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ABSTRACT 
Acoustic bridging through structural links is known to reduce the Sound Transmission Loss (STL) of gypsum 
plasterboard partition walls with steel studs. As multifamily housing become more popular, stud 
manufacturers are increasingly interested in improving the acoustic characteristics of steel studs to improve 
the sound insulation. This work is an initial attempt to understand the influence of slotted stud configurations 
on the sound transmission loss (STL) of partition walls. A case of partition wall commonly known as the 
double-leaf wall incorporating various slotted stud designs are analysed numerically based on the ISO10140 
guidelines. The numerical model used for the analysis is validated using experimental test at one-third-octave 
bands for a frequency range of 100 to 3150 Hz. The slot configurations are designed keeping the slot to 
non-slot area constant to identify the effect of slot location on the acoustic behaviour. The results of this study 
provide a better understanding of the acoustic performance of double-leaf walls that use slotted stud sections. 
It is considered that this can help in developing acoustically efficient stud based partition walls to reduce 
acoustic bridging. 
 
Keywords: Sound, Insulation, Stud-wall, I-INCE Classification of Subjects Number(s): 51.3, 51.4 

1. 0BINTRODUCTION 
Acoustic efficiency of building walls are becoming important as the design community endeavours 

to pave the path towards a sustainable future (1). High mass building walls are often favoured in noisy 
areas on the grounds of enhanced acoustics. However, steel stud based walls can often offer equal or 
better performance if acoustic insulation is considered at a design stage (2). Cold-roll formed 
lightweight steel studs and gypsum plasterboard walls have gained popularity in recent years due to 
their low construction costs. Consequently, improving the acoustic insulation of these walls by 
redesigning conventional studs to reduce acoustic bridging is at the forefront of efficient building 
design (3, 4). 

Engineers and researchers are making various efforts to reduce the sound transmitted through the 
structural links by altering the section properties of the studs (5, 6). However, acoustic insulation of 
steel stud based walls is an exceptional topic because of the number of variables and the scant 
literature. It seems contradictory that so little literature exists for such a common partition that is used 
in almost all the buildings. The scarce literature on acoustic design guidelines for studs leads 
consultants to use solutions such as increasing the mass of gypsum plasterboards instead of delivering 
structural improvements, and thus saving costs (7). 

It can be said that the structural improvements of the studs are equally important as sound 
absorbing in-fill material when designing acoustically efficient walls (8, 9). Accordingly, to attain the 
best acoustic performance, efforts on reducing the sound transmission through studs should be 
emphasised. Double-leaf walls in building construction usually consist of a structural frame, 
supporting gypsum plasterboards on either side. The plasterboards are connected to the frame 
members by a row of screw fixings. The frame members, commonly known as studs, are usually 
spaced from 300 mm to 600 mm depending upon the design requirements (10). 

Studies conducted by Poblet-Puig et al. (8) suggest that reducing the effect of vibration of 
structural links is critical for improving the acoustic insulation of double-leaf walls due to the direct 
vibration transmission that exists through the studs linking the leaves. Guigou-Carter and his 
colleagues (5) looked at improving the acoustic insulation of stud walls by modifying the stud 
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geometry. Researchers have also looked at the possibilities of using corrugated panel s (11) and 
resonant connections (12) to reduce the sound transmission through double-leaf walls. Furthermore, 
works by Sugie et al. (13) looked at improving the sound reduction index of double-leaf walls using a 
Helmholtz resonator.  

Developing geometry specific design guidelines for light-weight stud walls leading to superior 
acoustic performance solely based on experimental tests is a rather expensive and time consuming task, 
consequently numerical simulation techniques such as the Finite Element Method (FEM) are often 
used (14). Various other simplified models to predict the acoustic insulation of walls were also 
developed considering a limited number of variables (15-19). 

For double-leaf wall, the sound transmission is a complex phenomenon because of the dynamic 
vibration of each panel, coupled with the vibration of pressure waves within the air gap and the 
structural component connecting the leaves (20-22). Accordingly, models that can be employed at a 
design stage to predict the sound transmission of multi-leaf walls have to be validated on a 
case-by-case basis. Such models should also be able to predict the Sound Reduction Index at 
one-third-octave bands with sufficient accuracy in comparison with experimental data complying 
ISO10140 (23). Consequently, this work validates a Finite Element (FE) model to predict the acoustic 
insulation of double-leaf walls with slotted steel studs. 

It is considered that this is the first study to investigate the effect of different slot configuration on 
the acoustic performance of double-leaf walls with steel studs. The acoustic performance of seven 
different slotted stud configuration are analysed keeping the ratio of slot to non-slot area constant. The 
effects of the slot configuration on the transverse stiffness of the studs and its effect on the sound 
reduction index are analysed. The finite element modelling procedures presented in this study are 
validated using experimental test results complying ISO10140. The possibilities of using a 3D finite 
element model at a design stage to predict the acoustic insulation of steel stud double-leaf walls are 
also briefly discussed. 

2. 1BFINITE ELEMENT ANALYSIS 

2.1 5BAcoustic Analysis 
In order to predict the sound transmitted through the structural links, the vibration of the 

double-leaf wall and the pressure disturbances to the fluid with which it is in contact need to be 
considered. When the structure and fluid domains interact, the fluid and the structural systems cannot 
be solved separately without considering the fluid-structure interaction (FSI) (24). Consequently, a 
three dimensional configuration of the test set-up as described in ISO10140 was modelled using the 
ANSYS Parametric Design Language (APDL). The model consists of two reverberation chambers 
partitioned using a double-leaf wall featuring a steel stud as shown in Figure 1. 

 
Figure 1 – Schematic of the coupled system considered for acoustic analysis 
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Vibration of both the structure and fluid systems are wave phenomena. This means that the acoustic 
field at any one point on the interface between the structure and fluid media is influenced by conditions 
at all other points on the interface. This makes the theoretical analysis and evaluation of this sy stem 
rather complicated as simple analytical models are not available. For acoustic problems, where the 
structural profiles along with material behaviour and FSI are predominant, the possible alternative is to 
use numerical simulations employing governing equations to obtain a realistic behaviour.  

For the acoustic problem under consideration, the structural dynamics equation needs to be 
considered along with Navier-Stokes equations of fluid momentum and the flow continuity equation 
(24). The Navier-Stokes and flow continuity equations can them be simplified to get the acoustic wave 
equation Eq. (1): 

 (1) 

 
Where c is the sonic velocity, P is the acoustic pressure and t is the time. Accordingly, the 

harmonically varying pressure P can be defined as , where  is the pressure amplitude. 
Once the acoustic pressure domain is solved using FEA then the Sound Reduction Index (R) can be 

evaluated using Eq. (2), where L1 and L2 are the equivalent sound pressure levels, A2 is the equivalent 
absorption area, and S is the area of the dividing partition (23). The sound pressure level  can be 
computed using Eq. (3):  
 

 (2) 

 (3) 

 8BGeometrical Model       
The double-leaf wall model consists of a 70 mm stud as shown in Figure 2 placed at 400 mm centre 

sandwiched between two 15 mm gypsum plasterboards. The air cavity between the gypsum board and 
stud surfaces were modelled to closely replicate the physical model. The lengths of the short and long 
flange were 31 mm and 34 mm respectively. The material thickness of the roll-formed steel was 0.5 
mm. 

 
Figure 2 – Global dimensions of the stud considered 

The structural components of the boundary walls other than the double-leaf wall were excluded from 
the FE model to replicate a rigid boundary. However, the surface absorption of these walls was 
modelled to replicate a realistic setting. 

The section view of the finite element model is shown in Figure 3. Where, ‘a’ shows the solid 
elements for the gypsum plaster board, ‘b’ shows solid elements for steel stud, ‘c’ shows the inside 
fluid elements representing room air, ‘d’ shows the interface element representing fluid-structure 
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interaction and surface absorption between inside room air and gypsum board, ‘e’ shows the interface 
element representing fluid-structure interaction and boundary admittance between the gypsum board 
and air gap within the double-leaf wall partition, ‘f ’ shows the fluid elements representing the air gap 
and ‘g’ shows the interface element representing fluid structure interaction between the boundary wall 
and inside air, allowing boundary admittance for mortar. 
 

 
Figure 3 - Sectional view of the coupled model showing the element distribution 

 9BMaterial Properties and Element Description 
ANSYS acoustic fluid elements along with a 3D structural element were used to model the system 

for the harmonic analysis. Fluid30 (25) elements were used to model the fluid domain along with 
Solid185 (25) elements to model the structural part. Solid185 refers to a homogeneous structural 
eight-node brick element having three degrees of freedom at each node: translations in the nodal x, y, 
and z directions. The material properties used for the analysis are listed in Table 1. 

Table 1 – Material properties 

Material E (Pa)  (kg/m-3)  c (ms-1)  
Steel  7929 0.31 - 0.25 

Gypsum  1000 0.25 - 0.1 
Mortar  2000 0.17 - - 

Air - 1.25 - 338 - 
E = Young’s Modulus,  = Density,  = Poisson’s ratio, c = Sonic velocity, =Material damping 

 
For modelling the inside fluid that is not directly in contact with the structural elements, Fluid30 

with element property algorithm option two equal to one was specified. This resulted in a symmetric 
element matrix with only pressure as a degree of freedom. Modelling the air inside the rooms with 
Fluid30 elements with a symmetric element matrix was highly beneficial in terms of computational 
time, as the symmetric element matrices require less memory and can be solved efficiently.  

Fluid30 refers to an eight-node fluid element used for modelling the fluid medium and the 
fluid-structure interface. The element has eight corner nodes with four degrees of freedom per node: 
translations in the nodal x, y and z directions and pressure. The translations, however, are applicable 
only at nodes that are on the interface. The element has the capability to include sound absorption at 
the interface as well as damping within the fluid. 
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The interface element initiating FSI between the structure and fluid elements were modelled using 
Fluid30 elements with the element property algorithm option two equals to zero. Using this option, the 
sound absorption at the material interfaces as listed in Table 2 was introduced. This coupled the 
structural motion and fluid pressure between the structural and fluid domains accounting absorption. 

Table 2 – Boundary admittance values considered at FSI (9) 

Frequency (Hz)    
100 
125 
160 
200 
250 
315 
400 
500 
630 
800 
1000 
1250 
1600 
2000 
2500 
3150 

0.012 
0.013 
0.013 
0.014 
0.015 
0.016 
0.018 
0.020 
0.023 
0.026 
0.032 
0.036 
0.039 
0.046 
0.049 
0.054 

0.290 
0.280 
0.260 
0.230 
0.100 
0.090 
0.070 
0.050 
0.048 
0.045 
0.041 
0.053 
0.062 
0.073 
0.081 
0.090 

0.020 
0.020 
0.021 
0.023 
0.025 
0.027 
0.029 
0.031 
0.033 
0.035 
0.037 
0.039 
0.041 
0.043 
0.048 
0.052 

       
 

 10BSlot Configurations 
The acoustic analysis of the wall was conducted using eight different stud designs. The stud designs 

comprised of seven slotted and one plain section. The slot configurations were designed keeping the 
ratio of slot to non-slot area constant. This was to make sure that the amount of material for all slotted 
stud designs constant. The plain stud is designated P and the slotted stud configurations are designated 
F, E, G, C, Db, Dt and B as shown in Figure 4a. The stud orientation between the source and receiving 
side is also presented as shown in Figure 4b. 

It was important to keep the element count constant for all the FE models in order to clearly analyse 
the influence of slot configuration with minimal influence on element count. Accordingly, the slots 
were modelled by meshing the plain stud and changing the material properties and element type of the 
slot location (steel to air). An example of this using a low resolution mesh for clarity is shown in 
Figure 5. It can be seen that for all the sections the elements count and dimensions are constant.  
 

 11BBoundary Conditions 
The displacement of all external walls of the source room and receiving room were constrained to 

zero. This was done to avoid sound transmission through the boundary walls and to keep a rigid 
boundary condition. Only the double-leaf wall partitioning the two rooms was allowed to vibrate. 

The top and bottom end of the stud were also constrained to zero displacement. This was done to 
simulate a fixed end condition. However, the stud flanges were allowed to vibrate freely. Fluid 
elements replicating the room air were allowed to resonate freely within the finite element domain. In 
order to simplify the model and to provide a uniform mesh, the screw fixings between the stud flanges 
and gypsum boards were ignored and a continuous contact between the flange surface and gypsum 
board were specified. 

A mesh sensitivity analysis was carried out and found that the best results were obtained when the 
maximum element length satisfied Eq. (4) for the source and receiving room. 

 

 (4) 

Where , the maximum element length, c is the speed of sound in air (343 ms-1) and f is the 
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highest frequency of excitation, which in this case is 3150 Hz. Consequently, the element size was 
rounded off and specified as 0.014 m. 

 
Figure 4 - Stud designs analysed, (a) slot configuration, (b) stud orientation (all dimensions in mm) 

 
The finite element model was solved using an i7-2600 CPU at 3.40 GHz (8 CPUs). The FEA model 

used in this work averages 1,550,400 elements and 1,574,539 nodes taking approximately 91 hours to 
complete the entire simulation using a constant mesh and 29.5 hours using a frequency dependent 
mesh. 

The sound source was modelled as a frequency dependent harmonically varying displacement of 1 
mm at the source room wall. This was to simulate the displacement of a vibrating diaphragm in a 
broadband acoustic speaker. The vibrating surface has a dimension of 0.4 m  0.8 m and was placed 
at the centre of the wall. 

The sound pressure level was measured by averaging the spatial acoustic fluid pressure over the 
whole room volume at one-third-octave band for the setup shown in Figure 1. In order to avoid 
spurious effects, three excitation frequencies ranging from 5%  (24) of each of the central 
frequencies of the one-third-octave band have been considered. The sound pressure level difference 
was then calculated using the average sound pressure levels obtained from the source room and the 
receiving room. 
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Figure 5 – FE model of the stud sections showing a constant element count for all the designs 

3. 2BEXPERIMENTAL TEST 
The test facility consists of two adjacent reverberation rooms partitioned using the test specimen 

(double-leaf wall). A difference in the linear dimension between the reverberation rooms of 10% was 
maintained. The tests were conducted at the Sound Research Laboratories (SRL) using UKAS 
accredited best practice procedures. 

Table 3 - Table 3 Experimental test measurement uncertainties 

Frequency, Hz Uncertainty,  dB 
100 2.6 
125 2.4 
160 2.1 
200 2.1 
250 1.5 
315 1.5 
400 1.2 
500 1.2 
800 - 3150 1.0 

 
The double-leaf wall was constructed using a single layer of 15 mm dense acoustic plasterboard 
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placed on either side of the stud. The studs were placed at 400 mm centres in the perimeter channel 
which spanned the top and bottom of the test space. Plasterboards were screwed in to the studs at 300 
mm centres and the joints were taped. The perimeter of the partition was sealed with mastic on both 
sides to prevent acoustic gaps. 

The measurement uncertainty for the measured sound reduction index at one third octave band 
frequency is listed in Table 4. The values of uncertainty were based on a standard uncertainty 
multiplied by a coverage factor of k = 2, which provides a level of confidence of approximately 95%. 

The air-borne sound transmission was determined from the difference in sound pressure levels 
measured across the double-leaf wall installed. The difference in measured sound pressure levels is 
corrected for the amount of absorption in the receiving room. The test is done under conditions which 
restrict the transmission of sound by paths other than directly through the sample, and the sound field 
was made to be randomly incident on the sample. 

The boundary walls of the rectangular rooms acting as acoustically live reverberant chambers were 
constructed using 215 mm brick work and mortar plastering with dimensions of 3.9 m 2.9 m ( w h ). 
The floors and roofs were made up of reinforced concrete. The reverberation chamber where the sound 
source was placed has a volume of 55 m3 and is isolated by the use of resilient mountings and seals, 
from the surrounding structure and adjoining room. The adjoining receiving chamber has a volume of 
50 m3. 

Broadband noise was produced in the sound source chamber using an electronic generator, power 
amplifier and loudspeaker. The resulting sound pressure levels in both acoustically live chambers were 
sampled, filtered into one-third-octave band widths, integrated and averaged by means of a real time 
analyser using a microphone on an oscillating microphone boom. The value obtained at any particular 
frequency is known as the equivalent Sound Pressure Level (SPL) for either source or receiving rooms. 
The change in level across the test sample is termed the equivalent sound pressure level difference.  
The sound reduction index is then evaluated using Eq. (2). 

4. 3BRESULTS AND DISCUSSION 

4.1 6BValidation 
The frequency dependent sound reduction index (R) for one-third-octave band using finite element 

model and experimental test using a plain stud P are shown in Figure 6. Comparing the results, an 
average difference of 2.5 dB was observed between the two cases, with the highest difference of 6 dB 
at 500 Hz.  

 
Figure 6 - Sound reduction index from FEA and Experimental test using plain stud 

The measurement uncertainty that can be expected for tests at one-third-octave bands are presented 
in Figure 7. Comparing the results, it can be seen that the R values from FEA are in good agreement 
with the experimental data for most of the frequencies. However, the R values for frequencies 500 Hz 
and 1000 Hz were found to be exhibiting a difference of 5 dB and 4.5 dB respectively. To investigate 
this localised effect a modal analysis of the double-leaf wall with the plain stud was carried out. The 
number of eigenmodes to retain in the analysis has to be sufficient to accurately describe the system 
under one-third-octave band frequency. Therefore, all eigenmodes within one-third-octave band 

0

10

20

30

40

50

60

100 125 160 200 250 315 400 500 630 800 1000 1250 1600 2000 2500 3150

So
un

d 
R

ed
uc

tio
n 

In
de

x,
 d

B

Frequency, Hz

Expeirmental Test FEA

INTER-NOISE 2016

106



 

 

frequencies were analysed. From the results, it was observed that at Eigenmodes 80 and 172 the natural 
frequencies of the wall were at 499.8 Hz and 1002.1 Hz respectively. Consequently, the frequencies 
500 Hz and 1000 Hz can be considered critical frequencies for this model as they lie very close to the 
eigenmodes of vibration for the system under consideration. Therefore, the difference in the R values 
at 500 Hz and 1000 Hz can be due to the resonance effect exhibited by the structural components of the 
system close to their eigenmode frequencies. 

 
Figure 7 - Sound reduction index for FEA and experimental test showing measurement uncertainty 

The sound pressure level to compute the R values were measured by averaging the acoustic fluid 
pressure inside the source and receiving room fluid elements. This was done to closely replicate the 
experimental procedure and to retain a diffuse field as mentioned in ISO10140. This method is 
commonly used to obtain the reference sound pressure levels to compute the sound reduction index 
while performing room acoustic simulations (3, 9, 10, 21, 24, and 26). From the current analysis, it can 
be suggested that the amplified pressure deflection in the acoustic fluid medium inside the rooms can 
be obtained when simulating structural components close to their critical or resonant frequencies in a 
3D simulation. These possibilities are comparatively small in the experimental test, as the incident 
sound frequencies constantly vary within the octave-band range and the period of oscillation at 
resonance range are short to induce any noticeable effects.  

The sound insulation of a wall is usually expressed in the form Rw(C; Ctr), which accordingly 
represent the acoustic performance of the wall under one-third-octave band frequencies. The Rw, C and 
Ctr values were calculated according to the procedure described in ISO717 (27). Based on the 
measured R values, the single number quantity representing the acoustic insulation of the double-leaf 
wall commonly known as Rw (weighted sound reduction index) is calculated. The spectrum adaptation 
terms C (A-weighted pink noise) and Ctr (A-weighted urban traffic noise) were also calculated. 

 
Figure 8 - Shifted Rw reference with respect to the measured R values 

C represents the acoustic insulation of the wall constituting sound produced from living activities, 
high and medium speed train noise, motorways (speed > 80 km/h) and factories with high and medium 
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frequency noise. Ctr represents performance under urban road traffic, low speed train noise, factories 
with low and medium frequency noise (28). 

The single number quantity Rw(C; Ctr) from FEA was calculated to be 39 (-3; -8). Comparing the 
values with the experimental test results of 39(-2; -7), the Rw(C; Ctr) for FEA is in good agreement with 
the experimental test results. It was found that there was only a variation of 1 dB that lies below the 
average measurement uncertainty of  2 dB.  

Even though the R from FEA used to compute Rw(C; Ctr) exhibited differences of 5 dB, 4.5 dB, 3 dB 
and 4 dB at 500 Hz, 1000 Hz, 1250 Hz and 3150 respectively; the Rw(C; Ctr) values only differed by 1 
dB. This is due to the standardised reference curve used for the calculation. From Fig. 8, it can be seen 
that the shifted reference curve at 500 Hz lies closely to the experimental data, giving an Rw(C; Ctr) 
value close to the experimental results. 

4.2 7BInfluence of Slotted studs 
The frequency dependent sound reduction indices for one-third-octave band for different slot 

configurations are shown in Figure 11. The R values of the double-leaf wall using different slot 
configurations are compared to the plain stud. Comparing the results it can be seen that introducing 
slots on the studs has an effect on the acoustic insulation of the double-leaf wall. Average differences 
in the Sound Reduction Index of 0.84 dB, 1.97 dB, 3.13 dB, 3.71 dB, 4.23 dB, 4.72 dB and 6 dB were 
observed at one-third-octave bands for Studs F, E, Db, G, B, C and Dt respectively when compared to 
plain stud P. 

 

 
Figure 9 - Sound reduction index for the different slot configurations simulated 

Comparing the results as shown in Figure 9, the highest improvement in the sound reduction index 
was observed for the double-leaf wall using stud Dt. For Dt the R values were higher for all 
frequencies except 125 Hz and 315 Hz. The acoustic performance for Dt was followed by stud C, B, G, 
Db and E respectively. The lowest acoustic performance was observed for slot configuration F with 
improvements of 4 dB and 5 dB at 800 Hz and 500 Hz respectively when compared to a plain stud. This 
design also exhibited slightly lower performance compared to a plain stud at frequencies 1250 Hz and 
2000 Hz. 

Designs Dt and Db exhibited difference in acoustic performance even though slot configurations 
are same except the orientation of the stud. For Dt the slots were placed close to the source side flange 
and for Db the slots were placed close to the receiving side flange. The double-leaf wall using stud 
with slots close to the source side (Dt) exhibited better acoustic insulation compared to the wall using 
Db. This shows that the location of the slots with respect to the sound source is important when 
installing slotted studs such as Dt. 

The second best acoustic insulation was exhibited by the double-leaf wall using stud C with 
superior R values for most of the frequencies except 315 Hz and 400 Hz when compared to a plain stud. 
This design maybe more suitable for practical purposes as the performance is independent of the stud 
orientation; in most practical scenarios the source or receiving side is not fixed as in a test case. 

The single number expressing the acoustic insulation of a wall at one-third-octave bands known as 
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the Rw(C; Ctr) for the double-leaf wall using all the stud configurations is listed in Table 5. Comparing 
the Rw(C; Ctr), it can be seen that the plain stud P exhibited the lowest performance of all the stud 
designs tested. The slotted stud designs exhibit a slightly improved performance compared to the plain 
stud. The stud design Dt exhibited the best performance of a +4 dB increase in insul ation and F 
exhibited the lowest slotted stud performance with only a +1 dB increase compared to plain stud. This 
is a similar trend observed when compared using R values. 

Table 4 – weighted sound reduction index for different stud configurations 
Stud Dt C B G Db E F P 
Rw 
(C; Ctr) 

43 
(-4;-9) 

42 
(-2;-7) 

42 
(-3;-7) 

42 
(-3;-8) 

41 
(-2;-7) 

41 
(-3;-7) 

40 
(-3;-7) 

39 
(-3;-7) 

 
Studs C, B and G exhibited similar performance with an improvement of +3 dB insulation. Stud Db 

and E also performed similarly with an improvement of +2dB when compared to plain stud. 
Comparing the Rw(C; Ctr) values it can be said that slotted studs provide slightly superior acoustic 
insulation compared to a plain stud with similar dimensions. For the slotted stud designs even though 
the slot to non-slot ratio was constant the studs exhibited different performance according to the 
location of the stud. This shows that optimising the slot location is important to achieve the best 
possible acoustic insulation for slotted studs. 

5. 4BCONCLUSION 
The finite element model to predict the sound reduction index of stud based double -leaf walls was 

validated using experimental data. The  values evaluated using FE simulation and 
experimental data were within  dB. Consequently, the presented 3D numerical model can be used 
to predict the acoustic performance of stud based double-leaf walls at a design stage. The slotted stud 
results showed to be effective to reduce the acoustic bridging in light-weight steel stud based 
double-leaf walls. However, the improvements in the weighted sound reduction index were limited to 
a maximum of +4 dB between the designs analysed. When the slot configurations was changed from F, 
E, Db, G, B, C and Dt while keeping the web depth and gauge thickness constant, the frequency 
dependent acoustic insulation at most of the frequencies improved, even though the ratio of slot to 
non-slot area was constant. This shows that the location of slot configuration is important in improving 
the acoustic behaviour of the wall. The best acoustic insulation was observed for the double -leaf wall 
using the stud with slot location close to the source room side of the web (design Dt). This shows that 
the stud orientation while installation is important for slotted studs to receive the predicted acoustic 
performances. This work provides a strong foundation for the acoustic analysis of more realistic, 3D 
building components with structural links. In particular, it would be interesting to extend the present 
model to structures with multiple joints and interior irregular cavities. 
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