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ABSTRACT. The paper deals with the urgency of research on accidents at hydraulic engineering structures.
A brief description of some accidents is given and an approach to their prediction is proposed through the use of
A.N. Kolmogorov’s works devoted to defects. © 2007 Bull. Georg. Natl. Acad. Sci.
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The vast natural and technospheric accidents hap-
pening in recent decades have justly troubled the world
community. The population is especially shocked by the
fact that these incidents were attended by hundreds and
thousands of human casualties. Dozens of descriptions
of the disasters have been published. Significantly
enough, the hitherto unknown sites of accidents
(Soneso, Flicksoro, Bhopal) have become known through
disasters occurring there and are frequently mentioned
as symbols of hazard.

The population of many countries, including that of
Georgia, cannot help being concerned about the fact
that, notwithstanding the effective measures taken, no
reduction of the losses resulting from accidents and di-
sasters is noticeable; on the contrary, these losses are
appreciably growing.

Special note should be taken of the increase of
losses resulting from floods and high waters through-
out the world, including Georgia. At the same time, the
question of potential accidents at hydraulic engineering
structures has become acute. This is accounted for by
the fact that the term of service of these facilities has
reached a critical threshold, entering the phase of obso-
lescence. Their majority were built 40 to 50 years ago,
i.e. they have exhausted their viability resource. Practice
shows that, of other existing structures, accidents at
water development works are most hazardous for the
population and the environment owing to the vast scale
of damage caused by them; suffice it to recall the hor-

rific tragedy caused by the Vaiont dam in Italy.
The foregoing leads one to the conclusion that

averting accidents at hydraulic engineering structures
and mitigation of the losses (exceeding tens of millions
of dollars, to say nothing of human casualties) inflicted
by them demand more attention on the part of scientists
and must be given priority among the questions studied
by technical sciences.

Thus, study of accidents at hydraulic-engineering
structures aimed at working out measures for averting
such disasters or mitigating the damage inflicted by
them should unconditionally be considered the most
urgent and vital problem to be investigated as the first
priority.

Among the novelties awaited by the population from
science, development of effective measures of combat-
ing accidents at structures is doubtless accorded one of
the first places among those bringing useful satisfac-
tion. As the Japanese, who are advanced in many
spheres, teach us, we must always feel satisfaction from
our work done. If this is not the case we must do so as
to create such a situation. There can be no doubt that
measures for averting accidents will evoke great satis-
faction among broad strata of the population. Determi-
nation of the probable frequency of accidents and of
the time of their occurrence should be considered one
of the first measures of combating them. Knowledge of
this important characteristic enables timely and quality
preparation for combating accidents. This will minimize
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the damage caused to the population and the environ-
ment.

There is no doubt that to date science stands heavily
in the people’s debt, for the population is under con-
stant fear and threat of accidents, latter more often than
not developing into catastrophes.

Notwithstanding the existing achievements in the
study of this highly complex problem [2-10], many theo-
retical and practical tasks, which will shorten the long
black list of disasters, stand in need of immediate in-
depth study through wide and profound use of the lat-
est achievements of different branches of science.
Among the multiplicity of problems, whose solution is
required from science by practice and safe economic
development, study of the mechanism of the origin of
accidents at structures, prediction of their frequency and
working out measures – on the basis of these data – for
averting them at hydraulic-engineering structures or for
mitigating the damage inflicted should be considered a
primary task.

In foreign specialist literature, to underline the mag-
nitude of the damage caused by accidents at hydraulic-
engineering structures, including great dams, the latter
are referred to as hydrological bombs. Of course the
simile is exaggerated, yet not a single year passes with-
out the occurrence of an accident of the named struc-
ture in one or another “developed” country. That is why
this question is given special attention at such forums
as international forums on large dams and international
congresses of the IAHR. The author is a direct witness
of this who, until recently, was participant of these con-
gresses and among their organizers. Storage reservoirs
and their inseparable part - dams – are considered one
of the most accident-prone facilities.

Numerous other structures occur in practice that
may break down and inflict enormous losses to the en-
vironment and the economy. In recent times the prob-
ability of the occurrence of accidents has increased
owing to the growth of the share of obsolescent struc-
tures. The substantial experience and knowledge, accu-
mulated in the design and construction of dams, and
progress in this direction should by no means blunt the
attention of designers, builders, operatives and scien-
tists to the safety of these major facilities. We should
not be oblivious of the fact that many specialists be-
lieved atomic power stations to be absolutely safe. Yet,
unfortunately, practice disproved this belief. However, it
should be noted that today, too, atomic stations are
highly reliable, so that starting their construction should
not cause alarm.

The level of understanding of the reliability of safe
functioning of hydraulic engineering structures has sub-
stantially grown, following the author’s publications [2-
10]. These publications encompass data on the predic-
tion of the reliability and maintenance of hydraulic engi-

neering structures of various purposes. However, his
first study only mapped out the way of making a deci-
sion, and the necessity of expanding research for the
development of methods of assessment of the risk of
accident situations, without indication of the basic meth-
ods of the study of accidents, especially of measures
towards predicting accidents and accident-prone situa-
tions and averting them. The results of research into the
causes of accidents along these lines allow to predict a
disaster with considerable approximation. For their part,
these data facilitate a better understanding of the regu-
larity of the functioning of designs and structures, di-
recting the attention of operatives, scientists, designers
and builders to improving the quality of design and con-
struction; this will substantially ensure the prevention
of accident-prone situations as well as accidents proper.

To achieve the goal set, it will be necessary to study
this most complex problem, and primarily accidents at
hydraulic engineering structures – analysis of measures
for averting this phenomenon or mitigating the damage;
this will call for the solution of a number of tasks, in-
cluding: 1. Assessment of the pre-accident period; 2.
Analysis of the process of accidents of structures; 3.
Search for ways of predicting accidents; 4. Approxima-
tive prediction of accidents, using modern methods of
the theory of random processes.

The principal steps to be taken towards averting
accidents or mitigating the damage inflicted entail a num-
ber of theoretical, organizational and practical measures.
This primarily requires the study (even approximative)
of the frequency of the accidents or catastrophes at
diverse-purpose facilities.

Judging from the literary sources available to the
author, the available methods are not perfect either in
this country of abroad, hence the urgent need for fur-
ther studies, refinement of the existing results and de-
velopment of a new approach.

Analysis of the accidents that have occurred will
allow to develop designs that will be subject less to
accident phenomena and their “vitality” will substan-
tially increase.

Not only disintegration of the design should be
considered an accident state of a structure but also the
state in which normal exploitation of the facility is ren-
dered difficult, when the design has cracks, major bends,
the reinforcement is strongly corroded, or other similar
defects are evident.

That the proposed method will allow consideration
of the time factor in prediction should be considered a
significant new approach. The existing traditional meth-
ods fail to take this parameter into account.

Although the chances of major accidents as well as
catastrophes have diminished in recent years through
the introduction of new perfect methods of calculation
of construction and assembly work and exploitation, they,
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regrettably, still occur – and not infrequently. Therefore
it is impermissible to neglect this problem. In other words,
research in this sphere is extremely urgent.

More often than not accidents occur at hydraulic
engineering facilities, inflicting appreciable damage to
the country’s economy, as well as to ecological stabil-
ity. According to the material gathered by the Interna-
tional Committee on the Breakdown of Dams, of the
1150 cases of damage occurring in 35 countries of the
world, the following were found to be damaged: con-
crete dams and their bases (21%); rock-fill dams with
their bases (2-4%); earth-fill dams with their bases
(36%); damage in the reservoir zone (3-4%); damage in
the downstream wall (0-5%). Analysis of these and
other data [2-9] points to the occurrence of accidents
at earth-fill dams as well, built in 1900-1919; suffosional
processes proved most hazardous for the stability of
earth-fill dams. Observation carried out for 200 years in
Britain, involving 2000 earth-fill dams, showed that here,
too, suffusion processes take place, caused by aging.
Thus, the causes responsible for accidents may be di-
vided in the following way: suffusion: 55%; spillover:
14%; other factors: 31%.

An accident occurred in Georgia too, involving a
small dam at Tsqneti, which, regrettably, claimed 7 hu-
man lives. The commission that studied its causes was
headed by the present writer and it is extensively dis-
cussed in his monograph published in Russia.

To demonstrate the acuteness of the problem, here
are a few examples of dam accidents widely talked about
world-wide. To be sure, the accidents at hydraulic engi-
neering structures did not have such resources as power
supply accidents had. Thus, in 1979 a grave accident
occurred at two units of the atomic power station on
Three-Mile-Island, USA; in 1984 a major explosion oc-
curred at a chemical plant at Bhopal, India; the crash of
the “Challenger” multiple use spacecraft with seven cos-
monauts on board; special mention should be made of
the explosion at the Chernobyl Atomic Power Plant block
IV in April 1986. Obviously, these and similar accidents
cannot be overlooked. The above cases, occurring in
different countries of the world, point out that the pro-
cess is intensified owing to the aging of structures. The
principal cause of accidents at hydro-electric stations is
aging as well. If we exclude accidents in extreme situa-
tions as well as those that occur in the first years of
exploitation, then a special risk occurs at the stage of
reservoir filling.

The following phenomena have been found to take
place at the aging of earth-fill dams: the overall and
local strength diminishes; at aging the strength of vari-
ous materials (earth, concrete, polymer films, etc.) weak-
ens. In this case, biodamage is frequent (destructive
impact of bacteria, chemical and mechanical degrada-
tions; fungi, rodents, mollusks become active). In the

course of time various metal items suffer corrosion,
while wooden parts rot.

During exploitation filtration and suffusion processes
are noticeable in dams. Alterations in a dam may be de-
termined by analysis of the physical characteristics of
water, e.g. the presence of sediment, opacity, colour, smell,
electrical conductivity. These data allow judgment of the
damage of concrete, reinforced and metal constructions
by chemical and mechanical suffusion, and of the pres-
ence of microorganisms.

Chemical analysis of water and its composition – acid-
ity, content of iron ions, chlorine, sulphates, etc. – yields
information on the presence of an excessive amount of
chemical substances in the filtration and suffusion pro-
cess. With the increase of the age of a dam, as a rule,
negative phenomena intensify, in the tail race: the depth
of local scour and washout of the structure increases;
the length of scour increases in the tail race; as a result of
the impact of waves the cyclic processes of the freezing
and melting of water become more frequent.

The experience of combating accidents and catas-
trophes shows that economic losses may be reduced to
a certain extent through scientifically-grounded predic-
tion. This allows to adopt an adequate measure to pre-
vent the rise of causes that provoke accidents. In this
connection it should be noted that in the 1970s in Euro-
pean countries accidents showed a tendency to grow,
and they became more frequent, with human casualties.
An international commission was set up and a special
measure was worked out, under the name of the “Seveso
Directive”. This Directive is obligatory for all countries
of Europe, envisaging the submission of a Report on
Safety by the organization that possesses an accident-
hazardous facility. It is highly interesting that following
the introduction of this measure, from 1983, the number
of accidents dropped appreciably, e.g. in 1986 it fell from
400 to 150, and in 1988 to 50.

Precise prediction of accident situations is not fea-
sible owing to the multiplicity of their causes. No uni-
versal expression can exist for its prediction; the more
so, we cannot expect to obtain exact analytic expres-
sions. This task is unresolved at the present stage of
scientific development. We may search for an approxi-
mative analytic dependence to identify accidents of in-
dividual type or groups. It should be emphasized spe-
cially that all accidents are determined by one principle:
“Fortuitous accidents do not exist”. Thus, each acci-
dent has its causative factors, with the sources and
causes of these factors. Leading among these causes
are the errors made by engineers, designers and super-
intendents of work. The probability of accidents caused
by these errors amounts to 90% [1]. Although these
errors are indirectly taken into account in designing by
increasing the reliability level, yet causes still remain
that can provoke accidents.
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Until recently, along with complexity and
multifactorialness, the lack of study of the regularity
determining the state of reliability of hydraulic engineer-
ing facilities and the difficulty in obtaining initial infor-
mation may be given as the reason for the absence of a
prognostic method for the assessment of a safe state.

The Nobel Prize winner, the American Robert
Aumann considers simplification of the possibility of
obtaining information needed for research to be one of
the principal criteria of assessing the modern achieve-
ments of science. This is not surprising, as we happen
to live in an age of information that has reached such a
level that it is considered the fourth factor of produc-
tion, while the other three factors in conditions of the
market economy are: land, labour and capital.

Ensuring the reliable exploitation of facilities calls
for regular identification of the weak parts, units and
most critical points of a facility, from the viewpoint of its
failure. Timely detection of expected damage is consid-
ered the principal condition of ensuring the reliability of
facilities.

Recently, we have come to face the necessity of
solving a number of fresh problems posed by the in-
crease of the number of obsolescent structures. In the
new economic conditions this calls for an improvement
of the maintenance of these facilities; also taking spe-
cial measures towards giving advance warning about an
expected breakdown of structures of this category. To
this end, it is necessary to determine the critical moment
that precedes the accident at the facility. This in turn
will allow timely prolongation of the term of exploitation
through taking adequate measures; the extended term
will correspond to the existing physical state of the fa-
cility. In order to select the index of degradation of prop-
erties at each stage of exploitation of the facility it is
important to identify such a prognostic variable that fully
reflects the physico-mechanical parameters of the cur-
rent state of the facility.

The breakdown of a facility may be forecast through
timely assessment of its state of reliability – by identify-
ing the critical moment of its weakening and decline of
its tolerance to the environment and variable loads. This
information enables one to select a lightened regime of
exploitation – to put it figuratively, “to allow facilities
to leave the scene honourably, following their fulfill-
ment of all the conceptions reflected in their design”.

Operative assessment of the state of a facility per-
mits to limit the term of its exploitation, when such a
need arises; an extension of the term allows to select a
suitable regime of exploitation (reducing the level of load,
depending on the intensity of damage, and so on). Op-
erative assessment of the state of reliability of hydraulic
engineering facilities is especially important in determin-
ing the moment of breakdown of obsolescent and weak-
ened facilities; to work out measures for full utilization

of their resource potential, and, if need be, to write them
off (to avert an accident).

In such an extremely complex situation, search for a
general expression for predicting the rise of an accident
situation, accident or catastrophe is as a rule inconceiv-
ably difficult – short of impossible. Prediction is feasible
only in individual simple cases.

As shown by analysis, accidents of engineering
structures constitute a genuinely random process. Hence
it is natural to use modern means of the theory of ran-
dom processes to investigate this question. To this end
it is advisable to find an approach that will allow to
predict the phenomenon on the basis of data on past
incidents, using the experience of the exploitation of
same-type facilities. This is in the first place feasible by
the use of powerful and at the same time elegant meth-
ods, proposed by the well-known scientist A.A. Markov,
predecessor of the outstanding 20th century mathemati-
cian A.N. Kolmogorov. As we shall see further, the task
is solved broadly and profoundly enough on the basis
of Kolmogorov’s formulae [1,2-9].

Similarly to the solution of many applied problems,
here too, the task may be reduced to a reasonable use
of the arsenal of corresponding mathematical means. As
at present many analytical methods of solution have
been worked out mostly for Markov processes, the striv-
ing is but natural to adapt many problems to the appara-
tus of the theory of Markov processes. I have chosen
precisely this path in working on this topic.

As demonstrated by an analysis of the experience,
accidents often occur in the work of some design sud-
denly, without any malfunction having been noticed. It
is mostly in this way that metal and wooden construc-
tions lose their stability.

Analogously to solving problems set in other
branches of engineering, a model is proposed in which
use is made of approximative estimations of numerical
parameters, and account will be taken only of the main
prognostic variables of the system. In this situation it is
acceptable and profitable to use mathematical models that
are successfully employed in solving other analogous
problems. Fruitful use of fundamental biological principles,
physical and other regularities in different branches of
engineering is common knowledge. The view set forth
allows to presume that the way proposed below is not
only formalized, which incorrectly describes the process
in “mathematical language”. However, I should like to note
that employment of stochastic models in practice – based
on a single parameter – can express only the average
indices of a system. It can give us only an approximative
estimation of the functioning of the design, taking into
account the factors of environmental impact and load
during the exploitation of facilities.

Of the various available techniques of reliability
theory, the methods of Markov processes [7] should be
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considered the most effective, in particular, the use of
the stochastic kinetic equation – widely used in physics
in analyzing diffusional and other analogous processes.

Of course, in the study of a process it is advisable
to take into consideration all the characteristics of the
functioning of the system to be assessed. However, this
is practically unfeasible. Hence, the identification of such
a parameter should be considered one of the important
stages in solving a problem, which is the principal prog-
nostic variable among others and which will describe
the functioning of the system under analysis with rela-
tive fullness. The results obtained will allow to assess
the safety and permissible risk.

In working out measures for averting accidents it is
logical and advisable to use systems analysis: - an ap-
proach widely used at present.

As noted above, gathering of observation data is
an important stage of the study of an accident. But this
is complex and labour-consuming, hence in the case of
insufficiency of these data use may be made of the boot-
strap method, techniques of Monte Carlo and expert
assessments, as resorted to by the present writer in his
other works [7].

It is expected that the recommendations worked out
will enable a more objective determination of the length
of exploitation of structures. The experience of exploita-
tion of facilities shows that the terms set for the exploita-
tion of many types are rather small, resulting in the pre-
mature stoppage of the facility, pointing to misused fi-
nances spent on their development, production and ex-
ploitation. An expression can be derived that will enable
the assessment of the viability of a facility in conditions
of exploitation. Account should be taken of the fact that,
although some hydraulic-engineering structures still con-
tinue to function after the breakdown of some of their
elements, their efficiency is low. It is said about such
systems that they are reserved in excess, and the facility
is of little viability. It will be recalled that the viability of a
system is its property to perform its functions in the case
of undesirable impact of outside forces on it, not envis-
aged under conditions of normal exploitation. Seismic and
flood impacts are examples of such action.

Prediction of accidents by the proposed method will
yield an answer related to the initial information (table
of observations) used in the calculation. Thus, e.g., if
sequences of accident situations are used, computations
will yield the probable time of onset of an accident situ-
ation, as well as the level of risk of the occurrence of
this phenomenon. At the use of observation data on
accidents that have occurred, the prediction will yield
the probability of accidents happening at a given time.
The prognostic data obtained may be used in develop-
ing relatively perfect constructions and in raising the
quality of structures. It should be noted that exact pre-
diction of the hazard of accident situations and acci-

dents is an extremely difficult – and often unfeasible –
task. Therefore, not only an approximative expression
should be considered acceptable that answers this im-
port question but one that allows rough qualitative esti-
mation of the frequency of these occurrences, and not
qualitatively, in linguistic terms (‘will occur frequently’,
‘very often’, ‘seldom’, and so on).

Numerous observations of different facilities of vari-
ous purposes give ground to assume that – under other
equal conditions (obviously excluding cataclysms) – the
onset of accidents depends to a considerable extent on
defects. A defect of a facility implies a fault in the ele-
ments that may lead to a failure of the facility or lowers
the level of its capacity for work. In many cases the
presence even of small defects causes the breakdown
of elements long before the onset of the fixed inter-re-
pair time or the expiry of the resources of facilities, with
grave consequences. In many elements, defects accu-
mulate in the course of time, among which some are
major defects of three-dimensional form: loose states,
pores, various inclusions, cracks.

In view of the extreme importance of the description
of defective states, they have been the subject of long
and fairly in-depth investigation. Attention was given
to the study of this problem by many outstanding math-
ematicians, including the great mathematician of the end
of the 20th century A.I. Kolmogorov [1]. The enormous
material losses caused, including human casualties, call
for urgent and radical measures towards averting their
occurrence. To this end, in the first place one must have
an objective foresight of the impending danger. All
grounds exist for the assumption that the world commu-
nity – and not only individual advanced countries – will
in the near future develop measures towards lowering
the presence of defects in structures, thereby substan-
tially reducing the hazard of accidents and preventing
grave accidents in the technosphere. Observations of
accidents demonstrate that they largely depend on de-
fects in the facilities.

The thorough study of the characteristics of defec-
tive states, set forth in the foregoing, suggests its appli-
cation in predicting the accident-proneness of various
facilities. The first step in this direction is to begin with
the use of the findings of the study of the presence of
defects in facilities and of the factors causing them and
directly related to accidents. Obviously, under other
equal conditions, the more the number of defects in any
randomly taken facility, the oftener it is subject to acci-
dents. Observations and analysis show that the correla-
tion between the number of defective items in a sample
X and the number of defective items in the remaining –
uncontrolled – batch X-x is positive – equals zero or is
negative, if the dispersion number of the controlled item
in batches is, respectively, higher, equals, or is lesser
than the binomial dispersion.
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