4. Earthquakes

The damage caused by earthquakes (Fig. 4)
1s the result of shifts in the Earth’s surface
and ground motions induced by seismic
waves, as well as secondary phenomena trig-
gered by the earthquake or the seismic
waves {2.g.. landslides. tsunamus).

Deformations occur because of extremely
shallow and huge seismic events where the
fault plane breaks through to the Earth’s
surface. The effects of these deformations
usually are restricted to a relatively small
area, but they may have far-reaching conse-
quences if. for instance, structures with in-
creased secondary risks, such as dams or
nuclear or chermical facilities, are affected.

Strong earthquakes (M, > 6.5) with a very
shallow focus and predomunantly vertical
distocation thar take place in the ocean may
release sea waves {tsunamis) with devastat-
ing effects. European examples of earth-
quakes connected with tsunamis are the Lis-
bon earthquake of 1735 or the Messina
carthquake of 1908.

In most cases, earthquake disasters are the
result of energy released in the form of seis-
mic waves that affect large regions. Build-
ings exposed to strong ground motions may
parually or totally collapse. Also, strong
earthquakes may induce changes in the
Earth’s surface that can cause slope move-
ments and changes in river beds, as well as
collapse of the soil structure.

4.1 Seismic focal and propagation
processes

Current models of seisme ground motion
11 connection with strong earthquakes pro-
ceed from the conception of the interaction
of complex focal processes and just as com-
plex fiter processes during propagation. The
latter change both the amplitude and fre-
quency of the seismic signals. Especially
significant are surface-near interference
processes that may lead, at certain frequency
ranges, to strong amplitude magnification
or damping, respectively, and to an altered
duration of strong ground motion.

The assessment of expected seismic ground
motion for a particular location relies on
numerical simulation techniques that enable
various interacting focal and wave propa-
gation processes to be modeled in different
ways. Such techniques are based on the
study of the general regional seismotectonic
situation. Different patterns of dislocation
along a single fauit result in considerable
tectonic space problems. Therefore, a
tectonophysical model 15 needed to inter-
pret differences of motion reported by
geomorphological. geodeuc, paleoseismo-
logical, and recent seismological observa-
tions. The modeling of propagation effects
can be done in different ways. First, it is
possible to use general geological informa-
tion. such as geological maps. The geologi-
cal indications, whenever possible, should
be supported by available seismological in-
formation. The numerical caleulation 1s
based on the assumption of plane or cyclic
wave fronts that extend in a medium with



horizontal stratification. The attenuation
features of the propagation medium are de-
scribed by means of visco-elastic laws.

Research requirements-

+ causes of the frequently observed focal
and propagation effect (£ -effect. f_
15 the maximum cut-off frequency of a
seismic spectrum, whether this cut-off
frequency is determined by the focal
process. the propagation medium, or
different effects of both is unsettled):

* dominating absorption mechanisms.

* modeling of the influence of surface-
near layers and structures; and

* applicability of linear stress and strain
relations to the field of engineering
seismology and, closely connected to
this, the transferability of results of the
investigation on microearthquakes.

Problems/tasks:

* possible misjudgment due to unjustified
assumption of horizontal stratification;

* determination of source parameters
{e.g., focal magnitude, focal mecha-
nism, focal depth, inner structure of the
dislocation process};

* occurrence of very shallow earthquakes
with dislocations in the Earth s surface;
and

* development and propagation of
tsunamis,

4.2 Aftershocks

Practically all stronger earthquakes are fol-
lowed by aftershocks whose number and
strength diminishes with time. Aftershocks
generally can be seen as a continuation of
the fracture process of the principal earth-

quake and are expressions of stress shifting
and heterogeneities of stress and shear
strength within the focus Therefore, after-
shocks are an extremely Important source
of information needed to determine the lo-
cation and orientation of the main shock
focus or the laws of amplitude attenuation.
However, information gathered from after-
shock activity is of value only if these ac-
tivities are recorded as completely as possi-
ble, which requires installation of mobile
seismic nets immediately after a stronger
event.

4.3 Seismic hazard analysis

Preparedness measures aimed at reducing
and avoiding earthquake disasters and earth-
quake management planning are based on
detailed knowledge about the regional and
temporal distribution of earthquake hazard.
Within the seismic hazard analysis. the oc-
currence of earthquakes 1s viewed as a
stochastic event. Hitherto, earthquake activ-
ity frequently has been reduced to a Poisson-
process that does not quite apply to reality.
The purpose of analysis is to obtain a time-
independent, regionally specific, magnitude
entry rate for future earthquakes. By relat-
ing the entry rate to a normative area. the
entry rate can be regarded as a main seis-
micity parameter for location analysis,
which allows the computation of entry rates
ol macroseismic intensity for any location
within a model region. Based on these rates,
probabilistic earthquake hazard maps can be
prepared that show the spatial distnbution
of earthquake intensity with distinct occur-
rence probabilities,

Figure 4: Damage causing effects of
earthquakes {after Schneider)
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Rescarch requirements:

* knowledge of the correlation between
magnitude (focal energy), focal depth,
and macrose1smic intensity in the
cpicenter for different focal areas;

* factors that influence the attenuation of
inensity i connection with increasing
epicentral distance;

» cffects of possible secular changes of
seismicity in certain focal areas on the
deviation of the temporal occurrence of
events from the Poisson-model:

= regionalization of focal areas of
earthquakes by means of geological,
tectonic, and microearthquake investi-
gations;

+ refinement of the sersmicity model used
for analysis;

= influence of the local geological soil
and underground conditions on the
propagation of seismic waves, and
thereby on macroseismic intensity; and

» local occurrence rates of epicentral
miensity supplemental to statistical
gvaluations (probabuilistic for small
occurrence raics).

4.4 Soil-structure interaction

Numerous earthquakes have demonstrated
that dynamic interaction, especially at reso-
nance, causes high levels of damage. There-
fore, research of all interactive processes
connected with earthquakes, as well as the
carly transfer of new findings into applica-
ble codes and standards, is of great impor-
tance. Problem areas are soul-structure and
soil-structure-{luid (nteractions.

The determination of the benavior of the

entire structure-environment system during
an earthquake 1s possible only through the
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correlation of experimental data with suffi-
ciently exact. hugh-performance, numerical
methods.

Numerical methods include quasi-static and
dynamic numerical procedures (finite ele-
ment, finite difference, and boundary meth-
ods). as well as numerical hybrid area-
boundary methods and probabilistic/stoch-
astic methods Until now. analytical and nu-
merical investigations in the field of soil-
structure and soil-structure-tluid interaction
predominantly were carried out through the
use of linear models, whereas foundation
and structure were considered a rigid body.
The behavior of ditferent butlding founda-
tions in response to arrving se1smic waves
has been studied sufficiently as long as an
elastic or visco-elastic behavior between
foundation and soil was assumed. However,
little investigation with realisuc ground
models exists for fully three-dimensional
structures in near-to-reality dynamic inter-
action For soil-structure-fluid interactions,
nonlinear effects were seldom taken nto
consideration numerically However, in-
structive studies were done for various com-
ponents, such as storage tanks and dams.

Experimentalmethods include prototype or
scale-model tests, Measurements in both
cases are accelerations, velocities, or dis-
placements. Some experimental studies of
soil-structure interaction do exist, but no
investigations on soil-structure-{luid mter-
action are known.

Research requirements:

Analytical-numerical investigations:

* soil damping of ground material;

* dynamic soil interaction between
several structures,

» ground as a multiphase system,



» recording of nonlinearities in contact
zones: and
* detatled parameter studies.

Experimental investigations.

* recording of soll damping characteris-
Lcs;

= ground-wave propagation and 1ts
(interaction with structures:

= 1nvestigation within the frequency
range with respect to the fundamental
period of structures: and

* ground as a stratified half-space.

Comparison of experiments and numerical
models:
» development of reference parameters.

4.5 Concrete and masonry buildings

The main task of earthquake protection is
the planning, design, and detailing of struc-
tures to channel and distribute earthquake
energy and to enable its transformation into
other forms of energy to avoid damage.
During strong events, the relatively low en-
ergy dissipation by damping is often not
sufficient to reduce the transmitted energy
quickly enough. Therefore, it is important
to activate cyclically—as another form of
vibration energy transtormation—ductile
deformations that then become the main part
of the energy dissipation.

The behavior of building materials under a
dynamic impact that causes high load in-
tensities essentially is determined by such
things as strain velocity, nonlinear deforma-
tions, and the number of load cycles. Gen-
erally, the nonhinear behavior under cyclic
load is the decisive factor. Although con-
crete and masonry exhibit a relatively low
capacity of nonlinear behavior, such a re-

sponse may be enhanced by an appropriate
layout of reinforcing steel. For this, a rather
large ratio between tensile and yield strength
is essential, the use of cold-formed steel is
less desirable.

The behavior of structural components de-
pends on the design and geometrical char-
acteristics as well as on the behavior of the
building matenal. Flexible components with
high bending strength are more favorable
than compact components. High com-
pressive axial forces result in a significant
reduction in ductility and may have an ad-
verse influence on the behavior of structural
components.

The overall behavior of buildings during
earthquakes is affected by the behavior of
the individual structural components and
their connections as well as by their combi-
nation and 1nteraction. A favorable build-
ing behavior requires a deliberate channel-
ing of the dissipative processes, (1 e, a use-
ful distribution of strain capacity and vis-
cosity over certain parts of the building).
Hence, the overall and detailed layout of the
structural design is of vital importance for
an earthguake-resistant design. If such prin-
ciples are not incorporated, stress concen-
trations in parts of the building may lead to
serious damage.

Because of the energy dissipation under
cyclic deformation in the nonlinear range, a
crucial problem 1n the building design is an
accurate assessment of the attenuation of
earthquake-induced stresses in the elastic
system. Reflecuing this potenual nonlinear
behavior. more recent building codes specify
so-called behavior factors that effectively
permit reduction of earthquake design val-
ues in the elastic system. However, the
behavior factors given in the codes are based
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on estimates that reflect the presumed 1n-
teractions between behavior factors and
construction details

Research requirements:

Bulding material:

« confinement effect of various stirrups
and their influence on the behavior of
concrete under cvelic strain; and

» development of energy dissipation for
masonry walls under noniinear defor-
mations.

Structural components:

* behavior of structural components
under predominant shear loads;

* behavior of short structural components
(under both high shear and high axial
loads) under cychic loading in the
nonlinear region;

* measures to prevent explosive shear
fractures; and

= ductile rotation capacity 1n critical parts
of concrete components reinforced
with high-sirength, fow-ductile steel.

Buildings:
* interaction of frame and masenry in fill
walls 1n skeleton structures.

General.

* rules for assessing the influence of
code-deviating design principles for
buildings on the distribution of energy
dissipation due to nonlinear behavior.

4.6 Steel structures
Based on world-wide experience and the
excellent performance of sieel structures

during exposure to earthquakes, present-day
codes and compurter-assisted design and
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calculation methods for steel structures per-
mut the design of different steel earthquake-
resistant construction systems The ductile,
energy-absorbing systems are typically ei-
ther steel moment-resistant frames or steel
eccentrically or concentrically braced
frames The last system may be used only
as a duclile system under certain special
conditions in layout and design details. In
general, the {irst two systems are preferred.

Although less commonly used, composite
construction, which uses steel sections with
remnforced concrete as an infill for both beam
and column members, offers an excellent
alternative to the common bare-steel framed
systems typically used 1n earthquake-resist-
ant design. Specifically. the nonlinear duc-
tile behavior of both welded and high-
strength bolted beam-column connections of
composite moment-resistant frames. as well
as the ductile, nonlinear response of com-
posite beam shear-links in eccentrically
braced frames, guarantee a fully reliable,
cyclic, energy-absorbing performance of
such systems under earthquake conditions.

Also. the use of steel or composite steel-
concrete elements together with concrete
elemenis, which form a hybrid system. of-
fers excellent possibilities to ensure the duc-
tile, energy absorbing, nonlinear behavior
of various building systems, Recent studies
indicate that, particularly for developing
countries where post-earthquake damages
often reach catastrophic proporuons, a hy-
brid system with composite column sections
(i.e.. steel tubular sections filled with con-
crete) and a typically reinforced concrete
beam and floor-slab system, are high-per-
forming structural solutions capable of with-
standing extreme earthquake exposure. This
system is particularly attractive when it uti-
lizes the expertise of the local industry In



both concrete design and construction (for
the floor-siab system) and introduces a new
technology (composite celumns) only to a
limited extent. Another hybrid system that
uses composite steel-concreie beam shear-
links as coupling elements between rein-
forced concrete shear walls offers similarly
good ductile, nonlinear characteristics for
an effective earthquake-resistant design.

Research requirements:

» {urther studies on the use of hybrid
systems suitable especially for devel-
oping countries

4.7 Components and installations

Components are technical installations sup-
ported by the structure and located either
inside or outside the structure. These com-
ponents include house-installations, as well
as processing and electro-technical equip-
ment In a wider sense, they also include
certain technical installations placed directly
on or 1n the ground or installations whose
layout dominates the supporting structure.
Secondary structural elements that do not
belong to the resisting structural system,
such as partition walls, chimneys, cladding,
and balconies, all under this general cat-

egory.

The design concept of components is based
on defining the structural resistance, over-
all integrity, and functionality of the struc-
ture. Until now, the design of components
and installations to reduce their vulnerabil-
ity is not or is insufficiently defined in na-
tional building codes. Only the layout and
design of componenis and installations for
nuclear facilities are thoroughly regulated
and can be regarded nationally, as well as

internationally, to reflect state-of-the-art.
However, experience with earthquake dam-
age indicates that calculations frequently
overestimate the earthquake damage poten-
tal. General rules and codes for the layour

of non-nuclear installations are not yet avail-
able.

Research requirements-

« definition of protection requirements
within the frame of a disaster manage-
ment concept enabling a risk-oriented
classification of components and
installations and an assigned degree of
earthquake resistance;

+ definition of design steps and accompa-
nying requirements for an assessment
of the siructural integrity with emphasis
on stmplified procedures;

» definition of construction rules based
on a broad experience, with the
possibility to replace common numeri-
cal procedures; such rules should be
based on a systematic analysis of
damage reports and test results;

» regulation of a graduated load limita-
tion in consideration of the load
transfer through the building, building-
component interaction, and interaction
between individual components; and

« compilation of assessment criteria and,
if applicable, instructions for proce-
dures to strengthen existing compo-
nents and installations not designed to
withstand earthquakes.

4.8 Isolating mechanisms

Earthquake-resistant structures may be di-
vided into two categories: highly resisiant
structures and vibration-controlled struc-
tures. Seismic isolation offers a passive vi-
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bration control by uncoupling the building,
piaced on springs and damping elements,
from the seismic ground movements and
efrectively reduces the dynamic tnput to the
building. The topic has been the subject of
extensive theoretical studies. Experimental
studies using large-s1ze shaking tables have
baen limited. Only in a few cases have re-
sponse measurements been recorded during
SSISMUIC events,

Contrary to passive vibration-control meas-

ures. active control measures (1n connection

with measured and counteracting devices)

are presently realized only to a limited ex-

tent The following aspects that affect the

earthquake-resistant design of a structure are

important:

« hghtweight construction,

* high strength material,

« high ductility;

» shift in the natural frequency of the
building; and

« ncrease of the structural damping.

Until now, although various ground motion
dara are constdered, relatively simple math-
ematical models are used to calculate the
earthquake response of structures. However,
the actual earthquake engineering design
process is given less attention.

Research requirements:

Analvytical studies.

* three-dimensional, nonlinear structure/
1solator models under large deforma-
tion;

» effects of long-term periods;

» nonlinearities in elastomeric and slide
bearing elements;

+ nfluence of parameter variability;

+ different support settlements;

= interaction of horizontal and vertical as
well as torsional and tilting move-
ments: and

» preliminary design concepts.

Expenmental investigations:

» use of large shaking tables or pseudo-
dynamic test systems for the verifica-
tion of new isolation concepts:

» experimental modal analyses of real
structures;

* tests on stability and ult resistance. and

= quality control tests for different base
isolators.

Baseisolation and supplementary control

measures:

» development and verification of
supplementary control measures (e.g.,
elastically suspended structural paris);

* extenston to semi-active and fully
active methods;

» use of nonlinearities for vibration
control; and

+ three-dimensional supplementary
SVSIems.

4.9 Low-cost housing

In developing countries. about 50 % of the
population lives under 1nadequate housing
conditions. So far, government programs
have been unable to solve thus problem.
Achieving maximum quality and security in
housing for the poorest at minimum costs
must be the primary aim of all efforts. The
following factors are important for the de-
velopment of earthquake-resistant houses:
* use of locally avadable building
materials;
= do-it-yourself construction using simple
techniques;



+ maximum housing quality and durabil-
ity at lowest possible cost;

» good msulation, nowe absorption, and
humidity regulation; and

= mnimal ecological impact.

Because of the broad use of clay as a build-
ing material worldwide. the development of
earthquake-resistant, low-cost housing for
developing countries has concentrated
mainly on ciayv construction. Within the
framework of the IDNDR, a first step could
be the development of earthquake-resistant
housing construction 1n cooperation with
one or more developing countries. Such an
approach could lead to the development of
a prototvpe house that would allow even the
poorest population groups to obtain hous-
ing that is better suited to withstand future
earthquake exposure. The German Assacia-
tion for Earthquake Engineering and Struc-
tural Dynamics (DGEB) has adopted this
goal and has started work on a project enti-
tled “Design of an earthquake-resistant
adobe house™.

Research requirements:

» earthquake resistance of local construc-
tion techniques.

* behavior of a prototype house under
seismic loads;

* behavior of two-story clay structures
under earthquake loads and improve-
ment of their earthquake resistance;

* public education and information on
the construction techniques needed to
prevent earthquake damage of houses:

» ntegrated planning and layout of single
housing settlements (land acquisition,
development, infrastructure, disassem-
bly, recultivation;.

4.10 Strengthening of buildings

The strengthening of buildings in earth-
quake-prone regions is aimed at improving
the resistance of buildings Lo seismic loads.
This means to adequately increase the en-
ergy absorbing capacity of the [oad-bearing
system by increasing the maximum horizon-
tal load resistance and the ductility (1.e., the
toughness of the structure) Materials used
to ratrofit buildings are conventional cast-
in-place reinforced concrete, shrinkage-
compensating concrete, polymer modified
conurete. resin concrete. shotcrete, resins,
and grouts.

For steel structures, increasing the load ca-
pacity in most cases is an easy process that
involves the welding or bolting of additional
steel parts onto the onginal construction.

The retrofitting of reinforced concrete struc-
tures 15 usually done by means of cast-in-
place concrete where a durable bond be-
tween the old and new concrete is essential.
Increasing the confinement of the concrete
by closely spaced stirrups in order to in-
crease the ductility of the strengthened com-
ponents s most important.

Linear elements such as columns, beams,
and girders can be strengthened by cover-
ing these clements with steel sections or
plates bolted to the concrete members How-
ever, 1t 15 difficult to carry the strengthening
across beam-column joint regions. Another
possibility is gluing steel plates to the con-
crete sections with synthetic resin. Thus tech-
nique 15 eastly applicable and does not re-
sult in an enlargement of the cross-section
of the strengthened elements.

Masonry structures of stone or bricks are
strengthened in the same manner as rein-
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forced concrete buildings. The load-bear-
ing elements of these structures are usually
walls., Damage may occur because of bad
workmanship or poor coupling between
external and internal walls. An efficient way
to improve the load resistance and tough-
ness of masonry walls is the introduction of
horizontal and vertical reinforced concrete
elements. This is particularly appropriate for
floor levels where aring beam can be placed.
Moreover. by placing steel sections against
the wall surface. the load capacity and duc-
tility may be increased particularly under
loads acting normal to the wall Also,
strengthening walls with shotcrete results in
a better load capacity. stiffness, and ductil-
ity. If and to what extent masonry can be
reinforced by cement or resin 1njections
depends mainly on the number of cavities
and the extent to which these can be filled.
Injection measures. however, should be
combined with other measures of masonry
strengthening.

Especially important ts the stiffening of
buildings by horizontal floor slabs. These
slabs. acting normally as rigid diaphragms,
distribute the inertia forces over various
load-bearing walls. which act effectivelv as
shear walls

Research requirements:

+ research results exist primarily for
single construction elements; no
investigations have been done on
connection regions and penetrations as
well as on the interaction of various
elements as they may affect the whole
building or a sigmficant part of the
structure;

» the composite behavior of new and old
concrete and 1ts dependence on, for
instance, the concrete quality;

[
[R%]

» evaluating the quahty of those possible
solutions 1n which the forces are not or
only partially transmutted by composite
action, and

+ reconstruction of architecturally
valuable buildings (prefabricated parts
and traditional architecture).

4.11 Regulations and codes

Regulations and codes for earthquake-resist-
ant design include instructions and recom-
mendations for all relevant data, ranging
from earthquake tnput (spectrum) to design
of single structural and nonstructural ele-
ments. These regulations and codes should
reflect the state-of-the-art and are updated
continucusly. Today, because of a better as-
sessment of earthquake intensities and more
exact calculation and construction methods,
it 15 possible to design earthquake-resistant
structures. Presently (1993), 36 countnies
have adopted earthquake codes for conven-
tional buildings and enforce these codes
with varying efficiency, as the codes differ
considerably from one country to the next.
In some countries, additional codes exist for
special buildings such as nuclear power
plants. In Europe, an extensive collection
of regulations that cover the earthquake-re-
sistant design of buildings. bridges. tanks,
pipelines, transmission towers, etc., is he-
ing formulated for obligatory adoption by
all European countries. Existing regulations
cover:

 restriction of the code validity for
certain kinds of buildings;

= definttion of earthquake zones:

» construction design requirerents for
buildings;

* determination of earthquake load;

* consideration of building torsion;



» }oad combinations covering dead
wetght, live loads, snow, and earth-
quakes; and

» design rules and regression coefficients
for customary construction materials.

The determination of earthquake load 15 es-
sential, For buildings, static equivalent for-
ces are determuned at points of mass con-
centration {(usually at floor levels). Equally
important is the structural layout and design
of the building and its structural parts.

Special buildings (i.e., all buildings other
than conventional buildings, e.g., power
plants) differ [rom conventional buildings
because of different construction as well as
a higher secondary riskin case of earthquake
damage (i.e , environmental impact, radia-
tion) In certain regulations. rules for spe-
cial buildings are included. In the absence
ot special codes, the designing engineer is
responsible for the earthquake-resistant de-
sign.

For nuclear power plants and nuclear waste-
processing facilities, extensive investiga-
tions and risk analyses of earthquake ground
moton at the site and the earthquake de-
sign of such structures and facilities have
been done and are reflected in the pertinent
regulations.

Research requirements-

» compilation of standardized earthquake
maps showing earthquake magnitude,
intensity, and, if possible, response
spectra in correlation with the return
period;

+ expansion of existing regulations for
normal buildings f{or use in the design
of special buildings:

« determination of specific applications
ol ductile structures;

+ determination of efficiency of building
mspection (rules and implementation),

= development of guidelines for typical
houses, reflecting local characterstics;

« recommendations for a warning system
and for behavior of the population
during and after earthquakes;

+ development of rules for building
strengthening;

« development of rules for repair of
earthquake-damaged buildings.

* development of rules for land-use
restrictions 1n especially exposed areas;
and

* development of guidelines for damage
regulation and registration.

4.12 Basic research on earthquakes

For most earthquake disasters, regional con-
ditions have a significant influence on the
degree of disaster. Therefore. only careful
local investigations can reveal the causes
that led to disaster. For instance, a study of
the 1985 earthquake disaster in Mexico City
indicated thal unexpectedly strong ground
motions were the cause of the high degree
of damage.

The causes of earthquake disasters often are
not known in detail because of missing or
tnsufficient investgauons, In addition, re-
pair and reconstruction frequently are car-
ried out without or with insufficient know-
how of regional planning or earthquake-re-
sistant construction of rural, non-engineered
structures.

Inthe 60°s and 70's, the UNESCO commis-
sioned the first investigations of earthquake
disasters to be carried out by international



teams ot experts. Today, American scien-
tists from the Nattonal Academy of Sci-
ences. the Earthquake Engineening Research
Institute {EERI). and other, sometimes pri-
vate. institutions undertake damage investi-
gations all over the world. Other countries
regularly scnd teams of experts 1o seismic
hazard regions as well {e.g., Japan, France.
the United Kingdom, Italy. Australia). In
Germany the Munich Reinsurance Com-
pany is domg rescarch with the emphasis
on economic and insurance aspects of natu-
ral disasters. At the Disaster Research
Center of Kiel Untversity. the response of
Turkish people to earthquake warnings 1n
the region of the Anatohan fault was em-
pirically studied. At the Geographical In-
stitute of the Techmical University of Mu-
nich. reconstructions in Friaul (northern
Italy) after the earthquake disaster of 1976
were analyzed for 12 years. Experts of the
German Association for Earthquake Engi-
neering and Structural Dynamics (DGEB)
are engaged 1n solving the problems 1n the
design and construction of earthquake-re-
sistant buildings and structures in Germany
and abroad.

Research requirements:

» as precondition for effective measures:
worldwide systematic investigation of
earthquake disasters on & broad
interdisciplinary basis including
aftershock records by mebile seismic
stations.

4.13 Pre- and post-disaster measures
Experience with preparedness programs has

mcreased. especially in Japan and Califor-
nia. Institutions established for this purpose

L
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serve as education and information centers,
they organize preparedness measures, and
they promote public awareness. Educational
programs are successful in rarsing the aware-
ness level among the population By inten-
sifying know-how transfer and information
exchange between scientists. politicians, and
med:a, pre-disaster measures can be organ-
ized more effectively. At the same time, in-
surance compantes may influence preven-
tve behavior of the public in a positive way
by shaping premiums and conditions (own
participation, damage limit) accordingly.
Land-use regulations as another means of
preparedness are not yet commonly applied.

Reconstruction measures, following tnstan-
taneous relief actions, must be the primary
aim of post-disaster measures They include-

+ quick rejoining of families;

+ establishment of shelters, it possible
near the former place of residence; and

» quck allocation of work and income to
the people affected.

The passing of reconstruction programs
should be preceded by defining a settlement
model. As aminimum. far-sighted planning
should 1nclude the execution of seismic
microzonations and the provision of con-
struction rules. Demographic and social de-
velopments must be constdered as well. Re-
construction planning must not be regarded
merely as a response to the emergency situ-
ation.

Research requirements:

* nvestigation of the socio-economig
effects of earthquake forecast;

+ thorough elaboration of the local
utifization of instructions lor seismic
zoning,



+ long-term analysis of reconstruction
projects together with their accompa-
nywng social phenomena:

» elaboration of concepts for long-term
supervision and counseling for recon-
struction projects after earthquakes,
and

» 1nfluence of insurance conditions on
preventive behavior and damage repair.

4.14 Seminars and courses for training
and education

Broadly effecuve information, motivation,
and, if needed, training and education for
all target groups in sociely are basic require-
ments for meeting the aims of the IDNDR.
Information and training deficiencies exist.
especially in developing countries.

The analysis of offers of training from all
over the world 1ndicates that courses and
serinars dealing with earthquake engineer-
ing and engineering seismology are numer-
ous. The UNESCO training course “Seis-
mology and Seismic Hazard Assessment”
held by the GeoForschungsZentrum Pots-
dam on an annual basis. alternating between
Potsdam and developing countries. 15 pres-
cnily the only regular. worldwide open. crash
course on seismological fundamentials and
practice. Within the framework of the
IDMNDR and with the support of UNESCO
and other national and international aid or-
ganizations, these training activities should
be continued and complemented by an ap-
propriate earthquake engineering compo-
nent. In these courses, all participants are
supphed with extensive lecture notes, rec-
ommendations for textbooks. and software,
which provide maximum support to the fu-
ture applied and research studies in their dis-
aster-stricken home countrics and regions.

4.15 Regional planning after
carthquake disasters

Every reconstruction after a disaster is con-
stdered 1o be a state activity 1n terms of lo-
cal development policy. Decision makers
must be aware of the pessible consequences
of dilferent structural designs 1n order to
avoid the undesired side effects of recon-
struction. In each potential earthquake area,
concepts and plans should be prepared that
enable and secure a revised regional and
settlement structure. Such considerations
also apply to regions threalened by other
hazards. Well-proven concepts, such as de-
velopment axes. disperse concentration, and
point-axial settlement structures. should
guide all rehabilitation initiatives from the
beginning. Accommodation in barracks is
an appropriate possibility for the phase be-
tween the provistonal restoration of living
conditions and moving into new houses. The
barrack town may be used as an mstrument
to stimulate concentration of the population
in central places or seitfement centers, but
the possibility of misuse for ends other than
disaster protection should be kept 1n view
In addition. there should be a plan for emp-
tying the barracks in order to avoid their
persistent usage (e.g.. by timing state subsi-
dses for the construction of private homes).

The plan for reconstruction should not be
merely a response to the emergency situa-
tion, but should coincide with desirable so-
cial development and be used to direct it. In
terms of architecture. planming must con-
sider social change. Earthquake disasters
and the subsequent reconstruction drasti-
cally interfere with the social situation of a
region The all too techruical, all too rational
implementation of plans exposes the inhab-
itants to the danger of losing their already
affected 1dentity.
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Research requirements.

» planning instruments for disaster
management (e.g., planning sover-
eignty);

« mechamisms of planning instruments
and their functioning in case of appli-
cation: and

* objectives of planning 1nstruments
(e.g., for optimized settlements).



5. Volcanoes

About 50 to 60 volcanoes erupt every year
worldwide. Large eruptions endanger life
and settlerent areas of millions of people
living on the slopes or on the {oreland of
active volcanoes. Volcanoes with a high
hazard potential are located mainly in third
waorld countries (Latin America, Southwest
Pacific) In these couniries. eruptions are
becoming increasingly risky because of ris-
ing population density and intense infra-
structural interweaving tn the areas sur-
rounding volcanoes. However, compared to
other natural disasters, such as earthquakes.
the destructive potential of volcanic erup-
tions is lower, as eruptions are often pre-
dictable. Thus mitigation of volcanic haz-
ards is feasible. reducing damage consider-
ably provided that hazard and risk potential
have been assessed correctly. To do so, de-
tailed knowledge ts needed about the struc-
ture and history of the respective volcano,
eruption mechanisms, etc Apart from the
numerous destructive effects of volcanic
activity, the positive effects, such as fertile
50il. geothermal energy. or the picturesque
scenery, should not be forgotten.

5.1 Location, morphology, and
products of volcanoes

Many volcanoes are located at the edges of
lithospheric plates. Along the mid-ocean
nidges (spreading zones). the plates are mov-
ing apart and new crust 15 being formed.
Aleng subduction zones, plates collide and
one plate is subducted beneath the other
Intraplate volcanoes are located 1n the inte-
rior of oceanic or continental plates.

Volcanoes range from small scoria cones to
large strato- and shield volcanoes. The mor-
phology of a volcano depends on the erup-
live processes which are largely governed
by the chemical composition and volatile
content of a magma. For mstance. the higher
the percentage of silica (§iQ,) in a magma.
the higher its viscosity and the more explo-
sive the eruptions. Highly liquid, basaltic
lava builds shallow, broad shield volcanoes.
whereas stratocones are formed by explo-
sive and effusive activity of more viscous
magmas.

Hazard assessment of volcanoes must con-
sider the morphology and environment. The
products of volcanic eruptions include lava.
fragments (tephra), and intrusions. Tephra
1s classified according to the grain size of
fragments into ash (< 2 mm), lapilli (2-64
mm), and bornbs or blocks (> 64 mm). At-
tempts have been made io classify the n-
tensity of a volcanic eruption, i.e., its vol-
ume and explosive power. Recently, the vol-
canic explosiwvity index has been used. The
index is calculated from the volume of
erupted material and the height of the erup-
tion plume. Additionally, qualitative de-
scriptions of an eruption are used to deter-
mine the index.

5.2 Types of dangerous volcanic
activity

The longer a volcano has been inactive, the
greater, usually, the volume of the ejected
masses and the more explosive the eruption.
Long periods of dormancy between erup-



tions are charactenstic for many volcanoes
The question of when to call a volcano ex-
tinct 1 not easy to answer; some volcanoes
become active again after thousands or hun-
drads of thousands of years.

High-risk volcanoes are volcanoes that (1)
erupt one or more times during one decade.
(2 are poorly investigated or monitored, and
(2) have dense populatons mhabiting the
area. Following the emptying of a large
magma reservolr. the top volcanic structure
collapses, and a caldera is formed.

It magma encounters groundwater during its
ascent toward the Earth’s surface. an explo-
sion-like vaporization of the water occurs
(phreatic explosion when only wall rock is
fragmented; phreato-magmatic when new
magma is involved). Such eruptions are of-
ten accompanied by base surges, currents
of immense destructive power which con-
sist of gases and fragmented rock flowing
horizontally and radially away from the
eruption center.

Lava flows are less dangerous to human fife
than to property, traffic, and communication
lines Because probable paths of lava flows
can be roughly predicted. diversion meas-
ures may be taken in principle, however,
such measures often turn out to not be very
successful, Highly viscous lava generally
does not advance far, but commonly piles
up above an active vent as alavadome. Such
domes can collapse repeatedly and gener-
ate dangerous hot block and ash flows and
hot surges and blasts,

Poisonous, even lethal, gases can be ejected
during the eruption of a volcano or can be
released without a triggering eruption. The
time available for early warning of gas re-
lease is extremely short. and ntensified in-

vestigations on such gas eruptions, as well
as keen observation of the respective loca-
tions, are absolutely necessary.

Ashfalls during volcanic eruptions generally
do not directly endanger hife, although the
collapse of roofs and houses under the ash
load are not uncommon. Considerable dam-
age may be caused. however. for agricul-
ture and industry even at distances up to tens
of kilometers from a vent

Pyroclastic flows and low-density surges
that are frequently associated with blasts are
extremely hazardous types of volcanic erup-
tions. Pyroclastic flows consist of a mixture
of volcanic gases and ash and are generated
during many volcanic eruptions. Some may
be as hot as 800° C; they move swiftly with
velocities of up to several 10 m/s. Early
warning for this volcanic phenomenon is
virtually impossible. A most dangerous situ-
ation develops if pyroclastic flows are gen-
erated on snow- or glacier-covered volea-
noes, causing the cover to melt.

Lahars (volcanic mud and debris flows) are
a common major volcame hazard for peo-
ple and property. Lahars likewise proceed
very quickly and possess great destructive
power. They develop either as a direct con-
sequence of a volcanic eruption, if, for in-
stance, crater lakes are blown out, or as a
secondary event as a result of heavy rainfall
during or after the eruption. Areas farther
away may be warned several hours in ad-
vance. A sufticient monttoring of individual
volcanoes, however, rarely is guaranteed.

Volcanic debris avalanches generated by
sliding of larger portions of volcanic cones
are common, These avalanches are highly
mobile and may not only bury large tracts
of land but also cause devastating udal



waves (tsunamis) if they advance into lakes
or the sea.

Damage and hazard to human life, social
structure, and property may not be induced
only by direct effects of volcanic eruptions.
Some of the most dangerous secondary phe-
nomena are tsunamis, contaminated (e.g..
fluorine-rich} ashes, or long-lasting aerosol
clouds that can orbit the Earth for years af-
ter large volcanic eruptions. Aerosol clouds
basically consist of condensed volcanic
gases. mainly sulfuric acid. The emission
of large quantities of SO, and also possibly
halogens into the stratosphere may lead to a
temperature decrease on the Earth’s surface
by increasing the global albedo and also can
contribute significantly to the destruction of
the stratospheric ozone layer.

The correlation between volcanic hazards.
destructive potential, and the erupted mass
15 not universal. In many cases, the destruc-
tive potential depends less on the mass and
temperature of the erupted material than 1t
does on the specific environment of the erup-
tive center, especially the degree of magma-
water interacuon and the energy of the ini-
tial blasts.

5.3 Prediction of volcanic eruptions

The development of methods to predict vol-
canic eruptions is extremely important to
provide for early evacuation of densely
populated regions. Hazard and risk poten-
ttal of volcanoes can be localized reason-
ably well, unlike some other types of natu-
raf disasters (earthquakes, storms). Reliable
predictions, to aminimum degree, however,
are only posstble for volcanoes that are well
studied and sufficiently instrumented. A pre-
diction based on the statistics of previous

eruptions is too vague for specific and short-
tern prediction of an eruption. A forecast
15 a general announcement that a volcano
will probably erupt in the near future (e.g.,
by qualitative signs of unrest). A prediction
is a relanvely precise statement that de-
scribes the part of a volcano that is likely to
erupt, the time of the eruption, and the pre-
sumable type of eruption. Such predictions
must be made public with utmost caution in
order to gamn credibility within the con-
cerned population, thus enabling adoption
of preparedness measures. Our increasing
understanding of processes inside volcanoes
and therr measurable effects put predictions
more and more on a deterministic basis.

The careful analysis of the history of a vol-
cano is the most important method in as-
sessing the long-term probability of the oc-
currence of a specific eruption type and its
eruptive energy. Volcanic eruptions are of-
ten announced years, months, days, or hours
before (e.g., by harmonic tremors in the
deeper conduit system). This microseismic
activity commonly increases prior to an
eruption and 1s characterized by relatively
constant amplitudes and wave lengths that
are possibly caused by the turbulent motion
of the magma ascending to the surface from
a magma chamber.

The relatively slow ascent of viscous magma
tc the upper crust gencrates a surface ex-
pansion that can be measured with modemn
geodetic instruments. Temperature increases
within a volcano as a result of ascending
magma can be detected by infrared signals
via satellite. Heat conductivity and the mag-
netic fleld are changing An increase of SO,
emuissions often has been observed before
eruptions. The characteristic behavior of a
volcano can be identified with the help of
intensive monitoring by satellite.



5.4 Prevention and mitigation of
volcanic hazards

To prevent future disasters. or at least to
reduce their extent, a series of measures
must be taken before, during, and after a
volcanic eruption. Various regional research
centers—especially m Latin America and
South East Asia—should be established that
have archives containing all relevant mate-
rial and that can serve as centers for train-
ing of volcanologssts, for public education,
and for cooperation with other scientific
institutions. The preparation of hazard maps
helps to determine whether a volcano 1s
potentially hazardous and 10 assess the risk.
For that purpose, detailed knowledge about
the history and characteristics of the spe-
cific volcano 1s indispensable, which re-
quires, among other things, topographic and
geologic mapping. Hazard maps show the
pathways of eruption products to be ex-
pected (such as lava flows or pyroclastic
flows) for various eruption intensities.
Monitoring of volcanoes by satellites has to
increase in order to detect possible changes
(e.g., temperature or SO, emission). Con-
tinuous monitoring is essential When a vol-
cano has been identified as potentially dan-
gerous, ground monitoring (visual and in-
strumental) should be ensured.

The public must be informed and educated
on the results of volcanological studies and
any possible dangers. This can be done
through the use of brochures, lectures, or
courses. For potentially dangerous volcanic
regions, emergency plans must be worked
out, particularly evacuation plans for the
population in case of immediate danger.
Disaster prevention exercises, as already
carried out tn Japan, are useful as well.

A volcanic eruption can not practically be
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influenced by man. There are, however, lim-
ited possibilities to controlling several of its
effects. such as barriers against lava flows
or cooling lava with sea water. Smaller
lahars can be channeled by artificial sabo
dams, Another possibility to prevent the
generation of lahars is artificial draining of
crater lakes. Long-term regional planning
can significantly reduce the hazard poten-
tral.

5.5 Recommendations of the
International Association of
Volcanology and Chemistry of the
Earth’s Interior (IAVCEI for the
IDNDR

It is proposed that 10 decade volcances be
studied intensively to contribute to the miti-
gation of volcanic hazards. The investiga-
tion will be carried out in an integrated, mui-
tidisciplinary. and muitinational approach,
including local authorites and the public
(Fig. 5). The study should be based on the
presently available possibilities. We suggest
that the volcanoes Iraza (Costa Rica) and
Cotopaxi (Ecuador) be studied in detail, In
Germany, the Laacher-See region is a suit-
able research area. Three projects should be
realized for this region volcanological study
of the eruptive products of the 13,000-year-
old eruption, hazard and risk mapping, and
monitoring of gas composition. Further stud-
ies include.

* mechanisms of water-magma interac-
tion;

* generation and transport mechanisms of
pyroclastic flows;

+ fragmentation mechanisms of magma;
and

* subaerial and submarine slamps and
debris avalanches



The IDNDR will contribute to improved
communication between the scientists of
different countries (periodical meetings,
establishment of an electronic communica-
tion network). In addition, volcanological
training courses should be offered.

Intervention measures by international and
national expert teams should be expanded.
Current developments emerging from activi-
ties within the scope of the IDNDR should

decision makers
politicians
relief arganizations

application
of emergency
plans

be published irregularly in international
journals, news bulletins, or the IAVCEI
News (Bulletin of Volcanology). Eventually,
a series of monographs should report on
major [DNDR projects, among them one
volume on each decade volcano.

Figure 5: Investigarion of high risk
volcanoes and mitigation of volcanic
hazards (after Tilling)
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