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The paper is dedicated to conceptual design stage in AEC projects since this
stage defines most of further design and even construction. Conceptual design is
less automated and more human depended part of a complex design process. It is
reasonable to link modern construction design software with ideas generation
techniques in order to enhance and automate design creativity and effectiveness.
In the article we propose computer-aided automation of searching for new
conceptual ideas and nontrivial solutions during early design stage in AEC
projects using such TRIZ tools as Function Modelling and Trimming in BIM
technology. For description of our approach we consider framed buildings.
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INTRODUCTION
Early design stage in Architecture and Construction
projects is a crucial part of sophisticated long-term
design process. This stage is also known as Conceptual Design (CD) and here many fundamental and
critical solutions are taken. The more smart and
nontrivial solutions are taken during CD, the more
technological, eﬀective and less costly design we
gain. Those solutions can be found by using diﬀerent
techniques of ideas generation, such as a morphological chart, synectics, brainstorming, TRIZ tools,
etc. TRIZ is believed to be one of the most eﬀective and well-structured problem-solving techniques
(Altshuller 1999), (Salamatov 2005) and it is well applicable to architecture and construction (Conall Ó
Catháin 2009), (Lin and Lee 2005), (Mohamed and
AbouRizk 2003). “TRIZ” is the Russian acronym for
the “Theory of Inventive Problem Solving.” G.S. Alt-

shuller and his colleagues developed the method between 1946 and 1985. The approach includes a number of tools, some of the most used are the Ideal Final Result and Ideality; Functional Modeling, Analysis and Trimming; the 40 Inventive Principles of Problem Solving. In our digital century it is reasonable to
link modern construction design software with ideas
generation techniques in order to enhance and automate design creativity. Nowadays Building Information Modelling (BIM) became popular stream in construction design. Existing BIM software have range
of instruments enabling designers to bring all their
knowledge and experience into projects but, however, those software do not support users in searching for nontrivial conceptual ideas for design. That is
why the ideas generation stage is still a separate, not
automated and human depended part of design. In
the article we propose computer-aided automation
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of searching for new conceptual ideas and nontrivial solutions during early design stage in AEC projects
using TRIZ tools in BIM technology. For description of
our approach we will consider framed buildings.

STATE OF THE ART
Linking engineering design software with ideas
generation techniques and development of CAI
(Computer-Aided-Invention) systems is still a researchable topic. (Ikovenko 2004) mentioned that
merging TRIZ with other methods gave birth to several integrated methodologies based on TRIZ and it
opened new horizons for CAI development to cover
all the parts of those methods, both analytical and
concept generating. Also (Bakker et al. 2011) explained the link that is missing between CAI and
CAD (Computer-Aided Design) software. Furthermore, they proposed the integration of CAI and CAD
software. Also (Noel 2001) suggested integrating
TRIZ and CAD in order to increase design eﬀectiveness and productivity. Also the review of existing literature in the ﬁeld of architecture and construction
showed that new technological advancements in
AEC design has brought the “level of automation” as
a pivotal factor in the success of projects. (Abrishami
et al. 2013) show that extant literature has identiﬁed a signiﬁcant knowledge gap concerning the
key impact links and support mechanisms needed to
overtly exploit computational design methods, especially BIM, throughout the conceptual design stage.
Moreover, most of the respondents studied in the
paper highlighted several deﬁciencies in the existing tools, whilst they asserted that such a purposeful BIM interface can oﬀer comprehensive support for
automation of the entire of AEC design and implementation phases, and particularly enhance the decision making process at the early design phases.

DESCRIPTION OF THE APPROACH
According to [1] Autodesk Revit® was determined as
a leader among the best BIM software products by
customer satisfaction (based on user reviews) and
scale (based on market share, vendor size, and so-
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cial impact). Autodesk Revit is BIM software for architects, structural engineers, MEP engineers, designers
and contractors. It allows users to design a building and structure and its components in 3D, annotate the model with 2D drafting elements, and access building information from the building model’s
database. Based on above, Autodesk Revit® was selected by the authors as the basic and most promising software for realization of a proposal for conceptual design stage automation in AEC projects.
Moreover, this is the only software that has a builtin open source graphical programming tool for design which extends building information modeling
with the data and logic environment of a graphical
algorithm editor and enables users to signiﬁcantly
expand functionality of the software without having special knowledge of programming. The tool
is called Dynamo. In our approach software is supposed to self-analyze Building Information Model
and suggest solutions in order to improve the system. For that purpose we suggest to use the TRIZ
Functional Modeling and rules of trimming. In order to teach software to extract a function model
from BIM model we have built a special script with
help of Dynamo. The script ﬁrst automatically detects elements/components in BIM model and places
them into an interaction matrix. The interaction matrix deﬁnes either elements interact with each other
or not and shows all interaction between elements
of the system. On the next step the software deﬁnes
functions of elements in the Interaction Matrix. In
building structures this functions are usually “holds”.
However, such functions as “bends”, “expands”, “compresses”, “twists” etc. may take place. For identiﬁcation of interactions the script also applies special
rules. On the next step a function model diagram
is automatically generated from the interaction matrix. This diagram shows a hierarchical structure of
the components and the functions between them.
Such function analysis helps to eliminate mental and
thinking inertia since attention of designers is put on
elements and functions. Also, the software helps to
achieve a more complete and convenient workﬂow

Figure 1
the circuit scheme

for design engineers as all is done within the BIM environment. Finally, having this overview is a prerequisite for performing other TRIZ tools, such as function ranking and trimming. Trimming is a method
from TRIZ used to reduce the amount of system components without losing system functionality. The
method is based on transferring functions performed
by a component that should be trimmed to another
component. The software uses rules of trimming
for ﬁnding other components to perform this functionality, the component not performing any functions anymore can be removed (trimmed) from the
function model without losing any functionality. As
a result the software highlights the best candidates
for trimming in the BIM model and design engineer
can accept other decline those proposals. In function ranking functions of elements are ranked on
their level of usefulness. In order to perform ranking we ﬁrst have to identify a “target function” (for instance, “carry live load”). The higher rank belongs to
the functions that are closer to the target function.
So, the software chooses the furthest from the target functions as the candidates for trimming. There
are also co-called “harmful functions” like “bends” or
“twists” since bent or twisted elements require more
materials in order to stay stable rather than tensioned
ones and it may be wise to eliminate such function
if it is demanded to design cheaper but equally stable structure. Function ranking oﬀers the user a quick
overview on the structure of a system and on the
importance of distribution of functions. Such analysis during conceptual design enables engineers to
automatically analyze the BIM model and easily obtain nontrivial design avoiding complex processes of
topology optimization and structural analysis which
are issues for further detailed design. As a case study
we analyze a simple beam structural system.

FUNCTION ANALYSIS OF A BIM MODEL
Interaction matrix
Building the interaction matrix is the ﬁrst step in the
functional analysis. Here the position of elements in
space, their geometric characteristics and functions

are not taken into account. The matrix of interactions
represents the model as a system of individual elements interacting with each other in order to perform
the functions assigned to them. Identifying the presence of interaction between the elements of the system is the goal of this type of analysis. The aim of this
part of the study is to automatically construct the interaction matrix based on the result of the BIM model
analysis. In order to do this, the following tasks must
be performed:
1. Analyze the BIM model for the presence of
physical interaction between its components;
2. Output the result as the ﬁnal interaction matrix in a user-friendly way.
Algorithm for conducting analysis to identify interactions between elements. As an illustrative example, we consider the following system, shown in
Figure 1, consisting of three elements. The circuit can
be represented as a sequential list of elements.

Further, each element of the list is sequentially examined with respect to the list of elements. Elements are (i) intersected, (ii) not intersected or (iii)
self-intersected. Self-intersections of elements are
excluded.
Based on the data obtained from the analysis of
the interaction of elements, a matrix is constructed.
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1 shows that Element 1 compresses Element 3, and
Element 2 bends Element 1 and compresses Element
3.
Further, for clarity of the results of the two previous analyzes, we represent the function table in the
form of a matrix of functions. The elements are located vertically and horizontally, and their functions
at the intersection. The following notations are used
for the functions:
1. Compress - C;
2. Bend - B;
3. Stretch - S;
4. Torque - T;

Output of the analysis result. The table is automatically formed in an Excel ﬁle, which is generated after the script is run based on the analysis result of the
BIM model elements. The output of the result in a text
form is the most clear and understandable way.

Deﬁning functions of elements
The second step in the functional analysis is the construction of a matrix of functions of elements. When
constructing the interaction matrix, we did not take
into account the geometric characteristics of the elements, their position in space. The goal of constructing the interaction matrix was to reveal the fact of the
physical interaction of the elements. The next step
in the analysis is deﬁnition of the functions of the interacting elements relative to each other. Thus, we
gradually go deeper into the analysis of the model,
moving from the general to the particular.
Algorithm of actions in determining the functions
of elements. Based on the data obtained during the
construction of the interaction matrix we can judge
the number of interactions in the model.
Let us return to our simpliﬁed model and consider the functions of the elements. Let us assume
that the live load in our system acts along the Z axis
and no other loads are applied to the model. Figure
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Figure 2
The matrix of
interaction

Figure 3
The matrix of
functions

Deﬁning functions by category of elements. The
purpose of deﬁning the functions of the elements is
to prepare the data for ranking the BIM model elements. Therefore, in this study, it was decided to take
into account the functions of elements that require
special attention: compression, bending, torsion.
The Table 1 shows the functions that correspond
to the interactions of elements of diﬀerent categories. The categories were chosen according to the
principle of the most common in framed systems.
Table 1
Functions of
elements

In order to determine the functions of the elements
programmatically, it is also required to specify the
position in space, namely the coordinates of the elements in the BIM model. It is important to specify
the coordinates of the bottom and top for the linear
objects: beams, columns. And the lower level for the
objects elements: foundations. A ﬂoor slab is also accepted as an object element, since the lower level at
each point of the plate will be the same.

Table 2
Conditions of
positioning of
elements
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The functions of interest are appeared when conditions described in the Table 2 are met:

necessary to adopt new rules due to the need to
transform the usual three-dimensional space into a
two-dimensional space.
Function diagram generation. Common principles. In order to continue this study, we develop
a two-dimensional model into a three-dimensional
one. To do this, we add several elements in the direction of the axis OY (see Figure 5).

Figure 5
3D framed sсheme

Information output. It is supposed to carry out the
output of information by analogy with the matrix of
interactions. After the script is run, the result is generated in the created Excel ﬁle.

Function diagram
The construction of a function diagram is the third
step in the functional analysis. The functional diagram displays the 3D model in 2-dimensional form,
where each element is presented in the form of a
block with the name of the element. Let us call
it “block of the element”. The interaction between
them is displayed in the form of an arrow. Hereinafter
- “arrow of interaction”. The presence of an arrow between the blocks will indicate the presence of interaction between the elements and the direction of the
arrow indicates the direction of the action. The nature of the interaction (functions), as a rule, is written
above the arrows. Construction of the functional diagram is especially important for the analysis of complex systems with a large number of elements and
functions.
Construction of the functional diagram is convenient for monitoring of unwanted functions and the
state of the model after trimming when the function
analysis is repeated. Let us construct a functional diagram for the model, which was considered earlier.
This diagram is shown on Fig. 4.
The elements of the considered model are located in the same plane, so the construction of the
functional diagram does not cause diﬃculties, however, when it comes to circuits which elements are
placed in three planes OX, OY and OZ, it becomes
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Figure 4
Functional model
diagram

To place elements in the form of blocks in a functional diagram we need to group all the elements of
the model according to a common principle. For this
principle the Z coordinate of the lowest point of each
element was chosen.
For the following categories of elements, most
commonly encountered in framed building systems,
the following levels are used in the analysis:
Column- Zcolumn1;
Foundation - Zfoundation;
Floor slab - Zslab;
Beam - Zbeam1 or Zbeam2 (Choose a lower value)

Figure 6
Placement of
elements in a
function model

Function diagram generation. Dynamo realization. Implementation of this step by software is carried out by analyzing the elements of the BIM model.
1. The program extracts the coordinates of the bottom level of each individual element;
2. Based on the extracted data, the list of elements is
divided into several sub-lists, all elements of the same
list have a common Z coordinate. Each sub-list corresponds to a separate level in the functional diagram;
3. Next, a block family is created that is placed on the
drawing view in Revit with an equal step along X in
an amount equal to the number of elements in each
separate sub-list and with an equal step along Y in an
amount equal to the number of sub-lists;

Figure 7
Matrix of functions

Table 3
Position of
elements
1. Let us take the length of each element of the model
shown in Figure 5 is equal to 1m. The coordinates of
the lower points of the elements are also shown in
Figure 5;
2. Let us compose the table on the basis of the
data from the model, in the ﬁrst column of which the
names of the elements are indicated and in the second one coordinate Z of the lower level of the element;
3. Let us group the contents of the table into levels
equal to the Z coordinate, as shown in Table 3.
4. Let us place the blocks of the elements in the space
of the diagram according to the detected levels. Elements are placed with an equal step symmetrically to
the central axis (see Figure 6).
To create the arrows of interaction in functional diagram, let us consider the matrix of functions for the
studied circuit. It consists of inﬂuencing elements
vertically and of exposed ones horizontally. At the intersection of the horizontal and vertical axes are the
functions of the acting element. It is necessary to
read the matrix of functions from left to right, as indicated in Figure 7. Element 1 compresses Element 3.
Thus, the arrow of interaction for interaction Element
1 - Element 3 will look as shown in Figure 8.

4. The element name is written to the block parameter.
Thus, the functional diagram for the circuit will look
like on the Figure 8.
In order to create arrows of interaction in Dynamo, a matrix of functions was used. The program
performs the following algorithm of actions:
1. The matrix of the model function is analyzed. A list
with “Element - Function - Element” elements is created;
2. On the functional diagram elements are searched
for by name according to the list obtained;
3. A family is created based on the arrow line in Revit. A parameter is added to the family to which the
function will be written later,
4. An interaction arrow is created from the inﬂuencing element to the exposed one. The arrow is created
as a line in two clicks from one object to another. In
order to ﬁnd the point of the ﬁrst and second clicks,
the coordinates of blocks of the inﬂuencing and exposed elements in the list are tracked;
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Figure 8
Function model of a
BIM model of a
framed structure

5. The function of the inﬂuencing element is written
above the arrow.

main groups according to the degree of closeness to
a target function:

Ranking

1. Elements of category “A” - high importance of elements;
2. Elements of category “B” - the average signiﬁcance
of the elements;
3. Elements of category “C” - low signiﬁcance.

Ranking is an analysis that precedes the main objective of functional analysis - trimming. It implies a discrete examination of the elements of the model under a number of criteria according to which the elements are assigned a rank. The higher the rank of the
element, the higher its signiﬁcance in the model and
the higher the chance of remaining in the model after
the trimming.
According to diﬀerent ranking methods, the criteria for evaluating the model have diﬀerent scales
of evaluation: alphabetic, numerical and so on. The
numbers obtained as a result of the ranking for the
element are summed up, the letters are added to the
number and can have their signiﬁcance.

Formation of the ﬁrst ranking rule
Closeness to a target function. The work of the elements in the framed building system is, as a rule,
reduced to one ﬁnal goal. For example, the work of
the beams is reduced to keeping the slab plate. In
turn, these beams are supported by columns. From
the above, we conclude that the work of beams and
columns of the ﬁrst ﬂoor is reduced to providing a stable position in the space of the ﬁrst ﬂoor slab. Floor
slab is needed in order to carry a live load, which includes the weight of people, equipment, etc. Thus, it
can be said that the slab is the key element necessary
to achieve the ultimate goal of design and operation.
We have combined all the elements into three
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In the framed systems, the following elements have
been identiﬁed, the function of which is targeted,
that is, the elements cannot be trimmed:
1. Foundations
2. Floor slabs
3. Roof slab
The listed elements belong to the ﬁrst group and are
marked with the letter “A”.
Elements of the second group are elements
which work is aimed at helping to achieve a target
function. These elements are marked with the letter
“B”. These elements also have high signiﬁcance in the
model. Such elements can be identiﬁed through the
following criteria:
1. The element interacts with the element that performs the target function;
2. The Z coordinate of the bottom point of the element is below the coordinate of the lowest point of
the element that performs the target function
Elements that do not interact with the “target elements” or have the Z coordinate higher than the Z
coordinate of the target element, refer to the third
group and are marked with the letter “C”.

Formation of the second ranking rule
Harmful functions. An important factor in the work
of a structure is the function of its individual elements. Along with target functions, there are socalled harmful functions caused by certain factors.
For example, the rigid connection of two columns
provokes the appearance of compression and bending forces, and the hinged one - compression. The
bending force will be harmful. The presence of harmful functions will also cause a decrease in the rank of
the element. The following types of functions are assigned a certain number of points:
1. Compress - (-1);
2. Bend - (-2);
3. Torque - (-3)

3. According to 3d prince of ranking, Element 3 and
Element 5 have positive functions. Element 5 holds
Element 4 and Element 3 holds Element 1, 4, 2
The results of the total ranking are given in Table. 4.
The rank of the elements is not the sum of the
scores based on the results of evaluating the elements on three grounds. The rank of the element is
represented as follows:
R = (−X)N (+Y )

(1)

where X is the total number of harmful functions performed by the element;
N - the letter designation of the group;
Y - the total number of positive functions performed
by the element.

Trimming

Table 4
The results of
ranking

Trimming is the main goal of functional analysis. At
this stage non-functional elements are “cut oﬀ” and
the useful functions of the elements are transferred
to other elements of the model.
Rules of trimming:

Formation of the third ranking rule
Useful functions. The third rule is the opposite to the
second rule and take into account only positive functions, which include:

Figure 9
Circuit scheme after
trimming

1. Stretch - 1;
2. Hold - 2.

1. Removal of elements occurs only if they fall in the
category “C”;
2. Elements with harmful functions are highlighted
in the model
After trimming, the circuit is transformed into the following:

Consider the circuit shown in Figure 5, let Element 2
performs a target function in the model. We will analyse it according to the rules presented above.
1. According to 1st prince of ranking, Elements 3 gets
“B”, because Element 2 has target function and Element 3 holds Element 2, Element 2 gets “A”;
2. According to 2nd prince of ranking, Element 2
bends Element 1 and compress Element 3, Element
4 bends Element 1 and compress Element 3, so Elements 2, 4 gets (-3), Element 1 compresses Element 3
and gets (-1);
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CONCLUSION
In this research we obtained a result that allows designers to automatically analyse and exclude nonfunctional elements from the model and propose a
solution to prevent unfavorable functions of its elements. The key advantage is that this analysis is being done on early design stage before deep structural
analysis which is time and cost consuming.

SUGGESTIONS FOR FURTHER WORK
After the function analysis has been done, we propose to analyse the trimmed model using another
TRIZ tool called Contradiction analysis. This part of
analysis is the ﬁnal part of the conceptual design
phase. Contradiction analysis includes 40 techniques
to eliminate technical contradictions. A technical
contradiction in TRIZ is a situation where an attempt
to improve one characteristic of a technical system
causes worsening of another. For more eﬀective organization of use of techniques a special table has
been developed. There are the characteristics of
technical systems need to be improved and characteristics that are worsened. At the intersection of the
table graphs the numbers of solutions are indicated
which help to eliminate the arisen technical contradiction. For construction ﬁeld the revision of all proposed technical characteristics was carried out in order to identify the methods most suitable for use in
the construction area. Our goal is to implement these
tools in the design process. To achieve this goal it was
decided to link the possibilities of this tool with categories of the model’s elements.
The software implementation of this tool should
be implemented as follows:
1. Selection of the model element;
2. Selection of the worsening parameter;
3. Selection of the improving parameter;
4. Obtaining a number of solutions to the technical
contradiction for the category of selected element.
Implementation of the 2nd and 3rd steps of the presented algorithm will be performed using Windows
Form selection windows. Getting information about
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the element, analyzing the input data and output the
result of the analysis will be done using the Dynamo
visual programming tool based on the Revit software.
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