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Engineering offices and manufacturers of building systems or materials often rely on measurement data to 

estimate whether structural elements will provide sufficient acoustic quality. This typically involves 

numerous costly and time-consuming prototype tests, making it difficult to efficiently explore and optimise 

various design configurations. In this paper, a method is presented to accurately and efficiently predict the 

sound insulation of multilayer structures, focussing on layered double walls with flexible metal stud frames. 

Accuracy ensures reliability, while efficiency is crucial for optimisation, especially when numerous 

simulations are needed, for example, to identify the ideal layering thicknesses and materials. The prediction 

method accounts for arbitrary layering, finite dimensions, boundary conditions and resulting modal 

behaviour, as well as flexible metal stud frames, including the cross-sectional shape, stud spacing and point 

connections. Extensive validation has been conducted on a wide range of wall and floor systems with a 

specific focus on plasterboard walls, demonstrating the model’s robustness and reliability; An accuracy of 

2-3 dB in single number ratings is generally achieved, independent of the number of plasterboard layers 

and frame type, which includes single studs, double studs periodically coupled with small screwed gypsum 

board plates, and double studs periodically coupled with felt strips. 

1 Introduction 

A sufficient sound insulation in buildings is generally attained by following one of two approaches: using very heavy 

(single) walls or double walls with completely decoupled wall leafs and a sound absorbing cavity. The first approach 

typically leads to high material usage and high cost, while the second option is difficult to achieve due to concerns about 

stability, even when the wall is not load bearing. As a result, double leaf walls are generally used in combination with a 

common studded frame. Double leaf plasterboard walls with flexible metal stud frames are frequently used in practice 

due to the potentially high sound insulation.  

The presence of the metal studs introduces a structural transmission path which connects both leafs, in addition to the 

airborne path through the cavity. The numerical prediction for these wall types is complex since the sound insulation 

depends on many parameters, including the number of plates, plate thicknesses and connection conditions between the 

plates. The influence of the stud’s cross-sectional shape, stud spacing and the number of screw connections per stud on 

the airborne sound insulation have already been investigated [1,2]. The prediction strategy is to model the wall as a built-

up system and to select the most suitable prediction model for each system component. For example, the flexible metal 

studs require a numerical model (e.g. finite elements) since they are very thin and the cross-sectional deformation is 

important, which cannot be captured with an analytical model. The prediction model for the wall leafs can be chosen 

according to the need for detail, or lack thereof. If only a thin plate is used as a wall leaf, a simple analytical model would 

suffice [3,4]. In case of multiple layers and/or thick wall leafs, the modal Transfer Matrix Method (mTMM, [5]) can be a 
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more suitable alternative. The source and receiver rooms only require a low degree of complexity, as the rooms are 

assumed to carry a diffuse sound field, such that the computed sound insulation represents the ensemble average value of 

the considered wall across a range of source and receiver rooms. [6,7]. 

This paper aims to further validate that prediction framework, by presenting various double leaf plasterboard wall setups 

with flexible metal studs and comparing the simulation results to laboratory measurement results. In the remainder of this 

paper, the prediction methodology from [1] is briefly summarised and a change in the prediction methodology for the 

wall leafs is discussed in section 2. Simulation results for various plasterboard wall setup are presented in section 3, as 

well as a discussion on the prediction accuracy based on a comparison with laboratory measurement results. Concluding 

remarks are provided in section 4. 

 

2 Sound insulation prediction methodology 

The methodology for the sound insulation prediction of double walls with flexible stud frames is elaborated in detail in 

[1]. It can be summarised as follows by adhering to the component system illustrated in Figure 1: Any double wall model 

can be broken down into independent components, being the rooms, wall leafs, cavity/cavities and studs. The vibration 

response of each component to an applied load is calculated and the behaviour of each component is expressed using a 

dynamic stiffness matrix. Expressing the coupling conditions between components then allows to elaborate the response 

of the entire double wall structure in terms of a global dynamic stiffness matrix. Each individual component as well as 

the required coupling conditions are briefly discussed below. 

The rooms are not modelled explicitly, but it is assumed that both the source and receiver rooms carry diffuse fields. The 

coupling between the deterministic wall leaf (see next paragraph) and the diffuse rooms is achieved by means of the direct 

field dynamic stiffness matrix of the rooms [8,9]. 

Contrary to [1], in the present work, the wall leafs are not modelled analytically but rather using the modal Transfer 

Matrix Method (mTMM [5]) to account for layered wall leafs, including thickness, the finite leaf size and modal 

behaviour, as well as the resulting boundary conditions. The mTMM is based on elastodynamics theory, which describes 

the exact elastic wave propagation in each layer separately and provides continuity equations to account for the transfer 

of waves between layers. As a result, kinematic assumptions can be avoided, which improves the prediction accuracy at 

high frequencies and for thick wall leafs. This enables to make predictions for wall leafs which contain different plate 

types. Thanks to the mTMM framework, loosely placed plates within the same wall leaf can be modelled by imposing 

constraint equations such that the out-of-plane displacements for both plates are equal, but without shear stress continuity. 

The cavity is modelled analytically, assuming hard-walled boundary conditions. Cavity absorption is accounted for by 

making the speed of sound and density of cavity fluid complex, in accordance with the Delany-Bazley-Miki model 

[10,11]. Coupling between a cavity and the adjoining wall leafs is achieved by taking the displacement fields of the wall 

leafs as external loads onto the cavity sound pressure field, and vice versa, resulting in closed form expressions for the 

elements of the fluid–structure coupling matrices. 

The flexible metal studs are modelled numerically using finite elements. Due to the typically large length of these studs 

and their small thickness (0.6 mm), a structural shell model of the studs suffices. The dynamic stiffness of a stud is 

determined by its eigenfrequencies and structural loss factor. The eigenmodes are required for coupling of the stud to 

both wall leafs, specifically at the screw connection points as wall leafs are screwed into the metal studs. The stud-leaf 

interaction is accounted for by rigidly coupling the out of plane displacements of the stud and leaf at the screw locations, 

meaning that 1) the screws are assumed to be rigid and 2) the stud and leaf can deform independently except at the screw 

locations. Furthermore, it is assumed that the studs and the cavity do not interact. 
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Figure 1: Components of a double wall with a flexible stud frame, figure taken from [1]. 

 

3 Validation 

This section contains validation examples of the airborne sound insulation for gypsum board walls with single studs, as 

well as double studs with gypsum plate coupling and double studs coupled with felt strips. The material properties of the 

plasterboard plates and the flexible metal studs are provided in Table 1. For the cavity, fluid density of  𝜌 = 1.29 kg/m², 

speed of sound 𝑐 = 343 m/s and reverberation time 𝑇 = 1 are assumed. All measurements were performed in the same 

transmission suite, so lateral dimensions 𝐿𝑥 = 4.0 m and 𝐿𝑦 = 2.42 m are valid for all examples. The stud and screw 

spacings are 0.6 m and 0.25 m, respectively.  

Table 1: Material properties for plasterboard and steel. 

 𝜌 [kg/m³] 𝐸  [MPa] 𝜈 [-] 𝜂 [-] 

Plasterboard 730 2.33 0.28 0.02 

Steel 7750 210 0.28 0.02 

The first set of results are measured and simulated with C50 metal studs, see Figure 2, which have a stud depth of 50 mm 

and a regular C-shape cross-section. The prediction accuracy is about 4 dB for empty cavities but improves to 1 dB for 

filled cavities. It is observed that the simulations tend to underestimate the airborne sound insulation in the frequency 

region between the mass-air-mass resonance frequency and the coincidence frequency, which can possibly be attributed 

to an underestimation of the cavity absorption. Cavity absorption has been accounted for in the form of a cavity 

reverberation time T=1 s, which is equivalent to a loss factor of 0,22%. On the other hand, the simulations yield an 

overestimation of the anti-resonance peak just below coincidence. The measured airborne sound insulation improvement 

due to the cavity filling is 7 dB on average, while the predicted improvement has a mean value which is slightly lower 

than 10 dB. Addition of a second gypsum board plate on each side increases the airborne sound insulation by 8 dB 

regardless of the cavity filling, both for the measurements and the simulations. Adding a third plating on both sides 

increased the airborne sound insulation by another 5-6 dB (simulated), or even 6-8 dB (measured).  

The second set of examples provide a validation of the airborne sound insulation for gypsum board walls with single 

C100 studs with a stud depth of 100 mm, see Figure 3. Similarly to the smaller cavity depth, the airborne sound insulation 

for gypsum board walls with empty cavities tend to be underestimated by 2-3 dB, whereas the single number values in 

case of a filled cavity are overestimated by to 1-2 dB. The sound insulation improvement due to the cavity filling is about 

4 dB (measured) or 7 dB (simulated), which is significantly lower for these deeper cavities as the structural transmission 

path through the metal studs is more dominant. It is also observed that the influence of the cavity filling decreases with 

additional plating, an effect which is less pronounced for more shallow cavities. Similarly, the influence of additional 

plating is also less pronounced for the deeper cavities, which is about 8 dB going from single to double plating, and 

another 4 dB going from double to triple plating. 
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(a) (b)  

(c) (d)  

(e) (f)   
Figure 2: Sound insulation of single C50 stud plasterboard walls.  
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(a) (b)  

(c) (d)  

(e) (f)  
Figure 3: Sound insulation of single C100 stud plasterboard walls. 
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The third set of examples demonstrate the sound insulation for gypsum board walls with double studs, coupled using 

small gypsum board plates and completely filled cavities, as illustrated in Figure 4. Two gypsum board plates are used to 

connect each pair of studs, spaced 1 m apart, and each plate is screwed at three positions. Similar remarks can be made 

on the accuracy of the single number values and the results in the frequency zone just below coincidence in comparison 

to the single studs.  

The fourth and final set of validation examples contains results for the airborne sound insulation of gypsum board walls 

with double studs, coupled with discrete felt strips and completely filled cavities, see Figure 5. The felt strips are 10 cm 

long each, and are placed in intervals of 50 cm, resulting in four strips per stud. Stud depths of 50 mm and 100 mm are 

both assessed, as well as double and triple plating for each case. The presence of the cavity filling leads to an 

overestimation of the airborne sound insulation just below the coincidence dip. A similar accuracy is observed for these 

coupled studs in comparison to the single studs, which is 2 dB on the single number value. It is worth noting that the 

results for the felt strips are significantly higher in comparison to the results for gypsum board coupling. This can be 

attributed to the fact that the felt strips are more flexible in contrast to the gypsum plate with screws, leading to better 

mechanical decoupling and higher sound insulation values. 

 

 

(a) (b)  

(c)  
Figure 4: Sound insulation of plasterboard walls containing double studs with plasterboard plate coupling. 
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(a) (b)  

(c) (d)  
Figure 5: Sound insulation of plasterboard walls containing double studs with felt strip coupling. 

4 Conclusion 

This paper has presented an extensive validation of a numerical prediction framework for airborne sound insulation of 

double leaf plasterboard walls with flexible metal stud frames. The updated methodology, which incorporates a modal 

Transfer Matrix Method (mTMM) for modelling layered and thick wall leafs, allows accurate representation of finite-size 

effects, modal behaviour, and varying layer configurations. The validation against a wide range of laboratory 

measurements, including different stud types, single and double studs, multiple plating configurations, and several 

coupling mechanisms, demonstrates the robustness of the model. 

Across all configurations, the prediction accuracy for single-number ratings typically falls within 2–3 dB, independent of 

stud type or the number of plates. Systematic trends were identified: simulations tend to slightly underestimate the sound 

insulation for empty cavities and overestimate performance near the coincidence region when cavities are filled. The 

method successfully captures the influence of mineral wool cavity filling, plating, and stud coupling, including the large 

difference in performance between stiff gypsum plate coupling and more flexible felt strip coupling. 
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