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SUMMARY

The possibility of making a cost-benefit analysis for Earth
quake Engineering was examined by the present authors in a pre
vious study. They proposed a simplified method for calculating
the monetary costs and the average yearly number of victims.
They also presented and discussed a criterion that would lead
to new principles for estimating the intangibles. ‘

Here, a brief review will be made of results available in
the literature on this topic. Then some developments of the
above mentioned method will be illustrated. In particular, an
attempt is made to compare two different seismic zones based
on the "additional cost per life saved".

INTRODUCTTION

Cost-benefit analyses in earthquake engineering require

gquantitative estimates for three essential elements:

1) additional construction costs due to seismic design;

2) the direct and indirect costs in money of damage from futu-
re earthquakes: '

3) non monetary costs for future damage.

The additipnal construction costs depend on the severity of
the codes in force for the zone in question. No systematic re-
search results on additional construction costs are available
in the literature. There is, however, a wide area of agreement,
evidently based on the experience of designers.

It is generally thought that the costs for seismic design
can vary between 2% and 6% of the total construction cost, de-
pending on the type of building and the severity of the codes.

Anyway, analysing construction costs that depend on the se-
verity of the codes is not particularly difficult.

As to the cost in money of future damage, the information
available in the literature is not very helpful, being both
limited and contradictory. An estimate of earthquake damage
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suffered by the USA in the year 1933-67 leads to an average
cost of 14.3 x 10%° dollars per annum (1). For California the
damage was about 1 dollar per inhabitant per annu . An estié
mate for the future, based on the present population and pro
capita investments (2) gives the following figures: 320 x 106
dollars per annum over the entire country, 10 dollars per in-
habitant per annum for California.

As to the non monetary costs (the "intagibles") there is
obviously general agreement that most importance should be
given to human life, the risk being measured in terms of ex-—
pected yearly victims. The criteria that have been proposed
in order tointroduce quantitavely the intangibles in a cost-
benefit analysis can be summarised as follows.

1) Some authors suggest assigning a value in monetary terms
for each human life cost: roughly, the average expected con-—
tribution of an individual to the gross national product.For
highly developed countries this leads to a figure of 100.000
to 150.000 dollars for each death.The same figure would be
what the community is willing to spend to save one human life
(3,4).

2) Other authors refuse to accept a comparison between money
and the loss of human life. They suggest making a direct choi-
ce of the acceptable level for the specific risk in question,
based only on the expected number of victims. The criteria

for making this choice should depend on a comparison with tho-
se other inevitable risks to human condition.

Each risk, in this comparison, should be given a suitable
weight to take into account those "qualities" of risk that
cannot be represented simply by the expected number of yearly
victims, e.g. voluntary or non voluntary risks, or the distri-
bution in space and time of the expected number of victims (5).
3) Attemps have also been made to merge these two criteria,by
making a comparison between different risks on the basis of
particular indices that depend both on economic factors and
on the number of victims. The best known of these attempts
consists in considering the total output for a certain activi-
ty as a measure of the benefit derived by the community from
that activity (6). Less well known, but really much closer
to our problem, is. the proposal to consider the ratio between
the cost of preventing a given risk and its average number of
yearly victims (7).

4) The present authors have recently proposed a new index,
which they consider particularly significant. It may be defin-
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ed as "the additional cost per life saved" and depends on the
severity of the codes and, of course, the type of building
and local seismicity (8). In that study they also put forward
a highly simplified method for calculating the costs and the
number of lives saved. This present work sets out some deve-
lopments of that method, both for local seismicity and for
calculating the costs. Then a comparison will be made between
two zones of different seismicity.

SEISMICITY

Here the seismicity of a site is defined by means of the
following set of hypotheses.

1) The site is in a zone with an uniform distribution of epi-
centres. The seismicity of the zone is expressed by a correla
tion between the Magnitude M and the return period T.

2) A correlation exists between the Magnitude and the maximum
soil acceleration ay in the epicentral zone.

3) The maximum ground acceleration in the site is equal to

ay if the distance from the epicentre is less than R, but

is zero if the distance is greater than R.

4) R (in miles) = 1042 (M-4). Earthquakes with M< 4 are
not considered.

5) The shapes of the response spectra for all earthquakes in
the site are the same as that of a normalised spectrum.

The response spectrum for each earthquake is thus construct-
ed by amplifying the ordinates of the normalised spectrum,in
order to take into account the value of ay for each earth
quake.

The correlation between M and T was first considered, shown
in fig.l (continuous line, marked SC).It is valid for south-
ern California and refers to an area of 1000 Km?.The dashed
line, marked EUR-19, will be discussed later.

Two correlations between a4y and M were obtained from the
literature, shown in fig.2 with the numbers 1 and 2. They
should include the real correlation, if it exists, for South-
ern California on rocky or firm ground. By hypotheses 3) and
4), the correlations between ay and T shown in fig.3 were ob-
tained from figures 1 and 2. ' ’

The normalised response spectrum used was that shown in
fig.4, valid'foraM=O.l g.
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THE ADDITIONAL CONSTRUCTION COST AND THE DAMAGE COST.

Only one type of construction was considered, the same
reinforced concrete building already used in the previous
study (fig.5). The additional construction cost is shown in
fig.6, curve a ,as a function of the lateral force design
coefficient. The calculation details are given in Ref.8. The
cost for C=0.01 (i.e. approximately the cost of wind design:
corresponding to the cost in the absence of seismic regulat-
ions) was substracted from the total cost. This gave curve b
in fig.6. The same curve b is shown in fig.7 in terms of
dollars per inhabitant per annum. The other curves in fig.7
are the total costs, taking damage into account, for the two
different correlations between éM ‘and T. The damage cost was
evaluated as follows.

The collapse accelerations apm had already been calcula-
ted in the previous study as a function of the design coeffi-
cient C. The assumption was then made that damage would begin
to show up whenap/g=0.05+C and would grow linearly with ay-
until reaching 100% at which stage ay equals the collap-
se value (fig.8). Basing on this assumption the damage in dol
lars per inhabitant per annun was evalutated. In order to
take indirect costs into account, damage was increased by 50%.
Total damage costs are shown in fig.9.

They show good agreement with the estimates given in the
introduction.

ADDITIONAL COST PER SAVED LIFE.

Starting from the total costs of fig.7, the curves aD/alL
- of fig.1lO were obtained by proceeding as in the previous stu-
dy. The incremental ratio aD/ aL represents the additional
cost per life saved, and is a function of C. The dashed lines
show the results obtained by only taking into account the ad-
ditional construction costs, and neglecting the damage.

The curves at the top left of fig.l10, marked EUR-19,were
obtained in the same way, only changing the correlation bet-
ween M and T. In fact they are derived from the seismicity
defined by the dashed line of fig.l, valid for European zone
number 19, which includes Central Italy.

These last results serve only to show up the sensibility
of the index aD/a L to the seismicity of the zone, and cannot
in any way be referred to real conditions in Central Italy,
for which there is neither an average response spectrum nor
a known correlation between ay and M.
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CONCLUSTIONS

As far as the quantitative aspect of this research is con
cerned the authors feel that more work has to be done before
it becomes completely reliable. For the moment, only some ge-
neric comments can be attempted.

1) If the correlation between a_ and M is known along with
the uncertainties shown by the two different curve in fig.2,
the dispersion of the final results is not excessive.

2) Damage costs do not greatly influence final results, so
that damages could be taken into account by means of more sim-
plified schemes.

3) The correlation between magnitude and the return period T
has proved to influence significantly the results, and this
could permit an improvement in the differentiation between
various seismic zones so far as the severity of desdgn regu-
lations are concerned. .

4) The problem of the choice of the acceptable seismic risk
is still,of course, very much open to discussion. It was not
however the intention of the present authors to arrive at a
solution. It is simply to be hoped that, in the future, the
indexAD/ AL may be of some help, together with others that
have been or may be proposed, in making choices that become
more and more satisfactory.
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