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Effect of Dynamic Load on Value of Point Load of Mineral Wool Boards
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This paper presents the research on the effect of dynamic load on the point load value of mineral wool boards used for
thermal insulation in low-slope roofs. Mineral wool boards for thermal insulation of low-slope roofs are described by the
values of compressive stress (o10) and point load (Fs). For this work, three types of mineral wool boards normally used
as thermal insulating layer and/or as basis for the waterproof roofing membranes were tested. Usually, during roof
installation or regular maintenance, these boards are affected by reoccurring short-term loads acting on a small area
which is due to “walking”. In order to simulate the effects of short-term dynamic loading, a JW fatigue machine with a
special construction was used. The surface of a test specimen was compressed till its deformation would reach 5 mm,
using a periodic load of 147 kPa repeated every 2 seconds — in the same way as the board would have been affected
while by “walking” on it during its operation use. In order to determine how the short-term loads affect the strength of
the test specimen, the initial values of density and point load were measured. After dynamic fatigue test the changes of
these values were determined again. The results show that the surfaces of all types of mineral wool boards were
damaged. Residual deformations appeared on the surface due to strain concentration and plastic deformations. The
presented results show that the value of point load dynamic resistance op,(DR) amounted to 63 % — 86 % of the point
load value measured before the tests. Some test specimens showed an increased value of point load, compared to the

value before the tests. This demonstrates the structural non-homogeneous of the mineral wool.
Keywords: mineral wool, stone wool, dynamic load, point load, dynamic fatigue, layered structure.

1. INTRODUCTION

Low-slope roof is the part of the building envelope
which is affected by the largest possible combination of
loads: wind, snow, pedestrian traffic during roof
installation and maintenance that is why thermal insulation
materials must have high physical-mechanical features.
Only rigid load-bearing products should be used as thermal
insulation layer. For mineral wool boards the declared
values should be the compression stress at the 10 %
deformation (oy,) or the compression strength (o,,) as well
as the value of point load (Fs). The values should be
determined in accordance with standard LST EN 13162
[1]. The European Organization for Technical Approvals
(EOTA) has prepared and approved the European
Technical Approval Guideline ETAG 006 [2] that includes
the technical requirements for the thermal insulation
materials used in the low-slope roof systems. According to
[2] Clause 6.4.3.1, it is recommended that the value of
point load (at 5 mm deformation) of thermal insulation
products used for the top layer of the low-slope roofs, must
be F5>500 N (or after conversion to the area measures
op, > 100 kPa) according to LST EN 12430 [3].

The aim of the point load test is to determinate the
influence of the direct load (affecting a small surface area)
on thermal insulation materials. Direct load will occur
during installation or maintenance, usually because of
workers’ walking on the material. However, these values
are determined in laboratories by testing only newly
manufactured products. It is seen that test results obtained
in laboratories usually do not reflect the real material
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characteristics in normal operation conditions. Moreover,
there are practically no tests of materials durability and
characteristic changes during normal operation [4].

Thermal insulation products used in low-slope roofs
are normally affected by the short-term dynamic load
which occurs because of human weight. In the references
[5, 6] it is stated that the load of one standing person can
reach from 25 kPa — 62 kPa, in the average 32.9 kPa. The
size of static load depend on human weight (approximately
80.1 kg) and the shoe size (supporting area about 440 cm?).
However, the author [6] states that the dynamic loads
occuring during walking increase approximately 4 times,
this will give a load in the average of 130 kPa — 150 kPa.
In order to avoid damaging of the roof system by
destroying the thermal insulation layer during of its
installation (see Fig.1 and Fig.2) or later by regular
maintenance it is needed to determinate the resistance of
the thermal insulation materials to the reoccurring dynamic
load due to frequent pedestrian traffic.

Fig. 1. Insulation board (in dimensions 1200 mm x 600 mm)
destructed by pedestrian traffic



insulation material
2000 mm x 1200 mm) after walking on it

Fig. 2. Thermal (board in dimensions

The aim with this work is to determine the changes of
the point load value due to the effect of dynamic loading
(dynamic fatigue) simulating walking on the mineral wool
products of different types and structure.

2. TEST SPECIMENS AND METHODS

Three types of stone wool products with different
structure were used for testing (see Table 1).

The point load test is performed according to the
requirements of standard LST EN 12430 [3]. The prepared
test specimen is initially preloaded with a force of 2.5 N
+0.25 N corresponding to a pressure of (500 £50) Pa. The
compressive force is applied to the test specimen by a
circular indenter acting on 50 cm? of the specimen surface
area, this requires the usage of cylindrical indenter of steel
having a diameter of 79.8 mm (Fig. 3). The compressive
force is increased with constant speed (50 £5) mm/min.
and the test specimen deformation is measured and
recorded. The test is performed until the critical point is
reached (i.e. until the material yield limit at compression),
or when the deformation reaches 20 %. According to the
standard LST EN 13162 [1] for mineral wool products, the
point load is measured and declared at 5 mm deformation.

In order to imitate the effect of dynamic loading (dy-
namic fatigue) the JW fatigue machine of special
construction was used. The surface of the test specimens
was cyclically pressed every 2 seconds 15 times each time
till the deformation of 5 mm was achieved, applying the
reoccurring loading of (147 +2) kPa due to acting of 16 cy-
lindrical indenters of steel (the diameter of each 79.8 mm)
(Fig. 4). The load was chosen considering the dynamic
loadings occurring due to walking of a medium weight

Table 1. Stone wool products used for testing

Fig. 3. Point load test

human. The diameter of the cylindrical indenter corre-
sponds to the area of a foot heel (about 50 cm?). The
equipment artificially affects the test specimen in the same
way as it thought to be affected by “trampling” in normal
usage. The test consists of 4 cycles, after each cycle the
test specimen is rotated 90 degree so that the surface of the
test specimen is fully affected by the dynamic load. Similar
constructions and device principles are used for testing of
other materials (for instance polymers) as well [7, 8].

The tests were performed in the following order:

—the squarely test specimens in the dimensions of
(300 x 300) mm and (600 x 600) mm at original product
thickness were cut from the boards mentioned in Table 1;

Fig. 4. Dynamic fatigue test on JW machine

Amount of test | Thickness range Thermal Compressive Point load
Type of test specimens () % 9 Density (p), conductivity stress at 10 % value at 5 mm
specimen P o 2 mn; kg/m® (p), deformation deformation
p W/m-K (010), kPa (Fs), N
MWB-5/50 37 60 - 100 150* <0.040 > 50 > 500
MWB-9/100 36 50 - 140 175* <0.043 >90 >1000
MWR-5/100 41 60 - 160 150** <0.040 >50 >1000

* —mono density board;

** _ layered structure board consist of material with more than one density.
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—the test specimens in dimensions (300 x 300) mm
were used for the measurements of point load, and the test
specimens of (600 x 600) mm were affected by the
dynamic loading (dynamic fatigue);

— after the test of dynamic fatigue, the test specimens
in dimensions (600 x 600) mm was removed from JW
machine, and were cut off 150 mm from all sides (so that
only the middle part would be left) till the dimensions of
(300 x 300) mm. These test specimens in dimensions
(300 x 300) mm are used for the measurements of point
load after dynamic fatigue in order to determinate the point
load changes caused by the effect of short-term dynamic
loading.

Before the point load tests the density (before and after
dynamic fatigue) of all test specimens was determined
according to method described by standard LST EN 1602
[9]. The organic content in the test specimens was
measured according to standard LST EN 13820:2003 [10].

3. RESULTS AND DISCUSSION

The results of all the measurements are shown in
Table 2.

As expected, it is clearly seen from the results
presented in Table 2, the dynamic loading influences the
values of point load — they decrease for all the types of test
specimens. The biggest change in values occurred for the
specimens MWB-5/50, having the lowest density and the
lowest declared value of the point load. After dynamic
fatigue, the value of point load (Fs(p)) decreased from
910 N to 580 N compared to the value of point load (Fs)
measured for the test specimens which were not exposed to
dynamic fatigue. Whereas, the (Fspy)) values of the test
specimens for the types MWB-9/100 and MWR-5/100
decrease about 15 % —16 %, correspondingly: for the
MWB-9/100 test specimens from 1660 N to 1440 N, and
MWR-5/100 from 1520 N to 1300 N. The changes in point
load values after dynamic fatigue could be explained by:

the surfaces of the mineral wool boards are damaged,
because the structural homogeneity of the fibrous
composite matrix of the mineral wool is destroyed.
Residual deformations appear on the surface due to strain
concentration and plastic deformations. This can be seen
from the measured results of the density change (increase)
for the test specimens having the lowest density and the
lowest declared value of point load. The density of these
specimens increases because their surface is totally dam-
aged and the measured thickness of the test specimens is
smaller (after dynamic fatigue). This did not happen with
the test specimens having higher declared value of point
load. The calculated standard deviation for the density did
not change significantly after dynamic fatigue. However,
the average standard deviation for values of point load for
the specimens change after dynamic fatigue (instead of
former approximately £(10-11) % till £(16—32) %. Some
test specimens even has an increase in point load value
after the dynamic fatigue compared to the value before the
test. This probably happens because of the surface layer
becoming denser. This demonstrates the structural non-
homogeneity of the mineral wool.

It should be noted that measured average values of
point load for the all types of specimens coincide with the
point load values declared by the manufacturer even after
dynamic loading.

In order to describe and quantify the test results the
value of point load dynamic resistance op;(DR) was used.
It shows the percentage change of the value of point load
after dynamic fatigue compared to the value of point load
without dynamic fatigue:

F

op(DR) =—P1) 100, %, (1)
F5

where: Fspyy is the measured value of point load after

dynamic fatigue, in N; Fs is the value of point load (before

dynamic fatigue), in N.

Table 2. Measured average values of point load and density before dynamic fatigue and after dynamic fatigue test

Before dynamic fatigue After dynamic fatigue
Density (p), kg/m® Point load (Fs), N Density (o), kg/m® Point load (Fs(p.), N
MWB-5/50 test specimens
Average value 153.6 910 159.5 580
Standard deviation 11.0 90 15.7 190
Min measured value 128.8 760 133.8 320
Max measured value 173.2 1110 190.4 960
MWB-9/100 test specimens
Average value 180.2 1660 177.4 1440
Standard deviation 12.9 170 13.3 250
Min measured value 157.7 1280 154.3 870
Max measured value 2184 2100 213.0 1840
MWR-5/100 test specimens
Average value 163.3 1520 163.49 1300
Standard deviation 13.07 150 13.33 210
Min measured value 143.0 1230 144.6 880
Max measured value 199.6 1870 202.5 1780
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The value of point load dynamic resistance op;(DR)
depends on density, binder content and mechanical
characteristics of the test specimens. The lowest op;(DR)
value is calculated for the test specimens marked as MWB-
5/50 and reaches approximately 63 % value of the point
load before the dynamic fatigue test. Also the average
standard deviation is very wide, because it reaches 30 %.
Values of point load dynamic resistance oy (DR)
calculated for the two other types of test specimens:
MWB-9/100 and MWR-5/100, are similar 86 % and 85 %
(see Fig.5). The average standard deviation is 12 % for
both types of the test specimens.
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Fig. 5. Value of point load dynamic resistance op (DR) for
different types of test specimens

For comparison we could write, that the lowest
opr(DR) value was measured for the test specimen marked
as MWB-5/50 and reached only 40 %, and the highest one
was 122 % for the test specimen MWR-5/100. Such huge
differences can perhaps be explained by uneven fibrous
structure or influence of defects because of the applied
concentrated load in a small area.

2,000

After processing the test results with mathematical-
statistical program Statistica [11], it was defined that there
exists a strong linear dependence and functional relation
between the point load value and the point load value after
dynamic fatigue test. The calculated linear regression
curve (see Fig. 6) has the correlation coefficient R = 0.923.

Also, after measurements of binder (phenol-formal-
dehyde resin) content in the test specimens, was defined
following the average binder contents in the all types of the
test specimens (Table 3).

Table 3. Average binder contents in the test specimens

Test Binder content, %
average value standard deviation
MWB-5/50 3.42 +0.33
MWB-9/100 3.96 +0.35
MWR-5/100 3.76 +0.25

These results explain the values presented in Fig. 5 and
show that the binder content influences the value of
dynamic point load resistance op; (DR). In this case we
could assume that the content of the binder in the test
specimens influences for the value of dynamic point load
resistance op (DR). The test specimens MWB-5/50 have
lowest content of binder (3.42 %) and have the lowest
value of gp;(DR) = 63 %. The specimens MWB-9/100 with
highest content of binder (3.96 %) respectively have the
highest value of o5, (DR) = 86 %.

It is determined that other parameters (for instance the
density and the value of point load dynamic resistance)
correlate among themselves, but they also have essential
functional dependence (correlation coefficient R > 0.54).

Measured results confirm that the dynamic point load
resistance op (DR) for mineral wool boards mostly
depends on mechanical-deformation characteristics of the
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Fig. 6. The linear regression curve of functional relation between point load before and after dynamic fatigue test
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products surface layer and the binder content. The
dependency on density is weaker because the boards
having a high value of point load had even higher values of
point load after the dynamic fatigue test as well. Test
results also showed that layered structure stone wool
boards (consisting of a top layer of higher density and a
low density bottom layer [12]) having lower average
density are sufficiently resistant to the effect of dynamic
loading. The dense layer on the products of layered
structure overtakes the concentrated compressive pressure
spreading the point load into the plane so pressure is acting
across a greater area.

4. CONCLUSIONS

1. During installation and/or regular maintenance of low-
slope roofs, thermal insulation materials are affected
by dynamic loadings (sometimes reaching 130 kPa —
150 kPa) occurring due to pedestrian traffic. That is
why it is important to define the material resistance to
dynamic point loading.

Materials resistance to dynamic loading could be
defined by the value of point load dynamic resistance
op(DR). The value point load dynamic resistance
determined during the present tests reached 63 % —
86 % compared to the value of point load before the
dynamic fatigue test.

The point load dynamic resistance for mineral wool
boards mostly depends on mechanical-deformation
characteristics of the products surface layer and the
binder content. The dependency on density is weaker
because the boards having high value of point load
had higher value of point load after the dynamic
fatigue as well. The value of point load after the
dynamic fatigue in 92 % depends on the point load
value measured without dynamic fatigue.
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