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A B S T R A C T   

Ceramic tiles are commonly used in non-structural components of a building such as walls, partitions, floors, and 
roofs. However, due to their high surface hardness and density, ceramic tiles are not an ideal soundproof ma-
terial. To improve the sound properties, this study introduced the use of a viscoelastic polymer sheet (VPS) as an 
acoustic control treatment. The VPS was attached to ceramic tiles in 4 different patterns: X, Cross, Corner, and 
Strip. The ceramic tiles with VPS were tested for the damping property and sound insertion loss (IL) and then 
compared to the ones without VPS. Results indicated that the attachment of VPS improved the damping property 
of the ceramic tiles. All tiles with VPS exhibited higher damping loss indexes than the ones with no VPS. The 
highest damping loss index of 0.017–0.018 was observed in the specimens with VPS in X and Cross patterns. In 
the case of IL, the performance of all ceramic tiles was indifferent when tested at sound frequencies smaller than 
1000 Hz. At the sound frequencies above 1000 Hz, the best performance was observed in the specimen with VPS 
in the Cross pattern, followed by X, Strip, and Corner patterns, respectively. This concluded that the use of VPS 
can improve the damping property of a ceramic tile which also leads to the improvement in sound insertion loss.   

1. Introduction 

One of the most important considerations in the design of a building 
is to create a comfortable environment for its occupants. There are 
several factors affecting the level of comfort conditions of a ‘home’ such 
as temperature, humidity, noise, air quality, and hygiene. However, the 
rapid increase in population has increased the demand for land for ac-
commodation and work. It is believed that the human population will 

reach 5 billion in the year 2030, and it is expected that about 5.87 
million km2 of land will be needed to convert to urban areas to satisfy 
such demand [1]. 

However, not all areas are suitable to support future urban expan-
sion; buildings will be forced to be built taller or closer together in 
limited spaces. These living conditions can cause negative impacts on 
home comfort. For example, noise pollution from nearby buildings or 
vehicles, temperature increase from heat absorbed by the buildings 
during the daytime [2], poor sanitation conditions [3], and poor indoor 
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air conditions [4]. 
In the case of noise pollution, there are several solutions to control 

noise nuisance from inside and outside the buildings such as the use of 
plants and trees to absorb unwanted noises [5], the increase in wall mass 
or thickness, the reduction of window size to lower noise accepting area 
[6], and the use of construction materials with high sound insulation. 
This research deals with the issue related to noise nuisance or pollution 
in buildings, especially on the novel technique to improve sound prop-
erties of construction materials like ceramic tiles. 

Construction materials consist of a wide range of materials depend-
ing on the purpose of usage. For structural purposes, cement and con-
crete composite is the most used construction materials on Earth. There 
are numerous numbers of advanced research in this field. For example, 
fiber reinforced concrete [7–9], concrete containing phase change ma-
terials [10,11], lightweight concrete mixed with crumb rubber [12,13], 
geopolymer as an alternative cement replacement [14–17], etc. How-
ever, when it comes to non-structural parts, ceramic tiles are a type of 
construction material used in various parts of the building such as roofs, 
walls, floors, or partitions. In modern construction where walls become 
thinner and lighter, ceramic wall tiles are used to not only create 
different appearances but also create spaces and provide protection 
simultaneously. Floor tiles, on the other hand, are made to be durable, 
abrasion-resistant, water impervious, easy to clean, and have good 
aesthetics [18]. In terms of sound properties, ceramic tiles are not an 
ideal acoustic material [19]. This is because of their high density and 
hard surface which makes them more difficult to soundproof than other 
materials like wood, laminate, or rubber. 

This research introduces a novel technique to reduce vibration 
induced by sound incidents by attaching a damper to the surface of 
ceramic tiles. The technique is expected to improve the damping prop-
erty of the tile which also leads to an improvement in sound insulation 
properties (sound insertion loss). In general, the application of damper 
to reduce product noise has been widely researched and used in appli-
ance and consumer products. There are various kinds of passive dampers 
being investigated. For example, polymer [20–22], rubber [23–28], cork 
[29], fiber [30,31], and glass [32,33]. Rubbers generally exhibit better 
damping capability compared to other materials. They are capable of 
reducing vibration and sound whereas metals can radiate sound [21,34]. 
The damping property of rubbers is utilized in a wide range of products 
like vibration dampers, shock absorbers, bridge bearings, seismic ab-
sorbers, rubberized concrete [25–28], etc. Gurgen and Sofuoglu [29] 
investigated the improvement in damping properties of cork composite 
materials in the form of a layer between polymer and shear thickening 
fluid. They found that the integration of smart materials into cork 
structures can be used as a passive control system in vibration-damping 
applications. Kuang and Cuntwell [30] used optical plastic fibers to 
monitor the damping behavior of fiber composite beams subjected to 
impact and dynamic loading [31]. Zhang et al. [32] found that the use of 
polyurethane elastomer synergetic with hollow glass microspheres im-
proves both damping and sound insulation of the material [35]. 

Although there are several studies on the use of polymer as a passive 

damping control material in various applications, not many of them are 
in decorating construction materials like wall or floor ceramic tiles. This 
study intended to investigate the matter, add new information to the 
existing body of knowledge, and examine the possibility of using 
viscoelastic polymer sheet attachments to improve sound insulation 
properties. As mentioned earlier, sound insulation properties are 
important to ceramic tiles used as floor or wall partitions. To create good 
home comfort, they must have the ability to absorb both vibration and 
sound from footsteps, falling objects, external voices, etc. In this study, 
the viscoelastic polymer sheet (VPS) was used as a passive sound and 
damping control material attached to ceramic tiles in several patterns. 
The experimental series included a damping test and sound insertion 
loss. 

2. Experimental process 

2.1. Materials 

Materials used in this study consisted of commercial-type ceramic 
tiles for wall partitions or floors applications with the dimensions of 300 
× 300 × 8 mm (width x length x thickness) with properties given in 
Table 1, and viscoelastic polymer sheets (VPS) (Butyl rubber compound 
type) with the dimensions of 100 × 1 mm (width x thickness) with the 
properties as shown in Table 2. 

2.2. VPS patterns 

The VPS sheets were attached to the bottom surface of a ceramic tile 
with the patterns as shown in Table 3. The selected patterns were 
determined by the mode shapes from the damping vibration test (more 
details are described in the Results and Discussion section). 

2.3. Experimental series 

The experimental series consisted of a vibrating damping test (ASTM 
E756) [36] and sound insertion loss using a sound insertion loss testing 
chamber constructed at the Department of Civil Engineering, King 
Mongkut’s University of Technology North Bangkok. 

2.3.1. Vibration damping test 
The objective of the test was to measure the mode shapes, natural 

frequencies, and damping loss factors of the specimens. The equipment 
consisted of a data acquisition unit (NI USB-4431), an accelerometer 
(Bruel & Kjaer 4507B), and a force transducer (PCB 208C01 response 
rate of 0.01–36,000 Hz) with specification as shown in Table 4. 

The testing process began by cleaning and drying the surface of the 
test specimen, dividing the testing surface into 36 square patches of 50 
× 50 mm (Fig. 1). An accelerometer was securely attached at the center 
of the top left corner square. The specimen was then placed on a light 
damp material, e.g. sponge. The boundary condition as Free-Free-Free- 
Free is considered. The impact test was performed by impacting the 
hammer at the center of each square. The signals from the hammer and 
accelerometer were recorded and later processed using a Matlab script 
to calculate the frequency response function (FRF). The test continued 
until all squares were hit by the hammer. Using the obtained natural 

Abbreviation list 

A(ω) Ratio of Fourier spectrum 
Ẍ(ω) Acceleration 
F(ω) Excitation force 
fn Natural frequency 
f1, f2 Frequencies with half power with respected to the 

natural frequency 
DLR Damping loss ratio 
DLF Damping loss factor 
IL Insertion loss  

Table 1 
Properties of ceramic tile.  

Specification 

Breaking strength (MPa) 35–40 
Mohr scale hardness 6–7 
Thickness (mm) 8 
Water absorption (%) 0.2 
Stain resistance Class 5 
Coefficient of friction R9  
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frequencies and mode shapes, the damping was determined using the 
method described below. 

It must be noted that the frequency response was introduced in this 
work in order to evaluate the damping ratio of the specimen. By defi-
nition, the frequency response is the ratio between acceleration over 
force, which is measured by accelerometer and force transducer 
respectively. It can be said that the response is normalized by the 
magnitude of the excitation force already. Thus, the evaluation of the 
damping is based on the acceleration per unit force. 

Based on ASTM E756, once the FRF of a plate is obtained, the half- 
power method is applied to determine the damping ratios. Fig. 2a 
shows an FRF of a square plate (A(ω)) which is the ratio of the Fourier 
spectrum of the acceleration signal Ẍ(ω) to excitation force F(ω) (Eq. 
(1)) 

A(ω)=
¨X(ω)

F(ω) (1) 

The FRF can be dissected into a series of single-degree freedom 
systems. Thus, the damping ratio is obtained by eliminating each peak 
(Fig. 2b) to determine the half-power frequencies, f1 and f2, which are 
the half-power frequencies with respect to the peak (natural frequency, 
fn). Using the obtained half-power frequencies, the damping loss ratio 
(DLR) can be computed using Eq. (2). 

DLR=
(f2 − f1)

2fn
(2) 

The damping loss factor (DLF) can then be obtained using the rela-
tionship in Eq. (3). 

DLF = 2DLR=
(f2 − f1)

fn
(3) 

The DLF indicates the ability of a structure to dissipate energy. 
Structural systems with higher DLF allow vibrations to decay faster. 

2.3.2. Sound insertion loss test 
Insertion Loss (IL) refers to the reduction of noise level at a given 

location due to the placement of a noise control device in the sound path 
between the sound source and that location. The objective of the Sound 
Insertion Loss (SIL) test is to determine the ability of a noise control 

device to reduce the noise level from the sound source propagating 
through a given path. In this study, the ceramic tile serves as a passive 
noise control device. 

The test was carried out using a sound insertion loss chamber con-
structed at the Department of Civil Engineering, KMUTNB (Fig. 3). The 
chamber with dimensions of 700 × 2000 × 800 mm (width x height x 
depth) consisted of two rooms: absorptive room and reverberation 
room. The absorptive room was a rectangular-shaped room constructed 
with interior walls lining highly absorptive materials and equipped with 
an intensity probe. The intensity probe consisted of 2 microphones and a 
12-mm spacer (Fig. 4). The reverberation room was constructed with 
nonparallel walls and equipped with a speaker (working range of 
50–20000 Hz) located at the corner of the room. 

The testing steps are as follows: 1) placing a specimen at the opening 
between the absorptive and reverberation rooms, 2) filling up voids 
between the specimen and the support with greasy gel, 3) adjusting the 
intensity probe to have a distance of 150 mm from the specimen, 4) 
playing sounds from the speaker with the frequency range from 20 to 
20000 Hz, 5) measuring the sound intensity, and 6) removing the 
specimen and measuring the sound intensity of the box with an opening. 

The sound insertion loss can be calculated using the following 

Table 2 
Properties of viscoelastic polymer sheet.  

Specification 

Density (g/cm3) 1.5 
Thickness (mm) 1 
Thickness (mm) 100 
Service temperature (oC) − 30 to 40 
Tensile strength (N/25 mm) 124 
Elongation at break (%) 100  

Table 3 
VPS patterns of the ceramic tile.  

Pattern Unit: 
cm 

Designation Strip Cross Corner X 
Abbreviation S Cr Cn X  

Table 4 
Specification of equipment used in damping vibration test.  

Data acquisition unit (NI USB-4431) 
4 analog input channels ±10 V, 102.4 kS/ 

s simultaneous sampling rate 
1 analog output channels ±3.5 V, 96 kS/s 

update rate 
24-bit resolution 
Software-selectable IEPE signal 

conditioning (0–2.1 mA) 
NIST-traceable calibration 
Accelerometer (Bruel & Kjaer 4507B) 
Freq. range: 0.3–6000 Hz 
Temperature: 54 – 121 ◦C 
Weight: 4.8 g 
Sensitivity: 10 mV/ms− 2 

Residual Noise Level in Spec Freq Range 
(RMS): ±350 μg 

Maximum Operational Level (peak): 70 g 
Resonance frequency: 18 kHz 
Maximum Shock Level (±peak): 5000 g 
Force transducer (PCB 208C01) 
Measurement Range: 10 lb (0.04448 kN) 
Sensitivity: (±15%)500 mV/lb (112,410 

mV/kN) 
Low-Frequency Response: (− 5%) 0.01 Hz 
Upper-Frequency Limit: 36,000 Hz 
Temperature Range: 65 to +250 ◦F (− 54 

to +121 ◦C) 
Mounting Thread: 10–32 Female  
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equation: 

IL= I2 − I1 (4)  

where IL is the insertion loss or ability to reduce noise (dB), I1 is the 
sound intensity with the specimen (dB), and I2 is the sound intensity 
without the specimen (opening) (dB). 

3. Results and discussion 

3.1. Vibration damping test 

Results from the vibration damping test consisted of 2 parts: vibra-
tion mode shape and damping loss factor. 

3.1.1. Vibration mode shape 
The results on the vibration mode shape are shown in Fig. 4. Based on 

the current test setup, 14 mode shapes were obtained. In general, the 

Fig. 1. Test equipment and installation of the sensor.  

Fig. 2. Frequency response function (FRF).  

Fig. 3. Sound insertion loss chamber.  
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mode shape can be defined as a way of vibrating, a pattern of vibration 
of the system, or a structure that has several points with different am-
plitudes of deflection when subjected to vibration at the natural 
frequency. 

Based on the obtained results, it was found that different vibration 
modes gave different vibrating patterns and amplitudes. However, the 
locations where the maximum vibration occurred were observed 
repeatedly at the corners, center, and middle strip. These locations were 
used in determining the patterns of the VPS sheets attached to the 
specimen. 

3.1.2. Damping loss factor 
The damping loss factor (DLF) of the ceramic tile without the VPS 

attachment was around 0.008 ɳ. With the VPS sheet, the DLF increased 
to about 0.012–0.018 depending on the VPS pattern. The X-pattern was 
found to exhibit the highest DLF followed by Cross, Strip, and Corner, 
respectively (Fig. 5). 

Consider the 14 mode shapes illustrated in 3.1.1, the vibration at the 
center of the tile was found in 9 out of 14 mode shapes. Since the center 
of the tile is the area with the greatest number of vibration appearances 
and also since the corner specimen was the only type with no VPS cover 
in this area, this allowed more vibration to occur in the corner specimen 
and hence lower the DLF (0.012 ɳ). As for the other three patterns (strip, 
cross, and X) which had VPS covering the center of the tile, this limited 

the vibration to occur and thus increased the DLF (0.015–0.018 ɳ). 

3.2. Sound insertion loss 

The test was carried out based on ASTM E− 413 [37]. The sound 

Fig. 4. Vibration mode shape.  

Fig. 5. Damping loss factor of ceramic tiles attaches with VPS at 
different patterns. 
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insertion loss within the frequency range of 125–8000 Hz was deter-
mined from the measured sound intensity. The results on sound intensity 
with and without a specimen (I1 and I2) at different frequency ranges 
from 125 to 8000 Hz are given in Table 5. Both I1 and I2 were found to 
depend on the frequency of the sound that is being used during the 
measurement. In general, I2 is higher than I1 because there was no 
specimen blocking the opening, and hence, more sounds were allowed to 
travel from the reverberation to the absorption room. The intensity level 
with an opening (I2) was found in the range of 47–66 dB depending on 
the sound frequency. With the specimen placed at the opening blocking 
the sound path, less sound can pass to the absorption room which caused 
a low sound intensity level. The I1 of the control tile (No-VPS) was found 
to range from 33 to 42 dB, while in the specimen with VPS, the I1 was 
slightly lower than the control tile with intensity ranging from 33 to 40 
dB depending on the sound frequency. 

Using Eq. (4) and the results on sound intensity, the insertion loss (IL) 
can be calculated, and the results are shown in Fig. 6. In general, sound 
insertion loss of material depends strongly on the sound frequency used 
in the test. At a low frequency from 125 to 500 Hz, there was almost no 
difference in sound insertion loss found between each type of specimen. 
The IL was observed in the range of 7.1–26.9 dB. With the increase in 
sound frequency to a medium range (500–2000 Hz), the differences in IL 
between different types of tiles were observed at frequencies higher than 
1000 Hz. At sound frequencies higher than 1000 Hz, the ceramic tiles 
with VPS appeared to perform better than those without VPS. The cross 
pattern showed the highest IL of 31.6–32.5 dB followed by X-pattern 
(29.7–31.9 dB), strip pattern (27.6–29.8 dB), corner pattern (24.6–32 
dB), and No-VPS (22–31 dB), respectively. At a high-frequency range 
(higher than 2000 Hz), the VPS tiles were found to outperform the no 
VPS tiles in every sound frequency. The maximum IL of 39.8 dB was 
observed in the VPS tile with a cross-pattern at the frequency of 5000 Hz 
While the lowest IL of 28.4 was observed in the no VPS tile at the sound 
frequency of 2000 Hz. All VPS tiles exhibited their highest IL at the 
frequency of 5000 Hz. 

4. Conclusion 

Based on the experimental results, the following conclusion can be 
drawn.  

- A viscosity polymer sheet can be used as a passive damper in ceramic 
tile to reduce vibrations from the inserted impulsive force. The 
effectiveness of VPS depends strongly on the pattern being used. For 
passive vibration control, the best performance was the X pattern 
followed by the Cross, Strip, Corner, and No VPS, respectively.  

- The use of VPS attachment can not only reduce vibration but also 
lead to an improvement in sound insertion loss (IL). The IL of all 
ceramic tiles attached to VPS sheets was found to be higher than 
those without VPS sheets. Like the case of damping, the IL depended 
strongly on the sound frequency and VPS pattern. At a low-frequency 
range, the performance of all tiles was in a similar range. At a high 
frequency of over 1000 Hz, all the tiles with VPS performed better 
than those with no VPS. Comparing the VPS tiles, the IL ranging from 
the highest to lowest is Cross, X, Strip, and Corner pattern, respec-
tively. The results thus indicate that the tiles with Cross and X pat-
terns performed considerably well in b The improvement in damping 
properties and sound insertion loss can be a benefit to the buildings 
depending on the type of application.  

- In terms of applications, in the case of floor component, the high 
damping ratio of the VPS tiles can reduce the vibration induce to the 
floor from the impact of falling objects. However, in terms of sound 
absorption, since most in-house sound frequencies are in lower 
ranges, the use of VPS ceramic tiles in floor application may not be 
very effective. As for the wall partition application, the use of VPS 
ceramic tiles may be beneficial when use as exterior walls because 
sounds from outside the building comes in wide range and could be 
in high pitch ranges.  

- Recommendation for future work includes the analysis on the role 
and mechanism of VPS patterns in improving damping properties. 
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Table 5 
Sound intensity levels at different sound frequency levels.  

Low frequency range  Sound intensity (dB) 

Frequency (Hz) 125 160 200 250 315 400 500 

I2 55.3 52.8 63.4 53.6 47.7 50.4 52.0 
I1 (No-VPS) 33.0 25.9 41.6 38.7 40.5 38.7 26.7 
I1 (Strip) 33.0 26.7 39.1 37.2 40.6 38.8 26.7 
I1 (Cross) 33.2 26.6 39.4 37.0 40.2 38.3 26.4 
I1 (Corner) 33.3 25.9 40.9 37.4 40.5 38.2 26.7 
I1 (X) 33.5 26.4 37.0 36.7 40.4 38.2 26.6  

Medium frequency range  Sound intensity (dB) 

Frequency (Hz) 630 800 1000 1250 1600 2000 

I2 56.7 63.0 65.1 63.9 61.8 60.3 
I1 (No-VPS) 30.4 37.1 34.1 41.9 34.3 31.9 
I1 (Strip) 30.7 36.3 35.3 36.3 32.1 30.5 
I1 (Cross) 30.5 36.1 33.5 33.9 30.5 27.8 
I1 (Corner) 30.5 37.3 33.1 39.3 32.4 29.6 
I1 (X) 30.4 35.9 33.9 34.2 30.9 28.4 

High frequency range  Sound intensity (dB) 

Frequency (Hz) 2500 3150 4000 5000 6300 8000 

I2 62.0 65.1 64.3 66.2 65.8 64.7 
I1 (No-VPS) 32.7 34 32.1 35.5 34.7 35.6 
I1 (Strip) 31.9 31.8 30.7 30.8 33.9 35.0 
I1 (Cross) 27.1 29.1 26.4 26.4 32.5 34.0 
I1 (Corner) 30.4 30.7 29.5 30.4 31.8 33.6 
I1 (X) 29.2 27.8 29.6 28.8 33.6 34.1  
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