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The article presents the production technology of binding and building composite
materials on the basis of glass wastes. Compositions of mortar mixes, heavy and light
concretes are developed and optimized. It is proved that given materials are bioresistant
in conditions, influenced by microscopic organisms. Extensive researches of bioresistant
bindings and specific structure of microorganisms occupying them are presented.
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Broken glass makes a considerable part
of all the techogenic wastes that are thrown as
useless dumps. In Russia taken alone, the volume
of glass wastes amounts to 4 million tons per year.
A greater part of such wastes, while accumulating,
contaminates the environmental medium.
Meanwhile, broken glass is productive secondary
resource that can be used in building industry for
producing binding materials, mortars, concretes,
and constructions on their basis.

At present, the existing processes of
making building materials with the application of
broken glass are based on technologies that
envisage the sintering of raw materials at high
temperatures or relevant treatment in autoclaves
(Merkin, A. P. and Zeifman, M.I.,1979, Toturbiev,
B. D., 1988).  If high energy consumption and cost

of such processes are into account, then the most
perspective way to solve the problem of broken
glass utilization is, in our opinion, the production
of binding materials, composites and other
products that can solidify and harden at
temperatures lower 90° C or in normal humid-
temperature conditions.
Methodology

Theoretical propositions for the
production of building materials on the basis of
industrial glass wastes have been suggested works
by domestic and foreign authors (Glukhovskiy, V.
D.,1981, Kirilishin, V. P., 1975).In these works, it has
been shown that the hardening of systems
involving natural or artificial glasses is based on
the interactive reaction between the silica and
alkaline water solutions. As a result of the
interaction, the compounds are being synthesized
and their chemical composition approaches the
chemistry of sedimentary and metamorphic rocks
of the nature of natrolite, mordenite, etc. However,
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this process takes place at high temperatures and
pressures. The economic efficacy of using such
materials may be attained if the technology of their
production is simplified. We have experimentally
proved that the formation of the above-mentioned
compounds can take place with no autoclave
treatment. This is attainable if certain corrective
additives are introduced. Clay and carbonate rocs,
as well as industrial wastes of building industry
producing ceramic materials are fount to be
effective as such additives.

Researches on durability dependence on
the quantitative content in the composition of
water solution of caustic natron and mineral
additive, and also of a latter type were conducted.
It is established that the best properties have those
mixtures that use fine powders of chalk and haydite
as a mineral component.

On the basis of developed binding, the
compositions of mortars and concrete with
optimum ratio are obtained and their physical and
technical properties are studied. Main
characteristics of materials are presented in
Table 1.

The developed binding compositions of
mortars and concrete meet the physical,
mechanical, thermotechnical, technological
requirements demanded of walling and they can
be used for constructing superstructure of low
buildings. One of distinguishing features of new
materials is the use of sand with clay impurity as
filling materials. When mortars and concrete harden
on such sands in the conditions of high alkalinity
of a liquid phase there is a hydration of clay
minerals, resulting in alkaline hydroaluminosilicate
promoting their structures consolidation
(Kurbatov, V. L and Danilyan, E.A.,2014, Ivanov F.
M., et al., 1984). So, on the basis of experimental
researches it is established that when using mixture
of sand with a 7 % of clay to prepare mortar its
durability after thermo humidity processing proved
to be 18 % higher, than a similar mixture with pure
quartz sand as a filler.

Thus, the application of binding on the
basis of broken glass makes it possible to use sand
with high clay impurity to produce concretes, but
for cement concrete it is not recommended. It is
necessary to note that sand resources of that kind

Table 1. Physical and technical properties building materials on the basis of glass alkaline binding

Index Mortar High-density Low Cellular Concrete with
concrete density concrete aggregates from

concrete microspheres

Pressure strength, MPa 18 25 16 0,5-0,9 20
Average density, kg/m 3 2000 2400 1400 500 650
Thermal conductivity, W/m ºC - - 0,43 0,13 0,19
Coefficient of elasticity, MPa 6000 9750 4600 400 6500
Coefficient of temperature equilibrium 0,897×10 -2 1,558E10 -5 0,427×10 -5 - -
Linear shrinkage, % 0,13 0,12 0,24 - -*
Water absorption during 24 h, % by mass 0,3-0,6 0,2-0,3 1,5-4,5 30-50 0,2

Table 2. The research results of fungi resistance of binding ingredients

Name of material Degree of fungi fouling in numbers Estimation of
according to GOST 9.049-91 fungi resistance

Method 1 Method 3

Limestone 2 5 fungi resistance
Brick dust 4 5 not fungi resistance
Glass powder 2 5 fungi resistance
Haydite powder 2 5 fungi resistance
Clay 3 5 not fungi resistance
Slag 2 5 fungi resistance
Gypsum 1 5 fungi resistance
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in Russia are great enough in Russia, whereas in
many regions expensive operations on enrichment
of local sand are performed.

Recently the increasing attention is given
to research on operational reliability of building
materials and in particular their stability in the
conditions of biologically active environments
influence. Bacteria, fungi, actinomycete belong to
those environments (Hansen, D. J., et al., 1981,
Varmylen, M.,1985).
Biological corrosion

Materials biological corrosion takes place
at the enterprises of the food, chemical, medical,
microbiological industry, and also in agricultural,
transport, hydraulic engineering buildings and
constructions. Public and residential constructions
are exposed to microorganisms affection, since the
smallest particles of organic substance of soil,
plants, animals serve as a nutritious substratum
for fungi and are practically always presented in

the air, accumulating on construction surfaces.
The most active destroyers among

microorganisms are mycelium fungi that cause
degradation by direct consumption of a material or
its separate components as a foodstuff, and also
due to chemical influence on a material of their
vital activity products to which first of all belong
organic acids, enzymes, amino acids. It is counted
up that damages caused to buildings and
constructions as a result of biodamages, makes
many ten milliard of dollars annually (Perfettini, I.
V., et al., 1990, Pirt, S. J., 1980, Popescu, A. and
Ionescu-Homoriceanu, S., 1991, Solodky, N.F., et
al., 2009, Zaitseva, E. I., 2003). Besides,
microorganisms can cause serious diseases
because some kinds are pathogenic in relation to
human beings and animals.

A Research of biological resistance of
bindings on the basis of glass breakage was carried
out according to GOST 9.049-91.

Table 3. Research results of fungi resistance of bindings on the basis of broken glass

Name of material Degree of fungi fouling in numbers Estimation of
according to GOST 9.049-91 fungi resistance

Method 1 Method 3

Glass alkali binding
1) with ground brick 0 0 fungicidal
2) with ground clay 0 3 fungi resistant
3) with ground c haydite
without additive 0 0 fungicidal
with additive
a) six water chloride aluminium 0 3 fungi resistant
) sodium aluminate 0 0 fungicidal
b) acetone 0 0 fungicidal

Table 4.  Research results of bioresistance

Name of material Degree of fungi fouling in numbers Estimation of
according to GOST 9.049-91 fungi resistance

Method 1 Method 3

Portland cement rock 0 3 fungi resistant
gypsum rock 0 3 fungi resistant
hardened epoxy resin 0 3 fungi resistant
engineering sulfur 0 3 fungi resistant
hardened binding on the basis
of glass 0 0 fungicidal (R=45 mm).
cellular concrete on the basis
of glass alkali binding 0 0 fungicidal (R=24 mm).

Note: R - zone radius of fungi growth inhibition
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The research results of fungi fouling of
the components forming bindings and hardened
compositions themselves are given in Tables 2 and
3.

As the research results show binding
components do not possess fungicidal properties,
however limestone, ground glass, ground haydite,
semi water plaster are fungi resistant. As
compositions tempering is done by an alkaline
solution so the hydrogen indicator of the
environment increases to values adverse for
growth and reproduction of microorganisms and
that raises their biological resistance considerably.
As it shown in Table 2 the majority of examined
structures possess fungicidal properties
(Antonova, E. A., 2014, Kozlov, Y. A.,1998,Rusina,
V. V., 2007).

Test results of samples bioresistance on
the developed bindings and the traditional ones
on the basis of Portland cement, building plaster,
technical sulphur and epoxide resin are presented
in Table 4.

As it can be seen from the table developed
glass alkaline bindings and materials on its basis
in contrast to widely used cement, plaster,
polymeric and sulfuric bindings possess fungicidal

properties and that proves the practicability of their
use when manufacturing goods maintained in the
conditions influenced by biologically active
environments.

Metabolic characteristics of fungi.
Statistics show that filamentous fungi have one of
the most damaging impact on the industrial and
construction materials among the various kinds of
microorganisms ( Bozhenov, P. I., 1978, Solomatov,
V. I. et al., 2001). Their high destructive activity is
due to the ability of adapting  to materials of
different chemical nature, mainly caused by the
presence of well-developed, powerful and mobile
enzyme complex. Metabolic feature of fungi,
caused damage, is   that they have the systems of
highly oxidative, glycolytic and other more or less
specific enzymes  carrying out a variety of chemical
transformations of complex substrates. Cleavage
of such substrates may occur by oxidation,
hydroxylation, rupturing of ring and cyclic olefinic
bonds , transformation of molecules and
compounds, biochemical syntheses, and in other
ways.

We have studied the resistance of
composites based on various types of bindings in
the presence of  filamentous fungi attack. Material

Table 5. Research results of bindings bioresistance.

Name of material Method1 Method 3 Results

After grade strength having been reached
Glass alkali binding 0 0 (R* = 45 <<) fungicidal
Portland cement rock 0 3  fungi resistant
Gypsum rock 4 5  fungi nonresistant
Hardened epoxy resin 2 5  fungi resistant
After three-month dry curing
Glass alkali binding 0 0 (R=15 <<) fungicidal
Portland cement rock 0 3  fungi resistant
Gypsum rock 4 5  fungi nonresistant
Hardened epoxy resin 2 5  fungi resistant
After twelve-month dry curing
Glass alkali binding 0 2 fungi resistant
Portland cement rock 0 4  fungi resistant
Gypsum rock 4 5 fungi nonresistant
Hardened epoxy resin 4 5  fungi nonresistant
After three-month storage in Czapek-Dox medium
Glass alkali binding – 1  fungicidal
Portland cement rock – 5 non- fungicidal
Gypsum rock – 5  non- fungicidal
Hardened epoxy resin – 5  non- fungicidal

*R –  microbistatic area radius
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testing was carried out in accordance with GOST
9.049 - 91 by applying two methods: 1 (no extra
mediums) and 3 (with the use of  Czapek-Dox solid
medium).

Table 1 shows  the kinetics of changes in
biological stability of composites based on various
types of bindings after three- and twelve-month
dry curing ,as well as quantitative indicators of
their biological stability after a long storage in the
presence of a constant affect of nutritive medium.

The results  in Table 1 show that  after
grade strength having been reached only samples
of glass alkali binding  have fungicidal properties.
High biostability of  binding based on glass
breakage is due to higher level of the system
basicity. Materials aging reduces their biostability,
for example, microbistatic area radius is less for
samples of glass alkali binding , and hardened

epoxy resin  becomes non-fungicidal. Materials
storage  under the action of biological media in the
presence of a nutrient medium for filamentous fungi
promotes  biofouling.

In order to identify potential
biodestructors of bindings after storage in air-dry
conditions, studies have been conducted to
determine the species composition of
microorganisms inhabiting them. The objective of
this research was to establish the number of genera
of fungi present in the air of the room that can use
binders as a source of nutrition, as well as
identification of specific species - the
representatives of this genus. The species
composition of fungi is shown in Table 2.
The results of the experiments

After  three- month storage samples of
Portland cement rock have 1 fungi genus  -

Table 6. Species composition of fungi colonies in bindings

Name of material  Fungi species Total number of fungi species /
number of genera

1 2 3

after three-month dry curing
Glass alkali binding no fungi 0
Portland cement rock Aspergillus ustus 1/1
 gypsum rock Aspergillus ustus, Penicillium nigricans,

Mucor corticola, Chaetomium globosum,
Verticillium nigrescens 5/5

 hardened epoxy resin Aspergillus niger, Aspergillus ustus,
Penicillium nigricans, Mucor corticola 4/3

after twelve-month dry curing
 glass alkali binding Aspergillus niger, Aspergillus ustus,

Penicillium notatum, Penicillium claviforme,
Penicillium cyclopium, Penicillium ochrochloron,
Penicillium nigricans, Fusarium moniliforme,
Cladosporium elatum 9/4

 Portland cement rock Aspergillus niger, Aspergillus ustus,
Alternaria brassicae, Cladosporium elatum 4/3

1 2 3
 gypsum rock Aspergillus niger, Aspergillus ustus,

Aspergillus fumigatus, Aspergillus clavatus,
Aspergillus oryzae, Penicillium notatum,
Cladosporium elatum, Fusarium sambucinum,
Chaetomium dolichortrichum, Mucor corticola,
Mucor circinelloides, Alternaria brassicae 12/7

hardened epoxy resin Aspergillus niger, Aspergillus ustus,
Aspergillus fumigatus, Aspergillus ruber,
Penicillium notatum, Alternaria brassicae,
Alternaria pluriseptata, Fusarium moniliforme,
Cladosporium elatum 9/5
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Table 7. Species composition of fungi colonies in bindings

Name of   Fungi species Total number of
material fungi species /

number  of genera
1 2 3

Pig-breeding farm building
Glass alkali Aspergillus ustus, Aspergillus versicolor, Aspergillus rubber,
binding Penicillium nigricans, Penicillium tardum, Penicillium cyclopium,

Alternaria dianthi, Alternaria alternate, Mucor hiemalis,
Fusarium heterosporum, Fusarium sambucinum,
Chaetomium globosum, Paecilomyces variotii 13/7

Portland cement Aspergillus niger, Aspergillus ustus, Aspergillus fumigatus,
rock Aspergillus clavatus, Aspergillus terreus, Aspergillus oryzae,

Aspergillus penicilloides, Penicillium godlewskii,
Penicillium cyclopium, Penicillium urticae, Alternaria alternate,
Alternaria dianthi, Mucor corticola, Mucor circinelloides,
Mucor hiemalis, Cladosporium elatum, Cladosporium macrocarpum,
Fusarium avenaceum, Rhizopus cohnii, Chaetomium dolichortrichum 20/8

hardened epoxy Aspergillus niger, Aspergillus oryzae, Aspergillus nidulans,
resin Aspergillus ustus, Aspergillus sydowi, Mucor corticola,

Mucor hiemalis, Mucor circinelloides, Cladosporium macrocarpum,
Penicillium godlewskii, Penicillium cyclopium, Penicillium claviforme,
Penicillium notatum, Penicillium corylophilum,
Chaetomium dolichortrichum 15/5

gypsum rock Aspergillus niger, Aspergillus ustus, Aspergillus sydowi,
Aspergillus oryzae, Aspergillus nidulans Aspergillus terreus,
Penicillium claviforme, Penicillium godlewskii, Penicillium cyclopium,
Penicillium lanosum, Penicillium notatum, Penicillium expansum,
Penicillium meleagrinum, Mucor corticola, Mucor circinelloides,
Fusarium avenaceum, Fusarium sambucinum, Alternaria alternate,
Alternaria pluriseptata, Alternaria brassicae,
Chaetomium dolichortrichum, Chaetomium bostrychodes,
Trichoderma koningii, Cladosporium macrocarpum,
Cladosporium elatum 25/8

Poultry building
glass alkali binding Aspergillus ustus, Aspergillus versicolor, Penicillium nigricans,

Penicillium cyclopium, Penicillium claviforme,
Penicillium godlewskii, Mucor hiemalis,Mucor corticola,
Cladosporium macrocarpum, Cladosporium elatum,
Alternaria brassicae, Alternaria pluriseptata,
Chaetomium globosum 13/6

1 2 3
Portland cement Aspergillus niger, Aspergillus ustus, Aspergillus oryzae,
rock Aspergillus sydowi, Penicillium godlewskii,

Penicillium cyclopium, Penicillium expansum,
Penicillium nigricans, Penicillium corylophilum,
Penicillium notatum, Penicillium chrysogenum,
Penicillium claviforme, Mucor corticola, Mucor hiemalis,
Alternaria alternate, Alternaria pluriseptata,
Alternaria brassicae, Cladosporium macrocarpum,
Cladosporium herbarum, Chaetomium dolichortrichum,
Fusarium sambucinum 21/7

hardened epoxy Aspergillus niger, Aspergillus ustus, Aspergillus sydowi,
resin Aspergillus clavatus, Aspergillus fumigatus, Penicillium godlewskii,

Penicillium notatum, Penicillium cyclopium, Penicillium chrysogenum,
Penicillium corylophilum, Alternaria alternate, Alternaria dianthi,
Cladosporium elatum, Cladosporium herbarum,
Cladosporium macrocarpum, Mucor circinelloides,
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Mucor corticola, Trichoderma koningii 18/6
gypsum rock Aspergillus ustus, Aspergillus niger, Aspergillus rubber,

Aspergillus clavatus, Aspergillus penicilloides, Penicillium godlewskii,
Penicillium nigricans, Penicillium lanosum, Penicillium cyclopium,
Mucor corticola, Mucor circinelloides, Alternaria alternate,
Alternaria brassicae, Cladosporium macrocarpum,
Cladosporium elatum, Chaetomium dolichortrichum,
Chaetomium bostrychodes, Trichoderma viride, Paecilomyces variotii 19/8

Potato storage space
Glass alkali binding Aspergillus penicilloides, Aspergillus sydowi, Aspergillus nidulans,

Aspergillus versicolor, Aspergillus clavatus, Aspergillus oryzae,
Aspergillus ustus, Aspergillus fumigatus, Penicillium canescens,
Penicillium godlewskii, Penicillium lanosum, Penicillium nigricans,
Penicillium cyclopium, Penicillium claviforme, Penicillium urticae,
Fusarium heterosporum, Fusarium moniliforme,
Fusarium sambucinum, Alternaria brassicae, Mucor circinelloides,
Verticillium album, Cladosporium elatum, Cladosporium macrocarpum 23/7

Portland cement Aspergillus niger, Aspergillus ustus, Aspergillus sydowi,
rock Penicillium corylophilum, Penicillium clavigerim, Penicillium urticae,

Penicillium claviforme, Penicillium canescens, Penicillium godlewskii,
Penicillium cyclopium, Mucor corticola, Mucor circinelloides,
Cladosporium macrocarpum, Cladosporium elatum,
Fusarium sambucinum, Trichoderma koningii, Trichoderma viride 17/6

1 2 3
hardened epoxy Aspergillus ustus, Aspergillus penicilloides, Aspergillus fumigatus,
resin Penicillium oxalicum, Penicillium nigricans, Penicillium godlewskii,

Penicillium lanosum, Penicillium cyclopium, Penicillium corylophilum,
Penicillium expansum, Penicillium claviforme, Penicillium meleagrinum,
Alternaria brassicae, Fusarium moniliforme, Fusarium sambucinum,
Fusarium avenaceum, Cladosporium macrocarpum, Cladosporium elatum,
Trichoderma viride, Verticillium tenerum, Mucor corticola, Mucor hiemalis 22/8

gypsum rock Aspergillus ustus, Aspergillus penicilloides, Aspergillus niger,
Aspergillus clavatus, Aspergillus sydowi, Aspergillus fumigatus,
Aspergillus nigricans, Penicillium lanosum, Penicillium oxalicum,
Penicillium puberulum, Penicillium corylophilum, Penicillium canescens,
Penicillium claviforme, Penicillium cyclopium, Alternaria alternate,
Alternaria brassicae, Alternaria dianthi, Cladosporium macrocarpum,
Cladosporium elatum, Paecilomyces variotii, Fusarium sambucinum,
Fusarium avenaceum, Verticillium tenerum, Rhizopus cohnii,
Trichoderma viride, Mucor corticola, Mucor hiemalis, Botrytis cinerea 28/11

Malt house of brewery works of OJSC «Sun InBev» ( Saransk branch)
glass alkali binding Aspergillus ustus, Penicillium meleagrinum, Fusarium moniliforme,

Alternaria alternat0, Alternaria pluriseptata, Alternaria dianthi,
Cladosporium sphaerospermum, Mucor corticola 8/6

Portland cement Aspergillus niger, Aspergillus ustus, Penicillium meleagrinum,
rock Alternaria pluriseptata, Alternaria dianthi, Alternaria brassicae,

Fusarium avenaceum, Chaetomium dolichortrichum,
Cladosporium sphaerospermum, Cladosporium cladosporioides,
Mucor corticola 11/7

hardened epoxy Aspergillus niger, Aspergillus ustus, Aspergillus oryzae,
resin Aspergillus clavatus, Penicillium notatum, Penicillium tardum,

Penicillium claviforme, Alternaria alternat0, Alternaria pluriseptata,
Alternaria dianthi, Alternaria brassicae, Fusarium avenaceum,
Fusarium moniliforme, Chaetomium dolichortrichum,
Cladosporium cladosporioides, Cladosporium sphaerospermum 16/6

gypsum rock Aspergillus terreus, Aspergillus fumigatus, Fusarium moniliforme,
Cladosporium cladosporioides, Cladosporium sphaerospermum,
Cladosporium herbarum, Verticillium album, Mucor hiemalis,
Mucor corticola, Mucor circinelloides 10/5
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Aspergillus ustus, gypsum rock - 5 genera of fungi
(Aspergillus, Penicillium, Mucor, Chaetomium,
Verticillium), hardened epoxy resin - 3 genera of
fungi (Aspergillus, Penicillium, Mucor ).Increasing
of storage period  led to the expansion of the
species composition of fungi. Table 2 shows that
the number of fungi that are found on the surface
of the composites after twelve-month dry curing ,
has increased dramatically. Glass alkali binding has
no fungi after three-month standard curing , and
although fungal colonies are detected in the
samples after twelve months, they develop slowly
and are in a depressed state.

In this regard, the use of glass alkali
composites in buildings with biologically active
media is the most preferred, since, in this case,
along with the increased durability of structures
and products,  the environmental situation in
buildings and structures improves. Settling on
materials surface of building structures
microorganisms can cause mouldy smell in rooms
and release toxic products, allergens (Ershova, O.
V. et. al., 2012, Fomin, R. V., 2003). Developing on
the materials, fungi secrete a lot of sporules and
various pro-life activity products that can cause a
number of serious human diseases.

DISCUSSION

Identification of species composition of
microorganisms. To identify potential
biodestructors of bindings using in construction
of pig-breeding complex and poultry buildings,
potato storage space and malt house of brewery
works, studies have been conducted to determine
the species composition of microorganisms
inhabiting the bindings. The experiment was
conducted in natural conditions within 6 months.
The research results  are listed in Table 3.

In the end we can say. Fungi genera found
on the investigated materials at their operation in
all the above conditions are: Aspergillus,
Penicillium and Mucor, with Aspergillus and
Penicillium largely predominated. Long-term
studies in the field of  composite building materials
bioresistance indicate that fungi species of
Aspergillus niger and Penicillium chrysogenum
bring the greatest harm to industrial and
construction materials, products and designs in
comparison with all the varieties of microscopic

organisms (Child P., 1987, Komarova , N. D. and
Kurbatov, V. L., 2015). The obtained results show
that these types of filamentous fungi were not only
detected  on glass alkali binding samples  in any of
the cases. During operation in pig and poultry
buildings and in potato storage space only
Aspergillus niger is found on the surface of gypsum
rock. Two harmful fungi species are found on the
surfaces of Portland cement rock and  hardened
epoxy resin when used in the poultry house and
for storing in a malt house of brewery works  only
Aspergillus niger is found.

CONCLUSION

The experimental study of the behavior
of composite building materials (CSM) under the
action of microscopic organisms showed a
decrease in strength characteristics and changes
of masses of  composites with cement, glass alkali
and polymer bindings  (Solomatov, V. I. et al., 1998,
Kanevskaya, I. G., 1988).Masses  changes  results
show  that the interaction of materials with
microorganisms and their metabolites occurs by
different mechanisms. For example, composites
with cement and gypsum bindings are characterized
by mass decreasing and materials with polymer
bindings have increase in  mass . These data
confirm that under biodegradation the rate of
corrosive destruction depends on  degradation
caused by chemically aggressive media and is
determined by the rate of chemical reactions on
the surface of the material, internal diffusion of the
microorganisms and their metabolic products in
the structure of the material and  undergoing  of
chemical reactions. Only in this case it is also
necessary to consider  the nature of the interaction
of microorganisms with the components of the
material.

The results of these experiments have
allowed to identify the main biodestructors of
building materials and confirmed that microscopic
fungi spores can  occupy  the surfaces of the rooms
and develop using existing pollution as a nutrient
substrate even in the air space of administrative
and civil buildings. Reproduction of microscopic
organisms is activated, and the number of genera
and species increases when there is
biotechnological production in the spaces of
buildings and structures. This confirms once again
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that there is a necessity to be selective when
choosing building materials and protective
coatings, depending on the specific operating
conditions and taking measures to prevent or
minimize potential settling of microscopic
organisms on the surfaces of the materials.

Further research will focus on the
development of measures to minimize the maximum
exposure to biological corrosion on various
construction materials and not only.
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