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The increasing housing shortage in contemporary Poland calls for efficient ways
of design and construction. In the context of time efficiency and shrinking
manpower, prefabrication is considered as one of the means of introducing low
and middle income housing to the market. The article presents the process of
developing an experimental tool for aiding multi-family housing architectural
design with the use of prefabrication. We use the potential of BIM technology as a
flexible environment for comparing multiple design options and, therefore,
supporting the decision-making process. The presented experiment is realized in
the Autodesk Revit environment and incorporates custom generative scripts
developed in Dynamo-for-Revit and Grasshopper. The prototype tool analyzes an
input Revit model and simulates a prefabricated alternative based on the
user-specified boundary conditions. We present our approach to the analyzing
and the splitting of the input model as well as five different strategies of
performing the simulation within the Revit environment.
Keywords: Building Information Modeling, generative BIM, residential building
design, prefabrication, design automation, Dynamo

INTRODUCTION
The idea of prefabricated buildings dates back to the
time of the industrial era when disciplines traditionally based on craftsmanship started to take advantage of mass production. Its relevance increased after World War II when modern architects embraced
mass production as a means to ease the rising postwar housing crisis in Europe. Prefabrication became a
symbol of housing that was readily-available and yet
ﬂexible in terms of adjusting to diﬀerent inhabitants’
needs (Schneider and Till, 2007).
This new approach was the seed of a number of
prefabrication systems, such as Le Corbusier’s Dom-

Ino House (1914), Bogner’s “The New House 194X”
(1942) and Habraken’s Open Building (1960s), just
to mention a few (Schneider and Till, 2015). An alternative to developing new and often technologically complex systems is standardization of available
building components. Standardization is the base
of Walter Segal’s “Self-build” method, which assumes
fast building of houses with a prefabricated wooden
structure (McKean, 1989). This approach, however,
when applied to large scale components can lead to
repetitive and mass-replicated architecture. This is
the case, among others, of urban settlements built in
low quality large-panel systems, popular since 1960s
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especially in Central and Eastern Europe [1].
This research was conducted in the context of
contemporary Poland, where prefabrication is rarely
considered an alternative to traditional construction
techniques. Its low popularity is, above all, the aftermath of negative associations with substandard
housing of the second half of the 20th century.
At the same time, the discussion about reintroducing prefabrication to Polish construction sites rises
again, triggered by the national housing program
Mieszkanie Plus (Housing Plus). The program aims at
solving the worsening housing crisis by providing a
low-cost quickly constructed social housing. The program’s construction cost is expected at 2,000-3,000
PLN per square meter [2]. Prefabrication is considered as one of the means of reaching the expected
construction cost due to the mass production of construction assemblies. It also allows for a quicker and
safer construction and requires a smaller assembly
team [3], which is a signiﬁcant factor in the situation
of shrinking manpower (Abrantes, Rangel and Faria,
2017). Nowadays, prefabrication is a standard in construction of multi-family housing in countries such as
Sweden or Denmark [4].
At the same time, the rapid development of
Building Information Modeling (BIM) carries a strong
potential of simulating the design and construction
with prefabrication technologies. In the past few
years there were successful housing developments
that incorporated prefabrication in Poland. The most
recognized example - an award winning Sprzeczna
4 in Warsaw, designed by BBGK Architekci - has
brought prefabrication back to the public debate.
According to the project authors, the building was
designed entirely in BIM, which made it simpler to
further process the design according to the fabrication requirements [1].

RESEARCH BACKGROUND
Problem statement
In our research, we focus on utilizing BIM tools to
support design and documentation of prefabricated
multi-family housing. BIM, as a means of integrated
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and interdisciplinary design approach, oﬀers an environment for the automatic generation of a model
consisting of prefabricated components as an alternative to a model created with standard BIM methods.
In this article, we cover a few strategies of introducing prefabrication into a BIM environment. We
explored ﬁve diﬀerent approaches of converting a
BIM model into a prefabricated alternative. For the
purpose of this research, we limited the scope of interest to the speciﬁcity of concrete prefabrication.
The below considerations led to the development of
a prototype tool that we presented in detail in a dedicated publication (Ostrowska-Wawryniuk and Nazar,
2017).

Related works
The digitally aided design of modular and prefabricated structures emerged in the 1970s, along with
the development of CAD. In 1974, Adam Szymski described a method of a comprehensive programming
of modular functional layouts together with formalization criteria for a design using large-panel system.
The development of the method was limited by computational capabilities back then (Szymski, 1974).
A working automated solution was introduced
in 1994 by Retik and Warszawski. They proposed a
system that generates options of dividing a building structure into prefabricated segments based on
a modular grid (Retik i Warszawski, 1994). In 2007
Ramiro Diez and team developed AUTOMOD3, which
is an integrated CAD/CAM tool for automatic modular construction. This tool allows for a manual design conﬁguration by using a catalogue of available
assemblies and for an automatic conversion of imported building plans (Diez et al., 2007). Both above
methods, however, don’t implement BIM.
The use of modularization was also explored recently with the use of BIM by Mekawy and Petzold
(2017). Mekawy and Petzold’s research focused on
standardized box prefabrication. They proposed the
Box Module Generator (BMG) - a tool that examines
all possible building designs that can be obtained for

Figure 1
Model conversion
process workﬂow.

an arbitrary module, given footprint and other user
inputs. In the development of the BMG they introduced the box modules as Revit families, which were
then imported to the project, resized and distributed
based on user deﬁned constraints.
Our goal was to explore possibilities of utilizing BIM extended with algorithmic tools to convert
a building designed in traditional technology into a
prefabricated one. We believe that this approach will
allow for combining cost and construction eﬃciency
with architectural diversity.

METHODS
The research was conducted on a simple multi-family
house model developed in the Autodesk Revit environment and incorporated custom scripts developed
in Dynamo for Revit and Grasshopper for Rhino. The
process’ workﬂow is shown in Figure 1.

Prefabrication constraints
During the experiment, we followed the design requirements speciﬁc for concrete prefabrication as
recommended by Łukasz Stodolny (2018). The
chosen prefabrication system allows for creation of
single-layered precasts (structure only) as well as
multi-layered segments, i.e. integrated with insulation and ﬁnishing layers. Regardless of the chosen
construction type, there are several constraints for
shaping the geometry of segments (Fig 2).

User inputs
We speciﬁed the user inputs for the model conversion process by basing them on the aforementioned
prefabrication technological constraints. Afterwards,
the input data was sent to a generative tool that analyzed the model and proposed alternatives composed of prefabricated segments.

Model analysis and splitting
The model geometry was examined on three levels: solid geometry, polylines and points (Fig 3). In
the analysis phase, the algorithm simpliﬁed the input model to polylines (wall centerlines), points (locations of openings) and correlated values such as
windows’ dimensions and wall thicknesses. Afterwards, it veriﬁed if the model fulﬁlled the prefabrication boundary conditions.
The retrieved data structure reﬂects the Revit
model hierarchy. Model elements were organized
with respect to the building levels. We created a list
of host geometries, such as walls, ﬂoors and roofs, for
each level. Each host geometry was associated with
its openings. Windows and doors were assigned with
types, such as “Door D1”, Window “W1”, etc. (Fig 4).
The wall-splitting algorithm was based on the
analysis of polygons generated by the walls’ location
lines and openings’ location points. The algorithm
collected the locations of openings and applied a
technology-speciﬁc safety margin to each of them.
This margin assured that no splitting will occur in
the speciﬁed openings’ proximity. The splitting was
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achieved by generating a collection of split points on
the wall polygons, which we will refer to as division
scheme.

Optimization
In addition to the wall splitting algorithm, we introduced an optional optimization algorithm, which can
be controlled by the user through few parameters.
The optimization procedure starts with deﬁning
a maximum number of segment types. Then a heuristic algorithm ﬁnds a given number of segment types
through testing for the best approximation of wall
segments between the openings. Afterwards, a recursive algorithm solves diﬀerent combinations of
prefabricated segments in order to ﬁnd the ones that
are closest to the original design. The optimal solution is generated based on three main ﬁtness parameters: Minimizing Total Number of Segments, Maximizing Wall Fitness and Maximizing Openings Location Fitness.
Each parameter can be set to either “True” or
“False”. The ﬁtness parameters are often contradictory among themselves. For example, fewer used
segments typically leads to a less accurate overall
representation but lowers the cost.

native Dynamo geometry: generating prefabricated segment geometry as native Dynamo
geometry and converting them to Revit families.
5. Placing the prefabricated segments as Revit
Adaptive Components.

Figure 2
Geometric
constraints for
shaping of the
prefabricated
segments.

Figure 3
Model geometry
reference.

Geometry processing
The primary stage of modularization involved the
creation of the alternative model geometry. For this
process we considered ﬁve possible strategies that
base on the aforementioned division scheme:
1. Splitting the original model elements geometry: applying a Split Element method according to the division scheme.
2. Generating native Revit geometry: using the
input model references (location polylines
and points) to generate a new set of geometry
representing the prefabricated segments.
3. Splitting the parts geometry: converting the
original layered structures into parts and splitting their geometry according to the division
scheme.
4. Generating Revit in-place components from
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Figure 4
Model elements
hierarchy.

RESULTS
While BIM seems to be a natural answer to the rising need of preparing various types of building documentation, we observed that Autodesk Revit software, which was examined in this experiment, does
not fully respond to the speciﬁcity of the prefabrication technology. We were able to achieve satisfying results in terms of calculating the division scheme
with generative software. At the same time, its implementation to the original model turned out to be
problematic and all the explored solutions present
signiﬁcant limitations.
Model analysis. We were able to obtain all the
necessary data directly from the model with out-ofthe-box nodes or with available packages such as
Clockwork and Steam Nodes. If a model element did
not meet the prefabrication system’s boundary conditions, its ID and location was returned to the user.
Splitting and optimization. We used the optimization algorithm on multiple theoretical building
envelopes. The results presented in this section were
obtained by processing an exemplary wall chain as
shown in Figure 5. We applied various algorithm settings, which are described below.
The analyzed shape was a rectangle with a cut
out corner. Walls had three diﬀerent types of openings (width x height): Window 100x160 cm, Window
150x150 cm and Balcony door 120x210 cm.
The algorithm was executed with every combination of the following settings:
1. Maximal Length of Segment: {600, 900}
2. Number of Segment Types: {3, 4, 5, 6}
3. Minimizing Total Number of Segments: {Yes,
No}
4. Maximizing Wall Fitness: {Yes, No}
5. Maximizing Openings Location Fitness: {Yes,
No}
Each combination of settings resulted in a single best
solution given by the algorithm and, thus, we ended
with 64 best solution variants. Afterwards, the solutions were ranked in three categories:
1. Number of Segments: lower was preferred,

as for a prefabricated building it is desired to
have fewer elements.
2. Average Wall Length Change: given by the average diﬀerence between the lengths of original and segmented walls. Lower was preferred, as it gives a more precise representation of the original shape.
3. Average Openings Shift: given by the average
distance in which openings had to be moved
in order to ﬁt them in segmented walls. Lower
was preferred, as smaller changes in openings’ placement result in a more accurate design mapping.
All generated solutions scored from 1 to 64 in each
category, where 1 would be the most and 64 the least
optimized. Scores were summed and gave an overall
rating. After the evaluation we ended with four rankings:
1. Best overall ﬁt.
2. Least number of prefabricated segments
used.
3. Smallest average wall length change.
4. Smallest average openings shift.
We present three best solutions for each ranking below.
Three best results for overall ﬁtness (A) are presented in Figure 6A. Their detailed settings and measurements are presented in section A of Table 1.
These solutions resemble the original model the
most. Additional ﬁtness parameters seem to have
a little impact on the rating because the solutions
are balanced, i.e. diﬀerent parameters don’t have extreme values. They have an average total number of
segments and small diﬀerences in overall shape and
openings’ locations.
Three best results for the least number of segments (B) are presented in Figure 6B. Their detailed
settings and measurements are presented in section
B of Table 1. These solutions strongly diﬀer from
the original model. They are created with the least
number of segments. While these solutions could
cut costs, they place additional restraints on the ini-
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Table 1
A) Best results for
overall ﬁtness B)
Best results for the
least number of
segments C) Best
results for the best
overall shape
ﬁtness D) Best
results for the best
openings’ locations
ﬁtness
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Figure 5
Analyzed
exemplary wall
chain.

tial design and, therefore, are considered negatively.
Openings are clustered together to form single elements and to leave long segments of plain walls to
be constructed with large elements.
Three best results for the best overall shape ﬁtness (C) are presented in Figure 6C. Their detailed settings and measurements are presented in section C of
Table 1. These solutions show the least overall diﬀerence from the original. The average change is lower
than 9 cm for every wall in each case. In spite of
favouring this quality, the total number of used segments and average openings shift are also on acceptable levels. Some of these solutions performed best
in overall evaluation.
The three best results for the best openings‘ locations ﬁtness (D) are presented in Figure 6D. The detailed settings and measurements are presented in
section D of Table 1. These solutions show the least
diﬀerence from the original in terms of openings’ locations. However, too many short segments had to
be used in order to represent nuances of the original
design. The exaggerated use of short segments potentially disqualiﬁes these solutions from being taken
into consideration as prefabricated buildings.
In summary, the results are promising. We assumed that the most precise segmented representations of the original design would always consist of
many short pieces. Tests like the one above proved
our predictions to be wrong. It turned out that it is
possible to get balanced solutions, which closely re-

semble the original building and still make sense as
guidelines for prefabrication.
Unsurprisingly, the number of types of prefabricated elements has the biggest impact on the quality
of a solution. It is hard to preserve details of a design
while trying to represent it with a very limited set of
blocks. Nonetheless, radical variants like the ones in
(B) might be treated as suggestions for further steps
in a larger iterative design process.
Geometry processing. The examined ﬁve approaches to generating the segmented model revealed strengths and weaknesses of adapting Revit
environment to the prefabrication speciﬁcity (Tab 2).
Four out of ﬁve tested approaches allowed for
the creation of two separate sets of geometries, i.e.
the original model and its prefabricated alternative.
We found that the approaches involving splitting or
generating the native Revit geometry were by principle less practical in terms of model management.
Two overlapping geometries of the same kind, such
as two overlapping walls, produced multiple warnings during each script execution. In most cases,
such approaches resulted in incorrect joins between
model elements, which led to geometry inaccuracies.
We assumed that the model geometry could be
processed accurately by converting layered structures to parts. In this approach, we imported the
parts geometry to Dynamo for the purpose of splitting it according to the division scheme. During this
process we found that for chains of walls that contain
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openings the geometry of middle parts (for example
the insulation layer) would import without the opening (Fig 7). As a result, the operation ends in major
inaccuracies.
In both cases of processing the Dynamo geometry, we faced the problem of converting it back to
objects schedulable in Revit. While we were able to
export a single solid to an in-place Revit family, the
same process appeared to be far more complicated
for objects that contained multiple geometries, such
as multi-layered walls. In addition, the processing of
the Dynamo geometry method saves each segment
to a separate in-place component which makes it difﬁcult to track repeating segments.
The most accurate outcome was achieved with
the use of Revit adaptive components. Each component was placed precisely in the reference structure
of the original model. At the same time, the overlapping geometries did not interfere thanks to diﬀerent object categories, diﬀerently to what happened
in previous cases. Placing the adaptive components
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required the development of a method for managing
the collections of reference points.

DISCUSSION
The aim of this research was to explore the potential of parametric and BIM tools in terms of aiding
the design of multi-family housing architecture from
prefabricated components. Our results indicate that
there is still room for improvement within the popular BIM software in the ﬁeld of prefabrication. We believe that a coherent simulation tool of prefabricated
building models might be a signiﬁcant step in the
popularization of prefabrication technology among
architects.
The possibility of combining prefabricated solutions with design leeway seems to be a signiﬁcant
factor for a successful reintroduction of prefabrication technology in Poland. In our development, we
gave priority to architects’ design intentions, therefore we intended to keep the resulting design as
similar to the original as possible. Simultaneously,

Figure 6
Column A: Three
best overall
solutions. Red lines
mark segments’
divisions. Column
B: Three best
solutions for the
least number of
elements. Red lines
mark segments’
divisions. Column
C: Three best
solutions for the
best shape ﬁtness.
Red lines mark
segments’ divisions
Column D: Three
best solutions for
the best openings’
locations ﬁtness.
Red lines mark
segments’ divisions.

Table 2
Comparison of
examined
approaches.

Figure 7
Parts geometry
import error.

in order to balance the architectural outcome with
the construction eﬃciency we implemented an optimization algorithm. The algorithm allowed for reducing the number of diﬀerent precast components
by altering the building’s structure geometry or repositioning wall openings based on a desired tolerance
parameter. Since these alterations could signiﬁcantly
aﬀect the building’s architecture, we introduce them
as options that can be compared and considered in
the decision-making process.
The presented solutions include few limitations.
First of all, the prototype was tested for the building
envelope only. This allowed us to explore a diversity
of splitting strategies. However, in a real-world situation the locations of split points are also inﬂuenced
by the locations of internal walls. This narrows down
the number of possible divisions, but on the other
hand, also brings in another optimization issue, i.e.
reﬁning the building layout. Since repositioning of
both internal walls and wall openings can impact the
building’s ergonomy, this operation requires yet another layer of analysis and might require an approach
change. We plan to address these issues in the next
development iteration.

Another limitation of the chosen method is the way
of generating the alternative model itself. Modeling
the prefabricated segments with Revit adaptive components was the most eﬀective of the tested solutions. The advantage of this method was the ease
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of scheduling the precasts within the Revit environment. The main disadvantage is that this method
can generate errors if the speciﬁcity of the project includes topologies that were not included in the predeﬁned library of available components. Therefore,
we believe that in the further perspective it would
be beneﬁcial to develop a solution that allows the
generation of custom in-place families. At the date
of writing (2018) this approach is available only in a
limited scope with the use of the Steam Nodes package for Dynamo. The package includes nodes that
allow for conversion of Dynamo-generated geometries into Revit families. The main limitation of this
method is that such in-place family can only contain
a single geometry. This means that the algorithm
would not work for multi-layered wall segments in
where each layer is represented by a separate solid.
A solution comparable to our work was implemented by Mekawy and Petzold (op. cit.) in their
Box Module Generator - BMG. In the development of
the BMG they also introduced the box modules as Revit families, which were then imported to the project,
resized and distributed based on user deﬁned constraints. The diﬀerence between our approaches and
theirs is mainly the scale of the segments. The main
task of the BMG algorithm is to examine all possible
building designs that can be obtained for an arbitrary
module, given footprint and other user inputs. In our
approach the design is the input, whereas the tool
searches for the best segmentation option.
The current housing shortage in Poland along
with dynamic changes in the local building industry,
such as decreasing manpower and improving safety
standards, forces the search for new methods of construction. The new national Mieszkanie Plus housing
program gives priority to aﬀordable social housing
and prefabrication is considered as one of the means
of increasing low to middle income housing oﬀer in
the market. The example of Sprzeczna 4 shows that
prefabrication can be a relevant alternative to traditional technologies. These circumstances allow us to
infer that the popularization of prefabrication might
be one of the answers to the present housing crisis.
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We believe that this popularization should go hand
in hand with the development of tools aiding the use
of prefabricated solutions in design.
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