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9. ENGINEERING MEASURES FOR LOSS REDUCTION

9.1 Earthguake-resistant buildings

The session dealt with some of the most important problems connected with the earthquake-resistant
design of buildings, with the salient characteristics of building codes formulated in the last few years,
and with problems related to the implementation of building codes and research results.

In the presentation of the working paper (SC-76/SEISM/8) and in the discussion, the following si1g-
nificant features of modern codes were noted: a hierarchy of detailed and simplified methods of struc-
tural analysis, with more conservative design rules applying to simplified methods; explicit considera-
tion of available ductility in the definition of reduced design spectra; probability-based criteria for
superposition of response tothree components of earthquake motions; redundancy requirements; explicit
consideration of soil-structure interaction as regards its contribution to modifying natural periods of
vibration and to introducing radiation damping; consideration of overturning moments for revision of
stresses in columns, and of foundation capacity; special consideration of the design of joints and struc-
tural details so as to ensure that connexions are usually stronger than the members they connect, Spe-
cial mention was also made of the convenmience of expressing design requirements in the simplest terms
and of adopting formats that lend themselves to easy updating.

In the same context, modal analysis was favoured with respect to supposedly more refined methods,
such as step-by-siep dynamic analysis, since the application of methods of the latter class to practical
degign does not seem Justified at present, in view of the significant effects that they fail to account for.
Definition of design spectra in given seismic zones by two parameters (effective peak ground accelera-
tion and zero damping spectral velocity for intermediate periods) was deemed advisable,

The participation, 1n the drafting of building codes, of the various groups that will use them was
congidered as indispensable for their implementation.

Although 1t was recognized that uncertainty affecting ground motion parameters is significantly
larger than that affecting structural parameters, important research efforts concerning the latter are
justified in view of the wide applicability of the corresponding results.

Extensive discussion was devoted to the problem of the safety of low cost housing in rural areas of
developing countries, and international co-operation for research and development in this field was
strongly advocated.,

The gquestion of unification of building codes received special attention. The majority of partici-
pants felt that neither a general code nor a common code framework was feasible, however, the formu-

lation of general guidelines on basic design principles was considered highly desirable.

The importance was stressed of malking building codes consistent with the properties of locally
available materials and with quality control standards.

The 1mplications of earthquake resistance requirements for architectural concepts and the design
process were recognized,

§.2 Utilities (railways, communications, pipelines, highways, ete, )

The discussion cenired around working paper SC-76/SETSM/9. It was recognized that criteria for
evaluatingsthe safefy of utility networks are still at an early stage of development. Problems of main
concern are:

(a) Ewvaluation of relative displacements between different points, this will require the develop-
ment of special measuring devices,
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(b) Design of systems that allow significant deformation to take place mainly at pre-selected
points (use of s, 2cial joints).

(c) Special problems connected with the handling of fluids under high pressure.
In the evaluation of the reliabilify of life-line systems two groups of problems must be considered:

(a) Those associated with the performance of mains (trunk lines), where no redundancy is usually
feasible.

(b} Reticulated systems within cities, where redundancy is feasible and desirable,

The necessity of adopting quaniitative criteria for the design of anchorage for large pieces of equip-
ment (mechanical, electrical, chemical, ete,) was emphasized,

9.3 Urban plans

The discussion covered problems of urban planning from the standpoint of measures io be faken for
the purpose of reducing the possible consequences of earthquakes.

In the presentation of discussion paper SC-76/SEISM/10 and in the subsequent debate the following
important points were raised-

1. The contrast between the ideal sifuation where planning can start from scratch and the real
situation where only limited action can be taken: gome actions taken in the United States of
America and 1n Japan to describe quantitatively the existing hazard potential and to legislate
effectively for its reduction were illustrated, Mention was made of the problems of relocating
urban communities and the lack of any systematic analysis in this area. Experience reveals
that there is often strong resistance to removal on the part of communities.

2. Hierarchies of factors requiring protection may vary from country to country and thus urban
planning must be based, in each country, on the latter's assumed priorities.

3. Considerable weight was placed on the importance of defining accurately the different seismic
rigk levels within urban areas. Sound land-use policies should be a direct consequence of this
assessment, and provide a basis for earthquake-resistant construction regulations., The con-
vemence of basing planning criteria on comparative analyses of different kinds of risk, and of
seismic risk in different areas, was extensively debated.

4. Recommeéndations were made to the effect that any regional or urban development project under-
taken in seismically-active areas be preceded, from 1ts very beginning, by engineering seis-
mology studies defining microzones characterized by different risk levels,

5. The active participation of communities as a whole in all stages of decision-making in the urban
planning process was deemed as indispensable for the successful umplementation of planning

strategies,

9.4 Special structures

Two main groups of special structures were covered under this heading nuclear reaciors and
large dams.

When dealing with the selection of earthquake design parameters, both types of structures require
similar studies, The assessment of regional seismicity varies in accordance with the available informa-
tion concerning seismotectonic conditions near the site: when faults are well defined and historical
records of earthquakes are available, reasonably accurate estimates of seismicity are feasible, when
such information is meagre, estimates of maximum intensities have to rely on studies of local and
regional geology and on the known seismic activity of comparable zones of the earth's crust.

The validity of the usual one-dimensional shear-wave models for predicting the influence of local
s01l conditiens on earthquake response was questioned, asg these models do not account for verfical com-
ponents of motion or for surface waves, which contribuie significanily to the motion, at least at frequen-
cles below 1 Hertz, Because experimental evidence is often 1n contradiction with the results of these
methods, predictions should be based on comparison with motions recorded on similar ground conditions,
Tt was recommended that motion be specified at the firgt competient layer beneath the site, rather than at
the base-rock level,
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Nuclear reactors

The analysis of the dynamic response of nuclear power plants poses special problems. It was
stressed in the presentation of discussion paper SC-76/SEISM/12 and 1n the subsequent discussion that
gsoil-structure interaction significantly affects the response; the usual criteria in the study of this
phenomenon de not account for high-frequency energy loss at the foundation-soil interface. The applica-
tion of finite-element methods to soil-strueture interaction problems has significant drawhacks. Com-
parative studies of records obtained simultanecusly at foundations and in the free field were gtrongly
recommended. The step-by-step analysis of non-linear structural responseis often carried out, but the
very significant interaction among responses due to different components of ground motion is usuvally
neglected, Equipment mounted on the main struciure is designed on the basis of floor-response spectra,
that fail to account for the reduction in response entailed by equipment-siructure interaction,

Design regulations were reviewed, with emphasis on the two intensity levels usually advocated and
on the influence of stress levels on the damping values to be adopted. The requirement that the inten-
81ty of the operating basis earthquake be equal to one-half that of the safe shutdown earthquake was
eriticized, and it was mentioned that the question 1s now being analysed.

Some problems connected with the specification of design specira were discussed optimum safety
criteria can be shown to lead to design spectra whose shape differs from those consistent with fixed
reliability eriteria; moreover, uncertainty in natural periods precludes taking full advantage of the
decrease in spectral ordinates occurring in the high-frequency range.

Scarcity of strong-motion data in the near field was pointed out. The significance of small magni-
tude earthquakes originating beneath given sifes in regions of low seismicity was recognized. Comments
were also made on the difficulty of applying strong-motion data to conditions differing from those of the
original recording sites, and con the need to account for local conditions and socurce mechanisms when
trying to correlate magnitude and intensity. Some discussion was also devoted to the possibility of 1s0-
lating structures from earthquake waves and from fault displacements.

Large dams

Asg 1n the case of nuclear power plants, emphasis was placed in document SC-76 /SEISM/11 and in
the digcussion on the convemence of deploying arrays of instruments in the vieinity of the construction
as well as at 1ts foundation and at several locations in the superstructure,

Some problems specific to large dams deserve gpecial attenticn, such asg the formulation and cali-
bration of two-phase models for represenfing the behaviour of soil-water systems 1n rockfill or earthfill
embankments; consideration of tridimensional interactions as well as of travelling wave effects on the
dynamic response; adoption of improved compaction-control procedures aimed at avoiding non-uniform
embankment settlements, 1nstallation of arrays of instruments prior to construction in order to detect
induced seismicity, if any; protective measures against gradual and sudden relative displacements
along faults; radiation of energy through foundation and abutments,

It was gtressed that seismic design criteria of embankment dams should be based on crest settle-
ment restrictions rather than on stress limits,

When geological conditions suggest the possibility of induced seismicity, it must be assumed that
earthquakes of the maximum regional magnitude may be generated.

Attention was drawn to the inierest of the International Commission on Large Dams (ICOLD} in
recelving and distributing information concerning the seigsmic design and behaviour of dams., Comments
were made on the observed satisfactory performance of some dams subjected to moderate earthquakes,

There was some discussion of the load combinations to be assumed in design. The suggestion that
cne should. design for the simultaneous cecurrence of maximum flood level and of the largest regional
earthquake occurring beneath the dam was exhaustively debated but was not considered applicable by the
majority of delegates. The study of regional tectonic stresses was regarded as highly desirable for the
asgessment of induced seismicity.

In view of the difficulties tied to fault displacement predictions, use of self-healing non-cohesive
materials in cores of embankment dams was recommended.

The possibility of waves being generated by slope failure in the reservoir underlines the need for
extremely careful studies of local geology.
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9.5 Strengthening of existing and of damaged buildings

The problem of repair and strengthening of buildings was discussed from the standpoints of techni-
cal requirements and implementation policies, It was pointed out that repair means at best restoration
of the original structural resistance, whereas strengthening means improvement of the structure's
ability to withstand earthquake forces, Warnings were given of the possibility that repair works may in
reality weaken structures,

It was recognized that the detailed recormmendations contained 1n discussion paper SC-76/SEISM/13
apply mainly to the specific conditions for which they were developed, and that different conditions may
call for different solutions. The problem should receive the attention of local authorities and engineers,
hecause the present shortage of dwellings and its probable persistence during the next few decades re-
quire action to make the surviving buildings safe.

Some delegates insisted on the need io improve the present damage-based intensity scales. However,
it wag concluded that discussion of this tople should not be pursued, because of the already large number
of exigting scales and of its loose connexion with this item of the Agenda.

Observations of the behaviour of actual structures should he applied to develop mimproved design and
construection practice, Hence, the performance of structures damaged by earthquakes should be analysed
in an attempt to understand and to describe quantitatively the reasons for failure, The introduction of
new structural systems and building technologies leads to new failure modes and this makes exchange of
information on seismic damage an issue of utmost importance.

The special problems posed by the strengthening of monuments were discussed, and it was agreed
that the general recommendations adopted under this item should be considered applicable to them,

RESOLUTIONS

RESOLUTION 9,11

Because investigation of the behawviour of buildings subjecied to strong earthquakes is of great impor-
tance for checking and improving criteria and methods of design and construction, the Conference recom-
mends that analysis of buildings undamaged, damaged or destroyed by strong earthquakes be continued
by Unesco f1eld missions.

RESOLUTION 9, 12

Recognizing that buillding codes play a key réle in the reduction of seismic risk, the Conference recom-
mends that Unésco support the interchange of relevant ideas and guidelines for the development of general
principles involved in the formulation of building codes,

RESOLUTION 9,13

Theoretical and experimental imvestigation of basic static and dynamic properties of structural materials,
elements and systems is required in order to develop simple methods for designing different types of
structures, especially masonry and prefabricated buildings, The Conference recommends that Unesco
seek co-operation with the appropriate international orgamizations in formulating criteria for resource
allocation to research and 1n preparing aids to designers, such as guidelines and handbocks, based on
optimum criteria for earthquake-resistant design,

RESOLUTION 9. 14

The Conference recommends that seismologists and engineers work together in the field of seismic

design, the former to define the hazard and the latter to determine the way in which the hazard is to be
taken into account in design,

RESOLUTION 8,15

The Conference recommends that Unesco invite the Internaticnal Union of Architects to encourage its
members to collaborate with earthquake engineers in the planning and design of bulldings and facilities
in earthquake-prone areas, from the very early stages of projects.
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RESOLUTION 4§, 16

The Conference recommends that Member States that have not yet adopted mandatory minimum standards
and codes for materials and construction do go.

RESOLUTION 8, 17

Noting the requirements for an incereased flow of data relating to the near field of earthquakes, and for
observations of the behaviour of many types of structure under severe conditions,

The Conference invites Member States, with the assistance of Unesco, to establish Earthquake Experi-
mental Areas in regions of high seismicity and low population density. Within each area, simple basic
facilities and access in the form of a network of signposted trails should be established, The host coun-
try would be asked to facilitate the entry and exit of visitors with their supplies and equipment, and to
provide any other assistance within its power,

RESOLUTION 9, 2

Recogmizing {(a) that the present state of technology in the earthquake-resistant design of utility systems
is in the developing stage, and (b) that seismic damage to utility systems poses great hazards to modern
community life,

The Conference recommends that Unesco provide assistance to existing ce-operative governmental pro-
grammes in this area that have been established for exchanging information and personnel,

RESOLUTION 8. 31

Recognizing the importance of Habitat: United Nations conference on human settlements for efforts on
the giobal, regional and sub-regional levels to improve human settlements, the Conference recommends
that Unesce take appropriate steps to ask Habitat io include on its agenda consideration of human settle-
ments in earthquake-prone areas,

RESOLUTION 9. 32

Noting that in future planning or urban development, factors such as seismic microzoning and socio-
economic implications of earthquake hazard are very important, the Conference recommends that Unesco
take appropriate action to provide, on request, technical assistance in promoting the international ex-
change of information on these subjects.

RESOLUTION 9. 33

The Conference recommends that every regional and urban develoepment project undertaken with the
participation of Unesco, covering seismically active areas, be carried out with participation of experts
in seismic zoning, microzoning, seismic risk and earthquake-resistant design, as early as feasible,

RESOLUTION 9.41

The Conference recommends that Member States pay special attention to the selection of sites for con-
struction of nuclear power plants in earthquake-prone regions. Extensive research on seismic charac-
terisiics of the region and comparison of different sites, taking into account social and economic crite-
ria, should be carried out hefore initiating planning and design of each nuclear power plant,

RESOLUTION 9.42
The Conference recommends to Member States that the International Commission on Large Dams (ICOLD)
be made aware of all obser vations of existing dam behavicur, as also the results of research leading to

improvements on (a) estimation of ground motions for des:gn, (b) behaviour of materials under dynamic
load, aand (c) methods of computation of both strain and stressinlarge concrete or embankment structures.
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RESOLUTION 9.43

Noting (a) that chemical plants, nuclear power plants, large dams, and similar facilities could exten-
sively endanger the lives of neighbouring people if these facilities were subjected to strong earthquakes
without meeting adequate design standards; and (b) that the International Atomic Energy Agency (IAEA)
is proposing international safety guides to protect nuclear power stafions against earthquake disaster,

The Conference recommends:

(1) that each Member State make available its complete aseismic regulations or codes for thege facili-
ties, together with information on seismicity and related technical background; and

(2) that in formulating suitable codes or regulations, all Member Siates co-operate, with assistance
from Unesco and IAEA,

RESOLUTION 9.44

The Conference recommends that Member States intensify the acquisition of strong-motion seismograms:
(1) by the use of FEarihquake Experimental Areas, if possible; (2) by deploying more sirong-motion
instruments both in nuclear reactors and in the free field, in regions where strong earthquakes are
expected; and (3) by deploying close networks of strong-motion equipment in the aftershock regions of
major earthquakes,

The experiments should be designed to give data on wave propagation as a funclion of source mech-
anism and distance from the source, site amplification, and soil-structure interaciion,

RESOLUTION 5.5
The Conference recommends:

(1) that Unesco support international co-operation and research to devise practical ways for reducing
the risk of earthquake damage 1n (a) rural residential dwellings built by the residents themselves
using locally available materials, and (b) non-engineered dwellings, i.e. dwellings built without the
application of engineering principles and for which socio-economic factors preclude participation of
engineers or qualified technicians, Measures should include:

(L} the development of practical solutions, drawing on specific experiences and experimental
research;

(i1} the preparafion of simple graphic material that can be easily understood by ordinary
houseowners and crattsmen;

(iii) the training of houseowners and craftemen in the praciical immplementation of devised
solutions,

(2) that Unesco act as a centre for the collection and distribution of documents and technical reports it
Judges to be of importance, describing experiences and methods adopted in various countries in the
field of strengthening and repair of struciures, when such documents are not generally available,

{3) that a set of unified guidelines for describing damage caused by earthquakes be prepared by Unesco,
with the assistance of a working group appointed ad hoc;

(4) that Member States devote special attention to the strengthening of hospitals, theaires, schools and
other buildings that may house a large number of people, These facilities should be inspected and
their safety thoroughly checked periodically and just after a damaging earthquake;

(5) that Member States give specific consideration to the safeguard of historical monuments against
earthquake damage and their proper repair and strengthemng, since this poses sometimes engineer-
ing problems which are fundamentally different from those of ordinary siruciures of a Iimited life-
time, These problems have rarely been considered in the light of modern technology and deserve
special altention.
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10, IMPLICATIONS OF EARTHQUAKE RISK

10.1 Economic implications of earthquake rigk

The discussion paper SC-76/SEISM/14 was introduced by the Secretary-General of the Conference,
who emphasized the importance of economic considerations in the overall social implications and the
necessity of analysing the problems of insurance against earthquake risk,

The delegate of Switzerland, co-author of the discussion paper, then outlined the significant points
in the paper, stressing.

(1) the necessity of realizing that when an earthquake occurs, consequential losses - for example,
those from fire or interruptions to production - are often more 1mportant than direct losses but
are more difficult to assess and control;

(2) that from the insurance and remnsurance point of view, earthquake risk was like a stowaway
creeping into insurance life. The main problem was to gain a clear idea of the loss potential
of earthquakes,

With earthquakes, the premium calculation should be considered only as a third priority, after the
assesgment of the maximum commitment by 1nsurance companies and the assessment of an adequate
catastrophe reserve,.

The basic numerical data required by insurance companies to quantify loss potential andto assess an
adequate catastrophe regserve can be defined by asking:

(a) Where arethe geographical accumulations of insurance risks and how large are the total sums
insured?

(b} What is the average frequency of shocks eof a given intensity in a given area - the average return
period? and

(c) What may be the average degree of damage from a shock of a given intensity in a given area?

Several delegates described the principles governing the functioning of insurance schemes in their
respective countries, and discussedthe relative merits of private and national earthquake insurance pro-
grammes, The Conference noted that in a number of countries, such as New Zealand, Japan, the Union
of Soviet Socialist Republics and the United States of America, there exist workable insurance schemes
covering earthquake risks. A study i1s under way at the University of Pennsylvania (U. S, A.) to deter-
mine among other matters the reason why people purchase or do not purchase earthquake and flood insur-
ance available 1n the Umited States. It was mentioned that insurance companies could assist considerably
in mitigating the earthquake hazard by scaling their rates fo ensure the application of current knowledge
in design and by ensuring that this design 15 1mplemented during construction. However, in many coun-
tries earthquake insurance is being practised in a rather simplistic way and serious efforts are needed to
provide this insurance on a reasocnably scientific basis.

The Conference examined the methodological approach to the study of the prebability distributions of
different kinds of earthquake damage, using data from geophysics, engineering and economics, developed
in the USSR as a guide to insurance decision-making. It toock note of the offer by the Academy of Sciences
of the USSR io make available information on this methodological approach and on the relevant computer
software,
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10,2 Human implications of earthquake risk

The Secretary-General of the Conference presented discussion paper SC-76/SEISM/1 on the social
dimensions of human response to earthquake risk, He underlined the importance of these problems and
the need for the knowledge and skill accumulated by science to be implemented in practice,

During the discussion that followed on the human implications of earthquake risk the main attention
of the delegates was paid to the following pointis:

(1) Conscicusness among individuals of the earthquake problem:

(a) Rescarch to discover the reactions of 1ndividuals to earthquake disasters in specific coun-
try or regional locations.

(b} Practical measures io stimulate this consciousness.

(¢}  Examples of praciical educational measures which include use ot the mass media, films,
etc. These measures must be factual and not sensational as the latter may prove to be
counter-productive,

{d) Examples of adminisirative and legislative measures which include preparedness training,
national and local laws, volunteer efforts and the provision of co-ordinating mechanisms
for the effective implementation of the preparedness plan.

(2} Behaviour and response of individuals io earthquake occurrence and threat:
(a) The study of the conditions conducive to possible panic,

(b) Practical measures to counteraci the onset of panic; for example, engineering solutions
such as the avoiding of excessive flexihlity of buildings, the design of quick and safe exit
facilities, education of the public, etc.

{c}  The study of the conditions under which mental health problems arise, and of practical
measures to counteract these problems.

(@) Attitudes of individuals to frequent and infrequent earthquake threats,
(3) The absence or presence of mstitutionalized post-disaster assistance,

The delegates drew attention to the practical problems faced by individual Member States in con-
nexion with the human and social implications of seismic risk, One delegate pointed out the need which
exists 1n countries without adequate standards for earthquake-registant construction, for information on
the most effective means of promoting awareness of earthquake risk., Without such public awareness
legislation does noti follow,

Some couniries have areas with earthquake-resistant construction. These require a different form
of legislation to promote the most effective individual and community action against earthquake risk,
and may benefit from information obtained from other countries with similar problems.

Tt was noted that human response to the earthquake hazard is a complex phenomenon related both to
individual and situational constraints. Psychological and social science research 1s needed to reveal
the conditions of human behaviour during and after disasters, including the social psychology of stress
gituations leading to anxiety and panic,

10.3 Social implications of earthquake risk

Discussion paper SC-76/SEISM/16 on the social implications of earthquake risk was presented, in
the absence of its author, by the Rapporteur of Comrission C.

The atiention of the delegates was drawn to the principles of the organization of a special emergency
relief or c¢ivil protection service as a resgponse of society to the earihquake hazard,

Information was given on methods of coping with disaster. It was noted that in the United States of
America, two government organizations exist to provide assistance in {imes of disaster, one of which,
the Federal Disaster Assistance Administration 1s specifically concerned with natural disasters. This
wnstitution provides assistance in the form of public facilities and individual assistance, including hous-
ing, unemployment, food and loans and grants.
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It was noted that disaster preparedness measures also exist in some other countries, for example
New Zealand, Japan and the Unicn of Soviet Socialigi Republies,

Mention was made of the value of voluntary efforts in disaster, especially that provided by the
League of Red Cross Societies,

The representative of the United Nations Digaster Relief Co-ordinator outlined the work of his Office
and supported the general conclusions of the discussion paper. He stated that his Office had two main
functions: (1) the co-ordination of relief; (2) the organization of disaster prevention. He stressed the
impact that natural disasters have on developing couniries and concluded that vulnerability studies of
major projects in these countries were essential, if only to avoid heavy investment in high risk areas,

The Conference discussed a range of possible measures which should be considered in regard to
the mitigation of seismic risk. It was suggested that necessary attempts to find an optimum set of these
meagures for effective mitigation, were desirable, Some descriptions were given of the approaches
io such optimization developed in the Union of Soviet Socialist Republiecs, Mexico and other countries.

RESOLUTIONS
RESOLUTION 10, 01

The Conference, recognizing the value of research done 1n recent years into the human, social and
economic aspects of earthquake and other disasters, recommends that Unesco encourage further research
into their social and economic aspects in order to provide the understanding required for the use of seis-
mological and earthquake engineering findings for the mitigation of such disasters,

RESOLUTION 10. 02

The Conference recommends that Member States, in seeking to mitigate seismic risk, adopt optimal
combinations of the following measures: {a) rules on land use, (b} building codes; (c) educational and
other measures for the improvement of non-engineered buildings not covered by building codes; {d) tax
policies and other economic incentives; (e) insurance; (f) planning of emergency action; (g) planming
of relief; (h) relevant regearch.

These measures should be taken at the international, national, regional and local levels,

RESOLUTION 10, 03
The Conference recommends:

(a) that Unesco encourage studies of probability distributions of different kinds of damage caused by
earthquakes as a function of geophysical, engineering, economic and social factors. The Confer-
ence further recommends the use of the results of such studies in decision-making concerning the
mitigation of earthquake hazard to all types of construction, including traditional housing;

(b) that appropriate international mechanisms be egtablished under Unesco auspices to co-ordinate the
aforementioned studies and implement their results through workshops and seminars,

RESOLUTION 10, 04

The Conference recommends that Unesco's earthquake reconnaissance missions include experts from
appropriate branches of economics and the social sciences.

RESOLUTION 10,1

The Conference recommends that Unesco, in co-operation with other United Nations bodies and relevant
international organizations, gather experts from all countries with earthquake insurance programmes,
together with interested experts from couniries without such insurance programmes and from major
ingsurance and reinsgurance companies, seismologists, earthquake engineers, economists and social
scientists, to consider the possibility of developing a workable general framework for the implementa-
tion of earthquake insurance and of inmitiating a long-term programme of studies on earthquake insurance
problems,
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RESOLUTION 10, 21

The Conference recommends that Unesco promote among Member States research at the local level of
traditional awareness and response to earthquake risk, The Conference further recommends that where
necessary this traditicnal awareness and response he incorporated inte the national mitigation effort or
be utilized to provide innovative solutions at the local level,

RESOLUTION 10. 22

The Conference recommends that Unesco encourage Momber States {(a) to study the extent of awareness
of earthquake rigk at the individual and community level in order to determine the requirements for
educational material, and (b) to digseminate such educational material through appropriate media in con-
Junction with a continuous monmitoring process to evaluate the success of this effort.

RESOLUTION 10, 3

The Conference recommends to Member States the formulation, adoption and appropriate updating of
pians for the implementation and regulation of emergency measures following an earthquake, according
to local needs. The Conference further recommends rehearsals of emergency measures at the commun-
ity level in addition to nation-wide programmes and practices, in areas of high seismic risk.

23



Final Report

11, GENERAL TOPICS

11.1 Earthquake parameters for engineering design

The presentation of discussion paper SC-76/5EISM/17 was oriented towards criteria for selecting
design parameters and intensity levels, Rational engineering design calls for optimum decision-making,
and the required information must be consistent with this approach, It does not suffice to have pownt
estimates of expected values of largest magnitudes and intensinies, It is also hecegsary to assess the
degree of uncertainty attached to such estimates,

An analysis was made of the problems encountered in the process of converting geological, seismo-
tectonic and historical information into the quantitative values required for engineering decisions. Two
groups of problems were considered those defined by the response of individual structures at a given
site, and those related with the response of spatially extended systems, The first group includes, for
instance, seismic design of buildings, whereas the second includes, among others, the design of lifeline
networks or the estimation of the probability distribution of the maximum giobal loss caused hy an earth-
quake 1n a given region,

Problems 1n the first group may be dealt with by means of seismic probability maps which, 1n their
simplest form, consist of plots of the values of single parameters having given return periods. Because
different parameters are more sirongly correlated with the seismic response of different systems, sets
of seismic probability maps showing different parameters (such as peak ground acceleration, velocity,
or ordinates of response specira for various natural pericds and damping values) should be prepared,
and 11 fact have been prepared 1n some countries. These maps contain information 1n a form suitable
for decision-making and provide the basis for seismic zoning maps, whose coefficients and spectra for
routine design are specified.

When the response of spatially extended systems is of interest, models of the earthquake generation
process and of intensity attenuation as a function of location relative to the scurce are required,

Engineering decisions have been shown to be sensitive to the probabilistic models of seismicaty,
and this calls for further research, The main difficulties envisaged are tied to the scarcity of statisti-
cal information and to the need to formulate conceptual models of the process of energy accumulation and
release 1n given areas,

As in other sessions, much attention was devoted to the convenience of developing instruments cap-
able of recording directly particle ground velocities.

The most significant uncertainty attached to intensity assessments for given sites is that associated
with geophysical and geological evaluations. Use of Bayesian analysis criteria does not add new data,
but provides a rational framework for its analysis.

Some discussion was devoted to the problem of studying further the correlations between modified
Mercalll intensities and instrumentally recorded parameters,

As a corollary to the conclusions concerning the ways of presenting information for engineering
decisions, attention was again given to the convenience of eénlarging the number and extension of seismic
instrument networks and of faking measures that will ensure proper servicing and maintenance as well
as data reduction and interpretation.

11,2 Field studies of earthguakes

The discussion was based on discussion paper SC-76/SEISM/18, The author emphasized that knowl-
edge relevant to the assessment and mitigation of earthquake risk must be based on the growth of a body
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of reliable observational data. This can only be acheved through the field study of earthquakes and can-
not be obtained simply from lectures or by reading reports.

Since 1962, nineteen earthquake disasters have been considered by Unsesco to jusiify the dispatch of
missions. These caused the death of about 94, 000 people and damages of approximately $1, 800 mullion.

It was noted that, unfortunately, it frequently took several weeks for Unesco missions to gain eniry
to the digaster-stricken countries, This was considered to be a serious delay and it was suggested that
Unesco should:

(a} offer the country concerned the dispatch of a reconnaissance mission; and

(b) immediately send a special consultant who should reach the country in which the earthquake has
taken place within 72 hours,

It was stressed that the composition of a Unesco mission of not more than four specialists should be
tailored to the particular disaster; earthquakes occurring in urban settings obviously will require a dif-
ferent team from those n rural areas, It was emphasized that {he reconnaissance mission 1s general in
nature and that specialized missions may be required at a later date.

There was considerable debate about the composition of field missions. Some delegates stressed
that experts from earthquake-prone regions should be included in missions to other countries, Other
delegates, while accepting this, also stressed that local experts should be included in Unesco missions,
It was also suggested that the participation of young research students should be facilitated.

The Conference was informed of a swarm of earthquakes that had recently occurred in Iceland.
Some of the unusual features of these events were described.

The representative of the Inter-American Development Bank described the activities of his Organiza-
tion 1n the reconstruction phase following earthquake disasters in Central and South America.

11.3 Interdisciplinary educaticn and training

Discussion paper SC-76/SEISM/19 on this subject was presented by a delegate of Japan. The main
theme of the paper was that specialization leads to lack of contact and mufral understanding between the
various specialists, and that efforts must he made specifically to bridge these gaps by promoting inter-
disciplinary studies,

Discussion began with a call from delegates for a multilingual glossary to help to establish a com-
mon terminology. It was proposed that three different levels of interdisciplinary training be defined:
firstly, long-term siudiesg at the post-graduate level; secondly, seminars of a few weeks' duration for
practising engineers to bring them up to date with new techniques; and thirdly, short seminars aimed
especlally at government technicians and legislators. With regard to the intermediate-length and short
seminars, it was suggested that each of these should concentrate on one region and ifs particular prob-
lems, These seminars should be given jointly by foreign specialists and local counterparis.

In response to a question over the stage at which education in earthquake risk should begin, it was
illustrated that in some countries this normally begins in seceondary schools, whereas in others no
attempt 1s made to introduce the subject except at a specialized, post-graduate level. In the field of
adult education, it was learnt that hooklets aimed primarily at craftsmen and small builders were being
produced by one national group in order to illustrate, with the aid of diagrams, the use of new bulding
materials which, 1n many parts of the world, are rapidly replacing traditional materials,

Attention then moved to the possibility of setting up new infernaticnal training centres, particularly
in view of the fact that certain of the existing centres had recently lost some of their international charac-
ter, The general opinion was that the revival of existing international institutions would be preferable to
the creation of new ones, It was agreed that Unesco should atiempt to support two main kinds of inter-
disciplinary education, i.e. posi-graduate training at international cenires, and shorter courses to con-
centrate on regional problems,

RESOLUTIONS

RESQLUTION 11,11

The Conference recommends to Member States that research into the correlations between earthquake
intensity and physical parameters he intensified, co-ordinated and the results published.
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RESOLUTION 11.12

In view of the importance of particle ground velocity in determining the index of severity of strong
ground motion, the Conference recommends that Unesco provide technical advice and encouragement
for the development and design of appropriate inexpensive instruments,

RESOLUTION 11,13

The Conference recommends that Unesco continue 1ts endeavours to ensure that existing and future
strong-motion records in the world be collected, together with corresponding macroseismic data when
possible, and be made publicly available for the purpose of improving the evaluation of earthquake design
parameters.

RESOLUTION 11, 14

The Cenference recommends that Unesco encourage the development of easy-to-operate and durable
engineering seismology instrumentation, to be available to all Member States. Together with regional
or national centres having similar objectives, Uneésco should co-operate 1n the necessary technical
training for operators of these instruments.

RESOLUTION 11.15

The Conference recommends that Unesco organize a working group with the task of preparing instruc-
tions to be used in the organization and operaticn of national networks of strong-motion instruments, and
in the reduction and interpretation of recorded data.

RESOLUTION 11, 18

The Conference recommends that Member States use, wherever possible, seismological networks for
improving earthquake detection capabilities, and for estimating earthquake parameters, and stresses
the importance of the participation and ce-operation of national and regional agencies in allocating tele-
communication resources for the transmission of seismic signals,

RESOLUTION 11.2

Earthquake reconnalssance missicns play an important part as the first stage in the field study of earth~
quakes, Such missions should be dispatched as soon as posgible (preferably within 72 hours) after the
disaster occurrence,

The Conference therefore urges that Unesco and Member States take all feasible measures to facilitate
the entry of migsion members and appropriate instrumentation., Such measures might meclude simplify-
g border regulations for field missions sponsored by both Unesco and bordering States,

The Conference recommends that reports of field missions be distributed as widely and rapidly as
possible,

The Conference algso recommeénds that Unesco, 1n consultation with Member States, prepare an up-to-

date list of experts for earthquake reconnaigsance missions, The missions should include experis from
countries with frequent earthquakes.

RESOLUTION 11, 31
The Conference recommends that Unesco assist in establishing short training courses in seismology

and earthquake engineering with the co-operation of established centres, and suggests that host coun-
tries contribute with counterpart lecturers, translations and dissemination of lecture notes,

RESOLUTION 11, 32
The Conference recommends that Unesco, 1n co-operation with other competent international organiza-
tions, organize a working group io compile a glossary in the interdisciplinary fields of seismology,

engineering seismology, geophysics and seismotectonics in the languages which Unesco uses,
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RESOLUTION 11. 33

The Conference recommends that Member States in active earthquake areas place emphasis on the
improvement of the educational systems 1n universities and technical institutes which combine seismolo-
gical, geophysical and geological sciences with earthquake engineering.

RESOLUTION 11,34

Noting that deeper mutual understanding and better exchange of information are needed among seismolo-
gists, geologists, earthquake engineers and urban planners on earthquake disaster prevention, the Con-
ference recommends that Unesco and its Member States suppoert training and education in the field of
seismology, engineering selsmology and earthquake engineering by the provision of experts for short-
term seminars on the subjects of interest 1n different countries and for international traiming and re-
search centres (such as the JISEE).

RESOLUTION 11, 35

Noting the need to provide training in relevant subjects in countries having earthquake risks, the Confer-
ence recommends that Unesco establish mobile groups of experis in subjects relevant to earthquake
risks, to promote training and research for the minimization of earthquake hazards in countries which
are less conversant with advancements and achievements in these fields. These groups could be invited
to give adviee and guidance in laying the foundations of basic training in the fields of earthquake engineer-
ing and seismology,

RESOLUTION 11. 36

Recognizing the great value of public awareness in the mitigation of seiemie risk in earthquake-prone
countries, the Conference recommends that Unesco co-ordinate with Member States concerned the dis-
semination of present scientific and technical knowledge 1n ways suitable for use in general education and
training of the public, both in schools and in adult education,
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12, IMPLEMENTATION

12,1 Interdisciplinary research on the mitigation of earthquake losses

At the invitation of the Chairman, the Convenor of the Working Group on Interdisciplinary Research
presented the report of this Working Group (document SC-76/SEISM/WC/1). The Secretary-General
mvited the Conference to consider this report as 1ts working paper on this item of the agenda and sug-
gested thai, if 1t agreed with the proposals put forward by the Working Group, it should expand and
amplify them somewhat 1n order to provide guidance to Unesco on the action that 1t felt should be under-
taken on each of the probiems that the Group had identified as calling for an interdisciplinary approach.
He suggested that in some cases concrete proposals might be made for research programmes to be
undertaken on a world-wide or regional basis.

One delegate proposed the following addition to the list of problems put forward by the Working
Group.

"BEvaluation of seismic risk

This interdisciplinary problem will invelve the estimation of probability distributions of differ-
ent kinds of damage from earthquakes for specific territories and periods of {ime, based on joint
analysis of all relevant data - gecophysical, economic, social and engineering, Such distributions
may be used as a base for practical decision-making aimed at the mitigation of earthquake hazards, "

With reference to the choice of design earthquake ground meotions, the delegates of Bulgaria,
Greece, Romania, Turkey and Yugoslavia proposed jointly the initiation of a project for the mitigation
of earthquake risk in the Balkan region, with the following objectives:

(1) Utilization of the data from the previous "Survey of the Seigmicity of the Balkan Region' for
improving knowledge in earthquake engineering and physical planning;

{ii} Documentation of methodology for the design of engineering structures and utilities, and the
implementation of the results of the above-mentioned research to practical problems of disas-
ter prevention and preparedness;

(ii1) Training and research programme by establishing an international institute in Skopje with
participation of related institutions of countries in the region,

This regional co-operation initiated by Balkan countries would be open to the participation of other
neighbouring countries and it would be hoped that the results of this project would be beneficial to all
countries suffering from earihquake hazards,

On the same problem, the delegates of Tran and Turkey proposed that a regional study of the seis-
micity and seismotectonics of the Anatolia-Zagros-Hindukush-Himalaya ranges would provide a good
opportunity for regional co-operation,

With reference to the preblem of induced seismaicity, the delegate of Greece stated that steps would

be taken to arrange for interdisciplinary studies of induced seismicity to be made by international teams
at the sites of existing and future reservoirs in Greece,
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RESOLUTIONS
RESOLUTION 12. 11
The Conference recommends that Unesco encourage and assist the projects mentioned in its report on
this item of the agenda and sponsor a series of regional and international workshops, symposia, and
interdisciplinary working groups to study and report on specific subjects related to regional and/or
general topics.
Some of these meetings may be organized, under the sponsorship of Unesco, by international non-
governmental organizations such as the international scientific unions and associations. The organiza-
tion of others, especially regional workshops and seminars, requires the strong support of Member
States.
Participants should include selected groups of younger, active regearch workers.

The following interdisciplinary problems are considered to be of the highest priority:

(1) Choice of design earthquake ground motions

Among the items that will contribute to the understanding of this problem are: seismeotecionic
studies, instrumental and historical data on seismicity (seismic zoning), local geological and
s0il conditions (microzoning) and relevant strong-motion data,

(i1}  Specification of engineering design criteria

This wil} require consideration of the following topics: acceptable risk, economic factors
(e. g. cost-benefit studies), architectural-engineering considerations, availability of local
materials, and methods of construction,

(iii} Induced seismicity and its social impact

In the present state of knowledge, this important problem calls for co-operative efiorts of
experts 1n tectonics, rock mechanies, hydrology, seismology and engineering, as well as the
attention of social scientists,

(1v) The interpretation of historic and archaeclogical records of earthquakes

The searching out and assessing of historical events demands the interdisciplinary co-
operation of historians, archaeologists and earth scientisis, as well as the participation of
scientists engaged 1n absolute age dating.

(v) Consequénces of earthquake prediction

Social and economic effects are of concern here, as well as the problem of issuing predictions
in the most effective terms,

(vi) Interdisciplinary research for the improvement of the earthquake resistance of non-engineered
indigenous dwellings and buildings

This major problem, of particular importance for developing couniries, needs the atiention of
architects, engineers, soecial anthropologists and economists.

{vi1) Economic and social implications and insurance relating to the mitigation of earth-
quake disasters

This will involve the co-operation of economists, applied mathematicians and insurance
speclalists as well as of seismologists and engineers familiar with problems of risk analysis.

{viii) Evaluation of seismic risks

The egtimation of probability distribution of different kinds of earthquake damage based on
multidisciplinary analysis of all relevant data will form a practical basis for decision-making
aimed at the mitigation of earthquake hazards.

The Conference agreed that, 1f established, the proposed Advisory Comimnittee on earthquakes would he
an appropriate mechanism for planning the implementation of the interdisciplinary research identified in
the eight points above.
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RESOLUTION 12.12
The Conference urges Member States {o recognize the need for interdisciplinary effortis in their own
countries with regard to the assessment and mitigation of earthquake risk, Speecial efforts should be

devoted to interdisciplinary training at university level.

12,2 Mechanisms of international co-operation

At the invitation of the Chairman, the Convenor of Working Group II submitted izs report on this
item of the agenda to the plenary session of the Conference,

The ensuing discussion centred on the question of whether the resolutions of the present Conference
would be better and more effectively implemented by means of a non-governmental advisory committee, or
alternatively, by anintergovernmental body. The Secretary-General pointed outthat this was a fundamental
issue which should be decided before examining any proposals in detail, The Chairman invited the Con-
ference to indicate whether 1t wished to vote on this question. The delegate of the United Kingdom stated
that, in his opimon, no such vote was necessary and suggested that the Conference pass to the examina-
ticn of the draft resolution proposed by the Working Group,

Az the invitation of the Chairman, the Conference then examined, paragraph by paragraph, the draft
resolution contained in the report of the Working Group (decument SC-76/SEISM/W1/1),

The delegate of China, while recognizing the importance of international meetings such as the pre-
gent Conference, expressed the opinion that the composition and functions of the Commiitee propesed by
the Working Group were not clear enough, and that it was premature at present to form such a commait-
tee., He explained the position of his Government with respect to those international non-governmental
organizations which had not yet responded to resoluticn 6. 51 adopted by the General Conference of Unesco
at its eiphteenth session, and stated that his delegation would not therefore take part in the vote on thig
proposal,

With regard to paragraph 1 of this draft resolution, the delegate of the USSR proposed the replace-
ment of the phrase "in general, ..... earthquake risks" by the words "on preparation for a long-term
interdisciplinary research programme to be undertaken as a joint veniure of Unesco and UNDRO for the
promotion of international co-operation in this field".

The delegates of {rag, Sweden and the USSR proposed amendments to the text of the draft resolution
which were accepted by the Coenference,

With regard to paragraph 2 of the draft resolution, the delegate of Turkey proposed an amendment
tending to replace the proposed committee of specialisis and observers representing international non-
governmental organizations by a committee composed of representatives of 20 Member States elected by
the General Conference of Unesco. This amendment was rejected by 17 votes against, 8 in favour and
6 abstentions.

Paragraph 1, as amended, was adopted unamimously, paragraph 2, as amended, was adopted by 24
votes in favour, 2 against and 7 abstentions, paragraph 3 as amended was adopted by 23 votes 1n favour,
one against and 7 abstentions, paragraph 4 was adopted by 28 votes in favour, none against and two
abstentions, The resolutiion as a whole, incorporating the approved amendments, was adopted by 21 votes
in favour, none against and 6 abstentions; its text 1s as follows:

RESOLUTION 12,21
The Conference,

Desirous of ensuring as far as possible that its recommendations are put into effect by Unesco, its
Member States, and other international organizations as appropriate,

Recognizing that the implementation of many of its recommendations will entail concerted action by
several international organizations (both governmental and non-governmental) and by Unesco and
UNDRO in particular,

Aware that its recommendations will call for a wide degree of interdisciplinary co-operation in the
natural, human, social and engineering sciences,

Attaching great importance to the creation and establishment of a suitable mechanism of interna-
tional congultation and co-ordination for this purpose,
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Recommends-

1. That Unescn, 1n consultation with UNDRO, set up an international commaittee, to be known as
the "Joint Committee on the Assessment and Mitigation of Earthquake Risk', to advise Unesco
and UNDRO on the implementation of the recommendations =nd resolutions of this Conference,
and on preparation for a long-term interdisciplinary research programme to be undertaken as a
joint veniure of Unesco and UNDRO for the promotion of international co-coperation in this field;

2, That this Committee be composed of (a) specialists (not more than 10 in number) selected by
Tnesco and UNDRQO in consultation with Member States, with due regard to the need for ensur-
ing equitable geographical represeniation; (b) observers representing selected international
non-governmental organizations:

3. That the Committee operate according to Unesco's reguiations for such advisory committees, as
applicable; 1n particular, Member States and Associate Members of Unesco would have the
right to send obgervers to meetings of the Committiee;

4. That, in addition to the advice mentioned in paragraph 1 above, the Committee be ready to
advise Unesco and UNDROQO, and through them the Member States, on how hest to engage the
wide range of relevant disciplines and how to achieve the most effective combination of scien-
tific and admuinistrative action, 1n a conceried attack on the problem of earthquake risk and its
mitigation, [n particular, the Committee should consider and advise on what iniergovernmental
machinery would be desirable,

The following resolution, proposed by the delegates of the German Democratic Republic and of Tce-
land, was adopted unanimously with one abstention

RESOLUTION 12, 22
The Conference,

Noting that in the last decade enormous progress has been achieved on a world scale towards avoid-
ing losses due to earthquakes and that further progress is expected,

Aware that knowledge is already at hand for saving human lives and mitigating the serious economic
consequences of earthquakes,

Noting that this knowledge is not yet implemented in practice in great parts of the world which are
in danger of earthquake catasirophes,

Recognizing the pressing need of internationally co-ordinated efforts to achieve further progress in
assessing and mitigating earthquake risk,

Emphasgizing the usefulness of the broad exchange of opinions and experience on recent developments
in sei1smology, earthquake engineering and related subjects at the intergovernmental level,

Taking info account the {imely initiative of Unesco in promoting interdisciplinary research by con-
vening this Intergovernmental Conference on the Assessment and Mitigation of Earthqualze Risk,

(1) Comivends the activities of Unesco in this field,

(2) Proposes that the nineteenth session of the General Conference of Unesco include the continua-
fion and expansion of the activities of Unesco in promoting interdisciplinary scientific and tech-
nological research in seismology, earthquake engineering and related subjects 1n the Unesco
programme for 1977/1978; and

(3) Recommends that the governments of Member Siates, in which earthquake losses may he ex-
pected, put increased resocurces into investigations on subjects related to earthquake risks.
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THE EARTHQUAKE OF 4 FEBRUARY 1876 IN GUATEMALA

At its opening plenary session, the Conference stood in silence for one minute, in memory of the

men, women and children who lost their lives in the disastrous earthquake of 4 February 1976 in
Guatemala,

The following telegram was addressed to General Kjell Langerud, President of the Republic of

Guatemala by the Chairman of the Conference:
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DELEGADOS CONFERENCIA INTERGUBERNAMENTAL SOBRO EVALUACION Y DIMINUCION
RIEGOS SISMICOS REUNIDOS HOY 10 DE FEBRERC EN SEDE DE LA UNESCO OBSERVARON
MINUTO DE SILENCIC EN MEMORIA DE LAS VICTIMAS DEL TERREMOQTO DEL 4 DE FEBRERO
EN GUATEMALA Y RENOVARON SU DETERMINACION DE HACER TODO L.O POSIBLE PARA
EVITAR REPETICION DE EVENTOS TAN TRAGICOS RESPECTUCQCSAMENTE

JAT KRISHNA PRESIDENTE CONFERENCIA

The following reply was received:

PROFUNDAMENTE AGRADEZCO S5U EMOTIVO MENSAJE DE CONDOLENCIA Y SOLIDARIDAD
CON EL PUEBLO GUATEMALTECO EN ESTOS MOMENTOS CRUCIALES POR L.OS QUE
ATRAVIESA ATENTAMENTE

KJELL EUGENIO LANGERUD GARCIA
PRESIDENTE DE GUATEMALA



