S. Chien, S. Choo, M. A. Schnabel, W. Nakapan, M. J. Kim, S. Roudavski (eds.), Living Systems and
Micro-Utopias: Towards Continuous Designing, Proceedings of the 21st International Conference of the
Association for Computer-Aided Architectural Design Research in Asia CAADRIA 2016, 209–218. © 2016,
The Association for Computer-Aided Architectural Design Research in Asia (CAADRIA), Hong Kong.

TOWARD THE WIND-RELATED BUILDING PERFORMATIVE DESIGN
A wind-related building performance optimization design system integrating Fluent and Rhinoceros based on iSIGHT
LIKAI WANG, ZILONG TAN and GUOHUA JI
Nanjing University, Nanjing, China
DG1436002@smail.nju.edu.cn, zhiaixu2010@gmail.com,
jgh@nju.edu.cn

Abstract. The integration of optimization algorithms and building
performance simulation tools make it possible to carry out performative design or performance-driven design, which aims to guide the design synthesis process of the simulation results to continuously improve the design. However, the associated research work of windrelated building performance is still deficient, resulting from lack of
applicable interface and the time consumption. Meanwhile, in the industrial design realm, the aero-dynamics or fluid-dynamics behaviour
of the production under development has been vastly analysed and optimized based on the multi-discipline optimization (MDO) techniques.
Owing to offering numerous built-in interface and integrated optimization algorithm, MDO application software has begun to be used in
building optimization design with the complex relationship between
various objectives. With the advantage of MDO tools and aimed to
provide an efficient optimization approach from the perspective of architect, this paper proposes a wind-related building performance optimization design system integrating Rhinoceros and Fluent based on
iSIGHT - a MDO application software. In addition, the lighting performance is considered in this research as well for implementing the
multi-objective optimization. Two case studies of tall building optimization design based on varied generative approaches are introduced to
investigate the effect and efficiency of this system.
Keywords. Performative design; wind-related building performance;
MDO; parametric generating design.
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1. Introduction
Digital building performance simulation tools let architects and engineers
undertake performance-based design at different design stages. The development of heuristic searching or optimization algorithms makes it possible
to carry out performative design (Kolarevic and Malkawi, 2005; Oxman,
2009) or performance-driven design, which aims to guide the design synthesis process of the simulation results to continuously improve the design.
Many studies conducted on this approach intended to assist architects to dig
up the environmental potential of design scheme (Nguyen et al, 2014). As
research continues, offering user-friendly application and efficient optimization approaches from the perspective of architect is becoming a dominant
trend in this area (Shi and Yang, 2013).
However, in the associated research field of wind-related performance,
related work is still deficient, resulting from the time consumption and lack
of applicable interfaces. Recently, based on the solver approximation (Chronis, 2011; Karagkouni et al, 2014) or solution approximation (Wilkinson and
Hanna, 2014) several studies have been conducted to investigate the windrelated performance behaviour of varied building configurations. The intention of these two kinds of studies is either to balance the time-accuracy issue
or to predict the predefined performance by machine learning approach alternatively. However, such studies conducted mostly focus on the methodology exploration, which are for the academic purpose rather than real-world
application. Therefore, the resulting complicated approaches are also hard to
use in design practice or to be further developed by most architects. To conclude, there is still a large unexplored research space in the field awaiting
further investigations.
In the field of industrial design, the approach based on multi-discipline
optimization (MDO) aimed at improving the aero-dynamics or fluiddynamics performance of the productions under development has been widely applied. To offer an efficient tool for user to perform the optimization,
MDO tool equips numerous built-in interfaces to connect with some simulation programs and CAD/CAE tools, and they have powerful functions of
analysis and optimization. As integrated with CFD simulation tools, some
advanced MDO tools, iSIGHT for example, can perform the wind-related
performance optimization design for different realms. Recently, to tackle the
more complex design problems with complex relationship between multiple
objectives, MDO tools also have begun to be employed in building performative design. Hence, by integrating with specific simulation tools and
running the optimization process, MDO tools can be used to support decision making in architectural design (Gerber et al, 2012).
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With the advantages of MDO tools, this paper proposes a wind-related
building performance optimization design system based on iSIGHT. By integrating with Rhinoceros and Fluent, the presented system can offer an efficient way to assist architects to design a building with excellent wind-related
environmental fitness in the conceptual design stage. In addition, the presented system characteristic of extensible, which enables it to optimize the
design with multiple objectives, and, therefore, the lighting performance,
evaluated by DIVA which is a lighting performance simulation tool of Rhinoceros, is considered in this research as well.
2. System framework
Typically, an optimization system is comprised of generating, evaluation and
selection. Following this basic framework, Figure 1 shows a diagram of the
framework for the presented optimization system to link the generating design tool (Rhinoceros) to the performance simulation programs (Fluent and
DIVA). iSIGHT is connected with both of them to automatically generate
new sets of input variables and perform selection based on the evaluation results. The ranges of parameters are provided to the input variables and the
objectives are defined to guide the algorithm to optimize the design. Based
on the above system framework, an automatic testing workflow is to be established to enable the wind-related and lighting building performances optimization.

Figure 1. System framework.

Rhinoceros is chosen as the generating design platform in this system due
to its familiarity to most architects. To establish a dynamics generative design system, the parameterized generating code file is scripted in RhinoPython, which is gaining popularity among the users of Rhinoceros. The correspondent model is generated and exported in IGES format file in the specific
directory. For the sake of the CFD software can correctly identify the varied
model, the different parts of the model will be named (like IN, OUT, WALL,
BUILDING) and exported separately according to the allocation of boundary
condition in CFD simulation.
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The given building performance simulations can be performed based on
the above generated model. The working flow of CFD simulation will be
recorded in the specific format files, which will be loaded to guide the relevant programs to conduct the given jobs including meshing, simulation and
result output. In addition, the command to call DIVA to perform simulation
and result output is also scripted in RhinoPython.
After the above works have been done, iSIGHT will be configured to
connect these programs for establishing the automatic testing workflow. Although the employed programs cannot be directly integrated with iSIGHT,
one can conveniently write a batch file with DOS Command lines to link
these programs to iSIGHT. By loading the customized batch files, iSIGHT
can drive the connected programs to conduct the appointed jobs. To implement the dynamic change of generated model, iSIGHT will reassign the value of parameters in the generating code by varied input variables before generating process. The result file outputted by simulation programs will be read
by iSIGHT, and the contained performance index values will be restored and
then evaluated by the optimization algorithm.
After properly configuring the parameters setup in iSIGHT and getting
ready the abovementioned support files, the automatic testing workflow as
illustrated in Figure 2 can be established. Based on this workflow, the optimization process can be performed by running it iteratively. First, a selected
optimization algorithm of iSIGHT generates sets of input variables as the
genes of initial generation in the optimization process. By sending them
asynchronously, iSIGHT drives the connected programs to perform the
modelling and simulations one set at a time. As the instances generated from
these sets are all tested, the performance index values will be evaluated and
the crossover and mutation will be performed by optimization algorithm.
Then, the optimization algorithm will generate new sets of input variables
and a new iteration step will be started. After reaching the maximum iteration steps or achieving the convergent criteria, iSIGHT will report and output the optimization result.

Figure 2. Workflow.
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3. Case study
Optimizing or improving the performance of tall building has been the subject of several studies (Gerber, 2012; Wilkinson and Hanna, 2014). In this
section, two case studies on tall building design and characteristic of different generative design systems are introduced. Respectively based on parametric and rule-based model, these two generative design systems are used
in investigating the effect and efficiency of the presented optimization design system under the different generative approaches characteristic of continuity or discontinuity.
In the case studies, passive cooling is taken as the only overall objective
in this paper for simplifying the environmental consideration, and the meteorological condition is based on Nanjing, China. Wind load is considered an
important aspect in tall building design (Wilkinson and Hanna, 2014). The
excessive surface wind pressures on a tall building will cause many hazards
to its safety and utility. Therefore decreasing the absolute value of average
surface wind pressure (ASWP) is taken as the main objective in the case
studies. Additionally, reducing the average surface solar irradiance (ASSI) in
summer, which is evaluated by DIVA, is taken into account as well, to decrease the energy load of air conditioning by reducing the heat gaining.
3.1. GENERAL SETUP
In CFD-based optimization, time consumption is a significant problem,
which should be elaborately managed. To control the time span of optimization process, two measures are adopted in this research. First, a loose precision setup is employed in CFD simulation to ensure the convergence can be
achieved in a less iteration steps. Second, a relatively small population size
of optimization is adopted, which can roughly fulfil the completeness of optimization for the employed algorithm of this research (Hu et al, 2013).
In the following case studies, the multi-island genetic algorithm (GA), an
evolutionary-based algorithm is chosen as the optimization algorithm (Hu et
al, 2013). Based on this algorithm, the feasible domain of parameters is first
divided into several “islands” each optimizing by its own. Then the elite
genes are migrated among the islands iteratively during the whole optimization process. This mechanic can avoid the phenomena of “premature”, which
usually occurs in simple GAs. The identical setups of multi-island GA are
adopted in both cases. The rate of crossover is 1.0, the rate of migration and
mutation is 0.1, the number of generation is 12, and the number of islands
and sub-population size is 10. In addition, the default setup is used in other
parameters. Based on the above parameters setup, there are 1200 individuals
going to be tested in each optimization process.
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3.2. CASE STUDY 1
The first case study is a curvilinear building shape optimization design of an
ellipse planed tall building. The purpose of this case study is to find an improved building shape under the basic design prototype without intervention
of subjective design intentions. The shape of the tested building is generated
by lofting from 6 identical ellipses in the given heights (Figure 3a). By rotating these ellipses in the given angles (Figure 3b), the building shape will be
varied depending on different combinations of these angles (Figure 3c).
Meanwhile, to avoid the phenomenon of a generated shape with excessive
twist, the seams of these ellipses have been adjusted before lofting. The rotation angles (ra1-ra6), range from -60 to 60 degrees, act as the input variables
in the optimization process.

Figure 3. Generating method.

Before running the optimization design of the objectives of ASWP and
ASSI, two tests respectively aimed at these two objectives are conducted
separately. Figure 4a and 4b shows the graduated improvements (from left to
right) in both tests. From the result coming from the test guided by ASWP
(Figure 4a), one can observe that the performance index values are decreasing while the building shape approaches a stream line form but still with a
certain degree of twist. The fittest shape does not match the empirical conceived one similar to the original shape with 0.555Pa in ASWP whose rotation angles are all 0. In the ASSI-oriented test (Figure 4b), the fittest shapes
have an indistinctive but identifiable trend of self-shading forms along with
the decreasing of ASSI. The different morphologic trends also demonstrate
that it is less possible to achieve an impeccable solution in real-world design
when facing a trade-off relationship with various considerations.
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Figure 4. Optimization results.

Figure 4c shows the optimization result instructed by the objectives of
ASWP and ASSI. Because this optimization design is a multi-objective one,
a Pareto set – a list of optimal solutions - is obtained after implementation.
The two ends in this set respectively represent the best solutions from the
consideration of ASWP (right) and ASSI (left). Between these two ends, a
series of shifting instances with improved performance from ASSI to ASWP
(from left to right) have been identified as well. A clear morphologic tendency similar to the result of first two tests can also be observed.
In the first case study, the feasibility of the presented optimization system
has been primarily tested, where the shape is driven into an intelligible and
reasonable form from the chaotic ones in the initial stochastic searching
phase. The optimization results demonstrate that using such a system integrating with the proper generative approach, one can find a shape not only
with excellent environmental fitness but also with a practicable morphological sense, considering the architectural design. Moreover, the morphologic
feature of these optimized building shapes also reveals the fact that the
building shape characteristics of better environmental performance are hard
to generalize or achieve through the known rules of thumb.
3.3. CASE STUDY 2
The second case study is a configuration optimization design of a tall building with a separated podium within a 150×150 m2 square. Different from the
previous case study, a generative design system of rule-based model is employed in this scenario. By containing different generative rules all in itself,
the generative design system features discontinuity.
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The generative design system is a four-quadrant based generative method
(Table 1). The square lot is first divided into 4 pieces by the controlled
points on each side of it, whose parameters range from 0.2 to 0.8 as the domain of each side is 0 to 1. The purpose of such restriction is to avoid extreme imbalance between the areas of these shapes. By comparing the areas,
the biggest one (rule #1 and rule #2) or the biggest two (rule #3 and rule #4)
of these 4 pieces will be selected to generate the tower or towers with square
plans. The width is determined in a fixed ratio to the area of the piece where
it stands and building height is no higher than 200 meters. Meanwhile, in the
circumstances where there are two towers, an area distribution ratio range
from 0.3 to 0.7 will be given to differentiate between building volumes. After that, according to the corresponding generative rules and the spatial relationship between the left pieces, a podium in 5-storey-height and in L (rule
#2) or I shape (rule #1 and sub rule #3.2), or no podium in some other circumstances (rule #4 and sub rule #3.1), are generated. The dimensions of
podium are related similarly to the pieces where it stands. In this generative
design system, the rule index number, the parameters of the controlled points’
position and the areas distribution ratio are taken as the input variables.
Table 1. Generative design system.
Rule #1

One tower with
an I shape
podium

Rule #2

One tower with
a L shape
podium

Rule #3
Sub rule #3.1

Sub rule #3.2

Two tower without
podium if the towers in the adjacent
quadrants

Two tower with an I
shape podium if the
towers in the adjacent quadrants

Rule #4

Two towers
without podium

Based on this generative design system, some constraints have been defined to control the generated instances to have a reasonable architectural
sense, including the minimum storey height (≥ 3.3m) and the minimum
building spacing between tower and podium (≥ 9m). In addition, maximum
absolute value of surface pressure (< 33Pa) is also taken as constraint.
During the optimization process, there are 15 instances that were punished by excessive maximum wind pressure and 45 instances that did not
satisfy the minimum building spacing or minimum storey height. By carefully inspecting and analysing the resulting Pareto set (Figure 5), some basic
inferences can be drawn. Concerning the aspect of ASWP, the instances with

WIND-RELATED BUILDING PERFORMATIVE DESIGN

217

lower building heights and less windward areas should be better than the
higher ones, because the wind pressure will increase along with the altitude.
While in the aspect of ASSI, the instances with less south-facing surface area
or mutual blocking of sunlight between buildings will perform better. Thus,
the reason is highlighted why the rule #1, #4 and sub rule #3.1 in Table 1 are
eliminated in the optimization result for having a larger area either on the
windward side or on the southward side or both under the same gross floor
area requirement.

Figure 5. Optimization result.

As demonstrated in the second case study, the feasibility of the presented
optimization system has been further investigated. Due to the factor of varied generating rules, the corresponding optimization result means much
higher practicality to architects in decision making during the initial stage of
design. The result is more of a list of optional promising design strategies
rather than merely a set of references. By offering architects a comprehensive perception of the environmental behaviours between various building
configurations under the given conditions, the result can facilitate architects
with a better awareness of the advantages and disadvantages of environmental performance among different design strategies.
4. Conclusion
Based on iSIGHT, this paper presents a wieldy building wind-related and
lighting performance optimization design system, which can potentially
stimulate the development of performative design. Significantly, the optimization system and generative approach can be easily established without advanced scripting or programming knowledge. Additionally, a more convenient approach taking Grasshopper as the generating platform is available as
well. However, this approach has not been adopted in this paper, as it would
cost more time in the generating process.
The two case studies show the effect and efficiency of the presented optimization system, where the optimization results are cognitive and rational.
Although, the convergence is not achieved in both case studies resulted from
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the limited iteration step, the clear morphological tendencies can be distinguished from the optimization results. Additionally, while the trio of the time
consumption, the accuracy of performance simulation, and the completeness
of optimization have been elaborately balanced, the CFD-involved optimization processes still take 6-10 days in the case studies. However, on the bright
side, with the development of processing ability of computer, the time span
of optimization process will be predictably reduced in the future, and such
approach will be more practicable in real-world application.
Concluded from this research, a reciprocal conversation between form
and performance can be strengthened by making the environmental adaptability to become a driving factor in form-finding process. The possibility of
architectural design may be enriched by the information provided from the
performance attribute of building.
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