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Nathan Miller is an associate and design leader at
NBBJ. Nathan's professional background combines
experience in construction, leadership on international
designs, and expertise in applied computation.
Nathan's portfolio of work includes international

high rise projects, master plans, and corporate
headquarters. His projects make extensive use of
customized computational tools for analyzing user
efficiency, coordinating complex site criteria, and
designing high-performance architecture with
environmental simulation. Nathan has been also been
leading NBBJ in the development and implementation
of computational systems for maximizing production
efficiency and increasing building performance.
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Abstract

NBBJ projects will be used to showcase a variety of customized computational tools for
different aspects of high rise design in the early stages of the design process. This paper will
describe the capabilities for tools for master planning high-rise developments, analysis of
internal organizations, and feedback loops for creating high-performance fagade systems. By
augmenting the BIM design and delivery process, parametric scripting and simulation tools
are enabling NBBJ teams with the ability to rapidly explore tower designs with unparalleled
efficiency and precision in the earliest stages of design. With the power of computation,
teams are now capable of discovering new innovative solutions based on criteria for energy,

constructability, and aesthetics.
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Introduction

Parametric frameworks and customized
computational processes have become an
essential component of NBBJ's design and
delivery workflow. The primary role of these
emerging capabilities has been to aid the
designer in navigating uncertain aspects of
an architectural concept and progressively
build rigorous, multi-variable frameworks for
decision making. This trajectory ultimately
leads to the rapid evolution of flexible
information models with embedded
performance criteria and capabilities for tying
into the BIM documentation and delivery
process.

In the context of high rise design,
computational design allows design teams to
engage in an expanded conversation about
performance: one that takes into account
practical criteria such as site constraints,
circulation, and environmental factors within
a larger conceptual framework. By closing the
gap between conception and performance
verification, the computational tools enable

a more robust role for the architect in setting
the terms of effective design. Practically
speaking, the computational processes can
also be used help make more unconventional
designs attractive to clients through provable
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metrics and value gains.

A recent series of master plan and high rise projects have implemented
computational approaches as the backbone for design explorations

at different scales and granularities. In each case there have been
generative problems that have driven the adoption of computational
processes:

» Master Planning: The complexity of urban-scale planning has
required the adoption of scalable computational systems to
study variations in urban form at different granularities. Custom
master planning tools are designed to allow teams to quickly
gauge massing criteria and urban systems based on precise site
constraints, environmental requirements and programmatic
configurations.

« Internal Organizations: Clients wishing to evolve their interior
operations will often expect the architect to explore multiple
programmatic concepts with consideration to human-
centered metrics. Computational algorithms are put to use to
quickly generate and evaluate different spatial organizations
using criteria such as line of sight, travel times, and employee
interaction.

» Environmental Simulation: A growing interest and concern
of many corporate clients is the architectural response to
environmental conditions. Computational feedback loops with
simulation tools are implemented to develop design features in
direct response to solar heat, daylight penetration, and wind.

This paper will use three case studies to demonstrate the applications,
benefits, and outcomes of the design computation process in the
context of high rise design. The case studies demonstrate rigorous
applications of algorithmic frameworks in early conceptual phases and
the impact of computation on the larger design and delivery culture
of NBBJ.

Computational Master Planning

The Beijing CBD master plan consisted of 13 sites which were planned
as high rise commercial buildings near architectural icons such as the
CCTV and China World Trade Center buildings (see Figure 1). At the
outset of the competition, each of the building parcels was zoned

with height limitations ranging from 100 to 400 meters. In addition,
the sites also specified a range of floor area ratios and commercial
program variations. In order to efficiently derive schemes which met
the site constraints and program criteria a computational system was
devised which allowed the user to link the site criteria to 3D parametric
massing models (see Figure 2).

To achieve a data-driven feedback loop, a customized design system
was devised which linked Excel to the 3D parametric building models.
The live communication between data and 3D representation
allowed the design team to fluidly adjust massing parameters while
being continually informed of the site and program drivers. The 3D
parametric models were designed to accept numeric variables for
building area, floor area, floor height, and rectangular dimensions. The
Excel documents supplied the model with the necessary information
to derive an extruded volume in addition to the boundary conditions
of the site. If the building mass were to exceed the height limitation
or setback requirements, the building mass would report that the
mass was not meeting the requirements and that some additional
adjustment would be necessary.

Figure 1. Rendering of NBBJ's proposed Beijing Central Business District master plan.
(Source: NBBJ)
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Figure 2. Diagram demonstrating the custom parametric FAR massing tools. (Source:
NBBJ)
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Figure 3. A spreadsheet showing massing alternatives with environmental effects.
(Source: NBBJ)
E3. BTREITIAEAFERRTHAREENRTE (FHEIR: NBBI)

In addition to the program and site constraints, environmental analysis
and simulation were used to develop the master plan massing and
sculpt the urban form. Solar analysis was used to compare different
massing distributions based on solar access and self-shading (see
Figure 3). A selection of diagrams and reports were created from this
process which allowed the design team to make informed decisions
about tower massing distribution within the master plan. As the
design concepts evolved, the team was able to use the generic tower
massing as a baseline condition with which more specific architectural
concepts and narratives could be developed with embedded metrics.

Algorithmic Spatial Analysis

The design of the Tencent corporate headquarters in Shenzhen
challenged the conventional podium-tower typology by proposing
a workplace environment which hybridized the office program with
recreational resources and collaborative functions (see Figure 4). The
‘inside-out’ approach resulted in a building form which breaks the
conventional office tower mass into two slender volumes. The split
tower is connected together by large, horizontallink’ volumes to
create the effect of a vertical campus. The links contain recreational
programs such as gymnasiums, cafeterias, and conference space. By
distributing these functions throughout the tower, the concept created
opportunities for discovering new vertical transportation scenarios
based on different day-to-day user routines.

In order to better understand the programmatic organizations within
the volume, elevator stops, transfer floors, and floor plate circulation
were mapped within the 3D design model (see Figure 5). A network-
analysis algorithm based on “A*"was used to compute travel distances
and efficient travel paths for the elevator core configuration. This
allowed the team to study and diagram different possible user
movements over the course of a working day. The visualizations
helped the team compare efficiency variables and determine areas of
high traffic. Graphically, the tool became a communication device for
conveying the different spatial organizations to the client (see Figure

Figure 4. Rendering the Tencent Seafront headquarters designed by NBBJ. (Source:
NBBJ)
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Figure 5. X-Ray views of the headquarters showing interior programming and core
complexity for the linked tower. (Source: NBBJ)
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Figure 6. User scenario diagrams were produced using A* path analysis algorithms on
the tower circulation network. (Source: NBBJ)
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6). Building upon the original concept, detailed simulation of elevator
options and travel calculations led by Arup’s vertical transportation
engineers allowed the team to develop an efficient system to meet the
client’s needs while maintaining the original concept.

The capability to analyze and measure the performance of the space
with respect to human experience is a key conceptual driver for
evolving the use of computational tools within the firm’s architectural
practice. The initial implementation of the network analysis tools as

a conceptual driver has also led to the development of other spatial
analysis and user experience tools in other projects (see Figure 7). For
example, a series of tools were created to analyze line-of-sight and
evaluate the intelligibility of spaces based on obstructions. Additionally,
the subject of user experience has led to early investigations into the
use of agent modeling and 3D gaming engines to better understand
and explore the function of spaces.

Solar Simulation for Facade Design

This corporate headquarters will serve as the new home of a major
electronics company in Beijing (see Figure 8). The tower is a 260m

Figure 7. Different user experience tools have been developed to create visual analysis
of sightlines, intelligibility and path of travel. (Source: NBBJ)
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Figure 8. Rendering of the Beijing Samsung Center designed by NBBJ. (Source: NBBJ)
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Figure 9. Annual Solar radiation analysis of the tower reveals irregular patterns due to
the tall urban context. (Source: NBBJ)
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high-rise structure and will be located in the heart of Beijing’s central
business district near architecture icons such as CCTV and the China
World Trade Center. This competition entry for the tower is designed as
an efficient square extrusion which dissolves into a dynamic podium
composed of terraces and overhangs to activate the street. The tower’s
facade was conceptualized as an amorphous ‘cloud’ which would
wrap the entire surface of the building and blur the boundaries of

the rectangular form. Computational processes were used to derive

a facade which responded to the solar conditions of the dense urban
site. The facade systems were also designed with consideration to
constructability constraints and efficient installation.

The design team made use of daylight simulation analysis as a driver
for developing a practical, high-performance facade. Working with
facade consultants, the design team started with a two-story unitized
curtain wall module. The module grid was used as the analysis grid
for annual solar radiation analysis which mapped the analysis values
on all faces of the building surface (see Figure 9). The building is to
be surrounded by towers of similar height which resulted in a unique
distribution of solar radiation values across the curtain wall modules.
Five variations of custom ceramic frit patterns were developed and
arranged on the facade according to solar exposure and opacity.
Highly exposed areas would have a higher density of frit. Areas in
shade would have very little or no frit.

The variations in solar exposure became the genesis of further
development of modulated surface patterns (see Figure 10). For
additional user control, the computationally generated facade allowed
the design team to exaggerate the solar exposure values and weave
other gradient patterns into the parametric drivers. This approach gave
the designers flexibility to develop detailed 3D design models while
still being able to explore alternatives which remained true to the
original performance drivers (see Figure 11).

Conclusions and Future Work

Clients for high rise architecture—especially those clients who are
able to invest brand-specific end-user buildings—demand holistic,
visionary, and practical designs. It falls to the architect, therefore, to
prove the value and feasibility of design decisions while balancing the
complexities of multi-variable frameworks and larger conceptual ideas.

As demonstrated by the Beijing CBD master plan, a computational
approach can be used to rigorously implement site constraints and
program criteria into a flexible design framework. The capabilities
offered by this kind of system allow the designer to rapidly iterate

Figure 10.The elevations of the tower were developed using a parametric system which
allowed the designer to integrate solar analysis values and explore gradient overlays.
(Source: NBBJ)
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Figure 11.The facade concept was realized using a practical and efficient unitized
curtain wall with ceramic frit variations. (Source: NBBJ)
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on design problems at the urban scale with embedded metrics.
Computational tools can also allow for inside-out approaches

to tower design by enabling the exploration and evaluation of

interior organizations resulting from vertical transportation and

floor plate design. In the case of the Tencent Seafront Headquarters,
understanding the office program in relationship to day-to-day user
scenarios allowed for the team to investigate new organizations and
prove operational performance and evaluate the user experience.

The use of environmental analysis as a generative driver is another
capability which has given teams the ability to develop facades which
are anchored in performance and constructability variables. The Beijing
Samsung Center practically implemented solar simulation software to
drive the development of a unique aesthetic effect for the architecture.

Future investigations and implementations are sure to evolve from

the computational capabilities outlined in this paper. Clients with an
appetite for innovation, in combination with designers willing to adopt
and develop new processes with provable value, are central to the
success of computation in practice.
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