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Abstract. Abundance of metal masts and towers, their aging require to pay attention to corrosion phenomena and their
after-affects. Special attention should be paid to the changes of structural elements strength and strain (induced by the
environment aggressiveness) and to the phenomena of viability exhaustion of the whole system (dissipation). In these
respects more premises for developing the second limit state formation are found first of all in separate mast elements
and local chains, later in the whole structure.The article deals with the premises of developing chemical and electromag-
netic contamination, its forecast and processes which could result from the above-mentioned pollution; it also analyses
the destructive processes due to the pollution interaction with the material of structural elements as well as the conse-
quences of aggressive contamination. Attention is also paid to the effect of the stress-strain concentrations around the
corroded spots and their influence on the destruction evolution.
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1. Introduction

Under the conditions of enlarging modern commu-
nication means, systems and their application space, the
need for high-rise engineering structures (masts, towers
etc) continuously increases [1]. Traditionally the construc-
tion of such structures is designed with regard to many
independent factors: purpose, dislocation place, climate,
technology, resources etc [1, 2]. Often these factors are
contradicting each other [3]. Quite significant problems
for a masts designer there are also corrosion resistance
[4], long time viability resources [5], stress—strain distri-
butions into guys [6], lattice of structure [7, 8] or foun-
dations [9] of the masts.

The investigations into the situations of service,
accidents etc of such a kind of structures allow to rea-
son that in the theory and practice of developing high-
rise structures there exist important, but still unsolved
[10, 11] theoretical and practical problems. For instance,
the fact should be kept in mind that when designing high-
rise structures not enough attention is paid to their ser-
vice conditions and possible changes in apriori chosen
calculation schemes as well as to the resulting processes
connected with atmospheric pollution, humidity, electric
discharges etc [12—14]. In case of high-rise engineering
structures, the impact of chemical, electromagnetic and
other kinds of pollution [14-16] may even be more dan-
gerous in comparison with the dwelling and public

houses. The height of the latter two kinds is usually much
lower. Their principal bearing structures and joints are
much better protected against outside impacts as well as
against pollution activity of atmosphere. It shows the
urgent character of the problem [17-20]. In addition,
terroristic attacks against high-rise structures should be
kept in mind. Geografically a special importance this
problem obtains on the territory of the former Soviet
Union and its satellites. For example, there is a number
of such masts and towers along the frontiers of the former
Soviet block in regions of Far East, Baltic countries etc.
Especially it concerns the former military service objects
left with no supervision. The masts and towers left with
no supervision are very dangerous in regions subjected
to earthquakes, wind gusts and other anomalies.

The investigation object is the destruction of the
components of a mast under the impact of atmospheric
pollution. The practical sample in this case is a metal
lattice mast of 78 m height with cross-type lattice and
three-level guys.

The work’s aim is to show premises and kinetics of
mast elements destruction under the action of aggressive
environment and some other service factors.

Some more important peculiarities of the investiga-
tion may be described in this way:

— The calculation scheme of the structural object is
produced by regarding the mast as a classical and
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high, flexible bar hinged on a foundation supported

by guys under compressive, bending and rotational

stresses. The joint of the support and bar is of hinge
type. Taken together, it is a statically indeterminate
system.

— An important premise of the limit states of analysed
elements is a premature wear of structural joints,
the increase of joint and support mobility because
of wind impact, surroundings pollution by aggres-
sive materials, icing, etc.

The methodic novelty is the application of opera-
tional planning methods for simulation modelling of the
object disintegration processes.

The mast work has been modelled by the finite-ele-
ment method. For calculations of the programme STAAD/
Pro 2000 was used.

2. The sources of aggressive pollution

It is most likely that in Lithuanian geographical situ-
ation the pollution flows (aggressive clouds) effecting
high-rise structures may come from different localities.
For instance:

— By prevailing south-west winds in a fraction of a
year these clouds reach Lithuania from European in-
dustrial regions and Konigsberg (Kaliningrad) dis-
trict.

— The prevailing in winter winds of northern-eastern
direction carry pollutants from Belorussian and Rus-
sian industrial regions and some military objects.

— Different winds and local atmospheric whirlwinds
also bring local pollutants from Latvia. Especially
harmful are chemically aggressive pollutants from
the largest operating pollution sources (Kédainiai,
Jonava, Elektrénai, Mazeikiai, Naujoji Akmené and
similar objects).

In West European industrial countries strict limita-
tions for atmospheric pollutants are being gradually in-
troduced. Therefore in future the impact of atmospheric
pollution on the longevity of Lithuanian high-rise struc-
tures should be considerably diminished. Nevertheless,
the pollutants have been destroying for a long time (to-
gether with rain waters and otherwise) the presently used
mast structures. It is possible that the atmospheric pol-
lutants from Eastern countries will be rather consider-
able in future too. Therefore they are dangerous not only
from the historical point of view, but also in the sense of
prospective maintenance of appropriate constructions.

The long-running observation data on forming in
Lithuanian territory flows of pollution and its clouds are
plotted in the maps of territories with a polluted envi-
ronment.

In addition, the eletromagnetic pollution in the at-
mosphere and in structural elements should be mentioned.
Such a kind of pollution may have a considerable influ-
ence on the mast elements corrosion intensity and other
indices [21, 22].

In communication systems, masts are applied in
structures where the electric current flows. They are used
as antennas. So their constructions propagate electromag-
netic impulses themselves. Constructions of other objects
work only as supports. Different communication equip-
ment is mounted on them. Nevertheless, in this case di-
rect electric current is not supplied to the structures. In
spite of this, in the mast-bearing construction may also
circulate the so-called vagabonding currents. They can
be generated by the radioelectronic equipment supported
by a tower structure, by the electromagnetic impulse re-
flections from the objects situated around the mast and
by other influences.

Spontaneous wind gusts are sometimes also
chracterised as pollution, as a pollution of the system of
regular impacts. In such cases to the conception of in-
fluence system (space) of pollution are ascribed the earth-
quakes, karst phenomena, impact loadings resulting from
the equipment starting up etc. Usually it means striving
for underlying the exceptional character or irregularity
of the above-mentioned loads and impacts [12, 14, 21, 22].

3. Physical-mechanical processes produced by con-
tamination of the elements of mast structure

Alongside of normal aging of structural materials
in course of time [23] and the phenomena of natural
destruction, the processes of erosion and corrosion, stimu-
lated by environment pollution, may have a considerable
influence on the construction viability resource. In this
respect the choice of mast design may be important. In
respect of structural solution the mast stem must be solid
(of tubular, box, compound or similar cross-section) or
of lattice type, when the stem is connected by a lattice
of different geometry (zigzag, triangular with horizontal
elements, rhomboid, cross-type). For instance, the lattice
shape is, at first glance, a quite elementary and well-
known structural solution. However, when analysing the
possible impact of pollution, other advantages and dis-
advantages of lattices come to the fore. Besides, it is
connected with a different liability to damage of the lat-
tice elements in an aggressive environment and a quite
different influence on these members damage and ser-
vice safety.

The more welded seams or similar joints are hardly
accessible to review repair and renovation parts and de-
tails are, the more danger of initial destruction exists in
their work; and the more opportunities arise to damage
their safety. These processes are directly connected with
atmospheric pollution agents aggressive to the structural
elements. This condition predetermines some changes in
structural behaviour of mast materials (Fig 1). On the
one hand, the metal under the influence of atmospheric
pollution becomes more brittle in local or macro zones.
On the other hand, around the corroded (pitted) zones,
the stress-strain and deformations concentrations develop.
At the beginning they appear at the microlevel as etched
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material dots — pitting. Later they join and stress-strain
mezzo-concentrations develop. The latter can enlarge into
macro-concentrations by developing corrosion and un-
der the processes of erosion.

Fig 1. Damage aggregation process. The view of slow,
monotonous disintegration of a welded seam (as a result
of the common corrosion and wind pulsatile impact)

In their turn, the stress-strain concentrations inevi-
tably develop in joints and details of the structure. It is
because of structural factors, for instance, an uneven
transmission of impacts and stresses from elements to
elements. The genuine principles of structural elements
joining in units and their work differ considerably from
the idealised ones accepted in calculation schemes. Tech-
nological operations of installing joints also result in the
stress-strain concentrations of technical origin. For guys,
steel ropes are mostly applied. As a result of corrosion
under the atmospheric pollution, the rope metal pecu-
liarities may change, as well as their deformability, re-
laxation properties and at last the lossies of rope initial
tension. The guys are anchored in reinforced concrete
monolithic foundations or anchoring slabs. Concrete is
less sensitive material to atmospheric pollution. Never-
theless, its composite parts are not inert to many ele-
ments and compounds of atmospheric pollution. Espe-
cially it is seen in a long-term perspective, when the
pollution together with precipitation reach soil or the base
of foundations.

The constructions of masts, including the long-term
strength and other structural parameters of concrete, re-
inforced concrete structures and elements, depend largely
on stress-strain changes, as well as on their redistribu-
tion and concentration foci development during service.
Such cases occur rather often. When in some structural
zones the stress-strain values increase, soon their results
appear. These are stress-strain mezzo-concentrations, their
interrelations and local crackings. In their turn, they in-
fluence the character of the stress-strain concentration
kinetics. It is natural that, after an activisation of such a

cracking, in some places different kinds of corrosion and
foci, as well as errosion processes become active anew,
and in some other spots they become more intensive.
There are also cases when some cracks become close,
for instance, when adjoining cracks develop more inten-
sively.

The research shows that, under aggressive natural
and technical media, different electromagnetic fields and
vagabonding currents in metal structural elements may
stimulate the electrochemical or electrolithic corrosion.
The processes of electrochemical corrosion appeared to
be more interesting. Data have been obtained concern-
ing the intensification of atmospheric corrosion by elec-
trochemical processes after forming a transparent humid-
ity film (at a relative air humidity less than 100). Such a
corrosion depends on humidity, temperature, atmospheric
pollution level, chemical composition of pollutants etc.
For instance, the presence of sulphuric gas (the product
of burning coal or oil) in the atmosphere intensifies the
above-mentioned atmospheric corrosion.

The electrochemical mechanisms increase greatly the
corrosion processes of structural elements in different
fissures, injured places, gaps between structural elements.
In an acidic medium, the corrosion of slightly alloyed
structural steels in cracks may be also intensified con-
siderably by the development of galvanic pores. In their
turn, such processes may become stronger in cracks by
accumulating bacterial flora and similar sources of or-
ganic secretions. The corrosion products of structures
operating in aggressive atmosphere are of a less cohe-
sive material. They suffer severe erosion under the con-
ditions of heavy rains, wind gusts etc. In this way the
porosity and disintegration of the material surface
continuosly increases. Different weaknesses as micro- and
mezzo-concentrators develop. When uniting they make
damage systems and weaknesses important for stress-
strain concentrations and for work of certain structural
units foreseeable in projects. The greatest problems con-
nected with the viability of high-rise structures may arise
in respect of their elements and materials corrosion re-
sults and the interaction of these results with wind im-
pacts. Especially serious and undesirable consequences
may be induced by the corrosion-erosion results, namely
by the combinations and interrelations of structural weak-
nesses and spontaneous wind gusts [10, 11].

4. Monotonous accumulation of structural damages
under the influence of environment

The possibility of different premature damage of the
mast structural elements is evaluated by probabilistic
parameters. The probability of dangerous coincidences
(and consequences) is difficult to forecast in a general
case. Therefore a large family (virtual multidimensional
space) of potential destruction variants may develop.
Sometimes it is called cursed Bellmann multi-dimension-
ality. However, by applying a systematic view and op-
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erational planning methods, by combining in complex
with energetic conditions and criteria, the technology of
immitational modelling of damage sequence becomes
considerably simple [3]. It becomes possible and useful
to reconstruct and forecast different possible situations,
based on the principle “what would happen, if something®
and using immitational modelling. Some of these proce-
dures are not complicated in a computer variant. Their
results are conveniently shown by strain-disintegration
graphs.

As examples of immitational modelling results, it
is possible to take some episodes of the investigation of
78 m height mast (with three-level guys and cross-sec-
tional lattice) deformation and disintegration operations.
In this case, the distribution of the mast element stresses
by relieving its guys is discussed. It has been obtained
when the guy 1154 of the third level did not operate
(Fig 2) and the largest stress remained in the element
876. It was of 163,3 kN. It is less than the bearing
capacity of 173,6 kN. Thus the mast resources in re-
spect of first limit state are not exhausted yet. The dis-
placements of the mast approach the second limit state
(74,8 cm less than 1/100 = 7800/100 = 78 cm). The
mast angular twist is 0,1841 rad (10,5 degree).
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Fig 2. Mast displacements when the guy 1154 does not
operate

When cutting off the work of the guy 1153 (Fig 3),
the stress increases mostly in the element 875. It be-
comes gradually larger than in the mast element 876,
the stress of which was the largest (during the work of
the guy 1153). At last this stress reaches the value of
147,6 kN (less than 173,6 kN element bearing capacity).
Thus in this case the strength resource of the mostly
loaded mast element has even increased. However, the
displacements of the mast became too large, 83,98 cm

more than 1/100 = 78 cm. The condition of the second
limit state is not satisfied. The mast angular twist be-
comes 0,1829 rad = 10,5 degree.
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Fig 3. Mast displacements when the guy 1153 does not
operate

When cutting off the work of the guy 1142, the
stress increases mostly in element 770 (Fig 4). In this
case it reaches 180,8 kN (more than 173,6 kN element
bearing capacity). Thus the strength condition is not sat-
isfied, the first limit state has been reached. However,
the mast displacements satisfy the limitations: 53,2 less
than 1/100 = 7800/100 = 78 cm.
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Fig 4. Mast displacements when the guy 1142 does not

operate
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When releasing the second level guy 1142 up to
50 % of initial design tension, the stress in it because of
the initial stress from 7 kN decreases up to 3,5 kN, and
stresses from 78,25 Mpa up to 31,88 Mpa. In this case
the highest stress appears in mast element 857. Its
strength is fully applied. Therefore a larger than 50 %
of the second level guy release threatens by an unstable
work not only of the element, but also of the whole mast
and at the beginning to formation of the first limit state.

AN &
/' . : Y '.I I\\é 'I
/ /" 829
& = A
1141

Fig 5. Mast displacements when the guy 1141 does not
operate

Having stopped the first level guy 1141 working
normally, the largest stress at the beginning in the ele-
ment 876 is found in the element 826 (Fig 5). Its magni-
tude is by 209,4 kN larger than 173,6 kN (element bear-
ing capacity). Thus, the first limit state in the bar is con-
siderably exceeded. However, the mast displacements sat-
isfy the second limit state criteria: 50,7 cm less than I/
100 = 7800/100 = 78 cm.

When the first level guy 1141 is released by 35 %,
its initial tension diminishes from 6 kN to 3,9 kN, its
stresses from 67,07 to 43,59 MPa. At this time the mast
element 876 subjected to the largest stress practically
fully applies the bearing capacity resources. Therefore, a
larger than 35 % of the above-mentioned guy release is
dangerous in respect of the mast viability.

In the same way other variants of mast elements
damages, their combinations and sequences have been
analysed.

It can be underlined the importance of the striving
for rationality and long-term reliability in different peri-
ods of buildings viability. Theoretical and practical in-
vestigations have disclosed [24] that not always, when
optimising in respect of one criterion, it is possible to
obtain solutions rational in other aspects (for example,
in the aspect of viability taking into account special ser-

vice conditions, aggressive environment etc). But it is
possible to obtain rational solutions in a finite area of
factors by application of multicriteria optimisation meth-
ods for truss designing [24]. The mast can be examined
as variant of a statically undetermined high-rise truss with
a special construction of supports: foundations and guys.
Attempts have been made to find rational truss variants
by applying different methods (method of proximity to
an ideal point, Walds, Hurwitz’s etc).

5. Conclusions

1. Environment pollutants aggressive to the mate-
rials of high-rise structures and spreading from many
sources in West and East have been efecting for a long
time the objects in several regions of post—Soviet area.
In the near future the dislocation of pollution sources
may change; nevertheless, aggressive pollution effects on
high-rise structures in the past and future may be dan-
gerous to their viability.

2. The stresses of many different-purpose masts left
at present without supervision (for military, secrete ser-
vices, aeronavigation etc purpose) are not adjusted to
extreme effects of wind, storms etc. The following as-
pects must be taken into account:

the initial tension of the discussed models of the

first level guys should be not less than 65 %. Mast

chord stresses are rather sensitive to it. The mast
construction can exceed both limit states;

the initial tension of the second level guys should
not decrease up to 50 % or more. It would be dan-
gerous if some elements of the mast reach and sur-
pass the first limit state;

after releasing the third level guy, some mast ele-
ments experience overloading. They may not sur-
pass the limit states, however, the mast is effected
by components of additional rotational loads. The
mast top displacements may exceed restriction norms.

3. The complex effect of mast elements corrosion,
erosion and tension release generates a large set of vari-
ants which is impossible to describe. But it can be re-
constructed and graphically visualised by applying op-
erational planning methods, disintegration conditions and
criteria of fracture mechanics.

4. It is desirable an examination of the actual reli-
ability (safety to perform) of the masts and towers; it is
dangerous for surroundings and people.

5. It is desirable to examine a mast at designing
stage for the influence of different kinds of pollution on
its stresses and strains.
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AUKSTU STATINIY ELEMENTU DEFORMACIJU KONCENTRACIJOS BEI MONOTONISKAS IRIMAS,
VEIKIANT APLINKOS TARSAI

V. Keras. A. Valys, J. Mockiené
Santrauka

Metaliniy stieby ir boksty gausa bei ju senéjimas vercia skirti daugiau démesio juy korozijos apraiSkoms ir pasekméms.
Ypac reikia atkreipti démesi i konstrukcijos elementy stiprumo bei deformatyvumo poky¢ius ir visos sistemos gyvybingumo
resursy issekimo apraiskas (disipacija), kurie sietini su aplinkos agresyvumu. Siuo atzvilgiu daugiau prielaidy yra antrajam
ribiniam baviui susidaryti — i§ pradziy tam tikruose stiebo konstrukcijos elementuose bei lokalinése grandyse, véliau ir
visoje konstrukcijoje. Nagrinéjamos statinio aplinkos cheminés bei elektromagnetinés tarSos susidarymo prielaidos ir ju
prognozes, procesai, kuriuos gali sukelti terSalai, stiecbo darbo imitacinis modeliavimas, tarSos saveikos su konstrukcijos
elementy medziaga sukelti destruktyviis procesai, agresyvios tarSos procesy padariniai. Pazyméta jtempimy ir deformacijy
koncentracijy aplink pazaidas veiksnio reiksmé destrukeijy raidai.

RaktaZodziai: stiebai, ribinis buvis, stiprumas, deformacija, aplinka, agresyvumas, korozija, irimas, kinetika.
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