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Abstract. In this day and age, as information technology develops at an intense pace, the construction sector cannot af-
ford to fall behind. The term “building information modelling”, or BIM, is now used increasingly more frequently. BIM
covers the entire life span of a building — from planning to demolition. However, it should not be forgotten, that with-
out a site, there can be no building. Territorial planning documents establish certain requirements for both the site itself
and the buildings to be built within its boundaries. At present, territorial planning and building design are, for the most
part, carried out as separate processes. In order to develop a more rational and effective process for the execution of a
construction project, more attention should be paid to the stage of initial site and building planning (spatial planning).
The requirements established by territorial planning documents must be taken into account at the initial site and building
planning stage. A spatial planning model for buildings associated with a territorial planning system was developed as
part of this study and could be used as a basis for further building information modelling.
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Introduction

In this day and age, as information technology develops
at an intense pace, the construction sector cannot afford
to fall behind. The term “building information model-
ling”, or BIM, is now used increasingly more frequently.
BIM covers the entire life span of a building — from plan-
ning to demolition. Building information modelling using
BIM methodology is the future of the construction sector.
However, it should not be forgotten, that without a site,
there can be no building.

BIM models contain very detailed and accurate in-
formation about a building. In spite of this, such models
are not necessarily associated with any geographical in-
formation. BIM is successfully applied in the stages of
building design and construction, however, the applica-
tion of BIM is still rare at the initial planning stage. For
example, when planning a new building in an environ-
ment next to other structures, the information in the BIM
model does not cover environmental information, i.e., in-
formation that would allow specialists to calculate insola-
tion with respect to nearby trees or carry out an analysis
of visibility through the building’s windows (Rafiee e? al.
2014).

The purpose of the present article is taking into ac-
count territorial planning documents and to create a spa-
tial planning model for site and building using BIM.

1. BIM and spatial planning

In Lithuania, the term “spatial planning” is used in refer-
ence to urban or regional policy and is often related to
2011). Markeviciené (2015) defines spatial planning as a
process that models the desired urban matrix based on the
existing (inherited) matrix of the city’s form (by preserv-
ing it, continuing it or devaluing it).

Cities are dynamic living organisms. This is why ur-
ban spatial planning has always been complicated. Today,
our rapidly changing society has to foresee the needs of
future city residents. Developers of spatial planning docu-
mentation find it very difficult to select the right urban
development plans, especially taking into account the fact
that cities are growing at an astonishing rate. Develop-
ment plans are normally drawn up using two-dimension-
al (2D) maps having no hint of three-dimensional (3D)
visualisations. Interaction between building and city
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models is now one of the most analysed topics world-
wide. A BIM model is limited to only showing the struc-
ture of a building, however, many important related ob-
jects from a building’s are not represented in the model,
e.g., street networks, plants, bodies of water, municipal
utility structures, etc. (Mahdjoubi et al. 2015). One of the
reasons to apply the BIM methodology in urban planning
is the possibility to create contents with detailed informa-
tion and to use this information for the assessment of the
project (Dolas et al. 2013).

Three-dimensional (3D) data visualization is of criti-
cal importance in spatial planning. Planning the exterior
and impact of new architectural objects on the environ-
ment in advance may help save financial resources before
starting or finishing the construction works. This would
also increase the involvement of the public in public de-
liberation processes (Cirulis, Brigmanis 2013).

Choosing the location for a building is also impor-
tant for the project’s success. The choice of a site affects
nearly all aspects of design and construction processes,
organizational, functional properties, harmoniousness,
operating and economic efficiency, safety and, of course,
aesthetic properties of the building (U.S. General Ser-
vices Administration Public Buildings Service 2016).

There are many different tasks which can benefit
from the incorporation of BIM. These benefits are docu-
mented as BIM Uses (The Computer Integrated Construc-
tion Research Group 2011). For this study most relevant
BIM uses are: Existing Conditions Modeling, Program-
ming, Site Analysis. Existing Conditions Modeling is the
process in which a project team develops a 3D model of
the existing conditions for a site, facilities on a site, or
a specific area within a facility. This model can be de-
veloped in multiple ways: including laser scanning and
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conventional surveying techniques, depending on what
is desired and what is most efficient. Once the model is
constructed, it can be queried for information, whether it
is for new construction or a modernization project (Foster
2011; The American Institute of Architects 2016; Zeibak-
Shini et al. 2016). Programming is a process in which a
spatial program is used to efficiently and accurately as-
sess design performance in regard to spatial requirements.
The developed BIM model allows the project team to
analyze space and understand the complexity of space
standards and regulations. Critical decisions are made in
this phase of design and bring the most value to the pro-
ject when needs and options are discussed with the client
and the best approach is analyzed. Site Analysis is a pro-
cess in which is determining the most optimal site loca-
tion for a future project. The site data collected is used to
first select the site and then position the building based
on other criteria (The Computer Integrated Construction
Research Group 2011).

At present, 3D city models are only beginning to
develop. In publicly accessible information space can be
found generated 3D city models of Berlin, New York,
Chicago, Los Angeles, Singapore and others (Berlin busi-
ness location center 2016; 3D CAD... 2016). Singapore
aims to become the first “smart” country in the world
(Peng, Khoo 2014). In Lithuania the scientists of Vilni-
us Gediminas technical university have created the first
digital model prototype of student campus in Saulétekis
(Popov 2016). 3D building models can be used for fire-
fighting simulation (Chen et al. 2014), evacuation of peo-
ple from fire, natural disasters or other cases (Lutz 2014),
a low-energy building design, taking into account formed
the city’s energy consumption context (Niu ef al. 2015).

The planning stage is especially important for the
development and execution of a successful construction
project. If all necessary requirements are considered dur-
ing the planning stage, the risk of error and the need to
change design solutions in later stages of the construction
project are reduced. However, the BIM methodology is
not currently widely applied in the planning stage. Build-
ing planning in three-dimensional space with BIM meth-
odology could be used to produce significantly clearer
conceptual solutions for the building design. However,
implementing the method would not be easy: this would
require the preparation of territorial planning documents
in digital 3D format, and the entire framework of build-
ing regulation requirements would have to be collected
and prepared for the appropriate format as well. This
means the specific legal acts (laws, technical building
regulations, hygiene norms, rules, etc.) that regulate the
construction process and how they regulate it in a spe-
cific country. Schematic view of links of site and building
spatial planning with the spatial planning documentation
is presented in Figure 1. It is well-established that the
construction process is regulated differently in different
countries, thus creating a spatial planning model for site
and buildings that functions based on the Lithuanian legal
framework would be necessary.

2. Components of the spatial planning process for
site and buildings

The spatial planning process can be defined as the plan-
ning of a building and its environment in a 3D environ-
ment by using modern computer technology and gener-
ating a virtual model that can be used and manipulated
to imitate various real situations. The site and building
spatial planning process consists of four main compo-
nents (Fig. 2). Each of these components is made up of
further elements.

It should be noted that during the planning stage,
only the preliminary form of the building can be modi-
fied (changed). Requirements for the form of a building
and various site planning norms are established by law,
and solutions proposed by territorial planning documents
cannot be changed during the planning stage, thus, these
elements are constant.

Digital 3D territorial planning document. A terri-
torial planning document in a digital 3D format is neces-
sary for the practical implementation of the spatial plan-
ning process.

Preliminary solution for building form. Building
form encompasses solutions for the positioning of the
building on site, the building’s volumetric form, and the
entirety of the construction materials used on the build-
ing’s exterior (walls, windows, roof). At the planning
stage it is important these external partitions features:
fire resistance, the number and placement of windows.
Main requirements for fire resistance in Lithuania are set
in Basic Fire Safety Requirements (2010) and Building
Regulation STR 2.01.01(2):1999 “Fundamental building
requirements. Fire safety” (1999). Requirements for win-
dows are set in Building regulation STR 2.05.20:2006
“Windows and external doors” (2006) and Building Reg-
ulation STR 2.01.07:2003 “Internal and external protec-
tion against noise in buildings” (2003).

System of requirements for building form. Re-
quirements for spatial form solutions in a spatial building
model are established by territorial planning documents,
building safety and use documents as well as other le-
gal acts. The following requirements are established by
territorial planning documents that affect the form of a
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Fig. 2. Elements of the spatial planning process for site and
buildings
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building: maximum height, maximum site coverage,
maximum floor to site ratio, possible urban spatial struc-
tures, construction zone, limits, lines (Law of the Repub-
lic of Lithuania on Territorial Planning 2014; Territorial
Planning Requirements 2014).

Building safety and use documents establish require-
ments related to the purpose of the planned building. The
article focuses on residential and public buildings, so it
will only discuss the requirements established for these
types of buildings. Building safety and use documents
establish the following requirements that affect the form
of a building: maximum site coverage, requirements for
the sound insulation class of the external partitions, inso-
lation requirements, sanitary distances between buildings,
distances between trees and buildings, distances that pro-
tect the interests of third parties. Main of these require-
ments are set in Building Regulation STR 2.02.01:2004
“Residential buildings” (2004), Building Regulation STR
2.02.02:2004 “Public buildings” (2004), Building Reg-
ulation STR 2.02.09:2005 “Single-family and duplex
residential buildings” (2005), Building Regulation STR
2.01.07:2003 “Internal and external protection against
noise in buildings” (2003).

Other legal acts establish the following requirements
that affect the form of a building: fire resistance of the
building’s external shell, fire safety distances between
buildings, distance between parking lots and windows,
protection zones around building services and transporta-
tion routes (Basic Fire Safety Requirements 2010; Special
Conditions for the Use of Land and Forest Land 1996).

System of requirements for establishing manda-
tory building site areas. Depending on the purpose of
the building and other characteristics, regulatory docu-
ments establish mandatory sections of the building site
that need to comply with certain requirements. Spatial
building plans should take into account possibilities for
planning these mandatory areas of the building site. The
Building Regulation STR 2.02.01:2004 “Residential
Buildings” establishes that minimal residential building
site areas include: pedestrian access to the site and drive-
ways, parking space, green spaces with playgrounds and
exercise areas, recreational areas for seniors and disabled
individuals, bicycle storage, an area for the temporary
storage of domestic waste, building service structures
(transformer stations, etc.). Easements should also be
taken into consideration during the planning stage (Civ-
il Code of the Republic of Lithuania 2000, Art. 4.111,
part 1).

3. Developing a spatial planning model for site and
building

The spatial planning model of a site and building is com-
posed of four principal groups of solutions:

- building solutions;

- site solutions;

- building service solutions;

- transportation and access solutions.

During the planning stage, certain decisions must be
made in each of the aforementioned groups. A detailed
diagram of a building’s spatial planning solutions is pre-
sented in Figure 3.

During the planning stage, a certain solution must be
picked in the groups and subgroups shown in Figure 3.
Next, each solution must be checked for compliance with
requirements established by legal acts and territorial plan-
ning documents. It should be noted that the final spatial
planning solution will only be acceptable if and only if
all of the intermediary solutions are also acceptable. A
diagram of the spatial site and building planning process
is presented in Figure 4.

4. Practical application of the model using Matlab
and artificial neural networks

At present, detailed planning in Lithuania does not use
digital 3D methods. However, in order to theoretically
demonstrate a practical example of the application of the
model, we must establish a set of data for our theoretical
detailed plan:

- regulated max. building height: 8-12 m;

- regulated max. site coverage: 0.23;

— easements on site: none;

- protection zones: communications lines;

- min. green area: 25%;

- degree of fire resistance of surrounding buildings:
unknown (fire safety distances must then satisfy a
single condition: minimum fire safety distance).

In order to demonstrate how the model works, ex-
amples of 30 building planning versions (solutions) were
analysed for a building site that has the aforementioned
characteristics. A diagram of the solutions tested in the
example is presented in Figure 5, the examples are pre-
sented in Table 1.

Calculations completed with the Matlab mathemati-
cal system, which is based on a matrix data structure.
The Matlab system is used to automatise calculation in
many areas of science and technology. The system can
be used with various application extension packages for
data processing, signal analysis, images, neural networks,
financial-economic calculation and other areas.

During the study, the Matlab system was used to
write the interpreted source code. The results vector
developed with the Matlab command shows in which
column(s) the data sample satisfied the requirements (i.e.,
all results equal 1). This indicates that the building so-
lution (a set of characteristics) presented in the column
meets all applicable requirements.

Artificial neural networks can also be applied to the
spatial planning process. Neural networks are biological
systems that detect models, predict and learn. Artificial
neural networks are used in modern model detection and
prediction model generation based on large-scale histori-
cal databases. Artificial neural networks (ANN) are arti-
ficial intelligence systems designed to imitate the biologi-
cal activity of the nervous system of the human brain:
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Table 1. Initial data
Value Options (initial data)
Solution
From | To Vi V2 V3 V4 V5 Vé V7 \%] V9 | V10

Building height H, m 8 12 8 12 10 6 7 11 3 5 9 4
Dlstance from building to 3 3 5 4 4 5 > 3 3 3 4
site boundary A, m
Building site coverage SC, 023 02 | 02 | 04 | 02 | 017 | 03 | 03 | 06 | 021 | 02
unit part
Green area G, % 25 24 26 50 13 45 15 67 23 34 10
Fire safety distance
between buildings, m 6 6 10 3 > 12 6 7 ? > 3
Electronic communications | 2 | 25 1 1.6 2 4 13 | 17 | 22 | 27
protection zones, m

vii V12 Vi3 Vi4 V15 \ 203 V17 V18 V19 | V20
Building height H, m 8 12 8 9 10 10 12 13 9 8 11 12
Dlstance from building to 3 3 35 3 36 5 5 33 3 35 3
site boundary A, m
Building site coverage SC, 023 023 | 02 | 022 | 02 | 02 | 03 | 02 | 023 | 021 | 02
unit part
Green area G, % 25 25 26 27 25 26 20 30 25 27 30
Fire safety distance 6 6 7 7 8 6 3 8 6 7 | 65
between buildings, m
Electroplc communications P P b 25 29 21 1 29 b 3 23
protection zones, m

V21 V22 V23 V24 V25§ V26 V27 V28 V29 | V30
Building height H, m 8 12 1 20 10 0.1 50 2 40 60 21 34
Dlstance from building to 3 1 0 0 01 5 5 10 4 5 7
site boundary A, m
Building site coverage SC, 023] 1 1 os | 1 05 | 02 | 1 | 023|015 02
unit part
Green area G, % 25 1 3 10 0.1 11 2 70 60 34 45
Fire safety distance 6 1 0 1| o1 | 05 2 10 | 4 3 4
between buildings, m
Electropic communications 2 | 0 | 01 0 5 ] 10 2 7
protection zones, m

leaning, thinking, data storage, recollection and recogni-
tion. These networks are implemented through software.
Even though researchers are still far from a complete un-
derstanding of how the human brain works, artificial neu-
ral networks can already carry out certain actions just as
the human mind does (Mandryka, Cesnuleviéius 2009).

In the field of construction, artificial neural networks
are applied in:

— Prediction and cost projection. In this area, artificial
neural networks are applied in projecting the pos-
sible costs of a design solution, construction costs,
changes in the construction budget, project cash
flow, construction demand, productivity of the la-
bour force, groundwork operations, the applicability
of new technology and organisational effectiveness.

- Construction project optimisation. In this area, ANN
are applied in order to optimise construction site
planning and the duration of the construction process.

- Decision-making. In this area, ANN are applied in
order to make decisions in the context of modular

design.

- Classification or selection. In this area, ANN are
applied to the selection of crane types and models,
estimating concrete strength and calculating con-
struction project productivity (Jain, Pathak 2014).
An artificial neural network can generate a model

from examples. This is very relevant to the present case
because every site and every building is different. As the
neural network learns, it will pick up errors more easily
and quickly and identify as well as suggest possible solu-
tions for fixing them in consideration of planning deci-
sions made in previous building and site planning solu-
tions.

Initial data is necessary for setting up a neural net-
work model. This data is referred to as input signals. In
this case, input signals are identified and described by
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spatial planning characteristics. The more initial input
data (hundreds, even thousands of entries), the more ef-
fectively and accurately the neural network will operate.
All of this would be achievable if the proposed spatial
planning model were to be developed and implemented
in reality, allowing specialists to plan and contribute to
the database. This study proposes a basic neural network
model for building and site planning based on a certain
portion of the input signals.

The proposed neural network was developed in the
Matlab system. The training progress of the neural net-
work is show in Figure 6. If the network training results
are unacceptable (the network makes a lot of mistakes),
it can be trained anew, increasing the number of neurons
or increasing the quantity of input data it is taught with.
An obviously unacceptable solution is entered into the
network in order to check how it works, e.g.: all initial
data is equal [1; 1; 1; 1; 1; 1]. Result: ans = 0.0053 (see
Fig. 7). If a clearly correct example is entered into the
system based on initial data [8; 3; 0.23; 26; 7; 2], the neu-
ral network produces the following result: ans = 0.8796
(see Fig. 8).

The neural network developed as part of this study
has produced adequate results. The result produced by a
clearly incorrect building solution amounted to 0.0053,
which is close to 0. The result produced by a clearly cor-
rect building solution amounted to 0.8796, which is close
to 1. No such results were produced during the study,

rMEVENL. LADE!

>> net([1;1;1;1;1;1])
ans =

0.0053

f{)>|

Fig. 7. Neural network answer with a clearly incorrect
solution

>» net([8;3;0.23;26;7;2;1)

ans =

Fig. 8. Neural network answer with a clearly correct solution

however, in some cases, the model can produce a result of
0.5. This would make it unclear whether the solution is to
be viewed as correct or incorrect. In this case, the solution
should be assessed organically (using human resources)
and the neural network should undergo additional train-
ing. However, as time goes by and as databases and, re-
spectively, the reliability of the neural network increases,
such cases should occur increasingly less frequently.

Conclusions

1. A conceptual model for spatial site and building
planning was developed and proposed for assessing
various solutions with regard to a proposed building,
building site, building services and transportation/
access as well as communications solutions. Dur-
ing the planning stage, a certain solution must be
selected in each solution group and subgroup. Next,
each solution must be checked for compliance with
requirements established by law and territorial plan-
ning documents. It should be noted that the final
spatial planning solution will only be acceptable if
and only if all of the intermediary solutions are also
acceptable.

2. Because every building site and every building is
different, it is important that the model is capable of
learning on its own. This would facilitate the faster
modelling and planning of a site and building, the
formation of a model based on previous examples.
As the neural network learns, it will pick up errors
more easily and quickly and identify as well as sug-
gest possible solutions for fixing them in considera-
tion of planning decisions made in previous build-
ing and site planning solutions. For this reason, the
study presents a simplified example of how to apply
the model in a practical sense using Matlab and ar-
tificial neural networks.

3. The neural network developed based on a certain
portion of the proposed model produced acceptable
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results. In future practice, if the neural network pro-
duces ambiguous results, the solution should be as-
sessed organically (using human resources) and the
neural network should undergo additional training.
However, as time goes by and as databases and, re-
spectively, the reliability of the neural network in-
creases, such cases should occur increasingly less
frequently.
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