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Abstract: steels studs are an inevitable part of drywall construction as they are lightweight and offer 

the required structural stability. However, the studs act as sound bridges between the plasterboards 

reducing the overall sound insulation of the wall. Overcoming this often calls for wider cavity walls 

and complex stud decoupling fixtures that increase the installation cost while reducing the floor 

area. As an alternative approach, this research reveals the potential of perforated studs to improve 

the acoustic insulation of drywall partitions. The acoustic and structural performance is character-

ized using a validated finite element model that acted as a prediction tool in reducing the number 

of physical tests required. The results established that an acoustic numerical model featuring fluid-

structure-interaction can predict the weighted sound reduction index of a stud wall assembly at an 

accuracy of ±1 dB. The model was used to analyze six perforated stud designs and found them to 

outperform the sound insulation of non-perforated drywall partitions by reducing the sound bridg-

ing. Overall, the best performing perforated stud design was found to offer improvements in acous-

tic insulation of up to 4 dB, while being structurally compliant.  

Keywords: Sound insulation; partition walls; perforated studs; acoustic model; sound reduction in-

dex; finite element analysis; A-weighted pink noise; A-weighted urban noise 

 

1. Introduction 

Improving the sound insulation for building walls is an important consideration in 

the development of sustainable and cost-effective buildings [1–4]. Generally, high mass 

building walls are often recommended for noisy areas to achieve enhanced sound insula-

tion [5,6]. However, lightweight steel stud walls can often offer equal or better perfor-

mance if sound insulation performance is considered as a criterion at their design stage 

[7–9]. Drywalls composed of lightweight steel studs and gypsum plasterboard walls are 

an inevitable component of efficient building design due to their low construction costs 

[10]. While the studs offer excellent structural stability for the wall, they act as sound 

bridges offering a direct path between the partition reducing the overall sound insulation 

rating. Consequently, improving the sound insulation of drywall partitions by improving 

conventional studs are critical in reducing sound bridging without the need for costly al-

ternatives [11,12]. 

Various efforts to reduce the sound transmission through the wall are available in 

the literature [13–15]. However, strategies to improve the sound insulation of stud walls 

through perforated webs are yet to be investigated. The most common technique that is 

currently used is to increase the thickness of the plasterboards at the expense of reduced 

floor area and increased cost [16,17]. Furthermore, increasing the overall thickness of 

building walls in addition to reducing the sound transmitted through structural links will 

yield the furthest improvement in the overall acoustic rating of the wall. 

Acoustic studies evaluating the influence of various parameters of drywalls such as 

mass, stiffness and width of the plasterboard in addition to the type of infill material and 
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stud types are available in the literature [18–22]. When it comes to reducing the effect of 

the studs, the focus is generally on modifying the connections between plasterboards and 

studs [23–25]. Overall, some parameters have been extensively studies while others rarely 

addressed such as the influence of perforated studs. This is largely due to the difficulty in 

characterizing their performance using simplified models and the challenges in physical 

experimental characterization while accounting for measurement uncertainties [26–28]. 

For characterizing the sound insulation of stud walls, the parameters of interest are 

the frequency depending sound reduction index (R) and the single number ratings [29–

31]. While the R-value is useful in characterizing the sound insulation of the wall at 1/3rd 

octave frequency bands, providing a single number rating requires the weighted sound 

reduction index (𝑅𝑤) and the spectrum adaptation terms C and 𝐶𝑡𝑟 [32–34]. The weighted 

sound reduction index is primarily used for comparing the sound insulation offered by 

different building materials and structures. An explanation of the relevant single number 

rating to characterize sound insulation used in this study are summarised in Table 1. 

Table 1. Summary of the sound insulation parameters suitable for characterizing the performance of stud-based walls. 

Parameter Name Context Advantage Disadvantage 

𝑅𝑤 
Weighted sound reduction 

index 

Used by manufacturers to rate 

the sound insulation to satisfy 

building regulation 

A single number al-

lows for easy acous-

tic characterization 

Performance below 100 

Hz is not considered 

𝑅𝑤 + 𝐶 

Weighted sound reduction 

index corresponding to 

pink noise 

Used to satisfy sound regula-

tion requirements in Europe 

Suitable to charac-

terize insulation 

against pink noise 

Often adversely charac-

terize lightweight con-

struction such as dry 

walls 

𝑅𝑤 + 𝐶𝑡𝑟 

Weighted sound reduction 

index corresponding to 

urban noise 

Used for sound regulation re-

quirements in building stand-

ards for Australia, UK 

Applicable for ur-

ban road traffic, rail-

way traffic, aircraft, 

tv, radio etc. 

Not effective in dealing 

with normal living noise 

as the emphasis is to-

wards low frequency 

Looking at prediction models for sound insulation suitable for building walls, the 

vast majority, do not consider studs or structural links between the plasterboards 

[17,35,36]. However, work by Wyngaert [37] developed a model with finite walls and flex-

ible frames demonstrating reasonable accuracy in comparison to experimental tests. Other 

notable models that consider structural links include Lin and Garrelick [38], Takahashi 

[39], Skelton [40] and Arjunan et al. [41]. While these models considered the existence of 

structural connection, the use of a perforated web and the resulting fluid-structure-inter-

action (FSI) is yet to be considered. As such this study explores the use of the finite element 

method (FEM) in such a way that all geometrical complexities of the stud are considered 

including web perforations. The challenge of using FEM is the computational cost as the 

solution time is proportional to the complexity of the model, FSI and the frequency range 

considered [42–45]. 

For the finite element acoustic models to be suitable as a design tool to characterize 

the sound insulation, a validated model taking into consideration the finite geometry of 

the wall and studs are required. These models should also be capable of predicting the 

characteristic sound insulation terms as described in Table 1. To do this, the acoustic 

model should consider a 1/3rd octave frequency range between 100 Hz and 3150 Hz with 

sufficient accuracy in comparison with experimental test data [15,46]. 

This is the first study to characterize the acoustic insulation of plasterboard partitions 

featuring studs with the perforated web. Altogether the study evaluates the performance 

of six different perforation configurations keeping the ratio of perforated to non-perfo-

rated area constant. This means that all perforation configurations have an equal amount 

of materials being removed while featuring different arrangements. The C-channel cross-

section that is commonly used in the UK construction industry informed the global geom-

etry of the stud. The finite element modelling procedures presented in this study are 
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validated using experimental test results complying ISO 10140-1:2021 [47]. Lastly, the ef-

fect of the perforation configurations on the structural stability of the wall is also charac-

terized in compliance with BS 5234 [48]. Overall, the study reveals the potential for stud 

improvements that can increase sound insulation for non-load bearing partition walls. 

2. Materials and methods 

2.1. Finite element acoustic model  

Previous studies [11,13], have shown the suitability of room-wall-room acoustic 

models for predicting the sound reduction index of partition walls. As such, the stud wall 

for this study was modelled using an accurate description of the geometry placed between 

a two-room setup. The components of the overall model and the dimensions are as shown 

in Figure 1. As highlighted other than for the connection between the stud and the gypsum 

plasterboards, all other interfaces are modelled with FSI elements that feature both the 

acoustic pressure and structural displacement as boundary conditions. 

 
Figure 1. Components of the finite element fluid-structure-interaction (FSI) acoustic model: (a) top 

view of the model showing the C-channel stud cross-section, (b) front view of the model showing 

the perforations on the web of the stud and (c) showing all components and the associated FSI; 

where components designated fluid is modelled with fluid elements while all others are modelled 

with solid structural elements. The figures are not drawn to scale to avoid skewing the stud shape 

due to the relatively large dimensions of the room. 

A 3D finite element model with global dimensions as shown in Figure 1 was devel-

oped using the Ansys Parametric Design Language (APDL) featuring custom subroutines 

in Fortran programming language. The room-wall-room model used to simulate the 

acoustic insulation require FSI at the interfaces between ‘room and gypsum board’ and 

‘gypsum board and cavities’ as highlighted in Figure 1c. To establish FSI, the structural 

dynamics equation along with the Navier-Stokes equations of fluid momentum and the 

flow continuity equation are required to be considered [49]. The discretized structural dy-

namics equation can be formulated using the structural elements as shown in Eq. (1): 

[𝑀]{𝑢̈} + [𝐶]{𝑢̇} + [𝐾]{𝑢} = {𝐹𝑎} (1) 
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where [𝑀], [𝐶] and [𝐾] are the structural mass, damping and stiffness matrix respec-

tively. {𝑢̈}, {𝑢̇} and {𝑢} are the nodal acceleration, velocity, and displacement vectors re-

spectively. In addition, {𝐹𝑎} is the applied load vector. Assuming that the fluid is com-

pressible and inviscid with uniform pressure and density with no mean flow, the fluid 

momentum and continuity equations can be simplified to get the acoustic wave equation 

as shown in Eq. (2): 

1

𝑐2

𝜕2𝑃

𝜕𝑡2
− ∇2𝑃 =

1

𝑐2

𝜕2𝑃

𝜕𝑡2
− ∇ ∙ ∇𝑃 = 0 (2) 

where 𝑐 = √𝑘/𝜌0 ,  is the speed of sound, 𝜌0  is the mean fluid density, 𝑘 is the fluid 

bulk modulus, 𝑃  is the acoustic pressure 𝑃(𝑥, 𝑦, 𝑧, 𝑡) and 𝑡  is the time. The speed of 

sound and fluid density are input as part of the material properties for the fluid element 

‘Fluid30’ used to model Room 1, Room 2 and Cavity as shown in Figure 1c. The data input 

label used are SONC and DENS under command reference MP (Material Properties) for 

the speed of sound and mean fluid density respectively. Since the pressure is harmonically 

varying (𝑃 = 𝑃̅𝑒𝑗𝜔𝑡), Eq. (2) reduces to Eq. (3) which is the Helmholtz equation: 

𝜔2

𝑐2
𝑃̅ − ∇2𝑃̅ = 0 (3) 

where 𝑃̅ is the pressure amplitude and 𝜔 = 2𝜋𝑓. Using the gradient and divergent ma-

trix operator shown in Eq. (4) and (5) respectively, Eq. (2) can be transformed into matrix 

notation as shown in Eq. (5): 

∇ ∙ ( ) = {𝐿}𝑇 = [
𝜕

𝜕𝑥

𝜕

𝜕𝑦

𝜕

𝜕𝑧

] (4) 

∇( ) = {𝐿} (5) 

1

𝑐2

𝜕2𝑃

𝜕𝑡2
− {𝐿}𝑇({L}𝑃) = 0 (6) 

Subsequently, the element matrices are derived by discretizing Eq. (6) following the Ga-

lerkin procedure discussed by Bathe [50]. Multiplying Eq. (6) by the virtual change in 

pressure and integrating over the volume of the domain as proposed by Zienkiewicz and 

Newton [51] yields: 

∫
1

𝑐2
𝛿𝑃

𝜕2𝑃

𝜕𝑡2
𝑑(𝑣𝑜𝑙)

 

𝑣𝑜𝑙

+ ∫ ({𝐿}𝑇𝛿𝑃)({𝐿}𝑃)𝑑(𝑣𝑜𝑙)
 

𝑣𝑜𝑙

= ∫{𝑛}𝑇𝛿𝑃({𝐿}𝑃)𝑑(𝑆)

 

𝑆

 (7) 

where 𝑣𝑜𝑙 is the domain volume, 𝛿𝑃 is the virtual change in pressure (𝛿𝑃(𝑥, 𝑦, 𝑧, 𝑡)), 𝑆 

is the surface where the derivative of pressure normal to the surface is applied (a natural 

boundary condition) and {𝑛} is the unit normal to the interface 𝑆. 

Since the problem under consideration requires FSI at the interface of the gypsum 

board with the room and the stud with the wall cavity, the surface 𝑆 is treated as the 

interface. As such the fluid momentum equations result in the following relationship be-

tween the normal pressure gradient of the fluid and the normal acceleration of the struc-

ture at the fluid-structure interface 𝑆 as shown in Eq. (8) [51], which can be transformed 

into matrix notation as shown in Eq. (9). 

{n} ∙ {∇P} = −𝜌𝑜{𝑛} ∙
𝜕2{𝑢}

𝜕𝑡2
 (8) 
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{n}𝑇 ∙ ({L}P) = −𝜌𝑜{𝑛}𝑇 (
𝜕2

𝜕𝑡2
{𝑢}) (9) 

Substituting Eq. (9) in Eq. (7), the integral for the coupled problem that contains the fluid 

pressure and the structural displacement vector {𝑢} at the interface as dependent varia-

bles can be obtained: 

∫
1

𝑐2
𝛿𝑃

𝜕2𝑃

𝜕𝑡2
𝑑(𝑣𝑜𝑙)

 

𝑣𝑜𝑙

+ ∫ ({𝐿}𝑇𝛿𝑃)({𝐿}𝑃)𝑑(𝑣𝑜𝑙)
 

𝑣𝑜𝑙

= − ∫ 𝜌𝑜𝛿𝑃{𝑛}𝑇 (
𝜕2

𝜕𝑡2
{𝑢}) 𝑑(𝑆)

 

𝑆

 (10) 

2.2. Material and element properties  

The geometrical model features two 15 mm gypsum plasterboards on either side of 

a C-channel 0.5 mm steel stud of width 70 mm as shown in Figure 2. The wall was mod-

elled as the partition between Room 1 and Room 2 which are acoustic fluid volumes of 

relevant dimensions as shown in Figure 1. The structural components of the system that 

include the gypsum board and the stud was modelled using the Solid185 element which 

has 8 nodes. The acoustic fluid that is not directly in contact with structural elements were 

modelled using Fluid30 with only a pressure degree of freedom. The interface areas expe-

riencing FSI was modelled using Fluid30 with both pressure and displacement degrees of 

freedom as shown in Eq. (10). A mesh convergence was carried out and found that the 

best results at 1/3rd octaves were observed when the mesh size satisfies at least eight ele-

ments per wavelength. 

 
Figure 2. Components of the finite element structural model showing (a) the meshed stud and gyp-

sum board assembly and (b) the cross-sectional geometry of the stud and the associated dimensions. 

The acoustic analysis of the wall was conducted using a non-perforated configuration 

(P) in addition to six different perforation configurations as shown in Figure 3. All perfo-

ration configurations were designed to keep the ratio of the perforation to the non-perfo-

ration area constant. This ensured that the amount of material for all perforated studs was 

constant. The nonperforated studs were designated P and the perforation configurations 

were designated F, E, G, C, Dt and B signifying various perforation arrangements as 

shown in Figure 3b. All material properties used for the numerical model are as summa-

rised in Table 2. 
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Figure 3. Different types of perforated and non-perforated stud configurations analyzed in this 

study showing (a) the perforation dimension and (b) the different perforation arrangements and 

labels. 

Table 2. Material properties used for the numerical model. 

Material E (GPa) 𝝆 (𝒌𝒈/𝒎𝟑) 𝝊 𝒄 (𝒎/𝒔) 𝝃 (𝟏𝟎−𝟐) 

Steel 206 7929 0.31 - 0.25 

Gypsum 2.5 848 0.25 - 0.1 

Mortar 20 2000 0.17 - - 

Acoustic fluid - 1.25 - 338 - 

 

To evaluate the flexural stiffness, all the stud designs were subjected to a pressure of 

5.5 kPa distributed along the stud flange that is in contact with the source room. The studs 

were constrained at the ends and the maximum bending along the transverse direction 

was recorded. Subsequently, Hooke’s law was used to evaluate the flexural stiffness of 

the stud sections. The structural compliance of the walls was evaluated through a non-

linear structural analysis that simulated the ability of stud wall assembly to withstand 

people or ladders leaning against it without causing unacceptable deformation. The test 

scenario for this was designed to closely mimic the ISO5234 [48] and ASTM C754  [52] 

guidelines. According to the standard, the deflection of the wall under a lateral load of 

240 Pa at the center must not exceed a lateral displacement of 𝑙𝑦/240, where 𝑙𝑦 is the total 

length of the stud which is 2.9 m. 

2.3. Experimental test 

Physical tests of the stud-wall featuring identical dimensions to the finite element 

model were conducted at the Sound Research Laboratories (SRL), UK. The gypsum 

boards were screwed to the studs at 300 mm spacing along the length. The samples were 

mounted, positioned, and tested in accordance with ISO10140 guidelines, and the meas-

urements returned a level of confidence of approximately 95% consistent with acoustic 

measurements at 1/3rd octaves. 

Similar to the numerical technique, the sound insulation was characterized by the 

difference in sound pressure levels measured across the test sample installed between two 

reverberant rooms. The difference in measured sound pressure levels was corrected for 

absorption in the receiving room. The test is done under conditions that restrict the trans-

mission of sound by paths other than directly through stud wall partition under a random 

incident sound field. Broadband noise was produced in Room 1 using a dodecahedron 

speaker and the resulting sound pressure levels in both rooms were sampled, filtered into 

1/3rd octaves, integrated, and averaged using a real-time analyzer using microphones on 
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an oscillating boom. The change in level across the stud wall is the equivalent sound pres-

sure level that was used to calculate the Sound Reduction Index (R) using Eq. (11): 

𝑅 = 𝐿1 − 𝐿2 + 10 log (
𝑆

𝐴2

) (11) 

𝐿𝑝 = 10 log (
𝑃

𝑃0

)
2

 (12) 

where 𝐿1 and 𝐿2 are the sound pressure levels in Room 1 and Room 2 respectively in 

decibels (dB), 𝐴2 is the equivalent absorption area of Room 2 and S is the area of the 

dividing partition (𝑚2). The sound pressure level in each room can be expressed using Eq. 

(12), where P is the sound pressure in the room and 𝑃0 is the reference sound pressure 

which is 20×10-6 Pa. 

3. Results and discussion 

3.1. Validation of the acoustic model  

Within the finite element framework, the acoustic FSI model is conceived as a room-

wall-room framework considering anechoic termination at the boundaries. The model is 

used to predict the sound insulation of the drywall composed of plain and perforated 

studs sandwiched between two gypsum plasterboards of finite thickness. The sound orig-

inating room (Room 1) and the transmitted room (Room 2) are both modelled with ele-

ments featuring fluid pressure 𝑃, while the elements in contact with the wall are modelled 

with the displacement components 𝑢𝑥, 𝑢𝑦 and 𝑢𝑧 in addition to 𝑃. As such the finite el-

ement shape function for the spatial variation of the acoustic pressure and displacement 

was modelled as shown in Eq. (13) and (14) respectively: 

𝑃 = {𝑁}𝑇{𝑃𝑒} (13) 

𝑢 = {𝑁′}𝑇{𝑢𝑒} (14) 

where {𝑁} and {𝑁′} are the element shape function for pressure and displacement re-

spectively. {𝑃𝑒} is the nodal pressure and {𝑢𝑒} are the nodal displacement component 

vectors {𝑢𝑥𝑒}, {𝑢𝑦𝑒} and {𝑢𝑧𝑒}. From Eq. (13-14), the second time derivative of the varia-

bles and the virtual change in the pressure was derived as shown in Eq. (15-17): 

𝜕2𝑃

𝜕𝑡2
= {𝑁}𝑇{𝑃̈𝑒} (15) 

𝜕2𝑃

𝜕𝑡2
{𝑢} = {𝑁′}𝑇{𝑢̈𝑒} (16) 

𝛿𝑃 = {𝑁}𝑇{𝛿𝑃𝑒} (17) 

when the matrix operator {𝐿} applied to the element shape function {𝑁}, the expression 

becomes Eq. (18): 

[𝐵] = {𝐿}{𝑁}𝑇 (18) 

Substituting Eq. (13) through (18) and into (12), the finite element expression of the 

wave equation can be written as: 

∫
1

𝑐2
{𝛿𝑃𝑒}𝑇{𝑁}{𝑁}𝑇𝑑(𝑣𝑜𝑙)

 

𝑣𝑜𝑙

{𝑃̈𝑒} + ∫ {𝛿𝑃𝑒}𝑇[𝐵]𝑇[𝐵]𝑑(𝑣𝑜𝑙)
 

𝑣𝑜𝑙

{𝑃𝑒} + ∫ 𝜌𝑜{𝛿𝑃𝑒}𝑇{𝑁}{𝑛}𝑇{𝑁′}𝑇𝑑(𝑆){𝑢̈𝑒}

 

𝑆

= {0} (19) 

where {n} is normal at the fluid boundary. Terms that do not vary over the element are 

taken out of the integral sign. {𝛿𝑃𝑒} is an arbitrarily introduced virtual change in nodal 

fluid pressure which can be factored out in Eq. (18); since {𝛿𝑃𝑒} is not equal to zero, Eq. 

(19) can be rewritten as shown in Eq. (20): 
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1

𝑐2
∫ {𝑁}

 

𝑣𝑜𝑙

{𝑁}𝑇𝑑(𝑣𝑜𝑙){𝑃̈𝑒} + ∫ [𝐵]𝑇[𝐵]𝑑(𝑣𝑜𝑙)
 

𝑣𝑜𝑙

{𝑃𝑒} + 𝜌𝑜 ∫{𝑁}{𝑛}𝑇{𝑁′}𝑇𝑑(𝑆){𝑢̈𝑒}

 

𝑆

= {0} (20) 

Subsequently, Eq. (20) can be expressed in matrix form to get the discretized wave 

equation as shown in Eq. (21): 

[𝑀𝑒
𝑃]{𝑃̈𝑒} + [𝐾𝑒

𝑃]{𝑃𝑒} + 𝜌𝑜[𝑅𝑒]𝑇{𝑢̈𝑒} = {0} (21) 

where [𝑀𝑒
𝑃] is the fluid mass matrix given by Eq. (22), [𝐾𝑒

𝑃] is the fluid stiffness matrix 

given by Eq. (23) and 𝜌𝑜[𝑅𝑒] is the coupling mass matrix enabling fluid-structure interac-

tion at the interface given by Eq. (24), which are solved to obtain the nodal pressure values 

at either sides of the stud wall. In the context of acoustic insulation, the quantity of interest 

is the sound pressure loss, which relates directly to the sound reduction index (R), which 

defines the sound insulation of the wall and hence the influence of the stud and perfora-

tion configuration. 

[𝑀𝑒
𝑃] =

1

𝑐2
∫ {𝑁}

 

𝑣𝑜𝑙

{𝑁}𝑇𝑑(𝑣𝑜𝑙) (22) 

[𝐾𝑒
𝑃] = ∫ [𝐵]𝑇[𝐵]𝑑(𝑣𝑜𝑙)

 

𝑣𝑜𝑙

 (23) 

𝜌𝑜[𝑅𝑒] = 𝜌𝑜 ∫{𝑁}{𝑛}𝑇{𝑁′}𝑇𝑑(𝑆)

 

𝑆

 (24) 

The finite element prediction model has been validated on a plasterboard wall fea-

turing the C-channel stud as shown in Figure 2b. The validated prediction model was 

subsequently used to analyze the drywalls featuring perforated studs. The experimental 

measurements used for validation were tested in the acoustic transmission suite at the 

Sound Research Laboratory (SRL), UK. The numerically predicted R values in comparison 

to experimental test measurements observed for the non-perforated C-channel stud (P) is 

shown in Figure 4. Overall, the finite element prediction can be seen to closely follow the 

physical test curve at a frequency of 100-3150 Hz. Nevertheless, a 6 dB dip can be seen at 

500 Hz for the FE model which was not found in experimentally measured data indicating 

the likelihood of critical frequencies generally observed in harmonic analysis. 

 

Figure 4. Sound reduction index observed between the finite element model and physical test data 

of a stud wall featuring a C-channel stud. 

To identify the localized variation in the sound reduction index between the experi-

mental and numerical results, a modal analysis of the same model was carried out. This 

aids in identifying the inherent resonant characteristics of the system in the forms of 

eigenmode frequencies. As such the analyses were carried out to identify all eigenmodes 

at the 1/3rd octave range. The results showed that at Eigenmodes 80 and 172, the natural 
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frequencies of the wall were at 499.8 Hz and 1002.1 Hz respectively. This indicates that 

the localized dip at 500 Hz and 1000 Hz are due to the influence of neighbouring critical 

frequencies of the numerical model. 

Other than for the two frequencies 500 Hz and 1000 Hz the difference between the 

curves were around 2.5 dB, which is consistent with accepted variation in measurement 

reproducibility for acoustic measurements [53]. Consequently, the sound reduction index 

at 1/3rd octave was used to compute the weighted index (𝑅𝑤), which is the single number 

quantity that is used to represent the acoustic insulation of the wall. The higher the 

weighted index the superior the acoustic insulation of the structure. Generally, the 

weighted index is accompanied with the spectrum adaptation terms 𝐶 and 𝐶𝑡𝑟 referring 

to the insulation against A-weighted pink noise and A-weighted urban traffic noise re-

spectively. For characterizing the acoustic insulation of a structure, the spectrum adapta-

tion terms are important as they contextualize the performance based on different scenar-

ios. 

A-weighted pink noise defines the insulation of the wall against sound from activities 

such as high-speed train noise, cars travelling at speeds above 50 mph in addition to me-

dium and high-frequency noise from industrial activities. The 𝐶𝑡𝑟 term on the other hand 

characterizes performance at low to medium frequency sounds such as urban traffic, low-

speed trains and machinery. Table 3 lists the 𝑅𝑤(𝐶; 𝐶𝑡𝑟) between the finite element acous-

tic model and experimental measurement for the wall featuring the C-channel stud (P). 

The predicted and experimental single number ratings were found to be in excellent 

agreement demonstrating that the numerical model is suitable for valid prediction of the 

sound reduction indices. 

Table 3. Weighted sound reduction indices showing the single number sound insulation rating for 

the stud wall between experimental and finite element evaluation. 

Item 𝑹𝒘 𝑹𝒘 + 𝑪 𝑹𝒘 + 𝑪𝒕𝒓 

FEA 39 36 31 

Experiment 39 37 32 

Difference 1 - 1 dB 1 dB 
1 For the sound reduction index the standard practice is to show the difference in decibels (dB) 

rather than in percentage (%). 

 

3.2. Influence of perforated studs on sound insulation 

To identify the potential of the perforated studs, the sound reduction index was pre-

dicted using the validated finite element model. The sound insulation of each of the per-

forated stud configurations sandwiched between 15 mm plasterboard featuring air cavi-

ties was evaluated. Other than for the perforations all geometrical dimensions of the stud, 

wall and the model were kept constant. This means that the only difference between the 

different FE acoustic models is the perforated web configurations of the C-Channel stud. 

The air born sound reduction index for all the different slot configurations at 1/3d 

octaves are shown in Figure 5a-5f. The results show that the acoustic performance of the 

wall is influenced by the perforated web. Despite having the perforated to the non-perfo-

rated area of the web constant for all the configurations, a difference in the sound reduc-

tion index can be seen depending upon the way the perforations are arranged on the web. 

It was observed that the perforation configuration Dt outperformed all other configura-

tions other than for localized frequency effect observed at 125 Hz and 315 Hz. 

For the overall sound insulation, the performance of Dt was closely followed by per-

foration configuration C. The performance of configuration-F was found to be the worst 

in comparison to the insulation demonstrated by all the other perforation configurations. 

Overall, the data shows that both the placement and arrangement of perforations influ-

ences the acoustic response of the wall. The second-best insulation was demonstrated by 

the perforation configuration C which may be favourable from an installation point of 

view as the performance is not dependent on the stud orientation. 
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(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 5. Sound reduction index at 1/3rd octave bands for different perforation configurations in comparison to non-per-

forated C-channel section designated P: (a) perforation-F; (b) perforation-E; (c) perforation-G; (d) perforation-C; (e) perfo-

ration-Dt; (f) perforation-B. 

Although the sound reduction index at 1/3rd octave provides a comprehensive de-

scription of the acoustic performance, when it comes to rating the sound insulation of the 

stud wall, the single number rating 𝑅𝑤 bears a higher significance. There are different 

single-number ratings featured in describing sound insulation of a building wall, out of 

which the 𝑅𝑤 method makes it more reliable and unambiguous for reporting the acoustic 

insulation using a single number that is directly proportional to the amount of sound 

transmission resisted by the partition. 

Figure 6 shows the weighted sound reduction index observed for the wall featuring 

different perforation configurations in comparison to the un-perforated stud. Comparing 

the 𝑅𝑤, the plain stud P exhibited the lowest performance of all the designs tested. The 

perforated stud designs exhibit a slightly improved performance compared to the plain 

stud. The stud design Dt exhibited the best performance offering a +4 dB increase in insu-

lation and F exhibited the lowest perforated stud performance with only a +1 dB increase 

compared to plain stud. Studs C, B and G exhibited similar performance with an 
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improvement of +3 dB insulation. Stud E performed slightly better than F demonstrating 

an improvement of +2dB in comparison to the non-perforated stud. 

 
Figure 6. Weighted Sound reduction index of the wall with different perforated web designs (F, E, 

G, B, C and Dt) in comparison to the non-perforated C-channel stud P. 

Comparing the 𝑅𝑤, values the perforated studs provide slightly superior acoustic 

insulation compared to a plain stud with similar dimensions. Although the perforation to 

non-perforation ratio was constant for the perforated configurations, the studs exhibited 

different performances depending on the location of perforation in the web. This shows 

that optimizing the perforation location is critical in achieving the best possible sound 

insulation for perforated studs. Although the overall trend is similar to what was observed 

when comparing the R values, the 𝑅𝑤 offers a clear differentiation in performance rating 

between the stud configurations allowing to identify the best performing design. 

3.3. Co-relation between flexural stiffness and acoustic response 

Although the acoustic finite element model can be used to accurately predict the 

sound insulation offered by stud designs, the solution time is rather long. As such an at-

tempt to use a suitable structural parameter to offer an indication of the acoustic perfor-

mance was sought. To identify the potential of using the stiffness of the stud as a suitable 

parameter in developing acoustic studs, the flexural stiffness at the flanges of the studs 

were evaluated using the finite element method. 

The highest 𝐾𝑓 was exhibited by the non-perforated stud (P) that showed the lowest 

acoustic insulation for all parameters tested as shown in Figure 7. The perforated stud 

design that demonstrated the highest weighted sound reduction index exhibited the low-

est flexural stiffness. Stud designs C and B exhibit comparatively close stiffness values 

resulting in 𝑅𝑤  (𝐶; 𝐶𝑡𝑟)  of 42 (-2; -7) and 42 (-3; -7) respectively. The 𝑅𝑤  (𝐶; 𝐶𝑡𝑟) values 

for studs G and E were also gradually decreasing consistently with an increase in stiffness 

from 16.118 kN/m and 18.489 kN/m respectively. However, when the spectrum adapta-

tion terms were evaluated, C showed the highest insulation against A-weighted pink 

noise. Both perforation configurations C and B showed the highest insulation against A-

weighted urban noise. 

Based on the relationship between the stiffness and sound reduction index, it can be 

suggested that for the highest weighted sound reduction index, the perforations should 

be designed to reduce the stud’s flexural stiffness. For the current analysis, an overall im-

provement in sound insulation of +4 dB was observed when the flexural stiffness of the 

stud was almost halved. When it comes to the performance against A-weighted pink and 

urban noise, the flexural stiffness is not a reliable indicator, and the full numerical model 

should be considered. This is primarily due to the non-linear frequency weighting consid-

ered for the spectrum adaptation terms. 

35

36

37

38

39

40

41

42

43

44

P F E G B C Dt

R
w

(d
B

)

Stud identifier

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 September 2021                   doi:10.20944/preprints202109.0231.v1

https://doi.org/10.20944/preprints202109.0231.v1


 

  

(a) (b) 

 
(c) 

Figure 7. Co-relation between flexural stiffness (𝐾𝑓) at the stud flange and acoustic insulation of the study wall showing: 

(a) weighted sound reduction index; (b) A-weighted pink noise; (c) A-weighted urban traffic noise. 

3.4. Structural compliance  

When modifying studs, it is critical to evaluate compliance with the relevant struc-

tural constraints. This was to ensure that the perforated studs meet the requirement to be 

used for non-load bearing partitions. The standard ISO5234 and ASTM C 754 requires that 

the deflection of the wall under a lateral load of 240 Pa must not exceed a lateral displace-

ment (𝒅𝒎𝒂𝒙) of 𝒍𝒚/240 where 𝒍𝒚 is the total length of the stud along with the height of the 

wall. This structural constraint was verified for all the perforated configurations to ensure 

compliance. 

Table 4. Results of the structural compliance analysis showing the maximum deformation of the 

stud wall. 

Stud type P F E G B C Dt 

𝑑𝑚𝑎𝑥  (mm) 1.1 1.4 2.5 4.1 4.4 4.7 5.6 

𝑑𝑚𝑎𝑥/ (𝑙𝑦/240) (%) 9.10 11.59 20.69 33.93 36.41 38.90 46.34 

For each of the perforated slot configurations, the maximal allowed lateral deformation in 

the stud under a load of 240 Pa have been evaluated using the finite element method with 

the results as shown in Table 4. According to standards, the deflection of a non-load bear-

ing wall under uniform lateral pressure of 240 Pa must not exceed 𝒍𝒚/240 (𝒍𝒚= 2900 mm). 

Comparing the results, it was found that all the stud designs were in compliance with all 

applications as the maximum deflection was 56% below the highest allowable deflection 

for grade SD which is severe duty as per ISO5234. Overall, the study shows the developing 

perforated stud designs can significantly enhance the acoustic insulation of drywall par-

tition walls by reducing the acoustic bridging through the studs. 
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4. Conclusions 

An acoustic numerical model suitable to predict the sound insulation of perforated 

stud walls has been developed. The analysis showed that the model is suitable for pre-

dicting the weighted sound reduction index and the spectrum adaptation terms describ-

ing the performance of the wall against both pink and urban noise. The validation showed 

that the acoustic model demonstrated in this study offered a ±1 dB accuracy in comparison 

to physical experiments. Modifying C-channel studs with various perforation configura-

tions on the web showed to be highly effective in reducing the acoustic bridging in con-

ventional C-channel studs. Overall, six different perforation configurations were evalu-

ated namely: F, E, G, B, C and Dt while keeping the web depth and gauge thickness con-

stant. Improvements in the acoustic insulation rating for the wall were found to be up to 

+4 dB when using a perforation configuration of Dt. Furthermore, the frequency-depend-

ent sound insulation at most of the frequencies improved despite keeping the ratio of per-

foration to non-perforation area constant. This revealed that that the perforation place-

ment and arrangement is critical in improving the acoustic insulation of C-channel studs. 

Correlating the flexural stiffness of the studs with the weighted sound reduction indices 

revealed a consistent improvement in acoustic insulation as the stiffness reduced. Alt-

hough reducing the flexural stiffness showed to improve the sound reduction index, its 

dependency was inconsistent for the spectrum adaptation terms. Overall, despite the per-

forations, all the studs offered the necessary structural compliance as dictated by the rel-

evant standards for a severe duty drywall partition. 
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