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Abstract. This paper presents the research on the structure and compressive stress or compressive strength of mineral
wool products. The products of chaotic, directional and combinative fibres structure have been studied visually and micro-
scopically. During mechanical tests it was determined that compressive stress (compressive strength) of the stone wool
products is dependent on the direction of the load working to the product major face, test specimen dimensions, force in-
creasing rate, fibres distribution (orientation) and methodical peculiarities.

Keywords: mineral wool, stone wool, fibres, structure, compressive stress at 10 % relative deformation, compressive

strength, deformation.
1. Introduction

The thermal insulation products made of mineral
wool depending on the orientation of fibres could be di-
vided into the chaotic (the case when fibres are distrib-
uted randomly and in different directions irregularly) and
the directional (the case when fibres are distributed in a
certain order) [1, 2] in terms of the structure. The mineral
wool products which have the directional fibres structure
are called “lamella” [3]. Moreover, some products of the
combinative fibres structure are used for certain construc-
tions [4].

The dominating orientation of the fibres in the prod-
ucts of the directional structure is perpendicular to the
surface of the insulated enclosure construction (wall, roof
or floor base). The products of the directional fibres
structure may be formed by packing, cubic and corrugat-
ing technology [4—6]. However, most often such products
are produced by regulating the fibres direction on the belt
conveyor or by forming mineral wool semiproduct layer of
certain dimensions by a conveyor method. After the layer
is cut in strips of the width equal to the original product
thickness, and finally the strips are rotated at 90° angle
[7].

On the other hand, differences of the mechanical
properties and deformation of the mineral wool products
of the directional and random fibres structure appear to be
not relevant. However, as construction practice shows,
the contractors are often complaining about the irregular
compressive stress (compressive strength) and deforma-
tion of slabs used for facade and roof thermal insulation.
The assumption may be made that the compressive
strength and other mechanical properties of mineral wool
products depend on fibre distribution (orientation) in the
product structure, the direction of the load working to the
product major face etc [8—10].

The dependence of thermal and other particular
properties of the mineral wool on fibre orientation, length
and shape is very well-known and successfully used in
production technologies of thermal insulation, structural,
refractory and compositional materials [11-15]. A rela-
tively large influence of the ambient temperature, test
specimen strength and density, pressing of the measure-
ment sensors to the test specimen on the coefficient of
thermal conductivity of mineral wool products was de-
termined during tests. Furthermore, according to the con-
version formulas applied for this indicator, there are some
application limits [16, 17]. However, there has been less
research on influence of the same factors effecting the
performance of thermal insulated materials (including
stone wool), for instance, strength. In our opinion, this
factor is insufficiently evaluated in the standards regulat-
ing the mechanical properties of mineral wool products
and their measurement [18] because some methodical
aspects of standards (force increasing rate, dimensions of
the test specimens and their preparation before testing)
are not strictly defined, especially in standards of differ-
ent countries.

In order to determine the influence of fibre orienta-
tion in the product structure, the load direction in terms of
the product in its intended use and some other methodical
factors on the mechanical properties (compressive stress
at 10 % relative deformation (o) and compressive
strength (o,,)) of the mineral wool slabs produced by belt
conveyor technology, the following aspects have to be
analysed:

— dependence of the product compressive stress on the
test specimen dimensions and force increasing rate;

— dependence of the product compressive stress on the
load direction;

— comparison of the product compressive stress with
standards applicable in different countries.
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2. Test specimens and methods

2.1. Description of test specimens and testing
equipment

Two types of the stone wool slabs produced by belt
conveyor technology were used for testing:

1. 100-130 kg/m’ density slabs with declared coeffi-
cient of thermal conductivity Ap < 0,039 W/(m-K),
whereas declared compressive stress at 10 % rela-
tive deformation (o;y) > 30 kPa. The dimensions of
the factory-made slabs were 1000 x 600 x 100 mm.
The amount of the organic content was determined
by heating the slab fragments at 550 °C for two
hours. The measured amount 3,7 % (by mass).
These test specimens were used by performing the re-

search on the dependence of compressive stress and de-
formations of the mineral wool slabs according to the test
specimen dimensions and force increasing rate (Chapter
3.3). The tests were performed by a universal electro-
mechanic testing machine P-0,5 U4.2 (former USSR) and
universal flexure/compression equipment ToniNorm
(“Toni technik Gmbh”, Germany) with integrated data-
processing program “ToniTrol Expert” (Fig 1).

Fig 1. A specimen under load in the test machine
“ToniNorm”

2. 100-150 kg/m’ density slabs with declared coeffi-
cient of thermal conductivity Ap < 0,039 W/(m-K),
whereas declared compressive stress at 10 % rela-
tive deformation (oy) > 40 kPa. The dimensions of
the factory-made slabs were 1000 x 500 x 100 mm.
The amount of the organic content was determined
by heating the slab fragments at 550 °C for two
hours. The measured amount was 4,5 % (by mass).
These test specimens were used for the research on

the dependence of compressive stress values in the direc-
tion of the load (Chapter 3.2) and comparable measure-
ments of compressive stress by the standards of different
countries (Chapter 3.4). Universal computer-integrated
apparatus H 10 KS (Housfield, England) determining
strength of the thermal insulated products were used
(Fig 2).

Fig 2. Compression testing machine H 10 KS

The mineral wool fibre structure during the research
was studied visually and by optical and electronical mi-
croscopes:

— optical stereo binocular microscope “Steddy-T Bino
7300 with photo appendage (x2,5...x120);

— electronical microscope “JEOL JSM-5600" (maxi-
mum resolution 3,5 nm, enlargement from x18 to
%300 000, tension increasing the electron flow 0,5—
30 kV).

Photos of the stone wool fibre and the product frag-
ments made during the research are presented in this paper.

2.2. Testing procedure

LST EN 826. Compression behaviour (compressive
stress and/or compressive strength) of the mineral wool
products are determined in accordance with the require-
ments of the harmonised standards of the European Un-
ion and Lithuania LST EN 826 [19]. According to 6.1§ of
this standard, the test specimens of various dimensions of
the mineral wool products may be chosen. The test
specimens shall be squarely cut, the dimensions of the
sides have to be from 50 mm x 50 mm to 300 mm X
300 mm. However, the test specimens’ width shall not be
less than their thickness. According to the standard, the
test specimens’ thickness must be the same as the original
product thickness. Moreover, several test specimens shall
not be put on each other in order not to modify the test
specimen thickness [19].

Nevertheless, the standard for the factory made min-
eral wool products EN 13162 [18] indicates that the test
specimens of the dimensions of only 200 mm x 200 mm
or 300 mm x 300 mm may be chosen for testing. 5 meas-
urements for one test result will be needed in the first
case; whereas only 3 measurements in the second case.
The surfaces of the specimens shall be prepared, ie sur-
face grinded. The dimensions shall be determined with an
accuracy of 0,5 %. The test shall be carried out at
(23 £5) °C. Special conditioning of the test specimens is
not necessary (however, the test specimens shall be stored
at (23 £5) °C and relative humidity at (50 + 5) % at least
6 h prior to testing, if necessary).

In order to ensure a close contact between the plates
of the equipment and the test specimen surface, the test
specimen is preloaded with a pressure of (250 + 10) Pa.
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The test specimen compression period, ie force increasing
rate, is dependent on the test specimen height, because it
is compressed at a constant speed 0,1 x d (d — the thick-
ness of test specimen expressed in mm) per min with a
tolerance of + 25 %.

The compression test is continued until the test
specimen reaches the 10 % relative deformation. Thus,
compressive stress (o) is determined at 10 % relative
deformation. Compressive strength (c,,) is determined if
the test specimen breaks up before reaching 10 % relative
deformation. It is necessary to define load-displacement
curves during the research. The curve shows the depend-
ence of the specimen deformation on load. Such curves
provide additional information on the product behaviour.

10 % relative deformation of the test specimen is
measured from ‘“zero-deformation point” which is ex-
tended to zero force axis the steepest straight portion of
load-displacement curve. Compressive stress (o) at
10 % relative deformation is calculated after determining
load at which the test specimen reaches the required de-
formation. If the test specimen yield or rupture before
reaching 10 % deformation, then the compressive
strength (o,,) is determined under the maximum load
value.

DIN 52272-1. Before the harmonised standard
(EN 826) became effective, the determination of com-
pression behaviour of the mineral fibrous insulating
products in Germany was performed in accordance with
the national standard DIN 52272-1 [20], effective since
1981. According to the requirements of this standard, the
test specimens of the parallel faces in dimensions of only
200 mm x 200 mm shall be used for testing. They shall
be stored at least for two days before testing under nor-
mal conditions, ie at (23 = 2)°C temperature and
(50 £ 6) % relative humidity. This standard did not define
the precision and preparation of the test specimens. It
only indicated that the test specimens were not usually
processed. At least 5 test specimens shall be tested. Ac-
cording to the standard, the test specimen shall be pre-
loaded with an initial pressure of 0,1 kN/m? which has to
be increased by a constant speed - max 20 mm/min till
10 % of relative deformation is reached or the test speci-
men yields.

The value of compressive stress at 10 % relative de-
formation was determined according to load-displacement
curve then the test specimen displaced the 10 % relative
deformation and subtracting initial compressive preload of
0,1 kKN/m’.

GOST 17177-94. Inter-state standard of Common-
wealth of Independent States, GOST 17177-94 [21], pre-
sents the measurement methods of the main performance
of thermal insulation materials and products, including
the methods for determining the compressive stress at
10 % of the mineral wool products deformation. The
standard indicates that square test specimens in length
and width of (100 + 1) mm shall be used for testing. Their
thickness shall be equal to the original product thickness.
If the test specimen dimensions are measured by a rule
tape, the acceptable measurement tolerance shall be

+ 0,5 mm. If they are measured by sliding callipers, the
precision shall be + 0,1 mm. The tests shall be carried out
at (22 £ 5) °C. Minimum number of the test specimens is
indicated in the relevant product standard. In this case, 2
test specimens out of 3 slabs were cut. 6 measurements
were in total. Any preload is not indicated in the standard;
however, 10 % linear deformation of the test specimen is
measured only after loading the test specimen at
(2000 £ 100) Pa. The test specimen is affected by load by
increasing it from 5 to 10 mm/min. The value of com-
pressive stress (o) is determined when the test specimen
reached 10 % of relative deformation.

3. Results of experimental research and discussion

3.1. Evaluation of the fibre structure in the stone wool
slabs

The stone wool products of the chaotic and direc-
tional fibres structure were analysed and evaluated during
this research. These products are used as the thermal
insulation layer in external plastered thermal insulation
composite systems (ETICS) [22] as base for the decorative
plaster layer of a different variety.

The stone wool products with the orientated fibres
structure (lamellas) are produced by different manufac-
turers and seemed to be similar after their examination;
however, they differed visually in a bigger or smaller
expression of the fibres orientation. Discernible single-
ness of the fibres orientation remains the same in cross-
sections of the test specimens prepared for a compression
test.

After examining the fragments of the stone wool
products of the chaotic orientation fibres structure which
are prepared for compression tests, it is obvious that their
structure is not homogeneous mainly because of an un-
evenly distributed binder. Light-coloured areas, though
orientated in the same direction just like the fibres in the
product structure, are more elongated or flattened without
the binder in each cross-section (Fig 3). This shows that
the spatial fibres structure of the product is formed during
the product formation process. Such structure is formed
by collecting and after towards compressing the thermally
uncured (before the binder has been cured) wool layer by
the movable belt conveyor network.

Fig 3. Distribution of fibres in the chaotic orientation of the
stone wool slab structure (per product thickness)
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In the issue, it would be difficult to state that such
products might be attributed to the products of the chaotic
structure. They seemingly are of the mixed structure.

Such attitude is based on the other fact that the fibres
strands and single fibres compressed during the formation
are set to each other in one direction but they engage with
each other by intertwining regarding frictional force and
the formation conditions. Therefore they retain the re-
quired structure even in the case the binder heated. It is
stated that the fibres quantity of up to 60-85 % distributes
in horizontal plane (in the same direction as moves belt
conveyor line) during the formation process [23]. Unfor-
tunately, the difficulties concerning the problem of the
allegedly directional structure formation are also met in
other manufacture processes of building materials and
products which include extrusive [24], fibres pulp proc-
essing [25] etc.

According to the authors [25], the analysis of fibres
by a microscope enables to display not only the fibres,
but also non-fibrous melt inserts (“little pearls) and their
the form, diameter, contact peculiarities, flaxes and dusts
of inserts, hollows and groups of thickened fibres in the
stone wool products of a different variety. The single
fibres, their contact zones (Fig 4) and various defects
such as the binder drops and pieces of non-fibrous melt
inserts (“little pearls”) (Fig 5) were examined by using
the electronic scanning microscope.

Fig 4. Photo of the fibres in the orientated fibres structure
of stone wool product (lamella) (enlarged x50 times)

One may state that the form and diameter of the fi-
bres of the products manufactured by the same techno-
logical production line and the form of the non-fibrous
melt inserts (“little pearls™) are almost identical.

Moreover, this condition does not depend on the fi-
bres orientation in the product structure. But it is likely
that such condition is influenced by identical raw materi-
als and the same equipment used for spinning (fibres
production) from the melt.

Nevertheless, the structure of the stone wool prod-
ucts may be very chaotic and the binder added during the
production process may be distributed relatively unevenly
in the product volume. The chaotic condition of its struc-
ture is related to the micro-structural level of the stone
wool slab. For instance, the wad of the fibres randomly

formed during the product formation process. However, it
is not related to the dominating fibres orientation in the
product structure which is typical of both, the lamellas
and the stone wool products of the random fibres orienta-
tion that have no clearly expressed fibres orientation.

Fig 5. Fibres and pieces of the non-fibrous melt inserts
(“little pearls™) (enlarged x200 times)

The research performed enables to identify and de-
scribe only the smallest peculiarities of the fibrous prod-
uct structure which contains dozen of the fibres or the
area of 3—5 mm” at best. Therefore, it is almost impossi-
ble to see clearly directional stone wool fibres structure
(Fig 6).

Fig 6. Picture of the stone wool slab fragment of the al-
legedly random fibres structure through eyepiece of opti-
cal microscope (enlarged x40 times)

Thus we may state that the well-known and gener-
ally received structure classification into groups has es-
sential weaknesses since, most probably, there are no
ideally made products of one or another structure.

Realistic assumption would be that compressive
stress (compressive strength) and deformation of the
stone wool products and other mechanical properties are
dependent on both, the fibres orientation in the product
structure and the direction of the mechanical action (the
load working) which dominates with regard to the major
face of the fibres orientation product.
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3.2. Dependence of compressive stress (compressive
strength) on the load working direction

Materials of the spatial fibrous structure usually are
anisotropic since their properties are uneven in various
directions. The distribution of the fibres in terms of one
certain direction changes the values of the different mate-
rial characteristics. Compressive and tensile strength,
thermal conductivity mostly depend on the fibres orienta-
tion [26].

It is known that the majority of the fibres are orien-
tated in horizontal direction in the mineral wool products
produced by the conveyor technology [5]. Therefore the
compressive stress (1) at 10 % of relative deformation
or compressive strength (o) of the test specimens de-
pends on the load working direction.

The test specimens of 100 mm x 100 mm and in
height of 100 mm cut from the same stone wool slab were
tested by compressive load functioning in various direc-
tions. The direction of the compressive load working with
regard to the fibres orientation in the product structure is
shown in Fig 7.

Fig 7. Directions of possible compressive load working:
allegedly perpendicular (1); allegedly parallel (2); alleged-
ly tangential (3)

Marking of the load working direction was chosen
according to the wool layer movement on the conveyor
(by production line direction) and visible conveyor belt
pattern on the product surface.

The average of the 5 results obtained during the re-
search is illustrated in Fig 8.
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Fig 8. Measured values of compressive stress at 10 %
of relative deformation and compressive strength depen-
ding on the load working direction

The test specimens compressed in the dominating di-
rection of the fibres (2™ direction) initially deformed
more slowly and their deformation curve at the initial
compression stage was more upright. However, the test
specimens ruptured suddenly when 5-6 % of deforma-
tions were reached.

Accordingly, the test specimens compressed in the
1* and 3" directions deformed gradually and strength
increased more slowly at the beginning of load. When the
test specimen reached approx 4 % of deformation, the
increase of strength lowered in comparison to deforma-
tion. A more significant flexure of the curves was re-
corded when the test specimens reached 6-7 % of
deformation. All the kinetic deformation curves of the
test specimens are in Fig 9.
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Fig 9. Deformation curves depending on the direction of
the compressive load working (according to Fig 7): alle-
gedly perpendicular (1); allegedly parallel (2); allegedly
tangential (3)

In accordance with the chaotic (allegedly random)
fibres orientation in the product and the test specimens
cut from the slabs, including the singleness of the fibres
and its defective areas influenced by production technol-
ogy, it is possible to classify three possible directions of
the compressive load action in terms of the different
compression results obtained.

These directions are as follows: allegedly perpen-
dicular, because it is perpendicular to the product surface
and the conveyor surface of the production line (curve 1
according to Fig 7), allegedly parallel, because it is pa-
rallel to the product surface and the conveyor axis of the
production line (curve 2 according to Fig 7), allegedly
tangential, because it is parallel to the product surface and
perpendicular to the conveyor axis of the production line
(curve 3 according to Fig 7).
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Table 1. Compressive stress at 10 % of relative deformation () and compressive strength (c,,,) of the test specimens of the allegedly

random fibres structure

Directions of the fibres Direction of load Average values of compressive stress Average Average amount
orientation in the product working (according at 10 % of relative deformation (o) density, of binder,
structure to Fig 7) and compressive strength (c,,), kPa kg/m’ %
Allegedly perpendicular 1 56,2* 145,4 3,25
Allegedly parallel 2 142 4%* 152,7 3,11
Allegedly tangential 3 50,9* 154,0 3,14

Note: *— compressive stress at 10 % of relative deformation (cy9); ** — compressive strength (6,,).

Furthermore, similar results were obtained by testing
the test specimens of a different (higher) density which
were cut from the stone wool slabs of the fibres structure
of the allegedly random orientation. For instance, the
average compression values of the stone wool test speci-
mens in nominal density of 150 kg/m’ are presented in
Table 1.

According to the dates presented in Table 1, ie the
different values of compressive stress at 10 % of relative
deformation (compressive strength), the results could
have not been influenced by the deviations of density of
the stone wool and of small amounts of the binder.

Nevertheless, primary results would prove that in
case when the density of mineral wool increases, the
difference between compressive stress (compressive
strength) and other indicators depending on the direction
of compressive load working has a tendency to decrease.
However, this statement requires to be proven.

The research confirmed a crucial influence on the
orientation of fibres in randomly or directionally formed
product structure on the mechanical properties of the
compressed stone wool products. The allegedly direc-
tional fibres orientation is very relevant to the mechanical
properties of a product because “the influence of com-
pressive load is absorbed mostly by the fibres which are
characteristic of larger rigidity unlike the synthetic
binder” [27].

The obtained results enable to specify the approach
by other authors who claim that compressive stress of the
mineral wool test specimens compressed in different
directions at 10 % of relative deformation may differ by
4-6 times [4]. These numbers are rather too heighted
since our research showed that the difference for the
stone wool of the studied density was only 2,5-3 times. It
should be noticed that modern production technology of
the mineral wool improved; thus anisotropy of the fibres
structure decreased as well. In other words, possibilities
to regulate and control micro- and macro-structure more
accurately are enhanced.

3.3. Dependence of compressive stress of the product on
the test specimen dimensions and force increasing rate

It is known that indefiniteness of the test methodology
of standardised building materials influences the test re-
sults [28, 29]. Therefore after determining the dependen-
cies of the mechanical-deformative properties of the
mineral wool products on various methodical factors it is
possible to adequately evaluate the results which are ob-
tained during the standardised tests and the values which

are presented in technical descriptions in order to relate
them to the actual performance of the mineral wool prod-
ucts.

As discussed in Chapter 2.2, force increasing rate of
the test specimens used during the research (ie compres-
sion period as well) is chosen in accordance with 7.2§ of
the standard LST EN 826 [19]. This speed depends on the
test specimens’ height (thickness) as well because it is
required to compress the test specimen till 10 % of rela-
tive deformation in a certain time period (the higher the
test specimen, the greater force increasing rate). The test
specimens of two different dimensions (100 mm X
100 mmx 100 mm and 200 mm x 200 mm x 100 mm)
were used for the research. Their force increasing rates
were different. Thus the compression period for the test
specimens of 100 mm height was 60 sec, whereas it shall
be from 45 to 75 sec in accordance with tolerance of
+ 25 % of those indicated in the standard.

In our opinion, this compressed time interval of the
test specimens (45-75 sec) is sufficient to obtain the very
different values of compressive stress.

The value of compressive stress of the tested stone
wool test specimens depends on dimensions and force
increasing rate of the test specimens (Fig 10). Compres-
sive stress of the test specimens of the larger dimensions
(200 mm x 200 mm) was greater by 9-11 % than the test
specimens of 100 mm x 100 mm dimensions. If we
evaluate only the test results which were obtained by
compressing the test specimens at a speed specified in the
standard, then the numeric values range from 36,6 kPa to
32,7 kPa respectively. Moreover, the scatter of the values
of compressive stress of the test specimens with different
dimensions also differs. According to the test results,
scatter of compressive stress values was greater than the
test specimens of smaller dimensions.

The choice of force increasing rate has influenced
the value of compressive stress, ie the greater the force
increasing rate, the higher values of a compressive stress.
The values of compressive stress of 200 mm x 200 mm
test specimens at a certain force increasing rate are as
follows: 43 s = 37,5 kPa and 75 s = 34,9 kPa. Accord-
ingly, the values of compressive stress of 100 mm X
100 mm test specimens are: 45 s = 41,5 kPa and 95 s =
25 kPa. The difference may reach 1,5 time when compar-
ing the lowest and the greatest values achieved during the
tests.

One should notice that the uneven less of the stone
wool fibres structure, the amount of non-fibrous inserts
and other defects in product structure have an influence
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Fig 10. The values of compressive stress of the stone wool test specimens of different dimensions (100 mm x100 mm and
200 mm x 200 mm) determined during research and their dependence on the compression time

on the measured lower values of compressive stress of the
test specimens with 100 mm x 100 mm dimensions and
their distribution compare with the test specimens of
200 mm x 200 mm dimensions.

Regression equations, determination (R?), correla-
tion coefficients (R) and average standard deviations (s)
were estimated in order to evaluate the functional depen-
dence between compressive stress of the test specimens
and their force increasing rate. These indicators describe
the rectilinear degree of the measured values and the
strength of a relationship. Regression equation of the
dependence of compressive stress (oj9) of 200 mm x
200 mm test specimens on the period of compressive
time is as follows:

o0 = 43,85 -0,1257x,
where x — period of compress time, s.

Determination coefficient of 200 mm x 200 mm test
specimens R = 0,888, correlation coefficient R = 0,942,
average standard deviation s = + 0,495kPa.

Regression equation of 100 mm x 100 mm test
specimens:

ey

o190 = 46,21 — 0,2472-x,
where x — period of compressive time, s.

Determination coefficient R> = 0,554, correlation
coefficient R =0,744, average standard deviation
s =+ 3,36 kPa. Preliminarily, it could be stated that the
algorithm of the equation (2) is insufficiently reasoned in
terms of a mathematical aspect.

The correlation coefficients calculated show that the
linear regression dependence exists between the compres-
sive stress of the test specimens and their force increasing
rate because the points are placed around the line,
whereas correlation coefficient approaches Fig 1. Thus it
is possible to obtain different results of compressive
stress (0y) of the stone wool slabs during the research by
having the test specimens of different dimensions cut
from the same slab. It is natural that the values of deter-
mination and correlation coefficients are lower for the

2

test specimens with smaller dimensions. This is logical in
terms of the plane of the structure and uneveness.

3.4. Comparison of the values of the product compressive
stress in accordance with different standards

The influence of the methodical factors determining
the compression behaviour of the mineral wool products
on the declared values was evaluated by comparing the
results obtained in accordance with different methodical
standards. Compressive stress of the identical mineral
wool products at 10 % of relative deformation was de-
termined according to the methods indicated in the fol-
lowing standards:

1) The harmonised standard of the European Union

and Lithuania LST EN 826:1998 [19];

2) The German standard DIN 52272-1 [20];
3) The Inter-state standard of Commonwealth of Inde-

pendent States GOST 17177-94 [21].

The results obtained during the tests are presented in
Table 2.

As these results show, the greatest value of compres-
sive stress at 10 % of relative deformation (57,4 kPa) was
measured by the standard LST EN 826. This value is
higher by 3,8 % than the value measured by DIN 52272-1
(55,4 kPa) and higher even by 21 % than the value mea-
sured by GOST 17177-94 (47,5 kPa). Accordingly, the
aforementioned value is higher by 16,6 % by the standard
DIN 52272-1, when comparing to GOST 17177-94 me-
thods.

The assumption may be made that the smaller dimen-
sions of the test specimens (100 mm x100 mm) and force
increasing rate (5 mm/min) had the largest influence on the
results obtained by GOST 17177-94 methods. According
to the requirements of the standards LST EN 826 and
DIN 52272-1, the test specimens of the larger dimensions
(ie 200 mm x 200 mm) were used for testing. Moreover,
force increasing rate and the position of the ‘“zero-
deformation point” of the test specimens differed (as
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Table 2. The values of compressive stress and density of the stone wool test specimens determined during the comparative tests

. Density, kg m? Compressive stress of 10 % of relative deformation,
Number of test specimen ’ kPa
EN DIN GOST EN DIN GOST

1 127,5 1194 118,7 58,5 53,0 42,6

2 135,3 126,0 129,5 63,9 55,7 52,7

3 120,7 125,7 132,4 52,2 55,8 49,2

4 1274 134,9 118,0 58,9 58,0 45,0

5 125,2 124,0 125,8 54,2 54,6 44,5

6 - - 129,5 - - 50,9
Average value 127,2 126,0 125,7 57,4 55,4 47,5
Standard deviation 5,3 5,6 6,0 4,6 1,8 4,0

required in an appropriate standard). By comparing the
results obtained by DIN 52272-1 and LST EN 826, when
the test specimens of the same dimensions were com-
pressed at a different speed (20 and 10 mm/min), it may
be stated that the force increasing rate had no large ef-
fects on the results.

The value of compressive stress of the stone wool
test specimens measured by different methods was simi-
lar, although the compress speed was doubly different.
Most probably, the difference of the values of compres-
sive stress decreased regarding the position of the “zero-
deformation point” of the different results (load-
displacement curve) by measuring 10 % of the test
specimens deformations.

The density of the specimens tested under different
methods slightly differed (deviation 5,3-6,0 kg/m’). There-
fore it is considered to be a random and very small. Conse-
quently, it had no large influence on the obtained results.
However, the reduction of compressive stress of the test
specimens of a smaller size when comparing to a random
difference of their density is disproportionately large. This
could not be explained by a lower density of the tested
specimens. It is obvious that the smaller dimensions of
these specimens strongly influenced the results. It is possi-
ble to say that stress relaxation is slower in the smaller
dimensions of test specimens. It is the unevenness of the
stone wool fibres structure and the defects (areas with the
decreased or increased amount of the binder, inserts of the
non-fibrous melt etc) that have a greater effect (more than
by four times in the test specimens of a larger compressive
area). A more extensive and intense structural research on
the mineral wool is needed in order to explore this issue.

4. Conclusions

1. The model of “the structure of mass of fine inter-
twined fibres” consisting of flexible vitreous mineral
fibres, non-fibrous melt inserts (“little pearls”) and the
resin binder, which connects them by a contact method, is
applied for describing the man-made mineral wool. As
the microscopic research showed, such model of the stone
wool structure is practical only in terms of the micro-
structure. However, larger derivatives of its structure such
as singleness of the fibres and areas with a smaller
amount of the binder etc should be considered on the real
macro-structural level.

2. The direction of the load working with regard to
the major product face and the orientation of the fibres in
the product structure considerably change the values of
compressive stress at 10 % of relative deformation and/or
compressive strength of the stone wool slabs. The great-
est value of compressive strength obtained when testing
the test specimens, the fibre orientation of which in the
product structure was parallel to the major product face
and was coincident with the direction of the load work-
ing. The density deviations (5,3-6,0 kg/m3) of the stone
wool test specimens which were cut from the same slab
but from different places are relatively small and have no
crucial effect on the compressive stress value.

3. The value of compressive stress at 10 % of rela-
tive deformation of the stone wool products depends:
firstly, on the methodology (the test specimens’ dimen-
sions, force increasing rate and other factors) used in the
research (testing); secondly, on the peculiarities of re-
sults’ evaluation procedure (on the estimation of the posi-
tion of the “zero-deformation point” in load-displacement
curves). The obtained results enable to confirm that the
compressive stress of the stone wool test specimens de-
pends to a larger extent on the test specimens’ dimensions
and to a lesser extent — on the speed of compression
(force increasing rate). The average compressive stress
(compressive strength) of the test specimens with smaller
dimensions is apparently lower than compressive stress
(strength) of the test specimens with larger dimensions. In
the first instance, this reduction of compressive stress is
related to the factor of a scale, ie the influence of the
defects in the internal structure increases in the test
specimens with small dimensions.

4. The differences of the tests methodology in terms
of their probable influence on the results (values) of the
declared values (properties) should be considered when
are compared and evaluated with mechanical behaviour
of the mineral wool products produced in the countries
with different standard systems. Such methodological
aspects like dimensions of the tested specimens, force
increasing rate should be indicated in test reports.
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MINERALINI S VATOS PLOKSCIU STIPRIO GNIUZDANT SAVYBU S: STRUKTUROS
ANIZOTROPISKUMO IR METODINIU VEIKSNIU ITAKA

A. Buska, R. Maciulaitis
Santrauka

Pateikiami mineralinls vatos gaminiy struktiiros ir gniuZzdomojo itempio ar stiprio gniuZdant tyrimai. Vizualiai ir mik-
roskopiSkai tirti chaotiSkos, kryptingos ir miSrios plauSo struktiiros gaminiai. Mechaniniy bandymy metu nustatyta, kad
akmens vatos gaminiy gniuZdomasis jtempis (stipris gniuZdant) priklauso nuo apkrovos veikimo krypties, bandiniy mat-
meny, apkrovimo greicio ir plauso i$sidlstymo (orientacijos) bei metodiniy ypatumy.

ReikSminiai ZodZiai: mineralinl vata, akmens vata, plausai, struktiira, gniuzdomasis itempis esant 10 % deformacijai,
stipris gniuZdant, deformacija.
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