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Abstract. Considering the climate conditions in Lithuania, it is expedient to manufacture structural ceramics which 
both is frost resistance while in exploitation and has adequate porosity. Dysna clay was selected for that purpose, and 
four sample batches of structural ceramics were produced using additives and fired. Experiments helped to determine 
the structural and deformational parameters. The cycles of exploitation frost resistance were calculated using the fast 
forecasting methods. Dysna clay and additives were determined to be suitable for production of both porous and sin-
tered ceramics. The analysis of deformational indicators revealed a trend that the values of deformational parameters 
are typically negative for durable ceramics. 

Keywords: durability, exploitation frost resistance, reserve of pore volume, crushed glass, chemical composition, 
raw mixture. 

Introduction 

Ceramic items are among the building materials that 
traditionally have been around for a very long time. It is 
highly important to ensure their quality and durability, as 
well as high exploitation frost resistance. 

Quality and durability of ceramic items depends on the 
composition and quality of raw materials, on chemical and 
mineralogical composition of clay, on technological and 
performance parameters of manufacturing, as well as on 
structural and deformational parameters of manufactured 
materials (Mačiulaitis 1996; Kičaitė et. al. 2001). Some 
authors (Kizinievič V., Kizinievič O. 2009) examined the 
interrelation between the structure and the frost resistance of 
ceramic masonry items. They determined that the frost resis-
tance of a ceramic fragment increases when the water ab-
sorption, the capillary rate of mass flow and the porosity 
decreases, while the reserve of pore volume and the quali-
fied thickness of the wall of pores and capillaries increases. 
However, the ceramics tested by the said scientists with-
stood barely 29 freezing/thawing cycles at volumetric freez-
ing technique and 26 cycles at unilateral freezing.   

Suitability of clays for certain products is determined, 
besides chemical and mineralogical composition, by their 
technological properties: granulometric composition of clay, 
as well as sensitivity to drying and firing. (Kaminskas et al, 
2004; Mačiulaitis et al. 2007a, Mačiulaitis 1996, Mačiulaitis 
et. al. 2007b, Malaiškienė et. al. 2007). 

Other authors (Kaminskas et al. 2004) analysed the ef-
fect of small-dispersion glass waste on sintering of two easy-
melting hydromica clays. The raw mixtures were supple-
mented by various amounts of the additive: 10 %, 20 % and 
50 %. The glass additive expanded the range of sintering for 
both clays and caused the initial melting-point drop by up to 
60 °C for one type of clay and by up to 40 °C for the other. 
The exploitation frost resistance of ceramic products also 
improves in such case. 

The authors (Mačiulaitis, Žurauskienė 2007) ana-
lysed the effect of non-plastic, fluxing and burning-out 
additives, as well as recycled additives, on the quality and 
durability of ceramic items. Some scientists (Mačiulaitis, 
Žurauskienė, 2007; Kizinevich et al. 2006) analysed clays 
and technogenic waste, as well as possibilities to manu-
facture durable building ceramics. Tests of building ce-
ramics (Žurauskienė et al. 2009) determined that easy-
melting illitic clays are suitable for production of frost 
resistant sintered ceramics. Optimal composition of such 
ceramics is as follows: 64.96–67.20 % of clay from Uk-
mergė deposit, 16.24–16.80 % of clay from Rokai de-
posit, 15–19 % of pearlite and 0–2 % of crushed bricks; 
the maximum firing temperature is 1070 oC, and the 
items must be subjected to this temperature for 8 hours. 
The samples produced in such manner have the following 
frost resistance: 250 cycles determined by the volumetric 
method and 75–125 cycles determined by the unilateral 
method.
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Table 1. The average chemical composition of Dysna clay 

 

Some authors (Mačiulaitis, Malaiškienė 2007c) per-
formed tests and produced durable, as well as porous, 
building ceramics using clay, crushed samples, sand and 
additives: sawdust (10.4-15.6 %) and crushed glass (6.4-
9.6 %).  

Methods for production of frost resistant ceramics 
are also described in patents (Palmer 2003, Suslov et al. 
2006, Lokhova et al. 2006, Lokhova et al. 2004). The 
following properties of ceramics have been obtained: 
compressive strength of 20-35 MPa, frost resistance of 
75-150 cycles determined by the volumetric freezing 
method and the water absorption up to 5 %.  

Currently, it is still relevant to examine all clays available 
in Lithuania and to manufacture both durable and porous 
ceramic items using burning-out and fluxing additives. 

Various methods are employed for testing of frost 
resistance of ceramic items. Direct freezing methods are 
the most popular. However, fast research methods, which 
facilitate evaluation of the frost resistance of ceramic 
items in several days, are equally important and necessary 
(Mačiulaitis 1996; Kičaitė et al. 2001, Mačiulaitis et al. 
2004). The methods that facilitate forecasting of frost 
resistance at the conditions of use are especially signifi-
cant. 

One of the dilatometers, which can be used to de-
termine the deformational parameters, is the DUM de-
vice. It helps to assess changes in the internal structure of 
ceramic items related to stresses and strains caused by 
unilateral freezing/thawing (Mačiulaitis 1996; Kičaitė et 
al. 2001, Sadunas et al. 2001, Sadunas et. al 1994). 

Linear deformation of a ceramic item subjected to 
repeated unilateral freezing/thawing causes accumula-
tions of material fatigue and permanent deformations. 
Accumulation of permanent deformations defines the 
degree of microstructure destruction of a ceramic item 
(Kičaitė et al. 2001, Sadunas et al. 2001). 

This research aimed to examine the ways to produce 
adequately frost-resistant ceramics from Dysna clay and 
additives. 

Raw materials and investigation methodology 

The samples were prepared using the following local 
raw materials: clay from Dysna deposit (see the structure 
of clay particles in Fig 1) sieved through the mesh of 0.63 
mm (see the chemical composition in Table 1) and sand 
sieved through the mesh of 1.25 mm. The following 
waste was used in the raw mixture: crushed samples 
(fired, crushed samples with defects) sieved through the 
mesh of 1.25 mm, wood sawdust sieved through the mesh 
of 1.25 mm and crushed glass (see the structure of glass 
particles in Fig 2) sieved through the mesh of 0.63 mm. 
The prepared raw mixtures (see the composition of the 
raw mixtures in Table 2) were used to make 

70×70×70 mm items that were later dried and fired at the 
mode specified in Fig 3. The particles of clay and crushed 
glass (Figs 1 and 2) are very fine and irregularly shaped; 
therefore, they reliably adhere to other components of the 
raw mixture.  
 

 
Fig 1. Clay particles  

 

 
Fig 2. Glass particles  
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Fig 3. Firing mode  

Table 2. Composition of raw mixtures 

Raw 
mixture 

No. 

Clay 
[%] 

Sand 
[%] 

Crushed 
samples 

[%]  

Sawdust 
[%] 

Glass 
[%] 

1 80 10 5 0 5 
2 70 15 5 0 10 
3 68 10 6 6 10 
4 66 9 4 13 8 

Chemical composition, % 

SiO2 Al2O3+TiO2 Fe2O3 CaO MgO K2O Na2O SO3 Calcination loss 

51.63 20.09 7.56 5.45 1.46 3.35 1.15 – 9.1 
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Table 3 presents the physical meanings of structural 
parameters required in forecasting of exploitation frost 
resistance and the formulas for their calculation (Mačiu-

laitis 1996; Malaiškienė 2008; Mačiulaitis et al. 2009, 
Malaiškienė et al. 2004 ). 

 
Table 3. The revised methodology for calculation of structural parameters  

 

Description of the basic  
parameter and units of  

measurement 

Physical meaning of  
parameters 

Calculation formulas 
Description of the partial values 

and units of measurement  

Reserve of pore volume R, % 

Reserve of pore volume de-
fines the quantity of reserve 
pores and capillaries to which 
water or plastic ice penetrate 
very hardly. The bigger the 
reserve of pore volume, the 
bigger the exploitation frost 
resistance of ceramics. 
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We- effective porosity from the 
water absorption after 72 h, % 
Wp- total open porosity from the 
water absorption in the vacuum 
process (special regime), % 

Effective porosity of ceramic 
body We, % 

Effective porosity of ceramic 
body defines the amount of 
effectively working pores and 
capillaries. 
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m – mass of the sample dried up 
to the constant  weight, g; 
m1 – mass of the saturated sample, 
g. 
ρ – density of the  sample, g/cm3. 

Total open porosity Wp, % 

Total open porosity defines 
the total open porous space of 
ceramic body in macrostruc-
ture and microstructure di-
mension. 
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m

mm
ρWp  

m2 – mass of the sample saturated 
by the vacuum process in air, g 
m – mass of the sample dried up 
to the constant weight, g 
ρ – density of the sample, g/cm3 

Qualified thickness of the 
wall of pores and capillaries 
D, % 

This parameter defines quali-
fied thickness of the wall of 
pores and capillaries. The 
greater thickness of the wall 
of pores and capillaries is the 
greater exploitation frost 
resistance of products. 

,
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p
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W
D

−

=  % 
Wp- total open porosity from the 
water absorption in the vacuum 
process (special regime), % 

Degree of structural inho-
mogeneity NH, units  

Degree of structural inho-
mogeneity enables to evaluate 
the structural inhomogeneity 
of effective capillaries accord-
ing to their equivalent length. 

min

minmax

H

HH
N H

−

=  Hmax, Hmin –  rates of capillary 
wetting front (after 5 min), mm 

Capillary rate of mass flow 
g1, g/cm2  

S

mm
g

−

=

3
1  

m3 – mass of the sample saturated 
by the capillary suction process 
(after 30 min), g 
m – mass of the sample dried up 
to the constant weight, g 
S – surface area of the sample, 
cm2 

Capillary rate of mass flow in 
a vacuum in the direction of 
freezing G1,  g/cm2   S

mm
G

−

=

4
1  

m4 – mass of the sample which is 
being saturated for 10 min by 
capillary  suction in a vacuum as 
saturation goes through the plane 
which is being freeze under ex-
ploitation, g. 
m – mass of the sample dried up 
to the constant weight, g 

Capillary rate of mass flow in 
a vacuum in a vertical direc-
tion to freezing G2,  g/cm2   

Capillary rate of mass flow 
indicates the equivalent di-
ameter of capillaries. These 
parameters detail the anisot-
ropy of pores and capillaries.  
 

S

mm
G

−

=

5
2  

m5 –  mass of the sample which is 
being saturated for 10 min by 
capillary  suction in a vacuum as 
saturation goes through the plane 
which is vertical to the freezing 
plane  under exploitation, g. 
m – mass of the sample dried up 
to the constant weight, g 
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Fired and cooled ceramic samples were used to de-
termine the structural parameters (Table 3). The internal 
structure of the samples was examined using the micro-
scope Zeis Evo LS 25.  

The exploitation frost resistance was forecasted us-
ing the equations of structural parameters; the equations 
were derived according to the dynamics of brick destruc-
tion during unilateral freezing/thawing (LST 
1413.12:1998).  

The calculations were made using the formulas for 
forecasting of exploitation frost resistance when the ef-
fective porosity of samples is below 26 % (Mačiulaitis 
1996; Мачюлайтис et al. 1991). 

 
830.0

1
285.0

663.0
2

275.0
1

345.1068.1

1 231.0
gN

GGDR
FRE = ,  (1) 

 
034.1

1
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852.0
2
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1

759.0465.1

2 223.0
gN

GGDR
FRE = .  (2) 

here: FRE1 is the beginning of sample destruction, in cy-
cles; FRE2 is the end of destruction, in cycles; R is the 
reserve of pore volume, %; D is the qualified thickness of 
the wall of pores and capillaries, %; G1 is the capillary 
rate of mass flow in vacuum in the direction of freezing, 
g/cm2; G2 is the capillary rate of mass flow in vacuum in 
the direction perpendicular to freezing, g/cm2; g1 is the 
capillary rate of mass flow at normal conditions, g/cm2; N is 
the degree of structural inhomogeneity, in units. 

Deformations were examined using the special de-
vice, dilatometer DUM (Fig 4). The freezing/thawing 
programme was fully automated.  

The testing procedure is as follows: six threaded hold-
ers are used to fix a pre-saturated half-brick by its sides; the 
side to be in the façade of a building is up. The deformation 
sensor is placed in the centre of the top plane of the sample 
and a micro-freezer is suspended over the surface (Kičaitė et 
al. 2001, Sadunas et al. 2001).  

 
 

Fig 4. The scheme of unilateral freezing/heating dila-
tometer unit: 1 – bolts; 2 – test specimen with thermal 
insulation round; 3 – base; 4 – deformation sensor, 5 – 
freezer unit; 6 – temperature sensor; 7- guides; 8 – 
freezing surface of specimen; 9 – deformation measur-
ing unit 

 
First, the ceramic samples are held in water for 48 

hours; then, they are subjected to the cycles of unilateral 
freezing/thawing. The freezing duration is reduced from 

1.5 hours in the first cycle to 1 hour in the third. Thus 3 
freezing and t cycles may be performed in 7 hours (Ki-
čaitė et al. 2001; Sadunas et al 2001). 

The following absolute deformational parameters 
were calculated: Δh1 is the biggest common linear defor-
mation at freezing in Cycle 1, μm; Δh2 is the biggest 
common linear deformation at freezing in Cycle 2, μm; 
Δh3 is the biggest common linear deformation at freezing 
in Cycle 3, μm; Δh1l is the biggest residual deformation at 
thawing in Cycle 1, μm; Δh2l is the biggest residual de-
formation at thawing in Cycle 2, μm; Δh3l is the biggest 
residual deformation at thawing in Cycle 3, μm. 

Results and analysis  

The determined and calculated average values of 
structural parameters of ceramic samples are specified in 
Table 4, and the values of the effective porosity and the 
water absorption (determined after 72 h) are shown in 
Fig 5.  
 
Table 4. Average values of structural parameters  

No. 
R, 
 % 

D, % 
N, 

units 
G1, 

g/cm2 
G2, 

g/cm2 
g1, 

g/cm2
 

1 54.95 8.03 0.63 0.56 0.56 0.30 

2 47.54 4.73 0.64 0.29 0.27 0.25 

3 36.81 1.73 0.48 1.07 1.05 0.77 

4 34.74 1.53 0.15 1.80 2.05 1.44 

 
The data specified in Fig 5 shows that the average 

water absorption of Batch 1 makes up 3.05 %. Such ab-
sorption is typical of sintered and clinker ceramics. While 
in case of Batch 4, the average water absorption makes up 
15 %. Such absorption is typical of porous structural 
ceramics. 

Thus the data specified in Table 4 and Fig 5 shows that 
Dysna clay is suitable for manufacturing of both porous and 
sintered ceramics (ceramics is sintered when its water ab-
sorption determined after 72 h is below 5 %). 
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Fig 5. Values of the water absorption and the effective 
porosity, % 

 
Specimens from Batch 1 have the highest average 

value of the reserve of pore volume: it makes up 54.95 %. 
The qualified thickness of the wall of pores and capillar-
ies is the highest as well and makes up 8.03. While, in 
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case of the specimens from Batch 4, the average value of 
the reserve of pore volume makes up 34.74 % and the 
qualified thickness of the wall of pores and capillaries 
makes up 1.53. 

The values of the forecasted frost resistance are 
specified in Fig 6 by raw mixtures. 

The data (Fig 6) shows that higher values of the re-
serve of pore volume determine better durability of a 
ceramic sample and such ceramic sample withstands 
more cycles of exploitation frost resistance.  
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Fig 6. The values of the forecasted frost resistance  

 
The beginning of destruction for Batch 1 and Batch 

2 is above 100 cycles. Wall products manufactured using 
the first raw mixture are the best option for aggressive 
environment conditions, because their beginning of de-
struction according to the frost resistance is 548 cycles 
and the end of destruction is 758 cycles (samples of this 
batch have average density of 2077 kg/m3 and general 
porosity of 11 %). The best variant to use products manu-
factured from the fourth raw mixture are structures pro-
tected against humidity and other adverse environment 
factors. The average density of such products is lower 
(1430 kg/m3) and the general porosity higher (40 %).  

The deformational parameter values of the most typi-
cal specimens from all batches are specified in Table 5. 
 
Table 5. The main deformation parameters of the most typical 
ceramic products  

No. Δh1/Δh1l Δh2/Δh2l Δh3/Δh3l 
½ -0.3/-0,3 -0.3/-0.5 -0.3/-0.5 

2/2 0.8/0.5 -1.4/-1.4 -1.4/-1.6 
3/2 3.0/1.6 3.3/1.9 3.3/1.9 
4/2 4.6/4.3 4.9/4.3 5.2/4.5 

 
Analysis of the values of the deformation parameters 

reveals a trend that samples from Batch 1 and Batch 2 
have negative deformational parameters. 

Naturally, such samples withstand more cycles of ex-
ploitation frost resistance during registration of values of 
absolute and qualified negative deformational parameters.  

Increasing positive deformations mean that such 
samples withstand fewer cycles of exploitation frost resis-

tance. Such features are characteristic of Batch 3 and 
Batch 4. Introduction of burning-out additives, in addi-
tion to glass, in the raw mixture causes structural changes 
of ceramic samples and other trends appear. Such cases 
determine positive values of residual and common gen-
eral deformations, and the durability of ceramic samples 
decreases. 

Conclusions 

1. Dysna clay may be used as the main raw mate-
rial in production of porous (the general poros-
ity: 40 %; the water absorption: about 18 %) or 
sintered ceramics (the determined water absorp-
tion: up to 3 %).  

2. The study determined that items of porous 
structural ceramics may be produced from raw 
mixture of the following composition: 66 % of 
Dysna clay, 9 % of sand, 4 % of crushed sam-
ples, 13 % of sawdust and 8 % of crushed glass. 
The forecasted beginning of destruction for po-
rous ceramics by the exploitation frost resis-
tance is 36 cycles and the end of destruction is 
105 cycles. 

3. The following composition of raw mixture en-
sures particularly durable items of structural ce-
ramics: 80 % of Dysna clay, 10 % of sand, 5 % 
of crushed samples and 5 % of crushed glass. 
The forecasted beginning of destruction for 
such sintered ceramics by the exploitation frost 
resistance is 548 freezing/thawing cycles and 
the end of destruction  is 758 cycles.  

4. The analysis of the interrelation between the 
structural parameters and the deformational pa-
rameters revealed that higher values of the water 
absorption and lower values of the reserve of 
pore volume lead to increased positive values of 
the deformational parameters. 
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