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ABSTRACT 

Multizone airflow analysis is an important tool for 

analyzing the performance of a building from the 

perspective of ventilation, contaminant transport, and 

indoor air quality. However, many airflow modeling 

and simulation applications such as CONTAM do not 

allow for easy input of previously developed model 

contents, which hinders their effectiveness. 

Consequently, in the current practice engineers 

commonly need to rebuild a multizone model of the 

target building, although the majority of the required 

information has been already produced and available. 

This is time consuming and may result in differences 

between the original model and the analysis model. In 

order to successfully implement the integrated building 

design process using a Building Information Model 

(BIM) to address the deficiencies, this paper presents 

processes to illustrate detailed workflows along with 

key decision making points, and exchange requirements 

identified within the processes. This efforts facilitates 

the implementation of BIM into an integrated building 

design process by contributing to the automation of 

information extraction from the BIM model and 

generation of its airflow analysis model.  

 

INTRODUCTION 

In the process of conducting building performance 

simulations, the majority of time is in preparing input 

data (Bazjanac 2001). In particular, for energy 

performance simulations, up to 80% of the input 

preparation effort is used for defining building 

geometry (ibid). The geometry model of the target 

building for the analysis, however, is often created by 

other disciplines such as its architectural designer and 

most information needed for the simulation is already 

available. One of the crucial factors for the analysis 

engineer to spend the extra time on reproducing the 

same information is the lack of mechanisms for 

efficient information exchanges between different 

disciplines. Traditional methods of information 

exchanges for engineering analyses are mostly file-

based. Engineers manually compile necessary 

information and reproduce information to make it 

suitable for the specific applications they use. Common 

challenges in the traditional method of information 

exchange include 1) fragmented work environment and 

diverse participants in different disciplines, 2) use of 

different tools for design authoring, analyses, planning 

and management, and consequently 3) different 

representation models and formats of information. 

These challenges may result in duplication of effort, in 

which the engineer spends time on the reproduction of 

the building model in additional formats, and opens up 

an additional pathway in which models meant to 

represent the same building may result in 

unintentionally different from each other.  

Equally important is the possible loss of portions of the 

information set during the conversion process from one 

representation to another (e.g., a proprietary data model 

to another proprietary model, a proprietary model to an 

open standard model, and between two different open 

standards (such as IFC and gbXML). To address this 

challenge, Information Delivery Manuals (IDM) and 

Model View Definitions (MVD) have been developed 

for information exchanges using standard data models 

such as IFC in standardized formats. Several IDMs and 

MVDs have been developed and proposed for approval 

as standards, including 3D Coordination View Version 

2, Architectural Design to Building Energy Analysis 

and Architectural Design to Quantity Takeoff for Cost 

Estimating.  

Multizone airflow analysis helps design teams evaluate 

or predict  the performance of a building from the 

perspective of intentional and unintentional air 

movement within the building and the effects that this 

movement has upon indoor air quality. This multizone 

airflow analysis is one of the key analyses conducted in 

the design phase of energy efficient building project, 
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and there is room for further improvement in the 

efficiency of the simulation process by properly 

addressing the challenges.  

To successfully implement building design process 

using the BIM concept and help improve its efficiency 

and develop an accurate analysis model, this paper 

presents detailed workflows and information exchanges 

between conceptual architectural design and airflow 

analysis. The processes illustrate detailed workflows 

showing activities that the design team and the owner 

perform to evaluate or predict the airflow performance 

of the target building and the sequence of activities 

along with key decision making points. A set of 

information exchange requirements is developed and 

can be documented as an Information Delivery Manual 

(IDM)/Model View Definition (MVD) as a step toward 

the standardization of airflow-related information 

exchanges. The multizone airflow simulation tool 

considered in this paper is CONTAM, which is a freely 

available application for multizone airflow analysis 

developed and supported by U.S. National Institute of 

Standards and Technology (Walton and Dols 2010). 

 

BACKGROUND/RELATED WORK 

Since the mid 1990s, Industry Foundation Classes (IFC) 

has been developed to represent abstract concepts and 

physical building assemblies, and support standardized 

information exchanges to achieve interoperability 

amongst tools vendor-independently throughout the 

lifecycle of facilities. Although there is not a significant 

amount of research outputs produced for information 

exchanges between BIM authoring tools and airflow 

analysis tools since then, a couple of computing 

systems have been developed. In particular, Basarkar 

and Swami (2006) developed and tested an IFC to 

CONTAM Translator entitled fsIFCCTM to create an 

input file for CONTAMW. They compared and 

presented IFC entities that correspond to CONTAM 

elements. However, further investigation is needed at 

the property level in order to identify specific attributes 

to generate a CONTAM input file. In a related effort, 

Dols et al (2009) used a special-purpose translator to 

translate a particular building into a CONTAM model. 

This model was then used to study bio-sampling 

strategies. Expanding the considered application area to 

the broader application area of energy-related 

simulations, there are many other tools. For example, 

Bazjanac and his research team developed a tool to 

generate an IDF file from a BIM model in IFC and run 

energy simulations (Bazjanac 2010, Bazjanac and 

Maile, 2004). As another example, Karola et al. (2001) 

developed BS-Pro COM server used as a middleware to 

handle IFC files. This paper describes a process for 

information exchanges that builds upon these previous 

efforts to specifically address the airflow modeling 

problem. 

 

PROCESSES 

Architectural Concept Design to Airflow Analysis 

Process  

In order to effectively support airflow analysis and 

associated information exchanges, it is necessary to 

understand the processes involved. A process is 

developed that shows activities that the design team and 

the owner perform to evaluate the airflow performance 

of the target building and the sequence of activities 

along with key decision making points and information 

exchanges (Figure 1). Five core activities are identified 

including one sub-process and two decision making 

points. In addition to reference data objects, the process 

has two exchange requirements: airflow simulation 

inputs and its results. This paper presents the first 

requirements. The following are short descriptions of 

each activity defined in the process: 

 

Prepare/Adjust BIM for Airflow Simulation: Given the 

architectural BIM model, the design team prepares 

and/or adjust the model for airflow simulation. This is a 

sub-process and further details are discribed later in this 

section.  

Generate Airflow Simulation Input File: The design 

team generates an input file for the specific airflow 

simulation tool using the BIM information obtained 

from the previous activity. At this stage, the BIM 

information can be imported into a model checker to 

see if all the information items specified in the 

exchange requirements are present and also check if all 

the information is valid. Then, the team updates the 

input information by adding missing data needed to run 

airflow simulations to meet the specific simulation 

objectives. Examples include weather data and 

contaminant data. Once all the information is collected 

and inputted, the input file is generated.  
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Run Airflow Simulation: The team runs a series of 

airflow simulations based on the objectives and the 

specific method.  

Review Simulation Results: The design team checks to 

see if the results are accurate and meaningful to 

evaluate the performance of the target building design 

from the perspective of airflow-related design metrics 

specified in the objectives. If so, the results are 

submitted to the owner for approval. If not, the results 

are analyzed to correct input data and analysis 

procedures. 

Submit Results for Review/Approval: If the simulation 

results are satisfactory, the design team generates a 

report with the results and submit it to the owner for 

their review and approval. The report includes the 

building design and simulation results.  

Evaluate Airflow Performance, Operating Costs, 

Capital Costs: The owner evaluates airflow 

performance and estimate costs. If the in-house 

technical staff or consultant conducted another set of 

simulations, both of the results can be used for this 

evaluation. 

Produce Design Feedback: The owner documents 

opinions on the design. If internal simulations are 

conducted, their results may be compared with those 

from the design team and the comparison results are 

also documented. The feedback with the owner’s 

approval or rejection decision is then sent to the design 

team. 

Prepare/Adjust BIM for Airflow Simulation 

Subprocess 

Figure 2 depicts the sub-process that aims to define a 

detailed workflow for customizing the BIM to meet the 

objective and the method of the specific airflow 

analysis. The sub-process consists of four activities and 

one decision-making point. The output of the sub-

process is a set of BIM data that satisfies the exchange 

requirements specified in “ER_Airflow Simulation 

Inputs.” The following are short descriptions of each 

activity in Figure 2:  

Modify BIM Design/Geometry: The design team 

modifies/revises the architectural design BIM of the 

target building based on the objective of the airflow 

simulation and the analysis method selected to best 

meet the objective. 

Create/Modify Spaces: A space represents an area or a 

volume of certain functions. Once the modification of 

the BIM geometry and inputting properties of building 

assemblies are completed, the design team 

creates/defines spaces in the building according to the 

design intent and/or the functional requirements. 

Create/Modify Zones: Depending on the analysis 

objective and the method, the team creates zones out of 

the spaces. A zone is a single space or a group of spaces 

that have the same functional characteristics from the 

perspective of airflow performance. When zoning is 

completed, the BIM information is generated, which 

should contain all the items specified in the 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Airflow Analysis Process 
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“ER_Airflow Analysis Inputs.” 

Validate BIM for Airflow Analysis: Once creation 

and/or modification of BIM information is completed, 

the team validates the BIM to ensure that the outputs 

fulfils the requirements. A model checker can be used 

for this validation. 

 

INFORMATION EXCHANGE 

REQUIREMENTS  

We identified information items that can be obtained 

from a BIM model by comparing CONTAM input data 

and attributes defined in IFC. Based on the work 

conducted by Basarkar and Swami (2006), we went one 

step further and compared CONTAM input data with 

attributes of IFC entities. The identified attributes were 

then compared to existing IDMs and MVDs including 

the energy analysis IDM and MVD (Welle and See 

2011). We then documented the results in a series of 

tables (Tables 1 through 5). Table 1 lists common 

attributes of the entire entities. All the children entities 

inherit the attributes. Table 2 lists attributes at the 

Project and Building entities. Similarly, Tables 3 

through 5 shows attributes of Space-related entities 

(Table 3), Building Assembly-related entities (Table 4), 

and Mechanical System entities (Table 5). Furthermore, 

Figure 3 is an UML Class diagram of building 

information that shows building information entities 

and their relationships in a visual format.    

 

 

Table 1 Common Information from Root Object 

TYPE OF 

INFORMATION 
INFORMATION NEEDED 

Root Identification 

Owner/Client information 

TYPE OF 

INFORMATION 
INFORMATION NEEDED 

Name 

Description 

 

 

Table 2 Project/Building Information 

TYPE OF 

INFORMATION 
INFORMATION NEEDED 

Project Model Author 

Project Units 

Geometric Representation Context – True North 

Buildings in Spatial Container 

Sites in Spatial Container 

Site Longitude 

Latitude 

Site Reference Elevation 

Local Absolute Placement 

Shape Representation – Boundary 

Representation and/or Bounding Box 

Building Building Datum Elevation 

Building Occupancy Type 

Number of Storeys 

Building Energy Target 

Building Gross Floor Area 

Object Local Relative Placement 

Object Local Absolute Placement 

Building Stories in Spatial Container 

Spaces in Spatial Container 

Building Stories Building Storey Elevation 

Is building storey above grade (Yes/No) 

Building Storey Height 

Local Relative Placement 

Building Stories in Spatial Container 

Spaces in Spatial Container 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Prepare/Adjust BIM for Airflow Simulations Sub-Process 
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Table 3 Spatial Information 

TYPE OF 

INFORMATION 
INFORMATION NEEDED 

Space Space Interior or Exterior? 

Space Datum Elevation 

Space Height 

Space Gross Floor Area 

Space Net Floor Area 

Space Type 

OCCS – Construction Entities by Function 

Spatial Zone Assignment 

Spatial Occupancy Assignment 

Occupancy Schedule Assignment 

Lighting Schedule Assignment 

Equipment Schedule Assignment 

Local Relative Placement 

Shape Representation 

Space Boundaries Planar Space Boundary 

Circular Arc Space Boundary 

Link to Building Storey 

Spatial Zone Spatial Zone Type 

Spatial Zone Assignment 

HVAC System Schedule Assignment 

 

 

Table 4 Building Assembly Information 

TYPE OF 

INFORMATION 
INFORMATION NEEDED 

Wall Wall Construction Type 

Internal or External? 

Wall Height 

Wall Length 

Wall Thickness 

Uniformat Classification 

Local Relative Placement 

Shape Representation – Bounding Box 

Building Element Voiding 

Connectivity – Connected Walls 

Connectivity – Connected Slabs 

Space Boundary 

Door Property Set – Door Construction Type 

Property Set – Door is Internal/External? 

Property Set – Door Composite Thermal 

Transmittance 

Door Type Definition 

Shape Representation 

Building Element Voiding 

Door Fills Opening 

Building Element in Spatial Container 

2nd Level Space Boundary – Planar Space 
Boundary 

Window Property Set – Window Construction Type 

Property Set – Window is Internal/External? 

TYPE OF 

INFORMATION 
INFORMATION NEEDED 

Property Set – Window Composite Thermal 
Transmittance 

Window Type Definition 

Window Material List 

Local Relative Placement 

Shape Representation 

Building Element Voiding 

Window Fills Opening 

Building Element in Spatial Container 

2nd Level Space Boundary – Planar Space 

Boundary 

 

 

Table 5 Mechanical System Information 

TYPE OF 

INFORMATION 
INFORMATION NEEDED 

Mechanical System Type Identification – Mechanical Systems 

Systems Aggregation – HVAC Systems in 

Mechanical Systems 

System Services Spatial Elements 

HVAC System Type Identification – HVAC System 

Uniformat Classification 

System Aggregation – HVAC System in 
Mechanical System 

System Services Spatial Elements 

 

 

MODEL VIEW DEFINITION 

From the information exchange requirements, a set of 

concept diagrams and binding diagrams to IFC 2x3 

corresponding to each building entity were developed. 

Figure 4 shows an example binding diagram of the 

Building Story entity.  

As the requirements were documented based on the 

energy analysis IDM, we adapted the MVD for 

Building Energy Analysis (See 2011) for this 

development. We compared the specific information 

items in each table with the concepts in the 

corresponding diagram of energy analysis MVD. The 

comparison results reveal that the energy analysis MVD 

has all the concepts that correspond to the information 

items of the exchange requirements identified for 

airflow analyses. Thus, we developed a set of MVD 

diagrams for airflow analyses as a subset of the energy 

analysis MVD, which can better achieve compatability 

amongst many other energy-related simulation tools.  
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Figure 3 Building Information Class Diagram 
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Figure 4 MVD Binding Diagram Example 
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CONCLUSION 

This paper presented processes and information 

exchange requirements for multizone airflow 

simulations. Detailed workflows of the design team and 

the owner with key decision points were developed. In 

the processes, information exchange requirements for 

the input data were identified and MVD concept 

diagrams and binding diagrams with IFC 2x3 were 

developed. This effort is expected to contribute to 

facilitate the implementation of BIM into an integrated 

building design process using open standards. In 

addition, one can expect significant reduction in the 

design hours required to develop a multizone airflow 

model, which enables the design team to evaluate more 

design alternatives within a given design time period, or 

it enables an analysis which previously had not been 

performed. Future work includes the identification and 

documentation of specific information items of “ER_ 

Airflow Analysis Outputs,” conducting a series of 

formal verification tests, and formalizing into 

Information Delivery Manual and Model View 

Definition as a step toward standardization of airflow-

related information exchange. Development of an initial 

implementation of the process described here is 

currently under way with positive results thus far. Once 

the standardization process is complete, it will be 

possible for software developers and vendors to 

implement these exchanges.  
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