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Abstract of Thesis

This research aims to extend the capabilities of the current BIM for aiding the evaluation of building
performance. This dissertation consists of seven chapters as follows:

Chapter 1 illustrates the background and objectives of this research.

Chapter 2 presents an overview of the concept of using BIM as the central data model for the analysis of
multiple purposes for building performance analysis, techniques, and the recent technologies that are used to
integrate with BIM to create new functionalities of BIM in relation to the evaluation of the performance of
buildings (i.e., thermal performance of building envelopes, indoor thermal comfort, and lighting design). The
literature review comprises the recent technologies that can be used to extend the capability of using the
existing BIM, the concept of BIM technology, visual programming technologies, and BIM’s Application
Programming Interface (API). Using BIM and game engine technologies for lighting simulations, integrating
sensing data with BIM, the literature related to thermal imaging, thermal performance, and thermal properties
of building envelopes, the required variables for evaluating the thermal performance of building envelopes, and
indoor comfort theories are also reviewed.

Chapter 3 presents the idea of connecting sensor data with a virtual BIM model and extracting physical and
thermal properties from the BIM database using visual programming technology. In addition, the proposed
system to integrate BIM with VR for an immersive VR system for interior and lighting design is also discussed.
This chapter also briefly discusses the different frameworks of the proposed methodology including the
contributions and a brief overview of each framework. It contains workflow summaries of the proposed
systems.

Chapter 4 elaborates on the proposed approach to use BIM-based environment data to facilitate the
visualization of the changes of thermal information of building surfaces and assessment of thermal comfort
conditions. The main focus of this chapter is on the integration of visual programming technologies,
thermographic images, sensing data, and BIM to create 4D thermal information for evaluating indoor thermal
comfort of buildings and visualize the location of heat leakages on the building envelopes. The applicability of
the system is validated in a real-world case study. The findings of the validation study and limitations of the
system are summarized.

Chapter 5 elaborates on the proposed approach for a BIM-based overall thermal transfer value calculation
system for a semi-automatic assessment of the Overall Thermal Transfer Values (OTTVs) of building
envelopes using thermal properties of building materials in the BIM database. Integrating BIM and a developed
visual script to automatically extract thermal and physical properties from the BIM database in order to provide
a real-time thermal transfer value calculation is presented. The proposed system was validated by a case study.

In  Chapter 6, a BIM-based lighting design feedback (BLDF) prototype system for realistic visualization
of lighting conditions and the calculation of energy consumption is proposed to provide qualitative and
quantitative outputs for lighting design by integrating BIM geometry information and immersive VR
environment to simulate the illumination of lights in buildings and visualize realistic VR scenes using
head-mounted displays (HMDs). The accuracy of the system is verified in a real-world building. This chapter
includes a case study to demonstrate the BLDF usage flow and how the proposed system can be utilized.

Chapter 7 summarizes the presented frameworks and the findings of the study and suggests
recommendations for future research.
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