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PREFACE

The original intent of this research was to discuss the problem of
maintaining function in hospitals after an earthquake and to report on the
cost and effectiveness of alternative measures to improve the probability of
survival. Our initial studies showed, however, that to attempt to do this
was to enter the problem at a level unsupported by any detailed empirical
study of the actual experience of an earthquake in a hospital. Hence the study
was re-shaped to provide some of the empirical experience upon which useful

conclusions might be drawn and upon which later studies might be structured.

As we developed the study we also began to understand that the concept

of hospital function changes in an emergency. If the hospital is to continue
to function as a revenue producing entity (or full service public institution)
then little damage or improvisation can be tolerated. However, even if it
lacks all services, its windows are broken, and its contents are strewn across
the floor, if the building structure remains intact, it can be valuable in

the immediate aftermath of the disaster. For this reason, this report focuses
both on the experience of the disaster itself and on the long term effect to
reinstitute the hospital as an economic entity, because these are two related

parts of the problem of hospitals.

The method used is to describe the experiences of five hospitals in the
San Fernando, California, earthquake of 1971, and covers the five most
seriously damaged buildings. The engineering damage to these buildings has
been extensively reported (1) but little systematic analysis has been done on
the effect of the earthguake on occupants,* its impact on the function and
purpose of the hospital, and its long term organizational effect on the hospital
as an economic entity. The object of this report is to indicate to the
hospital administrator and staff at all levels what they may expect if their

institution is subjected to a major earthguake.

* The Imperial County Earthguake 1979, occurred while this report was under-—
way and as an extension to this study a special investigation was conducted
into occupant behavior in the Imperial County Services Building. This study,
"Imperial County Services Building, Occupant Behavior and Operational Con-

sequences as a Result of the 1379 Imperial Valley Earthquake,” was published
by BSD in August 1982.
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The main source of information has been through interviews with staff of
the five hospitals. This method is inevitably selective - only a small number
of those that experienced the earthquake were interviewed - and subjective, in
that a common general experience may be recorded in different ways according
to the precise experience, circumstances, and temperament of the subject. But
our main concern is with people, for the function of the hospital is accomplished
by people, working in a physical setting provided by the building, and using

equipment and services in support of their patients.

To the extent that the building, services, and equipment are damaged and
their functional effectiveness reduced by the earthguake, the staff must im-
provise services and revert to more fundamental levels of patient care that are
less dependent on power and equipment. The important aspect of the personal
narratives in this report lies not in the attempt to discern what the earth-
quake felt like, but what people were able to do. In the interviews, questions
were focused on major issues of fact -~ where were you, what did you do, what
did you see - with the object of gathering information on the operational limits

of an organization undergoing extreme stress.

The hospitals described here represent a spectrum of damages, from
the total collapse and tragedy at the Veterans Hospital, to the damage at
Kaiser, Panorama City, which, though slow and expensive to repair, did not at
any time result in injury or cessation of service. 1In addition, Appendix I
provides a description of the events at three hospitals in Imperial County,
1979, experiencing an earthquake at which time damage just begins to occur.
This spectrum is representative of what will happen in any major earthquake:
in a more severe event, there may be more total collapses; in a less severe
earthquake, the less severely damaged buildings at San Fernando or the

buildings at Imperial County may represent the maximum extent of damage.

The information in this report provides the basis for some conclusions,
aimed at clarifying our understanding of the effect of earthguakes on the
hospital, and providing a factual basis for evaluating measures to improve
the ability of the hospital to function after an earthguake, to reduce injury,

and to reduce economic losses.
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I. INTRODUCTION

The San Fernando earthquake cccurred at 6:0lam on February 9, 1971. At
this time it was still dark, the air dry and cool, though well above freezing.
The shocks occurred completely without warning at a time when most people were
asleep; some early workers were on the way to work or beginning preparations
for their work day. In the hospitals, the night shifts were completing their
duties in preparation for leaving, some patients were awake, others were
asleep: in the surgical wards, patients scheduled for early surgery were

beginning to be prepared.

The terror, injury, death and destruction of an earthquake lasts a few
seconds. The instruments at Paccima Dam, near the epicentral region of
greatest shaking, recorded a bracketed duration of approximately 12 seconds;
this is the duration of shaking above 0.059.* At this value the shaking would
be perceptible to most people, but would not be starting to cause damage.

The duration of shaking at 0.lg, at which acceleration damage would begin to
occur to weaker structures and to building interior components, accompanied

by noise, was also approximately 12 seconds at the Pacoima instrument. The
V.A. hospital, where the collapse of two buildings caused the loss of 48
lives, is located approximately 1.25 miles from this instrument. Olive View
Hospital, where 3 people died and extreme damage was caused, was located
approximately 3.25 miles from the instrument. Pacoima Hospital and Holy Cross
Hospital, which both suffered severe damage, were respectively 3.75 and 5.25

miles away (Figure 1).

For people on upper floors and further away from the epicenter the strong
shaking would appear to continue longer, though the accelerations and dis-
Placements would be less. At the roof of the 9 story Millikan Library, in
Pasadena, 23 miles from the epicenter, the duration of clearly perceptible

shaking was between 35-40 seconds.

Even in the close-in hospitals, such as the Veterans Hospital and Olive
View, it would take a few seconds for even an alert observer to realize that
the unusual sensations were those of a large earthquake; but a patient, lying
awake, perhaps awaiting the nurse to arrive for surgery preparation, might

more quickly sense the onset of terror.

* "g" represents acceleration equivalent to the force of gravity.
1l
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Figure 1: Location of San Fernando Hospitals in relation to epicenter.



Although the first few seconds brought the noise of materials grinding
together, and of equipment moving, and clearly perceptible shaking, only in
perhaps the last few seconds of the 12 seconds of strong shaking would damage
begin to occur: television sets to be shaken from their ceiling or wall
supports, pieces of ceiling to fall, partitions to deform and crack, glass to
crash down on the floor, and the distortion and fracturing of structural
elements to become apparent. So the most terrifying and destructive sen-
sations occupied perhaps only 3-5 seconds; but at the beginning of that time
there was no clue as to how long the severe shaking would continue and whether

it would result in total collapse.

The aftermath of this few seconds of vibration will live forever in the
minds of those that experienced it. Even to restore an institution back to
something resembling its pre-earthquake operation may take 10 years, as will

be seen from the descriptions that follow.

Table I, reproduced from the "San Fernando Earthquake of February 9, 1971"
(2) summarizes the effect of the earthquake on hospitals in the San Fernando
area. This was published in 1973, and estimates of replacement cost and
dollar loss reflect knowledge and costs prevalent at the time. The five
hospitals which form the subject of this study are designated in this table,

and represent those which suffered the greatest dollar loss.

The incidence of casualties is tabulated below:

Out-patients

Injured Killed treated

Olive View 6 2 patients approx. 50
1 staff

Pacoima Memorial 0 0 400
Holy Cross 0 - 0 350
Panorama City 0 patients 0 1 (not

2 staff (minor) in heavily
VA San Fernando Not 47 affected

Available area)
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