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Foreword
This report presents a proposal for a standardised method for creep tests and the
necessary empirical framework that can be used to determine the density for the
volume-stable state of a granulated loose-fill material as a function of the applied stress
when exposed to a climate that is characterised as cyclic humidity conditions.
Furthermore results from a round robin test are presented.
The project was carried out, because granulated insulation materials that are loose-filled
in walls have been found to settle after installation. Loose-fill insulation in walls in a
test house was observed to exhibit progressive settling between 0.07 and 0.38 m.
A better understanding of the behaviour of granulated loose-fill material is provided and
a standardised method for measurement of creep of loose-fill material exposed to a
specified climate is proposed. This method enables control of the settling and prediction
of densities necessary to prevent settling.
Nordtest funded the project (Nordtest project 1623-03).
Danish Building and Urban Research
Department of Building Design and Technology
September 2004
Jørgen Munch-Andersen
Acting Head of Department
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Introduction
Background
It is well known that granulated insulation materials that are loose-filled in walls may
settle after installation. From practice and experimental observations it is well known
that if the density of a insulation material loose-filled in walls is too low, it may settle
after installation. For example, a sample of cellulose fibre loose-fill insulation at a low
density in a 2.4 m high cavity was observed to exhibit progressive settling, which was
0.07 and 0.38 m before and after removal of the exterior gypsum board sheathing
(Andersen et al. 2002).
Today, when loose-fill insulation is used as horizontal insulation in attics, an extra
amount is added over and above the level required for insulation in order to solve the
settling problem. When used in walls, settling is reduced by adding an extra amount of
the loose-fill material in the wall to prestress the loose-fill to compensate for any
shrinkage and creep. Mainly the increased density has been added based on experience.
In order to control the settling, or to be able to predict densities necessary to prevent
settling of a granulated loose-fill insulation material in walls, a better understanding of
the material behaviour must be provided.
Creep is shown to lead to an understanding of the material behaviour that allows for a
quantitative approach to the problem of how to achieve non-settling of a granulated
loose-fill insulation material in walls. Creep of a granulated loose-fill insulation
material exposed to a constant climate is described in (Rasmussen, 2001a, 2001b,
2002a, 2002b) and, exposed to one type of cyclic humidity conditions, in (Rasmussen,
2002c, 2003).

Aim
The aim of this project was to complete and test a proposal for a standardised method
for testing creep of granulated loose-fill insulation exposed to a climate that is
characterised as cyclic humidity conditions. In addition a round robin test of the
proposed experimental techniques and the use of empirically derived equations to
predict creep, and hence to predict the density of a loose-fill insulation material for
which the creep of the mass has asymptotically approached equilibrium, were described.
The granulated loose-fill material was exposed to a climate characterised by cyclic
humidity conditions.

Test Material
The tested loose-fill material was a granulated loose-fill cellulose-based material made
from recycled paper and used for thermal insulation. The test material was Ekofiber
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Vägg from the Swedish manufacturer Nordiska Ekofiber NEF AB, Kallinge o
Pilgrimstad, Sweden. In the following it is referred to as cellulose fibre insulation (CFI).
CFI is made from recycled paper torn to a maximum size of 2 mm by 3 mm. In total,
5 % by weight of borax and boric acid is added to the CFI to ensure that the cellulose is
fire-resistant and resistant to mould growth. The loose-fill material was characterised by
being a mass of material consisting of many small separate parts. These small particles
were not bound together in a defined structure. With relatively little effort, the loose-fill
material could be distributed homogeneously over a predefined area, which was large
compared with the size of a single particle.
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Summary
This report presents a proposal for a standardised method for creep tests and the
empirical framework necessary for determining the density for volume-stable state of a
granulated loose-fill material as a function of the applied stress when exposed to a
climate characterised as cyclic humidity conditions. The behaviour of a volume of
granulated loose-fill material exposed to external load and the specified climate is
described by creep tests. For the creep to asymptotically approach equilibrium, a quasi
volume-stable state of the granulated loose-fill material was achieved. The empirical
framework is used to describe the creep behaviour and to determine the density, at the
Equilibrium State of creep, of a granulated loose-fill material as a function of the
applied stress exposed to a specified climate.
The proposed standardised method for creep tests and the necessary empirical
framework shown are used in cases where the granulated loose-fill material is exposed
to specific cyclic humidity conditions with a constant temperature.

Tests
The proposed creep test and its related empirical framework were tested in a round
robin test. The round robin test was carried out in collaboration with the Norwegian
Building Research Institute department of Materials and Structures in Trondheim, SPSwedish National Testing and Research Institute department of Energy Technology,
Building Physics, Ete in Borås and the VTT-Technical Research Centre of Finland
department of Building and Transport in Espoo with the Danish Building and Urban
Research department of Building Design and Technology as the project coordinator.
The round robin test were performed using cylindrical specimens of 70 mm height and
105 mm diameter as described in (Rasmussen, 2001a, 2002b, 2002c, 2003). The
specimens were placed in a cylindrical test cell. It is assumed that the height of the
sample was small compared with its diameter, and the inner surface of the test cylinder
surrounding the test specimen was smooth so that the loss of stress from top to bottom
was negligible. The base of the test container was a perforated horizontal plate. A
perforated circular piston was placed on the upper surface of the test specimen for
loading and yet allowing air to flow through. A steady flow of air was forced through
the specimen. The relative humidity of the air was changed with time according to the
test requirements detailed below.
The flow of air was forced through the test specimens by means of low pressure applied
at the base. In this way the relative humidity around the test set-up was used to change
the moisture condition in the specimen.
Tests in the round robin test were carried out at a constant temperature of 23 °C and a
relative humidity (RH) alternating between 50 % and 80 %. The round robin test
programme included one test series, described by its density. The density of the test
series was 50 kg/m3. For this density three identical specimens of cellulose fibre
insulation were tested by exposure to an external load. External loads of 70, 140 and
3

290 Pa, respectively, were applied to the upper surface of the specimens. The suction
pressure on the lower surface was 10 Pa. One specimen was used for every load level.
Every 2 to 4 days the moisture conditions were changed. Displacements were measured
as the average displacement of the piston along the vertical centreline of the specimen.
Performance of the individual laboratories is detailed in Results.

Conclusion
It was found to be possible to measure creep and to describe creep by expressing strain
as a linear function of logarithm of time at each load level. The constants in the linear
function were found using the least squares method. By further empirical framework it
was found possible to determine the density of a granulated loose-fill material, CFI
material, for which the creep had asymptotically approached equilibrium, as a function
of the applied stress for the exposed climate. Equations describing creep were found to
be in good agreement with test results. Test results were produced at the Norwegian
Building Research Institute, SP-Swedish National Testing and Research Institute, VTTTechnical Research Centre of Finland and the Danish Building and Urban Research.
Creep of CFI exposed to a specified climate can be measured and described by expressing
strain as a linear function of logarithm of time at each load level. The constants in the
linear function were found using the least squares method. It was demonstrated that for
many repeated cyclic humidity conditions, creep of CFI asymptotically approached
equilibrium. The density of the mass of CFI, at the Equilibrium State of creep at each
load, can be determined. The density at this state will be denoted the density for the
volume-stable state. With a minimum of one test series, including three specimens of
CFI exposed to an individual external load, the density for the volume-stable state as a
function of stress exposed to the specified climate can be determined. Results from the
round robin test are summarised in Table 1 below.
Table 1. Summarised results determining the density for volume-stable state of CFI at different
laboratories.

Density for volumestable state [kg/m3]
Determined at 80 Pa
Determined at 150 Pa
Determined at 300 Pa

Laboratory A

Laboratory B

Laboratory C

Laboratory D

54.0
58.8
69.2

55.1
59.3
68.3

52.2
56.5
65.8

50.5
56.4
69.0

Future Recommendations
Normally, CFI is used as an insulation material and will therefore usually be exposed to
changing relative humidity. In this report results from CFI exposed to specific cyclic
humidity conditions are presented. To be able to evaluate the influence on the results
from exposure to other cyclic humidity conditions, tests must be carried out under a
number of these cyclic humidity conditions.
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Creep of Materials
A material under instantaneous load will be subject to instantaneous strain, and under
continuous load most materials will be subjected to additional strain (Nielsen, 1972).
This time-dependent strain is called creep.
Figure 1 shows a typical example of creep as a function of time for a material subjected
to a constant load that is subsequently removed.
Deformation that occurs during loading is called instantaneous strain. Deformation that
develops with time is called time-dependent strain. A deformation that will recover
when the load is removed is called reversible. The instantaneous elastic deformation and
the time-dependent delayed elastic deformation are reversible. Deformations that remain
after a load has been removed are called irreversible. The instantaneous plastic
deformation, also called the consolidation, and the time-dependent viscous deformation
are irreversible, see (Hagemann, 1989).

Figure 1. Typical example of creep as a function of time for a material with a constant load that is
subsequently removed.

There are various empirical models that describe creep (Burgers, 1935; Flügge, 1967;
Nielsen, 1972, 1973, Wesche, 1977). It should be noted that the creep functions are
independent of the load state. However, this is only true if the load does not
permanently alter the structure of the material. The resulting strain of a material
subjected to a constant load followed by a load relief is given by
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where c(t) is the creep function that describes the strain that occurs when the material is
subjected to a constant stress equal to 1.0, (σ = 1) at the time t = 0. At the time t1
removal of the stress takes place. The constant stress changes from σ1 to σ2 at the time t
= t1. ε0 is the constant instantaneous plastic strain, also called the consolidation. For
hygroscopic materials this description is shown to be useful only when exposed to
constant environmental conditions. Hygroscopic materials subjected to a constant stress
will, when exposed to alternating relative humidity conditions, exhibit additional strain.
Under these circumstances strain can be described by expressing strain as a linear
function of logarithm of time at each load level adjusted by the least squares method,
given by

where, p and ε1 are regression constants and t is time (days). (Rasmussen, 2002c, 2003),
introduces a purely empirical model describing the relation between the density of the
loose-fill material and the applied stress for which the volume of the loose-fill material
has become stable in time. A volume is defined as stable in time when creep has
reached equilibrium, and additional creep can be ignored. The density for which a
volume of the loose-fill material has become stable in time, referred to as density for
volume-stable state, denoted
(kg/m3) as a function of the stress, denoted σv-s
(Pa) is given by (Rasmussen, 2002c, 2003)

where, kRHL/RHU,n (kg/Nm) is a constant and
(kg/m3) is also a constant. RHL,
RHU and n refers to the test history characterised by the minimum and maximum
relative humidity and number of cycles, respectively. The empirical model can also
describe the behaviour of non-hygroscopic materials.
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Tests
Tests were carried out as described in the proposal for the standardised method for
testing and modelling of creep, see Appendix A.
The proposed test method defines the test container to contain a sample with a
diameter/height ratio of 1.5 at test start. The test container was made of acrylic. The
height of the sample was small compared with its diameter and the inner surface of the
test equipment encircling the CFI was smooth so that the loss of stress from top to
bottom of the CFI material could be ignored. Displacements were measured along the
vertical centreline of the CFI material.
All laboratories participating in the round robin test were asked to carry out the same
test series. Tests in the round robin test were carried out at a constant temperature of
23 °C and exposed to a relative humidity alternating between 50 % and 80 %. The
round robin test programme included one test series, described by its density of CFI of
50 kg/m3. For this density three identical specimens of CFI were tested by exposure to
an external load. External loads of 70, 140 and 290 Pa, respectively, were applied to the
upper surface of the specimens. The suction pressure on the lower surface was 10 Pa.
One specimen was used for every load level. Every 2 to 4 days the moisture conditions
were changed, see Appendix A, section 7.4.4.
The round robin test was carried out in collaboration with the Norwegian Building
Research Institute, SP-Swedish National Testing and Research Institute, VTT-Technical
Research Centre of Finland and the Danish Building and Urban Research. The results
presented are not addressed to the laboratory that carried out the tests. The results from
the round robin test are addressed to the laboratory that has carried out the tests as
Laboratories A, B, C and D. However, Laboratory D did not carry out the same test
series as the other laboratories which is why the results of that laboratory are not fully
included in this report.
The performance of the individual laboratories is described in Results. The tests carried
out at the Norwegian Building Research Institute, SP-Swedish National Testing and
Research Institute and the Danish Building and Urban Research were carried out using
the same equipment, which was circulated between the laboratories. The equipment was
manufactured at the Danish Building and Urban Research.
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Results
Strain-time diagrams determined for CFI at the individual laboratories are shown in
Figures 2 to 4. Strain-time diagrams determined for CFI at Laboratory D are shown in
Appendix B, Figure 10. The densities were 49.8, 50.4, 50.6 kg/m3 for Laboratories A, B
and C respectively. The exposure periods were 2 to 4 days with relative humidity
alternating between 50 % and 80 %. The material was exposed to external loads of
approximately 70, 140 and 290 Pa, respectively at the upper surface of the loose-fill and
a suction pressure of approximately 10 Pa at the lower surface. Throughout the test
period, the temperature was kept constant at 23 °C. However, for tests carried out at
Laboratory B the material was exposed to external loads of 80, 150 and 300 Pa,
respectively at the upper surface of the loose-fill and a suction pressure of 10 Pa at the
lower surface. The initial conditions of the material were 23 °C and 50 % RH. For tests
carried out at Laboratory C the material was exposed to external loads of 69.7, 143.2
and 291.0 Pa, respectively at the upper surface of the loose-fill and a suction pressure of
8 Pa at the lower surface. The test cell, ready for test, was stored at test start conditions
for approximately 24 hours before continuing the test procedure, although the test
specifies one hour. The initial conditions of the material were 23 °C and 50 % RH.
Tests were carried out in a climate chamber C-20/350 CTS. For tests carried out at
Laboratory D the CFI material was tested at a density of 40 kg/m3 and exposed to total
external loads of 102, 204 and 408 Pa, respectively. The initial conditions of the
material were 23 °C and 50 % RH. Tests were carried out with relative humidity
alternating between 53 % and 83 %. Tests carried out at Laboratory D are shown in
Appendix B, Figure 10 and partly used in the evaluation of the round robin test. The test
results from Laboratory D are not fully used to evaluate the test method because the
density of CFI in the test series differs considerably.
In Table 2 a description of the test series carried out by the individual laboratories
are shown.
Table 2. Detailed description of test series carried out by the individual laboratories.

Nominal
load
A

B

C

D

[Pa]
80
150
300
80
150
300
80

External load
[Pa]
70.2
140.0
290.5
80
150
300
69.7

Suction
[Pa]
10
10
10
10
10
10
8

Effective load
[Pa]
80.2
150.0
300.5
90
160
310
77,7

Applied density
[kg/m3]
49.8
49.8
49.9
50.4
50.4
50.5
51.1

150
300
80
150
300

143.2
291.0
92
194
398

8
8
10
10
10

151.2
299.0
102
204
408

50.6
50.1
40
40
40
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Determination of the constants in the creep equation for data
for cyclic humidity conditions
Figure 2 to Figure 4 show the strain-time diagram for CFI exposed to a repeated cyclic
relative humidity from the individual laboratories. In addition an equation expressing
strain as a linear function of logarithm of time at each load level given by ε(t) = p ln(t/1
day) + ε1 is shown by a bold line. p and ε1 are regression constants in the linear function
and found using the least squares method. t is time (days). Test data from the fourth
relative humidity cycle were used to find the equations expressing logarithm to time as
a function.

Figure 2. Strain-time diagram for CFI exposed to 23 oC and cyclic relative humidity alternating between
50 % and 80 % and exposed to external loads of 80.2, 150.0 and 300.5 Pa, respectively. Equations
expressing strain as a linear function of logarithm of time are shown in bold lines. The constants in the
linear function were found using the least squares method. The numbers at the top indicate the relative
humidity in each time period, 5 for 50 % and 8 for 80 %. Laboratory A.

Figure 3. Strain-time diagram for CFI exposed to 23 oC and cyclic relative humidity alternating between
50 % and 80 % and exposed to external loads of 90, 160 and 310 Pa, respectively. Equations expressing
strain as a linear function of logarithm of time are shown in bold lines. The constants in the linear
function were found using the least squares method. The numbers at the top indicate the relative humidity
in each time period, 5 for 50 % and 8 for 80 %. Laboratory B.
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Figure 4. Strain-time diagram for CFI exposed to 23 oC and cyclic relative humidity alternating between
50 % and 80 % and exposed to external loads of 77.7, 151.2 and 299.0 Pa, respectively. Equations
expressing strain as a linear function of logarithm of time are shown in bold lines. The constants in the
linear function were found using the least squares method. The numbers at the top indicate the relative
humidity in each time period, 5 for 50 % and 8 for 80 %. Laboratory C.

Table 3 shows the calculated regression constants p and ε1 representing the equation
expressing strain as a linear function of logarithm of time for CFI at each load level
from the individual laboratories. The constants in the linear function were found using
the least squares method. In addition the coefficient of correlation R2 for each case is
shown in Table 3.
Table 3. Regression constants p and e1 representing the equation expressing strain as a linear function of
logarithm of time for CFI at each load level and for each laboratory. The constants in the linear function
were found using the least squares method. The coefficient of correlation R2 is shown.

Laboratory
A

B

C

D

Load [Pa]

p [%]

ε1 [%]

R2

80.2
150.0
300.5
90
160
310
77.7
151.2
299.0
102
204
408

4.43
6.54
6.31
5.69
6.84
7.32
4.24
5.21
6.10
5.61
8.25
6.73

-10.47
-13.95
1.62
-9.08
-5.18
2.88
-15.31
-10.22
-0.65
1.82
5.70
22.82

0.96
0.71
0.98
0.92
0.95
0.95
0.94
0.96
0.97
0.96
0.98
0.98
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Determination of volume-stable density as a function of stress
The volume-stable density has been estimated using two different methods. First, by
extrapolating data for strain corresponding to 25 relative humidity cycles. Second, by
determining the strain at satisfaction of the end of test criteria. The end of test criteria
has been satisfied when the vertical displacement of the piston has reached almost
equilibrium exposed to the alternating moisture conditions. The piston has reached
almost equilibrium when either; 1) showing a change in the strain state of equilibrium
less that 0.8 % within the last 3 changes of the moisture conditions, or 2) showing an
increase in the strain state of equilibrium less that 0.6 % within the last 3 changes of the
moisture conditions, see Appendix A, section 7.4.4.

Density for volume-stable state corresponding to 25 relative
humidity cycles

Figure 5. Density for volume-stable state as a function of the applied stress is shown for CFI tested at the
different laboratories. The linear function found by the least squares method is shown as a bold line.

Figure 5 shows the density of CFI tested at the individual Laboratories A, B and C,
respectively for which the creep has reached equilibrium as a function of the applied
stress and cyclic relative humidity at 23 oC. From the equation expressing strain as a
linear function of logarithm of time at each load level exposed to cyclic relative
humidity, a period corresponding to 25 relative humidity cycles (n = 25) was chosen to
represent the strain for which creep has reached equilibrium for these experiments
(RHL = 50, RHU = 80). From these assumptions the density for the volume-stable state
of CFI as a function of the stress is calculated. By the least squares method kRHL/RHU,n,
50/80,25
L /RH U , n
(k50/80,25) and ρ vRH
, ( ρv−
) are found, together with the coefficient of
−s,0
s,0
correlation R2, to be:
k50/80,25 = 0.0768 kg/Nm
3
ρv50− s/ ,800 , 25 = 49.7 kg/m
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with
R2 = 0.96.
25 relative humidity cycles (n = 25) correspond to a period of 175 days, 43 days, 150
days for Laboratory A, Laboratory B, Laboratory C, respectively.
50 / 80 , 25
L /RH U , n
By the least squares method kRHL/RHU,n, (k50/80,25) and ρ vRH
, ( ρ v−
) are found
−s,0
s,0

and shown in Table 4 for the individual laboratories. In addition the coefficient of
correlation R2 is shown in Table 4.
50/80,25

Table 4. Regression constants k50/80,25 and ρv − s,0

representing the linear function describing the

density of CFI as a function of the applied load for which the volume of the loose-fill material has
become stable over time. The regression constants are found for tests carried out at the individual
laboratories. The linear function is found by the least squares method. The coefficient of correlation R2
is shown.

Laboratories
A
B
C
D

k50/80,25
[kg/Nm]
0.0867
0.0663
0.0776
-

50 / 80, 25
ρ v−
s,0

[kg/m3]
49.6
51.3
48.4
-

R2
0.998
0.993
0.999
-

Density for volume-stable state at satisfaction of end of test
criteria
Figure 6 shows the density of CFI tested at the individual Laboratories A, B, C and D,
respectively for which the creep reached equilibrium as a function of the applied stress
and cyclic relative humidity at 23 oC. The end of test criteria described in Appendix A,
section 7.4.4 was chosen to represent the strain for which creep has reached equilibrium.
From these assumptions the density for volume-stable state of CFI as a function of the
stress is calculated. By the least squares method kRHL/RHU ,n (k50/80,End of test) and
L /RH U , n
ρ vRH
,(
) are found, together with the coefficient of correlation R2, to
−s,0
be:
k50/80,End of test = 0.0639 kg/Nm
= 48.6 kg/m3
with
R2 = 0.95.
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L /RH U , n
By the least squares method kRHL/RHU ,n (k50/80,End of test) and ρ vRH
,(
−s,0

) are

found and shown in Table 5 for the individual laboratories. In addition the coefficient of
correlation R2 is shown in Table 5.

Figure 6. Density for volume-stable state as a function of the applied stress is shown for CFI tested at the
individual laboratories. Linear function found by the least squares method is shown as a bold line.

Table 5. Regression constants kRHL/RHU,End of test and

L /RH U , End of
ρ vRH
− s,0

test

representing the linear function

describing the density of CFI as a function of the applied load for which the end of test criteria for the
loose-fill material has been approved. The regression constants are found for tests carried out at the
individual laboratories. The linear function is found by the least squares method. The coefficient of
correlation R2 is shown.

Laboratories
A
B
C
D

kRHL/RHU,End of test
[kg/Nm]
0.069
0.060
0.062
0.084

L /RH U , End of
ρ vRH
− s,0

[kg/m ]
48.5
50.3
47.2
43.8

test

R2

3
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0.997
0.994
0.999
0.971

Discussion
The round robin test started with reading, commenting and clarifying the proposal for
the standardised method for testing and describing creep of materials exposed to cyclic
humidity conditions. Hereafter the actual test and calculations took place. Laboratories
A to D carried out the tests using the proposed method.
The test method has been shown to be a method easy to carry out and to reproduce data
from. The test procedure used a strain criterion for the change of relative humidity level
and an end of test criteria allowing tests to be carried out over a period of time different
from one laboratory to another. However, tests show little influence from the total time
used to carry out the tests.
Test results show that creep of CFI material exposed to cyclic humidity conditions can
be described by an equation expressing strain as a function of logarithm of time for each
load level. It is recognised that the suggested empirical framework describing the creep
functions can be used for load levels that do not cause damage to the material.
Additional tests have shown that CFI, woodwool, granulated flax and granulated
mineral wool can be described by the use of the presented test method, (Rasmussen,
2002c). Further it is shown that the strain can be expressed according to the number of
relative humidity cycles. Test results from the fourth relative humidity cycle until end of
test criteria have been used to predict strain after the 25th relative humidity cycle.
Laboratory B continued the tests from the end of test criteria until the 25th relative
humidity cycle. Results from Laboratory B show a good correlation between predicted
strain and measured strain after 25 relative humidity cycles. The predicted strains are
12.32, 20.55, 30.45 % and measured strains are 11.6, 19.5, 29.3 % at the 25th relative
humidity cycle for load levels of 90, 160, 310 Pa, respectively.
Laboratory A is seen to have an error related to strain measurements at the load level
150.02 Pa. It was ensured that the strain measurements for the three last relative
humidity cycles were without errors and correct. The equipment used to measure the
displacement was changed.
Strain time diagrams from the different laboratories show that for many repeated cyclic
humidity conditions creep of CFI has asymptotically approached equilibrium.
The density of CFI for volume-stable state as a function of the stress level has been
determined at end of test conditions and after many repeated cyclic humidity conditions,
25 cycles. The volume-stable state has been described by a linear equation found by the
least squares method.
CFI is normally used as an insulation material and will therefore usually be exposed to
changing relative humidity. Here CFI exposed to a relative humidity alternating
between 50 % and 80 % at 23 °C have been investigated and results carried out at four
different laboratories are shown.
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Tests carried out at the different labourites show the test method to be robust. Carrying
out the round robin test, the laboratories have used both a fixed number of days for
every climate and the number of days at every climate necessary to fulfil the strain
criteria. Both procedures used for carrying out the tests showed comparable results.
Tests carried out at Laboratory D showed that the density at the end of test criteria
described in Appendix A, section 7.4.4 which were chosen to represent the strain for
which creep has reached equilibrium, is independent of the density of the specimen at
test start. From these assumptions the density for volume-stable state of CFI as a
function of the stress is calculated.
It should be kept in mind that material characteristics for hygroscopic materials are
moisture-related. Therefore, it is recognised that for hygroscopic materials the moisture
exposure is of great importance for determining the density for which the volume of the
loose-fill has become stable when exposed to a specified climate. By lowering the
temperature or by lowering the relative humidity amplitude, reduction of the moisture
exposure will decrease the density for which the volume of CFI has become stable. The
density for which the volume of CFI has become stable for environmental conditions
different from those shown must be determined from material characteristics related to
the actual climate. The influence from ageing of materials and mechanical vibrations
including shock has not been addressed in this test method.
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Conclusion
This report presents a proposal for a standardised method for creep tests and the
necessary empirical framework that can be used to determine the density for volumestable state of a granulated loose-fill material as a function of the applied stress exposed
to a specified climate characterised as cyclic humidity conditions. Creep tests were
carried out in a climate with a cyclic relative humidity alternating between 50 % and
80 % at 23 °C. For the creep to asymptotically approach equilibrium, a volume-stable
state of the granulated loose-fill material was achieved and the matching density
determined. The empirical framework was used to describe the creep behaviour and to
determine the density, at the Equilibrium State of creep, of a granulated loose-fill
material as a function of the applied stress exposed to the specified climate.
The proposed creep test and related empirical framework were tested in a round robin
test. The round robin test was carried out in collaboration with the Norwegian Building
Research Institute, SP-Swedish National Testing and Research Institute and the VTTTechnical Research Centre of Finland with the Danish Building and Urban Research as
the project coordinator. The proposed standardised method for testing and describing of
creep was carried out at a constant temperature and an alternating relative humidity.
It was found possible to describe creep by the empirical framework in good agreement
with test results. Furthermore strain time diagrams from the individual laboratories
show that for many repeated cyclic humidity conditions creep of CFI has asymptotically
approached equilibrium.
The density of CFI for volume-stable state as a function of the stress level can be
determined and described by a linear equation found by the least squares method. It is
recognised that the suggested empirical framework describing the creep functions and
the density at the volume-stable state can be used for load levels that do not cause
damage to the material.
The test method was shown to be robust.
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Appendix A. NT BUILD 510
The approved method NT BUILD 510 Loose-fill insulation: Testing and modelling
of creep - Alternating moisture conditions can be downloaded at
www.nordicinnovation.net
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Appendix B

Figure 7. Diagram showing test results for CFI exposed to 23 oC and cyclic relative humidity alternating
between 50 % and 80 % and exposed to external loads of 80.2, 150.0 and 300.5 Pa, respectively. Strain,
relative humidity and temperature from tests carried out at Laboratory A are shown.
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Figure 8. Diagram showing test results for CFI exposed to 23 oC and cyclic relative humidity alternating
between 50 % and 80 % and exposed to external loads of 80, 150 and 300 Pa, respectively. Strain, relative
humidity and temperature from tests carried out at Laboratory B are shown.
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Figure 9. Diagram showing test results for CFI exposed to 23 oC and cyclic relative humidity alternating
between 50 % and 80 % and exposed to external loads of 77.7, 151.2 and 299.0 Pa, respectively. Strain,
relative humidity and temperature from tests carried out at Laboratory C are shown.
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Figure 10. Strain-time diagram for CFI with the density of 40 kg/m3 exposed to 23 oC and cyclic relative
humidity alternating between 53 % and 83 % and exposed to external loads of 102, 204 and 408 Pa,
respectively. Equations expressing strain as a linear function of logarithm of time at each load level are
shown in pink bold lines. Laboratory D.
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