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This paper examines the current state of the conventional Design-Bid-Build
project, wherein design intentions are manually translated to construction
directives by subcontractors based on industry-specific details. This process
exacerbates a dilemma in design and construction; that often the designer may be
unaware of certain details that are involved in fabricating and assembling
building components. Research for Knowledge Base for Architectural Detailing
(KBAD) proposes a system that takes advantage of current CAD software and
programming language, bringing together the information provided by and
important to the design team with the data required by the subcontractor to
accurately produce architectural components, during the design phases of a
project. The trade of architectural precast concrete is used to demonstrate the
potential of such a system. Solid modeling, visual scripting, and programming
language techniques working towards KBAD are described. Possible variations
of architectural precast concrete panels, detailed with window openings, reveals,
and embed plates, are presented.
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INTRODUCTION
“A great building, in my opinion, must begin with the
unmeasurable, must go through measurable means
when it is being designed and in the end must be unmeasurable.” (Kahn, 1961)
In the current state of the conventional DesignBid-Build project, there are two key descriptions of
a building proposal from two diﬀerent stakeholder
points-of-view. The ﬁrst description comes from the
designer and the second comes from the subcontractor. The ﬁrst will be a set of design intentions, while
the second is explicit directions for construction. Design intensions may take the form of drawings, mod-

els, and speciﬁcations or other narratives. In some
ways, then, certain design intensions are unmeasurable. Construction directives - highly measurable can be shop drawings or coordination models. Each
subcontractor on a job will regularly develop their
own model based on their own industry-speciﬁc fabrication and assembly details. This is the standard
contractual procedure of the profession; the designer
is not required to provide the means and methods of
fabrication and assembly, but a general direction for
the design intent and, in due time, various subcontractors ﬁll in the gaps. Often the designer may be
unaware of certain details that are involved in fabri-
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cating and assembling building components; understanding that craftsmen take for granted. Kahn expanded, “the only way you can build, the only way
you can get it into being is through the measurable.”
(Khan, 1961) These two diﬀerent viewpoints and descriptions of the design and construction process are
depicted in Figures1 and 2. In the top-down approach (Figure 1), the designer has a concept for a
project which is represented in their design intent
model. This model actually portrays various smaller
components, organized in an overall composition.
Upon handing these descriptions oﬀ to the construction team, each of the subcontractors add their expert knowledge of the fabrication and assembly details needed to realize the building. This is referred to
as the bottom-up rationale (Figure 2), wherein data
at the component level is extrapolated from the detail to the overall coordination and for-construction
model.

tectural components, during the design phases of a
project. In other words, going from the unmeasurable to the measurable. This is portrayed in Figure
3. In order to demonstrate the potential of such a
system, this research focuses on a speciﬁc trade; architectural precast concrete. Architectural precast
concrete is distinguished from other forms of precast concrete in that such pieces are critical components of a building skin - they have a high-quality
ﬁnish and are integral to the overall aesthetic of the
building design. Further detail on the precast industry and background of similar digital workﬂow exploration is presented in Section 2 of this paper. Section 3 documents the methods used to translate simple nominal extrusion into product models detailed
based on input from industry experts. The results as
well as reﬂections of this work are described in Section 4. Finally, Section 5 provides a concluding summary, thoughts on future research to continue this
work, and the potential of returning to certain unmeasurable qualities

BACKGROUND

Research for Knowledge Base for Architectural Detailing (KBAD) proposes a system to capture this integration of design intent and construction model,
bringing together the information provided by and
important to the design team with the data required
by the subcontractor to accurately produce archi-

As noted, on most projects, each of the subcontractors involved develops their own shop drawing
model based on their own industry-speciﬁc fabrication and assembly details. Furthermore, even if the
designer develops digital models and building components as they envision them being built, this does
not guarantee that the physical building parts can
be built as modeled. Many other factors - for example, constructability, budget, or scheduling commitments - may force changes to the original design
intent, resulting in time-consuming re-modeling or
even loss of signiﬁcant design features due to value
engineering. Digital tools permit even novice modelers to readily create parametric objects. Though now
ubiquitous in architectural design, parametric design
is not new. Gaudi was arguably practicing parametric
design through his hanging chain models in the late
19th century. (Burry, 2002) Thinking and developing
designs with editable constraints - regardless of technology - allows ﬂexibility and the ability to quickly
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Figure 1
Top-down
approach.

Figure 2
Bottom-up
rationale.

Figure 3
Diagram of KBAD
process.

produce design alternatives during the design process. (Sacks et al. 2004)
In order for members of design and construction teams to be able to eﬀectively communicate
regarding their design and construction tasks, they
need to exchange information regarding the building proposal accurately among various trades. Translation of this information from one trade-speciﬁc
software to another - from design intent model to
for-construction model - has often taken place manually which is tedious and error-prone. Signiﬁcant research has been devoted to increasing interoperability through product models. The goal is to deﬁne
the parametric possibilities and constraints fundamental to building information models based on various experts’ knowledge and point-of-view. (Eastman
et al. 2011) IFC (Industry Foundation Classes) provide a neutral platform for transferring digital models among parties. A commendable aspect of IFC is

that the data is inherently hierarchical and focused
on building; all objects belong to a deﬁned owner,
project, site, building, and even building story. However, customizing the code is quite cumbersome and
not intuitive. To overcome this, several industries
have invested in deﬁning the parametric constraints
pertinent to their trade. The steel industry, the precast concrete industry, and the masonry industry
(Gentry et al. 2016) have all begun to deﬁne how
the building components that they provide are represented parametrically through digital information
models.
The ﬁrst step of this research was to document
the process of an actual precast fabricator during
the shop drawing phase of their work, tracking a
real project from design intent model through the
incorporation of industry-speciﬁc fabrication details.
(Collins, 2016) Figure 4 shows a comparison of the design intent model to the for-construction model for
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Figure 4
Translating from
design intent model
to for-construction
model.

the University of Florida Health Shands building designed by Flad Architects. The model from the design team shows that this base wall of the building is
modeled as one piece with reveals to represent the
potential individual panels. When they received the
project, the architectural precast concrete manufacturer, Castone Corporation, modeled each panel as
distinct family types and instances using BIM software. SysML (Systems Modeling Language) was used
to encode this workﬂow. Producing such work ﬂows
is a method to improve the process itself. Gane and
Haymaker have developed design process optimization tools and techniques, suggesting that the act
of mapping the process in-and-of itself can help one
to identify ineﬃciencies or other problem areas as
well as opportunities for improvement in future work.
(Gane and Haymaker, 2012) One particular aspect of
a typical architectural precast concrete project that is
identiﬁed as improvement-opportune is the current
need for subcontractors to remodel components; if
the fabrication and assembly details could be embedded in the design intent model, such a model
could also serve as the for-construction model.
Similar iterative approaches are noted in Artiﬁcial Intelligence (AI) research. Using methods borrowed from cognitive science, the contribution of
their work is often twofold. First, modeling computational agents in the way that researchers initially believe humans think helps to develop better computational agents. Second, such modeling

gives more reliable insight into how human thinking may or may not actually operate. Upon reﬂection, the steps repeat and both the process and the
model are improved iteratively. These methods are
not new to computer science. Expert systems have
been developed to supply comparable traditionally
human-provided expertise, such as medical diagnosis. A stored knowledge base establishes and organizes a repository of data. Even more intelligent systems have been designed to respond to Raven’s Progressive Matrices questions using analogical reasoning. Knowledge-based AI structures such information to empower an agent with the ability to reason and apply knowledge to new scenarios based on
familiar, previous encountered ones. (Goel, 2015).
Likewise, described by architect and educator Bill
Mitchell, “design exploration is rarely indiscriminate
trial-and error but is more usually guided by the designer’s knowledge of how to eﬃciently put various
types of compositions together and that such knowledge can often be made explicit, in concise and uniform format, by writing down shape rules.” (Mitchell,
1990) Such rules constitute the designer’s internal
tacit knowledge, or knowledge base. The same is
true for industry experts. In fact, this quote could
be adapted in consideration of our research goals to
read:
Construction descriptions are rarely indiscriminate trial-and-error but are more usually guided by
the industry expert’s knowledge of how to eﬃciently
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put various types of building components together
and that such knowledge can often be made explicit,
in concise and uniform format, by programming detailing rules.
Figure 5
Base wall modelling
diagram.

Figure 6
Joint modelling
diagram.

It is important to note that in Figure 5, the output is
one box. A base wall is generated with width, depth,
and height input to yield one piece of geometry. This
echoes the one piece of geometry that would be provided in a design intent model similar to Figure 4.
When this wall is brought in to the script in Figure
6, the output is ten closed B-reps (boundary representations). The base wall is broken into individual
panels via three more inputs: number of panels vertically, number of panels horizontally, and thickness
of joints. The number of panels that this operation
yields is dependent on the number of panels desired.
The example shown in Figure 6 lists ten panels as
there are ﬁve vertically multiplied by two horizontally.
Working to advance this current process and as
a test for expansion in future studies, programming
language is used to link the visual scripting model
with solid modeling software. The software queries
the user for input which directly eﬀects the base wall
panelization. As a demonstration, three questions
are posed to the user:

METHODS
When developing a design intent model that includes architectural precast concrete panels, the designer is mostly concerned with panel composition
on the overall façade - joint and reveal layout and
relationships with adjacent materials. Panels are
placed and dimensioned relative to structural grids
and ﬁnish ﬂoor elevations. Geometry is nominal and
made of simple extrusions. Information regarding
surfaces ﬁnishes may be included, but structural detailing would not. (Afsari and Eastman, 2016) Even
within the relatively straightforward transformation
depicted in Figure 4, there are many decisions that
have been made regarding the architectural precast concrete pieces to be built. These include aesthetic desires, industry knowledge, and material constraints. A visual scripting model is produced to replicate some of these decisions parametrically, translating a base wall into individual editable panel components. The inputs and outputs of this model are diagrammed in Figures 5 and 6.

• How many panels should there be vertically?
• How many panels should there be horizontally?
• What is the joint thickness between panels?
The user responds to each of these questions and the
base wall model is automatically subdivided. A diagram of the inputs, outputs, and innerworkings of
this process is shown in Figure 7. From these individual editable panel components, the models can
be extended to include additional parametric features and each panel and be unique. This shadows
the logic of the precast fabricator developing a shop
drawing model.
Upon receiving the design intent model - typically in the form of printed Contract Documents, but
increasingly accompanied with a digital model - the
precast fabricator ﬁrst determines the quantity and
variety of architectural precast concrete pieces the
building will require and what parameters or alternatives for each piece will need to be obtainable. Pan-
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Figure 7
Diagram for
translating base
wall into individual
editable panels.

elization is conﬁrmed or suggested adjustments may
be made. The precast fabricator begins to consider
site logistics, structural loads, connection details, required embeds, reinforcing, and lift hooks. Actual
geometry, as opposed to nominal, is taken into account. The shop drawings that are generated serve
as the basis for costs estimates and aid in scheduling.
The shop drawing model then serves to produce additional documents for fabrication, such as shop tickets.
Additional parametric features are added to the
visual scripting model; window openings, reveals,
and embed plates. A relational database of these
panel features and attributes is shown in Table 1.
These variables are translated into the visual scripting input parameters listed in the right columns. The
user can ﬂex any and all of the constraints to explore additional precast concrete architectural wall
panel designs - at both wall (top-down) and component (bottom-up) levels. Future work will incorporate these and more features into the above described programming language for additional “semiautomated” detailing. Loukissas describes similar
practices Co-Designing, where “tools have profound

implications for the social distribution of design
work... in an evolving search for the roles and relationships that can bring... greater control over design.” (Loukissas, 2012)
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Table 1
Relational database

Figure 8
Variations of
translating base
walls into panelized
walls.

Figure 9
Variations of
window openings,
reveals, and embed
plates.
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RESULTS AND REFLECTION
Figure 8 shows some possible variations of the
above described modeling technique, translating
base walls into panelized walls. Each example lists
the variables that are used to generate the panel
components. These examples clearly are not exhaustive, but demonstrate some panelization variations.
Figure 9 shows a sample of individual editable panels with alternatives for window openings, reveals,
and embed plates. Variables for each of these features are listed in the right column of Table 1 as previously discussed. While it is not known whether some
of these are constructible, one of the goals of this
work - aided by the ease with which they can be readily produced - is that proposals such as these stimulate a conversation between designer and industry
expert. The ﬂexibility granted through parametric
modelling, coupled with embedded fabrication and
assembly knowledge, enables further design control.
Research for KBAD aims for rigor while facilitating the
possibility of play. A variety of options should be possible, limited by realities such as constructability and
budget. For instance, the above programming language currently allows the base wall to be divided
into any number of panels. The code could be modiﬁed to limit the size of the panels - or the number
of panels that are allowable given a base wall dimensions - based on the constraint of the size of the precast fabricator’s casting bed. This construction intel-

ligence contributes to a design proposals’ measurability.
Several other assumptions, which have an effect on design possibilities and outcomes, have been
made in the process of developing the above described models, including:
•
•
•
•
•

Rectilinear base wall geometry
Joints in a regular grid
Vertical and horizontal joints same thickness
Equal spacing of panels centered on wall
Panelization based on number of panels
rather than dimensions of panels

Future work will aim to overcome and transcend
these assumptions and limitations of the current
model. Paradoxically, while looking to allow for new
design possibilities, research will look to historical
precedents. Some examples demonstrating both the
ﬂexibility of the architectural precast concrete panels
as well as the impact the material has on the overall aesthetic of the building design are shown in Figure 10. Historic preservation architect Jack Pyburn
has documented three distinct architectural precast
concrete production systems where developed in
the mid twentieth century, each supporting “greater
control of the casting and curing process and thus
better and more consistent quality of concrete, rising labor costs and the potential of precasting to
reduce labor requirement in concrete construction,
Figure 10
Architectural
precast concrete
examples from the
1960s.
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shortages of steel after Wold War II, built up demand
for housing and commerce, and the availability of
competitively priced raw materials.” One of these
systems, the Mo-Sai approach, Pyburn notes faded
away over time due to “lack of foresight and motivation to grow technologically.” (Pyburn, 2008) Technological advancements make the time right for such
(re)investment. Indeed, Shelden asserts that “new
geometries - the non-Euclidian forms that characterize much of contemporary architectural form - set
the stage for architecture’s reengagement with the
physical world...Families of geometry admit speciﬁc
surface qualities that can enable or prohibit speciﬁc
ways of making.” (Shelden, 2014) Research for KBAD
aspires to permit designs to be constructed that may
otherwise have been value engineered because constructability, budget, or scheduling issues were detected too late in process.

CONCLUSION
This paper has described the potential of a design
computation system to bring together design intentions and industry-speciﬁc fabrication and assembly details during the design phases of a project.
The trade of architectural precast concrete was
used to demonstrate the potential of such a system. Solid modeling, visual scripting, and programming language techniques working towards a
Knowledge Base for Architectural Detailing were described and possible variations of architectural precast concrete panels generated through the system
were presented. In particular, the system “semiautomatically” translated a base wall into a panelized wall of individually editable panels. These panels were then detailed with additional parametric features; window openings, reveals, and embed plates.
This work is grounded in the notion that both design intentions and construction directives are (paraphrasing Bill Mitchell) “rarely indiscriminate but more
usually guided by knowledge and that such knowledge can be made explicit by rules.” Future work
will extend this foundation to overcome present assumptions and limitations, allow additional design

possibilities, and incorporate additional knowledge
and rules. Particular interest will be paid to the
representation of nebulous design intentions, material attitudes and identities, and unconventional approaches which CAD platforms do not currently facilitate; those qualities that take mere building to architecture, to unmeasurable
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SOFTWARE USED
In this paper, generic terms are used in place of software names in order to describe a process that is, ideally, more universal than software-dependent. For
reference, the programs used include:
• Solid modeling : Rhinoceros 3D
• Visual scripting : Grasshopper
• Programming language : RhinoScript /
Python
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