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Foreword

This report presents a proposal for a standardised method for creep tests
and the necessary theoretical framework that can be used to describe creep
of a granulated loose-fill material. Furthermore results from a round robin
test are shown.

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 set-
tling 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 is proposed. This enables control of the settling and prediction of
densities necessary to prevent settling.

Nordtest has funded the project (Nordtest project 1536-01).

By og Byg, Danish Building and Urban Research
Building Technology and Productivity Division
July 2002

Jargen Nielsen
Head of division



Introduction

Background

It is well known that granulated insulation materials that are loose-filled in
walls may settle after installation. For example, loose-fill insulation in a test
house with wood frame walls with gypsum boards exhibited progressive set-
tling between 0.07 and 0.38 m, before and after removal of the gypsum
board that was acting as a wind barrier, (Andersen et al., 2000).

Today, when used for insulation in attics, an extra amount of loose-fill in-
sulation is added, over and above the level required for insulation, as a solu-
tion to the settling problem. When used in walls, settling is neutralised by
adding insulation with a higher density. So far, this higher density has been
based on experience.

In order to control the settling, or to be able to predict densities necessary
to prevent settling of 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 granulated loose-fill insulation material in walls, (Rasmussen
2002).

Aim

The aim of this project was to complete and test a proposal for a standard-
ised method for testing creep of granulated loose-fill insulation. In addition a
round robin test of the proposed experimental techniques and the theoretical
framework needed for determining the associated creep parameters were
described.

Test material

The tested loose-fill material was a granulated loose-fill cellulose-based
material made of recycled paper and used for thermal insulation. The test
material was Ekofiber vind from the Swedish manufacturer Nordiska Ekofiber
NEF AB, Kallinge o Pilgrimstad, Sweden. In the following it is referred to as
cellulose fibre insulation (CFI). A similar granulated loose-fill cellulose-based
material was introduced by SP. In the following it is referred to as cellulose
fibre insulation SP (CFI-SP). CFl is made from recycled paper torn into
pieces of approximately 2 mm by 3 mm. In total, 16 % 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 parts were not bound together in a fixed predefined form. With a rela-
tively small effort, the CFI could be distributed homogeneously across a pre-
defined area that was large compared with the size of a single particle.



Summary

This report presents a proposal for a standardised method for creep tests
and the necessary theoretical framework that can be used to describe creep
of a granulated loose-fill material. The proposed standardised method for
creep tests and theories are limited to cases where the granulated loose-fill
material is exposed to a constant environment with a constant temperature
and a constant relative humidity.

Tests

The proposed creep test and its related theoretical framework has been
tested in a round robin test. The round robin test was carried out in collabo-
ration with SP-Building Physics in Sweden and VTT Building Technology in
Finland.

Tests in the round robin test were carried out at a constant temperature of
23 °C and a relative humidity (RH) of 50 %. The round robin test program in-
cluded three test series, each test series described by its density. For each
density three identical specimens of cellulosic fibre insulation were tested by
exposure to a stress state of respectively 78, 202 and 499 Pa. The densities
of the three test series were 42, 50 and 60 kg/m”.

In addition, additional tests were carried out at a constant temperature of
23 °C and a relative humidity of either 50 % or 80 % at By og Byg. One test
series with a density of 30 kg/m3 was carried out at a relative humidity of
50 %. Two test series with a density of 42 and 50 kg/m3 were carried out at a
relative humidity of 80 %.

Conclusion

It was found to be possible to describe creep analytically and in good
agreement with test results. Test results were produced at VTT Building
Technology, Finland and By og Byg. Test results from SP-Building Physics,
Sweden have not been used. The material tested by SP-Building Physics,
Sweden was replaced by a product different from the one tested at VTT
Building Technology, Finland and By og Byg.

CFI can be defined as Clouser materials, and analyses of the creep func-
tion shows that the material behaviour can be described by the Clouser
equation. Stress components determined using the description of the creep
function by means of the Clouser equation were found to be in good agree-
ment with strain components determined from the strain-time diagram.

The elastic modulus is the linear elastic modulus and represents the ca-
pability of the material to regain its volume when relieved of its load. The
elastic modulus was determined from the strain-time diagram. The elastic
modulus was found to be independent of the density. However the consoli-
dation increased with decreasing density.

Future recommendations

CFl is normally used as an insulation material and will therefore normally be
exposed to changing relative humidity. CFl exposed to changing relative



humidity is not covered by the proposed standardised method for creep
tests.

Strain-time behaviour for CFl exposed to an alternating relative humidity
have been investigated and results are shown in (Rasmussen 2002). These
investigations have shown that for CFl exposed to a constant load and an
alternating relative humidity the strain-time diagram shows a progressive
strain. Stabilisation of the progressive strain is indicated after a few cycles.

Because strain behaviour related to an alternating relative humidity is the
most important material behaviour when determining settling of granulated
loose-fill materials used as insulation, it is recommended that a test method
is formulated and proposed to determine stress-time diagrams for granulated
loose-fill materials used as thermal insulation and exposed to an alternating
relative humidity.



Theory

Creep of materials

A material under instantaneous load will be subject to instantaneous strain,
and under a 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 ma-
terial 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 de-
formation 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 the load has been
removed are called irreversible. The instantaneous plastic deformation, also
called the consolidation, and the time-dependent viscous deformation are ir-
reversible, see (Hagemann, 1989).
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Figure 1. Typical example of creep as a function of time for a material with a constant load that is sub-
sequently removed.

Theoretical description of creep

Creep and recovery can be described theoretically by applying the theory for
a so-called Burgers material (Fligge, 1967; Nielsen, 1972; Fuglsang Niel-
sen, 1973; Wesche, 1977). The Burgers model is known as being the most
complex of the simpler models describing creep. Moreover, it is a model that
can be used to describe the strain phenomena that characterise a viscoelas-
tic material; the pure elastic component, the pure viscous component, and
the delayed elastic component (Fuglsang Nielsen, 1986). A theoretical de-
scription of the creep function can be used to determine parameters to de-
scribe the theoretical relaxation.

In addition, some materials can also be defined as Clouser materials, and
can be described by the simpler Clouser equation (Clouser, 1959). Use of
the Clouser equation is recommended if the analysis of the creep function
permits. It should also be noted that parameters of the creep functions are



theoretically independent of the load state. However, this is true only if the
load does not cause damage to the material.

The creep function that describes the creep (and relaxation) of a Burgers
material (Burgers 1935) is given by the following equation, e.g. Fuglsang
Nielsen (1988):

11 1,
t)=—+—t+—(1—e™% 1
c(t) E+;7 +Ek( e ) (1)

where ¢ (s) is time, E (Pa) and Ej (Pa) are elastic moduli, n7 (Pa-s) is viscosity
and & (s™) is a rheological constant given by & = Ei/n where 7, (Pa-s) is
viscosity.

The creep of a Clouser material is given by the following equation (Fugl-
sang Nielsen 1986, 1993):

C(’)Zél”(iﬂ )

where 7 (s) is a constant called the relaxation time and a; (dimensionless) is
the creep exponent which is also a constant.

The creep function, c(f) describes the strain that appears when the mass
at the time 7 = 0 is applied a constant stress, o= 1. The value of the starting
point is ¢(0) = 1/E.

With a good approximation the relaxation function corresponding to the
Clouser creep function above can be described by the following equation
(Fuglsang Nielsen 1986, 1993):

)= - E{l +(;) r | @)

The measured creep that develops in the mass exposed to constant
stress as a function of time is adjusted to the Clouser equation. Adjusting the
creep data to the Clouser equation it is found that the equation can be linear
by logarithm in the following way:

Y=Y)+oX (4)
where

Y =logo(Ec(t)-1) (5)
X =logot (6)
Yo =—alogyy 7 (7)
a=a (8)

here X, is found by using

Y = 0 which gives

Y,
Xo=-" (9)
a

and a; and 7 can be determined as
a=a=—— (10)

r=10"%/@ =10% (11)
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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 CFl was smooth
so that the loss of stress from top to bottom of the CFI material could be ig-
nored. Displacements were measured along the vertical centreline of the CFI
material.

Tests in the round robin test were carried out at a constant temperature of
23 °C and 50 % RH. The round robin test program included three test series,
each test series described by its density. For each density three identical
specimens of CFl were tested by exposure to a stress state of respectively
78, 202 and 499 Pa. The densities of the three test series were 42, 50 and
60 kg/m°.

In addition, additional tests were carried out at a constant temperature of
23 °C and a relative humidity of either 50 % or 80 % at By og Byg. One test
series with a density of 30 kg/m3 was carried out at 50 % RH. Two test se-
ries with a density of 42 and 50 kg/m3 were carried out at 80 % RH. Results
from these tests are shown and used in the discussion of the test method.



Results

The round robin test was carried out in collaboration with SP-Building Phys-
ics, Sweden and VTT Building Technology, Finland. The test report from SP-
Building Physics, is shown in Appendix C and the test report from VTT
Building Technology, is shown in Appendix E. Strain-time diagrams from
tests carried out at By og Byg are shown in Appendix B. In the following test
results from By og Byg are shown.

Creep tests

Creep was described for a number of combinations of various densities, and
different moisture contents for CFI. Creep is defined as the strain that occurs
in @ material exposed to a constant load over a period of time. Consolidation
is not defined as creep (Nielsen, 1972; Hagemann, 1989; Fuglsang Nielsen,
1986, 1993; Rasmussen, 2001a, 2001b). The following data can also be
seen in (Rasmussen 2001b).

Figure 2 shows the strain-time diagram for CFI with a density of 50 kg/m3
filled into the test equipment; it was exposed to a constant stress of 499 Pa
until the time denoted ¢, and subsequently relieved of 87 % of its stress. The
test was carried out at 23 °C and 50 % RH.
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Figure 2. Strain-time diagram for CFI, which was exposed to a constant load until the time denoted #;
and subsequently partly relieved of its load.

Table 1 shows strain components determined from strain-time diagrams
for CFI. Table 1 includes the measured instantaneous strain, measured in-
stantaneous elastic strain determined from the stress relief at the time ¢, and
instantaneous plastic strain, also denoted consolidation. The instantaneous
plastic strain is defined as the difference between the instantaneous strain
and the instantaneous elastic strain.

Strain-time diagrams were determined for CFI of various densities filled
into the test equipment and exposed to a constant stress of 78, 202 and 499
Pa, respectively until the time denoted ¢,, and subsequently relieved of 20,
68 and 87 % of its stress. CFI tests were carried out with densities of 30, 42,
50 and 60 kg/m® at 23 °C and 50 % RH. Additionally, tests were carried out
with densities of 42 and 50 kg/m3 at 23 °C and 80 % RH. The nominal den-
sity is the density of the insulation material at 23 °C and 50 % RH.

11
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Table 1. Strain components determined from CFI with densities of 30, 42, 50, and 60 kg/m3 at 23 °C
and at 50 % RH and 80 % RH.

Relative humidity [%] 50 80

density [kg/m?] 30 42 50 60 42 50

Strain Stress level [Pa]

Instantaneous strain 78 0092 0062 -0.010 -0.068 0.060 -0.008
202 0201  0.131 0010 -0.018 0120  0.004
499 0.307 0.22 0.100  0.038 0.210  0.060

Instantaneous elastic 78 0.005 0.003 0.003 0.010

strain 202 0.020  0.021 0022 0.022 0.010 0.008
499 0.047 0.056  0.05  0.057 0.019 0.022

Instantaneous plastic 78 0.088 0.059 -0.013 -0.078 0.060 -0.008

strain (consolidation) 202 0.181 0110 -0.012 -0.040 0.110  -0.004
499 0260 0.164 0.046 -0.019 0192  0.038

The elastic modulus was determined from the measured instantaneous
elastic strain determined from the load relief at the time ¢,. Table 2 shows the
elastic modulus for CFI at densities of 30, 42, 50 and 60 kg/m3 at 23 °C and
at 50 % RH and 80 % RH. The elastic modulus was determined from the two
highest stress levels. The elastic modulus is the linear elastic modulus and
represents the capability of the material to regain its volume when relieved of
its load.

Table 2. Elastic moduli (average of the two highest stress levels) for CFI at densities of 30, 42, 50 and
60 kg/m? at 23 °C and at 50 % RH and 80 % RH.

Density [kg/m?] RH [%] Elastic modulus [Pa]
30 50 10,690
42 50 8,650
50 50 9,850
60 50 9,900
42 80 31,330
50 80 29,385
Adjusting the creep data

An extract of the measured creep data, for at least three load levels, was
adjusted to the linear logarithm creep equation by the method of least
squares. The elastic modulus used was the average instantaneous elastic
modulus found from unloading.

Figure 3 shows the determination of creep parameters for CFl from
measured strain-time data. The strain-time data shown are from CFl with a
density of 50 kg/m3 at 50 % RH and 23 °C.



Figure 3. Determination of creep parameters for CFl with a density of 50 kg/m?3 at 50 % RH and 23 °C
from measured strain-time data.

Table 3 shows the creep parameters a; and 7 describing the Clouser
equation for CFI at different densities and different moisture conditions.
Furthermore, the strain components used are shown. The creep data were
adjusted to the Clouser equation for the stress levels of 78, 202 and 499 Pa.
Creep tests were carried out for the densities of 30, 42, 50 and 60 kg/m° at
23 °C and 50 % RH. Additional tests were carried out with the density of 42
and 50 kg/m® at 23 °C and 80 % RH.

Table 3. Creep parameters and strain components used for CF| at densities of 30, 42, 50 and 60 kg/m3
at 23 °C and at 50 % RH and 80 % RH.

RH [%)] 50 80
Density [kg/m3] 30 42 50 60 42 50
a; 0.2563 0.2759 0.2612 0.1345 0.3118 0.3317
T[days] 0.0723 19015 17.4566 139.6309 0.0025 0.0215
Strain Stress level [Pa]
Instantaneous strain 78 0.1100 0.0670 -0.0140 -0.0790 0.0850 -0.0120
202 0.2200 0.1400 0.0130 -0.0280 0.1450 0.0065
499 0.2700 0.2200 0.1100 0.0280 0.2000 0.0670
Instantaneous elastic 78 0.0073 0.0093 0.0080 0.0079 0.0025 0.0027
strain 202 0.0190 0.0243 0.0205 0.0204 0.0065 0.0069
499 0.0467 0.0598 0.0508 0.0505 0.0159 0.0170
Instantaneous plastic 78 0.1027 0.0577 -0.0220 -0.0869 0.0825 -0.0147
strain (consolidation) 202 02010 0.1157 -0.0075 -0.0484 0.1385 -0.0004
499 0.2233 0.1602 0.0592 -0.0225 0.1841 0.0500

The Clouser equation describing the creep of CFI with a density of 50
kg/m® at 23 °C and 50 % RH is shown in Figure 4. Strain was calculated us-
ing equation (2) with £ = 9850 MPa, ¢, = 0.2612 and 7= 17.4566 days. & is
taken from Table 3 according to stress level. CFl was exposed to constant
stresses of 78, 202 and 499 Pa until the time denoted ¢, and subsequently
partly relieved of 20, 68 and 87 % of its load, respectively. The Clouser
equation is depicted by a solid line. The Clouser equation for the stress lev-
els starting at 78, 202 and 499 Pa is denoted series 4, series 5 and series 6,
respectively. The Clouser equation describing the creep of CFI after the time
denoted ¢, is described by means of the superposition principle. Additional
strain-time diagrams from tests carried out at By og Byg are shown in Ap-
pendix B.

13
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Figure 4. Strain-time diagram for CFl. CF| was exposed to a constant load until the time denoted #1 and
subsequently partly relieved of its load. The Clouser equation for the stress levels starting at 78, 202
and 499 Pa is denoted series 4, series 5 and series 6, respectively.



Discussion

It was suggested that the round robin test should start with reading, com-
ment on and clarifying of the proposal for the standardised method for test-
ing and modelling of creep. Hereafter the actual test and calculations should
take place. Regrettably, this procedure was not followed which is why SP-
Building Physics, Sweden had to make additional tests and subsequently
ran out of CFI material. CFl was replaced by a similar product from the same
manufacturer (CFI-SP). Unfortunately, it became clear at a very late stage
that CFI-SP was obviously different both in appearance and behaviour from
CFI. SP-Building Physics, Sweden did, however, carry out tests using an-
other sampling procedure than described in the proposal for the standard-
ised method.

VTT Building Technology, Finland carried out the tests using the pro-
posed method.

The strain-time components of CFl exposed to a constant load and con-
stant moisture conditions have been shown. CFl can be defined as Clouser
materials, and analyses of the creep function permit CFl to be described by
the Clouser equation, see Figure 4 and Figure 5 to Figure 9 in Appendix B
and Figure 1a to Figure 3b, Appendix E. Strain components determined us-
ing the Clouser equation was found to be in good agreement with strain
components determined from the strain-time diagram, see Table 1 and
Table 3. It was also found that parameters describing the creep functions are
theoretically independent of the load level. However, this is only true if the
load does not cause damage to the material. Additional tests have shown
that CFI, woodwool, granulated flax and granulated mineral wool can be de-
fined as Clouser materials, (Rasmussen, 2001b).

The elastic modulus is the linear elastic modulus and represents the ca-
pability of the material to regain its volume when relieved of its load. The
elastic modulus was determined from the strain-time diagram. The capability
of the material to regain its volume was shown to be related to the relative
humidity of the CFI. For the actual investigated densities of CFl, the capabil-
ity of the material to regain volume decreased by approximately 33 % with
an increase of the relative humidity from 50 % to 80 %. Similar results are
seen for other types of organic materials, see Rasmussen (2001b). Further-
more, it is demonstrated that the capability of the material to regain its vol-
ume is not related to the CFI density examined in this investigation, see
Table 2.

Parameters describing the creep functions for tests carried out at VTT
Building Technology, Finland are given in Table 1, in Appendix E. The de-
termined elastic modulus is seen to be somewhat higher than that of ex-
periments carried out at By og Byg. However the subsequent determination
of creep parameters are overall in good agreement with parameters found
by By og Byg. The less good agreement in determining the constant pa-
rameter called the relaxation time is believed to bee related to the determi-
nation of the elastic moduli. The elastic modulus is to be found from meas-
urements of when the displacement for the determination of removing a high
percentage of the added load. Determination of the elastic modulus is dis-
cussed in the proposed standardised method, see Appendix A section 6.6.

SP-Building Physics, Sweden did not carry out the calculations. Calcula-
tions have been carried out by By og Byg, se Appendix D. The Clouser
equation and the matching strain-time measurements of CFI-SP with the
density 42 kg/m3 are given in Appendix D. The Clouser equation is depicted
by a solid line. The Clouser equation for the stress levels starting at 78.9, 15
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200.1 and 498.5 Pa is denoted series 4, series 5 and series 6, respectively.
The Clouser equation describing the creep of CFI-SP after the time denoted
t; is described by means of the superposition principle. Additionally, results
from a test of CFI-SP with the density 42 kg/m3 for the stress level 200.1 Pa
carried out at SP-Building Physics, Sweden and By og Byg is shown in Ap-
pendix D. These tests demonstrate the need for a definition of the time from
mounting the material and test start. The time interval is included in the pro-
posed method.

CFlis usually used as an insulation material and will therefore normally
be exposed to changing relative humidity. Here CFl exposed to an alternat-
ing relative humidity have been investigated and results are shown in (Ras-
mussen 2002). These investigations have shown that for CFl exposed to a
constant load and an alternating relative humidity the strain-time diagram
show a progressive strain. Stabilisation of the progressive strain was indi-
cated after a few cycles, (Rasmussen 2002). This phenomenon is not cov-
ered by the test method proposed. However, strain behaviour related to an
alternating relative humidity is the most important material behaviour when
determining settling of granulated loose-fill materials used as insulation. It is
therefore recommended that a new round robin test should be established to
describe a test method for determining stress-time diagrams of granulated
loose-fill materials used as thermal insulation exposed to an alternating rela-
tive humidity.



Conclusion

This report presents a proposal for a standardised method for creep tests
and theories that can be used to describe creep of a granulated loose-fill
material. The proposed creep test and related theoretical framework have
been tested in a round robin test. The round robin test was carried out in
collaboration with SP-Building Physics, Sweden and VTT Building Technol-
ogy, Finland. The proposed standardised method for testing and modelling
of creep is carried out at a constant temperature and a constant relative hu-
midity. The report shows methods for determining relevant material behav-
iour to determine strain-time components to be able to describe creep of
granulated loose-fill material.

It was found to be possible to determine creep analytically in good
agreement with test results. However, the round robin test did not attain its
purpose and test results from SP-Building Physics, have not been used in
the discussion. The material tested by SP-Building Physics, Sweden was re-
placed by a similar product from the same manufacturer obviously different
both in appearance and behaviour from the one tested by VTT Building
Technology, Finland and By og Byg.

Granulated loose-fill material used as thermal insulation can be defined
as Clouser materials, and analyses of the creep function shoes that it is pos-
sible to describe the mechanical behaviour of the material with the Clouser
equation. Stress components determined using the description of the creep
function given by the Clouser equation was found to be in good agreement
with strain components determined from the strain-time diagram. It was also
found that the parameters describing the creep functions are theoretically in-
dependent of the load level. However, this is only true as long as the load
does not cause damage to the material.

The elastic modulus is the linear elastic modulus and represents the ca-
pability of the material to regain its volume when relieved of its load. The
elastic modulus was determined from the strain-time diagram. The elastic
modulus was found to be independent of the density. However the consoli-
dation increased with decreasing density.
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Sammenfatning

By og Byg Dokumentation 028:
Lasfyldsisoleringsmaterialers krybning.
Ringprevning

| denne rapport preesenteres et forslag til en testmetode og dertil hgrende
teori, hvorefter krybningen for et lgsfyldsmateriale kan bestemmes. Testme-
tode og teori begraenser sig til det tilfeelde, hvor Igsfyldsmaterialet er udsat
for et konstant klima med konstant temperatur og konstant relativ luftfugtig-
hed.

Det praesenterede forslag, til en testmetode og den dertil hgrende teori, er
blevet afprgvet ved en samkalibrering foretaget i samarbejde med SP-
Building Physics i Sverige og VTT Building Technology i Findland.

Samkalibreringen blev udfert under et konstant klima med en konstant
temperatur pa 23 °C og under en konstant relativ luftfugtighed pa 50 %.
Samkalibreringen blev udfgrt med et Igsfyldsisoleringsmateriale af cellulose.
Endvidere indeholder rapporten resultater fra en udvidet testserie foretaget
pa By og Byg. Den udvidede testserie indeholder resultater udfgrt under en
konstant temperatur pa 23 °C og for en konstant relativ luftfugtighed pa
80 %.

Samkalibreringen viste, at det er muligt at bestemme materialets krybning
analytisk i god overensstemmelse med de udfgrte forsgg.

Forsggene viste, at lgsfyldsisoleringsmateriale af cellulose kan karakteri-
seres som Clouser materialer, og kan derfor beskrives ved Clouser funktio-
nen. Samkalibreringen viste en god overensstemmelse mellem Clouser
funktionen og den tidsafhaengige krybning for lgsfyldsisoleringsmateriale af
cellulose, fundet ved forsgg.

Elasticitetsmodulet for lgsfyldsisoleringsmaterialet er karakteriseret som
det linezere elasticitetsmodul og beskriver materialets evne til at genvinde sit
volumen ved aflastning. Elasticitetsmodulet er vist at vaere uafthaengig af
densiteten medens konsolideringen er stigende for faldne densitet.
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LOOSE-FILL INSULATION IN WALLS
- TESTING AND MODELLING OF CREEP

(Based on By og Byg Documentation 011, “Satningsfri indblaesning af lesfyldsisolering i vaegge”, Danish

Building and Urban Research, 2001)

2002 06 12

Key words: Loose-fill material, insulation, creep, model, test method

1. SCOPE

This NORDTEST method specifies a method for
describing creep for loose-fill material used as
insulation in walls. The method consists of a test
method and a technique that can be used to adjust
test results to a model.

The method seeks to model creep in a loose-fill
material influenced by and in balance with a sta-
ble environment.

It is the objective to use tests to model and de-
scribe long-term material behaviour using a much
shorter test period. Consequently, the method is a
distinct short-term test.

2. FIELD OF APPLICATION

The method has been specially designed to de-
scribe and model the creep behaviour of loose-fill
materials. The method is designed for use in the
laboratory.

3. REFERENCES

Nielsen, L. F. (1986). Materialemekanik grund-
kursus II i bygningsmaterialer (Materials
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169/86, Building Materials Laboratory,
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Rheologi, brud, kompositmaterialer og
levetid (Materials mechanics II. Rheology,
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Building Materials Laboratory, Technical
University of Denmark.

Nielsen, L. F. (1993). Materialemekanik (Materi-
als mechanics; in Danish), Technical Re-
port 286/1993, ISSN 0908-3871, Building
Materials Laboratory, Technical University
of Denmark.

Rasmussen T. V. (2001). Satningsftri indbleesning
af lesfyldsisolering i veegge, By og Byg
Documentation 011, Danish Building and
Urban Research.

Rasmussen T. V. (2001). Modelling Settling of
Loose-Fill Insulation in Walls. Part I, Jour-

nal of Thermal Envelope & Building Sci-
ence, Vol. 25, No. 2, October 2001.

Rasmussen T. V. (2002). Modelling Settling of
Loose-fill Insulation in Walls, Part 11, De-
termination of Coefficients, Journal of
Thermal Envelope & Building Science,
Vol. 25, No. 3, January 2002.

Rasmussen T. V. (2002). Creep Tests and Tech-
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tions: 4" Volume, ASTM STP1426, A. O.
Desjarlais, Ed., American Society for
Testing and Materials, West Consho-
hocken, PA.

4. DEFINITIONS

Loose-fill material is defined as a mass of material
that contains a lot of minor separate parts of the
material. These minor parts are not bound together
in a fixed predefined form. By small means the
mass can be distributed homogeneously across a
predefined area, large compared with the size of a
single particle.

Creep is defined as the strain that occurs in a
material exposed to a constant load as a function
of time. Consolidation seen as part of the instan-
taneous strain during loading is not defined as
creep.



5. SAMPLING

Samples should be randomly chosen. The chosen
sample is loosened by pressurised air in a closed
box mounted a vent that prevents loss of material
before tested. Furthermore, the sample must be
conditioned to test conditions before testing. Es-
pecially conditioning for the predetermined rela-
tive humidity and the predetermined temperature
is important. The sample should be handled in
such a way that the least possible interaction of
particles, moisture and additives with the sur-
roundings takes place.

The minimum amount of test specimens is 3
samples of equal weight.

As far as possible a sufficient number of
specimens should be exposed as to allow for sta-
tistical examination of the results.

6. TEST METHOD

Constant environment

6.1 Principle

Rheology, as a concept of a material, contains
every relation between stress, strain and time. In
rheology the creep function of a material is of
great importance. Experimentally the creep func-
tion is determined by measuring the strain as a
function of time for a material exposed to constant
stress.

The height of the sample is kept limited so that
the loss of stress from the top to the bottom of the
mass is unimportant in relation to the measured
displacements.

Displacements are measured along the vertical
centreline of the loose-fill material.

6.2 Apparatus
Apparatus for creep test includes the following:
Test container. An acrylic cylinder with a ver-
tical centreline is mounted on a horizontal acrylic
plate. The cylinder has an internal diameter of
104.5 mm % 0.5 mm and is approximately 110
mm in height. The test container also consists of
at plane disc made of acrylic with a diameter 1.5 -
2 mm less than the internal diameter of the cylin-
der. The plane disk is provided with small drilled
not riddled drilled holes made for grips. The plate
is approximately 5.5 mm thick, and the cylinder
and the disc are both approximately 3 mm thick.
The cylinder is marked on the outside at a hori-
zontal plane at 3 angles (120°) at every 10 mm
vertically from the bottom plane. The disc is to be
fixed in a position where the distance from the

bottom to the underside of the disc is 70 mm. This
can be done by sticks put through holes drilled in
the cylinder.

Weights that should be easy to add to and re-
move from the upperside of the disc introducing
only minor disturbance and source of error to the
test. The load is to be mounted as a steady load on
top of the disc. For heavier loads it would be a
good idea to use load discs with load and off-load
hangers.

Mounting-stick. An approximately 200 mm
stick is mounted perpendicular to a disk. The di-
ameter of the disk is 1.5 - 2 mm less than the in-
ternal diameter of the cylinder. The disk is pro-
vided with a 1 - 1.5 mm in diameter hole for every
cm’. The disc is made of acrylic and is approxi-
mately 5.5 mm thick.

A distance measuring system with the capabil-
ity of at least 12 mm of displacement with an ac-
curacy of = 0.1 mm. For example a LVDT dis-
placement transducer mounted on a bridge that
can be mounted on top of the cylinder. The posi-
tion of the displacement transducer should be
flexible. The weight of the displacement trans-
ducer stick is included in the load put on the mass.

A data logger and a data-logger control system
for example a PC.

A balance capable of weighing up to 0.5 kg
with an accuracy of £ 0.0001 kg.

Plastic gloves and a light form of respirator
should be used together with tweezers and con-
tainers for handling and storing the material.

Tests should be carried out in an environment
where the relative humidity and temperature are to
be kept constant with an accuracy of + 2% and £ 2
°C, respectively.

Apparatus and a test set-up are shown in figure 1.

6.3 Preparation of Test Specimens

Prior to exposure, information about the test
specimens is registered, e.g. manufacturer, identi-
fication (name and type), production method, date
of sampling, observations and measurements.

The test specimens are kept in the conditions
specified by the supplier until test preparations are
carried out.

The test container and the mounting-stick are
washed in soap and warm water (approximately
35 °C) and afterwards flushed out with distilled
water before being dried lightly with a paper
towel and finally air dried.



Test equipment must be clean and non-static
electric.

All test equipment and the lose-fill material are
conditioned before testing.

6.4 Procedure

The right amount of loose-fill material in order to
obtain the predetermined overall density in the
test container is weighed. The weighed material is
divided into seven parts weighing the same. The
parts are then mounted one by one in the test
container in the following way. One part of the
mass is homogeneously distributed over the hori-
zontal plane of the cylinder and if necessary the
tweezers can be used. When distributed, the
mounting-stick is gently used to press the mass to
the predetermined density, marked on the test
container as a horizontal plane with spots at 3
angles (120°). When the mass is filled in the test
container, the disc is fixed. Hereafter the test
container is stored for approximately one hour
before continuing the test procedure.

If loading with load hangers is used, these will
hereafter be put in position. Furthermore, the dis-
placement transducer is put in position.

The test is then ready and logging can take
place. When the start position is noted, the disc is
loosened and the predetermined load is mounted
on the upperside of the disc. Loading should not
last longer than 20 seconds. If loosening of the
disc does result in an expansion of the mass, the
disc must be unfixed first at the underneath and
then loaded before the sticks at the upperside of
the disc are removed carefully.

Logging time is recommended to start with a
time difference of 1 second increasing to 5 sec-
onds a few minutes after loading, increasing step-
wise to 1 hour after 2 hours from the time of
loading.

The vertical displacement of the disc is meas-
ured as a function of time. After some time, for
example 3 days, the added load is carefully re-
moved and hereafter the disc and the displacement
transducer stick will only load the mass. When
unloading it is recommended to use the logging
time as described above. The test is finished 2
hours after the removal of a part of the load.

It is important to hold the test set-up vibration
free during the test period.

Test specimens exposed simultaneously must
not be able to influence each other.

One test series includes 3 in principle identical
specimens of loose-fill mounted 3 independent
load cases.

The mounting procedure of the test specimens
in the apparatus will be described in the report.

Any signs of degradation are noted e.g. voids,
lumps, delamination etc. during exposure.

6.5 Theoretical Description of Creep

Creep can be described theoretically by applying
the theory for a Burger material, (Nielsen 1988).
Creep can be determined with the use of a theo-
retical description of the creep function. In addi-
tion, some materials can also be defined as
Clouser materials, and can be described by the
simpler Clouser equation. Use of the Clouser
equation is recommended if the analysis of the
creep function permits.

It is noted that parameters in the creep func-
tions are theoretically independent of the load
state. However, this is only true if the load does
not cause damage to the material.

The creep of a Clouser material is given by the
following equation (Nielsen 1986, 1993):

o)=1 1+@”'

where

tis time

E (Pa) is the elastic module

n (Pa-s) is viscosity

and §(s™) is a rheological constant given by
E

s==
n
I . o
T= g is a constant termed the relaxation time (s)
and

a, (dimensionless) is the creep exponent which is
also a constant.

The creep function c¢(¢) describes the strain that
occurs, for the material to be exposed to a con-
stant stress, o=1 at the time =0.

6.6 Determination of the Creep Function

The theoretical description of the creep function
can be used to describe the time dependent strain.
Instantaneous strain contains an instantaneous
elastic part and an instantaneous plastic part. The



instantaneous plastic strain must be added to the
creep function as a constant and take therefor no
part in the determination of the parameters a; and
7, (Rasmussen 2001).

Figure 2 shows in principle creep as a function
of time for a material with a constant load that is
subsequently removed.

The measured creep that develops in the mass
exposed to constant stress, as a function of time is
adjusted the Clouser equation. Adjusting the creep
data to the Clouser equation it is found that the
equation can be linear by logarithm in the fol-
lowing way:

1 Time-dependent strain (creep)

P e

( l Instantam&ws/v

clastic strain

Reversible

ITimc—dcpcm O sti strain

Strain

l Time-dependent viscous strajn

Instantaneoys
strain

. . ibl
Instantaneous plastic strain Irreversib|

( lidation)

e

T
3 Load removed

Time

Figure 2 Typical example of creep as a
function of time for a material with
a constant load that is subsequently
removed.

Y=Y, +aX

where

Y =logy, (Ec(t)— 1)

X =log,t

Yy =-a,log, T

Here Xjis found by using:

Y=0 which gives:

XO :_E
(04

and @, and 7 can be determined as:

r=10"%/" =10%

An extract of the measured creep data, for at least
3 load levels, is adjusted to the linear logarithm
creep equation by the least square method.

The elastic module used is the average instan-
taneous elastic modulus found from unloading. It
should be noted that the elastic modulus found
from the lighter loads could be defective because
of the displacement transducer used and because
of the low unloading ratio of the total load.

6.7 Determining of creep parameters
From the experiments the travel of the disc placed
on top of the loose-fill material as a function of
time is recorded. The travel of the disc is denoted
u and the start position of the disc is set to zero.
The height of the loose-fill material is denoted 4,
and the time, 7 is set to zero at test start. At the
time, ¢, the added load is carefully removed. The
load mounted on top of the disc at test start is
denoted Ly (kg) and the relieved load at 1 =1, is
denoted L; (kg).
From this input the creep parameters are found
using the following steps.
1) Test data are shown in a diagram presenting
strain as a function of time. In the diagram
stress and the time of load relieve is noted.

Strain is given as& = —
0

Lyg

loaded stress is 0, =

relieved load is 0, = L;g , where the internal
horizontal area of the cylinder is denoted 4
(m?) and g = 9.81 m/s” is the gravitational ac-
celeration.

2) Determine the Elastic module from the load
relieve at the highest load level.

E=—9
('9 10 — €
before the load relieve and & ; is the strain
after the load relieve.
3) Determine the instantaneous elastic strain

) , where & is the strain just

. (o}
givenby &, = 2

4) Measure the instantaneous strain, &, from
loading, diagram given in 1).



5) Determine the consolidation given
by gc = gO,m - €O,E

£
6) Determine C(r) — C; where C(¢)=-"and
Oy

gC

o

7) Determine X = log;o(¢) and
Y = logio(E(c(9)-Cy)-1).

8) Xand Y are shown in a logarithm diagram for
re.—1<X< IOgl()(tl).

9) A linear model Y=Y,+aX is adjusted to the X,
Y data by the least square method. The linear
logarithm is shown including the used part of
the test data together with the equation for the
linear logarithm.

10) Determine a; and 7 from a, = o and
T=10""'=

11) Determine and show in diagram under 1),
(c(t)+C\)o, for i<t and
(ct)+C)o, - (clt—1, o, for

12) Adjust the instantaneous strain, €, ,, and the
used part of the X, Y test data by interaction
to achieve a good agreement between the

modelled creep (shown in 11)) and test data
(shown in 1)).

Cl:

6.8 Expression of results

The results of the test are given as measured strain
time curves shown together with the adjusted
Clouser equation clearly marked with the individ-
ual load level, temperature and relative humidity
used.

In addition a figure showing the linear loga-
rithm X and Y are shown including the used part
of the test data together with the adjusted linear
logarithm.

Calculated values as the instantaneous elastic
modulus, the relaxation time, and the creep expo-
nent and instantaneous strain according to load
level is registered together with the tested density
of the loose-fill material.

Furthermore it should be registered if any
changes in appearance of the specimens during
the test and any signs of degradation have been
discovered, together with information on when the
changes occurred and how big they are etc.

6.9 Accuracy

Note: Mathematical modelling of test results
always has a degree of uncertainty and conse-
quently the results have to be used with care.

6.10 Test Report
The test report shall include at least the following
information:

a. Name and address of the testing laboratory

b. Identification number of the test report

c. Name and address of the organisation or the
persons that ordered the test

d. Purpose of the test

e. Name and address of manufacturer or supplier
of the tested object

f. Method of sampling and other circumstances
(date and person responsible for the sampling)

g. Name or other identification marks of the
tested object

h. Description of the tested object, the way in
which they were mounted in the test apparatus
and the used density.

i.  Date of supply of the tested object

Test period

Duration of time and total number of samples

for every noted load level specified by test

equipment load and flexible load

1. Conditioning of the test specimens, environ-
mental data before and during the test (tem-
perature, RH, etc.)

~

m. Identification of the test equipment and in-
struments used

n. Any deviations from the test method

0. Test results according to 6.7

p. Inaccuracy or uncertainty of the test result

g. Date and signature.

Note: Any results from test methods performed on
fresh or aged materials/components may be in-
cluded.



Figure 1

Apparatus to measure instantaneous strain and creep for loose-fill material. Top: vertical sec-
tion. Bottom: plan. 1: 104.5 mm @; acrylic cylinder of 110 mm height. 2: 5.5 mm thick acrylic
plate. 3: 3 mm thick acrylic disc. 4: 10 mm marks. 5: sticks. 6: load disc. 7: load and off-load
hangers. 8: bridge. 9: LVDT displacement transducer. 10: loose-fill material.



Appendix B

Strain-time diagram for CFI
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Figure 5. Strain-time diagram for CFl with a density of 30 kg/m?3 at 23 °C and 50 % RH. CF| was ex-
posed to a constant load until the time denoted # and subsequently partly relieved of its load. The
Clouser equation for the stress levels starting at 78, 202 and 499 Pa is denoted series 4, series 5 and
series 6, respectively.

03

0,28
0,26
0,24
0,22

!D»
>

02
0,18

0,16

0,14

0,12
0,1 ]
0,08 4

=
0,06 i

0,04
0,02

+ 78,00 Pa

= 202,58 Pa

4 499,24 Pa
Series 4

x Series 5

® Series 6

1 2[\

Time [days]

Figure 6. Strain-time diagram for CFl with a density of 42 kg/m3 at 23 °C and 50 % RH. CF| was ex-
posed to a constant load until the time denoted # and subsequently partly relieved of its load. The
Clouser equation for the stress levels starting at 78, 202 and 499 Pa is denoted series 4, series 5 and
series 6, respectively.
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Figure 7. Strain-time diagram for CF| with a density of 60 kg/m?3 at 23 °C and 50 % RH. CF| was ex-
posed to a constant load until the time denoted #1 and subsequently partly relieved of its load. The
Clouser equation for the stress levels starting at 78, 202 and 499 Pa is denoted series 4, series 5 and
series 6, respectively.
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Figure 8. Strain-time diagram for CF1 with a density of 42 kg/m3 at 23 °C and 80 % RH. CFl was ex-
posed to a constant load until the time denoted #1 and subsequently partly relieved of its load. The
Clouser equation for the stress levels starting at 78, 202 and 499 Pa is denoted series 4, series 5 and
series 6, respectively.
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Figure 9. Strain-time diagram for CF| with a density of 50 kg/m3 at 23 °C and 80 % RH. CFl was ex-
posed to a constant load until the time denoted # and subsequently partly relieved of its load. The
Clouser equation for the stress levels starting at 78, 202 and 499 Pa is denoted series 4, series 5 and
series 6, respectively.
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Torben Valdbjorn Rasmussen
P.O.Box 119

DK-2970 Horsholm

Handléggare, enhet / Handled by, department Datum / Date Beteckning / Reference Sida / Page

Lars Olsson, Byggnadsfysik 2001-09-24 ETleb 60031 1(7)
+46 (0)33 16 50 23, lars.olsson@sp.se

Samkalibrering av provmetod for losfyllnadsisolering
(2 bilagor)

Uppdrag/ bakgrund

SP har av BY og BYG fatt i uppdrag att framstélla en provutrustning enligt beskrivning
av en provmetod samt utféra forsok med denna. By og BYG har utvecklat provmetoden
som aterfinns i skriften NORDTESTMETODE: Loose-fill insulation in walls — test and
modelling of creep, daterat 2001-02-02, dér en undersdkning av By og BYG ligger till
grund for metoden. NORDTEST har beviljat ekonomiska medel till en utveckling av
metoden samt samkalibrering av méitning av krypning for 16sfyllnadsisolering.

Forsoken har utforts av Lars Olsson SP 5/6-18/6, 23/7-10/9 2001 och av Lars Tobin SP
29/6-18/7 2001.

Mitdata/ méitresultat

De relevantaste métningarna redovisas i diagram, se bilaga 2. Tabeller av méitdata och
de dvriga métningarna redovisas per elekktroniskt dokument efter forfragan.

Utrustning

For métregistrering har en métklocka anvinds av mérket Mitutoyo Digimatic Indicator,
type IDF-150(métintervall 0,001-50 mm) med Mitutoyo Digimatic Multiplexer MUX-
10. For uppvagning av material har en vag av mirket Mettler PC 16 (méitnoggrannhet
0,1 gram) anvénts. Utrustning ar kalibrerad enligt SWEDAC.

SPs forsoksuppstillning var placerad i ett klimatrum (23 °C,+/- 2 °C, och 50% RF, +/- 5
% ) med ett bjélklag av betong och uppstilld pa en cellplastskiva med 150 mm
underliggande mineralullsisolering som himmar vibrationer, se bild 2.

For att 16sgora materialet anvéndes ett mekaniskt verktyg (stor visp), se bild 3. Vid ett
tillfdlle anvandes trycklutft.

SP Sveriges Provnings- och Forskningsinstitut, Box 857, 501 15 BORAS, Tfn 033-16 50 00, Fax 033-13 55 02, E-post info@sp.se, Org.nr 556464-6874
SP Swedish National Testing and Research Institute, Box 857, SE-501 15 BORAS, SWEDEN, Telephone + 46 33 16 50 00, Telefax + 46 33 13 55 02, E-mail info@sp.se, Reg.No 556464-6874

Ackrediterat laboratorium utses av Styrelsen for ackreditering och teknisk kontroll (SWEDAC) enligt lag. Verksamheten vid de svenska ackrediterade laboratorierna uppfyller kraven enligt SS-EN 45001
(1989), SS-EN 45002 (1989) och ISO/IEC Guide 25 (1990:E). Denna rapport far endast aterges i sin helhet, om inte SWEDAC och SP i forvag skriftligen godkant annat.

Accredited laboratories are appointed by the Swedish Board for Accreditation and Conformity Assessment (SWEDAC) under the terms of the Act. The Swedish accredited laboratories meet the require-
ments set up in SS-EN 45001 (1989), SS-EN 45002 (1989) and ISO/IEC Guide 25 (1990:E). This report may not be reproduced other than in full, except with the prior written approval of SWEDAC and SP.
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Den av SP tillverkad provutrustningen kan ses pé bild 1.

1. Foto av provutrustning

2. Foto av provutrustning och vibrationshdmmande uppstéllning av mineralullsskivor i
klimatrum.

3. Foto av visp
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Konditionering

Konditionering (23 °C,+/- 2 °C, och 50% RF, +/- 5 %) av BY og BYGs material startade
i mitten av mars 2001 och konditionering av ersittningsmaterial, Ekofiber viagg 010313
SP 15 41 03, startade 23 maj 2001.

Foérmodligen fanns det skillnader mellan materialen, EKOFIBER frén Danmark tillsént
av BY og BYG och Ekofiber viagg 010313, SP 15 41 03 fran Sverige, dé det
utseendemaéssigt upplevdes skillnader i materialstrukturen.

Provcylindern och dess tillbehor har tvittats med ljummet sépavatten och skoljts med
destillerat vatten. Dérefter har den avtorkats med papper och lufttorkats.

Forsok

Det forsta fullbordade forsoket startade 5 juni. Vid bearbetning av resultaten uppdagades
bl a att materialet expanderade utanfor matomradet som det var avsett for, varvid
deformationen slutade pé ett konstant varde. Orsaken var att méitklockans dndintervall
placerades fornira nollnivén ,métintervallet blev begrinsat uppat. Detta eftersom vi inte
forvintade oss en kraftig expansion. Detta resulterade i att ett antal forsok (forsok 1-13)
maéste kasseras.

Diérefter har By og BYG fatt ta del av ett antal forsok under perioden mellan forsok 14-
22 som inte uppvisade samma resultat som framkommit i BY og BYGs forsok.

I mitten av augusti, 14/8, gjorde BY og BYG foretaget en precisering av hur starten av
forsoken skulle utforas. Denna precisering avvek fran beskrivningen i provmetoden
(daterat 2001-02-02) i punkt 6.4. Den nya metoden har anvénts for forsoken 23-34.

Diagrammen i bilaga 1 (forsok 23-33) visar att den momentana krypningen vid starten
av SPs forsok inte stimmer overens med resultaten fran BY og BYGs forsok. Den
tidsavhingiga krypningen och den momentana krypningen vid avlastning stimmer dock
med resultaten frdn BY og BYG.

I mitten av juli tog det material som tillsdnts av BY og BYG slut. I stillet anvéndes,
efter samrdd med BY og BYG, ett Svenskt material av Ekofiber vigg 010313, SP
154103. Detta Svenska material anvédndes for forséken 11-28 och 32-33, dock inte for
forsoken 29-31 da vi ateranvdnde BY og BYGs material for en jamforande studie.
Denna jamforelse uppvisade inga direkta skillnader.

Forbearbetning av material innan montering

Metoden foreskriver anviandning av tryckluft. For forsok 1-30 och 32-33 har SP anvént
en mekanisk metod till att l0sgdra materialet/Iosullen. For forsok 31 har tryckluft
anvéinds. Om resultaten jamfors mellan 30 och 31 som &r utfort med olika forbearbeting
,enligt ovan, erhalls dock likartat resultat. Det tyder pa att forbearbetningen inte &r en
avgorande faktor for att forklara de uppkomna skillnader i resultat mellan SPs och By og
BYGs {orsok.
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Montering av materialet i provcylindern

SP har anvént f6ljande metod:
Strax innan montering av materialet i provcylindern har materialet 16sgjorts
(forbearbetatats) med hjilp av en roterande visp.

Materialmonteringen har delats upp i sju delar och efter varje delmontering har
foreskrivet packningsverktyg anvénts for att trycka samman materialet, dock aldrig
under varje delnivdmarkering. Darefter har de tre undre 1assprintarna monterats i
cylindern, skivan placerats pé lassprintarna varefter de tre 6vre lassprintarna monterats.

Det finns inte beskrivet om provcylindern skall std med 16sull/provmaterial i
proveylindern en tid innan forsoket startas. SPs resultat tyder pa att det fanns spanningar
i materialet som medfor att 16sullen expanderar kraftigt da den lésta skivan lossats.

Start av métning och registrering av métdata
1 forsok 1-5 och 13-22 anviindes foljande metod:
Detta utforande enligt metodbeskrivning (var tolkning).

Innan montering av métklocka och dess stativ hdangdes belastningsskivan upp med hjélp
av foreskrivna héllare pé provcylinderns kant. Innan start nollstdlldes mitklockan pa
nollnivan, skivan var placerad pa 70 mm Over bottenplattan, dir skivan var fixerad av
sex lasssprintar.

Dérefter startades métningen. Efter att de sex lassprintarna lossats (vid detta tillfalle
expanderade alltid materialet innan paverkan av last) sanktes belastingsskivan ner pa
skivan. Forsoken pagick alltid minst 2 dygn. Efter detta avlastades skivan under minst 2
timmar som var avslutningen pa forsoken. Se nedan.

Forfarande i kronologisk ordning

1. Mitningen startades,
bortmontering av de sex lassprintarna,
nedsidnkning av belastningsskivan,
efter minst tvd dygn avlastades skivan,
efter minst tvd timmar avslutades forsoken.

Nk we

I forsok 6 —12 anviindes foljande metod:
Detta utforande avvek fran tidigare utférande (ny person - annan tolkning)

Innan montering av métklocka och dess stativ hingdes belastningsskivan upp med hjilp
av foreskrivna hallare p& provcylinderns kant. Innan start nollstélldes méatklockan pa
nollnivan, skivan var placerad pad 70 mm &ver bottenplattan, déir skivan &r fixerad av sex
lasssprintar.

Direfter startades métningen. Efter att belastingsskivan sankts ner pa de tre Gvre
lassprintarna lossades samtlig lassprintar. Forsoken péagick alltid minst 2 dygn. Efter
detta avlastades skivan under minst 2 timmar som var avslutningen pa férsoken. Se
nedan.
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Forfarande i kronologisk ordning
1. Maitningen startades,
nedsdnkning av belastningsskivan pa de tre dvre sprintarna,
bortmontering av de sex lassprintarna,
efter minst tva dygn avlastades skivan,
efter minst tva timmar avslutades forsoken.

nhkhwbd

Frdn forsok 23 anviindes foljande metod:
Detta forsok gjordes efter precisering av By og BYG infor det 23 forsoket.

Innan montering av métklocka och dess stativ hangdes belastningsskivan upp pa
cylinderns kant. Innan start nollstdlldes mitklockan pa nivan, skivan var placerad 70
mm &ver bottenplattan, dér skivan var fixerad av sex lassprintar.

Daérefter startades métningen. Efter att de tre undre 14ssspintarna lossats (vid detta
tillfalle sjonk aldrig skivan) sdnktes belastingsskivan ner pa skivan (belastningsskivan
passerad fritt forbi de tre 6vre lassprintarna och placerades pa skivan. Darefter lossades
forsiktigt de tre ovre lassprintarna. Forsoken pagick minst 2 dygn. Efter detta avlastades
skivan (om den var belastad av belastningsskivan) under minst 2 timmar som avslutade
varje forsok. Se nedan.

Forfarande i kronologisk ordning:
1. Mitningen startades,
2. eventuellt bortmontering av de tre under lassprintarna,
3. nedsdnkning av belastningsskivan pa skivan (belastningsskivan passerar fritt
forbi de tre 6vre sprintarna),
4. Dbortmontering av de tre 6vre lassprintarna,
efter minst tvd dygn avlastades skivan,
6. efter minst tva timmar avslutades forsoken.

v

Kommentarer till metodbeskrivning

Vid forsta genomgangen av texten i provmetoden uppmérksammades att foljande
beskrivning kunde fortydligas i pkt 6.2: The plate is approximately 5.5 mm thick, and
the cylinder and the disc are both approximately 3 mm thick.

The plate dndras till The bottom plate

Det uppstar formodligen spanningar i materialet vid montering. Darfor kan tiden mellan
16sgorning/forbearbetning av provmaterial och montering av material i provcylindern
och tiden mellan d& materialet har rétt densitet (fixerad skiva) och start av forsok ha
betydelse.

Nér materialet utsétts for tryckluft (torr luft) utsétts materialet for en torkningsprocess
som kan ha inverkan pa det konditionerade materialet. Om materialet konditioneras
ytterligare en tid torde det finnas risk under tiden for egenséttning.
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Det bor framgé att belastningen sker dé materialet har ritt densitet, vilket kréver att
skivan &r last uppat vid belastning.

Det bor framga att packningsverktyget inte far orsaka att isoleringsytan understiger
nivamarkering under montering av material.

Det bor finnas en beskrivning av belastningsskivan t ex 3 mm tjock, ursparning i skivan
for de tre Ovre sprintarna for att den skall kunna sénkas ner pa skivan forbi lassprintarna,
m m.

Det mitintervall (minst 12 mm) som anges i metodbeskrivningen har inte varit
tillracklig d& SPs forsok kravt storre intervall.

Da lassprintarna lossas finns risk for vibrationer/rorelser pa utrustningen som kan
inverka pé resultatet. Tydligare anvisningar maste ges hur detta moment genomfors.

Det krav som normalt stélls pa klimatrum &r +/- 5 % RF framforallt d&
laborationspersonal uppehéller sig i rummet under kortare perioder.

Berikning

D& den momentana krypningen for SPs forsok inte upptriader pa ett teoretiskt forvantat
sétt dr det inte mojligt att utfora berdkningar av krypningsfunktionen.

Diskussion angiende forsoken

Utifran diagrammen framgéar det att forvéntat resultat inte upptrader for SPs forsok.
Eftersom inte den forvintade momentana sammantryckningen sker i startskedet
formodas att materialet har en inre spanning. Denna inre spanning ligger formodligen
kvar en tid dé en stabilisering inte fatt ske. Detta har vi ocksa sett i ett fristdende forsok
genom att vinta med starten en tid efter att skivan dr fixerad med ritt materialdensitet.

Da tryckluft anvénds riskerar de littare fibrerna att hamna dverst vid
16sgoring/forbearbetning av material och detta torde rimligen innebéra att materialet
fraktioneras. Detta innebér att man kan forvinta lokala variationer i materialet efter
denna forbehandling.

KONKLUSION

SP har inte erhallit samma resultat utifran teorin i beskrivningen i provmetoden. Det ser
framforallt ut som att kompletteringar av metoden krévs for att sikra att det inte uppstér
avvikelser i utférandet. De punkter som &r problematiska ar forbearbetning av material,
montering av material, tiden mellan fixering av skivan och starten nir pélastning och
lossning av skivan utfors. Detta bor detaljeras och beskrivas utforligt i kronologisk
ordning.

Var bedomning &r att den foreslagna metoden kréver stor noggrannhet vid utforande
samt erfaren anvéndare.



S=SmT T TE= i Datum/Date Beteckning/Reference Sida/Page

2001-09-24  ETleb 60031 7(7)

Den foreslagna metoden kan vara lamplig till jimforelse av produkter och vérdering av
deras egenskaper som det dr beskrivet i By og BYGs rapport. Men det ar tveksamt om
den dr anviandbar som generell provningsmetod utan flera samkalibreringar och en mera
utforlig metodbeskrivning.

Det torde vara intressant att veta hur stora interna variationer det &r i en produkt som
Ekofiber eftersom det framstills av olika pappersmaterial och dirfor inte forvintas ha
samma sammansattning. Erfarenhet visar att strukturen i materialet kan variera for
samma tillverkare.

SP Sveriges Provnings- och Forskningsinstitut
Byggnadsfysik

Anker Nielsen Lars Olsson
Tekniskt ansvarig Teknisk handlaggare

Genom
Lars Tobin
Sektionschef

Bilagor:

1. Mitprotokoll
2. Diagram, forsok 17, 18,20, 23-33
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Handléggare, enhet / Handled by, department Datum / Date Beteckning / Reference Sida / Page
Lars Olsson, Byggnadsfysik 2001-09-24  ETleb 60031 1(1)
Bilaga 1
Matprotokoll
Forsok | Belastning | Densitet | Start Stopp Kommentar
(gram) (kg/m’) | datum datum
1 175 50 5/6 8/6 Dalig pé- och avlastning
2 175 50 11/6 13/6 Dalig avlastning
3 175 50 14/6 16/6
4 175 50 16/6 18/6
5 175 50 18/6 20/7 Bugg i métprogram
6 175 50 29/6 2/7
7 175 50 2/7 6/7
8 175 50 6/7 9/7
9 175 60 9/7 13/7
10 175 60 13/7 15/7 De forsta 5 sek ej med
11 175 60 15/7 18/7 Nytt material Ekofiber 010313,
12 436 50 18/7 23/7 Stativ ur lige
13 436 50 23/7 25/7 Fel pa datalagring
14 436 50 25/7 27/7
15 436 50 27/7 30/7
16 436 60 30/7 1/8 Problem vid avlast. Vikterna tar
for stor volym
17 436 60 1/8 3/8
18 436 60 3/8 5/8
19 175 42 6/8 8/8
20 175 42 8/8 11/8
21 436 42 11/8 13/8
22 175 50 13/8 STOPP
23 436 50 14/8 17/8 NY METOD GALLER
24 175 50 17/8 20/8
25 175 42 20/8 22/8
26 436 42 22/8 24/8
27 436 60 24/8 27/8
28 175 60 27/8 29/8
29 175 50 29/8 31/8 Ateranvindning av SBIs material
30 175 50 31/8 3/9 Ateranvindning av SBIs material
31 175 50 3/9 6/9 Ateranvindning av SBIs
material, dven forb. med tryckluft
32 69 42 6/9 8/9 Ekofiber 010313 géller nedan
33 69 50 8/9 10/9
34 69 60 10/9 13/9 lagringsfel

SP Sveriges Provnings- och Forskningsinstitut, Box 857, 501 15 BORAS, Tfn 033-16 50 00, Fax 033-13 55 02, E-post info@sp.se, Org.nr 556464-6874
SP Swedish National Testing and Research Institute, Box 857, SE-501 15 BORAS, SWEDEN, Telephone + 46 33 16 50 00, Telefax + 46 33 13 55 02, E-mail info@sp.se, Reg.No 556464-6874

Ackrediterat laboratorium utses av Styrelsen for ackreditering och teknisk kontroll (SWEDAC) enligt lag. Verksamheten vid de svenska ackrediterade laboratorierna uppfyller kraven enligt SS-EN 45001
(1989), SS-EN 45002 (1989) och ISO/IEC Guide 25 (1990:E). Denna rapport far endast aterges i sin helhet, om inte SWEDAC och SP i forvag skriftligen godkant annat.

Accredited laboratories are appointed by the Swedish Board for Accreditation and Conformity Assessment (SWEDAC) under the terms of the Act. The Swedish accredited laboratories meet the require-
ments set up in SS-EN 45001 (1989), SS-EN 45002 (1989) and ISO/IEC Guide 25 (1990:E). This report may not be reproduced other than in full, except with the prior written approval of SWEDAC and SP.
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Appendix D

Strain-time diagram for CFI-SP, density 42 kg/m3

X and Y shown in a logarithm diagram

Parallel test at SP and By og Byg: Strain-time diagram for CFI-
SP, density 42 kg/m3, load 200,1 Pa
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Appendix E

VTT report
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Requested by

Order

Contact person at VI'T

Torben Valdbjgrn Rasmussen
Civilingenigr Ph.D. Seniorforsker
By og Byg

Postboks 119

Dr. Neergaards Vej 15

2970 Hgrsholm

Denmark

Nordtest project 1536-01.

Mikael Salonvaara

VTT BUILDING AND TRANSPORT
Liampomiehenkuja 3, Espoo

P.O.Box 1804

FIN-02044 VTT, Finland

Tel. + 358 9 456 4738

Fax + 358 9 455 2408
mikael.salonvaara@vtt.fi
Http://www.vtt.fi/rte/

Task

Sample

General

Performance of the task

Test and modelling of creep

Loose fill cellulose insulation. Sample was received from By-og-byg,
Denmark (Torben Valdbjgrn Rasmussen).

Within the nordtest projekt “Granulaere isoleringsmaterialers krybning —
Metodebeskrivelse og samkalibrering” (Nordtest project nr 1536-01) the
proposed standard for measuring and modelling creep of insulation materials is
tested by carrying out a “round-robin” test in three laboratories for a given
material. VTT Building and Transport was one of the three laboratories.

The test was carried out according to the standard (draft) LOOSE-FILL
INSULATION IN WALLS - TEST AND MODELLING OF CREEP (Based
on By og Byg Documentation 011, “Satningsfri indblesning af
lgsfyldesisolering 1 veegge”, Danish Building and Urban Research, 2001),
dated 16.08.2001.

The samples were maintained at 50% rh and 23°C for 1 month before carrying
out the task and during the tests. Each of the nine tests had a new test sample.

The measurements were carried out for the following set of density and load:

- density 42 kg/m3 mounted 78 Pa (date 21-23.9.2001, no unloading test)
42 kg/m’ mounted 202 Pa (date 24-27.9.2001)
42 kg/m3 mounted 499 Pa (date 28.9-1.10.2001)

The use of the name of the Technical Research Centre of Finland (VTT) in advertising or publication of this report in part is possible only

by written permission from VTT.
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Inaccuracy

Test results

- density 50 kg/m3 mounted 78 Pa (date 1-3.10.2001, no unloading test)
50 kg/m’ mounted 202 Pa (date 5-8.10.2001)
50 kg/m3 mounted 499 Pa (date 8-11.10.2001)

- density 60 kg/m’ mounted 78 Pa (date 12-15.10.2001, no unloading test)
60 kg/m3 mounted 202 Pa (date 15-18.10.2001)
60 kg/m’ mounted 499 Pa (date 19-22.10.2001).

At the beginning of the test the reading of the test device was zero. Then the
load was released by removing the sticks. The measurement for loading lasted
three days after which the load was removed and the recovery (expansion) of
the insulation was measured for 2 hours.

The test equipment was built at VTT Building and Transport according to the
instructions given in the standard (draft) LOOSE-FILL INSULATION IN
WALLS - TEST AND MODELLING OF CREEP.

The equipment that was used to measure the creep was made by Mitutoyo
Corp. (Japan), model ID-C1050B. The accuracy is 0.01 mm. The string was
removed from the device in order to avoid additional load to the test specimen.

Results are given in Figures 1-3 and Table 1.

The values for the Clouser equation c(t):l/E*(1+(t/’c)b)+C1 for different
densities are given Table 1.

Table 1. Parameters determined for the Clouser equation.

42 13332 52935 0.2523
78 Pa 0.0004267288
202 Pa 0.0004236923
499 Pa 0.0002552140

50 13332 457317 0.2481
78 Pa -0.0001140370
202 Pa 0.0001285639
499 Pa 0.0001373405

60 20600 114092 0.1502
78 Pa -0.0001387231
202 Pa -0.0000511108
499 Pa 0.0000815762

The use of the name of the Technical Research Centre of Finland (VTT) in advertising or publication of this report in part is possible only

by written permission from VTT.
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Measured creep for RH = 50%, Temp. = 23 °C

Ekofiber, density 42 kg/m3
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Figure 1a. Measured strain time curve and the adjusted Clouser equation for
density 42 kg/m3 at 23°C, 50%-rh.

X,Y-data
(Useful data from Figure 1)

0.4
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y=0.2523x-1.1918
R? =0.6035
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3

-0.4 o Seriest
— Linear (Series1)

Figure 1b. X-Y-data for Clouser function: density 42 kg/m® at 23°C, 50%-th.

The use of the name of the Technical Research Centre of Finland (VTT) in advertising or publication of this report in part is possible only
by written permission from VTT.
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Measured creep for RH = 50%, Temp. = 23 °C

Ekofiber, density 50 kg/rn3
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Figure 2a. Measured strain time curve and the adjusted Clouser equation for
density 50 kg/m’ at 23°C, 50%-th.

X-Y-data
(Useful data from Figure 2)

0.1

- y=0.2481x - 1.4043
R? = 0.8288
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Figure 2b. X-Y-data for Clouser function: density 50 kg/m3 at 23°C, 50%-rh.

The use of the name of the Technical Research Centre of Finland (VTT) in advertising or publication of this report in part is possible only
by written permission from VTT.
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Measured creep for RH = 50%, Temp. = 23 °C

Ekofiber, density 60 kg/rn3
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Figure 3a. Measured strain time curve and the adjusted Clouser equation for
density 60 kg/m’ at 23°C, 50%-th.
X-Y-data
(Useful data from Figure 3)
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Figure 3b. X-Y-data for Clouser function: density 60 kg/m’ at 23°C, 50%-th.
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This report presents a proposal for a standardised
method for creep tests and the necessary theoretical
framework that can be used to describe creep of a
granulated loose-fill material. Furthermore results from a
round robin test are shown. The round robin test was
carried out in collaboration with SP-Building Physics in
Sweden and VTT Building Technology in Finland. For the
round robin test a cellulosic fibre insulation material was
used. The proposed standardised method for creep tests
and theories are limited to cases when the granulated
loose-fill material is exposed to a constant environment
with a constant temperature and a constant relative
humidity.

A better understanding of the behaviour of granulated
loose-fill material is provided and a standardised method
is proposed. This enables control of the settling and
prediction of densities necessary to prevent settling. The
Nordtest, Organisation for Testing in Scandinavia funded
the Nordtest.
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