main phasa of the earthquake.

Regarding most cases, the evacuation duration will occur
with the main phase and in other cases the descent will not
ba ended before the lagt phase of the earthquake. Thus,it can
ba concluded that other more complicated architectural layouts
are more difficult to be evacuated,

2, At tall buildings the evacuation duration on the
stalrcase takes the longest duration and at the same time it
is the most dangercus bacause cf some specific structural and
non=gtructural elements sxisting on this way.

3. The anslysed elemants can allow a better architectural
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Partial and total duration of the evacuation for
2,3 and 4 room apartments in nine storied large
panel  building typified project 772 -IPCT

Table 5

Duration of Duratiod Duration of Duration ofeyocuotion Total

vacugtion| of levacuation for arthe-sigiccaseslsl i,
ndecisiafthe apartment (s) Lo | fatyra e evacuation

duration of

Room (s) min ma x min max min max

Bedroom 10 8.8-96]29 -32 28.8 -140]64 - 657
Bedroom 10 6 - 67]120- 22 26 - 137 {55 - 647
Bedroom 10 4.8 16 25 - 146 | 51 - 641

Living room 5 39-63[13 -2 19 - 131 | 4¢3 - BM

Kitchen 10 13,2~ 7511 - 25 23 - 137 ] 36 - 650

Bathraom 15 5-89117-129 30 — 144 ] ©7 - 659

10s{g.f) -120 s{9th story)
25s{g.t) -515 s(9th story)

Shower 15 4,7- 6 |16 - 20 30 - 143 56 - 650




Z9¢t

Partial and total duration of the evacuation for
2,3 and & room agpariments in five storied large
panel buildings typified project 770-IPCT

Table &

Duration of uruiion{ Duration of Pumﬁm"fe‘mcuation Total duration of ﬂ

acuation| ©of levacuation for Lfor the sfoi.ms_lﬂw
Electric Natural the evacuation (s)

ndecisiorfthe apartment (s)

light light

Room (s) min max [min | max | min {max nin max

Bedroom 10 le3-7sf1-25] = | 2] ] 5 |25- 76 | 55 - 255
sl 21 2} %

Bedroom 10 84 ) 28 | 5| W) W] Zl28- 77 |62 —258
L f -

Bedroom 10 16 54 L.n‘E w | w ] v |35 -84 ]| 88 -~ 284
- - o

- - n )

Living room 5 L-6 P3-20 ;’ § e g 18 - 69 | 42 — 244
Kitchen 10 L 13 | S SN L]23 - 7247 - u3
Bathroom 15 |s-2s5h7-25] o| 2| 2| T |29 -82 | 56 - 260

(7 g a o~
=)} o~ o~

37 - 95 82 - 308

Shower 195 12,8-22]43 ~-73




design and furnishing correlated with the seismicity.The people

reaction during earthquakes to avold endangering of life and
limb integrity could alsc be improved by earthquake preparedress
programs,
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i11,4 CONTRIBUTION OF TOWN PLANNING TO THE MITISATION OF
URBAN VULNERABILITY

Adrian Cristescu®

GENERAL CONSIDERATIONS

Town planning may influence in certain circumstances eco=-
nomic and social processes, becoming an useful instrument for the
developing strategies that decrease the disastrous effects o f
the earthquakes.

It is well known that Romanian territory is exposed to the
dangercus action of the earthquakes.

According to the records from lSth century until now(£ig.l)
the recurrence time of earthguakes of intensity VII or morec in
the Vrancea Reqgion ig about 30 years,

An eartﬁquake of intensity equal or more than VII degrees
is expected to occur in the next 30 years.

~his closed probability must determine the development pro-
cese in near future,

THE 1977 EARTHQUAKE

The 1977 earthquake caused damage to a large area incl-ding
some important towns. Bucharest, the capital of Romania, was A&f-
fected too, a great number of buildings being damaged and some of
them bheing totally destroyed.

The town is developed within two major traffic rings, with
Unirii Square and Universitatii Square as centers.

- it must be noted that 30 years 1is only significant as a pro -
babilit, . Generally it is considered that a devastating earthguake
vccurs two or three times in every 100 years.

b

x Architect, Besign Institute for Typified Buildings - IPCT,
B ucharest, Romania
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The North=South axis is composed from Road Victoriei and
-Ana Iplitescu - Gh,Magheru - N.BAlcescu ~- 1848 - boulevards which
crass the town from North to South (fig.2}. On this axis the traf-
fic was obstructed for about 10 days by the wreckages of the col-
lapsed buildings or by the rescue actions (fig. 3,4,5,7,9,11,13),

This situation led to the disfunction of the tranaportsys-
temnaffecting the whole urban system too,

The principal causes of the damage were:
- structural design without precautions for seismic forcemy
reduction of strength due to the 1940 earthgauek;

= deterioration of structural strength due to the passages
of time;

- major alterations after construction involving the re-
moval of structural slements.

Now, we can also say that the loss of coherent actions aimed
at ensuring a preparation fore the disaster, such as vulnerabi -
lity studies, also contributed to the recorded losses. These vul-
nerability studies would undoubtedly have demonstrated the unfa =
vourable situation ¢of the damaged or ccllapsed buildings., Studies
on urban planning problems would undoubtedly have demonstrated the
critical pointe of the urban system and would indicate directions
for intervention.

RECONSTRUCTION

The reconstruction process was very fast, a great number of
the collapsed buildings being rebuilt and the great maiority of the
damaged buildings being repaired,

Unfortunately not all the lesscns of the recent earthguake
were kept in mind,

Analyzing the zone around Romana Square, UniversitZtii Square
(€ig.3}, from the urban planning point of view, we can favorably
appreciate the large spaces existing on one or another part f the
traffic axis. This solution wans’t used at the other importanttraf-
fic axes built after the 1977 earthquake - for exemple Mogilor
Way.

The reconstruction using interbuildings in the original fomm
or respecting onlytheir original volume (£fig.6,8,10,12,14)with framed
structures with autoclaved cell concrete masonry leads to vulnera-
pility situations such as these:

- joining buildings of different stiffness and heighta may

generate breakings and damages;

= this alsoc may affecte transmission phenomena at adjoininy
buildings (by the wventual yielding of the old buildings) towards
new buildings calculated asg individual ones)

- a potential danger for passersby outside and for those
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inside the building may rssult from using framed constructions
whose finishing is achieved by thick plastering on autoclaved cell
concrete that do not resist to seismic loads.

CONCLUSIONS

The probability of occurence of a great intensity earth-
quake in the next 30 years must be considered for development
Process.

The fact that all the new buildings are aseismically de-
signed is not enough.

A complex aseismical program is necessary including wvul-
nerability analysis and scenarios, which must-consider a greatmm-
bar of proolems in order to ensure the strength of the urban sys-
tem against seismic shocks, encouraging not only local changes of
the individual components, but also a systematic approach of the
whole urban structure,

Town planning may offer the complex image of the urban
structure, including important data concerning the critical points
of the urban system,
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III.S THE SOCIAL RESPONSE TO EARTHQUAKE

Dorel Abraham x

Georgeta Gheorghe
Nicolae Gheorghe
Mircea Kivu ¥

XX
XXX

One of the basic ideas of our studizs is the acceptance
of the earthquake protection, widely speaking, as overall action
representing societal response to seilsmic situation, including,
besides the technical-englineering measures, a large set of so-~-
cial ones.

From the study of the population bebavior during t h e
March 4, 1977 Earthquake (Romania) it resulted that the main
elements of these particular type of soclal response are:

a) the preparedness of the population for the emergency
situation, namely the understanding and learning of the reac-
tions to earthquake, both from the point of view of the infor-
mation they must posses and of their effective behavior they
must develop during the seismic situation;

b) rescue and emergency assistance actions for the af -
fected population;

c) means for the population’s return to normal }ife,focsad
on the solving of problems related to "provisional shelter”,

The specialized libterature stresses that an earth ke be-
comes a ‘disaster only by reference to a sociil contgxtggg g;ﬂﬁL

quake is a catastrophe when it disturbes some essential social
functions, respectively it bringsabout the disruption of the
social structure, endangering the life and survival of people,
the social order and the cultural values. By its content and
its effects (at different social and temporal levels),the earth -
quake may be considered a developmental matter,

Qhe social response to earthquake (as program for the
reduction of earthquake social effects) is efficient only in-
tegrated in development politics.

The human, aconomic, social and psychological coats

x dr.sociologist, Design Institute for Typified Buildings-IPCT,
Tudor Arghezi str.nc.2l, 70132 Bucharest, Romania

xx sociologist , Design Institute for Typified Buildings-IPCT,
Tudor Arghezi str.no.2l, 70132 Bucharest , Romania

XXX soclologist, Bucharest University,
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caused by an earthquake are strong arguments for the complex
social programs of social preparedness in the aim of prevertion
and the reduction of destructive earthquake effects,

The experience of the countries that accept the idea of
the preparedness for earthquake - including the people infor-
mation, the behavior scenariocs and the specifical measures
for earthquake - proves that people are able to accept t he
earthquake as a normal phenomenon where the learning of the
response is fundamental.

Moreover, the preceding exercises for disaster situation
allow to avoid gocial disorders specific to limit situations.

From the view point of the response motivation,the pre
paredness for earthquake may be assimilated with other preven
tive actions for crises situations, like the prophylactic mea
sures of avoiding the epidemics, already accepted by the po
pulation 1like normal ones.

Also, the earthquake action contributes, indirectly, at
the stimulation of ideas, promoting the social changeland the
interest in this), correlated with the creation of a more fa-
vourable coentext for the reconstruction and the modernization
of the building stock,

Consequently, such preparedness programs (already exis -

ting in different countries at selsmic risk: Greece, Turkey,
Japan, USA, eatc.) include many factors that "co-operate” from
the seigmicity of the soil until the education and the atd-

tudes and reactions of the population.

In the specialized literature, it is often emphasizcd th:
necessity of analysing the direct earthquake effects in corre -
lation with the effects of the intervention measures for re—
ducing the damaging consequences of the earthguake, as natural
phenomenon.

At the same time, there is a consensus that the affected
individuals and social groups are not only the subjects of some
formal measures of emergency agssistance, they have their own
patterns of acting in such situations, in other cases differently
(or even oppositely) from the official ones, they have their
“personal® rhythm and time representations for taking decisions,
according to tradition and private and group experience.

Basically the social response to earthguake may be

studied at four Jevels: society, community, organizations and
individuals.

If the social level is not very analysed in the literature
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of the field, other aspects of social response to earthquake
are largerly approached, with respect to different spatial
and temporal limits. ‘

At the community level, the social response to  earth-
quake is elaborated by and in the procegs of changing the
normal functions and priorities system of the community.

These transformations consist of changes and adjuste -
ments of current activities and social processes, for the pur-
pose of elaborating an appropriate answer at disaster situations.

In case of earthquake the normal system of priorities
(informal and formal ones) is endangered. The period of the
disaster action (the direct effects and the correlated scocial
ones) produces change in the social relations by generxating
new adaptative patterns, "the social system of the emergency
period”*.

A major disaster that menaces the fulfilment of some
valued activities determines a drastic demand of certain ser-
vices or activities, simultaneously with the reduction of the
capacity of providing them.

The answer at the emergency state include, first o f
all, a new priorities and values systenm.

These changes in the "normal® order of the priorities
system, generally noticed in the communities affected by a
major disaster and "tested" in ocur country, are found on some
particular criteria:

- the population survival is the first priority
- rescue cperations, to save people, to provide wedical
assistance, become priority actions.

In the case of the March 4, 1977 Earthquake, Romania,
this problem acquires a nati nal importance, the program o f
intervention being co=-ordinated by the central government.

The asurvival and rescue operations are correlated with
the activities of providing bare necessities as food, the"pro-
visional shelter" a.s.o,

- re-establishing and maintaining of eagential
servicles and resourcegs for the normal development of social
life,

The public needs get top pricrity with respect to pri -
vate activities, sometimes coming into conflict with personal
and formal interests and duties of the individuals,
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The most importance activities in this period are the
rehabilitation of the public system of communication and trans-
portation, of the institutions directly involved in the acti -
vitias for social life preservation (hospitals,police, army
etc.).

- maintaining of the public order, protection of the sc~
cial and private property, control of circulation and distri -
bution of the rescue resources;

- maintaining of people’s morale, and keeping up psy -~
chical condition are very important in the emergency period,

In present societies, mass media piay an important role
in the "description® and the interpretation of disaster el -
facts, in the process of presenting proper information for
the intervention activities, for the maintaining of the public
quiescence and discipline.

A very important fact to keep up the community morale
is the rejoeining of the separated families and to gather in -
formation on the condition of these families.

Concomitantly with the priority accorded to these func -
tions in the emergency period, some traditional functlons suf-
fer a diminution of their social importance.

Therefcore, some of the functions of goods production,dis-

tribution and consumption are partially re-oriented, others
change importance of the factors which contribute to their
achievement (see the function of socialization). Also, the

functions of social control and mutual helping acquire new di-
mens8ions and values.

- the corganizational level of the scocial response to
earthguake is sustained by organization and institutions ( in
the classical sociclogical meaning).

The analysis of the social answer at disaster situations
at the organizational level becomes especially needful. Ge -
nerally, it is considerated (both at popular level and, some -
times at academic one) that the principal effect of the di =~
saster is the disorganization of the social structures and of
the daily life. But the systematic research concerning disas-
ters prove that themse phenomena have, in the respective period,
some "integrating effects" with a therapeutic role for the
affected community", both the "disorganization" and the " re-
integration”" being - the dual effects of the complex reactions
of a community confronted with a disaster.

A disorqganized community generally develops an organi =-
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zational structure able to satisfy the new requirements by a
disaster,

The analysis of the social answer at organizaticnal lewel
convers the identification of different organizations of the
community, before the earthquake; the assessment of the pro -
bable consequence of the disaster actions on the specific func-
tions of the organizations; the knowledge of the way in which
the available resources are mobilized and of the new systems

created by the community and the particular social groups
for -the solving of the newly created problems. Some organi -
zatlions contain in their statute the responsability to be
involved in urgent problems and situations (or in “emergency

period specific situations"), and in the actions of disaster
pre- and post-impact period.

Other organizations, woth no responsahilities and
structure for the immediate intervention, become necessarly
involved in the managing of the particular problems generated
by an earthquake, suffering the costs of the new adaptative
eforts,

Hence, the capacity and the efficlency of the existing
organizations constitute a decisive factors in the solving of
these particular crises; their structure and their capacity of
intervention have t» be vstimated beforehand.

The preceding classification is valid particularly for
the organizations that are usually confronted with vrgent events;
the police, the firemen, the hospitals, the transportation sys-
tem etc, The involvement and the co-participation cof a lot of
organizations, associations, social groups(sometimes newly
created by this specific social context), non- organized indi -
viduals draw up a complex problem of coordination between all
those social factors: this problem represents a particular
social characteristic of the emergency period,

The characteristics of the coordination and commnication
between these social agents and of the process of "raising” a
legitimated authority structure, have specific cultural and
political variations in different countries and areas{in res -

pec§ w?th the cultural, social and political structures of the
ragion),

The interorganizational ¢»0 rdination and co
is easier to be achieved and more efficient in the °p§§:§§:?
planne societies. In such countries, the social response for
earthquake is considered to be, firstly, a national respongabi-
lity that implies the government control of all the process
of distributing and using material resources and people,

385



4,

In the case of March 4, 1977 Earthguake, Romania {as in

other periods of disruption produced by calamities in our
country, like the 1970 flood), the coordination and the adjus-
tement o¢f the organizations at the national, regional and

local levels was achieved by teams especially created for ac-
ting in such situations.

The teams’experience proves that one of the principal
means in elifminating the earthquake effects is the mobili-
zation of the local resources and their integration in new
patterns of utilization.

A very important aspect of this process of mobilization
is the increase of human solidarity (the emergency consensus):

= the experience of the "headquarter for reconstru~tion”
of Zimnicea town, locality reconstructed after the earth-
quake, demonstrates the capacity to mobilize economic resources and
labour force from all over the country;

- ¢the individual level of the social response to earth-
quake covers the reactions of the people in disaster situ -
ations.

The Romanian experience of the 1977 Earthquake “advo -
cates”™ a major conclusion of the specialized literature: the
population develope adaptive answers for the different stages
of the disaster action, the panic and the disorder of the
immediate post-impact period being stereotypes and lacking the
understanding of the human behavior, considered only by some
superficial and transient aspects,

Generally, people are innovating "new" behaviors, ap =
parently chaotic,, ineffective or alarmist, but in fact tes-
ting creative solutions for unexpected situations or/and”brin ~
ging up~to-date™ traditional representations and experiences
concerning the response to earthguake,

With respect to the particular increase in human soli -
darity, the therapeutic role of the communities and social
groups affected by calamities is emphasized.

The people’s behavior in such situations is modelled
ty the particular and social experiences during periods di -

sasters actions, by tradition, by some group leaders influ
ence etc.

People act for surviving, for saving and helping their
faily members, neighbours, friends, and develop an open and
active attitude towards the community problems,

The people preparedness for earthquake is an impor tant
factor of raplidity and efficiency of the individual and so-
<ial response.

386



The preparedness programs have to train people for ade =~
quate actions at Aifferent selsmic atages and for the ability
to coordinate (psychological and actional) the private and the
social acts and interests.

Mags media and other communicational agents have an im-
portant role on people behavior providing accurate information
and even guidance in acting.

The preparedness programs for earthquake have to be
developed in advance, using all the available formal and irfor-
mal means, including the schools, the differert organizations
and institutions, mass media, the civil defence actions,in the
purpose of a complex learning in advance of specific behaviors,
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III.6 SOCIAL AND URBAN ASPECTS OF
SEISMIC PROTECTION OF TOWNS

D.AbrahamX)
A.Cristescu
G.Gheorghe xxx)
M,Kivu X¥X)

xx)

Before the earthguake of March 4, 1977 the seismic pro-
tection of the built environment was approachad from a design
technical and engineering viewpoint, emphasizing the building pro
tection as an individual subject. The interaction between the se-
ismic energy and the structure of the building represents the
object of this approach. The technical and engineering approachon
the relation between great intensity earthquakes and buildingswas
largely developed after the Novenber, 1940 earthquake and it of-
fered constructive protection solutions that lead to a real dimin
ishing of the building seismic vulnerability. The elaboration of
the seismic protection prescriptions raised great interest, as
the lack of a specific norms collection made the research very
difficult.

The scientific studies settle the following immediate town-
planning objectives, in order to grant seismic protection:

- risks mitigation; . :

- diminishing of the negative consequences of the damaging
events; ~
¢ = diminishing or preventing of the secondary and tertiaryef
ects; N

= taking under control of the Jalamity area and the cffects
circumscription;

- facilitation of the emergency operations;

= ensuring of an optimal functionality of the urban area im
mediately after the earthquake; -

- people organizing and return to normal life;

- reconstruction process facility,

Theoretically towns with a total seismic protection may
be built, but experience proved that, if this solution is pos-
sible for certain important buildings, it is not economically

achievable for all the existent urban settlements. The analyses

X) Dr.sociologist, xx) Architect, xxx) Sociologist
Design Institute for Typified Buildings = IPCT,
Tudor Arghezi Str., no,2', 70132 Bucharest , ROMANTA
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of world wide achievements based on seismic protection programs
proved that the town planning activities were the least co-
vered by indicators. For the elaboration of the general town-
planning measures and principles that must be taken inte con~
sideration at national or regional levels in order to prevent
or to diminish the calamity consequences, the following aspects
were considered: the selection of the localities site; popula-
tion and activities distribution; ways of using land fane~
tions disposiny; road network; genaral conception of the urban
under structure; detajiled conception on different elements of
urban agglomeration (buildings shape, streets lay-out, landscape
arrangement).

The town planning problems and the urban evaluation are
algo strictly connected to seismic risk analyses at a system
level, the definition of intervention alternatives and the adop
tion of the adequate decision,

Thus, dealing with the built systems that may be affected
by seismic action ~ the built assemblies geographically con-

centrated or the infra-structural networks - the events
"chains” that may produce great losses are studied: fire rise
and spreading; impediments in evacuation caused by wreckage

blocking the streets; intervention impossibility in order to
save pecple or to struggle against fire. It is thus necessary
to adopt an indices system of the critical components. These
indices must be included a general plan for protecticn and
decrease of the seismic risk,

This plan should consist of a code base for "agetsmic
design” at the system level, the adoption of intervention de-
cision, the designing of the repair and consolidation works.

For a better understanding of all aspects concerning the
aseiesmic protection of the built environment (considered as a
whole of buildings and functions, in a unitary and structural cop
ception), we consider the integration of differeat elements
that will make up specific components of the aseismic town-
planning very important. In this way we were interested in de-
fining the main ways of including the aseismic protection in
the town-planning ac¢tivity and the urban development in Romania

The estimation of the aseismic town-planning component
elements - that are very important for the working out of
some prescriptions and recommendations concerning the town-
planning activity -~ is thie result of the research studies de-
veloped by a Delphy-type investigation among 80 experts ( en-
gineers and architects) from designing, research ana higher
education level, in twd stages,

The necessity of the second stage that included the in-
vestigation nf a small nunmber of experts (29 engineers and ar-
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chitects) was required to clarify and to establish an agreement
about some disputed aseismic urban problems and about the ac-
tions in the case of an earthquake, resulted from the first
round of the investigation. The cooperation with the experts
was achieved on the account of gome questionnaires mainly in-
terested into tha affirmation/infirmation of the agreement con-

cerning the possible elements o1 aseismic town-planning that
had were not agread @ during the firat stage. From the come
parison and the synthesis of the answers received during the

two phases, a number of characteristics, definite elements and
propositions that are of help in seismic protection were de-
termined, to become a component of urban planning in Romania.

The result was that for the aseismic town-planning the
following elements and the following priorities should be taken
into account:

(i) local seismic conditions and geologic structure :

(11) strength capacity of buildings;

(111) social-economic importance of the building:

(iwv) buildings density:

(v) supply network functionnality;

(vi) widening of the thoroughfares:;

{(vii) distance of the dwellings frontage from the xoad;

(viii) green spot area inhabitant;

{ix) free spaces;
{x) site of the industrial areas in regpect with the
dwellings areas.
The agreement on these items allowgus to estimate that
in the planning studies for certain areas of the country the

elements mentioned above should be considered. As many the pre-
vious elements are in fact correlated, the hierarchy above is
orientative and should not become a diminishing criterion for
any element and in no case the favourable sclution for one to
the detriment of the other,

Another aspect underlined in the research study is the
influence of the seismic degree of the areas on the main func-
tional and constructive solutions for apartments. Ve con-
gidered the possible link between the seismic macro-area of the
country and the selection of the partition solutions for dwel-

lingys, as these partition solutions directly influence living
comfort,

Cf a special interest are the architects answers, as
they are first confronted with the possible limitations implied
by the building structure over the functional spaces into the
apartments., Among the problems raised by dwelling design in
highly by seismic areas are:

- the limitation of the apartments flexibility becomes
an important indicator for modern dwelling;

= the stiffness of the structural strength leads to
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limiting the openings of the construction elements and imposing
certain forms on the plan.

Another problem connected to the town-planning and urban
development actions is also the renovation strategy of the
localities damaged by a straong earthquake. The apace reorganizing,
the town functions and activities normalizing are conditioned du
ring the first reconstruction stage by the house stock stability
and strength. These aspects represent the most of the activity
types that are developing in the community, Thus, reconstruction
is parallel to demclition or to the strengthening of the build-
ings that were subjected to important damages. In order to estab
lish the urban development ways for the localities subjected to
considerable damages, the experts consider the following criteria
as most relevant:

(1) the historical-architectural value of the building;
(i1) the technical-economic aspects;

(iii) town-planning requirements;

(iv) inhabitants' expectations.

It is interesting to notice the common opinion of the ex-
perts on the historical-architectural value of the damaged build
ings as being one of the most important criterion. This fact ex-
presses the engineers’ and architects’ interest tc offer stabil-
ity and permanence to some buildings that, except their daily
functionality, are also representing historical, cultural or
aesthetic value. Considering the planning requirements in terms
of the above mentioned hierarchy leads to the conclusion that
urban space organization and development are less influenced by
the seismic degree of the considered area.

The strengthening of the damaged ‘buildings should alsoc be
considered as an aspect of housing comfort improvement. The ma-
jority of the gquestioned experts appreciated as very convenient
the strateqgy of combining the strengthening works with the mod-
ernizing of dwelling functionality. In spite of the additional
costs required by modernization, about half of the experts that
carried out strengthening designs for old buildings also used a
large set of elements meant an increase living comfort.

Tne seismic protection modern conception has a larger
seaning that covers the structural strength part, the non-
structural elements and the town-planning criteria. Many of the
opinions concerning the necessity of some new design systems for
the appartments configuration mention the necessity of ad-
ditional prescriptions for the nonstructural elements, the ac-
cess ways or the installation types. These objectives influence
the expenses for dwellings building that are to be analysed and
then a priorities set must be settled. It was noticed that the
preoccupations concerning the buildings stability under seismic
action have to consider studies on strengthening, to provide se-
ismic stability to the nonstructural elements and to the height

391



of building systems.

The lack of agreement on the importance of the other elemep
ts (spaces and access ways, buildings density, energy and heat
installations) does not mean that they are not important but it
proves that their influence is indirect and that the secondary
and tertiary effects are more difficult to be foreseen,

In our country the seismic protection principles in urban
planning may be introduced into the systematization, restoration
and modernization strategles of each town. The relation betweaen
danger and vulnerability - beyond its technical character -should
also consider the economic,political and cultural value that {g
Aifferent in each country. Among the important el-
ements of the seismic protection that may influence urban plan-
ning and development that resulted from our researches we mention:
the density and the distance between the buildings; the distance
between the buildings frontage and the street, depending on the
buildings heiqght; spatial disposal of the buildings compared to
the main direction of the seismic shock waves propagation; the
location of different types of activities into the urban area
considering micro-areas maps; access ways corresponding to the
buildings of social-economic importance and to the buildings with
special functions, to be used when an earthquake occur ; the set-
ting up of the streets network and of the thoroughfare widthness
with regard to the localities dimensjions and the peismic vulnera-
bility of the area; the avoiding of the stranglings in the area
expogsed to the seismic danger; the site ¢f the green spots and
the ratio between these surfaces and the number of inhabitants,the
ratio between the buillt surface and the surface of the free spa-
ces: site and foresight of emergency hygienic and sanitary endow-
ments on the free spaces; types of materials that are seismic re-
siat iant for the town pipe lines; flexible catching up systems '
automatic disconnecting systems, division of the network by
sectors a.s.o.; the location of the energy supplies providing
functional independence; technical-economic and social options
concerning the peossibility of a temporary dwelling, The data and
the values of such indicators or criteria may be the result of
studies and interdisciplinary researches in which architects, en-
gineers, economists, sociologists and physicians should cooperate.

Another research chapter is devoted to the reconstruction
process as 1t was developed in Romanian towns that were greatly
affected by the earthquake of March 4, 1977: Bucharest, <Craiova,
Ploiegti, Vialenii de Munte, Zimnicea. Interviews were taken with
the specialists of the regional designing institutes who directly
participated at the elaboration of the reconstruction designs,
governmental and districtual papers of that period were studied

and the most important data were extracted from the speciality
studies.

An approach by stages of the process, was agreed on ac-
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cording to literature; the following pott desaster action stages
were sattlea:

I. The emergency period is the one when most of the normal
soclal=-economic activities are interrupted, the community being
confronted with the problem raised by the damage extent, by the
number of victims and of those who lost their homes, The indica-
toers of the final part of this stage are: the ending of the em-
ergency actions, the great decrease of the emergency dwelling and
feeding, the release of wreckage along the main streets.

II. The second stage, the restoration period is marked
by the reconstruction of public utilities and the recovery of
normal social-economic activities. The end of this stage is

proved by the normalizing of public services (education and ad-
ministrative activities), the restoration of the complete func-
tiomality of the dwellings whose repairing did not require qual -
ified intervention, and the complete removal of the debris from
the streets.

III, During the replacing-reconstruction period, the housimy—
stock of the locality is rebullt at the level existent before the
earthguake.

IV. The improving and developing reconstruction period is
characterized by large designs that must achieve "the safer and
hetter town",

Certainly this periodicity is conventional, the limits
between stages overlapping as elements of a pariod persist in the
following one. As concerns the earthquake of March 4, 1977, the
first period lasted 11 days (4-14 March), at the end of it the
wreckage from Bucharest being cleared away, and at March 15 a
presidential decree stated that the state of necessity ceased.The
second period lasted about until the end of May, when in Bucharest
the construction of some buildings that replaced the damaged ones
started and at Zimnicea the first inhabitants were moving into
new blocks, leaving the barracks. The replacing-reconstruction pe
riod enaed on 23.08.78 when in Bucharest almost all the blocks
built around the demolished ones were finished. Concerning the
improving and developing reconstruction, it is still continuing
in Craiova, the modernizing of the central area being in course
the new industrial investments in Zimnicea will soon reach the
planned capacity and at Valenii de Munte the town-planning is
partially achieved. We consider that this period will come tc an
end by the end of this year. We mention also that in comparison
with similar cases presented in literature, the main ecenomic
activities were not stopped during the above mentioned periods in
the greatly affected localities.

From the application of a similar periodicity to the periods
that followed the desasters in other countries, the following re-
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gularity resulted:

lgt - lgtII - lth = lgtIII - lthI - 1gtIv - 1gtIII

where tI' tII' tIII' tIV represent the number of days from the

mogﬁnt of the disaster to the end of the b IInd, IIIrd and

period,

For the March 4, 1977 earthquake we have lqtI = 1.04rlgtIf

1,95; = 2,72; 1lgt = 3.51; thus, generally speaking, the
tequl:gigg is confirmea. On the other hand, useally, each pe~
riod is 10 times longer than the former one. For our country
the respective ratio oscillates around the figure 6 therefore the
reconstruction rate was more rapid than'the one noticed in 8i-
milar situations.

During the emergency period, the main dwelling problem is
that of the temporary accomodation for people whose houses were

damaged by the earthquake. The temporary character is howagerx
relative ag the period for the use of temporary dwellings is
usually prolonged up to the end of the reconstruction period,

namely several seasons,

In the large towns - Bucharest, Craiova, Ploiegti-although
the number of damaged dwellings was great, their rate into . the
total housing stock was lower. Usually in such towns there is a
free housing stock namely apartments in the blocks that are to
be ready and houses uninhabited due to different causes which are
to be distributed,

To all these are added the possible places in schools,hos-
tels a.s.o0. cleared out during the emergengy period. Consegquently,
for these towns it was not necessary to built temporary houses.

The situation is quite different in the small towns where
the housing stock is for the mcst part damaged (in 1977, at
Zimnicea and Vdlenii de Munte more than 75% from the housing
stock was affected). The arrangement of temporary dwellings (bar
racks) or some spacee for public services (barrack-type buildings
for schools, caravan-gshops) was necessary.

Besides the many difficulties raiged by the technical a-
chievement of the temporary dwellings, the living in this type

of accomodation pointed out some social aspects that have to be
taken into consideration.

A first phenomenon is the separation of the pre-~exist nt.sg
cial groups. It has smaller implication in larger towns where
the spatial aspect of the sccial structure is less determinant .
But in smaller communities the groups superposed on the neigh-
bourhood structures have a very important part. There, the re-
latives relationship, the economic mutual help, the friendship re
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lations have a leading part especially in the household. The
dislocation of the neighbour groups by distributing them into
houses placed in different areas generates a function perturbat
ion of the informal groups; disfunctionality of the whole en -
cembla of the community resulta.

On the other hand, the dwelling in a spatial agglameration,
greater than the one usually met in small towns, as well as the
forced closeness with members of other social groups,will raise
tension which, extended in time, may generate conflicting 8i-
tuations,

These two complementary facts lead to the solution of
some small ensenbles of temporary dwelling that should preserve
as much as possible of the old neighbourhoeod,

During the reconstruction period, the main activity from
the point of view of reconstruction is the estimation of the
buildings state and the adoption of the demolishing decisions
(total or partial) or of strengthening an activity with a de-
cisive incidence on the towr future configuration.

This decision does not exclusively depend on the damage
degree but also on the way in which the building corresponds
to the future town planning. This was obvious at 2imnicea where
the idea of abandoning some buildings that could have been
strengthened was accepted for achieving a unitary and qualita -
tively superior layout of the city.

At Craiova, the decision was postponed (for the buildings
placed i1nto the central perimeter, subsequently modernized) until
the final town-planning design was worked out.

For a town as Craiova, where many modernizing studies
for the central part were drawn up and yhose achievement w a s
postponed {(both because of lack of necessary funds and because
it was considered that the buildings to be replaced could still
be used) we may speak in a certain way ~f a positive effect of
the earthguake, namely it stimulated the proijects achievement,

During the replacing-reconstruction period, the new
aspect of the town is shaped., It consists in strengthening the
leas damaged buildings and in the construction of those which
have to replace the damaged ones.

The problems of this stage are different in terms o f
the town dimensions, of the damages amplitude and charactaristics

According to these criteria we may elaborate t he
following typology:
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Damages

Characteristics
Towr. Quasi-total Concentrated Spread-out
Dimension oh a limited area
Small Zimnicea Cimpina Plopeni
{ 100,000 inhabitants) Vilenii de Munte .
Large
( 100,000 - 500,000) - Craiova Ploiesti
Very large
{ 500,000 inhabitants) - - Bucharest

Before the earthquake, hoth Zimnicea and vélenil de Munte
were under replanning. The systematization plans were firstly
considering the building of some urban civic centers, the next
step being the improvement of the architectural style of the
town type from the central area to the outskirts together with
the simultaneous achievement of some hleocks assemblies nearbhy
industrial units that are to be achieved (or developed).

With Zimnicea, the reconstruction 4id not mean the plain re
covery to the situation before the earthquake, but a strong ac-
celeration of the social-economic development. The main object
ives were: the restriction of the built area from 350 ha to 80 ha,
the building, until 1980, of about 6500 apartments, the build-
ing of a civic center and of some commercial, social-cultural en
dowments, the bullding of some powerful economic units, so that
the workers staff increased with 5,000 till 1980, The sup-
plementary dwelling capacity was settled in accordance with the
working staff "flow" generated by the building of some new in-
dustrial units. The national economy requirements impcsed that
the dimensions of this objective should be subsequently reduced.
At the same time, it was proved that the transition from the
country-side way of living to the urban one means a slower adap-
tation process than changing the physical work environment.

The initial situation being almost the same for Vilenii de
Munte, a different solution was selected. The central area was
here toc almost completely damaged, but the reconstruction had a
8tage conception.During the first 4=-5 years a reduced number of
blocks, were built maintaining large open spaces between them.
Simultanecusly, the construction of the electric and electronic
and electroning measuring devices plant started. During the fol
luwing stages, as the working staff in this objectives (on ac-
count of a migratory "flow" from the neighbour localities) will
increase, the free spaces are toc be occupied by other buildings
consegquently. .
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These two localities represent two alternatives of the re-
construction action. In favour of the second pleads the pos-
sibility to regulate "on the fly" the ratio between the dwel-
lings need and disponibility, the achievement of a gradual ac-
ceptance of the new way of living by the community and an eco -
nomic effort easier to be achieved, covering longer period. A
common element is the fact than in both cases there axists a
continuity between the existent development tendences before the
earthquake and the present lay-out of the 1lcalities,

At Craiova, the area with the greatest number of damaged
buildings was the old business center., The district designing in
stitute carried out modernizing studies for this area, considering

the preservation of the most important buildings and the con-~
struction of some new ones observing the existent stylistic lay-
out {quite heterogenecus). These studies were not perfect be-

cause of the difficulties in achieving a unitary style of the
existent buildings as also for the narrowness of the main grid
surface of the streets.

The disaster brought the solution to overpass the main ob-
stacles raised against the sysiematization. That is why, alth-
ough after the earthquake many buildings were still erect and
they coula have been strengthened, these buildings (with one ex-
ception) were all completely demclished and the achievement of
a unitary design including the reconstruction and the modernizat
ion process started.

In Ploiesti, the buildings damaged by earthquake were spread
out in the whole cld housing stock. The already existant town=-
planning was modified including the replacement of the damaged
buildings by new cnes as well as changes of priorities. There
where a strongly damaged building was placed outside of the area
that was to k2 systematized, it still was completely demolished
letting the place temporarily unoccupied, or only the fagade was
repaired despite the fact that the building was disaffected, in
order to keep the aesthetical qualities of the architectural en-
vironment.

In Bucharest also large compact groups of buildings were
affected, As the architectural environment was quite unitary, it
was not necessary to modify it with new constructicns, The main

principle of the reconstruction was that of including the new
buildings in the already existent environment, some times even
by reproducing the architectural characteristics of the lost

buildings. "Dunirea" was the only building assembly achieved du-
ring the reconstruction period, and it was created in a rather
different manner as compared to the neighbour buildings, being
connhected to the tendency of modifying the architectural concep-
tion already visible in other new buildings in that area,

The above mentioned examples prove that the reconstruction
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rrocess hadé a great variety of tendencies according to the par-
ticularities of localities and t0 the effects of the earthquakae,
In all the situations, the localities developing tendencies, ex-
isting before the earthquake, were continued, and the cp-

portunities generated by the new situation are leading to the ac
celeration or the amplification of those tendencies.

The main designing objective for reconstruction is the
maximum revaluation of those opportunities, objective that may
e achisved only 1f the community’s latent developing tendencies
are observed. We must also consider the fact the achievement of
the social-economic transformations generated by the re=-
construction process als. means a process of adaptation to the
new conditions,
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SESSION IV : STRUCTURAL PERFORMANCE UNDER EARTHQUAKE
LOADINGS. STRUCTURAL DESIGN.
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Iv.1 COMPUTATION AND TESTING OF DYNAMIC RESPOMSE
FOR REINFORCED CONCRETE STRUCTURES

Daniel P. Abrams®

ABSTRACT

Earthquake resistant design of concrete structures relles on
numerical models that are based on static and linear structural behavior,
Use of these models, though approprlate for proportioning strength in new
construction, may not be safe or cost effective when used for assessing
vulrérability or prescribing strengthening procedures for existing
st-uctures. This is because the inelastic energy dlssipation is neglected
as well as the interdependence of the lateral Iintertal forces and the
progressive softening ¢f the structure.

The present era provides the engineer with the computational
capability to study nonlinear dynamic response much more simply than in
the past. Glven descriptions of the resistance of a nonlinear oscillator
from laboratory experiments, and of the accelerations of a base motlon
I'rom the ever increasing data base, response may be calculated and viewed
within seconds. Because there {s now a need to improve accuracy and
simplicity of numerical models for reaponse computation, a better
understanding of the fundamentals of nonlinear response 18 required.

This paper presents research of the author and other researchers at
the University of Illincis on behavior of both physical and numerical
models. A aummary of experimental work 1s presented which includes
earthquake-simulation tests of reduced-scale ten-story concrete buildings,
and force-reversal tests of structural components., Numerical
representations of hysteretic behavior will be presented as well as simple
wavs to incorporate these models with models of building response.

*Assoclate Professor of Civil Engineering,
Universaity of Illinois at Urbana-Champaign
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EARTHQUAKE-SIMULATION TESTS OF 10-STORY STRUCTURES

It is a well established fact that the energy dissipated by a
structure 1{s enhanced once the elastic limit is exceeded, Lateral
defiactions may actually be less for a nonlinear structure than for a
atructure responding within the linear range a3 a result of an earthquake
motion of lighter intensity. There is a need to have a quantitative
description of non!inear response for design of new construction, but more
importantly, for assessing the tulnerability of existing construction and
prescribing strengthening schenies, Unfortunately, nonlinear dynamic
analysis of multi-degree-of-freedom (MDUF) syatems (s not well understood,
and is an art much like analysis of continuous structures subjected to
transverse loadings was in the earlier part of the century. For even
simple structures, present calculation procedures for nonlinear response
require a substantial ampount of computational effeort, and do not
necessarily reflect physical response,

To help understand dynamic response fo nonlinear MDOF reinforced
concrete building systems, several small-scale nine or ten story test
structures have been subjected to strong base motions on the Univeraity of
Illinols earthquake simulator. Test structures (Fig. 2.1) have been
configured as I[dealized models of lateral-force resistance rather than
true replicas of typical constructlion, In general, structures have been
planar walls, frames or some combinaticn of each. Strengths have been
proportioned such that nonlinear behaviecr would cecur at specified regions
such as at the ends of beams or columns or at the base of a wall, Lateral
degreea of freedom have been slaved for 3ll points at a particular level
with massive floor slabs that were rigid within their own plane.

Recorded ground motions were scaled with respect to time and
intensity 30 that test structures would be excited, and incur damage with
progressive increases in base-motion intensity similarly to that of actual
buildings. This was done using linear spectral-response curves for the
mcdel moticons as the basis (Fig. 2.2), Measurements consisted of absolute
accelerations, and displacements relative to the base at each level
(Fig. 2.3). In addition, for structures with we2lls, lateral forces
resisted by these components v-:¢ measured as w=li

Ir 2 3t.dv of frame-wall Interaction (1), larger lateral forces wese
attracled to tesl structures w:ith walls that were designed tc remain
elastic (Fig. 2.4) than to siructures that could dissipate energy through
nonlinear effects., Lateral deflections of each structure were similar
(Fig. 2.5) indicating that serviceability was not influenced significantly
by 1nelastic action, Tests showed that arbitrary softening of particular
elements of a structure could result in a much more economical design with
no loss of function.

The second conclusion deduced from this study was that nonlinear
response could be calculated on the basls of generalized coordinates (a
congept commonly used for linear modal analysis). The conclusion was
based on the finding that shapes of displacement response histories at
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each of ten levels were essentially the same, In other words, deflected
shapes were nearly invarlant for all amplitudes of motion for the
nonlinearly behaving structures. Response of the test structures could be
calculated on the basis of a single nonlinear force-deflection relation
for the entlire structure. The inference of this conclusion is that the
computational effort required for a nonlinear analysis may be reduced
greatly, even to that of today's microcomputers.

The third conclusion was that a linear analytical model with reduced
atiffnesses could be used to determine response maxima, This conclusion
was based on the finding that maxima of base moment and lateral deflection
were related linearly for the design-basis earthquake. The slope of this
relation could be used to estimate maxima with a linear modal analysis.
This conclusion infers that the concept of using reduced member stiffness
with a linear model to represent nonlinear behavior (such as the
Substitute Structure Method, Ref, 2) is a viable approach.

INELASTIC BEHAVIOR OF RELNFORCED CONCRETE COMPONENTS

Experimental tests have shown that behavior of reinforced concrete
members and connections under load reversals are not governed solely by
constitutive properties of materials. Substantial deflections may be a
result of opening and closing of flexural or shear cracks, and slippage of
reinforcing bars relative to concrete, Most tests of concrete components
have shown that after a few large-amplitude cycles, specimens respond with
a marked reduction in resistance upon reversal of the load (Fig. 3.1).
After deflections are reversed an amount "a" or "b", apecimens stiffen as
cracks close. Because of bar slippage and crack closure in the
load-reversal range, and reductions in loading stiffnesses, "ky" and "k,",
strengths are reached at deflections which are much larger than would
occur under static acyclic forces, Most specimens tested deformed very
large amounts without suffering a significant loss of strength, however,
energy dissipation characteristies were poor for those specimens that had
incurred substantial slippage in the load-reversal reglion.

Tests have shown that inelastic behavior ls dependent on the number
of large-amplitude cycles, Tenslle strains in the reinforcement are
seldom balanced with equal compressive strains for opposite directions of
loading because of the added resistance of conrrete t.- ald steel when in
compression, 1If the reinforcement yields while .n tension, strains will
accumulate with each large-amplitude cycle of deformation. After a
sufficient number of cycles, the width of flexural cracks will enlarge
which will result in amarked differences in stiffness and strength
characteristics.

In addition to unequal tension-compression straining of
reinforcement, sections and members are subject to unegual 1inelastice
curvatures and rotations for each direction of loading. Like the strains,
these deformations accumulate with each large-amplitude cycle. A simple
example helps to 1illustrate this phenomena. Deasign of negative
reinforcement entails an assumption regarding the amount of maximum
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each of ten levels were essentially the same. In other words, deflected
shapes were nearly invarlant for all amplitudes of motion for the
nonlinearly behaving structures. Response of the test structures could be
calculated on the basis of a single nonlinear force-deflection relation
for the entire structure. The inference of this conclusion i{s that the
computaticnal effort required for a nonlinear analysis may be reduced
greatly, even to that of today's microcomputers.

The third conclusion was that a linear analytical model with reduced
stiffnesses could be used to determine response maxima., This conclusicon
was based on the finding that maxima of base moment and lateral deflection
were related linearly for the design-basis earthquake. The slope of thia
relation could be used to estimate maxima with a linear modal analysis.
This conclusion infers that the concept of using reduced member stiffness
with a linear model to represent nonlinear behavior (such as the
Substitute Structure Method, Ref. 2) i{s a viable approach.

INELASTIC BEHAVIOR OF REINFORCED CONCRETE COMPONENTS

Experimental tests have shown that behavior of reinforced concrete
members and connections under load reversals are not governed solely by
constitutive properties of materials, Subst.ntial deflections may be a
result of opening and cleosing of flexural or shear cracks, and slippage of
reinforcing bars relative to concrete, Most tests of concrete components
have shown that after a few largo-amplitude cycles, specimens respond with
a marked reduction in resistance upon reversal of the load (Fig. 3.1).
After deflections are reversed an amount "a" or "b", specimens stiffen as
cracks close, Because of bar slippage and crack closure in the
load-reversal range, and reductions in loading stiffnesses, "k;" and "k,",
strengths are reached at deflections which are much larger than would
occur under static acycliec forcea. Most specimens tested deformed very
large amounts without suffering a significant loss of strength, however,
energy disslpation characteristies were poor for those specimens that had
incurred substantial slippage in the load-reversal region,

Tests have shown that inelastic behavior is dependent on the number
of large-amplitude cycles, Tensile strains in the reinforcement are
seldom balanced with equal compressive strains for opposite directions of
loading because of the added resistance of conrrete t, aid steel when in
compression., If the reinforcement ylelds while in tension, strains will
accumulate with each large-amplitude cycle of deformation. After a
sufficient number of cycles, the width of flexural cracks will enlarge
which will result 1n amarked differences in stiffness and strength
characteristics.

In addition to unequal tension-compression straining of
relnforcement, sections and members are subject to unequal inelastic
curvatures and rotations for each direction of loading. Like the strains,
these deformations accumulate with each large-amplitude cycle. A simple
example helps to illustrate this phenomena. Deaign of negative
reinforcement entails an assumption regarding the amount of maximum
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gravity loading which will probably be present during an earthquake. In
actuallty, 1t 18 conceivable that a lesser amount of gravity loading may
be present than assumed for design. In this case, the top steel will not
strain as much as the bottom steel, and perhaps may not yield at all
(Fig. 3.2). This results in a posslble inelastic rotatlion whieh
accumulates for each large-amplitude cycle, resulting in large crack
widths and a possible reduction in shear capacity.

Similar illustrations can be made for other typical cases where the
proportioning of resistance is not 1in absolute accordance with actual
phenomena. Conservative design assumptions with respect to the effective
flange width of T-beams (Fig, 3.3) may result in asymmetrical straining of
top and bottom reinforcement, and thus, an accumulation of tensile plastic
strains in the bottom reinforcement, This phenomena is augmented by
asymmetrical elastic stiffnesses which are a result of differences in
flange effectiveness when in tension or compression., For equal sways of
the Structure in each direction, the bottom reinforcement may yleld
vwhereas the top would not.

Tests of beam-column joints (3) “ave shown that inelastic behavior 18
sensitive to bond mechanisms under repeated and reversed loadings.
Free-body dlagrams (Fig, 3.4) illustrate the difference in bond demznds
for beam reinforc-sent in exterior and interior-joint specimens, For
interior-joint specimens (Fig. 3.5a), bond strength for beam reinforcement
was lost across the width of the column member which eliminated the
»ffectiveness of the bars to resist compression., Uporn reversal of the
luad, specimer 3tiffness reduced to zero because r= nforcement was not
effective to resist closure of the previously opened flexural -~rack.
after %he crack closed, the specimen stiffened until the tenaile
teinforcement reacied its proportlional 1limit, However, because of the
large amount of s.ippage within the load-reversal region, strengths were
reached at very iarge deflections, Specimens withstood very large
inelastic deflections (in excess of 4% of the story height), however, they
did not resist a substantial amount of energy. Demand for bond atrength
was less for bars in tne exterior-joiat specimens (Fig. 3.5b). The severe
stiffness reduction upcn reversal of the load did not occur, and the
cpecimen was able L0 resist more energy.

NUMERICAL MODELING OF HYSTERETIC BEHAVIOR

Former path~dependent models for hysteretic resistance functions have
been developed to represent one, or a few, aspects of nonlinear btehavior
for a particular form of component. 3Some of these formulations have
included simple bllinear, or elasto-plastic models such as the stiffneas
degrading model {Fig, 4.1b) proposed by Clough and Johnston (4), the
modified Takeda (5) softening model (Fig. U.1c) which includes a reduction
in stiffness for unleoading, and a slip-softening model (Fig. 4.,14) which
has been used by Abrams and Tangkijngamvong (6).

Each of thesc models has been based on a 3¢t of linear segments
Joined at points with an abrupt angle change. Whereas through proper
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choice of slopas and connecting peints, these models may be suitable for
dynamic response calculations, the numerical integration process is
cumbersome because care must be taken to praperly define the time step so
that over or under shoot may not be significant at concentrated points of
curvature. A new formulation has been develcped which uses smooth curves
to represent the resistance function, and is sufficiently general to
encompass all, or any combination, of the previous hysteresis
formulations.

A new path 1is generated once a change in the sign of the velocity i3
detected, The path is composed of both cubic and linear segments
(Fig. 4,2), Control peoints which define the shape of the path are
selected based on rules established from past or new formulations. Four
segments are used to describe (a) linear unloading, (b) softening upon
reversal of force, (c) gradual softening upon closure of cracka followed
by softening at large forces, and (d) strength after yield of
reinforcement. The cuble-spline model is most useful for representing
portion (c) of the path. The rounded nature of the curve tends to become
more pronounced as the separation between points B and C bhecomes larger,
This mathematical property is closely related to what happens physically
in a reinforced concrete member or connection as a result of crack closure
at low amount of force, and the Bauschinger effect in the relnforcement at
larger amounts of force.

The example path shown in Fig, 4.2 depicts that of a structure
influenced by a slip mechanism such as for an interior beam-column joint,
When force is reversed in direction, cracks tend to close and reinforcing
bars tend to slip back to origlnal positions, thus resulting in a
substantial decrease in stiffness. When the cracks are fully closed, and
the reinforcing bars develop anchorages for the new direction of force,
the 3structure 1s observed to stiffen appreciably. Initially, the
atiffness between points A and 8 i{s that for a section comprised of solely
reinforcement, kpo. As the member fs cycled, bond is weakened which
reduces this stiffness. The deterioration in stiffness which 1is
represented with the term, 8, is related to the amplitude of cycling and
the number of cycles, As a simple approximation, the deterloration ias
expressed in terms of the previcus defleation maxima for the same sense of
foreing, DM (Fig. 4.3). At a prescribed value of deflection, DBL, all
bond is assumed to be lost, and the stiffness upon reversal of the force
is taken as zero. The delflection at stiffening which la represented with
the factor "a", can also be related to this deflection ratic. A member
will stiffen at a zerc rotation iIf cracks do not open before the old ones
close. If there has been a substantial amount of bond deterioration in a
interior beam-column joint as discussed In the previous section, then the
tensile bars may slip from the joint as the compressive bars are pushed
into the Joint.

If the structure does not contain significant slip mechanisms such as
for a wall responding in flexure with well anchored vertical steel, the
stiffness from points A and B should be represented without the
idealization just described. For tnis case, the member would respond with
the stiffness of the previous unloading 3alope, kz, or a value slightly

405



less to model some sliight crack closure. If a stiffness, k,, is
prescribed by the user that ia greater than the average stiffness between
point A and C, then the linear segment AB is eliminated from the path.

Because response to an earthquake motion may include several changes
in velocity for a single nonlinear cycle, the algorithm must also account
for reversals that are localized in one region of the curve. Linear
benavior has been assumed if the member is unloaded and them reloaded
before a change in the aign of the force has been reached, If the member
is reloaded after a change in the aign of the force occurs, but not a
change in sign of the deflection, then the member reloads with a single
change in stiffness without slip.

The cubic-apline hystereais formulation has been incorporated in the
numerical sclution described 'in the next section for determining reaponse
of SDOF systems to earthquake motions.

SIMPLE COMPUTATION OF NONLINEAR RESPONSE FOR BUILDINGS

The rigorous procedure for determining the response of an oscillator
subjected to an earthquake, or any dynamic loading, is to integrate the
equation of motion numerically for several instants in time using the
Newmark Beta Method (7). Fer a MDOF system composed of numerocus
nonlinearly behaving elements such as a concrete frame, this procedure
requires substantial computational time because the stiffness matrix must
be updated and inverted every time a particular element changes
stiffness. This demand usually limits the use of thils procedure to a maln
frame computer.

For building structures with uniform masas and stiffness
distributions, it is feasible to express response in terms of a single
generalized coordinate even though substantial nonlinear deformations have
occurred, Tests of one-twelfth scale models (1) showed that distributions
of displacement along the height were quite similar for all ranges of
response. Mcdal participation factors calculated from measured deflected
shapes varied within 5% for large and small-amplitudes of motion. Because
displacement response was governed by the fundamental mode, lateral
displacements at any particular level could be represented by a single
dynamic degree of freedom and a single distribution function.

Slmplified Method

A simple method of computation is presented which characterizes the
hysteretic resistance of the overall structure with a single generalized
coordinate. The procedure ls similar to the one developed by Saiidi (8).
Given a description of the relation between base shear and top-level
deflection, and the base motion, response histories of lateral story
drift and acceleration are computed. From this information, the desa.gner
may Judge the worthiness of a structural scheme in terms of the maximum
amount of nonlinear deflection, and the number of cycles at a particular
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range of nonlinear deformation., Estimates of equivalent static forces
for which the structure should be designed can also be determined., The
approximate method is sufficiently simple to be implemented on a
microcomputer, Several analyses of a structure may be done interactively
in a short period of time to identify all possible bounds of response for
seéveral different strengths, hysteresis types, and expected ground
motiona,

Resistance of the structure is expressed in terms of a smooth curve
rather than a combination of plece-wise linear segments. Unless a drastic
change in slope occurs such as at unloading, there ia no need to change
the time step. If the numerical algorithm is based on convergence of an
assumed acceleration, then a resisting force may be expressed directly as
a function of deflection., Although this procedure involves one or two
lterations per time step, it eliminates the need to rely on estimating
resistance with a tangent stiffness which may result 'n overshoot
problems, The attractiveness of the procedure lies In the improved
accuracy for systems with ever changing stiffness.

A library of recorded earthquake motions is compiled on diskette fronm
the USGS data base., The user can select particular earthquake motlions
from a menu shown on the screen, He or she has the options of selecting
one portion of the motion, compressing the duration, and altering the
maximum acceleration.

Although higher wmodes can be represented in the same way, the
simplified approach is not applicable for systems with a large
participation of higher modes because superposition 1s not valld for
nonlinear sysatems, The approach to be used, therefore, applied only to
bulidings that would vibrate in the fundamental mcde: usually low riase
structures not exceeding ten storiea in height.

Nondimensionalized Equation of Motion

To use the nonlinear analysis procedure described previously for a
single-degree-of-freedom system, ph;sical properties of the structure
must be translated to properties associated with a given generalized
coordinate. For purposes of simplicity, this shall be consldered as the
lateral displacement at the top level, Z,, Knowing the amounts and
distribution of mass along the helght of structure, and a specified
displacement shape, an equivalent mass can be determined which ‘1.1‘ placed
at the tenth level would result in the same 1inertial forces, This
operation 1s based on conventional modal decoupling procedures which are
summarf{zed below. ~

The equation of motion for a MDOF system subjected to a base
accglendtion is:

[MI{¥} + [CI{¥} + {R(V)} = '[H]{r‘}@s(t) (5.1)
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whare {Vg} {5 nution of the ground, and {v} is relative motion of the
structure to the ground.

Components of the {r} vector are displacements of & rigid structure
due to unit motions of the ground, Thls vector is equal to {1} for a
system of lumped masses along a vertical line which is subjected to
translation at the base,

The motlions of each floor level may be expressed in terms of the
summation of products of distribution functlions and generalized
coordinates:

fv(x,t)} = [¢(x}1Z(t)} (5.2)

where [¢{(x)] 18 a composite of individual modal shapes, {cbn(x)}, and
{Z(t)} is a series of modal amplitudes, Z _{t). If modal shaped have been
normalized with respect to the top Ievef, Zn(t) is both the modal and
top-level displacement,

After substitution, and invoking orthogonality of different modal
shapes, the MDOF equation reduces to the following scalar equation for
mode "n".

.. . t t -
MZy v Co2, * Lo HHR(VY - 4 ) [M]‘.l}vg(t) (5.3)
My, i3 «pressed as:

M- le) 1M ) (5.4)

¥
n

Because only the fundamental mode i3 of {interest, the generalized
mass, M; may be determined from a distribution of lateral deflection for
the first mode, {¢q}. For structural systems with uniform mass and
stiffness distributfons, a triangular or paraboliic shape may be
sufficiently precise for determination of M;. For systems with irregular
distributions, the first mode shape should be obtalined from an eigenvalue
solution. The shape may also be derived from a linear static analysis
which i3 based on an assumed lateral force distribution. Subsequent
analyses can bde done using the derived deflected shape as the lateral
force distribution until the exact modal shape is obtained.

The modal damping, Cp, may be expressed in terms of the percentage of
critical damping, £, as follows:

Cn = 2Mnmnr'n (5.%)
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This relation 1s based on elastic behavior, however, viscous effects are
significant at small displacements which are usually elastic.

The mocdal resisting force, {¢,,]*‘-la(v)1, can be deduced from the base
shear at a particular amplitude of top-level deflection. When an
undamped MDOF system is in free vibration, the reaisting forces within the

structure are in equilibrium with the inertial forces according to the
following rela.ion,

{R(¥)} = [MI{v} (5.6

Or, for a particular mode, n,

R (v)} = [H]{Qn}fn (5.7)

The base shear for a particular mode, Vp,, 1s the summation of these
forces. In matrix notation:

t t
Von(2) = (1R (0} = (115110 32 (5.8)

Solving this equation for En' and substituting in Eq. 5.7:

[Mlte,)

(R (V) =
" (13°(M1ee,)

Vbn(z) (5.9)

Premultiplying by {¢n)}t to obtain the modal quantity in Eq. 5.3, and
noting the definition of modal maas, M,, from Eq, 5.4:

M

- (z) (5.10)
{1} [H]unl

to 1R _()} - v,

Substitution of all expressions in Eq. 5.3 and dividing by Hn:

t
V(2 (o, "}IMI(T}
ry =" M VE (5.11)
(1M, ) n

zn * 2mn€nzn *
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Eq. .11 may be nondimensionalized by intr_oducing .-’ ', which 1ia the
ratio of the base shear tc the weight of the structure, If the welght of
the structure is expressed in matrix form as:

W= (1)tM))e
then the third term In Eq. 5.11 may be expressed as:

Ba¥n(2)8

k3

where B, i3 equal to {1}Y[MI(1}/(1}*[M]{en}. If an 13 used to represent
the coefficient of v, in Eq. .11, which ia more commonly known as the
modal participation factor, then Eq. 5.11 simplifies to:

zn + 2w 2 ¢ ann(z)s = eV (5,12)

Solution of Equation

To solve the above equation, the following parameters need to be
defined:

{(a) the mass distribut on

(b) an assumed dellected shape

{c) percentage of critical viscous damping
(d) an estimate of the fundamental period
(e) ratio of base shear to total weight
{f) type of hysteresis formulation.

Note that knowledge of the total amount of mass is not required because
the base shear is normallzed with respect to this quantity in the yp term,

Items (o) and {d) are used to determine the viscous damplng force.
Uncertainty is related to the product of these two values, and not to
their separate values, For this calculation, the accuracy of the
frequency should only be as good as the eatimate of