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Introduction

Now buildings are more complex than ever
before, because today we have greater telecom, secu-
rity, electrical, data and energy requirements. Earlier
documentation sets were hundreds of pages long. Lo-
ad of work with these sets of drawings became huge,
because people had to produce them, evaluate them
or use them to build a building. But the computer-ba-
sed technology has replaced pen and paper. Drawing
and editing lines is faster and more efficient. Howe-
ver, these lines and text are not intelligent lines and
text. They are still manually created collections.

Computer-aided design (CAD) is the use of
computer technology for the design of real and virtu-
al objects [1]. CAD is a 2D technology that outputs
a collection of lines and text on a page. These lines
have no inherent meaning in the computer or on the
printed sheet [8]. Of course, CAD has its advantages
over pen and paper, but it is still a digital modelling
of the act of drafting. This form of drawing shows us
how architects, engineers and designers have worked
in the last century [7]. Earlier designers drew plans
manually. It was inconvenient, because if any of the
items changed, the designer had to modify each of
the other drawings that were affected, in order to ta-
ke the change into account. In our days we can use a
Delete key, but the aim is the same. Thus, here BIM
makes important departure from CAD platforms.

BIM is beginning to change buildings: how
they look, the way they function, the ways in which
they are built [S]. BIM is not a type or a thing of
software but a human activity that involves wide pro-
cess changes in construction. BIM must be: digital,
spatial, measurable, comprehensive, accessible and
durable. In BIM all elements are loaded with data
that describe not only geometry, but also material,
fire rating, cost, manufacturer, count, and just about
any other metadata you can imagine.

Now we can have all disciplines involved with
a project sharing a single database [5]:

e Architecture, structure, mechanics, infrastructu-
re and construction now can be coordinated sepa-
rately, not together.

Models can now be sent directly to production
machines.

Energy analysis can be done at the outset of de-
sign.
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e Construction costs become more predictable.

BIM regards how designers and constructors
look at the entire building process: from prelimina-
ry design through construction documentation, into
actual construction and even into post-construction
building management [5]. With BIM a usual 3D mo-
del is used to generate traditional building abstrac-
tions: plans, sections, details, elevations and schedu-
les. Drawings produced using BIM are not just col-
lections of lines and coordinates but an interactive
view of a model.

A work with a model-based framework is
easier and very convenient because it guarantees
that a change in one view will be transferred to all ot-
her views of the model [6]. If you remove a window
from the model, it simultaneously is removed from
all views and your window schedule is updated. If
you move elements in plan, they change in elevation
and section.

Research aim and objectives: to analyze ad-
vantages and disadvantages of 2D and 3D modelling
using AutoCAD, Autodesk Revit Architecture and
Autodesk Revit MEP software, and to compare BIM
and CAD technologies.

Research methods:

I started my Project with measurements of
Vilnius Gediminas Technical University. I measured
the second floor. These measurements were not like
usual cadastral measurements, because I had to mea-
sure this floor for a 3D model. It means that I had to
measure not only length of walls, but every detail in
all rooms: sockets, switches, lamps, all cords which
we see and other things. In addition, I had to know
all materials of walls, floors, ceilings. I obtained this
information from my university. I had to gather all
information needed for Building Information Model-
ling.

For measurements I did not use any coordinate
system. I used a laser distance meter (Leica DISTO
D2) and a tape-measure where there were no possibi-
lities to measure with a laser distance meter. [ wrote
all the measurements on a paper. When I had measu-
rements [ drew a 2D model with AutoCAD software
(Figure 1). I have more than three year experience of
working with AutoCAD software, so it was not very
difficult for me to draw a 2D model of one floor.
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Fig. 1. 2D model

Research results lel lines, and we cannot understand that those lines
represent the same wall in a section. BIM assembles
all information into one location. It is a centralized
database model. In BIM all documents are interde-
pendent and share intelligence. (Figures 2 and 3).

The greatest difference between BIM and
CAD is that a CAD system, especially 2D, uses ma-
ny separate documents to explain a building. For
example, the wall view is represented with two paral-

Fig. 2. A CAD project consists of many uncorrelated, independently created files

The best thing in BIM is that it manages chan- and documents of the project. If we change size of
ges for you. If we do a change in one place of the a window opening, this change is made throughout
project, the system will change all relevant views sections, floor plans and schedule tables.

Fig. 3. The BIM model is a centralized database in which all
documents are dependent
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Here are five big differences between BIM
and CAD:

e BIM as a task-oriented methodology is faster
than an object-oriented one [4]. In 2D drafting
we draw a wall with two lines. In BIM, a wall is
presented like an object named Wall. This wall
has height, width, angle, fire rating, materials, is
interior or exterior, demolished or new. If we add
a door, in BIM it is more than four lines, in con-
trast to the case in 2D drafting. Adding a door to
a wall automatically creates an opening in the
wall in all views where the door is.

e BIM keeps us honest [4]. One of the advantages
of BIM is that we cannot cheat design, because
the elements have properties based on real-life
properties. If we have a window in plan, it au-
tomatically appears in other associated views,
such as an elevation or a section. In a CAD sys-
tem this can be easy to overlook because we can
forget to draw a window in the place or we can
draw it in a wrong location.

e BIM is more than a 3D modeller [4]. Usual mo-
delling does not have the ability to document
a design for construction. But it is possible to
bring a model into a BIM application and pro-
gress through design, analysis and documenta-
tion.

e BIM is a data-driven design tool [4]. BIM lets
you create custom content and libraries. This
content contains a rich amount of data that will
inform schedules, quantity take-offs, and analy-
sis. Therefore, it is not just 3D — it is 3D with
intelligent information.

e BIM is based on an architectural classification
system, not “layers” [4]. In CAD every line be-
longs to a layer. For this reason we can place,
for instance, a window in the wrong layer. For
example, in Revit, there is no way to accidental-
ly place a window in the ‘wall’ layer.

For 3D modelling I chose Revit Architecture
and Revit MEP software, because Revit is the most
technologically developed BIM application (howe-
ver, there are many pieces of software based on BIM
technologies (Table 1) [2]). The name Revit comes

from “Revise Instantly”. Revit is built for managing
change. This software was designed from the ground
up as a BIM platform to specifically address problem
areas of architecture, engineering and construction
industry: communication, coordination and change
management. In CAD users have to do a lot of ma-
nual updating, but Revit understands when a change
happens and does it automatically.

Table 1. Software based on BIM technologies

SOFTWARE PRODUCER
Revit Autodesk
Navit Works JetStream Autodesk
ArchiCAD Graphisoft
Constructor Graphisoft
Bentley Architecture Bentley Systems
Digital Project Gehry Technologies LLC
Vector Works Architect Nemetschek N.A
Tekla Structures Tekla Corporation
SPIRIT SOFTTECH GmbH
StruCAD AceCAD Software Inc
IFC Engine Series TNO

Revit has many advantages, but sometimes, if
we are not careful, there may be disadvantages as
well, especially for users who may be quick to ma-
ke changes. Revit creates relationships between buil-
ding elements in order to streamline the design pro-
cess. For example, if we delete a wall, all windows,
doors and other elements will be deleted. But a very
attractive aspect of Revit is that it will not let you lea-
ve elements floating around.

Another attractive aspect of Revit is that we
can import and export to a predefined set of layers.
I have imported my 2D CAD model into Revit very
easily and quickly.

A ‘SlimBIM’ is a digital model of the building
without intelligence. A ‘SlimBIM’ consists of walls,
floor, doors, stairs, windows, etc. In ‘SlimBIM’ we
do not have any information about building, mate-
rials, communications, etc. We have only a 3D view
(Figure 4).

Fig. 4. SimBIM
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BuildingSMART is a digital model with in-
telligence. If we want to get a full BIM model, we
have to put in all information about building, const-
ructions, communications and other details. Type of
information depends on the drawer, because he can
put in, create all information which he needs and con-
siders important.

I, for example, tried to put in and create all
information so that everybody could find the infor-
mation needed. For example: electrician —about elec-
tricity, plumber — about heaters, communications.

All information in Revit is in schedules (Figu-
re 5). Creating schedules is very easy and quickly.
We can choose fields and create new fields if we
think that they are necessary.
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g. 5. Door schedule

One more power of Revit is that when we pla-
ce a door in the model it is automatically assigned a
sequential door number. The same is with windows.
In Figure 5 we can see a door schedule. The dimen-
sions of the doors are created automatically, so I did
not have to write one by one. But, for example, [ had
to write in a model, a company. But this is natural, be-
cause software cannot know these things. This sche-
dule can help everybody. For example, if we break
a door, we can open the door schedule and see the
model of the door and company producing these do-
ors. So, we just go to the shop and say that we need
this door, with these dimensions, etc.

But schedules do not end with doors and win-
dows. We can schedule almost any item that goes
into the model.

Next step of creating buildingSMART is crea-
ting material takeoffs. It is similar to creating a sche-
dule. The only difference is that we are now brea-
king components down and scheduling the smaller
pieces (Figure 6). For example, we could get a sche-
dule of all the doors. But with material takeoff, we
can quantify the glass within the doors, the area of
door panels.
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Fig. 6. Door material takeoff

One more thing in Revit which I like very
much is that we can preview our drawing and see
how, for example, a corridor will look in reality (Fi-

gure 7).

Fig. 7. Corridor rendering

So, I can say that all information in
buildingSMART can be sorted into: ‘must-have’,
‘should-have’, or just ‘nice to have’ [3].

Conclusions

1. Both pieces of software are suitable for building
modelling. They have a lot of properties to crea-
te a model as real as possible. They both produce
the main objects, such as walls, doors, windows,
etc. But it was noticed that when using AutoCad
there was no possibility to create families. With
the help of families we can easily change various
minor details as desired.

3D design is easy to understand because we see
and know what windows, doors, and other de-
tails look like. It is not just lines like in a 2D
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model. In addition, not everyone can understand
2D, because we have to know how we draw win-
dows, doors, and what the symbols mean.

3D design gives us an ability to show a variety of
designoptionstotheteamandtheclient. Forexam-
ple, if the client can see a 3D buildingSMART
model of his future house, he can change the co-
lours of walls, the style of doors and other things
and preview the result.

In Revit automated schedules of building compo-
nents can be automatically produced and impro-
ve the calculation of costs and quantities.

In Revit material quantity take-offs allow for bet-
ter planning and predictability, because in the tab-
le we can see which kind of materials we need,
how much materials we need and where we need
them.

Popular AutoCAD software with 2D modelling
is universal, it is good to learn to draw, to do
small-scale projects. But Building Information
Modelling lets us not just do, but create and mo-
del projects. The goal of BIM is to control calcu-
lations and interaction of elements for software
system, because it is faster, more accurate and
easier for us.

2D modelling has one advantage: drawing a 2D
model is very fast. Disadvantages are that in a
2D model (CAD technologies) we have only
a drawing (lines and text) without information
about building. Certainly, in AutoCAD we have
layers, for example stairs layer, windows layer,

doors layer. But we cannot see how they look
visually. However in Revit in 3D model we can
see every detail of doors or other parts.

Acknowledgments. The author would like to
acknowledge dr. A. Stanionis for help and support
when writing this paper.

References

1. About AutoCAD software, http://www.scribd.com/
doc/6571125/Apie-AutoCad-Programa, May 2010.

2. CAD and BIM technologies in building drafting,
https://info.vgtu.lt/upload/leid konf/jociene 99-107.
pdf, May 2010.

3. Demchak G., Dzambazova T., Krygiel E., Mastering
Revit Architecture 2010, 200.

4. DzambazovaT., Krygiel E., Demchak G., Introducing
Revit Architecture 2010. BIM for Beginner, 2009.

5. Eastman Ch., Teicholz P., Sacks R., Liston K., BIM
Handbook. A Guide for Building Information Mode-
ling for Owners, Managers, Designers, Engineers,
and Contractors, 2008.

6. Ning Gu, Kerry London, Understanding and facili-
tating BIM adoption in the AEC industry, Automa-
tion in Construction, Volume 19, Issue 8, December
2010.

7. Rick L., Sequin C., Generation of 3D building mo-
dels from 2D architectural plans, Computer-Aided
Design, Volume 30, Issue 10, September 1998.

8. Wing E. Revit Architecture 2010. No Experience Re-
quired, 20009.

2D AND 3D BUILDINGS MODELLING BY USING GEODETIC MEASUREMENTS

Rita Gaidyté

Summary

Many scientists, inventors and companies still use 2D drawings and only start to realize a 3D modelling that can

save time and money. My primary aim is to compare peculiarities of 2D and 3D modelling based on CAD and BIM tech-
nologies. To achieve the aim, distance measurement device Leica 2D was used to measure the second floor of Vilnius
Gediminas Technical University. Using these measurements I made a 2D model by using AutoCAD software, then I im-
ported this model into Autodesk Revit Architecture software and drew a 3D model. As to the theoretical aspect, this work
also required analysing, understanding what a BIM model is and how it differs from CAD model.

Keywords: CAD, BIM, 2D modelling, 3D modelling.
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2D IR 3D STATINIU MODELIAVIMAS NAUDOJANT GEODEZINIUS MATAVIMUS
Rita Gaidyté
Santrauka

Daugelis mokslininkuy, iSradéjy ir kompanijy vis dar naudoja 2D brézinius ir tik pradeda realizuoti 3D modelia-
vima, kuris gali sutaupyti laiko ir pinigy. Pagrindinis straipsnio tikslas yra palyginti 2D ir 3D modeliavimo ypatumus,
remiantis CAD ir BIM technologijomis. Siam tikslui jgyvendinti atstumy matavimo prietaisu Leica D2 buvo matuojamas
Vilniaus Gedimino technikos universiteto antras aukstas. Naudojant $iuos matavimus nubraizytas 2D modelis AutoCAD
programine jranga. S{ modelj importavus { Autodesk Revit Architecture programing jranga, nubraizytas 3D modelis. Be
to, $is darbas taip pat reikalavo iSanalizuoti, suprasti, kas yra BIM modelis ir kuo jis skiriasi nuo CAD modelio.

Prasminiai Zodziai: CAD, BIM, 2D modeliavimas, 3D modeliavimas.
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