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Abstract. A comprehensive research project on the ﬁre performance of a new light
mineral wool has been carried out at ETH Zurich in collaboration with the Swiss
Federal Laboratories for Materials Science and Technology (EMPA). A large number
of small-scale ﬁre tests permitted the analysis of diﬀerent parameters on the ﬁre performance of the new mineral wool. The results of the ﬁre tests allowed the veriﬁcation and calibration of thermal properties used for thermal ﬁnite element (FE)
analysis. Based on an extensive FE parametric study, the coeﬃcients for the new
mineral wool to be used in the design model for the veriﬁcation of the separating
function of light timber frame wall and ﬂoor assemblies were calculated. The paper
ﬁrst describes the main results of the experimental and numerical analyses. Then, the
calculation of the coeﬃcients for the new mineral wool to be used in the design
model are presented.
Keywords: Fire tests, Mineral wool, Glass wool, Stone wool, Fire resistance, Start of charring,
Insulation value, Separating function, Timber frame

1. Introduction
Due to the introduction of compulsory thermal insulation in most European
countries, the use of insulation materials has increased, both in terms of buildings
being insulated and in the minimum values of insulation required by the national
regulations. The European market of insulating materials is characterised by the
domination of inorganic ﬁbrous materials, glass wool and stone wool, which
account for 60% of the market, and organic foamy materials, expanded and
extruded polystyrene and to a lesser extent polyurethane, which account for some
27% of the market [1]. Glass wool consists of quartz sand, dolomite, resovit and
limestone. Furthermore, adhesive materials (binder) and water-repellent oils are
added, in order to increase the mechanical strength of the materials, though the
use of these elements must be kept within limits to achieve a high ﬁre resistance.
Stone wool consists of the same basic materials as glass wool. Its main diﬀerences
concern the higher melting temperatures during the production process and the
diﬀerent size of the ﬁbres. These diﬀerences make stone wool heavier, with a
higher melting point and hence better suited for high temperature applications [1].
Results of ﬁre tests conﬁrm the better performance of stone wool than glass wool
* Correspondence should be addressed to: Andrea Frangi, E-mail: frangi@ibk.baug.ethz.ch
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when directly exposed to ﬁre, but it is also known that glass wool and stone wool
perform equally when protected from direct ﬂames, e.g. by gypsum plasterboards
[2, 3].
A new light mineral wool was developed by ISOVER based on the glass wool
technology. The new light mineral wool oﬀers the same properties as traditional
glass wool in terms of insulation and easy handling. The major new feature lies in
its improved resistance to high temperatures. A comprehensive research project on
the ﬁre performance of the new mineral wool has been carried out at ETH Zurich
in collaboration with the Swiss Federal Laboratories for Materials Science and
Technology (EMPA). A large number of small-scale ﬁre tests permitted the analysis of diﬀerent parameters (material, density, thickness) on the ﬁre performance of
the new mineral wool [4]. The results of the ﬁre tests allowed the veriﬁcation and
calibration of thermal properties used for thermal ﬁnite element (FE) analysis.
Based on an extensive FE parametric study, the coeﬃcients for the new mineral
wool to be used in the design model for the veriﬁcation of the separating function
of light timber frame wall and ﬂoor assemblies were calculated.
The paper ﬁrst describes the main results of the experimental and numerical
analyses. Then, the calculation of the coeﬃcients for the new mineral wool to be
used in the design model for the veriﬁcation of the separating function of light
timber frame wall and ﬂoor assemblies are presented.

2. Design Model for the Verification of the Separating
Function
In order to limit ﬁre spread by providing adequate ﬁre compartmentation, elements forming the boundaries of ﬁre compartments are designed and constructed
in such a way that they maintain their separating function during the required ﬁre
exposure (insulation and integrity criteria). While ﬁre tests are still widely used for
the veriﬁcation of the separating function, design models are becoming increasingly common. In timber buildings, walls and ﬂoors are mostly built up by adding
diﬀerent layers to form an assembly. For the veriﬁcation of the separating function of timber assemblies, component additive methods are used [5]. These models
are called component additive models, since the ﬁre resistance of a layered construction is obtained by adding the contribution to the ﬁre resistance of the diﬀerent layers. The current design method according to Eurocode 5 (EN 1995-1-2)
Annex E [6] is based on input data that was deduced from a limited number of
ﬁre tests on wall assemblies and therefore only covers a limited range of timber
structures [7]. For this reason a research project on the separating function of timber assemblies was conducted and recently completed at ETH Zurich [8, 9]. As a
ﬁnal result, an improved design method for the veriﬁcation of separating function
of timber constructions has been developed based on an extensive experimental as
well as ﬁnite element thermal analysis. The design method is capable of considering timber assemblies with an unlimited number of layers made of gypsum plasterboards, wood panels or combinations thereof. The cavity may be void or ﬁlled
with insulation made of stone or glass wool.
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Figure 1. Timber frame wall and floor assemblies: numbering and
function of the different layers.

In the following, the basic principle of the improved design method for the veriﬁcation of the separating function of timber constructions is explained. All details
of the design method can be found in [8, 9]. The total ﬁre resistance time is taken
according to Equation 1 as the sum of the contributions from the diﬀerent layers
(claddings, void or insulated cavities), according to their function and interaction
(see Figure 1):
tins ¼

i¼n1
X

tprot;i þ tins;n

ð1Þ

i¼1

P
with i¼n1
tprot;i , sum of the protection times tprot,i of the layers (in the direction
i¼1
of the heat ﬂux) preceding the last layer of the assembly on the ﬁre-unexposed
side (min) and tins,n, insulation time tins,n of the last layer of the assembly on the
ﬁre-unexposed side (min).
Protection and insulation values of the layers can be calculated according to
Equations 2 and 3 taking into account the basic values of the layers, the coeﬃcients for the position of the layers in the assembly and the coeﬃcients for the
joint conﬁgurations:
tprot;i ¼ ðtprot;0;i  kpos;exp;i  kpos;unexp;i þ Dti Þ  kj;i

ð2Þ

tins;n ¼ ðtins;0;n  kpos;exp;n þ Dtn Þ  kj;n

ð3Þ

with tprot,0,i, basic protection value (min) of layer i; tins,0,n, basic insulation value
(min) of the last layer n of the assembly on the ﬁre-unexposed side; kpos,exp,i,
kpos,exp,n, position coeﬃcient that takes into account the inﬂuence of layers preceding the layer considered; kpos,unexp,i, position coeﬃcient that takes into account the
inﬂuence of layers backing the layer considered; Dti, Dtn, correction time (min) for
layers protected by Type F gypsum plasterboards as well as gypsum ﬁbreboards;
and kj,i, kj,n, joint coeﬃcient.
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The coeﬃcients of the design method (basic times tprot,0 and tins,0, correction
time Dti as well as position coeﬃcients kpos,exp und kpos,unexp) were calculated for
diﬀerent materials by extensive FE thermal simulations based on physical models
for the heat transfer through separating multiple layered construction [8, 9]. The
material properties used for the FE thermal simulations were calibrated by ﬁre
tests performed on unloaded specimens at the EMPA using ISO-ﬁre exposure and
validated by additional ﬁre tests [8]. The same procedure is used for the evaluation and calculation of the coeﬃcients of the design method for the new mineral
wool.
The basic insulation value tins,0 corresponds to the ﬁre resistance of a single
layer without the inﬂuence of adjacent materials and joints, i.e. the average temperature rise over the whole of the unexposed surface is limited to 140 K, and the
maximum temperature rise at any point of that surface does not exceed 180 K.
The basic insulation value can be assessed by tests or FE thermal analysis. For
FE thermal analysis only the temperature rise criterion of 140 K is used. Further,
the temperature of the layer at the beginning of the analysis on the ﬁre-exposed
side as well as on the ﬁre-unexposed side is assumed as 20°C. The deﬁnition of the
basic insulation value tins,0 is illustrated in Figure 2.
Wall and ﬂoor assemblies consisting of a single layer are only of limited application in timber assemblies. Most constructions consist of assemblies having two
or more layers. The contribution to the separating function of the construction of
each layer (except the last layer of the assembly on the ﬁre-unexposed side) is
mainly the protection of the following layers (see Figure 1). Therefore it seems
more appropriate to introduce a basic protection value tprot,0 deﬁned as the time
until failure of the protective function. In analogy to the calculation for ﬁre protective claddings of load-bearing timber constructions according to EN 13501-2
[10] the deﬁnition of the basic protection value tprot,0 is illustrated in Figure 3. The
testing method for ﬁre protective cladding is performed with a particleboard of
thickness 19 mm backing the layer under consideration. The contribution to the
ﬁre protection of this cladding may be assumed to be satisﬁed where the average
temperature rise over the whole exposed surface of the particleboard is limited to
250 K, and the maximum temperature rise at any point of that surface does not
exceed 270 K. For FE thermal analysis, only the average temperature rise criterion of 250 K is used. Further, the temperature of the layer at the beginning of

Figure 2. Definition of the basic insulation value tins,0 according to
EN 13501-2 [10] (the average temperature rise over the whole of
the unexposed surface is limited to 140 K).
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Figure 3. Definition of the basic protection value tprot,0 according to
EN 13501-2 [10] (the average temperature rise over the whole of
the exposed surface of the particleboard is limited to 250 K).

the analysis on the ﬁre-exposed side as well as on the unexposed side is assumed
to be 20°C.
The joint coeﬃcient kj considers the joint details and their inﬂuence on the protection and insulation values of layers with joints. The position coeﬃcient considers the position of the layer within the assembly (in direction of the heat ﬂux),
because the layers preceding and backing the layer have an inﬂuence on its ﬁre
behaviour. The position coeﬃcient kpos,exp takes into account the inﬂuence of the
layers preceding the layer under consideration, while the inﬂuence of the layer
backing this layer is considered by kpos,unexp. The position coeﬃcients kpos,exp were
calculated by extensive FE thermal simulations assuming that the layers fall oﬀ
when the temperature of 270°C is reached on the ﬁre-unexposed side of the layers.
Fire tests showed that this assumption is conservative for gypsum plasterboards of
type F according to EN 520 [11] or gypsum ﬁbreboards according to EN 15283-2
[12]. Therefore the protection or insulation values of layers protected by gypsum
plasterboards type F or gypsum ﬁbreboards can be increased by using a correction time Dti.
In the following, the main results of experimental and numerical analyses, the
calculation of the basic protection value tprot,0, the position coeﬃcients kpos,exp
and kpos,unexp for the new mineral wool are described. The joint coeﬃcients are
not the subject of this paper.

3. Fire Tests
A series of 12 small-scale ﬁre tests (in the following mentioned as V) was performed with unloaded specimens using mineral wool directly exposed to ISO-ﬁre
[13]. The ﬁre tests were carried out in the EMPA’s horizontal small furnace with
the internal dimensions of 1.0 9 0.8 m (see Figure 4). The objective of the ﬁre
tests was to provide fundamental experimental data on the ﬁre behaviour of the
new mineral wool. Thus, small-scale ﬁre tests with unloaded specimens were performed. The mechanical behaviour of the mineral wool (e.g. falling oﬀ) was not
the subject of the ﬁre tests carried out.
The test specimens consisted of boxes made of particleboards ﬁlled with mineral
wool (see Figure 4). In addition to the new ﬁre resistant mineral wool, common
stone wool as well as glass wool was tested. As test parameters, the density
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Test specimens for the small-scale fire tests using mineral

Table 1

Thickness and Mean Density of the Mineral Wool Tested Under
ISO-Fire Exposure
Test
V1-16
V2-16
V3-16
V1-20
V2-20
V3-20
V3u-20
V1-25
V2-25
V3-25
VS-30
VG-20

Type
New ﬁre resistant
New ﬁre resistant
New ﬁre resistant
New ﬁre resistant
New ﬁre resistant
New ﬁre resistant
New ﬁre resistant
New ﬁre resistant
New ﬁre resistant
New ﬁre resistant
Stone wool
Glass wool

mineral
mineral
mineral
mineral
mineral
mineral
mineral
mineral
mineral
mineral

wool
wool
wool
wool
wool
wool
wool
wool
wool
wool

Thickness, mm

Density, kg/m3

40
80
120
40
80
120
120
40
80
120
120
120

15.7
17.0
16.3
21.7
19.9
19.6
20.4
28.3
27.3
26.4
28.3
20.3

(16 kg/m3, 20 kg/m3 and 25 kg/m3) as well as the thickness (40 mm, 80 mm and
120 mm) of the new mineral wool was varied. Table 1 gives the eﬀective measured
density as well as the thickness of the mineral wool tested. Particleboards according to EN 312 [14] with a mean density of 647 kg/m3 were used for the fabrication of the boxes.
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Figure 5. Position of thermocouples placed between mineral wool
and particleboard.

During the tests, the temperature at the interface between mineral wool and
particleboard was measured using nine thermocouples of type K. The thermocouples were placed on the ﬁre-exposed side of the particleboard (see Figure 5). The
ﬁre tests were stopped when a temperature of about 350°C was measured at the
interface between mineral wool and particleboard. All details of the ﬁre tests can
be found in [4].
Figure 6 shows the temperature development at the interface between mineral
wool and particleboard for all ﬁre tests performed with the new ﬁre resistant mineral wool. It can be seen that the temperature development depends on the thickness and density of the mineral wool. By increasing thickness as well as density of
the mineral wool the temperature increase at the interface between mineral wool
and particleboard is delayed.
Table 2 gives the measured basic protection value tprot,0 for all ﬁre tests performed with the new ﬁre resistant mineral wool based on the criteria of temperature rise of 250 K (temperature mean value) and 270 K (maximum temperature
rise at any point of the surface of the particleboard). The shortest basic protection
value tprot,0 was measured for the ﬁre test V1-16 (with thickness of 40 mm and
nominal density of 16 kg/m2). By increasing thickness as well as density of the
mineral wool, the basic protection value tprot,0 increased. The longest basic protection value tprot,0 was measured for the ﬁre test V3-25 (with thickness of 120 mm
and nominal density of 25 kg/m2). Noticeable is that the diﬀerences between the
measured basic protection value tprot,0 based on the two temperature criteria were
quite small (less than 3 min).

740

Fire Technology 2012

400

300

Temperature [°C]

Temperature [°C]

16kg/m2

40mm

400

200

100

300

200

100
V1-16
V1-20
V1-25

0

0

10

20

30

40

50

60

70

V1-16
V2-16
V3-16

0

80

0

10

20

Time [min]

40

50

60

400

Temperature [°C]

200

100

300

200

100
V2-16
V2-20
V2-25

0

10

20

30

40

50

60

70

V1-20
V2-20
V3-20

0

80

0

10

20

Time [min]

40

50

60

70

80

25kg/m2

120mm
400

300

Temperature [°C]

Temperature [°C]

30

Time [min]

400

200

100

300

200

100
V1-25
V2-25
V3-25

V3-16
V3-20
V3-25

0

80

20kg/m2

80mm

300

0

70

Time [min]

400

Temperature [°C]

30

0

10

20

30

40

50

Time [min]

60

70

80

0

0

10

20

30

40

50

60

70

Time [min]

Figure 6. Temperature development at the interface between
mineral wool and particleboard for all fire tests performed
with the new mineral wool.
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Table 2

Measured Basic Protection Value tprot,0

Thickness, mm

Density, kg/m3

40
80
120
40
80
120
120
40
80
120

15.7
17.0
16.3
21.7
19.9
19.6
20.4
28.3
27.3
26.4

15
29
43
22
37
50
56
28
47
70

V1-16
V2-16
V3-16
V1-20
V2-20
V3-20
V3u-20
V1-25
V2-25
V3-25

120mm

Temperature [°C]

400

300

200

VG-20
VS-30
V3-16
V3-20
V3-25

100

0

0

10

20

30

40

50

Time [min]

60

70

tprot,0, min, based on
D250 K (temperature
mean value)
18
32
44
23
38
53
57
28
47
68
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Figure 7. Temperature development at the interface between mineral wool and particleboard; left: comparison between different mineral wools (VG: glass wool; VS: stone wool; V3: new fire resistant
mineral wool); right: influence of density variation over the crosssection of the mineral wool (V3-20: lighter side of the mineral wool
directly exposed to fire; V3-20u: weightier side of the mineral wool
directly exposed to fire).

Figure 7 left compares the ﬁre performance of the new ﬁre resistant mineral
wool to common stone and glass wool. The thickness of the insulation was
120 mm for all tests considered. It can be seen that the ﬁre performance of the
new mineral wool with a density of about 16 kg/m2 (test V3-16) was similar to
that of the stone wool with a density of about 28 kg/m3 (test VS-30). Noticeable
is the strong temperature increase after about 18 min for the common glass wool.
This eﬀect is due to melting of the glass wool when exposed directly to ﬁre.
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Table 3

Measured density variation over the cross-section of the new mineral
wool with a thickness of 120 mm and a nominal density of 16 kg/m3,
20 kg/m3 and 25 kg/m3, respectively

Type
New mineral wool
New mineral wool
New mineral wool

Total
thickness,
mm

Nominal
density,
kg/m3

Density,
kg/m3,
of part I,
(40 mm)

Density,
kg/m3,
of part II
(40 mm)

Density,
kg/m3,
of part III
(40 mm)

Mean
density,
kg/m3

120
120
120

16
20
25

13.0
15.2
24.0

15.6
21.2
26.6

15.6
24.7
26.0

15.7
20.4
26.5

Because of production methodology, mineral wool usually shows a density variation over the cross-section. e.g. Table 3 showed the density measured in the
new mineral wool batts with a thickness of 120 mm and a nominal density of
16 kg/m3, 20 kg/m3 and 25 kg/m3, respectively. The 120 mm thick mineral wool
was cut in three parts with a thickness of 40 mm each and the density of each
part was calculated based on the volume and weight measured. Figure 6 right
compares the ﬁre performance of the new mineral wool with the lighter side of the
mineral wool directly exposed to ﬁre (test V30-20) to the new mineral wool with
the heavier side of the mineral wool directly exposed to ﬁre (test V30-20u). It can
be seen that for both tests the temperature development was identical up to a temperature of about 150°C and then for the specimen with the lighter side of the
mineral wool directly exposed to ﬁre the temperature increased slightly faster.
However, the diﬀerence between the two tests is very small and is of no real signiﬁcance under consideration that there may be large variation in the results if
multiple tests were undertaken.

4. FE Thermal Analysis
For the calculation of the temperature development in the new mineral wool
subjected to ISO-ﬁre a FE thermal analysis was conducted using ANSYS [15].
The heat transfer to the surface of the mineral wool was calculated using temperature-independent constant values according to EN 1991-1-2 [16] for the
resultant emissivity by radiation eres = 0.8 and the coeﬃcient of heat transfer by
convection ac,exp = 25 W/m2 K and ac,unexp = 4 W/m2 K. Density, thermal conductivity and speciﬁc heat capacity of the mineral wool vary as a function of
temperature. Unfortunately, the thermal properties of materials at high temperatures are diﬃcult to measure. Transient eﬀects and the method of measurement
can have a signiﬁcant eﬀect on the test results [17]. Thus, the thermal properties
are usually calibrated with results of ﬁre tests and the values used in FE thermal
analyses are often ‘‘apparent’’ values rather than ‘‘real’’ physically-correct
material properties [18].
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Figure 8. Temperature-dependent specific heat capacity (left)
and density (right) of the new mineral wool used for the FE thermal
analysis in this study.

For this study, for the new mineral wool, the same temperature-dependent variation of density and speciﬁc heat capacity, as for common glass wool, was
assumed as given in [8] (see Figure 8). ISOVER experimentally determined the
temperature-dependent thermal conductivity of the new mineral wool up to a temperature of 600°C. The experimental results showed a non linear relationship for
the temperature-dependent thermal conductivity of the mineral wool. Further, the
thermal conductivity is a function of the density of the mineral wool. Based on
the experimental results, Equation 4 was developed for the calculation of the temperature-dependent thermal conductivity of the new mineral wool:
kðTÞ ¼ 0:000025q1:152 T2 þ 0:0001T þ ð0:000007q2  0:0006q þ 0:044Þ

ð4Þ

with k(T), thermal conductivity (W/mK); T, temperature (°C); and q, density of
the mineral wool (kg/m3).
Figure 9 compares the results of the FE thermal analysis with the results of the
small-scale ﬁre tests on the new mineral wool with a density of 20 kg/m3 and a
thickness of 40 mm, 80 mm and 120 mm. It can be seen that the FE thermal analysis predicted the temperature development of the new mineral wool with a thickness of 40 mm satisfactorily. For the mineral wool with a thickness of 80 mm and
120 mm the temperature increase based on the FE thermal analysis was underestimated, i.e. it occurred slower than in comparison to the ﬁre tests. This eﬀect
was observed also for the tests performed with mineral wool with the density of
16 kg/m3 and 25 kg/m3. A possible reason is that physical phenomena such as the
combustion of the binder at high temperature are explicitly ignored in the calculation model. For this reason, the thermal conductivity was modiﬁed by a factor k
as a function of the thickness of the mineral wool (see Equation 5). The correction factor k was calculated by calibration of the results of the FE thermal analysis with the results of the ﬁre tests.
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Figure 9. Comparison between fire tests and FE thermal analysis
using the temperature-dependent thermal conductivity according
to Equation 4 for the small-scale fire tests performed with the new
mineral wool with the density of 20 kg/m3.

k ¼ 0:0047h þ 0:9

ð5Þ

with k, factor [-] and h, thickness of the mineral wool (mm).
Figure 10 compares the results of the FE thermal analysis using the modiﬁed
thermal conductivity with the results of all small-scale ﬁre tests. The FE thermal
analysis predicted the overall temperature development for most of the ﬁre tests
satisfactorily. Only for the test V3-20 (density of 20 kg/m3 and thickness of
120 mm) the temperature increase based on the FE thermal analysis occurred faster than in comparison to the ﬁre tests, i.e. the FE thermal analysis led to a conservative result. The diﬀerence between measured and calculated basic protection
value tprot,0 was about 7 min.
The results of the small-scale ﬁre tests were used to calibrate the material properties assumed for the FE thermal analysis. In this way, the thermal behaviour of
the mineral wool was not inﬂuenced by other layers. In [19] the results of a series
of full-scale ﬁre tests with non load-bearing light timber frame wall assemblies ﬁlled with the new mineral wool with a thickness of 145 mm is reported. Figure 11
left shows the comparison between FE thermal analysis and three ﬁre tests with
the new mineral wool that was exposed directly to ISO-ﬁre. It can be seen that the
temperature increase based on the FE thermal analysis occurred up to about
200°C slower than in comparison to the ﬁre tests, i.e. the FE thermal analysis led
to non conservative results. However, in the temperature ranges between 200°C
and 300°C the FE thermal analysis well predicted the temperature development.
Figure 11 right shows the comparison between FE thermal analysis and a ﬁre test
with the new mineral wool that was protected by a 12.5 mm thick gypsum plasterboard type A according to EN 520. Density, thermal conductivity and speciﬁc heat capacity for the gypsum plasterboard type A vary as a function of
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Figure 10. Comparison between fire tests and FE thermal analysis
using the modified temperature-dependent thermal conductivity
according to Equations 4 and 5 for all small-scale fire tests
performed with the new mineral wool.

temperature and are based on [8]. It can be seen that the FE thermal analysis predicted the temperature development on the ﬁre unexposed side of the gypsum
plasterboard as well as the mineral wool satisfactorily.

5. Coefficients of the Design Method
Based on the FE thermal analysis, Equation 6 was developed for the calculation
of the basic protection value tprot,0 of the new ﬁre resistant mineral wool (see
Figure 12). The basic protection value was calculated in analogy to the testing
method for ﬁre protective claddings given in EN 13501-2, i.e. considering the new
mineral wool backed by a 19 mm thick particleboard (see Figure 3). The temperature of the layers at the beginning of the analysis on the ﬁre-exposed side as well
as on the unexposed side was assumed to be 20°C. For FE thermal analysis, only
the average temperature rise criterion of 250 K was used.
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Figure 11. Comparison between measured and calculated temperatures for four full-scale fire tests reported in [21] with non load-bearing light timber frame wall assemblies filled with the new mineral
wool with 145 mm thickness.

Figure 12. Basic protection value tprot,0 of the new mineral wool
calculated based on FE-thermal analysis and Equation 6.



tprot;0 ¼ 0:0012q2 þ 0:06q þ 0:8 h0:008qþ0:56

for 40 mm  h  145 mm
ð6Þ

with q, density of the new mineral wool (kg/m3) and h, thickness of the new mineral wool (mm).
Figure 13 shows the basic protection value tprot,0 of the new mineral wool calculated based on Equation 6 in comparison to tprot,0 measured in all small-scale ﬁre
tests as well as in other ﬁre tests found in the literature [19, 20]. All ﬁre tests considered in Figure 13 were performed with the new mineral wool directly exposed
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Figure 13. Comparison between measured and calculated basic protection value tprot,0 of the new mineral wool directly exposed to fire
considering all small-scale fire tests [4] as well as other fire tests
found in the literature [19, 20].

to ﬁre and backed by timber board. It can be seen that for the majority of the ﬁre
tests Equation 6 well predicted the basic protection value. For few ﬁre tests the
basic protection value calculated based on Equation 6 was underestimated, i.e. the
calculation model led to safe results.
In [8] the inﬂuence of the layers preceding and backing the layer considered was
analysed separately. The position coeﬃcient kpos,exp considers the inﬂuence of the
layers preceding the layer studied, while the inﬂuence of the layer backing the
layer studied is considered by kpos,unexp. The position coeﬃcients for diﬀerent
materials were systematically calculated using FE thermal analysis. The results of
the FE thermal analysis showed that the position coeﬃcient kpos,exp is mainly
inﬂuenced by the furnace temperature at the time when the layer considered is
exposed directly to ﬁre as well as the material and thickness of the layer considered, while the inﬂuence of preheating is small [21]. As the design model for the
veriﬁcation of the separating function of timber assemblies is developed for ISOﬁre exposure, the furnace temperature
P is a function of the sum of the protection
values of the preceding layers (i.e.
tprot;i1 ). The thickness of the layer considered is expressed by its basic protection value tprot,0,i or basic insulation value
tins,0,n. Thus, it was possible to determine the position coeﬃcient kpos,exp as a function ofPthe sum of the protection values of the layers preceding the layer considered ( tprot;i1 ) and the basic values of the layer considered (tprot,0,i and tins,0,n),
making the calculation of kpos,exp easy for the designer.
For stone wool the position coeﬃcient kpos,exp can be calculated as follows
[8, 9]:
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with kpos,exp,i, position coeﬃcient of layer
P i that takes into account the inﬂuence of
layers preceding the layer considered; tprot,i-1, sum of the protection values of
the preceding layers (min); and tprot,0,i, basic protection values of layer i (min).
Figure 14 shows the calculated protection value for the new mineral wool with
density of 20 kg/m3 as a function P
of the sum of the protection values of the layers
preceding the new mineral wool ( tprot;i1 ) based on FE thermal analysis as well
as Equations 6 and 7. It can be seen that the position coeﬃcient kpos,exp for the
new ﬁre resistant mineral wool can be calculated using Equation 7. Similar results
were obtained also using the new mineral wool with densities of 16 kg/m3 and
25 kg/m3.
The inﬂuence of the layer backing the layer studied is considered by the position coeﬃcient kpos,unexp. Results of ﬁre tests supported by FE thermal analysis
showed that the inﬂuence of the layer backing the layer considered is small if the
backing layer is made of gypsum or timber, while insulating batts backing the
layer considered caused the layer to heat up more rapidly, reducing the protection
time of the layer [8, 9]. Additional results of FE thermal analysis showed that the
inﬂuence of the new mineral wool as backing layer is similar to the inﬂuence of

Figure 14. Protection value for the new mineral wool with density
of 20 kg/m3 and different thickness as a function of the sum of the
protection
values of the layers preceding the new mineral wool
P
( tprot ,i21) calculated based on FE thermal analysis as well as
Equations 6 and 7.
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Figure 15. Left calculation model for the FE thermal analysis on the
influence of an insulation backing the new mineral wool, right: Protection value for the new mineral wool with different densities as a
function of the thickness of the new mineral wool based on FE thermal
analysis as well as Equations 6 and 8.

stone and glass wool, i.e. the same position coeﬃcient kpos,unexp as given in [8, 9]
can be used.
The inﬂuence of an insulation backing the new mineral wool was studied
according to Figure 15 left. As results of FE thermal analysis showed that the
type, thickness and density of the insulation used as backing layers do not have
an inﬂuence on the determination of kpos,unexp, the new mineral wool with thickness of 80 mm and a density of 20 kg/m3 was used as backing material. Based on
the results of FE thermal analysis the Equation 8 for the calculation of kpos,unexp
for the new mineral wool backed by insulation was developed:
kpos;unexp ¼ 0:00017q0:4 h þ 0:17

ð8Þ

with kpos,exp, position coeﬃcient for the new mineral wool backed by insulation; q,
density of the new mineral wool (kg/m3); and h, thickness of the new mineral
wool (mm).
Figure 15 right shows the calculated protection value for the new mineral wool
with diﬀerent densities as a function of the thickness based on FE thermal analysis as well as Equations 6 and 8. It can be seen that the results of FE thermal
analysis agree well with the results based on Equations 6 and 8.

6. Comparison to Fire Tests
The design model for the veriﬁcation of the separating function of light timber
frame wall and ﬂoor assemblies given in [8, 9] was used for the calculation of the
ﬁre resistance of light timber frame wall and ﬂoor assemblies ﬁlled with the new
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Figure 16. Comparison between the fire resistance measured and
calculated according to the design method given in [8, 9] for fire tests
on light timber frame wall and floor assemblies filled with the new
mineral wool [4, 19, 22].

mineral wool found in the literature [4, 19, 22]. The ﬁre resistance was calculated
using the coeﬃcients developed for the new mineral wool and based on the temperature rise criterion of 140 K at the ﬁre unexposed side of the assembly.
Figure 16 shows the comparison between the ﬁre resistance measured and calculated according to the design method. It can be seen that the design method leads
mostly to safe results. The analysis of the protocols of the ﬁre tests showed that
the observed diﬀerences between calculation model and ﬁre tests are due to the
falling-oﬀ of the claddings that often occurred later in comparison to the assumptions of the calculation model. However, conservative assumptions with regard to
falling-oﬀ are necessary in order to cover the large variety of detailing of light
frame wall and ﬂoor assemblies and the resulting large variability of falling-oﬀ
times of claddings [23].

7. Conclusions
A large number of small-scale ﬁre tests in combination with an extensive thermal
ﬁnite element (FE) parametric study permitted the analysis of the ﬁre performance
of the new light mineral wool. From the analysis of the test results and FE thermal simulations the following conclusions can be drawn:
 the new light mineral wool showed improved resistance to high temperatures.
By increasing thickness as well as density of the mineral wool the ﬁre resistance
was increased.
 the ﬁre performance of the new light mineral wool with a density of about
16 kg/m2 was comparable to that of common stone wool with a density of
about 28 kg/m3.
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 the ﬁre performance of the new light mineral wool used in light timber frame
wall and ﬂoor assemblies can be calculated with a design model recently developed for the veriﬁcation of the separating function of timber constructions. The
coeﬃcients to be used in the design model were calculated based on an extensive FE parametric study.
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