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ABSTRACT

Lightweight partitions, consisting of two parallel plates
connected by steel studs, are commonly used in buildings.
While these structures offer clear advantages over heavy-
weight alternatives, as extensively documented in the lit-
erature, they also have drawbacks, notably the reduced
sound transmission loss in high frequency range due to
the steel studs acting as sound bridges between the two
layers. Various solutions have been proposed in the lit-
erature to reduce sound transmission through the studs,
such as optimizing their shape. This study introduces an
innovative approach to achieve high sound insulation in
multilayer structures by incorporating resonant elements
into the steel junctions. Thorough numerical analysis was
performed in COMSOL Multiphysics software. The re-
sults highlight the differences in vibroacoustic parameters,
especially focus on transmission loss, between structures
with standard junctions and those with resonant elements,
underscoring the significant potential of new, proposed in
this work structures.
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1. INTRODUCTION

Double-leaf partitions (DL), commonly analyzed in the-
oretical models as two parallel plates separated by an air
cavity or porous material, are often associated with high
transmission loss (TL), especially in the high frequency
range. However, in practical applications, such construc-
tions require structural supports to ensure stability and
stiffness. These supports, known as studs, are typically
made of steel and spaced at 60 cm intervals. Although
the presence of studs enhances the mechanical stability of
the partition, it also facilitates the transmission of impact
sound, leading to a reduction in 7'L due to the introduc-
tion of an additional transmission path.

Sharp was one of the first researchers to introduce a
comprehensive approach to predict T'L [1]. His model
presents the decoupled approach, where airborne and
structure-borne sound transmission paths are treated as
separate, additive contributions. The total transmission
coefficient 7 is defined as a sum of ratio of power radiated
due to the airborne excitation W, to power inserted to the
structure W; and ratio of power radiated by the sample due
to structure-borne excitation Wy to power W; according to
We = (14 3).

Craik studied double-leaf structures using statistical
energy analysis (SEA), separately examining airborne and
structure-borne transmission [2, 3]. The TL values for
a representative double-leaf structure, analyzed for both
transmission paths separately, are shown in Figure 1. Fol-
lowing extended analytical and numerical investigations,
one of the first researchers to experimentally examine the
influence of studs on T'L was J. Poblet-Puig [4], who an-
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Figure 1. Transmission Loss obtained for DL struc-
ture with pure airborne transmission, and pure struc-
tureborne transmission.

alyzed the effect of the size and distribution of the stud.
Since then, numerous studies have explored various as-
pects of the vibroacoustic behavior of studs [5] and op-
timized stud geometry to improve the sound insulation
performance of partitions [6]. In this study, a novel ap-
proach is proposed in which locally resonant elements are
embedded within the studs to enhance sound insulation.
By introducing these resonant components, impact sound
transmission can be mitigated, leading to improved acous-
tic performance of the partition.

Metamaterials are artificially engineered geometric
structures that, when properly designed and manufac-
tured, can be used to mitigate vibrations and noise across
various frequency ranges. One type of metamaterial com-
monly used for vibration and noise reduction is the lo-
cally resonant metamaterial (LRS). These materials con-
sist of small resonant elements which, when attached to a
base structure (e.g., a plate), create a stopband for flexural
waves propagating through the structure. Within this stop-
band frequency range, the propagation of flexural waves is
significantly suppressed due to the interaction between the
base plate and the resonant elements [7].

In the basic configuration, the resonant elements are
manufactured separately and attached to the base plate at
sub-wavelength distances to induce the stopband effect.
However, alternative approaches propose integrating the
resonant elements directly into the base structure itself
to attenuate the propagation of flexural waves more ef-
ficiently. In [8] a matryoshka design of LRS was pro-
posed as a solution for a multi-resonant broadband vibra-

tion mitigation solution. Then the same idea was used
in [9] in thermoformed plate for noise suppresion in reso-
nance driven environments.

This study examines a double-leaf partition composed
of plasterboard plates separated by a layer of porous mate-
rial and connected by steel studs. To enhance its sound in-
sulation properties, the research explores the carving res-
onant elements within the studs to reduce the structure-
borne sound transmission. The results indicate an increase
in transmission loss when resonant elements are incorpo-
rated into the structure. Numerical simulations of eigen-
modes and transmission loss were performed using COM-
SOL Multiphysics.

2. NUMERICAL ANALYSIS

Numerical analysis of the system was performed using
COMSOL Multiphysics with Solid Mechanics and Pres-
sure Acoustics Module. A 3D model is presented in Fig-
ure 2. Three configurations were tested in the simulations:

* double-leaf construction with no mechanical con-
nection between two plates and porous material
filling an air cavity,

e double-leaf construction with steel studs and
porous material,

¢ double-leaf with steel studs with one and two reso-
nant elements.

The basic structure consisted of two plasterboard plates
(p = 1150[%}, E = 3(1 4 0.01%) [GPa], v = 0.3 [-]),
each with a thickness of 0.0125 m, separated by a 0.05 m
layer of porous material with an air flow resistivity of
11400 Pazs.

The geometry and dimensions of the stud with reso-
nant elements are illustrated in Figure 3. Two steel studs
(p = 7850[%], E = 205 [GPa], v = 0.33 [-]), of height
hi1 = 0.05 [m], thickness ¢, = 0.002 [m], and unit cell
width of [; = 0.06 [m], were placed at both boundaries
of the sample as shown in Figure 2. Resonant elements
were placed at the boundary of the stud that was not at-
tached to the plasterboard. There were two configurations
of resonant elements tested: the first with only one reso-
nant element with radius vy = 0.019 [m], and the second
with two resonators of radius 1 and ro = 0.0126 [m].

The analysis was performed in COMSOL Multi-
physics, focusing on frequency domain analysis within
the 100-3150 Hz range, using a step size of 1 Hz. The
structure was excited using a boundary load of 1 Pa on
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the first plasterboard. Each side boundary of the sample
was considered free. The radiating side of the structure
was connected to the air domain terminated with Perfecly
Matched Layer.

plasterboard

porous material

resonant elements

Figure 2. 3D model of the structure with resonant
elements embedded in the studs made in COMSOL.

Figure 3. Dimensioning of the stud and resonant el-
ements.

Firstly, eigenfrequencies were calculated for a stud
element modeled as one resonant element using periodic
conditions and considering the element infinite in one di-
mension (stud length). In addition, to preserve the mass
applied to the stud by the plates, a boundary condition of
the added mass was attached. The eigenfrequency anal-
ysis was crucial to predict the resonant frequencies of
the element and its influence on the T'L characteristics of
the whole partition. Knowing the eigenfrequencies of the
resonant element, a frequency domain analysis was per-
formed. The key parameter most commonly studied in
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the case of DL structures is Transmission Loss, calculated
according to equation T'L = 10logy( ;:;L ), where pi, is
the input pressure, defined as the boundary load equal to 1
Pa, and p, is the average value of the acoustic pressure
on the radiating side of the sample, calculated from the

total area of the plate.

3. RESULTS

The results shown in Figure 4 present eigenfrequencies
and modes for the first four natural frequencies of the
resonant elements embedded in the studs, within the an-
alyzed frequency range. Analyzing the T'L values pre-
sented in Figure 5, a significant increase in the parameter
is observed at the resonant frequencies of the embedded
elements, particularly around 740 Hz and 1375 Hz, there-
fore, overlapping with the first two natural frequencies of
the resonant elements. In both cases, the 7'L improvement
reaches approximately 15 dB for the first stopband around
740 dB, and 20 dB - for stopband around 1375 Hz. These
results highlight the crucial role of integrated resonant el-
ements in steel studs, demonstrating their effectiveness in
locally enhancing T'L values in double-leaf structures.

Vv 1:7 |

f3=1677Hz

£1=1965 Hz

Figure 4. First modes of resonant elements on the
steel studs

4. CONCLUSIONS

This paper presents a numerical analysis of double-leaf
structures with steel studs. The study compares the Trans-
mission Loss results for a traditional sample with a stan-
dard C-shaped steel stud and for studs that incorporate res-
onant elements. These resonant elements were designed
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Figure 5. Transmission Loss obtained for DL structure with traditional stud (blue curve), resonator consisted
of one ring (red curve), and resonator consisted of two rings (yellow curve).

with frequencies tuned to the frequencies corresponding
to the lowest T'L values observed in the spectra obtained
for the traditional stud. The increase in T'L at these spe-
cific frequencies is 15 dB, which is a significant improve-
ment. This substantial increase demonstrates the poten-
tial for further investigation and practical implementation
to improve sound insulation in stud-based partition sys-
tems. The follow-up to this study will focus on optimizing
the shape of the resonant elements to improve the overall
transmission loss characteristics of double-leaf structures,
for a significant local enhancement. In addition, an ex-
perimental investigation will be conducted to validate the
proposed solution in real-world applications.
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