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Abstract. With the growth of information technologies in the field of construction industry, the concept of CAD (Com-
puter Aided Design), which denotes just design operations using a computer acquires a new meaning and changes the
contents lightening design process based on product modelling and further numerical simulation construction process
and facility managing. New definitions as Building Information Modelling (BIM) and Product Lifecycle Management
(PLM) are more and more usable as the definition of a new way approaching the design and documentation managing of
building projects. The presented computer aided design technology based on the concept of graphical — information
modeling of a building, is combined with resource demand calculations, comparison of alternatives and determination
of duration of all the stages of investment project life. The software based on this combined 4D PLM model is to be
created as a means to manage effectively the investment project, starting from planning, designing, economical calcula-
tions, construction and afterwards to manage the finished building and to utilize it.

Keywords: Building Information Modelling, Computer Aided Design, Object Modelling Technique, Computer aided

Construction estimating, Decision-Making Solutions.

1. Introduction

Over the last years, numerical object oriented product
modeling and process simulation has evolved from a niche
application to a fully accepted and widely used tool for prod-
uct and process optimization. A growing product diversity,
ever-increasing quality requirements, the rising pressure on
cost and tighter deadlines, together with the technological
enhancements, have been the driving force behind the uni-
versal breakthrough numerical simulation known in the re-
cent past. The rapidly growing use of numerical simulation
is due both to the constantly increasing hardware perfor-
mance and to the methodical software enhancements. Thus,
the user community has grown considerably in the recent
past. Today, new challenges in view of a better integration
of the simulation processes into the product development
are arising. The objective is to accelerate the extraction of
the knowledge accumulated in a wealth of simulations in
such a way that it can be used to define product develop-

ment standards and recommendations. It is becoming in-
creasingly important to create efficient and effective simu-
lation environments. The range of applications covers vir-
tually every phase of the product development process. Long
since, simulation systems have made their way to the de-
signers’ desks and an increasing number of users who have
only little experience with simulation technology are using
them for their daily work.

2. BIM a new approach of the design and
documentation of building projects

With the growth of information technologies in the field
of Construction industry, the concept of CAD (Computer
Aided Design), which denotes just design operations using
a computer acquires a new meaning and changes the con-
tents lightening design process based on product modeling
and further numerical simulation construction process and
facility managing. New definitions as Building Informa-
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tion Modeling (BIM) and Product Lifecycle Management
(PLM) are more and more usable as the definition of a new
way approaching the design and documentation managing
of building projects [1].

The concept Building Information Modeling (BIM) may
be described as the way [2-5]:

— to develop the strategy of building project design,
construction, and maintenance management based
on the computer aided modeling and simulation tech-
nologies of the object and its development processes;

— to ensure the integrated management of graphical
and information data flows enabling to combine vir-
tual graphics (CAD) [6] with information flows (DB)
and process descriptions, all this performing under
a unified software environment;

— to transform individual executors into teams and de-
centralized tools into complex solutions, to integrate
individual tasks into processes;

— to perform life cycle operations of a construction
project faster, more effective, and with lower costs.

BIM is the driver with discipline-specific solutions,
working together. By applying information and model-based
technology solutions to allow the automatic generation of
drawings and reports, design analysis, cost estimating,
schedule simulation, facilities management, and more —
ultimately enabling the building team to focus on the infor-
mation and their decisions, rather than the documentation
tools and process. The result is a better way for building
teams to work — with time saved, improved quality, and
better buildings because of the informed decisions made
along the way. Using BIM the entire lifecycle of the build-
ing is considered (design/build/operations). All information
about the building and its lifecycle is included defining and
simulating the building, its delivery, and operation using
integrated tools. BIM integrates work, processes, and infor-
mation for: multiple disciplines, multiple companies; mul-
tiple project phases.

In time aspect during design, there is increased oppor-
tunity for design iterations, as information is exchanged
between disciplines quickly. Project documentation requires
less time wasted on grunt work. Professionals can spend
less time documenting decisions and more time making
them. Everyone can avoid redundant effort. And construc-
tion can better support fast-tracking, tightly managed sched-
ules, and the shared risks and rewards of design/build.

In quality aspect using BIM the user has improved co-
ordination between documents, between disciplines, and
across the entire team reduces errors and omissions. With
coordinated documents and well-captured design intent, the
enhanced design process makes for a far more informed
design environment.

BIM provides at least two major advantages over CAD
[7-9]:

— BIM models and manages not just graphics, but also

information — information that allows the automatic
generation of drawings and reports, design analy-
sis, schedule simulation, facilities management, and
more — ultimately enabling the building team to
make better-informed decisions.

— BIM supports a managed environment so that
people, tools, and tasks can effectively share this in-
formation throughout the building lifecycle, thus
eliminating data redundancy, the need to re-enter
data, data loss, miscommunication, and translation
errors.

3. Concept of object modelling technique

The essence of BIM involves the fact that design is
treated as an integral part of the building life cycle. Seg-
mented work between the design parts and members is re-
placed by the adjusted process. This is achieved by chang-
ing the design technology substantially, switching from the
development of a set of 2D drawings to the development of
a 3D computer aided model of a building, comprising all
the parts of the design, i.e. architectural, structural, me-
chanical, technological, construction process management,
estimates, and etc.

In the design stage these goals are implemented by the
technology of a Building continuum model, which focuses
on the finally completed and fully equipped 3D building
model comprising all the design parts. The base of this tech-
nology is made up of the 3D graphical-information model
covering the following: building geometrical model; its
physical properties (materials, etc.); functional peculiari-
ties of its components.

One of the fundamental innovations of this technology
includes component modeling. Previously computer design
systems were adapted for the work of one user at data file
level and as a result for isolation of this data from other
users. The component modeling technology allows work-
ing in parallel with all design data at the level of data com-
ponents covering the entire design cycle on the scale of a
users group. Engineering components are graphical numeri-
cal models of real objects. These models characterize ge-
ometry, properties, links, and attributes of the real objects.
It is assumed that a building consists of elements and parts
different by their functions, properties, and manufacture
technology. A part may involve a simple structural compo-
nent (foundation, column, brick wall, floor slab, etc.) or a
complex structure (multilayer wall, truss, composite plate,
window, etc.). All elements or parts have specific 3D shape.
In the drawing each element of this kind is marked and
displayed adequately (line thickness, color, layer, hatching
type, etc.). In addition, a user may assign for elements and
parts other parameters characteristic of a real thing: mate-
rial, its physical properties, class or standard, to link an
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element with technical specifications and descriptions, to
assign for it tariffs and norms. This is done by using exist-
ing or developing one’s own data structures.

All the graphical objects are 3D solids with the prop-
erties of the elements of real structures, they are parametri-
cally controlled and intellectual, i.e. each object “knows”
about itself both quantitative information (length, area,
volume, and etc.) and qualitative information (material,
contents), may preserve the development history and even
“recognize” its developer. All this provide unlimited pos-
sibilities not only to develop objects, to change and edit
the shape of objects rapidly and effectively, but also to
preserve and manage their attributive information, using
the 3D building model. In the meanwhile 2D information,
i.e. different drawings (plans, sections, facades, details,
and nodes) and other design documentation (list of mate-
rials, specifications, reports, and estimates) are generated
from the 3D model.

Quantity and price of the specified components may
be calculated by the measurement units required taking
into account volume, area, length, or just by the parameter
entered [10]. For instance, for the same wall the quantity
of concrete or brickwork may be calculated by its volume;
quantity of plaster, paint, wallpaper or finish tiles may be
determined by the area of wall surfaces; quantity of trims,
cornices, skirt boards may be measured by length, whereas
quantities of reinforcement may be computed by the rein-
forcement percentage set.

Since these reports are linked to the model, new edi-
tions of the model update design data automatically. If nec-
essary, external databases may be connected and used.
Thus, accuracy, coordination, and synchronization of
changes in the whole project documentation are ensured.

In principle new features of BIM concept are open for
applying of virtual testing, and simulation of physical be-
havior of the model. That ensures by integration between
3D modeling systems and Finite Element Analysis (FEA)
software applications for structural stress strain analysis
nd design. Due to that possibility the succession between

physical and analysis model maintains during information
transition from modeling to analysis environment and back.
Trends toward easy-to-use, integrated FEA software in-
crease the potential benefits analysis can provide beyond
traditional design validation to virtually every phase of prod-
uct development, from concept development through physi-
cal prototyping and production.

Observing BIM application in design stage it can be ac-
cepted that of Object Modeling and Simulation Technique
comprises a full range of actions starting from the develop-
ment of virtual form or a model of the project under consid-
eration (i.e. detail, structure, engineering system), describing
all physical parameters characteristic of a real project (i.e.
density, performances of strength and deformation, thermal
constants, and etc.), defining the conditions of its position (i.e.
supports, joint releases, interaction with other objects). Then
analysis of model behavior under real maintenance conditions
is performed: effects of different character (i.e. static and
dynamic loads, temperature and humidity changes, wind pres-
sure, and etc.) are described and the results obtained (reac-
tions, internal forces, stresses, and deformed state) are ana-
lyzed. On the base of this analysis design solutions are made,
design is performed, and search for optimal solutions is car-
ried out. The results received by next step are presented in
ordinary technical documentation form: drawings are gener-
ated, detailing of nodes and elements is performed, specifica-
tions and estimates are composed [11] (Fig 1).

Hence, modern computer technologies even in the de-
sign stage provide a possibility to treat a virtual model as a
real object and to simulate all types of “true life” situation,
see the result, always have the answer to the question: “what
if...?”. All this allows making right technical solutions in
order to achieve the optimum result. The technology of
computer aided design is based on the concept of building
graphical — informational modeling in order to ensure the
succession of the building design, its construction process
and project maintenance management, to increase work
efficiency and creativity, to provide the full engineering
support cycle of a structure “from idea to a real object”.
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Fig 1. Three stages of project development using BIM concept: modeling (a); analysis (b); drawings and reports (c)
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4. Price calculation of construction works and
preparation of estimate documentation

A significant share of design comprises (or at least shall
comprise) evaluation of the economic part of a structure,
first of all calculation of accurate (unbiased) price of con-
struction (estimate). Usually an architectural-design part of
adesign is dissociated from an economic one strictly, there-
fore a designer (architect or constructor) having no tools
and often even no possibilities (for instance, due to time
restrictions) for unbiased pricing of a structure and com-
parison of variants, simply makes no price evaluation at
all. Later, however, already after making a decision practi-
cally to construct exactly such a structure and after attempt-
ing to evaluate its price, it appears that the price differs
substantially (usually it is higher) from the price supposed
by the customer. Then it is necessary to look for more eco-
nomical solutions, remake a design, and evaluate results
once again, and so on.

Software for price calculation of construction and re-
pair work as well as for the preparation of estimate docu-
mentation (EP) is designated for supporting the economic
part of the design, i.e. for evaluating material and labor
expenses and cost as well as specific work execution con-
ditions. Usually this software has a double purpose: to
schedule price of the works (and resources) planned and
control the compliance with the plan scheduled. When fore-
casting the price of the works planned it shall be taken into
mind what is the purpose of such actions, i.e. in order to
achieve the result as soon as possible (e.g. when preparing
material for a tender) or as accurate as possible (when pre-
paring working estimates — tasks).

Traditionally an estimate maker, even having a special-
ized estimate program available, starts the work from “pa-
per” drawings received as a result of the analysis carried
out by designers. When reading the drawings an estimate
maker notes down quantities of materials, analyses the con-
structional solutions used, determines whether the decisions
made by the designer are in line with the effective economy
criteria. Many of these actions duplicate the designer’s work,
i.e. an estimator shall grasp once again the material already
known by the designer. When quantities and technological
decisions in a design are known, estimate price calculation
using EP is performed by selecting from the normative da-
tabase corresponding norms (tariffs) of works, correcting
them (adapting for a particular situation, specific condi-
tions), regulating prices of materials, machinery, and labor.

Till now there were no attempts made in order to auto-
mate the process or propose measures enabling to price a
structure (or its individual elements) interactively. In the
meanwhile, integration of state-of-the-art computer aided
design systems based on Object Modeling Technique (OM)
and estimating software (EP) is possible by utilizing all avai-
lable information and tools at the maximum (adjusting the

effective interrelation between a designer and an estimator).
It is one of the facets of Building Information Modeling
(BIM) Technology. After solving these tasks the members of
the design are provided with measures enabling to evaluate
economic expenditures of a structure or its individual parts
at the selected level of detailness, i.e. from “pure” material
specifications to almost complete estimates, which consider
labor force and all necessary additional materials, required
machinery and imputations (e.g. remuneration of linear
personnel, social taxes, profit, and etc.) [10].

This is the joint design worked out by the group of ar-
ticle authors intended for the solution of this problem. When
implementing the design first of all the concept of the in-
terrelation between a graphical — information model of a
building and estimate has been formulated, technique for
classifying constructional elements and materials has been
generated, all necessary software tools and data structures
have been developed:

— The database of typical articles (in other words, con-
structive elements or objects) and typical materials
integrated into OM solves the problems of formal
description of all elements and materials of a struc-
ture. Description of articles and materials by param-
eters facilitates the work of both a designer and an
estimate maker significantly;

— The database of typical estimate fragments linked
with the database of typical articles and materials
allows automatic (software) selection of tariffs;

— Special EP modules enable to draw estimates of dif-
ferent detailness from OM specifications as well as
to check the already drawn estimate with the speci-
fication and to highlight the changes.

The concept of the software for automated generation
of estimates under BIM OM - ES environment is shown on
principal scheme (Fig 2).

Implementation of the task set necessitated evaluating
a very wide range of the related matters. All this has led to
the need to create a unified classificatory of typical con-
structive elements (articles) and materials integrated to OM.
The classificatory should enable a designer to describe con-
structive elements, to define their material composition in
order to ensure homologous understanding of this material
(a 3D model, drawings, specifications) by other members
of the design, i.e. estimate makers, technologists.

It was necessary to solve the selection of estimate frag-
ments in order to evaluate the implementation (execution)
works of a typical element. An estimate fragment means a
group of norms defined by parameters and linked. In other
words it is a parametrical estimate including all the neces-
sary works and resources depending on design technologi-
cal properties of a construction element. For all these frag-
ments particular quantities and norms depend on charac-
teristic parameters, e.g. geometry, materials, technology, and
etc. Parameters are defined when generating the structure
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model based on BIM and passed to EP. Same as OM, EP
also have tools enabling user to expand and detail classifi-
catory, to develop typical articles and fragments itself, there-
fore each user may adapt a general concept for its own needs.

Classificators are the main facet and essential subject
of BIM and EP integration. Ordered description of con-
structive elements is necessary for automated selection of
fragments and prices. By using classificators it is possible
to develop fully functional bases of design elements and
typical materials, to link design elements with construc-
tion technology at the level of desired detailness (to select
work norms), etc. In this case as one of variants the fol-
lowing classificators may be used: “Vysshije klasifi-
kacionnye grupirovki otraslevogo kataloga produkcii”
(BKT'OKII) for describing typical materials [12]; “Klasi-
fikator rabot i uslug v stroitelstve” (OKPYC) for describ-
ing typical design elements (linking with construction tech-

nology) [13].

Even in a case of a relatively complicated model, esti-
mates are generated rapidly, therefore a designer may ad-
just a model (or its individual parts only) interactively and
follow price changes. Surely, a designer may use in the de-
sign not typical constructive elements and these elements
in the estimate will appear only in a “material” form, i.e.
without the work necessary for their implementation and
without additional resources. In any case, however, an esti-
mate maker from the estimate generated using the program
shall prepare a real (final) estimate, i.e. shall adjust prices
finally, enter additional works or remove unnecessary ones,
if required, etc. After such adjustment an estimate may dif-
fer from the initial one, however, observing certain rules a
designer does not loose a possibility to recalculate an esti-
mate later in case a model (quantities of materials, materi-
als themselves, and etc.) changes: ES tools enable to “check”
an existing estimate with the changed model.
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Fig 2. Diagram illustrating automated generation of estimates under BIM OM - ES environment

, a) b)

0AAE 1 hie
'na,i‘

5

e

c2-A-D- XRED A

YEEEY  HaEs
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5. Computer aided construction estimating system

SAS — Computer aided construction estimating system,
based on Building Information Modelling concept, inter-
connects structural design, estimating and time scheduling.
The main purpose of SAS is to automate the economic part
of design the maximum, providing user (designer, contrac-
tor or investor) with possibility to evaluate economic ex-
penditures at any stage of a project - from the design to
finished construction. Just-one-click tools enables user to
get an estimate (expenditures of resources, supposed op-
erations, cost calculations) with no need to calculate quan-
tities, select work normatives, evaluate conditions — every-
thing is obtained automatically from information model of
a construction [10]. An estimate is obtained in a file format
of SES2004, and can be edited using the widest functional-
ity of this application and largest databases of wok norms
and construction resources (materials, labor, machinery) [9—
11]. As there are references between constructional element
(in a model) and estimate, one can acquire any cost-related
and expenditure-related information for each such element
using detail description of typical elements (TE). Changes
in a design can automatically regenerate associated esti-
mate. All information about operations and resources from
estimate can be passed to time scheduling applications, such
as Microsoft Project. All information is stored in a general
database, so feedback is widely possible.

SAS Database of typical constructional elements
(DTCE) is oriented to topical up-today solutions in con-
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struction. The basis of DTCE database is Classificator of
typical constructional elements (CTCE), which arranges
typical elements into classes, groups and subgroups accord-
ing to technological processes. Each description of typical
element contains code, name, set of parameters, fragment
of estimate and a macro, which process fragment depend-
ing on parameters (for example, chooses appropriate norms,
calculates quantitative information, etc.). Fragments of es-
timates for typical elements are based on norms, certified
by governmental institutions of Lithuania and Russian Fed-
eration. DTCE database can be easily updated by new ele-
ments, adapted to any company, it‘s technology. On pur-
pose to ease the setting of parameters, most of values can
be picked from a list; along with numerical parameters,
DTCE provides proper versatility.

According to carried calculations, this system can save
up to 40 percent of the time, required for design and eco-
nomic-technologic calculations, including preparation of
drawings, estimates, schedules and analyzing a number of
alternative versions of a project.

6. Determination of an effective variant

Having analyzed the characteristics of the construction
project and applied the PLM concept, a model suitable for
determining a precise most effective variant is developed
for construction project automated management within its
entire life (Fig 3) [11]. Data of each block after the ac-
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Fig 4. Model of the construction project automated management within its entire life
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complishment of every stage can be analyzed comparing
the selected alternative variants, and the collected informa-
tion can be transferred to the next block. In this way a flex-
ible simulation and real time analysis are obtained, with
the help of which in case there are any changes in the situ-
ation (at any stage of the project implementation cycle) al-
ternative solutions can be assessed and the most effective
variant at that time chosen using PLM concept and virtual
3D BIM model data.

As it is shown in Fig 4, it is available to compare (as-
sess) the alternative solutions or evaluate the alternative
variants in each block of the model. In this stage it is advis-
able to use multiple criteria evaluation methods. In con-
struction indicators of the implemented designs are differ-
ent from those calculated according the design and drafts.
The existence of information lack does determine the unre-
liable or incomplete information. When these uncertainties
are caused by random effects defined by evaluations ac-
cording to the distribution laws set by various statistical
methods, then we have the problems of stochastic indefi-
niteness. For decision making under the conditions of un-
certainty the game theory methods may be applied [11].

The professors of Vilnius and Leipzig high schools have
been performing a research into the problem of multiple
criteria evaluation and uncertainty for several years. They
were analyzing the usage of mathematical-statistical meth-
ods for multiple criteria evaluation and have applied game
theory to solve uncertainty problem. Using LEVI 3.0 soft-
ware (Peldschus, Zavadskas, Ustinovichius et al.) [14] it is
possible to find solutions for a task by means of different
methods, to compare the construction project variants by
choosing the solutions and choose the economically effec-
tive variant in construction.

7. Conclusions

1. In order to characterize modern information technolo-
gies in the field of computer aided design the notion of BIM
(Building Information Modeling) is used, the concept of
which may be defined by the following goals: to develop
the strategy of construction project design, its construction,
and maintenance management, based on computer aided
modeling technologies of the object and its development
processes; to ensure the integrated management of graphi-
cal and information data flows, enabling to integrate vir-
tual graphics with information flows and process descrip-
tions, all this performing under a unified software environ-
ment; to transform individual executors into commands,
decentralized tools into complex solutions, to integrate in-
dividual tasks into processes; to perform life cycle opera-
tions of a construction project faster, more effective, and
with lower cost.

2. BIM technology is based on the concept of static

graphical — information modeling, the essence of which in-
volves the fact that a design is treated as an integral part of
the building life cycle. Segmented work between the de-
sign parts and members is replaced by the adjusted pro-
cess. This is achieved by changing the design technology
substantially, switching from the development of a set of
2D drawings to the development of a 3D computer aided
model of a building, comprising all the parts of the design,
i.e. architectural, structural, mechanical engineering, tech-
nological, estimates, and etc.

3. Integration of state-of-the-art computer aided design
systems based on Object Modeling Technique (OM) and
estimate programs (EP) enables to evaluate the prices of a
structure (or its individual elements) interactively.

4. The concept of the relation between a graphical — in-
formation model of a building and estimate has been for-
mulated; technique for classifying design elements and ma-
terials has been generated, necessary programming tools
and data structures have been developed; integration of OM
and EP systems has been performed; technique for com-
puter aided evaluation of economic indicators of a construc-
tion project has been composed.

5. SAS — Computer aided construction estimating sys-
tem, based on Building Information Modeling concept, in-
terconnects structural design, estimating and time schedul-
ing. The main purpose of SAS is to automate the economic
part of a design the maximum, providing a user (designer,
contractor or investor) with the possibility to evaluate eco-
nomic expenditures at any stage of a project - from the de-
sign to finished construction.

6. The advantage of the whole PLM concept is a possi-
bility to simulate the management of the project, on the
basis of 3D model to calculate the precise resource demand,
to determine the time scale of the project implementation
and to assess effectively alternatives. It is suggestible to
use the multiple criteria decision support software LEVI
3.0 as evaluation tool to choose effective construction
project alternative group.
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4D INFORMACINIO MODELIAVIMO KONCEPCIJOS KOMPLEKSINIS TAIKYMAS STATINIAMS PROJEKTUOTI,
SAMATAI JVERTINTI, KALENDORINIAM PLANAVIMUI IR VARIANTAMS PALYGINTI

V. Popov, S. Mikalauskas, D. Migilinskas, P. Vainitinas

Santrauka

Besivystant informacinéms technologijoms kompiuterinio projektavimo srityje, savoka CAD igyja nauja prasmg ir keicia turini,
iSrySkinamas projektavimo procesas, pagristas projektuojamo objekto modeliavimo ir jo tolesnio statybos proceso ir turto valdymo
virtualaus imitavimo technologijomis. Naujos savokos: Building Information Modeling — statinio informacinis modeliavimas (BIM) ir
Product Lifecycle Management — produkto gyvavimo ciklo valdymas (PLM), taikomos naujam pozitiriui | objekto projektavimo ir
dokumenty valdymo procesa apibrézti. Siiiloma kompiuterinio projektavimo technologija grindZiama statinio grafinio-informacinio
modelio sukiirimo koncepcija, kuri savo ruoztu yra suderinta su istekliy poreikio skaic¢iavimais, alternatyvy lyginimais ir investuojamo
projekto etapy gyvavimo trukmés nustatymu. Specializuota programing iranga Siam kombinuotam 4D PLM modeliui sukurti naudojama,
kai reali priemoné efektyviai valdyti investuojama projekta, pradedant planavimu, projektavimu, ekonominiais skai¢iavimais, statybos
organizavimu, baigiant pastato valdymu ir utilizavimu.

ReikSminiai ZodZiai: statinio informacinis modeliavimas, kompiuterinis projektavimas, objektinio modeliavimo technologijos,
automatizuotas ekonominis jvertinimas, sprendimy paieskos sistema.
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