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This study investigates several factors that have not been specified in the standard for dynamic stiffness,
compressibility, and long-term deformation; these factors can be used to evaluate the acoustic and physical
performances of resilient materials. The study is intended to provide basic data for deriving the factors
that need to be additionally reviewed through the standards. Since magnitude of dynamic stiffness changes
with an increase in loading time, it is necessary to examine the setting of the loading time for a load
plate under test conditions. Samples of size 300×300 mm, rather than 200×200 mm, yielded more reliable
results for compressibility measurement. Since the test to infer long-term deformation of resilient materials
after a period of 10 years in some samples showed variation characteristics different from those specified
in the standards, it is recommended that the test method should be reviewed through ongoing research.
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1. Introduction

In Korea where apartment houses account for 60%
or more of the types of residences problems related to
floor impact sound are persistent in apartment houses
A floating floor structure with resilient materials has
been mostly applied in building floors of apartment
houses. The main purpose of such structure is to re-
duce floor impact sound. In addition, thermal insula-
tion of the floor structure must be ensured. Dynamic
stiffness is one of the major properties of resilient iso-
lators which influence the insulation performance of
floor impact sound. As the dynamic stiffness decreases,
lightweight floor impact sound is reduced to a greater
extent (Cremer et al., 1988). The dynamic stiffness
of resilient materials used in the floors of apartment
houses in Korea is limited to less than 40 MN/m3. This
is a minimum value defined by Korean domestic laws to
ensure the floor impact sound insulation performance
in apartment housings. Therefore, accurate measure-
ment of dynamic stiffness became very important.
The most common resilient materials used in float-

ing floors are expanded polystyrene (EPS) and ethy-
lene vinyl acetate (EVA). Flat-type foamed floors are

the most common type of floating floors. These re-
silient materials are installed on a concrete slab, and
a mortar layer with lightweight aerated concrete, i.e.
an Ondol layer, and a heating pipe are laid over the
materials. Thus, the resilient materials are subjected to
long-term loads by the Ondol layer installed on them,
and this is likely to cause changes in the physical prop-
erties of these materials. The physical properties of re-
silient materials are defined by their dynamic stiffness,
compressibility, long-term deformation, and damping.
Recently, products with low density and low dy-

namic stiffness (5 MN/m3 or less) have been widely ap-
plied in order to further improve the insulation of floor
impact sound and to ensure price competitiveness.
Heavyweight impact sound as well as lightweight floor
impact sound is found to be affected by the change in
the dynamic stiffness of resilient materials (Kim et al.,
2009). Measurement results showed that the determin-
ing coefficient between dynamic stiffness and insulation
performance of heavyweight impact sound is 0.74 (Kim
et al., 2009). Baron et al. emphasized the importance
of deriving accurate values by examining the effects of
the pulse excitation measurement mechanism (Baron
et al., 2004).
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Accurate determination of the changes in the dy-
namic stiffness of resilient materials is important to
predict any reduction in floor impact sound. In the
previous study (Kim et al., 2008) the dynamic stiffness
was found to change as the load plate loading time in-
creased. Other research also reported that the sample
thickness was reduced on application of static load at
the time of measurement, which increased the density
and airflow resistivity; this implies that dynamic stiff-
ness can be affected by a variety of factors (Schiavi
et al., 2011). However, no information or description
about the loading time for the load plate is available
in ISO 9052-1 from the viewpoint of the measurement
of dynamic stiffness (ISO 9052-1, 1989). The ISO stan-
dard includes formula for dynamic stiffness, which is
expressed in terms of the magnitude of airflow resis-
tivity of materials.
The magnitude of compressibility indicates the de-

crease in the thickness of the resilient material af-
ter load was applied; compressibility is measured by
determining the change in the thickness of resilient
materials before and after loading according to ISO
29770(TC 163/SC1). The size of the specimens was
200×200 mm, as specified in ISO 29770 which does not
have any specification for the thickness. Thick resilient
isolators have high compressibility, and specimens with
high compressibility would affect the upper layers such
as the Ondol layer. Therefore, it is necessary to con-
sider the thickness of specimen when measuring com-
pressibility. In addition, various types of resilient ma-
terials with different shapes and sizes are available. In
particular, several resilient materials are used to form
uneven floors in order to prevent the transmission of
impact sounds. Therefore, it is also important to ex-
amine whether a variety of sample types are suitable
for ISO standards.
As a test method for determining the degree of di-

mensional changes, when specimens of resilient materi-
als are subjected to long-term loading for a period of 10
years, long-term deformation was measured in accor-
dance with ISO 20392. However, in Korea, test method
to determine long-term deformation of resilient materi-
als has not been developed as yet. In order to establish
such a test method, the domestic applicability of the
ISO 20392 standard should be considered.
In this study, the influences of the loading time

of a load plate and sample size on compressibility of
resilient materials were investigated. A total of seven
resilient materials of different shapes were selected, and
measurements were conducted for 560 days to examine
the long-term deformations of resilient materials.

2. Test methods

2.1. Dynamic stiffness

The dynamic stiffness of resilient materials is one of
the evaluation items related to floor impact sound in-

sulation performance. As dynamic stiffness decreases,
lightweight floor impact sound is reduced to a greater
extent. For a known value of dynamic stiffness, the de-
gree of reduction in lightweight impact sound can be
estimated (Cremer et al., 1988).
The dynamic stiffness measuring method (KS F

2868, 2003) currently used in Korea was established
in 2003 on the basis of Japanese Industrial Standard
(JIS A 6321, 2000) and ISO 9052-1 (ISO 9052-1, 1989).
Other research reviewed the appropriateness of mea-
surement methods for resilient materials used in Ko-
rea (Kim et al., 2005). Dynamic stiffness (s’) is defined
as the ratio of dynamic displacement to dynamic load,
and can be expressed in Eq. (1) as follows:

s′ =
F/S

∆d

(
N/m2

m
=
N
m2m

= N/m
3

)
, (1)

where S is the area (m2) of the specimen; F is the
dynamic load (N) vertically applied to the specimen;
and ∆d is the dynamic variation (m) in the thickness
of specimen.

S′
t = (2πf0)

2 ·m, (2)

where S′
t is the apparent dynamic stiffness per unit

area [MN/m3]; f0 is the resonant frequency [Hz]; and
m is the mass of the load plate per unit area [kg/m2].
Further, when dynamic stiffness is known, the de-

gree of reduction in lightweight impact sound can be
estimated using the equations (Eqs. (3), (4)) (Cremer
et al., 1988).
Lee et al. published a study that suggests that

as the dynamic stiffness of resilient materials de-
creases, lightweight impact sound reduction level in-
creases (Lee et al., 2003).
However, the constraints in Eqs. (3) and (4) are as

follows:

∆L = 30 log
f

fres
, (3)

fres =
1

2π

√
s′

m
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In the case of resilient materials of floating floor struc-
tures, a load applied on the upper surface can lead to
the destruction of fibrous tissue, reduction in thickness,
and a gradual increase in dynamic stiffness, which, in
turn, causes a change in the resonant frequency, thus
causing variations in the estimates of impact sound
insulation performance (Schiavi et al., 2005). Schi-
avi et al. proposed a formula for the dynamic stiffness
by taking into account the thickness deformation as
the deformation of materials affects dynamic stiffness
(Schiavi et al., 2010).
Figure 1 is a schematic representation of the pulse

excitation measurement mechanism for the determina-
tion of dynamic stiffness.
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Fig. 1. Pulse excitation measurement configuration for
measuring dynamic stiffness.

2.2. Compressibility

The measurement method for compressibility is de-
fined in DIN EN 12431 of Germany (DIN EN 12431,
2007) and DIN standard has been introduced in ISO
29770 (ISO 29770, 2008). In Europe, the compressibil-
ity of resilient materials has been reviewed actively,
and measurement results are specified in the product
catalog. The details of the DIN test method are as fol-
lows.

• Specimen: 200 ± 1 mm, 10ea, store at 23 ± 5◦C for
6 h and test.

• The test process
– Apply a pressure of 250 Pa (1 kg), and measure
thickness (dL) after 2 min.

– Apply a pressure of 2 kPa (8 kg), and measure
thickness (dF ) after 2 min.

– Apply additional pressure of 48 kPa (192 kg)
for 2 min.

– Measure height (dB) in 2 or 5 min after the
removal of additional pressure.

In the DIN standard from Germany, the difference
between the thickness before and after applying the
load (dL–dB) after a constant load has been applied to
the resilient materials is represented as compressibil-
ity (c).
ISO accepted DIN EN12431 standard and estab-

lished ISO 29770 in 2008. ISO 29770 specifies that the
thickness should be measured after applying pressures
of 250 Pa, 2 kPa, and 48 kPa in the same manner as in
DIN standard.

2.3. Long-term deformation

ISO 20392, as any international standard to mea-
sure the thickness deformation due to application of
load to resilient materials, describes a method for mea-
suring the thickness deformation over a period of time
under a certain load and conditions of temperature and
humidity (ISO 20392, 2007). It also specifies that the
thickness of specimens should be measured for 90 days
or more under a certain load, and from the measured
results, the thickness after 10 years can be predicted.

The size of specimens is to be selected from among
50×50 mm, 100 mm, 150 mm, 200 mm, or 300 mm,
and any load can be applied to specimens; 200 kg/m2

is the typically applied load. The thickness deforma-
tion under load is measured at 0.1 h, 1 h, 5 h, 1 day,
2 days, 4 days, 7 days, 9 days, 11 days, 14 days, 18 days,
24 days, 32 days, 42 days, 53 days, 65 days, 80 days,
and 90–100 days of loading.
The thickness measured for more than 90 days in

an interval of log scale can be used to estimate the
thickness after 10 years through a linear regression
equation. Long-term deformation is calculated based
on the Eq. (5) by Findley (1994), and the thickness
deformation after 10 years is as indicated by Eq. (6).
The number 87,600 in Eq. (6) denotes the value

converted into the time unit of 10 years.

Xt = X0 +mtb (mm), (5)

X10 years = X0 +m87600b (mm), (6)

m = 10a, a = ym − bxm,

b =

∑
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∑
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∑
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2

n

where Xt is deformation at time t, X0 is initial de-
formation (60 s after loading), and xm is mean value
of xt (

xm =
∑

xt/n
)

ym : mean value of yt
(
yt =

∑
yt/n

)

xt : time, log t

yt : deformation, logXct

Xct = Xt −X0.

Other research has reported the amount of deforma-
tion after 10 years using the simple equation (Eq. (7))
inferred from the measurement results of compressibil-
ity (Schiavi et al., 2007). In addition, they proposed
a new equation to estimate dynamic stiffness based on
the change in compressibility.

X10 years ≈ dL − dB (mm). (7)

3. Materials

The resilient materials used in this study were
expanded polystyrene (EPS), ethylene vinyl acetate
(EVA), expanded polyethylene (PE), and expanded
polypropylene (EPP). For EPS and EVA, products
from different manufacturers were selected for the test.
The dynamic stiffness, compressibility, and long-term
deformation of the selected resilient materials were
measured, and the measured specimens are shown in
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Table 1. Test specimens.

Specimen PE EVA-1 EVA-2 EVA-3 EPP EPS-1 EPS-2

Lower part shape flat uneven uneven uneven flat uneven flat

Thickness [mm] 21 20 30 30 21 25 20

Upper side

Bottom side

Table 1. Different specimens were selected for measur-
ing each of the three items in the test.
Since dynamic stiffness changes with the loading

time of a load plate, a loading time of 48 h has been
suggested by the results of existing studies (Kim et al.,
2008).
In this study, for a loading time of 120 days which

is longer than the 45 days suggested in existing studies,
the dynamic stiffness was measured and the degree of
change was investigated over a longer time of applica-
tion of a load plate than in previous studies.
Figures 2 and 3 show the measurement settings.

Fig. 2. A view of the test setup for compressibi-
lity measurement.

Fig. 3. A view of the test setup for the measure-
ment of long-term deformation.

For compressibility, specimens of sizes
200×200 mm and 300×300 mm, as specified in
the ISO standard (ISO 29770, 2008), were used to ex-
amine the changes in size. Because the bottom surface
of resilient materials is uneven, the evaluation was
made under the assumption that the size of specimens
is expected to affect load stability. In addition, for a
large number of specimens, the correlation between
compressibility and dynamic stiffness was examined,
assuming that as the dynamic stiffness decreases, the
impact sound reduces to a greater extent though the
load stability is expected to be degraded.
Under a load plate of 8 kg weight (200 kg/m2) of

the same size as the specimen (200×200 mm) to act
as the load of an Ondol layer, the thickness was mea-
sured at one point in the center at 1-day intervals using
a dial gauge (ID-C1050XB). The ISO 20392 specifies
that the long-term deformation after 10 years is esti-
mated by measuring any deformations for 90 days or
more. In this study, deformation for 560 days was mea-
sured, and the measurement results are compared with
the results of ISO standard. The measuring equipment
used is described in Table 2.

Table 2. Test equipment.

Equipment Model and Maker

Frequency analyzer SA-01, RION

Microphone G.R.A.S. (Type 40AE)

Microphone Pre-amplifier G.R.A.S. (Type 26CA)

Impact hammer 086C02, PCB

Accelerometer PV-41, RION

Compressive loader DS-120, Daekyoung-Tech.

Dial gauge ID-C1050XB

4. Results and discussion

4.1. Dynamic stiffness

Figure 4 and Table 3 shows the measurement re-
sults for changes in the characteristics of dynamic stiff-
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Table 3. Correlation equation [between duration of loading (days) and dynamic stiffness].

Specimen Correlation equation Determination coefficient
r2

Correlation coefficient
r

EPS-1 y = 0.0969 ln(x) + 4.7653 0.52 0.82∗

EPS-2 y = 0.7503 ln(x) + 14.544 0.60 0.77∗

EVA-2 y = 0.3905 ln(x) + 5.2841 0.58 0.65∗

EVA-3 y = 1.2222 ln(x) + 5.3934 0.77 0.78∗

∗ P < 0.001

Fig. 4. Measurement results of the dynamic stiffness.

ness after 120 days with an increase in the loading time
of the load plate. Except for EPS-1, dynamic stiffness
was found to increase from the initial value over the
time. A change in dynamic stiffness due to an increase
in loading time showed the same tendency as the re-
sults of a previous study (Kim et al., 2008).
In the case of EPS-1 specimen, after 120 days,

the dynamic stiffness increased to 5.3 MN/m3, an in-
crease of 7% from its initial value of 5.0 MN/m3. In
the case of EPS-2, after 120 days, the value changed
to 19.6 MN/m3 from its initial measurement value of
13.6 MN/m3. The measurement value for EVA-2 in-
creased to 7.8 MN/m3, an increase of approximately
80% from its initial measuring value of 4.3 MN/m3. In
the case of EVA-3, which showed the most significant
change, the dynamic stiffness increased by more than 2
times to 11.2 MN/m3 from 5.3 MN/m3. From the cor-
relations between the loading time of the load plate and
dynamic stiffness, determination coefficients appear to
be in the range 0.58–0.77, showing close correlation be-
tween them. Correlation coefficients were distributed
between 0.65 and 0.82. The analysis results of corre-
lation between the dynamic stiffness of the material
and the elapsed time were 0.82, 0.77, 0.65, and 0.78
for EPS-1, EPS-2, EVA-2, and EVA-3, respectively.
The results were considered significant for p values less
than 0.001.
The continuous loading attributed to the load

plates installed on the samples may cause deformation

of the shape of cells within the specimen and of the air
layers within the cells. The deformation is expected to
be manifested as dynamic stiffness.
Since the increase in dynamic stiffness over a long

period of time is clearly observed with ISO Standard
(ISO 9052-1, 1989), which does not specify the load-
ing time of load plates, it is difficult to determine the
degree of long-term changes in dynamic stiffness. How-
ever, the loading time of a load plate needs to be spec-
ified, and hence, ongoing research on various materials
is needed because some products, depending on the
type of material used, are not affected by changes over
time.

4.2. Compressibility

For compressibility, ISO standard (ISO 29770,
2008) specifies that the size of the specimen to be
measured should be 200×200 mm. Nevertheless, spec-
imens of various shapes are used; in particular, prod-
ucts whose bottom surfaces have a corrugated profile
are also in use. Given that the test was designed to
assess the stability against a downward perpendicular
loading, and under the assumption that the number
and surface area of the corrugations on the bottom
surface would influence the measurement results, spec-
imens with larger surface areas of 300×300 mm were
used to examine the changes.
The measured results of changes in the size of a

specimen, as shown in Fig. 5, indicate that compressi-
bility showed a tendency to decrease as specimen size

Fig. 5. Changes in the specimen size and compressibility.
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increases. Particularly, in EVA-1, EVA-2, EVA-3, and
EPS-1 specimens with uneven lower surfaces, there was
a greater decrease in compressibility than in the other
specimens.
Because the loading on the upper surface is sup-

ported by the unevenness in the lower surface, the in-
crease in the number of corrugations with the increase
in specimen size is considered to cause an increase in
the structural stability. In EVA-2 and EVA-1, semi-
circular shape corrugations of height 10–15 mm with
spacing of 40–60 mm were present, while corrugations
in a grid pattern were present in the case of EVA-3. In
EPS-1, longitudinal grooves were formed.
Table 4 presents standard deviations of the com-

pressibility, which was measured five times for each
specimen. The table shows that the measured results
for each specimen were stable, showing a decrease in
standard deviation, as the specimen size increased.
Therefore, in order to measure the compressibility of
specimens with unevenness, it is necessary to provide
criteria for the specimen size.

Table 4. Standard deviations for different
specimen sizes.

Specimen size EVA-1 EVA-2 EPS-1

(200×200 mm) 0.44 0.31 0.19

(300×300 mm) 0.13 0.10 0.10

By acting as a pillar installed in the lower slab, the
unevenness at the bottom surface of resilient materi-
als serves as a support for the upper load. Because an
increase in load-bearing area and the unevenness (pil-
lar) also increase the stability against the load of the
material itself under conditions in which a constant
load per unit area is applied, the sample size and the
number of corrugations are important factors related
to compressibility.
Figure 6 shows the correlation between dynamic

stiffness and compressibility. The dynamic stiffness of
41 specimens was measured after the compressibility
test.

Fig. 6. Correlation between dynamic stiffness and com-
pressibility.

The correlation equation and determination coeffi-
cients were calculated based on the measured results.
Inverse correlation of a logarithmic function showed
that the determination coefficient was 0.71, indicating
close correlation between the compressibility and dy-
namic stiffness, and the compressibility tended to in-
crease with decreasing dynamic stiffness. However, in
the specimens with a dynamic stiffness of 10 MN/m3

or less, the difference in compressibility appeared to be
large. Dynamic stiffness represents the rate of change
of thickness of samples when a constant load is applied
to a unit area (m2) of the samples. Even the same dy-
namic stiffness is considered to generate a deviation
in compressibility through differences in the physical
properties of materials, manufacturing processes, and
composition of internal tissue of the material; in partic-
ular, such a phenomenon was found to have frequently
occurred for a low range of dynamic stiffness as in the
experimental results of the present study.
Materials such as EVA and PE play an important

role in providing a force on the opposite side when
an air layer trapped in it is deformed, thus resist-
ing the deformation due to the loading (Kilhenny,
2008). Differences in these physical properties of ma-
terials are found to cause deviation in compressibil-
ity. Bettarello et al. showed in his study that in
the case of materials with many pores, such as fibers,
a high load applied for measuring compressibility can
destroy the fibrous tissue, causing an increase in com-
pressibility (Bettarello et al., 2010). The degree of
compressibility is somewhat different even for the same
dynamic stiffness.

4.3. Long-term deformation

In Fig. 7 the thickness deformation of a specimen
with a load plate installed is expressed via a time series.

Fig. 7. Deformation (the specimen and load plate).

EPP and EPS-2 represent the initial measurement
errors. Therein, deformation was observed to exceed 0.
However, the change in thickness was reduced to al-
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Table 5. Correlation equation (load plate).

Specimen Correlation equation Determination coefficient
r2

Correlation coefficient
r

PE y = −0.0019x + 0.0917 0.96 −0.98∗

EVA-1 y = −0.0049x + 0.0709 0.97 −0.99∗

EVA-2 y = −0.0036x + 0.045 0.96 −0.98∗

EPP y = 0.00008x + 0.073 0.38 0.62∗

EPS-1 y = −0.0029x + 0.1852 0.93 −0.97∗

EPS-2 y = 0.0003x + 0.1186 0.72 0.85∗

∗ P < 0.001

most zero over time. In the remaining specimens, the
deformation increased with increasing time. It was also
shown that larger deformation occurred in specimens
with uneven bottom surfaces, compared to deforma-
tion in the specimens with a flat panel, and the most
significant deformation, about 13%, occurred in EVA-1
during the measuring period. In most specimens, the
thickness continued to decrease with some deviation as
the measuring time elapsed.
ISO 20392 presents an equation to calculate long-

term changes for a period of more than 10 years in
the thickness of specimens by considering the thickness
change of resilient materials, only using the measure-
ment results for 90 days. According to the standard,
although a regression equation is formulated based on
the measurement results for 90 days, its high deter-
mination coefficients can help determine the change in
thickness after a long period of time. A determination
coefficient of > 0.9 in the regression equation is pre-
sented as an example of ISO standard.
The change in thickness after 10 years was calcu-

lated using linear regression equations defined in Ta-
ble 5 based on the results for 560 days or more. The re-
sults for changes in thickness in this study in the time
intervals at which the thickness was measured differ
from the results of ISO standard. The thickness in the
present study was measured almost daily whereas in
ISO standard the thickness was measured at logarith-
mic intervals. The results of deformation after 10 years
using the regression equations of the present study
were derived from the measured results and compared
with the results from the method defined in ISO stan-
dard. Further, the change in thickness was estimated
by applying the results of this study, measured at the
time intervals specified in ISO standard.
Table 6 shows the deformation after 10 years of

loading specimens with a load plate. The values in-
ferred from the measured results as shown in Fig. 7
and the calculated values of ISO standard are shown
in Fig. 8. In the figure the difference between the spec-
imens is evident, and in particular, a significant differ-
ence is seen in the case of EVA-2. For most specimens,
the measured values were lower than the values cal-
culated by ISO standard. For EPP and EPS-2, there

Fig. 8. Comparison of 10-year deformation predicted in this
study and ISO standard results.

was almost no deformation during the measurement
period, even in the predicted values after 10 years.
Errors in Table 6, expressed in percentage, represent
the difference between the measurement results of this
study and the values of ISO standard. Except for EPP
and EPS-2, in which almost no deformation occurred,
the specimens had errors between 15% and 67%.

Table 6. Errors in 10-year deformation between the results
of this study and ISO standard results.

Specimen
10 years deformation [mm]

Error [%]
This result ISO standard

PE −6.8 −8.7 21.6

EVA-1 −17.8 −21.0 15.3

EVA-2 −13.1 −39.7 67.0

EPP 0.4 0.2 −52.1

EPS-1 −10.4 −12.2 15.0

EPS-2 1.2 0.5 −129.0

ISO standard suggests an equation such as Eq. (6)
based on the results converted to a log. Hence, the
predicted values of long-term deformation differ from
these results, which were calculated by using linear re-
gression equations.
As shown in Fig. 7, for the result of thickness de-

formation as measured for 560 days or more, the deter-
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mination coefficients were higher in the case of linear
regressions rather than in the equations calculated on
the basis of log values. This is due to the difference
from the predicted equation of ISO standard. Table 7
shows the determination coefficients of the specimens,
calculated using linear and log equations. Except for
EPP and EPS-2, in which almost no deformation oc-
curred, the determination coefficients were higher for
linear regression equations rather than for log equa-
tions.

Table 7. Determination coefficient.

Specimen
Determination coefficient r2

linear log

PE 0.9679 0.6490

EVA-1 0.9741 0.6978

EVA-2 0.9691 0.7756

EPP 0.3869 0.6319

EPS-1 0.9361 0.5947

EPS-2 0.7279 0.9340

However, since sample thickness has not changed
continuously over time and is not physically com-
pressed anymore after it reaches a certain level, char-
acteristics with a linear change in thickness, as seen in
these results, are not likely to be observed. A signifi-
cant change in the thickness of samples to be measured
is observed over a long period of time, and the mea-
surement period of about 560 days may not be enough
to fully understand the extent of change. It is neces-
sary to derive an equation to predict the long-term
deformation by determining the extent of continuous
change.

5. Conclusions

The present study investigated the physical proper-
ties of resilient materials, including dynamic stiffness,
compressibility, and long-term deformation of several
specimens.
Dynamic stiffness changed as the loading time of

the load plate elapsed. Compressibility is the test
method to determine the change in thickness of spec-
imens under a certain load. Since a load is applied
to the specimens, the size of the specimens is con-
sidered as an important affecting factor. The size of
specimens for evaluating the compressibility of prod-
ucts seems to be more reasonable in specimens of size
300×300 mm than in those of size 200×200 mm. The
long-term measured results of thickness deformation in
the resilient materials appeared to decrease over time.
However, since sample thickness did not change con-
tinuously over time and is not physically compressed
anymore when it reaches a certain level, the charac-
teristics with a linear change in thickness, as seen in

the results of this study, are not likely to be seen. It is
necessary to derive an equation to predict long-term
deformation by determining the extent of continuous
change.
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