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Abstract - Three-dimensional geometric models have been
used to present architectural and engineering works
showing their final configuration. But, when the
clarification of a detail or the constitution of a
construction step in needed, these models are not
appropriate because they do not allow the observatn of
the construction activity. Models that could preseh
dynamically changes of the building geometry are good
support on education in civil engineering domain.
Techniques of geometric modelling and virtual reaty
were used to obtain interactive models that couldisually
simulate the construction activity. The applicatiors
explain the construction work of a cavity wall anda
bridge. These models allow the visualization of the
physical progression of the work following a plannd
construction sequence, the observation of detailsf ohe
form of every component of the works and support th
study of the type and method of operation of the
equipment applied in the construction. The models
present distinct advantage as educational aids inirét-
degree courses in Civil Engineering. The use of Minal
Reality techniques in the development of educatioha
applications brings new perspectives to the teachinof
subjects related to the field of civil construction

Index Terms- Didactic models, Education, Virtual reality,
Visual simulation.

INTRODUCTION

Normally, three-dimensional (3D) geometric modelkich
are used to present architectural and engineeringksy
show only their final form, not allowing the visusimulation
of their physical
construction needs to be able to produce changetheof
geometry of the project. The integration of geoietr
representations of a building together with schiegubata
related to construction planning information is theses of
4D (3D + time) models [1]. In construction field 4Dodels
combine 3D models with the project timeline [2].dddition
Virtual Reality (VR) technology has been used tmtdD
models more realistic allowing interaction with
environment representing the construction place.TVT
Building Technology has been developing and implaimg
applications based on this technique improving #ebe

communication between the partners in a constmctio

project [3].

a way of presenting the visual simulation of thesalr
situation” of the work in several step of its exan. Those
models are created for each particular projectaaadmostly
manipulated by the principal designer or contractior
another cases they are used to explain complexnowvative
construction processes to subcontractor.

When modeling 3D environments a clear intention of
what to show must be planned, because the obpedisplay
and the details of each one must be appropriat¢detgoal
the Engineer want to achieve with the model. Fstaince, if
the objective is to explain the relationship betwee
construction phases and the financial stages, thenddel
must represent the correspondent physical situation
according to the established construction diagranh \&ith
the degree of detail appropriated. Developing didac
models for students concerns technical tasks,lavel that
could be understood by undergraduate students,alsat
pedagogical judgments.

In the present study, two engineering constructionk
models were created, from which it was possibl®ltain
3D models corresponding to different states ofrtsbape,
simulating distinct stages in construction procesig. In
order to create models, which could visually sirteulthe
construction work and allowing interact with itchmiques
of virtual reality were used. The developed appidce
make it possible to show the physical evolutiornhaf work,
the monitoring of the planned construction sequgand the
visualization of details of the form of every comgot of
each construction. They also assist the studyetype and
method of operation of the equipment necessarytHese
construction methodologies [5].

DIDACTIC VIRTUAL MODELS

increasing. The models concerning

The aim of the practical application of the virtumbdels is
to provide support in civil engineering educaticamely in
those disciplines relating to bridges and consimagbrocess
both in classroom-based education and in distagaming
based on e-learning technology. Specialist in cangon
processes and bridge design were consulted ant/@d/an
the execution of the models in order to obtainceffit and

the accurate didactic applications. The selected exasmule two

elementary situations of construction works:external wall
is a basic component of a building and the cargilewethod
of bridge declconstruction is applied frequently.

The pedagogic aspect and the technical knowledge
presented on the selection of the quantity and tgpe

ar

The use of 4D models just linked with constructionelements to show in each virtual model, on the seqel of

planning software or with virtual/interactive cajiiss,
concerns essentially economic and administrativeetits as

exhibition to follow, on the relationship establkshbetween
the components of both type of construction, ondagree
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of geometric details needed to present and ondtientcal
information that must go with each constructivepsteurther
details complement, in a positive way, the educatio
applications bringing to them more utility and eiincy.
Namely, the model of the wall shows the information
concerning construction activity of interest forudgnts
corresponding to the geometric stage displayed d@ohe
moment and the bridge construction model
particularly the movement of the equipment in opera
during the progression. So when students go td vl
work places, since the essential details were posly
presented and explained in class, they are ablbetter
understand the construction operation they arageei

In addition, the use of techniques of virtual rigadin the
development of these didactic applications is helgb
education improving the efficiency of the modelghe way
it allows the interactivity with the virtual actiyi The virtual
model can be manipulated interactively allowing thacher
or student to monitor the physical evolution of therk and
the construction activities inherent in its progiea. This
type of model allows the participant to interactimntuitive
manner with the simulated environment, to repeat th
sequence or task until the desired level of preficy or skill
has been achieved and to perform in a safe enveohm
Therefore, this new concept of VR technology amplie
didactic models brings new perspectives to thehiegcof
subjects in the area of civil engineering.

VIRTUAL 3D MODEL OF THE WALL

One of the developed applications correspondseanrtbdel
of a masonry cavity wall, one of the basic compeseai a
standard construction. To enable the visual siraratf the
construction of the wall, the geometric model gatedt is
composed of a set of elements, each representirg o
component of the construction. The selection ofnelets
and the degree of detail of the 3D model configarabf
each component had the support of teachers anéakgiein
construction. Using thEON Reality systelj6], a system of
virtual reality technologies, specific propertiesrev applied
to the model of the wall in order to obtain a \aitu
environment. Through direct interaction with thedah it is
possible both to monitor the progress of the comsinn
process of the wall and to access informationirgjab each
element, namely, its composition and the phasexetwion
or assembly of the actual work, and compare it witl
planned schedule. This model had been used tondfisti
advantage as an educational aid in Civil Engingedagree
course modules.

I. Geometric modeling of the elements of the corttn
environment

The definition of the 3D model of an exterior walf a
conventional building comprises the structural elata
(foundations, columns and beams), the verticatrfilanels
and two bay elements (door and window). Every el@gme
was modeled using theutoCADsystem.

The structural elements of the model were creatigdl w
parallelepipeds and were connected according fo tiseal
placement in building works. Because this is ancatianal
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show:

model, the steel reinforcements were also definedthe
model, the rods of the reinforcements are showtulaslar
components with circular cross-section (Figure 1).

~.
FIGURE 1
3D MODELS OF THEMASONRY WALL COMPONENTS

The type of masonry selected corresponds to amrexfte
wall formed by a double panel of breezeblodks,cm wide
with an air cavity6 cm,wide (Figure 1). Complementary to
this, the vertical panels were modeled, comprisitie
thermal isolation plate placed between the bricketg the
plaster applied to the external surface of the wh# stucco
applied on the internal surface; two coats of photh inside
and out and the stone slabs placed on the extsuidace.
Finally, two usual bay elements, a door and a windeere
modeled.

Il. Programming the virtual construction

The completed model was then transferred to theualir
reality systemEON (as a design file witl3dsextension). In
this system, the visual simulation of the buildiprgpcess of
the wall, following a realistic plan of the consttion
progress, was programmed. For this effect, 23 phade
construction were considered. The order in which
components are consecutively exhibited and incaitedr
into the virtual model, represent realistically tpaysical
evolution of the wall under construction (Figure 2)

FIGURE 2
EXHIBITION OF PHASES INBUILDING EVOLUTION.
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During the animation, the student can control greggth
of time that any phase is exhibited and observentbeel
using the most suitable camera and zoom positionsaf
correct perception of the details of constructiten®nts. It
is possible to highlight the component incorporatad
each new phase and to examine it in detail (Figure

FIGURE 3
ELEMENTS DISPLACED FROM THE GLOBAL MODEL OF THEWALL .

Included, under the window in which the virtual seds

The development of the model was supported
engineer specialist in construction activity. Sadstlis a
guarantee that the model shows the constructioneseg in
a correct way and the configuration of each compbmeas
defined with accuracy. In this educational applamat it is
important to include details such as: bar showihg t
construction progress; text with information comieg the
stage observed; the possibility to highlight eletadrom the
model; the accuracy of the reinforcements and tag then
connect inside the structural elements; the detafilghe
configuration of vertical panels and components tloé
window and the door.

by

VIRTUAL 3D MODEL OF THE BRIDGE

The second model created allows the visual simoratf the
construction of a bridge using the cantilever mdtho
Students are able to interact with the model diogathe
rhythm of the process, which allows them to obselwtils
of the advanced equipment and of the elementseobtiige
(pillars, deck and abutments). The sequence isneifi
according to the norms of planning in this typevofk.

The North Viaduct of the Bridge Farm, in Madeira,
Portugal, was the case selected for representatiothe
virtual environment [7]. In cross-section, the deak the
viaduct shows a box girder solution and its heigtrtes in a
parabolic way along its three spans. The most commo
construction technique for this typology is the tdawmer
method of deck construction. This method startsmylying
concrete to a first segment on each pillar, thensg being
long enough to install on it the work equipment.eTh
construction of the deck proceeds with the symmoaitri
execution of the segments starting from each pilldre

exhibited, is a bar, which shows the progress of thcontinuation of the deck, uniting the cantilevermarsg, is

construction. Throughout the animation, the baffillsd,
progressively, with small rectangles symbolizinge th
percentage built at the time of the viewing of thatticular
phase, in relation to the completed wall constarc{iFigure
3). Symbolically, it represents the bar diagramsmadly
used on construction plans.

Simultaneously, with the visualization of each Ehas
text is shown (in the upper right corner of the daw,
Figure 4), giving data relating to the stage besatgpwn,
namely, its position within the construction seqenthe
description of the activity and the characterizatiof the
material of the component being incorporated.

Fases

Phase 5
Cementing the lintel and
foundation

Description:
Cement B30

Dimension of the
foundations:
100x80x40cm3

Dimensions of the lintel cross
section:
25x40cm2

1
e
(
4:,

FIGURE 4
PRESENTATION OFTEXT DESCRIBING THEEXHIBITED PHASE.
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completed with the positioning of the closing segtn&he
support of specialist in bridge designs was essktatiobtain
an accurate model, not only on the geometry déeiimibf
components of the bridge and devices, but also hen t
establishment of the progression sequence ancofdly the
equipment operates.

I. Geometric modeling of the construction environtne

A computer graphic system which enables the gedenetr
modeling of a bridge deck of box girder typologyswased
to generate, 3D models of deck segments necessaitid
visual simulation of the construction of the bridge
Geometric description can be entered directly the deck-
modeling program. To achieve this, the developéeeriace
presents diagrams linked to parameters of the dilneg, so
facilitating the description of the geometry esisiied for
each concrete case of the deck. Figure 5 showmtiidace
corresponding to the cross-section of the deck had t
example.

The description of the longitudinal morphology bt
deck and the geometry of the delineation of theiseroad,
serving the zone where the bridge is to be buitaisied out
in the same way. The configuration and the spatial
positioning of each are obtained with a high degoée
accuracy. Using the data relating to the generagstions,
the system creates drawings and three-dimensiooééis of
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the deck. To obtain the definition of the deck segm As, along with the abutments, the deck is concreiitt
models, consecutive sections corresponding to thtéhe false work on the ground, the scaffolding facpment
construction joints are used. The configuratiorspréed by at each end of the deck was also modeled (Figuréesjain
the segment models is rigorously exact. Figuredwshone suitable for the simulation of the positioning bétbridge on
of the segments of the deck. its foundations was also modeled.

Il. Programming the construction animation

N(A o The attribution of virtual properties to the mod# the
b s bridge was implemented by using the virtual readiygtem
EON Studig6]. Once all the 3D models of the construction
environment had been generated, they were trandpase
3ds extension data file format, to the virtual realtystem.
The definition of the construction sequence is Hdase a
counter, which determines the next action when ais@o
button is clicked. The first action consists of theertion of
the pillars in the first scenario, which is compbselely of
i e == the landscape. The next step is to place one ofebenents
R e e lE e DT R ~~ 7 on the top of each pillar. After this, a form trareis placed
e [ T = =] on each segment. The construction of the deck fimate
symmetrically in relation to each pillar and sinaméously
(Figure 7).
- For the simulation of the first cantilever segméimt
- each span), the four form travelers, the corresipgndork
platforms and the formwork components are incluhethe
scenario. Once the first segments have been ceudgréte

T construction of the cantilevered deck takes pldoeeach

phase, two pairs of segments are defined.

Definigdo da Secpdo Transversal - PonteOuinta
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FIGURE 5
INTERFACE TODESCRIBECROSSSECTION S AND THE3D MODEL OF ADECK HE=6.2 fm: 110 app:0(161) eve:0 drw: 109 #ri:49316
SEGMENT.

To complete the model of the bridge, the pillarsl an
abutments were modeled using #hetoCAD system. Then
followed the modeling of the advanced equipmentictvlis
composed not only of the form traveler, but als@ th
formwork adaptable to the size of each segmentwibiek
platforms for each formwork and the rails along ebhihe
carriages run (Figure 6).

HZ=4.7 frm:221 app:1(177) eve:0 drw:220 #tri:122696

FIGURE 7
PLACING THE INITIAL PILLARS AND THE ADVANCED EQUIPMENT.

For each new segment the following steps are

FIGURE 6 established: raising the form traveler; moving ttaiés in the
3D MODELS OF THESCAFFOLDING AND THEADVANCED EQUIPMENT. same direction as the construction (relocating themhe
Coimbra, Portugal September 3 — 7, 2007
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latest segment to have been concreted); movingfdira
traveler on the rails, positioning it in the zonketle next
segment to be made; concrete the segment. Fitladyzone
of the deck near the supports is constructed, dtse fwork
resting on the ground (Figure 8).

- /HZ=4.8 frm:1 app:1(264) eve:0 drw:0 #tri:0

- /HZ=5.1 frm:1 app:1(237) eve:0 drw:0 #tri:0

FIGURE 8
MOVEMENT OF THEADVANCED EQUIPMENT AND CONCRETING ABOVE THE
FALSE WORKNEAR THE ABUTMENT.

Moving the camera closer to the model of the bridige
applying to it routes around the zone of interigss, possible
to visualize the details of the form of the compuse
involved in the construction process. In this widng student
can interact with the virtual model, following tlsequence
specifications and observing the details of thefigomations
of the elements involved.

In a real construction place of a bridge, for sigur
reasons, the student stays far from the local \beidge is
under construction, so they can’t observe in détailway of
operation and the progression of the constructimteracting
with the model of the bridge in class or using ithprsonal
computers they better understand what is goingheretin
the construction zone.

LEARNING ASPECTS
The models are actually used in face-to-face ctasse

disciplines of Civil Engineering curriculum: Techal
Drawing (f' year), Construction Process™(4year) and

Bridges (%'year). The traditional way to present the

curricular subjects involved in those virtual madake 2D
layouts or pictures. Now, the teacher interactd iite 3D
models showing the sequence construction and

Coimbra, Portugal

constitution of the modeled type of work. Essehtjathe
models are used to introduce new subjects.

As in Technical Drawing, students have to defind an
draw structural plants over the architectural lagpithe
virtual model of the wall helps to explain the cention
between the architectural drawings and the strattur
solutions needed to support the house configurattome
indication must be assumed when choosing a stmictur
solution in order to minimize the unpleasant visual
appearance in the interior of a house when stratctur
elements (beams, columns, ...) are included inThe
students are®lyear degree, so they have some difficulty to
understand the spatial localization of the stradtetements
and how they must be built and located almost angltke
walls. The relationships between the architectural
configurations and the structural elements in ddng are
well explained following the exhibition of the il
construction of the wall.

In the discipline of Construction Process, in order
prepare students to visit real work places, theheashows
the construction animation and explains some aspscthe
construction process of the wall. Namely, the wag net of
irons is defined inside a beam or a column andiafhethe
complexity of the relationship between the distitygies of
irons near the zone where the structural elemeotsnect
each other (Figure 9).
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FIGURE 9
COMPLEX RELATIONSHIP BETWEEN REINFORCEMENTS IN THEJOIN ZONES
OF THESTRUCTURAL ELEMENTS.

In order to clearly explain this issue related he t
structural elements, the iron nets were creategDamodels
with distinct colors, and they appear on the virs@enario
following a specific planned schedule. The typejusace
and thickness of each vertical panel that compaseavity

thwall are well presented in the virtual model shayvstep by

step the relationship between each other. The ganafiion
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detail of each element of a complete wall can bEanty Palmas de Gran Canaria (Spain), 2006, paper ECT 113
observed manipulating the virtual scenario of the abstract pp. 249-250.

construction. : . .
The construction model of a bridge particularly who [5] Sa”.‘pa'.‘” A Z, .Henrlques., P. G. and Stude,r, Phe.
application of virtual reality technology in hougin

the complexity associated to the concrete workhef deck projects”, in proceedings of the XXXII IAHS World

bridge that is done in a symmetric way. The modsb a TR ) :
. . X Congress — Sustainability of the Housing Projettento
shows in detail the movement of the advanced ecgiippnin (Italy), 2004, paper in COROM (6 pgs), abstract 2.

class, the professor must explain way the proceast m
follow that sequence of steps and the way the egerpp  [6] "Introduction to working in EON Studig"EON Reality,
devices operates. When the student, of thedar, goes to Inc., 2003.

the work place he can observe the complexity arel th
sequence of construction previously explained.

The students can also interact with those modeds. F
that, the models were posted on the Internet pagfes
undergraduate courses in Civil Engineering. Thdesttiwill
be able to interact with the applicati@onX,which can be
accessed ahttp://download.eonreality.com

[7] GRID — Panning office, "Graphical documentatiofithe
design of North Viaduct of the Bridge Farni: phase",
Lisbon, 1995.

CONCLUSIONS

It has been demonstrated, through the example® st
here, how the technology of virtual reality canused in the
elaboration of teaching material of educationatriest in the
area of construction processes. The pedagogicectspnd
the technical concepts are attended on the elabonat both
models.

The applications generated represent two standard
situations of constructions. The student can ictenath the
virtual model in such a way that he can set in orotihe
construction sequence demanded by actual constnucti
work, observe the methodology applied, analyze etaid
every component of the work and the equipment retéde
support the construction process and observe hasv th
different pieces of a construction element mest wiach
other and become incorporated into the model.

These models are used in disciplines involving
construction in courses in Civil Engineering and
Architecture. They can be used in classroom-badadation
and in distance learning supported by e-learningrielogy.
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