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ABSTRACT - mm e oo e
The structure of ceramics is non-uniform, and many scientists have studied the size and distribution of pores
and capillaries in ceramic products. The mechanism of disintegration of ceramic products during freezing is
reviewed in detail. Rapid forecasting methods based on one parameter are not promising. Forecasting methods,
when based on a higher number of parameters, are much more reliable and better show the frost resistance of
ceramic products. In the current period, two directions of ceramic product forecasts are distinguished, one area
basis on structural and strength parameters, the other on deformation parameters. Rapid forecasting methods
allow for the evaluation of the frost resistance of ceramic products quickly enough, and by applying them, it is
possible to stop the entry of low-quality products into construction.
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l. INTRODUCTION

Construction ceramics are used in different areas. In colder areas, they are exposed to the effects of
frost caused by frozen water penetrating the pores of the material. It is known that freezing of water-saturated
porous products increases the volume of the water by 9 % as it passes through the solid state, resulting in tension
and deformation. The ability of a material to resist tension and deformation depends not only on its structure but
also on its phase composition. It is now known that the crystallisation pressure is responsible for most of the
tension in the pores of the material. Damage occurs when these tensions exceed the local tensile strength. In this
case, the problem arises, reducing the mechanical strength of ceramic products and requiring costly repairs [1-
5]. The frost resistance of products has been interpreted in different ways and is mainly related to the ceramic
product properties, the total volume of the pore and capillary space [6, 7] and the size distribution of the pores
[8-10]. In ceramic products, decomposition is caused by moisture and temperature. Not only the freezing of
water, but also the redistribution of water in the products before and during freezing has a significant effect on
the breakdown of the porous structure. The frost resistance of ceramic products depends on the saturation and
the water-ice and ice-water phase transformations. Since most of the methods used to derive and validate tension
generation theories use indirect parameters related to phase transformation. It is difficult to reach a consensus on
the exact explanation of tension evolution [11]. Attempts have been made to better understand the origin of the
tensions that develop in tiles during the freezing process. The analysis of the interaction between liquid, ice and
solids allows us to divide this average pressure into two parts. One may be due to the pore size distribution and
the experimental variation in the volume fraction of the ice produced by freezing. The second part expresses the
additional pressure due to the liquid phase. Obviously, the strict pore size distribution plays a secondary role
compared to the pressure generated by the liquid phase. The importance of the liquid phase is due to the ability
of water to move within the pore volume. The dominant parameters seem to be the distribution of the ice
crystals formed and the permeability of the porous material to liquids [12]. The tensions that occur in a ceramic
product upon uniform saturation and freezing are dependent on the size of the pores and the geometry of the
pores and capillaries. Initially, micro cracks are formed in the material. These micro cracks will grow and merge
with each other until the final crack occurs. The main parameters affecting the durability of ceramic materials,
according to the nature of the material, are porosity, modulus of elasticity, permeability and boundary conditions
[10, 13]. Through a series of experiments, researchers have found that it is not only porosity and pore size that
are important in assessing the frost resistance, but also the mechanical properties of the material that enable
higher strength ceramics to withstand the internal tensions that arise from the soaking of water [14, 15].

The tests showed that, in particular, water in the smaller pores is instantly unfrozen, while in the larger
pores it is surrounded by an ice phase due to a decrease in freezing temperature inversely proportional to the
radius of the pore. It has also been found that the wider the pore size range and the slower the rate of cooling,
the greater the proportion of the volume of water that is not instantaneously frozen that causes frost damage
[16].
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The probability of dangerous tensions and deformations is lower with a more favourable structure
containing reserve pores, which provide a free space for the entry of excess moisture. It has long been known
that increasing the firing temperature of a ceramic product makes the pores and capillaries larger and increases
their durability [17, 18]. Increasing the firing temperature reduces the total volume of the pores and capillaries
and increases the glass phase [17,18].

Some researchers assess the frost resistance by structural characteristic (volume of reserve pores). If
this structural characteristic exceeds 9 %, they consider the material to be frost resistant. Such a material is
assessed by the mercury porometry method. Due to the uneven structure of the samples, the data obtained can be
very unreliable [18]. Fagerlund [19, 20] showed many years ago that below a certain degree of saturation in
Scrit (saturation degree S, defined as the ratio of the moisture content to the moisture content when all
accessible pores are filled with water), brick can be exposed to hundreds and thousands of times the freezing
temperature above and below the freezing point with no measurable damage. He defined the degree of saturation
above which fracture can occur as Scrit.

Many scientists have long tried to find different characteristics of ceramic products that can be
predicted. One of the parameters related to frost resistance is scrit. The water saturation coefficient K, has been
used for this. Practice has shown that rapid methods based on a single parameter are unreliable. Many scientists
consider that it is more reliable to use a complex set of parameters to judge frost resistance [4, 5]. Such methods
are based on complex parameters. A correlation is established between frost resistance and structural and
strength characteristics [4,5].

1. FORECASTING METHODS ANALYSIS AND DISCUSSION
PREDICTING FROST RESISTANCE FROM STRUCTURAL AND STRENGTH
CHARACTERISTICS

The size of the pores in the brick material influences the resistance of the brick to freezing and thawing
cycles [4, 5, 21]. According to the literature, pores larger than 1 um (large pores) can be easily filled with and
removed by water, increasing the durability of bricks [21, 22]. According to Kung [23], small pores (less than
0.1 um) have little effect on the resistance of bricks to freeze-thaw cycles, as the water in them only freezes at
very low temperatures, while medium sized pores are harmful. The Maage coefficient/factor (Fc) to predict the
resistance to freeze-thaw cycles is based on experimental results and a statistical model with two main variables,
the total pore volume (PV) and the number of pores of a specific diameter, i.e. pores larger than 3 um (P3). DF
> 70 - high probability of frost resistance in severe climates - 55 < DF < 70 - undefined frost resistance zone and
- DF < 55 - low probability of frost resistance [24 — 27], speaks of a positive effect of large pores on the
resistance of bricks to freeze/thaw cycles. In addition to Maage, the assessment of the resistance of bricks to
freeze-thaw cycles based on the characteristics of the material's pore system has been proposed by some other
authors, such as Koroth, Vincenzini, Franke and Bentrup, Litvan and Nakamura [28]. Most of these authors
consider that larger pairs have a positive effect on resilience. Franke and Bentrup additionally introduced the
average pore radius as a parameter to assess the resistance of bricks to thaw cycles [29]. Koroth et al. [30] also
developed a durability index based on the assumption that a pore fraction greater than 3 um plays a decisive role
in the frost resistance of clay bricks. Franke and Bentrup [31,32] have shown on 40 different types of bricks
(new and old) that the most important factor is the average pore radius. Bricks with at least 40% pores with a
diameter greater than 0.25 pm or with an approximate number of pores. 40% of pores with a diameter greater
than 1.4 um have good frost resistance [33]. If the predominant pores in the material are between 0.5 and 1.4
pum, the material has low frost resistance. Robinson [34] in turn observed that materials with a predominance of
pores less than 1 um in diameter have low cold resistance, in contrast to materials with a predominance of larger
pores greater than 2 um in diameter. Pores greater than 3 um in diameter have been shown to have a significant
effect on the improvement [35,36].

The frost response of ceramic products depends on parameters such as the raw material and its
composition, the firing process, and the properties of the manufactured products, such as the pore size
distribution, the shape of the pores and the strength of its structure, or the prediction of the cold resistance.
However, indirect methods are also used, which provide a prediction of frost resistance based on knowledge of
freezing phenomena, which are influenced by porosity distribution, degree of saturation, freezing rate, etc. [37].

The authors concluded that a combination of properties would better predict durability in service. The
proposed combinations would be specific saturation factor maxima (or initial absorption rate ranges) where the
boiling water absorption is above or below a certain value. The indirect method of ASTM C 1167-03 [37] has
received more attention in the past and is quick and simple to implement, predicting the frost resistance by the
saturation factor S. This factor is the ratio between the water absorption after 24 h soaking in cold water and the
water absorption after 5 h boiling. The classification of freeze-thaw resistance is as follows: - S < 0,74 - high
probability of frost resistance in harsh climates, - conditions 0,74 < S < 0,84 - indeterminate frost zone
resistance, and - S > 0,84 - low probability of freeze resistance.
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For the prediction of frost resistance, the following equation has been proposed using several

characteristic physico-mechanical parameters [5] :
2,17

S & r oph B (1)
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where FS - Frost resistance number; r - average pore radius; T - penetration coefficient, the strength
coefficient based on tensile and flexural strength; P - total porosity of the specimen; tg - angle of curvature of
the integral curve for the size distribution of the pores and capillaries; E - modulus of elasticity of the material;
B/D - the ratio between the tile's surface area and the tile's width. In this case, it is assumed that at FS11 the
specimens are considered to be non-resistant, 11-35 are transient and 35 are frost resistant. Applied only to the
frost resistance of tiles, but not widely used.

The prediction methods were combined with studies carried out by direct methods. Sadiinas, Siaugiulis,
Kaminskas concluded that frost resistance can be predicted by capillary rise and flexural strength. Subsequently,

a further empirical prediction formula was developed to better analyze structural and strength characteristics [5]:
—2,63RJ.,06A0,6J.
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M - frost resistance in cycles; e - base of natural logarithm; R, - bending strength; A — destruction work
of the volumetric unit of material; q — relative quantity of displaced ice; H - capillary rise height in 1 hour;

Evaluates frost resistance, but would only allow cycles to be evaluated by considering charring
fractures (rather than those produced by one-way freezing).

Subsequently, another rapid prediction method has been developed by establishing a correlation
between its strength, structural characteristics and frost resistance. The formula presented was used to predict

the in-service frost resistance from its structural and strength characteristics [4,5]:
R?-?ﬂ? 40902
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M - frost resistance in cycles of unidirectional freezing; e - natural logarithm basis; R, - bending
strength; A — destruction work of the volumetric unit of material, q/H? - porous structure irregularity
characteristics, Kv - water saturation coefficient.

On the positive side, this method provides a reasonably rapid determination of indicators and also
shows the impact of technological factors. The qualitative firing of the ceramic product can be judged by A and
R,, cracks by A, irregularities in the structure of pores and capillaries by H/H, , and the frost resistance of the
structure by g/H?. The methods developed can be used to predict frost resistance within 3-7 days. This equation
satisfactorily expresses the relationship between frost resistance and is suitable for predicting the frost
performance of ceramic products in terms of structural and stiffness characteristics.

Further prediction equations have been derived for comparison with one-way freezing methods. The
deformation of water-saturated ceramic products during freezing is known to be tension dependent. The
magnitude of the tension depends on the degree of water saturation and the rate of freezing. The amount of
moisture migrating to the surface to be cooled depends on the pore and capillary structure of the material, partly
on the size of the sample (with which the percentage of moisture is related etc.). In the case of unidirectional
freezing, the destructive tensions are concentrated at the surface of the specimen. Therefore, this prediction
method was compared with the one-sided freezing and thawing.

Another rapid prediction method is the assessment of the 3-day water absorption (one of the main
indicators in the calculation of frost resistance). Water absorption is also determined by vacuuming the sample.
This opens up the possibility to calculate the pore space reserve (R) as well as the ratio of pore to capillary
thickness. The water content gain in 10 min in two different directions under vacuum and in one direction under
normal conditions is determined. In this case, anisotropy can be assessed. The full set of basic structural
properties as well as the maximum and minimum height of rise.

It is known from the theoretical basis that the reserve, water-free pore and capillary space is filled with
water and undergoes surface decomposition by cyclical unidirectional cooling and thawing and by simulated
rain due to migration and phase transformations. The reserve R and the relative wall thickness D are directly
proportional to the cold resistance index. The ratio G1/g2 or G1/G2 will compensate for the anisotropy of the
structure depending on the effective porosity of the product being < 26 %, in which case the main index of pore
and capillary reserve filling will be G2, and in the case of > 26 % the index is g2. For the inhomogeneity of the
structure in the direction of the frost resistance, the characterisation of the h/h.,;,. parameter is unambiguous, and
the index itself is inversely proportional to the frost resistance parameter [4,5, 38, 39].
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Similar equations are derived for the end of specimen disintegration because the ceramic products are

destructing in two stages. The first phase starts with the appearance of visible lesions, and the second stage lasts

from the first signs to the removal of the frozen surface.
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The in-service frost resistance using these equations can be carried out within 10-12 days. These
equations are relatively universal since they have been developed for ceramic products manufactured by
different techniques and in different plants. These formulas are currently used by scientists [14, 39-41].

PREDICTING FROST RESISTANCE USING A DILATOMETER

Another rapid method of assessing frost resistance is the dilatometric method, which is very sensitive
to internal changes and correlates with those occurring during cyclical freezing and thawing. As early as 1951, a
rapid prediction method using a dilatometer was proposed. The authors considered that if the deformation is
negative and reaches 1 to 2,5 um, the material is resistant to frost. Angenitskaya measured the linear
deformation of ceramic materials during freezing using strain gauges. Other researchers have used a quartz
dilatometer for volumetric cooling to rapidly assess the frost resistance of ceramic tiles. They found that the
deformation of the quality-fired samples was lower compared to the deformation of the poorly fired tiles. The
researchers split into two parts. Some thought it was not appropriate, while others did not doubt the validity of
the method [42]. Dilatometry can be used as a method for assessing the weathering behaviour of rocks and the
role of frost action [43] in water migration during this process. As anisotropic behaviour can only be observed
by measuring the sample in different directions, we believe that dilatometric studies will become an important
method for the analysis of decomposition processes due to frost action.

Other studies have shown that cylinders of calcareous rocks undergoing wetting/drying cycles (not
subject to freezing) vary in length. These changes in length are most significant when water enters or leaves the
smallest pores in the rock. Most authors observing the shrinkage of frozen rock samples have had great
difficulty in explaining their observations [44,45]. The primary role of unfrozen water migration has been
emphasised by several authors, both in freeze dilatometry [46] and as a mechanism to explain the formation of
ice lenses perpendicular to the direction of freezing [46]. Indeed, water migration in one particular direction, i.e.
towards the freeze line, can be considered responsible for the formation of segregation ice and rock wedging
[47]. Frost dilatometry can be used to determine the critical degree of saturation [48].

The surface layers of ceramic products are the most dangerous for damage, where maximum tensions
and deformations occur and develop. The dilatometric device DUM-01 has been developed [4,5,49,50] . The
method of deformation variation by cooling the ceramic product from one side is convenient in that, even
without knowing the structural or compressive properties of the material, the direct results of the effect of the
frost can be seen in the form of stress-strain pronation. After the research, the decomposition process was
analyzed in three stages. During the first phase, defective pores and capillaries are filled with water. In the
second stage, ceramic products break bonds, and internal cracks appear. In the third stage, visible cracks appear
[51]. The first decay of ceramic products may occur in the weakest areas, where the highest values of the
general linear deformations were observed.

The result of the breakdown is recorded by the variation of the residual deformation. Studies have
shown that strain rates correlate strongly with frost resistance. One way of expressing the strain in terms of
relative area units on the automatic recording device S1, S2,S3, S4, where S1 and S3 are the area of defomation
obtained during the 1st and 3rd cycles, and S2, S4, is to derive the equation [5]:

M = etk tks8,tky 8y tkss, (8)
In a more detailed analysis, the equations for the beginning and end of the decay were derived.
The measurement time per sample is 5 hours, excluding 48 hours of water saturation. Subsequent studies have
shown that often the optimum performance in terms of frost resistance is obtained from the equations [5]:

M = %78 —kilh —k:K+kzN (g)

Ah; - the largest common linear deformation in the 1st freezing cycle, K,-water saturation coefficient,

N-degree of structural inhomogeneity.

The results of this equation are reliable.

It is also possible to predict the performance of the frost resistance from the strain indices, but it is better to use
the dilatometric tests to explain the processes involved in the cooling and thawing of ceramic products [49-51].
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1. CONCLUSION

Scientists have explained in detail the mechanism of destruction of ceramic products. The complete
filling of pores and capillaries with water is necessary for the formation of the anti-collapse situation. The ice
volume in large pores and defective areas gradually fills up due to the migration of water from small pores and
capillaries, where the freezing of water in this cyclical freezing and thawing process is limited. Further cyclic
freezing and thawing, due to the additional gradual filling of the pores and capillaries with water, generates high
tensions, which gradually build up to high tensions, which initially cause internal local indentations, which
gradually merge and complete delamination occurs. It was found that if large pore capillaries prevail in the
system, the water is easily pushed from the frost zone to the warmer zones and in the finely distributed - in the
form of water films - to the freezing ice. The destruction process takes place over a period of time, from the first
signs of disintegration to the complete disintegration of the surface and the decomposition of deeper layers. For
ceramic products used for objective finishing, it is necessary to record not only the beginning but also the end of
disintegration. The nature and speed of surface disintegration and its further development depend on the location
of the defect zones in the ceramic product.

Prediction methods based on a single parameter are not objective and should be discarded. It was found
that the structure of the products, especially the texture, is different. Prediction of frost resistance when sown in
different ways is not accurate enough. Rapid predicting methods should be used for rapid assessment. They can
be used to stop the introduction of low-quality products into construction.

In order to predict the frost resistance of ceramic cladding products, it is necessary to use methods
based on unidirectional freezing for prediction. Methods for predicting the serviceability of products are
particularly useful for manufacturers of such products, as they allow a relationship to be established between the
main technological factors and parameters of production and the serviceability of the products.

Dilatometric methods are best suited for the analysis of the degradation processes of ceramic products.They can
also be used effectively to predict the frost resistance of ceramic products.

REFERENCE
[1]. Sadunas,, A., Bure D. (2000) Water migration processes in heavy clay ceramics under cycling freezing-thawing, Industrial
Ceramics 20:153 -159.
[2]. Sveda,M.(2001) Frost resistance of brick knowledge about the relationship between pore structure and frost resistance is the first
step to the production of high-frost-resistance brick products, American Ceramic Society Bulletin 80: 46-48.
[3]. Séanches de Rojas, M.1., Marin F.P., Frias, M.,Valenzuela, E., Rodriguez, O.(2011) Influence of freezing test methods, composition

and microstructure on frost durability assessment of clay roofing tiles, Construction and Building Materials 25(6):2888-2897
https://doi.org/10.1016/j.conbuildmat.2010.12.041

[4]. Maciulaitis, R. (1997) Frost Resistance and Durability of Ceramic Facade.

[5] Sadiinas, A.(1997).Durability of Aluminium Silicate Products.

[6]. Holtz, R.D., Kovacs, W.D.(1981) Water in soils, I: Capillarity, shrinkage, swelling, frost action: An introduction to geotechnical
engineering. Prentice-Hall, Inc, Englewood Cliffs, N.J. 07632: 166-198.

[7]. Netinger Grubesa, |., Vracevi¢,M., Ranogajec, J., Vuceti¢, S. (2020) Influence of pore-size distribution on the resistance of clay
brick to freeze-thaw cycles, Materials (Basel) 13(10) 2364, https://doi.org/10.3390/ma13102364

[8]. Hansen, W., Kung, J.H. (1988) Pore structure and frost durability of clay bricks, Materials and Structures. 21: 443-447,
https://doi.org/10.1007/bf02472325

[9]. Christogerou, A., Lampropoulou, P.,Panagiotoulos,E.(2021) Increase of frost resistance capacity pf clay roofing tiles with boron

waste addition, Construction and Building Materials. 280, 122493 https:// doi.org/10.1016/j.conbuildmat.2021.122493

[10]. Sveda,M. (2001). Frost resistance of brick, American Ceramic Society Bulletin 80(9): 46-48

[11]. Deprez, M., De Kock, T., De Schutter, G., Cnudde, V. (2020) A review on freeze-thaw action and weathering of rocks Earth-
Science Reviews 203 103143 https://doi.org/10.1016/j.earscirev.2020.103143

[12]. Wardeh, G.,Perrin, B.(2008) Freezing-thawing phenomena in fired clay materials and consequences on their durability,
Construction and Building Materials 22(5): 820-828 https//doi.org/10.1016/j.conbuildmat.2007.01.004

[13]. Hansen, W., Kung, J.H. (1988) Pore structure and frost durability of clay bricks, Matériaux et Constructions/Materials Structures
21(126): 443-447.

[14]. Malaiskiene, J., Maciulaitis, R. (2013) Frost Resistant Ceramics Produced from Local Raw Material and Wastes, Procedia
Engineering 57: 739-745

[15]. Perrin,B., Vu, N.A., Multon, S., Voland, T., Ducroquetz, C. 2011. Mechanical behaviour of fired clay materials subjected to freeze
— thaw cycles, Construction and Building Materials 25: 1056-1064 https://doi.org/10.1016/j.conbuildmat.2010.06.072

[16]. Nakamura,M., Togaya, T., Okuda, S. (1977) Effect of Dimensional Distribution of Pores in Porous Ceramics on Frost Resistance
under One Dimensional Cooling Yogyo-Kyokai-Shi 85 :549 -554 https: //doi.org/10.2109/jcersj1950.85.987_549

[17]. Berkman, A.S., Melnikova, 1.T.(1962) Struktura i morozostaikost” stenovykh materialov.

[18]. Fagerlund, G. (1977) The critical degree of saturation method of assessing the freeze/thaw resistance of concrete. Materials and
Structures 58(10):217-30
[19]. Fagerlund, G. (1977) The international cooperative test of the critical degree of saturation method of assessing the freeze/thaw

resistance of concrete. Materials and Structures 58(10):231-253

[20]. Kung, J.H. (1985) Frost durability of canadian clay bricks. Proceedings of the 7th International Brick Masonry Conference,
Melbourne, Australia

[21]. Perrin, B., Vu, N.A., Multon, S., Voland, T., Ducroguetz, C. (2011) Mechanical behaviour of fired clay materials subjected to
freeze-thaw cycles, Construction and Building Materials 25 (2), 10561064 https://doi.org/10.1016/j.conbuildmat.2010.06.07

[22]. Kung, J.H. (1985) Frost durability of canadian clay bricks. Proceedings of the 7th International Brick Masonry Conference,
Melbourne,Australia

[23]. Maage, M. (1990) Frost resistance and pore size distribution of bricks. Part 1, Ziegelindustrie International 9:472-481

DOI:10.9790/1813-1106013439 www.theijes.com Page 38


https://doi.org/10.1016/j.conbuildmat.2010.12.041
https://doi.org/10.3390/ma13102364
https://doi.org/10.1007/bf02472325

Applications and possibilities of forecasting methods for building ceramics:A review of Literature

[24]. Maage, M. (1990) Frost resistance and pore size distribution of bricks. Part 1, Ziegelindustrie International 10:582-588

[25]. Bracka, A., Rusin, Z. (2012) Comparison of pore characteristics and water absorption in ceramics materials with frost resistance
factor, Fc. Structure and Environment 3 (4), 15-19

[26]. Kotenska, M., Chobola, Z., Sokolat, R. (2006) Frequency inspection as an assessment tool for the frost resistance of fired roof
tiles. Ceramic Silikaty. 50 (3), 185-192

[27]. Sveda, M., Sokolaf, R. (2004) The effect of firing temperature on the irreversible expansion, water absorption and pore structure

of a brick body during freeze-thaw cycles. Materials Science 19 (4), 465-470 http://doi.org/10.5755/j01.ms.19.4.274

[28]. Raimondo,M., Dondi,M., Guarini, G. (2008) Durability of clay roofing tiles: assessing the reliability of prediction models.
11DBMC International Conference on Durability of Building Materials and Components. Istanbul, Turkey.

[29]. Koroth, R.,Feldman, D., Fazio, P. (1998) Development of new durability index for clay bricks, Journal of Architectural
Engineering 4: 87-93

[30]. Franke, L., Bentrup, H. (1993) Evaluation of the frost resistance of bricks in regard to long service life. Part 1, Ziegelindustrie
International 7-8: 483-49

[31]. Franke, L., Bentrup, H. (1993) Evaluation of the frost resistance of bricks in regard to long service life. Part 2, Ziegelindustrie
International 9 :528-536

[32]. Ravaglioli, A. A. (1976) Evaluation of frost resistance of pressed ceramic products based on the dimensional distribution pores.
Transaction and journal of the British Ceramic Society. 76: 92-95

[33]. Robinson, G.S.(1984) The relation between pore structure and durability of bricks. Ceramic Bulletin 198: 295-300

[34]. Maage, M. (1984) Frost resistance and pore size distribution in bricks. Materials Science 17: 345-350

[35]. Winslow, D.N., Kilgour, C.L., Crooks, R.W. (1988) Predicting the durability of bricks. Journal of Testing and Evaluation. 16:527—
531

[36]. Ducman, V., Sever Skapin, A., Radeka, M., Ranogajec, J. (2010) Frost resistance of clay roofing tiles: Case study Cermics
International 37(1):85-91 https://doi.org/10.1016/j.ceramint.2010.08.012

[37]. ASTM C 1167-03:2009, Standard Specification for Roof Tiles

[38]. Maciulaitis, R. (1996). Frost resistance and durability of facade bricks

[39]. Kicaite, A., Malaiskiené, J. Maciulaitis, R., Kudabiené, G. (2010) The analysis of structural and deformational parameters of
building ceramics from Dysna clay. Proceedings: of 10th International Conference Modern Building Materials, Structures and
Techniques Held, : 143-148.

[40]. Zukauskaité, R., Valentukevigiené ,M., Zurauskiené, R. (2019) Creating a web application to calculate predicted exploitative
resistance to frost. Research and modelling in civil engineering:121 -132.

[41]. Maciulaitis, R., Malaiskiené, J.(2010) Frost resistant porous ceramics. Materials Science 16 (4):359-364.

[42]. Leman,T. (1955) Determination of the Frost Resistance of Heavy Clay Products by Using Dilatometer Ziegelindustrie 15:20 -23.

[43]. Prick, A. (1955) Dilatometrical behaviour of porous calcareous rock samples subjected to freeze-thaw cycles. Catena 25:7-20

[44]. Thomas, W.N. (1938) Experiments on the freezing of certain building materials. Dep. Scientific Industrial Research (Great
Britain), Building Research Station, Tech. Pap., 17, 146

[45]. Lehmann, H. (1955) Die Beurteilung der Frostbestandigkeit grobkeramischer Erzeugnisse mit Hilfe dilatometrischer Messungen.
Ziegelindustrie, 8: 569-574
[46]. Matsuoka, N. (1988) Laboratory experiments on frost shattering of rocks. Science Reports of the Institute of Geoscience, Univ. of

Tsukuba, 9: 1-36.

[47]. Walder, J.S, Hallet,B. (1986) The physical basis of frost weathering: toward a more fundamental and unified perspective. Arct.
Alp. Res., 18: 27-32

[48]. Mesinga, P., Straube,J., Schumacher, C. Assessing the Freeze-Thaw Resistance of Clay Brick for Interior Insulation Retrofit
Projects ASHRAE2010 ASHRAE

[49]. Sadunas, A., Bure, D., Matschjulaitis (1994) Neue Uber Frosbestandigkeit der grobkeramischen Steinerzeugnisse 1l 12.
Internationale Baustofftagung: Tagung bericht. Band 2. Weimar: 221-231

[50]. Sadunas, A., Matshulaitis,R., Kitshaite, A., Bure, D. (1989) Complex Approach to the Assessment of Frost Resistance of Heavy
Clay Ceramics Interbrick 3:. 16 — 20

[51]. Maciulaitis, R., Kicaité, A. (2006) Peculiarities of Destruction Mechanism in Ceramic Products under Simulated Exploitation
Conditions Materials sciencel2(4): 341 -345

Asta Kicaité. "Applications and possibilities of forecasting methods for building ceramics: A review of
Literature.” The International Journal of Engineering and Science (1JES), 11(6), (2022): pp. 34-39.

DOI:10.9790/1813-1106013439 www.theijes.com Page 39



