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Abstract. The BIM (Building Information Modeling) is an ajgach used to facilitate the creation and manipalatof
information linked to a digital model of buildingllowing the simulation of the construction projeota virtual
environment. This model integrates information fribv@ geometry, spatial relationships, in additionthe quantities
and properties of materials and components usethénproject, connecting all information necessasy lhuilding,
measuring and constructive analysis throughoutaitegect life cycle to design elements. So it issfale to obtain cost
sheets quickly and accurately, showing new valu#s greater agility when changes are made. Anotidbrantage is
the automatic propagation of changes made in on¢ @athe project in other parts, ensuring a bettategration
between the project participants. This occurs beeanf the centralization of existing informatioraisingle database,
so changes in one model will be replicated autoraditi to all objects that use this model. The awdtoupdate of the
changes is one of the concepts of CAD3D-BIM. Thi mbjective of this work is to develop a softwéwel for
Google SketchUp software, adding new featuresegptiogram to support the concepts of CAD3D-BIM tetbgy.
The software was developed using the Ruby progragitanguage with the API available to developersr Ehe
storage and retrieval of information was used a QY Slatabase, accessed via Javascript instructiaiieying the
manipulation of data inside the SketchUp environim€he software creates a new menu where eachrusignodel
is classified as one of the previously definedgaties and these categories are organized hieraahyji, according to
the concepts of Group Technology. Thus, the cottstruof a new object is made by importing the elets of others
categories that will be part of this object. Theise is another concept of the CAD3D-BIM. An imparfaature is to
have various information associated with each modelt only geometric information but also otherdevant
information (metadata) such as manufacturer nanogting material, unit cost, color, allowing the geation of
reports quickly and efficiently. The metadata ieretl in the database and are loaded with the mddelthe
SketchUp's environment during the import. The disketool software speeds development of projeetsause it isn’t
necessary redraw the components, and the centtializaf information allows multiple users to shatee same
database, providing a collaborative developmente Taports can be used in all life cycle of projestrving in
decision-making, because the detailed analysieefeport can help to identify where changes camhbee.
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1. INTRODUCTION

The use of computing in the development of consitvacprojects started around 1980 and revolutiahiftee
creative process, design and conception of spackE82 programming codes were inserted into calotdao develop
a 3D design of a nuclear power plant in HungarythWithe improvement of the program, the company tivats the
system began to serve architects, because appfisatiom other software development companies edng very
powerful computers (Frank, 2008). At that time tten CAD (Computer Aided Design) was created taesgnt the
technology. CAD systems are meant to assist thetioreand manipulation of information and knowledigat should
be under the engineer, showing the design dat@emviding the information reuse (Kerry, 1997).

Scheer et al (2007) say that CAD technology isnttest important innovation of the last 40 years. yTtdentified
three distinct generations in the evolution of cabap use in construction: the first is the compuatieled design, the
second is the geometric modeling and, finally, pidnodeling. With the many economic changes, dindtton of
markets and increasing pressures on companieg itati 1970s, the concept of product modeling isigga strength.
This field of study covers everything that is rethtto any activity between design and final proddtte product
modeling was created to integrate two sets of médgion in all processes of the life cycle of a prcid geometric
information design (shapes, positions, sizes) wih-geometric information (costs, weights, resisgdnThe union of
this information combined with a new collaboratigpproach throughout the development project createsw
technology, known as BIM (Building Information Mday).

BIM can be defined as a tool used by design ingiugirdevelop and document a project, and providiebe
communication between all participants (KRYGIEL,08). Similar to product modeling, BIM includes cepts,
activities, techniques, tools and actors includead¢aomplex relationships and spread over all a@witelated to the
building industry (AYRES, 2009). The developmenbtigh constant feedback is a fundamental charatitedf BIM.
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The project is composed of different groups of peogo all modifications and enhancements are aatioadly
processed in the all sheets of the building, alhgwa significant increase in the quality of comneation and
consequently on the quality of the final producby&a et al, 2009; KYMMELL, 2008). This approachoals the
simulation of a construction project in a virtuavedonment through computational tools, where isgilole execute
experiments, modifications and identify errors befthe real project upgrade. Errors in a virtualimmment do not
generate major problems when they are identifiety éathe process and different aspects of thg¢ggtaare addressed
before finalizing the instructions for the actuahstruction.

2. METHODOLOGICAL APPROACH

The furniture industry in the state of Rio Grande Morte is one sector still using the traditionabgess of
manufacturing furniture, with little or no auton@ti How this sector consists of small manufactyrthis market
segment cannot afford to purchase software thatroprove the performance of the processes invoindtis activity
(CARVALHO, 2010). Therefore, the aim of this workas'to develop a software tool to improve greattggration
between the processes of designing and manufagtwinmodular furniture. This software hasphgin for the
SketchUp environment and a web-based system. Thelagenent of the Web system passes through pracedse
software engineering. The structure is shown in Eig
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Figure 1. Development phases of a Web system

Originally the first step is the conceptual modeldetermine which data to be stored. At this poéguirements
analysis are made using documents with specificatfrovided by some manufacturers for identifyolljects in the
real world and their interrelationship. With thessults is developed a database to allow creafiomdel’s collections
to modular furniture. The second step is the logicdel that aims to specify how the data will berespnted
computationally, a breakdown of how individual infation will be stored in the system. The last sgefhe physical
model which is the implementation of previous madel computer system engineering. From the physicalel we
determine the architecture and technologies inwblV¥ith this interface the information about thesenponents can
be registered to a simple way. After registratibracew component, the user can draw the correspgndodel in
SketchUp’s environment and save this model, udiegoption available in the main menu provided hygpl. Then a
link is made between the information registerethim database and the drawn model, which will beagt like askp
file. When a component is imported through the imhpption of the plugin, so its geometric model &hnel information
related to this component that were registeretiendiatabase are loaded to the SketchUp’s enviranifieis process is
illustrated in the Fig. 2.
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Figure 2 — Diagram of MVC Architecture applieslapattern to the system.
3. DEVELOPMENT

To build the database and maintain a link betwéenvarious components used in assembling modutaittive
was necessary to classify these elements and dafinerarchy between these classes. This thinldnigased on a
technological approach call Group Technology. Tachnology takes advantage of the similarity betweesign and
manufacturing process of distinct components, thinodlassification and coding of similar parts. Tuse of Group
Technology can achieve greater standardizatiome®fcomponents of a product, and avoid duplicatibpasts. The
information about the development of design and ufagiuring process are stored in the databasewialijpless
experienced users to retrieve this informationdkjrtg advantage of previous experiences. Obsethi@grocesses of
design and manufacturing has been defined two lesdites because they are not assembled by thefawuarer, but
acquired from its suppliers or these elements adivisible. These entities were called parts ancessories. For
example, a doorknob is classified as accessoryevehgiece of wood that make up the side of a calsrdassified as a
part. A product composed of one or more accessori@arts is classified as group and a product ameg of one or
more accessories, parts or groups is classifiedrasdule. These relationships are shown in Fig 3.

Accessory
compose compose
Group compose Module
consists of consists of
Part

Figure 3. Relationships between the componentsoafutar furniture
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These relations are stored in the database betatls® moment that a new group is inserted, fomgla, the user
is asked to indicate what accessories or parts asenfhis component, how shown in Fig 4, so wherusieg will draw
the new group’s model, it can be make simply implogt models of accessories or parts that will casepgbe model of
this group, how shown in Fig 5.
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Figure 4. Registration screen for new group. (aiBmformation about the group, (b) Accessoriepants to
compose the group
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Figure 5. Import part model to compose a new gimapiously registered.
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That occurs because in the database structurdink detween the metadata information and the spoading
model, saved in a skp file. This link is done wiles user finishes the draw and then he uses tliggnpio inform which
component has that model. Selecting the optioret®rate report, the user will have access to adpheet with all the
elements that make up the project and the metadatach component, for example: the price of thedeements and
their respective characteristics, how shown in@zig
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Figure 6. Generate Report from a Project

The use of spreadsheet like the one shown in Figureth detailed data and pictures of each progechponent,
simplifies the process of manufacturing, becau$ernmation will be well more organized, reducing tales in this
phase. The application of this software in the lldcaniture industry will allow project cost estites are more
accurate, improving the planning manufacturing phasd with the use of Group Technology, the pi@oesntory will
be done more efficiently. Another important featisr¢he export tool models to VRML format contairiadhe Google
SketchUp, because models generated can be viewedinmual reality environment. So, the local intyscan make
presentations of its projects using a custom Mirtagalog, providing a greater interactivity betwabe client and the
project. All communication between the plugin irsithe SketchUp’s environment and the database e math
JavaScript’s instructions. This language is supgubbly the developer’s API and can be used insie&tiby codes.
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4. RESULTS AND CONCLUSIONS

With the reuse of models, both to compose new graupmodules and to design new parts or accesseiibs
similar models, there was a gain of time develoging project since it was not necessary to redtewthole new
piece. Another advantage is the automatic cal@mratf costs associated with the model, allowing garsons
between the resulting values when changes are ntlde,helping in choosing pieces that will compdtise new
component, based in the cost of the project. Thertealso helps the manufacture process becauseetmort provides
all the necessary information, including a pictaf@ach component’s model used in the project.

The development of this work accomplishes someifiignt conclusions:

= the conceptual modeling is an important step talt@se construction since in this stage defineddbairements
and the entire structure of the data to be stonedlaeir interrelationships;

= the proposal methodology can be applied to supgesign projects in other areas of activity, likegi@eering or
architecture, making the appropriate adjustments;

= the adopted technology is manageable, customizadaleat low cost, which enables the deploymenbhit®ns in
full project life cycle.
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