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Abstract of Thesis

Quantity takeoff, a process in which building materials or work tasks are measured and calculated, is
traditionally performed based on 2D construction drawings. This traditional quantity takeoff requires manual
work and human interpretation, which are time-consuming and error-prone. The emergence of Building
Information Modeling (BIM) allows a new approach for quantity takeoff, called a BIM-based quantity takeoff.
All building elements are represented as digital models with data attributes, and hence the quantities of them
can be obtained directly from a BIM model. The BIM-based quantity takeoff is more reliable, accurate, and rapid
than the traditional quantity takeoff approach. However, the quality of BIM models affects the quality of BIM-
based quantity takeoff. Incomplete details and inappropriate modeling methods cause deviations in extracted
quantities. Compound elements, such as walls and floors, always face this issue because they contain multiple
material layers, which can have different sizes and compositions, and they also contain sub-components, such
as wall framings, that are usually absent from the BIM model transferred from the design phases. Furthermore,
overlapping regions of compound elements with other building elements result in excess material quantities.
Therefore, the compound elements must be inspected and edited after the design phases for quantity takeoff
and other construction tasks. Nevertheless, manual inspection and modification of each compound element are
time-consuming, cost-intensive, and error-prone.

This study developed three methods to improve BIM-based quantity takeoff for compound elements. The
first method improves the accuracy of the quantities of compound elements, which are walls and floors, by
integrating the concept of BIM-based clash detection to automatically subtract the overlapping quantities and
add the missing quantities of each layer of compound elements. The second method extends the first method to
automatically modify compound elements in BIM models by separating each layer of compound elements into
an individual model element and eliminating the overlapping regions of the compound elements. Accurate
material quantities for compound elements can then be obtained from the modified BIM models. The last method
proposes an alternative way to obtain the correct material quantities from compound elements in a BIM model
without modifying the BIM model. This method calculates quantities of sub-components, which are wall
framings of drywalls, and embeds them into the drywall properties in the BIM model. The quantities of sub-
components can then be extracted directly from the BIM model that does not contain these sub-components.

The prototype system for each method is developed using Autodesk Revit 2018.2 and Dynamo 1.3.3.4111.
The methods were validated by actual construction projects. All methods can improve the accuracy of material
quantities from the incomplete or incorrect compound elements in the BIM models. The execution time of the
prototype systems is much less than the manual modification time of the BIM models and the calculation time
of the traditional methods. Therefore, these methods can reduce the working time, cost, and human error
associated with the manual works. This research contributes to the understanding of the deviations of BIM-
based quantity takeoff when extract quantities from the incomplete or incorrect compound elements and to
develop the methods that can improve the accuracy and efficiency of the BIM-based quantity takeoff for

compound elements.
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