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Abstract

The advancement in technology and computer software has led to
the enrichment of architectural imagination and the realization of
innovative building envelope designs that surpass traditions and previous
technological limitations. Computer modeling software, simulation tools,
and digital manufacturing techniques have contributed to a profound
shift in design thinking and methodologies, opening doors to new
creative breakthroughs and inventive architectural forms in facade
design. The research reviewed several studies that focused on digital
design of building envelope, revealing a diverse array of resulting
configurations predominantly characterized by parametric patterns.
These configurations are generated using various shaping techniques and
diverse algorithms. Building upon these insights, the research problem
emerged due to the absence of a clear concept concerning the
characteristics and algorithms responsible for the formal diversity in
contemporary building envelopes generated from parametric patterns.
Consequently, the research aimed to investigate these characteristics
and define the algorithms that could be utilized for the digital
generation of these envelopes.

To achieve the study's objective, a qualitative experimental approach
was adopted in three stages. In the first stage, the research conducted a
thematic analysis of literature to identify the formal characteristics of
contemporary building envelopes responsible for diversity in parametric
patterns, as well as to define the algorithms that generate them. In the
second stage, the research utilized a qualitative descriptive analysis
method to investigate the various formal characteristics in twenty real-
world designs of contemporary building envelopes. In the third stage, the
research employed an experimental approach using the Grasshopper



plugin of Rhino software for the visual simulation of algorithms to
derive ten realistic designs of contemporary building envelopes.

Finally, the research conclusions justified the formal diversity of
contemporary pattern designs, primarily resulting from the capabilities of
parametric method in exploring formal options more extensively. It also
highlighted the role of computerised tools in facilitating the design
process and providing the potential for developing complex and
attractive architectural forms and patterns. The diversity in contemporary
designs is specifically attributed to the incorporation of formal references
for their patterns, drawn from outside the realm of architecture. The
utilization of three-dimensional elements to compose the envelope's
pattern, was subject to transformation algorithms that effectively
contribute to producing various envelope formations. In addition, the use
of color-changing lighting plays an important role in the visual
diversification of the envelope elements. Mostly, the components
forming a single pattern are identical and unmovable. This can be
attributed to cost reduction in execution compared to Kinetic or color
changing elements.

Consequently, the study's significance becomes evident in
determining the characteristics of building envelopes and the steps
pursued in producing new or similar envelopes for real-world building
designs. This includes the possibility of making modifications to the
parametric pattern of the original design to create envelopes that differ
somewhat from the original. The parametric algorithmic approach allows
for generating numerous design choices by altering parameters during
the generation phase or utilizing transformation rules. Moreover, it
enhances design efficiency through the optimization of performance
criteria and rationalization measures.

Keywords: Building Envelopes, Design Algorithms, Digital Design,
Parametric Patterns, Envelope Transformation Algorithms.



