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DESIGN FOR LOW/MODERATE SEISMIC RISK
Paolo E PINTO'

SUMMARY

The increase of knowledge about seismic hazard worldwide, associated to an increase of
awareness of the potential losses due to earthquakes, and economic progress allowing for policies
of risk reduction, have led several countries in which seismic hazard was formerly ignored to pay
greater attention to seismic design. The paper deals with a number of aspects related to this
increased interest. It is first discussed, with reference to the solutions adopted in a few countries,
the problem of where to put the lower limit to seismic intensity for which explicit seismic design is
worth being carried out. It is shown that the limit varies considerably among countries, depending
on economic conditions and on the general quality of the constructions. Based on the results of
analytical simulations illustrated in the paper, it is concluded that modern RC buildings can have a
substantial capacity to resist earthquake motions, if they have a regular configuration and are
correctly designed for gravity loads only. In terms of PGA, this capacity may go up to 0.15 - 0.25g
for structural damages still far below the ultimate state. This stresses the greater importance ,
especially in regions of moderate seismicity, of providing the profession with documents of good
practice, rather than with analytically sophisticated codes. Looking at the future, ample space is
given in the paper to discuss about which one of the two design methods, the established force—
based or the emerging displacement-based is best suited to the needs specific to L/M risk zones. In
their present state, they are both less effective for L/M areas than in ones of high seismicity. The
DBD approach offers better perspectives for being extended to the L/M case on more rational
bases.

INTRODUCTION

As a consequence of the general increase in material well being occurring in most parts of the world, a change in
attitude towards risks is taking place, be these of natural origin or man-made. Even in countries which are still in
the process of emerging economically, the need of employing part of the available resources to prevent or to
reduce the risks is now explicitly recognized.

Seismic risk represents an interesting case apart. While in high seismicity places with an advanced economy, as
for ex. in California, Japan, etc., the seismic threat is a constant concern which regulates all human activities that
can be affected by it, there are many parts of the world where earthquakes do occur, but either rather infrequently
or with a moderate intensity, so that they tend to be perceived more as “accidents” than regular, if rare and
relatively minor, physical phenomena, and therefore considered not worth of a systematic effort for reducing
their effects.

Yet the situation in these low seismicity places is evolving visibly in the last few years, in a way which depends
on the particular combination of a number of factors. The first one is the large amount of efforts which are being
spent to improve the knowledge on seismic activity worldwide. The most important project in this field is the
well known “Global Seismic Hazard Assessment Program” [GSHAP, 1993], endorsed by the UN/IDNDR,
whose goal is to assist especially developing countries in the evaluation of their seismic hazard in a regionally
coordinated fashion and with the most advanced methods. Implementation of the GSHAP is entrusted to 9
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Regional Centers, hosted by geophysical institutions in all continents: 1) North and Central America (UNAM,
Mexico City), 2) South America (CERESIS, Santiago), 3) Central and Northern Europe (GFZ, Potzdam), 4)
Mediterranean (CNPCRST, Rabat), 5) Continental Africa (University of Nairobi), 6) Middle East (IIEES,
Teheran), 7) Northern Eurasia (IPE, Moscow), 8) Central-Southern Asia (SSB, Bejing), East Asia-Oceania
(PHIVOLCS, Manila). A first result of GSHAP will be a computer-based model of earthquake potential that can
be utilized to produce seismic hazard maps at any regional and national scale, and it is natural to expect that once
these maps will be actually diffused, public awareness of the seismic threat in each particular country will
become more concrete.

A second factor which is slowly though inevitably producing a change in attitude towards earthquakes is the
uncontrolled growth of megacities in areas of low-to-moderate seismicity, growth which is normally associated
with poor and seismically unsafe constructions. Moderate and even small earthquakes may turn catastrophic in
areas with poor building construction practice, as shown for ex. by the 1960 event in Marocco (M = 5.8, 12,000
casualties), and by the event of 1992 on Dahshour, Egypt (M = 5.7), which caused considerable shaking in Cairo,
the heavily populated capital, leading to hundreds of life loss and thousands of injured and homeless. According
to one estimate [Elnashai et al., 1994], in the whole Nile region where the rather moderate seismicity of Egypt
has been observed historically (west of the Sinai peninsula), the number of old buildings susceptible to
earthquake damage due to ageing and poor state of maintenance is in the range of 130,000, while the more recent
constructions of 4 stories or less, designed with no intentional lateral resistance is in the range of 400,000.

Cases similar to those described abound around the world: there the risk is contributed more by the high
vulnerability of the buildings than by the intensity of the hazard, and is therefore the situation in which an
appropriate seismic design/retrofit code is the most effective means for reducing the risk.

Finally, a serious incentive towards the use of a seismic code even in countries whose seismicity is definitely low
comes from their state of affluence. The hazard in these countries is not such as to pose a life threat to the
buildings occupants, especially considering the generally good quality of the construction. The authorities
however, with the consent of the owners, are willing to impose an additional initial cost for an increased
protection against even small damages, not least in order to reduce discomfort following small shocks. In
Europe, a situation of this type can be found in Germany and Switzerland, were seismic design is required in
certain parts of the territory. Figure 1 [Mayer-Rosa, 1993] reports the histograms of the seismic intensities of all
the events contained in the national catalogues of Germany, Switzerland and Greece, updated to 1985. The
comparison with Greece clearly suggests that in the former two Countries seismic hazard should be given a
different treatment than in Greece.
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Figure 1 Histograms of the intensities in three European Countries

In summary, the three main factors entering into the decision of whether and how to deal with seismic risk when
this latter is not obviously significant are: (1) physical, quantitative knowledge of the hazard and awareness of it
from the public, (2) capacity on the part of the authorities to regulate the construction process and to impose the
use of antiseismic standards, (3) availability of the resources necessary for ensuring protection against different
levels of damage. Developing countries are often deficient on (1) and (2); rich countries remain with the
problem of assessing the optimum amount of resources to be used in order to minimize overall cost and
inconveniences in the use of buildings.

For oversimplified and incomplete the above list may be, it is sufficient for realizing that the problem of seismic
design in low/moderate hazard regions cannot have a single, rational solution applicable to all cases. While the
principles of seismic design are universal, their implementation requires a compromise to be reached based on
the situation as defined by the combination of factors (1) to (3).
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In those regions where hazard is low, the question that comes first in whether it is worthwhile to account for it in
the design, or to ignore it altogether. It is clear that an answer to this question cannot be given without proper
consideration of the prevailing type of construction in the regions concerned: it is again a matter that can only be
solved on a case by case basis. The solution given to this problem by a small sample of countries involved is
briefly described in the following: interesting differences can be noted.

MINIMUM HAZARD LEVEL FOR SEISMIC DESIGN

In all countries, design seismic actions and procedures are specified in the so—called zonation maps, which
divide the territory into areas in which uniform criteria apply. In principle, the actions to be used in each area
should be calibrated to provide the target protection levels with respect to life safety and collapse. In practice,
many if not most of the existing zoning maps have not yet been updated with incorporation of the latest hazard
studies. Even in those cases where updating has been carried out, the revisions have generally been minor,
especially when the revisions would have involved changes in consolidated tradition, even if this latter could no

longer be justified on a rational basis.

A few cases when the zoning, proposed or already in force, is more or less strictly related to the estimated
hazard, are briefly mentioned below, with specific reference to the way the deal with the question of the
minimum threshold for applying seismic design.

United States [FEMA 303, 1998]

The last revision of the NEHRP Provisions [FEMA 303, 1998] contains rather innovative proposals for the
definition of the design ground motion. A major point is the decision to base the definition of the design action
on the hazard having a probability of exceedance of 2 percent in 50 years (Tr =2,500 years), instead of the
previous and customary 10 percent in 50 years (Tg = 475 years). The hazard is described by two parameters: the
5% damped spectral ordinates at 0.3 sec (high frequency: Sh), and at 1 sec (low frequency: Se). In many
situations, the design ground motion is obtained by multiplying the spectral ordinates having a T = 2,500 years
by a factor of 2/3. The underlying justification of this procedure is not going to be discussed here. What is
relevant here is to point out that according to the new Provisions, all places where the T = 2,500 years Sh is less
or equal to 0.25 g and Se is less or equal to 0.1 g should be considered as places of negligible seismicity, for
which seismic design is not required. The only requirements are a minimum lateral resistance of 1 percent of the
dead load of the structure, and the adoption of a few simple detailing and connection rules. (those applicable to
Seismic Design Category A, not intended for ductility).

In order to assess the threshold adopted by the Provisions, and also for the sake of comparison with other codes,
the value Sh = 0.25 g, corresponding to the range of the maximum amplification of the spectrum, is first divided
by a factor of 1.5, so as to obtain roughly a value with a return period of 475 years. One gets: Sh = 0.25/1.5 =
0.17 g. According to prevalent opinion, a rather stiff building with a period around T = 0.3 sec., capable of
resisting an horizontal force just equal to 0.01 W, and with little intended ductility, should not be able to resist
such a high elastic spectral acceleration, which in terms of ground acceleration could be in the order of ~ 0.07 g,
without considerable structural damage or even collapse, and this would be in explicit contradiction with the
fundamental safety objectives of the Provisions. These latter, however, are said to be based on recent evidence
during the Northridge event in 1994, where buildings underwent spectral accelerations of that order of
magnitude suffering only minor damages. The way of reconciling theory with reality might be that those
buildings did possess unintentional lateral strength much larger than 0.01 W. A minimum lateral strength of this
order is actually specified in a number of European codes as a general requisite of "robustness”, unrelated to any
specific action.

Switzerland [SIA 160, 1989]

Switzerland is kwon to be a Country of low seismicity, with the only exception of a small zone in the upper
Rhone Valley. In spite of this, a seismic hazard map for a return period of 400 years is included in the Swiss
code [SIA 160, 1989] and consideration to seismic design is mandatory in the whole Country. The territory is
divided into 4 intensity zones: the elastic response spectra for each zone are shown in Figure 2. Considering the
generally low level of the hazard, limitation of damages, rather than avoidance of collapse, represents the main
objective of the code. This is reflected in the low values adopted for the ductility-related force reduction factor
(K), which from a ceiling of K = 2.5 for ordinary buildings goes down to 1.4 for more important structures.

Looking for the lower threshold of the seismic action to be considered in design, one sees in Figure 2 that for
Zone 1 the peak ground acceleration is 0.06 g, similar to the value of 0.07g implied in the FEMA Provisions for
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excluding seismic design. With the value above, SIA 160 requires instead structures to be designed for a force
given by the spectral ordinates divided by the factor K and multiplied by a factor 0.67 (corresponding for ex. to
the structural performance factor of NZ). For an ordinary building (K = 2.5) with first natural period in the range
0.33 + 0.5 secs, depending on soil conditions, one would get a design horizontal force of:

F = 0.13—0—'6—7 =0.035W
25

that is, three and half times what is required by FEMA 303, for the same objective of preserving the structures
from even minor damages, and starting from the same value of the peak ground acceleration.
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Figure 2 Elastic design spectrum (mean values, 5% damping)
Italy [Pugliese et al., 1997]

A further example of the latitude of the criteria adopted worldwide to define the lower threshold of seismic
intensity requiring explicit consideration in design, a recently completed proposal [Pugliese ed al., 1997] for
seismic zonation of Italy is presented.

Italy comprises areas of greatly varying seismic activity, ranging from practically zero in well defined regions to
moderate-high magnitudes and frequencies of occurrences in other, equally well defined, areas. In these latter
regions seismic events of magnitude in the order of M = 6.5, causing typical values of PGA around 0.30 + 0.35
g, are to be expected every 50 years on the average (although events with M > 7 have occurred in the past, the
last one in Sicily in 1906), while the same return period can be associated to Magnitudes M = 5+5.5 in less
seismic areas. A well documented earthquake catalogue covering the past millennium and more, a wealth of
isoseismal maps of Mercalli intensities for the events of the last century, and instrumental attenuation data for
the events occurred after the 1975 Friuli earthquake, included, allow the seismic hazard of the Country to be
evaluated with sufficient confidence. A new 475 years return period map, relative to the 8100 municipalities of
Italy has been recently computed using the latest refined data, with the main purpose of checking the consistency
of the present subdivision of the territory into three zones of high, medium and low seismicity, in which seismic
design is mandatory, with the remaining portions exempted from it.

The intensity measure chosen for the map is the Housner intensity, defined in the study as the area under the 5%,
damped pseudovelocity response spectrum between the periods of 0.2+2 secs. The criterion proposed for the
classification is actually multiparameter, including the Housner intensity having a Tg = 100 years and maximum
felt macroseismic Intensity, but only the dominant indicator: H(475) will be referred to here for the purpose of
illustration.

The 8100 H(475) data have been arranged to yield a distribution function, qualitatively shown in Figure 3. With
m and ¢ indicating the mean and the standard deviation of H(475), respectively, the limits of the three zones
have been selected as indicated in the Figure 3. Zone 1 includes values of H(475) comprised between (m + 1,9
o) and the fractile at 99.5%, zone 2 the values between (m + 0,5 ¢) and (m + 1,9 ©), and zone 3 the values

between (m — 0.5 ¢) and (m + 0.5 6). The PGA values corresponding to the limits of the three zones are: 0.08 g,
0.14 g,0.23 g, and 0.30 g.
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Figure 3 Distribution of historical Housner intensities and proposed zoning

The cut-off at the 99.5% fractile implies acceptance that 5 out of 1000 municipalities may experience seismic
intensities larger than those adopted for the design of structures in zone 1. There is no particular logic in the
choice of the separations between zomes, except that the one between zone 2 and 3 involves the least
modification of the present zonation. Worth of some comment is the width of lowest zone, and in particular of
its lower limit, which corresponds to a PGA of 0.08 g, below which seismicity is assumed to be "zero", and
design is made for gravity loads only. This contrasts neatly with what has been commented previously about
USA and Switzerland (and with what is done in many other countries). The justification is of pragmatic nature.
In the present zonation, zone 3 extends for 3,300 km® with less than 3 million people, while the proposed one
would cover areas of more than 100,000 km? with 21 million of people, which is about a third of the total area
and of the population of Italy. Had the threshold been put at a lower level, for ex. 0.06 g, almost all of the
Country would have become "seismic", a too drastic change from the present situation where more than half of
the Country is not considered as seismic.

Slovakia [Sokol, 1999]

The case of Slovakia has similarities with that of Switzerland: a low general seismicity level with a few small
"islands" of stronger activity scattered within the territory, a tradition of ignoring the earthquake action in the
design, at least for common buildings, due to the known predominance of wind action, a re—evaluation of the
seismic hazard, and a tendency towards harmonization of the design procedures as embodied in the Eurocodes, in
Eurocode 8 in particular.

The hazard map of Slovakia, shown in Figure 4, has a “background” seismicity covering the whole country, with
a very modest PGA value of 0.03 g, and a few mostly circular areas where the PGA raises to 0.10 — 0.15 g.
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Figure 4 Seismic zones and response spectra in Slovakia
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Associated with these values are response spectra shapes depending on soil conditions. With the exception of
soil class D, which corresponds to a rather special situation of soft (Vs < 180 m/sec.) upper layers, the other
three classes represent soils of progressively decreasing mechanical properties, whose main effect on the spectral
shape is that of extending towards longer periods the portion of constant response acceleration. In a recent study
[Sokol, 1999], four hypothetical buildings, with number of floors ranging from 10 to 24 and natural periods from
T = 0.5 sec. to T = 1.90 sec. have been analyzed to see under which combination of seismic zone and subsoil
class the seismic action would become more important with respect to other variable actions. The most
unfavourable case occurs for a wall frame building eleven story-high with a period of T = 0.495 g. The result is
summarized in Figure 5.
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Figure 5 Relative influence of seismic and other actions as a function of seismic zones and soil
classes’

The ratio y = E¢/Eg is the ratio of the maximum effects due to the seismic action (Es) to those due to basic
actions (Ep), evaluated at some critical element of the structure. One sees that for all combinations of soil class
and seismic zone 7 is larger than 1, going up to a maximum of almost four, implying that for such a building any
site in Slovakia would require seismic design, including the "background” seismicity area where PGA = 0.03 g.
For the other buildings having larger periods the dominance of the seismic action over the other variable ones
occurs essentially in the zones 1 and 2 of Figure 4.

Colombia [Garcia, 1995]

A seismic design code has been introduced in Colombia in 1984. Code provisions are given with reference to
the seismic hazard map in Figure 6. The main seismogenetic features are the subduction of the Nazca Plate in the
Pacific Ocean, and a series of internal faults far from the coastline with a general orientation North-South.
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Figure 6 Seismic hazard map of Colombia
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