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Abstract

Aim of study: The target of this study was measuring the changes in IFD firmness and thickness values
after constant-fatigue loading on the polyurethane (PUR) foams, with six different densities and two
different categories, produced in Trabzon/Turkey.

Material and Method: The foams were firstly exposed to indentation force deflection (IFD) and
constant-fatigue tests based on ASTM D3574 standard. Then, the final IFD values of the foams were
determined after loading and the changes in IFD values were reported.

Main results: Results indicated that increasing the density of foam in normal category decreased the
IFD loss rate in foam firmness. However, this was vice versa for the soft foams. The support factors of
normal foams raised as density increased after constant-fatigue loading, however; the support factors of
soft foams decreased as the density increased. All foams used in this study indicated a thickness loss lower
than 10% after constant-fatigue loading and, no visual failure was detected on the appearances of foams.

Highlights: It is important to note that when using a soft foam in a sofa frame, it technically shows
opposite behavior both in IFD loss and support factor values under constant-fatigue loading compared to
normal foam.

Keywords: Foam, IFD, Constant Fatigue, Loading, Firmness, Support Factor.

Oturma Amagh Farkli Ozellikteki Poliiiretan Siingerlerin Siirekli-

Yorulma Performanslari

Oz

Calismanin amaci: Bu ¢aligmanin amaci, Trabzon / Tiirkiye'de iiretilen alt1 farkli yogunlukta ve iki
farkli kategoride olan poliiiretan siingerlere uygulanan siirekli yorulma yiiklemesi sonrast IFD sertlik ve
kalinlik degerlerinde meydana gelen degisimleri incelemektir.

Materyal ve Metod: ASTM D3574 standardi baz alinarak siingerler ilk olarak IFD sertlik testine ve
sirekli-yorulma testlerine tabi tutulmustur. Daha sonra, siingerlerin siirekli yiikleme sonrasi nihai IFD
sertlik degerleri dlgiilmiistiir. Stingerlerin IFD sertlik degerlerindeki degisimler rapor edilmistir.

Sonuglar: Normal kategorideki siingerlerin yogunlugunun arttirilmasi siinger sertligini gosteren IFD
kayip oranini azalmasina sebep olmustur. Ancak, bu durum yumusak kategorideki siingerler i¢in tam
tersidir. Bununla birlikte, normal siingerlerin destek faktorii degerleri, siirekli-yorulma yiiklemesinden
sonra yogunluk arttikca artmis, yumusak siingerler i¢in yogunluk arttik¢a azalmistir. Bu caligmada
kullanilan tiim sitingerler, siirekli-yorulma yiiklemesinden sonra, % 10'dan daha az bir kalmlik kayb:
gdstermis olup, siingerlerin goriiniislerinde gorsel bir bozulma tespit edilmemistir.

Onemli vurgular: Koltuk iiretiminde yumusak bir siinger kullamlacagi zaman, siirekli yorulma
yiiklemesi altinda yumusak siingerlerin normal siingerlere gére teknik olarak tamamen zit bir davranig
gosterdigini bilmek 6nemli olacaktir.

Anahtar Kelimeler: Siinger, IFD, Siirekli Yorulma, Yiikleme, Sertlik, Destek Faktorii.

Introduction

Polyurethane (PUR) foam is widely used
in many field because of its enough
compressive  strength, good thermal
resistance and fine sound absorption
properties, lower thermal conductivity, and
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light weight (Gama, Silva, Carvalho, Ferreira
& Barros-Timsen 2017; Kumar and Kaur
2017). PUR foam is an upholstering material
that is also widely used in the furniture
industry due to its favorable properties such as
price flexibility, durability, non-allergic
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qualities and favorable properties such as not
allowing to grow mold or fungus in its
structure (De Mello, Pezzin & Amico, 2009).

There is a wide variety of PUR foams,
which are sorted in three categories: hard,
semi-rigid (normal) and flexible (soft). Foams
are widely used in market because they can be
produced in different density, color and
different pore sizes as well as being light and
cheap. Especially in manufacturing of
upholstered furniture and beds, they have
completely seized the place of traditional
materials such as horse hair, cotton balls, and
rubber foams (De Mello et al., 2009).
Approximately 95% of the world furniture
manufacturing sector and 80% of the bed
manufacturing sector either use PUR foams
partially or completely (Lal and Raman,
1992). In upholstered furniture, foams are
used in different parts of the frame with
another materials such as spring, padding,
fabric, stretching along with steel materials
which are really important for the
performances of furniture. The positions of
foams in upholstered furniture are shown in
Fig. 1.

Figure 1. The positions of foams in
upholstered furniture

It is mostly believed that mechanical
properties are important for PUR foams used
in furniture (Li, Yang, Li, Jiang & Liang,
2018). In progress of time, the fabric in an
upholstered sofa become loose. Indeed, it is
not the fabric which deform. It is the foam
which deforms in time. Therefore, it is always
crucial to check the mechanical performance
of a foam in an upholstered frame under a
specified load (Fig. 1).

Some specifications of PUR foams are
vitally important demonstrators of foam
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performance in the terms of comfort, support
and durability. One of the specifications is the
foam density which is the material quantity in
the unit, unitized in kilograms per cubic meter
(kg/mq) or in pounds per cubic foot (pcf).
Density is one of the parameter which affects
mechanical properties of foams (Aliha, Linul,
Bahmani, & Marsavina, 2018). Greater
density stands for more durability in foam,
which means more expensive at the same time
because higher density foam contains more
PUR. High-density foams (made of pure PUR
without additive) meet seating better, provide
higher support and more comfort and, they
last longer (Cooperation Extension Furniture
n.d.). The other demonstrator is the firmness
of foam which is measuring the surface sense
of the foam being independent from foam
density. If foam is too firm or too soft, there
may be a variety of problems in its processing.
Being firmer of foam does not mean the foam
with greater durability and longer service
time. The important thing is that firmness of
foam should fit other physical properties
(Birlik Siinger, 2013b). Although higher foam
density come to a meaning of being firmer,
density and firmness are two independent
parameters  (AFPF, 1996). Therefore,
consumers can choose foams with low density
and firm properties, while they can prefer
foams with higher density and soft properties
as well. However, there is a paradox in
understanding this situation. Likewise in the
study of Gok et al. (2012), it is reported that
the firmness of a material is directly
proportional to the density of the material. The
higher density of the material refers to the
higher firmness.

IFD firmness is a measurement carried out
by applying pressure to foam up to 25% of its
height (PFA, 2016). Sometimes a secondary
IFD measurement is performed by
compressing foam under load up to 65% of its
height. This secondary measurement is used
to determine the bottom support of foam. The
rate of 65% IFD to 25% IFD is called as
support factor. This factor ranges from 1.5 to
2.6. The greater the difference between 25%
IFD and 65% IFD values, the greater support
or the greater load carrying capacity for foam.
Foams with a higher support factor have many
advantages such as long-term service (PFA,
1994).
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Constant or cyclic loadings, as fatigue
loading, is one of the way of seeing the actual
foam performance in seating practices
(Eckelman, 1998a, 1988b). Fatigue test
measures strength and height loss of foam
before and after the test by exposing it cyclic
compression in a certain amount. Life span of
a foam divers based on density of the foam,
amount of load and amount of time at service
(Gok et al., 2012). As a result of applying
fatigue load to foam, physical strength and
firmness loss can be observed (PFA, 1993). In
addition, constant-fatigue tests represent the
loads that people sit or lie on foams and
measure loss of firmness at the end of those
sitting and lying on activities. Additionally,
constant-fatigue test shows how a foam loss
its initial flexibility over time (Hager & Craig,
1992; Hu, Tackett, Tor & Zhang, 2016).

The studies on the strength and firmness of
PUR foams are very limited and inadequate.
In 1979, Society of Polyurethane Industry
(SPI) and Polyurethane Foam Association
(PFA) in United States started collaborating a
study on measuring of foam fatigue property.
In a marketing congress, Dr. Herman Stone
1982, presented a report that showed a
progress in this topic. Then, Knight (1987)
continued Herman Stone’s study and
conducted some research on fatigue properties
of foams. In particular, Knight discovered
some advancements on roller type dynamic
fatigue test and investigated the correlation
between the roller type dynamic fatigue test
and the real field applications on foam fatigue.
As a result, Knight (1987) observed that there
is a perfect correlation between tests in
laboratory conditions and results from real
service area applications.

Tod, Smith & Vongpaseuth (1998) pointed
out the effects of sample dimension when
determining the firmness of PUR foams.
Accordingly, PUR foams were prepared in
four different sizes and, IFD values were
determined according to ASTM D3574
standards. As a result of the study, it was
observed that the firmness values of the test
specimens varied with different cross-
sectional areas of the test specimens.
Therefore, it is inferred from the study that
foam firmness foam is able to be tested in a
similar manner with the service area.
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Hager & Craig (1992) different testing
procedures, sampling, and loading on foam.
They discussed the different profile properties
of traditional and high performance of foams
with similar density and 25% IFD. Based on
the results, the strength of PUR foams was
significantly influenced by testing procedure
and type of foam.

Saha et al. (2005) studied effect of density
on the compression behavior of polymeric
foams. They investigated that maximum stress
was mostly depend on density and
microstructure of foam material.

Gok et al. (2012) studied on the foam
firmness changes. Therefore PUR foams were
subjected to four different cyclic loadings (50,
70, 90, 120 kg) and these loads were applied
7000 times on the foams. The study showed
that these four different loads did not made
significant different fatigue effect on foam
samples.

Demirel and Ergun Tuna (2019)
investigated the cyclic fatigue performance of
PUR foams. The foams were exposed to two
different cyclic loading levels and IFD
measurements were carried out before,
between and after loadings. Results indicated
that increasing foam density reduced 25 %
IFD loss in normal foams but insignificantly
increased in soft foams. On the other hand,
increasing foam density decreased 65 % IFD
loss both for normal and soft category foams.

In current study, ASTM D3574 standard
was used for evaluating foam performance
(ASTM, 2011). The reason using this standard
is due to being generally accepted standard by
international test organizations such as,
Testresources  (n.d.), The  American
Association of Laboratory Accreditation
(A2LA) (n.d.), The Canadian Standards
Council (n.d.), Materials Testing System
Manufacturer American Company (ADMET)
(n.d.), DDL test certification laboratory (n.d.),
Zwick Roell test system company (n.d.), and
IDM instruments (n.d.).

In this study, the relationship between
foam density and firmness was evaluated to
see the trend between those two. Beyond that
it was mainly aimed to investigate the effects
of constant-fatigue loading on foam
performance. Accordingly, the first and last
IFD firmness values of the foams were
measured respectively; before and after
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constant-fatigue loading and the differences in
thickness and firmness were calculated and
interpreted.

Materials and Methods
Materials

For this study, the test specimens of foam
blocks with six different densities (14, 18, 22,

ISOmm

(@)

24, 28 and 32 kg/m?®) within two different
categories of normal and soft specified were
used, and the foams were obtained from one
local foam producer, Gundogdu Furniture, of
Eastern Karadeniz Region in Turkey. Typical
views of foam were indicated in Fig. 2.

(b)

Figure 2. a) Dimensions of a foam, b) a foam before constant fatigue loading.

For each density group, five specimens
were cut in the dimensions of 380 x 380 x 50
mm specified in ASTM D3574 standard, and
totally 30 foam sample tested. The foams were
categorized into two types according to their
firmness as normal foams and soft foams.

Method of Constant Loading

First, IFD firmness values of foams with
the dimensions of 380 x 380 x 50 mm were
determined, and then they were exposed to a

constant-fatigue  loading. Foams  were
compressed to 25% of their thickness (up to
75% compression) between plates and
allowed to stand under this load for 22 hours.
After 22 hours, the load on the foams was
removed and thickness losses in the foams
were measured. The last IFD firmness
measurement was performed for these foams
due to calculating IFD loss of foams. Fig. 3
shows a pressed foam between the plates
during constant-fatigue loading.

(®)

Figure 3. a) A representative view of foam compressed between the plates, b) a real view of foam
compressed to a thickness of 25% between the plates
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As shown in Fig. 3, the foams were pressed
to their thickness of 25% and subjected to
constant-fatigue loading by using chocks with
a thickness of 12.5 mm between two identical
plates.

Each foam was pre-compressed to 75%
and relaxed for approximately 5 minutes
before the IFD firmness test as specified in the
standard. Meantime, the loading site on foam
was marked as indicated in Fig. 4 b.

After 75% pre-compression, IFD test was
employed on each foam. After IFD test was
initiated, the loading was stopped at the
compression level of 25 % of foam thickness
and waited for 60 seconds to record load

Load [N)

400
f

300 /

Method of IFD Testing

This test was carried out on MTS universal
machine. A radial head with the diameter of
200 mm was used for loading. In Fig. 4a
illustrates MTS universal machine.

(b
Figure 4. a) IFD Testing of a foam, b) Loading site marking after pre-compression before IFD
test

value. Then loading was restarted until the
compression level of 65 % of foam thickness,
the loading was stopped and waited for 60
seconds to determine the second load. After
each waited 60 seconds, the loads were
determined for 25 % and 65 % compressions.
Fig. 5 indicates a typical representation of
loading steps for 25 % and 65 % compression,
respectively.

65 % IFD point

__.I'| I 60 seconds
1,-" time interval

200f | i
I."I 25 % IFD point e
1004 1~ sl ]rf‘ 60 seconds time interval
A
it
0.0 0.1 0.2 0.3 04 05 0.6 0.7 0.8

Compression strain mm/mm

Figure 5. 25% and 65% IFD loading steps
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While 25% IFD value provided
information about material firmness, % 65
IFD value provided support factor which is the
ratio of the 65% IFD to the 25% IFD. The
following equation was employed for the IFD
loss values.

_ (Fo=Fy)
F, = 7N * 100 @
Where:
F. = the loss value both at % 25 and % 65
IFD,
Fo = the force both at % 25 and % 65 IFD
before testing (N),

F: = the force both at % 25 and % 65 IFD
after testing (N

The following equation was employed for
the thickness loss values observed in foam
samples after constant loading.

_ (to—ty)

t= ey *10 (2)
Where:

Ft= the % thickness loss,

to = the first thickness of foam specimen
(mm),

t; = the last thickness of foam specimen (mm).

Results and Discussion

In current study, initial IFD firmness
measurement, constant-fatigue test and final
IFD firmness measurement were performed,
respectively, for each foam group with 6
different densities and two different
categories.  Accordingly, constant-fatigue
performance for each foam group was
determined. The foam IFD values were
calculated as the thickness loss was less than
10 %. If the thickness loss was more than 10
%, it did not need to implement IFD test.

The mean IFD loss values of the each foam
group acquired after constant-fatigue loading
are summarized in Table 1. As shown in Table
1, mean IFD loss decreased as density
increased from 14 to 28 kg/m? for the foams
in normal category. However, mean IFD loss
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values increased as density increased from 24
to 32 kg/m? in soft foams. Additionally, all of
the foam thickness loss values are less than 10
%.

Table 1. Mean IFD loss values for foams
exposed to constant fatigue test

. IFD Loss
Foam  Density Th;_c g Snsess After Test
Category (kg/md) (mm) 25 (%) 65 (%)
y , 23.6B ‘f\f
(7.1) (3.2)*
166B 292A
Normal 18 2 55 (33)
124A 168A
22 3 27  (55)
152A 17A
28 2 22)  (2.6)
7 106
ot 24 2 32)  (48)
i 5 158 232
82) (42

*similar letters shows no statistical
difference

**numbers in parentheses indicate standard
deviations

In this study, the effects of density (14, 18,
22, 28 kg/m?®) and IFD (25%, 65%) on IFD
loss values of normal foams were considered
in the SAS statistical analysis program using
the results of IFD loss. Since the interaction
between density and the IFD was found
statically significant according to SAS results,
LSD test was run and LSD value was
determined as 5.6, shown in Table 1.

As shown in Table 1, the mean 65% IFD
loss values of the foams with 14 and 18 kg/m?
densities were statistically greater than the
mean 25% IFD loss values. However, the
mean 65% IFD loss values of the foams with
22 and 28 kg/m® densities were not
statistically different from the mean loss
values of 25% IFD. As the density raised, the
IFD loss ratios decreased. That means the
firmness of foam increased.
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Figure 6. Comparison of IFD loss values of the foams with different density values at a) 25%

IFD compression b) 65% IFD compression

As shown in Figure 6, according to initial
IFD values in Table 1, it was observed that as
the density increased, the mean 25 % and 65
% IFD loss values generally decreased in the
normal foams. In other words, as the density
of the normal foams increased, IFD loss
values decreased and the firmness increased at
the end of constant-fatigue loading.

Marsavina, Constantinescu, Linul,
Voiconi, & Apostol (2015) studied on shear
and fracture properties of PUR foams. They
found that increasing foam density increased
some shear strength and fracture toughness.

Hager & Craig (1992) investigated how
sitting-foams were failed as a result of
constant-fatigue loading. They stated that the
reduction in firmness was due to the stresses
that occurred during the constant-fatigue
loading. In the study, the reason of application
of the constant-fatigue loading was shown as
generating similar stresses when people sit or
stretch on foams by applying a constant
loading.

The effects of densities (24, 32 kg/m?) and
IFD values (25%, 65%) on IFD loss values for
the soft foams were considered at 5%
significance level in the SAS program.
According to the statistic results, the
interaction between density and IFD was
insignificant, therefore; the LSD analysis was
carried out for each main factor. Accordingly,
LSD values were 4.9 for the density factor and
3.5 for the IFD factor, respectively.
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Table 2. Comparison of densities

Foam Density (kg/m?)
Category 24 32
Soft 8.8B 195 A*

*similar letters shows no statistical
difference

As shown in Table 2, a significant
difference between the density values existed.
As density increased, the mean IFD loss also
increased for the foams in the soft category.
This was opposite with the foams in the
normal category because IFD loss values
decreased when density of foam increased the
normal foams. The soft foam showed an
adverse attitude on IFD loss change compared
to normal foam. This could be a result of using
a softening chemical in soft foam production
to have soft foam surface.

As shown in Figure 6, the densities of
foams in normal category increased, the IFD
loss values decreased and, therefore; firmness
of the foams increased while the densities of
foams in soft category increased, IFD loss
values increased, and therefore; the firmness
of the foams decreased. This means that the
result observed in the soft foams is contrary to
the general opinion, which is increasing
density increases firmness in foams. Demirel
& Ergun Tuna (2019) discovered the similar
behavior of normal and soft foams in the case
of foam density increment after cyclic fatigue
loadings.
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Table 3. Comparison of IFD values

Foam IFD Loss After Test
Category 25 (%) 65 (%)
Soft 114 B 16.9 A*

*similar letters shows no statistical
difference

In Table 3, IFD loss values for the soft
foams subjected to constant-fatigue test are
shown. Accordingly, 65 % IFD loss values of
soft foams were significantly greater than 25
% IFD loss values. In other words, the loss
values in firmness increased.

Support Factor

Two of the most common foam evaluation
parameters are known as density and 25% IFD
compression (Birlik Siinger, 2013a, 2013b).
However, the support factor that helps to see
the amount of deeper compression is an also
important parameter for foam because an
adult sit on a foam deeper than 25% depth
(PFA, 1993). The support factor is also named
as the push back factor (Birlik Siinger,
2013b). The mean support factor results for all
foams obtained as a result of this study are
given in Table 4.

Table 4. Support factor values for all foams
Support Factor

Foam Density ~ Constant Fatigue Test
Category (kg/m®) Initial ~ After Test
14 2.1 1.59
Normal 18 1.99 1.69
22 1.79 1.69
28 1.76 1.73
24 1.88 1.81
Soft 2 1.84 1.68

The support factors for foams range from
1.5t0 2.6 (PFA, 2016). In this study, all values
are in this range as shown Table 4. In Table 4,
the initial support factor values of the normal
foams with the densities of 14, 18, 22 and 28
kg/m® were 2.1, 199, 1.79 and 1.76,
respectively. Before constant-fatigue test, the
foam with the density of 14 kg/m* (lower
density) had greater support factor and the
foam with the density of 28 kg/m?® (the
greatest density) had the lowest support
factor. However, these values were reversed
after constant-fatigue loading. Accordingly,
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the support factor values after constant-
fatigue loading were 1.59, 1.69, 1.69, 1.73,
respectively, because the more foam density,
the more support (PFA, 2016).

Initial support factor values for the soft
foams with the densities of 24 and 32 kg/m?
were 1.88 and 1.84 while final support factor
values of them were 1.81 and 1.68. Unlike the
normal foams, the soft foams had tendency to
have lower support factor values as density
increased.

Failure Mode

A thickness loss of less than 10% occurred
in all of the foams after constant-fatigue
loading, but no visual failure was detected on
them.

Conclusions

In this study, the foams groups consisting
of 5 replications each and 6 different densities
of 14, 18, 22, 24, 28, 32 kg/m® and two
different categories of normal and soft were
subjected to constant-fatigue loading, and the
changes in their IFD and thickness values
were evaluated.

Result of constant-fatigue test showed that
IFD loss value decreased when density
increased for foams in normal category. An
increment in density leaded to a reduction in
IFD loss rates and an increment in firmness
loss. Considering the soft foams after
constant-fatigue loading, it was observed that
IFD loss values of soft foam increased by
increasing foam density on the contrary of the
normal foams. Consequently, the relationship
between density and firmness is linear for
normal foams, but it is inverse for soft foams.
At the end of all these evaluations, it is
important to note that the 25% IFD is a
primary measurement compared to 65% IFD
measurement and, the 65% IFD firmness
measurement is more used to determine the
foam support or support factor.

As density increased, the support factors
for normal foams increased but it decreased
for soft foams after constant-fatigue loading.

All normal and soft foams used in this
study were subjected a thickness loss of less
than 10% after constant-fatigue loading, but
no visual failure was detected on the
appearances of them.
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