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Influence of Mechanical Deformation on Compressive Strength
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The resilient materials are used in the floating floors constructions to reduce transmission of vibrations through the floor.
The influence of mechanical deformation on compressive strength of two different type materials was examined in this
research. Mechanical deformation was performed during compressibity test. Stone and glass wool (open cell material)
and elastic polystyrene (closed cell material) were investigated. The research showed that mechanical deformation of
resilient materials has different influence on its compressive strength. Open cell resilient materials compressive strength
significantly decreased (about 85 %) in comparison with the values of materials, which were not mechanically deformed
while closed cell resilient materials compressive strength decreased not so significant (about 14 %) in comparison with
the values of materials, which were not mechanically deformed.
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1. INTRODUCTION

Floating floors is the one of the mostly used floors
construction for impact sound insulation in dwellings [1].
This floor construction reduces impact sound transmission
from upper room to room below. The basic principle of
floating floors 1is vibration isolation using resilient
materials interlayer between upper floor layer (cement
creed) and floor base. Different types of floating floors
with different resilient materials are used for impact sound
insulation [2—11]. Mineral wool [12] and -elasticized
polystyrene [13] are mostly used as resilient interlayer.

The dynamic stiffness and compressibility are the
main parameters characterizing resilient materials used as
interlayer in floating floor constructions. The recent
research [14] showed that mechanical deformation
significantly influenced the dynamic stiffness of resilient
materials and this influence is positive in the sense of
improving impact sound insulation of the floor
construction. After this deformation dynamic stiffness
significantly decreases. Another important feature of
resilient materials used in floating floors construction is-
compressive strength. In [1-13] it was not found any
information about dependence of compressive strength
from on mechanical deformation. The other authors
[15-18], who investigated mechanical properties of
mineral wool and polystyrene have presented only data of
compression strength and have not investigated how
mechanical deformation influences compression strength.

The change of compressive strength of open and
closed cells resilient materials after compressibility test
was examined in this research. Stone and glass wool (open
cell material) and elastic polystyrene (closed cell material)
were tested. This research showed that mechanical
deformation has negative influence on the compressive
strength of resilient materials in the sense of reduction its
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compressive strength and allowable maximum load of the
floor construction.

2. METHODS AND MATERIALS

The two types (“A” and “B”) of specimens were used
for evaluation of the influence of mechanical deformation
on compressive strength. “A” type specimens were
affected by the mechanical deformation and “B” type
specimens were not affected. The compressive strength of
both types of specimens was measured.

Mechanical deformation of resilient materials was
performed during compressibility test. Compressibility test
was done according EN 12431 standard [19]. The universal
test machine Zwick/Roell was used for this test. The
sequence of applied load and the load duration on
specimens during the test procedure is shown in Fig. 1.
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Fig. 1. Scheme of applying of mechanical deformation

The load was increased from 0.25 kPa until 50 kPa
and afterwards the compressive strength of “A” type
specimens was measured.



The compressive strength of both type specimens was
measured according procedure given in EN 826 standard
[20]. The same universal test machine Zwick/Roell for
determination of compressive strength was used. The
measurement accuracy of the universal test machine is
+1 %.

The compressive strength o9 was measured
deforming the specimen up to 10 % of its initial thickness.
The compressive strength ojy was calculated according
formula:

o0 =10 - 12 (kPa), ()
AO

where Fy — is the force, required for 10 % deformation of

the specimen, N; A, — is the initial cross-section area of

specimen, mm”.

Materials from the market of Lithuania were used in
this research. Four different types of wool and two
different types’ of elasticized polystyrene were tested:
stone wool of densities 114 kg/m’, 113 kg/m’ and
119 kg/m® and glass wool of density 96 kg/m®, polystyrene
— 12kg/m® and 18 kg/m’. Four different thicknesses of
resilient materials 20 mm, 30 mm, 40 mm and 50 mm were
chosen for this test. The stone wool specimens were tested
only of 30 mm thickness (density 114 kg/m®) and 20 mm
and 30 mm thicknesses (density 113 kg/m®), glass wool
20 mm and 50 mm thicknesses (density 96 kg/m”).

For determination of compressive strength (200 x 200)
mm size specimens were prepared, four specimens of each
type and thickness were used in this research.

3. RESULTS AND DISCUSSION

The compressive strength values (average of four
specimens) of resilient materials are presented in Figs. 2-5.
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Fig. 2. Comparison of compressive strength values of 20 mm
thickness specimens

From Fig. 2 we can see that mechanical deformation
has different influence on compressive strength of resilient
materials. The decrease of the compressive strength of
mineral wool was significant. The strength of stone wool
(density 113 kg/m® and 119 kg/m®) decreased by 85 % and
86 % respectively and of the glass wool (density 96 kg/m’)
83 % comparing with values of not mechanically affected
specimens Variation coefficients are 4.43 %, 5.03 % and
4.79 % accordingly of “B” type specimen and 5.79 %,
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5.94 % and 5.14 % accordingly of “A” type specimen. But
for elasticized polystyrene mechanical deformation
influence was not so significant. The strength of elasticized
polystyrene (density 12 kg/m® and 18 kg/m®) decreased by
13 % and 14 % respectively comparing with values of not
mechanically affected specimens. Variation coefficients
are 2.13 % and 1.86 % accordingly of “B” type specimen
and 2.45 % and 2.01 % accordingly of “A” type specimen.
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Fig. 3. Comparison of compressive strength values of 30 mm
thickness specimens

From Fig. 3 we can see that decrease of compressive
strength of mineral wool was significant. The strength of
stone wool (density 114 kg/m’, 113 kg/m® and 119 kg/m?)
decreased by 87%, 86 % and 85 % appropriately
comparing with values of not mechanically affected
specimens. Variation coefficients are 4.57 %, 4.86 % and
4.94 % accordingly of “B” type specimen and 4.97 %,
5.14 % and 5.21 % accordingly of “A” type specimen. For
elasticized polystyrene mechanical deformation influence
was not so significant. The strength of elasticized
polystyrene (density 12 kg/m® and 18 kg/m®) decreased by
13 % and 14 % accordingly comparing with values of not
mechanically affected specimens. Variation coefficients
are 2.31 % and 2.03 % accordingly of “B” type specimen
and 2.63 % and 2.40 % accordingly of “A” type specimen.
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Fig. 4. Comparison of compressive strength values of 40 mm
thickness specimens

From Fig. 4 we can see that mechanical deformation
has different influence on compressive strength of mineral
wool and polystyrene. The compressive strength of stone



wool (density 119 kg/m’) decreased by 85 % comparing
with values of not mechanically affected specimen.

Variation coefficient is 5.23 % of “B” type specimen
and 5.48 % of “A” type specimen. But for elasticized
polystyrene mechanical deformation influence was not so
significant. The strength of elasticized polystyrene (density
12kg/m® and 18 kg/m’) decreased by 12 % and 14 %
accordingly after mechanical deformation. Variation
coefficients are 2.19 % and 1.94 % accordingly of “B”
type specimen and 2.35 % and 2.24 % accordingly of “A”
type specimen.
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Fig. 5. Comparison of compressive strength values of 50 mm
thickness specimens

From Fig. 5 we can see that mechanical deformation
has different affect on the compressive strength of resilient
materials. The decrease of compressive strength of mineral
wool was significant. The strength of stone wool (density
119 kg/m®) decreased by 86 % and of the glass wool
(density 96 kg/m®) 83 % comparing with values of the
specimens with no mechanical deformation. Variation
coefficients are 5.01 % and 4.67 % accordingly of “B”
type specimen and 5.32 % and 5.09 % accordingly of “A”
type specimen.The strength of elasticized polystyrene
(density 12 kg/m’ and 18 kg/m’®) decreased by 13 % and
14 % accordingly in comparison with values of not
deformed specimens. Variation coefficients are 2.07 % and
1.89 % accordingly of “B” type specimen and 2.28 % and
2.14 % accordingly of “A” type specimen.
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Fig. 6. Compressive strength curves comparison of wool: 1 — “A”
type specimen; 2 — “B” type specimen
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The dependence of the compressive strength (of all
specimen of wool) on deformation degree (%) of the “A”
(continuous line) and the “B” (dotted line) type specimens
of the open cell materials (stone and glass wool) are shown
in Fig. 6. From the graph we can see that compressive
strength of both types (“A” and “B”) specimens until 5 %
of deformation is similar and significantly differs with
increment of deformation.
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Fig. 7. Compressive strength curves comparison of polystyrene:
1 —“A” type specimen; 2 — “B” type specimen

The dependence of the compressive strength (of all
specimen of polystyrene) from deformation degree (%) of
the “A” (continuous line) and the “B” (dotted line) type
specimens of the closed cell materials (elasticized polysty-
rene) are shown in Fig. 7. From the graph we can see that
dependences of the compressive strength of both types
(“A” and “B”) from specimen deformation are very
similar.

This different dependence between mechanical
deformation and compressive strength of mineral wool and
elasticized polystyrene could be explained by different
structure of these materials. The structure of mineral wool
deforms more than structure of polystyrene and materials
more losses its strength. It should be noted that although
the mineral wool significantly looses strength it could still
be used in floating floors constructions because its strength
is still higher than nominal load (2 kPa) of floors and
furniture.

From those different decrements of compressive
strength of mineral wool and polystyrene we can see that
mineral wool very easily losses its strength and mineral
wool skeleton deforms more than polystyrene skeleton.
From the results we can do conclusion that it is better to
use polystyrene in floating floors constructions than
mineral wool.

4. CONCLUSIONS

1. Compressibility strength values of the open cell
resilient materials (stone and glass wool) after
compressibility test decreased average by 85 %
comparing with values of specimens which were not
mechanically affected. This show that fiber structure
materials purely resist to mechanical influence and
quickly lose their strengths.

2. Compressibility strength values of the closed cell
resilient materials (elasticized polystyrene) after



compressibility test decreased average by 14 %
comparing with values of specimens which were not
mechanically affected. This show that materials with
the grating structure better resists to mechanical
deformation and did not lose their strengths.

The difference between the mineral wool (open cells
material) and elasticized polystyrene (closed cells
material) compressive strength values lie in the range
of 14%-38% of not mechanically affected
specimens and lie in the range 84 %—86% of
mechanically affected specimens.

Although the mechanical deformation has positive
influence on dynamic stiffness values but it has
negative influence on compressibility strength of
resilient materials.

REFERENCES

1.

Schiavi, A., Belli, A. P., Corallo, M., Russo, F. Acoustical
Performance Characterization of Resilient Materials Used
under Floating Floors in Dwellings Acta Acustica United
With Acustica 93 2007: pp. 477 —485.

Hui, C. K., Ng, C.F. New Floating Floor Design with
Optimum Isolator Location Journal of Sound and Vibration
303 2007: pp. 221-238.

Schiavi, A., Belli, A. P., Russo, F. Estimation of Acoustical
Performance of Floating Floors from Dynamic Stiffness of
Resilient Layers Building Acoustics 12 2005: pp. 99—113.

Hopkins, C., Hall, R. Impact Sound Insulation Using
Timber Platform floating Floors on a Concrete Floor Base
Building Acoustics 12 2006: pp. 273 —284.

Vermeir, G., Ingelaere, B. Acoustical Development of
High Performance Floor Construction INTER-NOISE 2006
Honolulu, Hawaii, USA.

Seddeq, H. Controlling the Impact Sound Insulation of
Concrete Slab Floors  Building Acoustics 13 2006:
pp- 243 -251.

Stewart, M., Craik, R. Impact Sound Transmission through
a Floating Floor on a Concrete Slab Applied Acoustics 59
2000: pp. 353-372.

Schiavi, A., Alasia, F., Pavoni, B. A., Russo, F., Carollo,
M. Evaluation of Compressibility and Compressive
Behaviour of Resilient Materials Used in Floating Floors
According to Standard EN 12431 19" International
Congress on Acoustics Madrid, 2007.

271

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kim, K., Kang, S. Impact Sound Reduction Analysis of
Concrete Slab Containing Artificial Lightweight Aggregates
Fabricated Using Sewage Sludge 8™ International
Symposium on Eco-Materials Processing and Design
Japan, 2007.

Ni, Q., Lu, E., Kurahashi, N., Kurahashi, K., Kimura, T.
Development of Insulation Sheet Materials and Their Sound
Characterization Advanced Composite Materials 17 (1)
2008: pp. 25—-40.

Kim, K., Jeon, G., Yang, K., Sohn, J. Correlation between
Dynamic Stiffness of Resilient Materials and Heavyweight
Impact Sound Reduction Level Building and Enviroment
44 (8) 2008: pp. 1289—1600.

Sun-Il, C., Ho-Hwan. Insertion Loss Prediction of Floating
Floors Used in Ship Cabins Applied Acoustics 69 2008:
pp- 913-917.

Schiavi, A., Pavoni, B. A,, Russo, F., Corallo, M.
Acoustical and Mechanical Characterization of an
Innovative Expanded Sintered Elasticized Polystyrene (EPS-
E) Used as Underlayer In floating Floors 19" International
Congress on Acoustics Madrid, 2007.

Dikavicius, V., MiSkinis, K. Change of Dynamic Stiffness
of Open and Closed Cell Resilient Materials after
Compressibility Test — Materials Science (Medziagotyra)
15 (4) 2009: pp. 368—371.

Gnip, I., Vaitkus, S., Kersulis, V., Vejelis, S. Predicting
the Deformability of Mineral Wool Slabs under Constant
Compressive Stress  Construction and Building Materials
23 (5) 2009: pp. 1928 -1934.

Gnip, 1., Vaitkus, S., Kersulis, V., Vejelis, S. Confidence
Intervals of Long-term Prediction and Synthesis of Creep
Compliance Prediction Estimates for Expanded Polystyrene
(EPS) under Permanent Compressive Stress Polymer
Testing 27 (6) 2008: pp. 688—697.

Mihlayanlar, E., Dilmag, S., Giiner, A. Analysis of the
Effect of Production Process Parameters and Density of
Expanded Polystyrene Insulation Boards on Mechanical
Properties and Thermal Conductivity Materials & Design
29 (2) 2008: pp. 344—352.

Gnip, I., Vaitkus, S., Kersulis, V., Vejelis, S. Long-term
Prediction of Compressive Creep Development in Expanded
Polystyrene Polymer Testing 27 (3) 2008: pp. 378—-391.

EN 12431. Thermal Insulating Products for Building
Applications — Deformation of Thickness for Floating Floor
Insulating Products.

EN 826. Thermal Insulating Products for Building
Applications. Determination of Compression Behaviour.



DOI: 10.5755/j02.ms.26081



