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Maxkanana 40 xoHe olaH 1a KeIl XKbIT OOHBI maiijananral XpU3OTHILEMEHTTIK aIbIp-OyAbIpIIbI ToOe xKaObIH-
IBICEI KYPAaMBIH 3€pTTEYHIiH HOTIKeNlepi KepceTUIreH. YCHIHBUIFAH MariayMaTTap XpPU3OTHILEMEHTTIK
OHIMJIEp/IiH KaITBIHIBIFBI )KYKapMaTHIHEI JKoHE aTMoc(epara 3UsTHBI KeIMEHTIHIH KopceTTi. OTKi3inreH 3epT-
Teynep Oacka TeOe kabaTbIH MaTepHangap MEH OHIMIEepMEH CaIbICTBIpFaHIa XPH3OTWIIEMEHTTIK ajbIp-
Oy.1bIpIIbI TOOE KAOBIHABIHBIH SKOJIOTHSIIBIK, SKOHOMUKANBIK aPTHIKIbUIBIFBIH PACTa/IbI.

B crarbe npuBeeHbI Pe3yJIbTaThl UCCIIEOBAHUIT CBOWCTB XPU3OTHILIEMEHTHBIX BOJIHUCTBIX JINCTOB CO CPO-
KOM 3KcIuTyaTanuu B KpoBisix oT 30 1o 60 jer. BoepBrie 3KCIEPUMEHTAIIBHO YCTAHOBJIEHO, YTO B IIpolecce
JUIMTENNBHON SKCILTyaTalMy XPU30THILIEMEHTHBIX JIMCTOB UX CBOWCTBA He yXyauatTcs. M3 pe3yabTaToB uc-
MIBITAHUH CIIEyeT, YTO C BO3PAacTOM He yMEHBINAeTCS TOMIIMHA XPH30THILEMEHTHEIX JIICTOB, H, CIEI0Ba-
TENBHO, BOJIOKHA acOecTa He BRIIEIAIOTCS B aTMoc(epy, Kak 3To 0e3/10Ka3aTeNnbHO yTBEPIKAACTCS B HEKOTO-
PBIX 3apyOEKHBIX HCTOYHHKAX. ABTOPBI OTMEHAIOT, 9TO B MUKPOCKOITMYECKIX UCCIEI0BAHMAX, KaK U B paHee
MIPOBEAEHHBIX paboTax, MOKa3aHO, YTO BOJIOKHA acOecTa ecTb B IEMEHTHOI MaTpuIie.

The modern market of the roofing materials is very wide. Choice of this or any other roofing material
requires an integrated approach. Many factors should be considered. Among them design and aesthetic re-
quirements as well as the environmental conditions of its operation and last but not least, the financial capac-
ity of a building contractor:

According to the price-quality trade-off chrysotile cement sheets are top-ranked among the industrial
manufactured products for pitched roofs. These products, with more than a century of history, are used prac-
tically all over the world. They are simple in manufacturing and roofing installation, light (14 kg/m? compar-
ing to the ceramic tiles — up to 70 kg/m?), whereas, not expensive and durable.

The most active period of the chrysotile cement production around the world was in the 50—70s of the
XX century due to the necessity of the housing stock restoration and the infrastructure rehabilitation of the
participating ‘countries in the Second World War. A large number of enterprises appeared in the USSR.
58 plants worked in the country by the end of 1990-ies. Currently, the age of the roofs on some buildings,
built.in that period, is more than 60 years. There are examples of a much longer term of the successful chrys-
otile cement roofs operation. In the west of Russia and in Ukraine even now there are the roofs made of thin
flat tile 4 mm thick, which were manufactured at the first slate plant in Russia (launched in 1908) in Fokino
town, Bryansk region [1]. The exact date of the tiles manufacturing is unknown, but it is known that the pro-
duction of the flat roofing tiles was discontinued in the late 20-ies of the 20" century, when the production of
the corrugated sheets was adjusted. Therefore, chrysotile cement «tiles» on these houses are more than
80 years old. The houses under these tiles were rebuilt 2 — 3 times, and the tiles were restored to the roof.

After decades of the operation term chrysotile cement roofing sheets are still on the roofs in many re-
gions of Russia and other countries in different climatic zones and retain their main properties: to hold water,
to withstand snow loads and to protect from UV light and radiation. The real long-term operation of the
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chrysotile cement products give an evidence of the actual retention of their physical and mechanical charac-
teristics during the whole term of operation. At that the operating life of chrysotile cement is not limited after
the sheet is removed from the roof or after the passage of its main crack.

In the literature the information about the physical and mechanical characteristics of the tiles and sheets
after such a long period of operation is not found. Their size is regulated by the normative documents only
for the production aged 7-28 days and during the receiving of the production consignment by the project
owner. At the same time, the investigation of changes in the chrysotile cement roofing sheets building per-
formance in the process of long-term operation are of a considerable interest. Supporters of an antiasbestos
campaign, which began about 30 years ago, are speaking about the air pollution by the fibers, which, as they
claim, are allocated from the surface of the chrysotile cement sheets in the process of the operation. In the
western literature there is even a calculation data on the exit velocity of the fibres from the sheet products. At
the specified speed of the exit velocity of the fibres the chrysotile cement sheets would have simply dis-
solved into thin air within the space of 50 years after their installation on the roof. However, in the literature
there is no experimental data on the change of the sheet thickness and other physical and mechanical proper-
ties of the material.

To obtain the information about the degree of the chrysotile cement roofing sheets integrity, including
their thickness in the process of the long-term operation in the present study we tested the VO roofing sheets
(corrugated roofing sheets), manufactured by the plant «Krasny Stroitel» in Voskresensk. VO roofing sheets
are no more commercially available for more than 30 years; sheet size — 1200x686 mm, thickness not less
than 5.5 mm (in accordance with GOST 37876 «Asbestos-cement corrugated sheets of standart profile and
details for them»). Operated products were on the roofs of private houses in the Shifernyj town, Moscow re-
gion. The age of the sheets is 30, 40 and 60 years as it was subjectively defined on the basis of the data with
which the buildings owners furnished us. Some roofing sheets by the time of sampling after being removed
from the roofs were kept outdoors by the owners. The surface of the sheets was contaminated with dust, they
were partly covered by the moss growth. For testing we took sheets without any visible damages of the surface.

On account of the small number of selected sheets we failed to spend statistically reliable test. For pre-
liminary testing we sawed out one sample from each roofing sheet to determine the bending stress and two to
determine the fracture toughness and density.

Physical and mechanical tests of the selected sheets are performed in accordance with the current GOST
8747-88 «Asbestos-cement sheet products. Methods of testing» in August 2010 in the industrial laboratory
of the plant «Krasny stroitel» Ltd. The results are shown in the Table.

Table

The results of the physical and mechanical testing of the VO roofing sheets
in comparison with the GOST 378-76 regulations

Parameters of the samples
Term of opera- -
Sheet# | tion, years, no Bending Fracture 3
’ ] Thickness, mm | strength, MoR, | Thickness, mm » | Density y, g/sm
less than MPa toughness, kJ/m
Indicators in accordance

with GOST 378-76 33 16 33 1,5 1.6

5,5 1,6 1,76

1 30 5.9 17,6 6.1 1,6 1,72

5,8 1,6 1,75

2 40 5,9 16,1 6.2 1.7 1.72

5,8 1,9 1,54

3 40 6 16,3 6.2 2 1.55

5,7 1,8 1,7

4 40 5,7 21,4 57 21 1.69

5,4 1,8 1,74

5 60 5,7 15,9 5.2 > 171

6 1,8 1,71

6 60 5,9 19,3 57 1.8 .72
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Given the fact that there was small number of tested specimens, for greater reliability of the findings in-
dex listed in the table is not average, but includes all the subproduct test results: bending strength — 6 sam-
ples, other indicators — 12. As a comparison in the top row of the table there are normative indicators of the
products according to GOST 378-76.

The given data shows that the thickness of the roofing sheets as well as their physical and mechanical
characteristics are within the requirements of the standards for almost all tested samples. Only 2 samples out
of 18 have thickness that is 2—5 % below normal, density of two samples out of 12 is lower by 3—4 %. There
under we can conclude that during the entire operation period within 30-60 years in the climatic conditions
of Moscow region the physical and mechanical properties of the VO chrysotile cement roofing sheets com-
ply with the requirements of the GOST (the initial parameters), applicable at the time of the roofing sheets
manufacture.

In this case, it is important to note the complicated ecological mode of operation.of the sheets in
Voskresensk district, Moscow region, with a large number of the changes of temperature and humidity ex-
tremes, which are typical for the region, the sheets were also effected by the pollution from the operation of
the chemical plant being once the most powerful in the Soviet Union (26 production lines) and cement
plants.

Whereas the adopted regulations for the ultimate bending strength, density and fracturetoughness as to
the SV-40 corrugated roofing sheets, which are manufactured at the present time according to GOST 30340—
95 «Asbestocement corrugated sheets. Technical requirements» are consistent with' the requirements of
GOST 378-76 to VO roofing sheets, there is no reason for assumption of anether mode of modern products
behavior in the process of their operation.

The record of properties invariance of the chrysotile cement sheets samples with the term of operation
up to 60 years under natural conditions have not revealed any deviations from the regulations, which once
again proved the reputation of the chrysotile cement roofing sheets as a long-lasting material. High physical-
mechanical properties of the chrysotile cement are determined by unique properties of a natural fibrous min-
eral chrysotile, as well as unique and layer-by-layer press-filter technology with the reinforcement of thin
films by the chrysotile fibers [2, 3], as a result of whichra multi-layered composition of the portland cement
and chrisotile fibers is formed.

During the test we revealed the immutability of the chrysotile cement sheets thickness in the process of
their operation, which allows to refute reliably the allegations of the possibility of the chrysotile fibres allo-
cation, because in order to release the fibres from the cement matrix one layer after another must be de-
stroyed, that would just lead to a decrease in the thickness of the products.

Also in the course of the test we studied the condition of the surface of the chrysotile cement samples
taken from the sheets of various age and the character of chrysotile fibers allocation on the surface. For com-
parison, samples were taken from the ' SV-40 sheets of about six months and VO sheets being in use for about
60 years.

Fresh spall of the samples was studied using scanning electron microscope JSM-U3, JEOL company
(Japan) and x-ray spectrometer with the energy dispersion of the GETAC company (Germany). The test was
carried out in the Russian academy of sciences A.N.Frumkin Institute of Physical chemistry and Electro-
chemistry RAS (IPCE RAS). Samples were fastened onto a graphite substrate with the help of a double-
sided conductive adhesive tape. To provide the conductivity to the object we applied a layer of carbon with
thickness of a few nanometers by vacuum thermal evaporation method. The objects were viewed at an accel-
erating voltage of 25 kV and current of the electron beam in about 10°A.

From the given pictures (fig. 1, 2) we can see that the structure of the surface of the chrysotile cement
samples, which have substantially different terms of operation, is close as to the outline of the cement matrix
grains, but there is a difference of its density degree: as for the samples of 6 months, their structure is looser,
it has more substancial breaches of continuity in the form of long and wide gaps than the one of the 60 years
samples, wich has more extensive violations of the continuity as long and wide cracks.

This clearly shows that with ageing of the chrysotile cement products the degree of the chrysotile fibers
consolidation in the cement matrix is increasing at the expense of the porosity reducing of the material, in-
crease of the fibres reduction strength by the matrix and, obviously, at the expense of the more active coop-
eration between the hardening portland cement and chrysotile fibers. There is no difference between the
samples of different age in the location of the chrysotile beams and of individual fibers in the matrices of the
hardened portland cement. In all the pictures there are tight bundles of chrysotile and fibres, visible as sepa-
rate. The ends of some of the beams remained in the matrix after the samples spalling (fig. 1a, 2a), the other
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are «sticking out» of the matrix (fig. 15, c¢; 2b, c — are made at a different magnification). In our opinion, the
lack of differences in the arrangement and consolidation of fibres gives an evidence of the chrysotile fibres
retention in the cement matrix during the entire period of the product operation.

Fig. 2. Micrographs of the chrysotile cement at the age of 60 years

Thus, the data obtained in the physico-mechanical testing of chrysotile cement roofing sheets with a
significantly different operation and microscopic studies of their surface, shows immutability of the chryso-
tile cement properties during a long operation period. This data also serves as a refutation of the available in
the publications statements that in. the process of operation thickness of chrysotile cement products is re-
duced and chrisotile fibers are allocated from them into the atmosphere. The research has confirmed the ad-
vantages of the chrysotile cement roofing products from environmental, operational and economic points of
view in comparison with many other roofing materials and products.
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