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Abstract This paper examines how the manufacturing technology of composite materials influences the 
insulation parameters against impact sound and the capability to dampen structural vibrations. This is 
achieved by modifying the composite material's structure through the addition of rubber recyclate. Acoustic 
insulation tests were conducted on a sandwich composite made from Epidian® 6 epoxy resin, combined 
with Z-1 hardener, and a randomly arranged glass mat with a density of 350 g/m². Rubber recyclate, 
obtained from the disposal process of car tires, was used as a damping-enhancing additive. The composite 
materials were fabricated using the hand lamination technique and tested in three configurations, varying 
the number of sandwich layers containing recyclate: one, two, and three layers. Field tests were conducted 
under “in-situ” conditions to measure the reduction of impact sound levels. The setup compared a structure 
comprising a "concrete slab + composite slab + ceiling" to a reference structure of "concrete slab + ceiling." 
The parameter ΔL'n was determined in accordance with PN-EN ISO 16283-2 and PN-EN ISO 717-2 
standards. Additionally, the reduction of impact sound levels in a ceiling fitted with the composite plate was 
compared to a ceiling without it, also conforming to PN-EN ISO 16283-2 and PN-EN ISO 717-2 standards. 
The results indicate a significant decrease in impact sound levels for the composite board with three 
sandwich layers compared to a composite board without rubber recyclate. This demonstrates the 
effectiveness of rubber recyclate additives in attenuating structural sounds. The integration of rubber 
recyclate, sourced from car tire disposal, not only enhances acoustic performance but also contributes to 
environmental protection efforts. 
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1. Introduction 

Impact sound insulation refers to the ability of a material or structure to limit the penetration of sounds 
generated by impacts, vibrations or mechanical impulses [1, 2]. To improve the sound insulation from the 
impact sounds of the material, cushioning layers can be used between structural materials. These additional 
layers can reduce the transmission of impact sounds by absorbing energy and dissipating vibrations. This 
is often used in sandwich composites, which include polyester-glass composites.  The material used as  
a modifier can be rubber recyclate, a derivative of rubber waste with good sound insulation properties.  

One effective modifier for such applications is rubber recyclate, a by-product of rubber waste known for 
its excellent sound insulation properties. In Poland alone, approximately 150,000 tons of car tires are 
removed from use annually, creating a significant amount of non-degradable waste [3, 4]. While legal 
regulations mandate an increase in rubber waste recycling, its utilization remains significantly lower 
compared to materials like metals, glass, and paper. A readily available form of this waste is ground rubber, 
or rubber recyclate, which can be employed as a filler in the creation of new composite materials.  

Current research emphasizes the development of composites enriched with recycled rubber from used 
tires [5–7]. The integration of rubber waste into glass fiber-based composites enhances both mechanical 
and physical properties [6, 8, 9]. Such composites, modified with rubber fillers, show promise for a variety 
of applications [7, 10, 11], particularly where high strength and impact resistance are crucial [3, 12, 13]. 
Studies have highlighted that fibrous composites, used in multilayer laminate engineering structures, are 
notably sensitive to shock loads [14]. 
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For sandwich composites, incorporating additional damping layers can positively influence sound 
insulation performance [14–16] Literature documents various investigations into the acoustic insulation 
properties of composites modified with different substances and materials [17, 18]. Adding rubber 
recyclate to a fiberglass and epoxy resin-based composite enhances its ability to absorb sound energy from 
impacts. Given that fiberglass is inherently rigid and exhibits limited sound-damping capabilities, the 
inclusion of a flexible material like rubber can significantly improve its performance by mitigating these 
low-damping characteristics. 

This article presents research focused on evaluating the impact of modifying sandwich composites with 
rubber recyclate, and the effect of its distribution within the composite layers, on acoustic insulation from 
impact sounds. The goal of the research and analysis was to identify the composite variant that 
demonstrates optimal impact sound insulation properties.  

2. Description of test material and test methodology  

2.1. Material manufacturing technology 

The research materials were developed from EM 1002/300/125 construction glass mat, weighing 350 g/m² 
and with a random arrangement of fibres. This glass mat is made of cut strands of glass fibre, glued together 
with an emulsion binder. Epoxy resin Epidian®6 together with Z-1 hardener was used as the matrix of the 
composite. The detailed composition of the glass mat and epoxy resin is presented in Tables 1-2. The 
composite test plates were made by manual lamination with the use of constant double-sided pressure in 
all variants. A steel rectangular mould with dimensions of 900 x 900 mm, brushes and rollers were used for 
lamination. 

Table 1. Properties of glass mat EM 1002/300/125. 

Parameter Description 
Glass Type E 

Nominal Diameter of Monofilament 12 μm 
Linear mass of the band 30 tex 

Nominal length of strand segments 50 mm 
Binders  Emulsion 

Surface Weight Gramature 300 g/m2 

Table 2. Characteristics of epoxy resin Epidian®6. 
Parameter Unit Value 

Epoxy number [Mole/100g] 0.510-0.540 
Density at 25°C [g/cm3] 1.17 

Viscosity at 25°C [mPa∙s] 1000-1500 
Gel time 100 g at 20°C [min] 20 

Curing time at 20°C [days] 7 
 
The reference material used for comparison with other composite variants was the K0 composite, which 

did not contain any rubber recyclate. The K0 composite was composed of 12 layers of glass mat, each 
impregnated with Epidian® 6 resin, mixed in a fixed ratio with the Z-1 hardener. In all composite samples, 
the hardener was added at a concentration of 13 g per 100 g of the matrix. The glass mat constituted 40% 
of the total weight of the K0 material. 

Using selected materials and a specified fraction of rubber recyclate with a grain size ranging from 0.5 
mm to 1.5 mm, three different variants of research materials were produced. Each composite contained  
a consistent 5% addition of rubber recyclate, differing only in how the recyclate was distributed between 
the composite layers. These material variants were labeled as K1, K2, and K3. The details of the lamination 
process and the arrangement of the rubber recyclate in the composites are provided in Table 3 and 
illustrated in Figures 1 and 2. 
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Table 3. Characteristics of the composition of research materials. 

Composite 
designation 

Method of decomposition  
of recyclate layers 

Number  
of layers of mat 

Resin content  
[%] 

Recyclate content  
[%] 

K0 lack 12 60% 0% 
K1 1 layer  12 55% 5% 
K2 2 layers 12 55% 5% 
K3 3 layers 12 55% 5% 

 

 
Figure 1. Fabrication of research materials by hand lamination. 

 

 
Figure 2. Scheme of the arrangement of rubber recyclate layers in K1, K2, and K3 composites. 

2.2. Properties of the rubber recyclate used 

Orzel-Base rubber recyclate derived from processed car tyres with a grain size of 0-3 mm was used for the 
study [19]. The recyclate was pre-sieved using the LAB 11-200 laboratory sieve shaker from EKOLAB  
 to precisely separate its various fractions. As an addition to the matrix of composites, a recyclate fraction 
with a grain size from 0.5 mm to 1.5 mm was used. The percentage composition and physicochemical 
parameters of the rubber recyclate used in the tested materials are presented in Tables 4 and 5.  
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Table 4. The chemical composition that of the granules obtained  
in the recycling process does not differ from of the tyre tread. 

Ingredient Content [%] 
Natural rubber 15 

SBR (styrene-butadiene rubber): 20 
 BR (butadiene rubber): 10 

IIR/XIIR (butyl and halogenated-butyl rubber): 5 
Silica 15 
Soot 15 

Sulphur 2 
Resin 2 

Mineral and vegetable oils 10 
Other ( Zinc oxide, stearic acid) 6 

Table 5.  Physical and chemical properties of rubber recyclate used in materials. 

Parameter Value 
Density 360-370kg/m3 

Flash point >350 oC 
Thermal decomposition  >180 oC 

To determine the impact of the amount of rubber recyclate used in laminated composites on mechanical 
strength properties, two criteria were adopted. The first criterion involved a random distribution of 
recyclate across all layers of the composite in amounts of 3%, 5%, 7%, and a control sample with 0% 
recyclate. Strength tests clearly demonstrated a decrease in mechanical strength parameters as the 
percentage of recyclate in the composite increased. 

In the second case, a constant 5% addition of recyclate was used in the composite, with the variable 
parameter being the number of layers containing recyclate: "K1", "K2" and "K3". This scenario also showed 
a reduction in the mechanical strength parameters obtained from static tensile tests as the recyclate content 
increased. However, the use of discrete layers resulted in higher mechanical property values compared to 
the variants from the first criterion. Specifically, tests with two layers of recyclate produced superior 
mechanical parameters in impact testing compared to all other variants, including the control sample with 
0% recyclate. 

The research findings indicate that the maximum amount of recyclate that can be used in the composite 
to produce a stable, non-delaminating material is 15% when using the hand lamination method. 

 
2.3. Mechanical properties of materials used in yacht construction 

In larger motor sea yachts, which have more powerful drives, to reduce noise and vibrations, vibration 
isolators, multilayer plating, silencers, susceptible elements, and materials characterized by increased 
vibration damping coefficient, i.e. lower dynamic stiffness are commonly used [20–22]. These systems 
dissipate vibration energy or partially store it. A   very popular and inexpensive solution is the use of sound 
insulation enclosures for drive systems, mainly the engine and auxiliary units.  The multilayer wall 
bulkheads used should be characterized by high acoustic vibration insulation, i.e. acoustic insulation from 
air and impact sounds. Proper selection of the material and its parameters is related to the selection of 
appropriate damping properties and is associated with the dissipation of mechanical energy converted, for 
example, into thermal energy. Such effects can be obtained by structural and parametric modification of the 
material, which can be obtained, for example, by introducing additional modifiers into the structure in the 
form of rubber recyclate, disturbing the continuity of the structure, and consequently obtaining 
vibroacoustic properties. All guidelines relating to the design of hulls from laminate materials are described 
in the PRS (Polish Register of Shipping) [23]. 

2.4. Vibroacoustic tests of sound insulation from impact sounds 

Impact sound is characterized by the fact that once it is introduced into the structure of the material, it is 
transmitted even over very long distances. The best protection in this case is vibration isolation from 
vibration sources of machines and devices, through the use of materials with damping properties, i.e. 
hindering the propagation of energy over long distances. One of the materials can be mats, which are 
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successfully used, among others for insulation of buildings, foundations of machines and devices, i.e. 
between vibration sources with planes to which the source of vibration is attached.  

To demonstrate the influence of the technology of composite material production using vacuum infusion 
on the improvement of the insulation parameter from impact sounds and the ability to dampen structural 
vibrations by modifying the structure of the composite material with the addition of rubber recyclate, 
appropriate laboratory tests were carried out. 

A well-known method was used in the standards for performing insulation tests for impact sounds. 
Because the samples made by the laboratory method showed a small surface area, an appropriate 
methodology was selected for scientific and cognitive purposes, taking into account the laboratory facilities. 
The research methodology was developed considering the research standard for insulation measurements 
from impact sounds in "in-situ" conditions, according to the no. PN-EN ISO 16283-2 [24].  

When the impact source is the tapping machine, normalized impact sound pressure level L'n, increased 
by a correction term that is given in decibels, being ten times the common logarithm of the ratio between 
the measured  equivalent absorption area, A, of the receiving room and the reference equivalent absorption 
area, A0, which is calculated using the formula:  

𝐿𝐿′𝑛𝑛 = 𝐿𝐿𝑖𝑖 + 10𝑙𝑙𝑙𝑙 𝐴𝐴
𝐴𝐴0

,      (1) 
where Li is average sound pressure level in the receiving room (under the ceiling), A is the equivalent 
absorption area in the receiving room, A0 the reference equivalent absorption area. 

A - hypothetical area of an absorbing surface without diffraction effects which, if it were the only 
absorbing element in the room would give the same reverberation time as the room under consideration 
and is calculated using Sabine's formula in the formula: 

𝐴𝐴 = 0,16∙𝑉𝑉
𝑇𝑇 ,                                                                                               (2) 

where V is the receiving room volume, T is the reverberation time in the receiving room. 
The standardized impact level depends both on the floor structure and on the acoustic parameters of 

the ceiling on which the floor was laid. The same floor arrangement used on different ceilings may have 
different acoustic performances. For this reason, it is assumed that the acoustic parameters of floors are 
determined by measurements relating to the floor laid on the standard ceiling, and the basic parameter of 
sound insulation from impact sounds in the case of floors is the reduction of the impact level L. A simplified 
method of converting these values in indicator form was used for floors laid on any massive ceiling. 
According to the PN-EN IS0140-8:1999 [25] standard, the reduction of the impact level by the standard 
ceiling as a result of the use of an additional floor layer is determined from the dependencies ∆L:  

∆𝐿𝐿 = 𝐿𝐿𝑛𝑛0 − 𝐿𝐿𝑛𝑛                                                                               (3) 
where ∆L is impact level reduction, Ln0 – normalized impact level of the reference floor, Ln – standardized 
impact sound pressure level of the reference ceiling with the floor. 

As a receiving chamber, a reverberation chamber was used to measure sound power with a volume  
of V = 200 m3. For the reference alloy, the reinforced concrete ceiling of the reverberation chamber is used, 
with a prepared horizontal concrete screed for the assembly of the tested laminates. As the sound source,  
a standardized hammer taper from Bruel & Kjaer type 3204 was used. A photo of the laminate test stand on 
the chamber ceiling is shown in Figure 3.  

 
Figure 3. Stand for testing laminates on the ceiling of the reverberation chamber.  
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Reverberation chamber is vibroisolated from the floor of the hall and the ground, it has a door with high 
acoustic insulation from air sounds at the level of Rw ~ 49 [dB], therefore only sounds coming from the 
ceiling and walls of the chamber itself reach the chamber. A diagram of the entire station is shown in Figure 4.  

 
Figure 4. Diagram of the test bench.  

To determine the effectiveness of isolating the tested composites against impact sounds, the impact 
sound insulation result of the 'reference ceiling connected to the 50 mm concrete slab' system was 
subtracted from the impact sound insulation result of the "reference ceiling, tested composite slab with 
rubber recyclate connected to a 50 mm thick concrete slab" system, according to the diagram in Fig. 4. 

Due to the fact that the tests were not carried out in a specialized laboratory station without flanking 
sound transmission, but in conditions of a reverberation chamber adapted for air-borne sound transmission 
tests, the methodology was used as "in-situ" conditions, which involves determining the parameter L'n [dB]. 

A single-digit weighted test result, determined in accordance with the PN-EN ISO 717-2 standard, is 
marked with the symbol L'n,w [dB] [26] The result of the tested composites was given as the difference in 
impact level and was marked with the symbol ΔL',n [dB]. The results for all the samples tested are 
summarized in Figures 5-8.  

 
Figure 5. Spectrum impact sound insulation as a function of the frequency  

of composite materials with "ceiling 0". 
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Figure 6. Impact sound insulation L’n,w with "ceiling 0". 

 
Figure 7. The spectrum of the difference in impact sound insulation as a function of the frequency  

of the tested composite mats without the base “ceiling 0”, only from the tested composites.   
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Figure 8.  Reduction in impact sound pressure level measured ∆L'n,w [dB] of the tested composites  

with the addition of rubber recyclate L'n,w, without the base "ceiling 0". 

3. Conclusions 

An innovative method of producing composites using both infusion and vacuum for the production of glass 
or carbon fibre composites was developed and applied,  enabling the introduction of additives into the 
mould, and obtaining uniform distribution of composite structure components. 

The conducted research shows that the tested epoxy glass composites with the addition of rubber 
recyclate as layers of spacers made by hand lamination method, show good insulation from impact sounds, 
and for the composite K3 the result ΔL'n,w = 20.2 [dB] was obtained. Composites can also be used as an 
additional layer in concrete floor structures. 

The highest impact sound insulation efficiency occurs in the frequency range from 500 –  5000 [Hz] for 
K3 composite, which resulted in a reduction of the impact sound level ΔL'n in the receiving chamber  
by 8 – 20 [dB]. The influence of recycled rubber additives on the ability to increase acoustic insulation 
against impact sounds was determined and for the K3 composite board it is ΔL'n = 5.7[dB], (Fig. 8). 

Composites in the form of boards can be successfully used in the design of all enclosures and shields 
aimed at separation from spaces with noise, vibration or other oppressive environmental conditions. in 
terms of acoustic insulation against airborne sounds was achieved improvement at the level of ΔLeq ~ 20 
[dB]. Composites are also characterized by good mechanical properties, which classify the composite as  
a structural material. Composites are often used in the construction of yachts and boats, and after analyzing 
the current PRS regulations, the tested composites in combination with the properties of good insulation 
from impact sounds and vibration damping, are a good material that can be used in the shipbuilding 
industry. 

The use of rubber recyclate obtained in the process of utilization of car tyres has an impact on improving 
environmental protection through the reuse of secondary raw materials. 

The innovative technology of manufacturing composites using vacuum infusion and by hand lamination 
for the production of glass or carbon fibre elements enables further development of composites through 
the use of other additives/modifiers that affect the achievement of new physical properties of composites.   
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