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ABSTRACT 
Indoor acoustic performance is a critical factor for user comfort and it is linked to 
a healthy indoor environment. In this sense, designing a healthy indoor 
environment is included in the Declaration on Occupational Health for All of the 
World Health Organization. Thus, building projects should take into account 
indoor acoustic considerations in the early stages of design since it is often more 
expensive and difficult to achieve acoustic standards in subsequent stages. In this 
context, the Building Information Modelling (BIM) m ethodology offers an 
improvement opportunity to designers who want to consider acoustic conditions 
from the initial phase of the building projects. BIM, as a methodology, involves a 
process to generate and manage data on the properties and characteristics of the 
construction project during the building life cycle. The BIM model is a digital 
representation of all the physical and functional characteristics of a building, a 
database of reliable information which can be consulted throughout the service life 
of a construction, from design to demolition. The aim of this study is to propose a 
framework using BIM methodology for decision making at early stages of design. 
For this purpose, a software tool implemented in BIM has been developed that 
allows us to estimate and take into account the main acoustic parameters 
(absorption, insulation) during the design of the project. 
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1. INTRODUCTION 
 

Nowadays, people spent the most part of a day in indoor environment (about 80-
90%) [1]. Therefore, indoor conditions of buildings become an important factor in the 
occupant/user lives. Within these indoor conditions, the environment quality of spaces 
in buildings are highly conditioned by the indoor acoustic behavior [2, 3]. In this regard, 
the acoustic performance is conditioned not only by outside noise sources but also those 
inner building sources and other adjacent spaces [4, 5]. So, these inner sources should 
also be controlled in order to guarantee the comfort of the user.  

Despite of the fact that the acoustic behavior of the building has a high impact 
on its occupants, it is not often taken into account from the early stages of the project 
(except in buildings where acoustic requirements are particularly important, such as 
theatre or auditorium). In general, the analysis of the acoustic performance of spaces is 
evaluated in an advance stage of the construction projects, where generally the 
geometry and configurations of the spaces are fixed. Thus, achieving the minimum 
acoustic requirements at this stage of the project is more complicated and costly than if 
it had been managed at an early stage [6, 7]. 

Moreover, acoustic simulations are often carried out with a specific software 
(Odeon, Catt-Acoustic, Ease, Soundplane, etc.) different from or not integrated within 
the software used to design the building. In conventional building projects, this process 
involves additional work and is time-consuming [6]. In this sense, Building Information 
Modelling (BIM) is a new methodology that has been developed in recent years, 
replacing the traditional methodology based on Computer-Aided Design (CAD) and 
improving the project management [8] and it aims to overcome those problems. 

BIM, as a methodology, involves a process to generate and manage data related 
to properties and characteristics of the construction project during the building life 
cycle. These data do not only refer to geometric or visual properties, but also includes 
information about material properties, geographic information, etc. The BIM model 
becomes a digital representation of all physical and functional characteristics of a 
building, a database of reliable information which can be consulted throughout the 
service life of a construction, from design to demolition [9]. The use of a single model 
concentrating all the project information and data offers a global vision and better 
coordination of the process. Consequently, BIM methodology has a great potential and 
its implementation is accelerating a fast technological transformation in Architecture, 
Engineering and Construction industry (AEC).  

In addition, the possibility of implementing BIM in construction projects 
provides an exceptional opportunity to evaluate acoustic performance from an initial 
phase. BIM helps to visualize different scenarios during the design and construction 
process. Therefore, BIM has the potential to improve the design process and to supports 
architects, engineers and builders making decision in the acoustic field [6, 10]. 

In this study, a software tool was developed in order to propose a framework 
using BIM methodology for decision making at the early stages of the design. This 
software is a first approach to an estimation framework model of airborne sound 
insulation between horizontal indoor spaces and the reverberation time (in accordance 
to the Spanish requirements CTE DB-HR [11] and ISO 12354-1:2017 standard [12] ). 
This framework enables designers to explore design alternatives in order to achieve a 
high level of acoustic performance in early stage of design. 
 
 
 



2. BIM FRAMEWORK PROPOSED METHOD: METHODOLOGY. 
 
2.1. BIM-based framework indoor acoustic performance 
 

A framework integrated in BIM is developed as a tool to enable an indoor 
acoustic optimization in the design process of buildings. This tool allows different 
agents to collaborate across the process of performance-based design. The information 
stored in the parametric BIM model is used to simulate the acoustic behavior of the 
interior space. The framework was developed on Autodesk Revit [13] (a software BIM 
tool) and visual programming software (Dynamo version 2.0.2) [14]. Fig. 1 shows an 
example of the operating mode of the proposed performance simulation tools using 
Dynamo software. 

 

 
Fig. 1. Example of visual programming software of the proposed performance simulation tool. 

Dynamo nodes and Python scripting were used in this study to create a 
simulation package for calculation of the reverberation time and the airborne sound 
insulation between rooms. As a part of the tool workflow, the Reverberation Time 
Simulation (RTS) package is developed to parametrically interact with Autodesk Revit 
in order to calculate the Reverberation Time value of each indoor spaced. Furthermore, 
the Airborne Sound Insulation Simulation (ASIS) package for parametric acoustic 
simulation between adjacent spaces were implemented. 

Both, RTS and ASIS packages, implement an automatic workflow that enables 
to simulate the acoustic performance accordingly to the parametric changes made into 
the BIM model. Designers can explore possible alternatives for optimizing acoustic 
performance based on the executions of the acoustic simulation. 

The geometry data, project information and acoustic properties of the 
construction materials stored in the model were used in the initial nodes of the 
workflow to create the acoustic simulation model. As a first approach, the created 
acoustic simulation package is only applicable to spaces contained on the same floor for 
the sake of simplicity. The building floor level is require as a user input by the 
developed package. The other variables (geometric and non-geometric) are extracted 
from the BIM model. Fig. 2 shows the diagram of the acoustic simulation process. 



 
Fig. 2. Diagram of the acoustic simulation process and developed software. 

 
2.2. Indoor acoustic analysis 
 

The acoustic performance includes the estimation of both, reverberation time 
and the airborne sound insulation. On the one hand, the reverberation time, �, of the 
room is calculated using Equation 1: � =  0.161 ∗ 	
  (1) 

 
where 	 is the room volume (m3), 
 is the total sound absorption of the room. 
Total sound absorption is calculated as in Equation 2: 


 =  � ∝,� �� + � 
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���

�
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where: ∝,� average acoustic absorption coefficient of each facing, for the third octave 
bands centered on the frequencies of 500, 1000 and 2000 Hz. �� facing area with coefficient of absorption ∝,� (m2). 
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On the other hand, the simplified model described in the EN 12354-1 standard 
has been implemented in order to calculate the the airborne sound insulation between 
adjacent rooms (Equation 3). ���,� = �′� + 10 !" #0.32	�& ' (3) 

Where: ���,� Standardized A-weighted sound pressure level difference within rooms,  	 Receiver room volume,  �& area of the separation element, �′� A-weighted apparent acoustic reduction global index. The �′� was 
calculated as in Equation 4: 
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Where: �4;,� A-weighted sound reduction index for direct transmission  �12,� A-weighted flanking sound reduction index for transmission path Ff  �42,� A-weighted flanking sound reduction index for transmission path Df  �1;,� A-weighted flanking sound reduction index for transmission path Fd  < stands for the number of flanking elements 
 
The sound flanking reduction index for each path was calculated using the 

following Equation 5: 

�42,� =  ��,� + ��,�2 + Δ���,� + >�� + 10 log �& *  2 (5) 

Where: ��� and ��,� are the A-weighted sound reduction index for the dividing or 
separating element and flanking elements, respectively.  �& is the separating element surface area.  �,� is the junction length between the separating element and flanking element. >�� is the vibration reduction index for the T junction. Δ���,� sound reduction index improvement by additional layers added to the 
separating element in the source room and/or receiving room 

 
2.3. Overview of the propose BIM-workflow 
 

The process of assessment the acoustic performance and obtaining feedback for 
taking a design decision was established in six consecutive phases. The process 
proposed in this section is shown in Fig. 3. In the first phase the BIM model is created. 
The design of the building and the construction elements are developed, as well as the 
setting up of the project information, materials and construction systems. The designer 
can create, modify or import from an external data base the acoustic properties of the 
building materials. This information would be then add into a list. 

 



 
Fig. 3. Diagram of the proposed workflow process  

In the second phase the zoning of the building is carried out. The typology of the 
areas is established according to their use. The designer defines the characteristics of 
each space (use, type of space, etc.). These variables are defined in a Revit interface and 
it is used to establish the relationships between adjacent spaces. All these data are used 
in the acoustic simulation. 

In the third phase, the geometric (enclosure dimensions, volume, etc.) and non-
geometric data (absorption coefficients, etc.) are extracted from the BIM model through 
the visual application of programming. In the fourth phase, the model calculates the 
characterization and quantification of the acoustic requirements according to the 
regulations using the prescribed construction elements. In the fifth phase, the simulation 
of the two programmed packages is carried out: 

 
1) the RTS package: this package performs the automatic calculation of 

reverberation time, depending on the spaces previously defined by the 
designer. Absorption coefficients are introduced manually or selected from a 
database. 
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2) the ASIS package: This package calculates the airborne acoustic insulation 
between two adjoining areas on the same level of the building model. 
Through the visual programming interface the elements of the model 
necessary for the calculation are selected. 

In the last phase, a visualization of the obtained results is shown in the BIM 
model. The feedback allows the designers to evaluate the results and to make decisions. 
At this phase, the designers can proceed in two ways: (1) if the acoustic performance is 
acceptable, so the process will end; (2) if the acoustic performance is not acceptable, the 
designer can modified the model in the Revit interface (improving the geometry of the 
space or acoustic material properties) and then re-evaluate the acoustic performance 
using this proposed tool. 
 
3. CASE STUDY FOR THE PROPOSED METHOD. 

 
A case of study was implemented to test the proposed framework. The BIM 

model of a building was designed to check out both, the RTS and the ASIS packages. 
Fig. 4 shows a floor plan of the building that carried out the analysis. In the first phase, 
the geometry of the building was modelled and the construction systems were selected 
according to the construction specifications of the project. In the second phase, the floor 
areas were defined by their uses (installation facilities, protected room, habitable room, 
etc.).  

 
Fig. 4a. Zonification. 4b. Visualization of different type of space level building model 

In the next phase the geometric and non-geometric data were extracted from the 
BIM model. The data are used as an input to determine the characterization and 
quantification of the minimum requirements established for each elements. Fig. 5 shows 
the data obtained at the end of this phase. 
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Fig. 5. Visualization of the requirements of acoustic insulation to airborne noise 

between rooms 

In the next step the reverberation time was calculated. This process is automatic, 
the program identifies the areas defined by the user and performs the analysis. The Fig. 
6 shows the schedule of the results obtained after the analysis. 

 
Fig. 6.Time reverberation results from RTS package 

Hereafter, the airborne noise isolation between areas was calculated. Through 
the interface of the program, the necessary elements for the calculation were selected. 
Fig. 7 shows an example of an element selection in the BIM model. Figure 8 shows the 
data obtained after the analysis. 



 
Fig. 7. Process for element selection to perform ASIS simulation. 

Finally, to test the obtained data from our proposed method, a simulation was 
carried out with the official software provided by the Spanish government (DB-HR 
software for Technical Code for Building Construction) to verify the results obtained. A 
variety of construction solutions and materials were tested in this process and the 
comparison shows that the obtained results from our scheme are similar to that provided 
by the official software with a difference range less than 1 %.  
 
4. CONCLUSION 
 
 The use of the BIM methodology together with the visual programming provides 
an essential tool for the use of the multiple data contained in the models. In this article 
we have proposed a framework for supporting a decision making process for designers 
and involved agents. It allows some basic acoustic parameters (reverberation time and 
airborne acoustic insulation) to be calculated in a first approach. Also, the tool provides 
an automatic check to the requirements and quantification of the building elements. 

The main advantages obtained by this proposal are: 1) reduced calculation time 
(reintroducing data is not necessary), 2) the results are visualized in the same design 
interface, 3) as the framework is integrated in the BIM software, errors due to the input 
of data from one software to another are avoided, 4) to evaluate a new solution, it is 
only necessary to change the construction element in the 3D model, 5) the results 
obtained are similar to other software applications. 

The authors think that this tool can contribute to get a better visualization of the 
analysis without exporting or regenerating the model in a different software. The system 
reduces the time required for the additional work and the possible errors that could 
result from this re-process. The visualization of the results in the same design 
environment of the projects provides a more global vision, allowing an optimization in 
the decision making process. 
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With regard to the results obtained in the case of study, the BIM methodology 
has been shown applicability to the field of acoustics during the early stages of design. 
Similar results are obtained using other tested calculation software. 
 Future lines of research will include the improvement of the BIM-based 
framework, adapting it to more complex geometries. Expansion of the calculation 
packages (impact noise and vertical transmissions and external noise), upgrading of the 
database of building materials and construction elements will be also be accomplished 
in future research work. 
 
5. ACKNOWLEDGEMENTS 
 

The work of Antonio Jesús Aguilar Aguilera and María Luisa de la Hoz Torres 
was supported by the Ministerio de Ciencia, Innovación y Universidades under an FPU 
grant and the Spanish Acoustical Society (SEA) Travel Grants for Young Acousticians. 
 
6. REFERENCES 
 
[1] I. Sarbu and C. Sebarchievici, "Aspects of indoor environmental quality 

assessment in buildings," Energy and buildings, vol. 60, pp. 410-419, 2013). 
[2] P. Pinho, M. Pinto, R. M. Almeida, S. Lopes, and L. Lemos, "Aspects 

concerning the acoustical performance of school buildings in Portugal," 
Applied Acoustics, vol. 106, pp. 129-134, 2016). 

[3] B. Berglund, T. Lindvall, D. H. Schwela, and W. H. Organization, "Guidelines 
for community noise," 1999). 

[4] J. Y. Jeon, J. K. Ryu, and P. J. Lee, "A quantification model of overall 
dissatisfaction with indoor noise environment in residential buildings," Applied 
Acoustics, vol. 71, no. 10, pp. 914-921, 2010). 

[5] J. K. Ryu and J. Y. Jeon, "Influence of noise sensitivity on annoyance of indoor 
and outdoor noises in residential buildings," Applied Acoustics, vol. 72, no. 6, 
pp. 336-340, 2011). 

[6] C. Wu and M. Clayton, "BIM-based acoustic simulation Framework'," in 30th 
CIB W78 International Conference, 2013, pp. 99-108. 

[7] G. K. Oral, A. K. Yener, and N. T. Bayazit, "Building envelope design with the 
objective to ensure thermal, visual and acoustic comfort conditions," Building 
and Environment, vol. 39, no. 3, pp. 281-287, 2004). 

[8] D. Bryde, M. Broquetas, and J. M. Volm, "The project benefits of building 
information modelling (BIM)," Int. j. proj. manag., vol. 31, no. 7, pp. 971-980, 
2013).  

[9] C. M. Eastman, C. Eastman, P. Teicholz, and R. Sacks, BIM handbook: A guide 
to building information modeling for owners, managers, designers, engineers 
and contractors. John Wiley & Sons, 2011. 

[10] Y. Tan, Y. Fang, T. Zhou, Q. Wang, and J. Cheng, "Improve indoor acoustics 
performance by using building information modeling," in ISARC. Proceedings 
of the International Symposium on Automation and Robotics in Construction, 
2017, vol. 34: Vilnius Gediminas Technical University, Department of 
Construction Economics. 

[11] "Código Técnico de la Edificación, Documento Básico HR Protección frente al 
ruido," Ministerio de Fomento, 2009). 



[12] ISO 12354-1:2017 Building acoustics -- Estimation of acoustic performance of 
buildings from the performance of elements -- Part 1: Airborne sound insulation 
between rooms, ed. 

[13] Autodesk Revit (2019). http://www.autodesk.es/products/revit-family/overview, 
[Online; accessed 28-February-2019]. .  

[14] Dynamo Version 2.0.2 (2019). https://dynamobim.org [Online; accessed 28-
February-2019].  

 


