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Abstract

Project Code: MRG5080034

Project Title: True-Scale Three-Dimensional Object-Oriented Model for Building Design and

Construction Management

Investigator: Asst. Prof. Suphawut Malaikrisanachalee

Department of Civil Engineering, Faculaty of Engineering, Kasetsart University

E-mail Address: fengshm@ku.ac.th

Project Period: December 1, 2006 — Febuary 28, 2011

Integrating Java with PostgreSQL/PostGIS database offers a promising development
platform for an object-oriented 3D building information system where an object-oriented 3D
bulidng model can be proficiently constructed, analyzed and displayed while geometry data of
the 3D bulidng model are efficiently managed. This research presents the prototype system
integration design to methodically demonstrate how the system can be developed. This
research also meticulously presents the logical and physical data models in designing the
object-oriented 3D bulidng database. In addition, a reinforced concrete building was used as an
implementation case study to validate the proposed prototype system as well as to demonstrate
its potentials. Not only the proposed prototype system offers technological advantages, it is also
an open-source solution that is free to acquire, customize and distribute.

In order to fully exploit the proposed prototype system, multiple implementation issues are
still required further research including how to overcome insurmountable data processing time
when the model contains a large number of reinforcing steels and how to handle the complexity
of mechanical and electrical systems’ geometry data. In addition, more functions to support
building design and construction project management should be developed to better fulfill
functional needs of construction companies as well as to add motives for the companies to use

the system.

Keywords: BIM, 3D model, construction database, project management, information technology

in construction
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NRAUAAR nsidayaluly
Owners High level summary information about their facilities.
Planners Existing information about physical site(s) and corporate program needs.
Realtors Information about a site or facility to support purchase or sale.
Appraisers Information about the facility to support valuation.

Mortgage Bankers

Information about demographics, corporations, and viability.

Designers

Planning and site information.

Engineers

Electronic model from which to import into design and analysis software.

Cost and Quantity

Electronic model to obtain accurate quantities.

Estimators

Specifiers Intelligent objects from which to specify and link to later phases.
Attorneys More accurate legal descriptions to defend or on which to base litigation.
Construction Intelligent objects for bidding and ordering and a place to store gained
Contractors information.

Sub-Contractors

Clearer communication and same support for contractors.

Fabricators

Can use intelligent model for numerical controls for fabrication.

Code Officials

Code checking software can process model faster and more accurately.

Facility Managers

Provides product, warranty, and maintenance information.

Maintenance and

Sustainment

Easily identify products for repair parts or replacement.

Renovation and

Restoration

Minimizes unforeseen conditions and the resulting cost.

Disposal and

Recycling

Better knowledge of what is recyclable.

Scoping, Testing,

and Simulation

Electronically build facility and eliminate conflicts.

Safety and
Occupational

Health

Knowledge of what materials are in use and MSDS.

Environmental and

NEPA

Improved information for environmental impact analysis.

Plant Operations

3D visualization of processes.
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Optimized energy analysis more easily accomplished allows for more
Energy and LEED review of alternatives such as impact of building rotation or relocation on

site.

Space and Security | Intelligent objects in 3D provide better understanding of vulnerabilities.

Network Managers | 3D physical network plan is invaluable for troubleshooting.

cIo Basis for better business decisions and information about existing
S.
infrastructure.

Risk Management Better understanding of potential risks and how to avoid or minimize.

Visualization of facility for way finding (building users often cannot read
Occupant Support
floor plans).

First Responders Minimize loss of life and property with timely and accurate information.
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AuanwuTIunulugutayaldieanu (Unified Storage) iatRnlszansawlung

wAla nTRUAK LLa:mﬁmezﬁﬁagaLLuuﬁﬂaaoL%ﬁ@q 3 4@

ARUAUBNIINATIZA I (Spatial Analysis)
suuwdayadwiviaiiuteyaunudiaedeiag 3 Saasaduayunyiiened
\FINUTA 1% N3AIWINAINENT (Length) NT3a5282M19  (Distance) N3ANWIH
muﬁ@ﬁu‘ﬁ' (Area) LLazﬁfuﬁﬁa (Surface Area) NM13AIWINLUINIAT (Volume) N13TIW
ﬂﬂ”aga (Union) N1T81%I%N130@N%  (Intersection)  WAZNIIAIBIBAINUUANEAN
(Difference) v8svayatFaLsvatia tdudu wgof:l,ﬁaLﬁummﬁw%ua:é’ﬁmﬂ
anwazaInlunshuuudiaendsion 3 Saunlfatuayunueanuuuainiuag
u‘%m{[mamiﬂ'aa%”wsawﬁoaﬁuaguw‘iﬁfumiﬁwmﬁugmmaamﬂhﬂaﬁ BIM

3093UMIFTNATRVDYALTILI V1A T (Spatial Index)

MIgN9aTigIuTaa (Database Index) dumadiafuguiadylunssdi
malumiﬁuﬁufagalﬁﬁa%u wgof:ﬁ]:ﬁamv‘v"uﬂi:ﬁﬂﬁmwiuﬂﬁﬁuﬁufaQa
I@Umww:ﬁm%’ugmﬂ”agaﬁﬁmm@lmy' Lﬁaoa’mﬁaym%aLsmmﬁmamuuﬁwaaa
\B4ing 3 ﬁal,ﬂmj”agaﬁﬁmm@lmyLLa:ﬁﬂmwﬁ'u%augm”qﬁvlﬁaﬁmUVL'S'luLﬁ?aoﬁu
@”ﬂﬁ?umia%ﬁm”mﬁmaa*‘ﬁaga@mimmﬁm (Spatial Index) 3aiuFsdnAnydanis
UA (Spatial Query) LLﬂz?Lﬂi’]:ﬁﬂTﬂgaL%Gﬁuﬁ (Spatial Analysis) Va<uLLUINRAY
\ieiag 3 Aaldiduldadvmainuazdlsziniam
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o fianadandgulwmazealasnulisunsanizwan (External Application)

4 o a s aaAa { v J o v ]
Wasanuuudiaeadaian 3 danaisdivezgnihanldinuedranainnanouas
azdaspnianloanuldsununiouan (Exteral Application) S1uanannasuaslu
3UN 3.1 aevuszuugudayadniudaiiutayauuuiiaendeiang 3 4629A754

A [l A o A a a Aa °
anufanguluniagenlosnvldsunsuniouen tiaiiudszininnlunisi

wwudieandeiog 3 JalUdszgndliimnullunsunmouandiig

[ Y KX Y = [
L4 Sad‘mmim’mwaﬁaim’ammEl’m% (Concurrency Access)

o a s a A { v ‘&’ Rt a L=

wuudraendeiag 3 AdNai190uA237093UNILIRIlATINIluszduasdng
. . 1 = v o a o Aadl v J

(Enterprise Project Management) Na11A8TaURUUUINNDILTINGTY 3 UANRINIY
arafivlugiudayanarsialiyanainsnndiaiiierdasannsnfiazsiig
uwily uazfududayaldnaaaian iknaliuaaanInnehuldudayaideaniu
lun133iaszd aanuuy M9kt YITu1minen uaznsdaaiuainuninniiann
daaie tWeaaanudaudilunsdnuuazlivdyinmsfessnolulasinild
duldathefidszdniam dviuszuuudayaunudiasadsiag 3 IGaiisasiu
masenldtayannglinatoanluiiaidsaii (Concurrency  Access) tia lajlit

adasnaluniaionldpudeyauazidelduuudinendeing 3 Ganasidu
sanInaaulandnsldnuldainisuysniuuy

° saa%’nmsl,%a&lfﬂaﬁ'mzuumsa%mﬂgﬁmam{(GIS)
nstszandlganwnalulad BIM cl,uamﬂm:l,%aﬂmﬁayla BIM whnuinalulad
mmumﬁgﬁﬁmmﬁf(Geographic Information System - GIS) @b\‘]LLﬁ@\‘ﬂuEﬂﬁ 4.2
Gawiasessunsumnediraunalulad BIM luawaaszuugudayanuuiiaes
\B9iag 3 ﬁﬁﬂaiiaﬁumSL%a&ﬂmﬁ‘m:uumiaumagﬁma@{ (GIS) IWaLRY

=} 1 L =
AN quulumiwwmmﬂiuia fdayaaluanuine
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Theatre / World

H_System ) ———0ry | |

e © NIBS 200¢

;sﬂﬁ 4.2 mwswﬁﬁﬁu"ﬁum‘uﬁau‘[mi’l’aga BIM (NIBS 2007)

[ [ 6 6
° Lﬂmzuugﬂumgmmufa WY BB3d (Open Source)
Tudagdunsmiisnumaizuaznmaenausasdszinalnoguyfodrldinsduwim
o & & €0 & , A o
mnlumswmamaﬂmLnimnagﬂammms:mﬂ LNBRAN1TIAGANITAIVDA
ﬂi:mm:uugmﬁagaﬁﬁﬂmlﬁmumﬂﬁmwugmﬁagaLL‘quaL‘W%ﬁ%i‘ﬁ (Open
dl o v v A Aaa a ng v 09// dq' di

Source) “nmmmmmlmwu%vxlmawammgﬂmaamwﬂg%my NIt N DL UNNT
a'mLﬂ%&lﬂﬂﬂ%ﬁﬁamﬁnimﬂaLWWT%‘?&MNJS:LW{LL@:aﬂmimmqam‘iﬁwaa

Uszinelng

4.2 NMIPBNULUITTVUATABNAUULINRDILBINAY 3 NG

NI NLULTEUULT U IR M WATa WA BTN NTUIIRTU N TNAIWITLLULAEI TN lANT
A A & & v o ) A o & & < o \ o ,
RaanIuaziTaulgsman LI TNIRUALTNa8n Y LN IRTa N LI TNIRUARINITDINIIBIINN WD LN
L WLANNINLAZRINNINADUFWAIAINNADINITINT LTI be a9 TUTZ AN AW gﬂﬁ 4.3 LEAI
MWIIVABULUIZUY (Prototype  System) E%m%'uaﬁfua%umiaﬁ”ﬂuwm‘imm msa}”@mﬁaga
WUUINRD LLazmﬁme:ﬁﬁayaLLuuﬁﬁaaoL‘Eﬁcﬂq 3 JARIRIUINUDANBLUUAANTHASLINT

Ta39n13naa a8 19197177 lasdeazldaanisaaniuuTsUUAwLUUAIsa 11T
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317 4.3 awaalaseaieauuuLIELY (Prototype System)

@ A

Haaianltlusunsy PostgreSQL (version 8.4) fnIuImTIanIwlaysuuudnaes

U

\Beiag 3 4d \asanTusunsy Postgresal lulisunsalawmuriaada (Open Source) 7ilesw
nssaniuluszdumnadmivdaivuazuImIIanIIulayaIEwne (MIS) 2walng lae
Jldmansniinlsunsu Posigresal  anlFauldnsatnagndasaungnane sisiiiaidunis
gauasumildvanduwisuuulamurivesavasdsnnalnouazaaniszaganisdizesdszinalu
mi%asﬁaw@TLLﬁﬁﬂL%ﬁ]gﬂml"ﬁmu

115un38 PostGIS Lﬂuia.lmﬂiuLa%ﬁmmiu%miﬁ‘i'@m?ﬁagaL%aﬁ?u‘ﬁ' (Geospatial
Extension) AiTaatnanuaunsnlwlysunsy PostgreSQL sanTnIaiuTayaiiTIatiaval
WuuIIReLTIag 3 faldagneduseaninin ans19f 4.2 sydszinnuazlfvesioyaiss
sp1adanisassulaslusunsy PostGIS 9na1399zwuinlusunsa PostGIS farudangulu
nIuIwsianIteyaiBasnafiags lanlusunsy PostGIS 5aa§'umsﬁ]°'@Lﬁuﬁagaﬁﬂugmmu
3@ (Point) L& (Line) Eﬂ%mﬂmﬁw (Polygon) LLaz*‘ﬂ”agaNau (Geometry Collection) G‘fi!\‘]l,ﬂumi
HEUAKITNINTBNAIN LEU LL@zEU‘V\a’mL‘HSWJ wonIINIUlYUNTY PostGIS §950950MTsaLAY

iagm%anmmﬁmvlﬁm”um 2094 waﬁﬂﬁﬁmmﬁ'wU;ugl,umiu’%miﬁ]”@mﬁa;gaL%aLsmmﬁ@

maumué’]aau%ﬁmq 3 4@
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A137197 4.2 UszianuazNauasdanatzsaiamaniadssulaalisunss PostGIS

u

Geometry Dimension
Geometry Type 2D 3D 4D

(xy) (x,y,2) or (x,y,m’)  (xy,zm’)
Point SF’ ESF’ ESF’
Line SF’ ESF’ ESF’
Polygon SF? ESF’ ESF’
Multi Point SF’ ESF’ ESF’
Multi Line SF’ ESF’ ESF’
Multi Polygon SF? ESF’ ESF’
Geometry Collection SF? ESF’ ESF’
Curve sQL-MM’ sQL-MM’ sQL-MM’
Compound Curve sQL-Mm° sQL-Mm° sQL-Mm°
Multi Curve sQL-MM’ sQL-MM’ sQL-MM’
Curve Polygon sqL-mm* sqL-mm* sqL-mm*
Multi Surface sQL-MM’ sQL-MM’ sQL-MM’

'Measure value such as linear referencing measurement or Unix time
2Simple Features for SQL specification defined by Open Geospatial Consortium
*Extended Simple Features for 3D and 4D spatial data representation

SQL Multimedia specification for circularly interpolated curves

ldsunsy  PostGIS mmmﬁ?’@Lﬁuﬂ’a;&aL%@Limmﬁmvlﬁﬂgﬂ,ugmmu Well-Known Text
(WKT) uaz Well-Known Binary (WKB) S'fiaLﬂummgmmﬁmLﬁuiagm?jaLimmﬁmﬁwumim
Open Geospatial Consortium (OGC) saeaagsluanef 4.3 uaz 4.4 Tadvasmriaiiuteys
lugtuuy WKT ﬁatﬂuﬁagaﬁayﬂugﬂuuu Text ﬁﬂummmguﬁamﬁmﬂﬁ (Human
Understandable Format) §auda@uasnisdaiiudayalugiuuy WKB Aomaulszansanuaz
am:U:L'smﬁlﬁ’lumsﬂs:mawaﬁagm%amnmﬁmi@mwsé’mﬁuﬁagmmu Binary 49814130
Uszwianaliifinirtoyauuy Text aenglafialysunsu PostGIS ﬁw(’:ﬁﬁﬁ'uaﬁfuagmmmﬂm

JuuuTayaIznitg WKT uaz WKB alasaaluia
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A13719N 4.3 mmg’mgﬂuum’faﬁm%a IIVIAMAMRBALAY OGC

wihaToya MotINaIFmIURLLTBYALUY Well-Known Text (WKT)
39 POINT(0 0)
LW LINESTRING(0 0,1 1,1 2)

gﬂmmmﬁw POLYGON((0 0,4 0,44,04,00),(11,21,22,12,11))

Q MULTIPOINT(0 0,1 2)

LR MULTILINESTRING((0 0,1 1,1 2),(2 3,3 2,5 4))

gﬂmmmﬁw MULTIPOLYGON(((0 0,4 0,4 4,0 4,00),(11,21,22,12,1 1)), ((-1-1,-1-2,-2 -2,-2 -1,-1 -1)))

HRY GEOMETRYCOLLECTION(POINT(2 3),LINESTRING((2 3,3 4)))

{ o 1 v ®
@n‘i']\‘]ﬁ 4.4 @l'lf’)ﬂﬂﬂﬂqiﬁ]ﬂlﬂﬂﬁaﬂaiuﬁﬂllﬂﬂ WKT uaz WKB

ID Well Known Text (WKT) Well Known Binary (WKB)

1 POINT(755969.000099042 1697901.00259591) | 010100000049FB0C00021227412720AA006DE83941

2 POINT(614796.194341468 1507924.11494889) | 010100000090B9806318C322415A4A6D1D54023741

3 POINT(604554.727964299 1485653.75740339) | 010100000093BCB774157322413730E5C155AB3641

4 POINT(604314.534428091 1483691.15899972) | 0101000000088FA01135712241B534B428ABA33641

5 POINT(605785.969181435 1479796.46920045) | 0101000000918C38F0B37C224138851D7874943641

6 POINT(604949.459484681 1479308.24647954) | 0101000000789341EB2A7622417448193F8C923641

7 POINT(612113.13821114 1484124.2045045) 01010000004C9CC34622AE22412F685A345CA53641

8 POINT(611414.450722513 1483407.56015117) | 0101000000EA19C5E6ACA822411C11668F8FA23641

9 POINT(604630.520348351 1490209.05008389) | 010100000060196B0AAD732241344CD20C21BD3641

10 | POINT(606666.859038227 1481141.23925095) | 0101000000C6DBD3B795832241F08C3F3DB5993641

v aa =] A % v A w a & 4
°]Ja@laﬂﬂizﬂ’ﬁ%uwaﬂﬂﬂmiw PostGIS ﬂaﬂ’lquﬁqquﬂluﬂqiaiqﬂ@?jumaﬂaLﬁﬂwu‘ﬂ

(Spatial Index) WUU Generalized Search Trees (GiST) FIVTTIVAATZHZLININITAWAN

[
A

(Computational Search Time) LLa:mﬁme:ﬁﬁagaL%owuﬁ (Spatial Analysis) lagianizlu
wiayauuuinaedsiag 3 dafifawalng

TU5unsu PostGIS GWriTun1s3iasne¥iBeiui (Spatial Analysis) Anannwansdwmsuls
affuagsmmu%mﬂmamsﬁaaﬁ”w 2ILTH NITATWIBAIINLID MTAIWIBIZLENN NITATWIN
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AL VBILEFUTOUT mi@‘hmuﬁ;@ﬂuﬁﬂmwaai’@q LLazmiﬁwmummm{uﬁmaai’mq Garin
ﬂiﬂwﬁazi’mmném%’umsﬁwmuﬂ%mmi’a@;LLa:msﬂizmmﬂm wananiulysunsa
PostGIS  S9dWsntumsitaseiianuifidud s lomidonisasiasauanudaussluwoy
Aa@ine (Design  Conflicts)  WAXAIMNFNNBTIZHINIRIALTZNOLE1ANT B1ALTU  union,
intersection, equal, touch, contain L8 buffer L wa 1

MIlFulysunsn PostgreSQL  32NALLLUTUATN PostGIS ﬁ’ﬂﬁmm‘mﬁmﬁuﬁaya
R1IFULNA (MIS) LLamTagaL%anmmﬁ@mg\mmiugmiaQmﬁmﬁ'u Al sz utoyaden
(Unified Storage) G'fiodﬂmiamm"'@miuazﬂﬁ@ﬁﬂm WONINNHWSITIBRNAN NI T oA BUaE
\&HgIN VLI UTBYA (Transactional Integrity) Mﬂstﬁﬁi:uuﬁgﬁ%mmuﬁwé’aﬁuﬁuuanm’%
ﬂﬁagmﬁmﬁ'ﬂmamﬁw%ﬂuﬂm (Multiple Edits at Concurrent Time)

n3lEauldsunsa PostgresQl  aunulusunsy PostGls divinldaansaidanlys
udayaunuiiaediising 3 ﬁﬁﬁ'ﬂﬂmﬂsumsaumﬂgﬁma@r? (GIS) 3% ldsunsy
Mapserver, GeoServer, ArcGIS, Quantum GIS L8z uDig G'Iijiol,ﬂumit,ﬁum’mﬁ@mjulumiwvwm
mﬂIuIaﬁ@iaﬂ@@l%ﬂﬂﬂ%amimLLuuﬁwaaaL%ﬁ@lq 3 ddnuszuussaunanimaniluawing
wonanwllsunsy PostgreSQL ﬂ'aﬁmwﬁ@m;ulumﬂ%amiami?}amiﬁ'ﬂﬂmﬂmmﬂuaﬂ

AILEAS AN 4.5

13191 4.5 n1smanlaelilsunsa PostgreSQL nuldsunsuniuwan (Client Interface)

Name Language Comments
DBD::Pg Perl Perl DBI driver
JDBC JDBC Type 4 JDBC driver
Libpgxx C++ New-style C++ interface
Npgsdal .NET .NET data provider
ODBCng ODBC An alternative ODBC driver
Pgtcling Tcl -
psqlODBC ODBC The most commonly-used ODBC driver
Psycopg  Python DB API 2.0-compliant

Q’%"ﬂfmmmm (Java Programming Language) ’Lumia%“wuwm‘imau%ai’mq 3 46
A A o i i A9 o ' ' 9 A A .
asanidunisideing (Object Oriented) MlTuadunsnatsvidlanuaziianubongu

a%m%’ﬂ‘*ﬁ'lumiw”@umIﬂiLmiuﬂi:ﬂqﬂ@i‘ M1 nrvzsnlsn i TWawILu U8 0991013
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L%G’J”@]Q 3 ﬁaﬁv‘im%'umuaamwummmmw%mﬂmomiﬁaa%’w Lﬁa\‘]"ﬂ’]ﬂIU‘SLLﬂ‘SNﬂﬂﬂ"T‘ﬂ’nﬁﬁ
C &J a a aa 4 1 et v v
ARR (Class) auuagumsmugﬂuazmmLﬂs’]:ﬁma 3 N@‘%G%Z?j’lUﬁ@]ﬂ’)’]&l‘ﬁﬂ‘ﬁﬁ]%l%ﬂ’ﬁai’m

NIILFAININ LLGZﬂ’]i’?Lﬂi’]ZﬁLLUU’ﬁ’Wﬂﬂda']ﬂﬂ‘il,%d’s’@lq 3 4@ NNE1NNEIRINITORI UL

1
o >

suudfianmanndianlagliddednauazdafizadas (Libraries) luniiainanihae (User
Interface) & miLdadanuyls lddiuanuazaIn
Tunmsvamldsunsndszgndlasnsanudeltlunssiouszusainaunudinasgaiag
3 ddlfgadiaslunmsw@mdioni 5 diufia Java Development Kit (JDK), java 3D API
(javax.media.j3d), java 3D utility (com.sun.j3d.utils), java 3D vector math (javax.vecmath) L8
java abstract window toolkit (AWT) (java.awt) lag Java Development Kit (JDK) Lﬁu@@Iﬂ‘iLm‘i&I
AU IHEInILN1IIIRsaIA I Giiansuzidulysuninigitag (Object-Oriented
A A a a o A o X 'Y o v o
Program) fia dumifiannasdeensg idwiag las Class Nignaitsdiuuudiaunininluleny
A AN . @ A 4 = o o A
ldsunsuduldlasi lidasdoudulniditioanteaziiaiuazanusudeusasmaidounlysunsa
ldaensunn lugruwas java 3D API (javax.media.j3d), java 3D utility (com.sun.j3d.utils), java 3D
vector math (javax.vecmath) Waz java abstract window toolkit (AWT) (java.awt) uldsunsu
winftsldmanInasiaguaziianeiids 3 4dld lusunsy Java3d APl dusansaldldnu

Java Development Kit augitna3tu 1.2 iduduly a13197 4.6 aydwinfvasesddsznavudsin

‘Lumiaﬁ?ﬁaLLazLLamNaLLum‘haaaL%m‘”@q 3 4@

P 3 ¥ o a o aa
MN1319N 4.6 aaﬂﬂsznan‘l%msaﬁoLmumaaaLm'mq 3 N@ltﬂﬂﬂ’li&l’l%’l')'l

Java development kit aqﬁﬂsmauﬁugmlumaw”wmIﬁJiLmiuﬂizqﬂ@ﬂ@ dEagitaliglely
Java 3D API . & . . _—
_ o aaﬂﬂizﬂauwugmlumimnLLazLLamwmmq 3 4ua
(javax.media.j3d)

Java 3D utility . . o o
mmﬂmmmmnlumsm’mLLazLLamNa'mq 3 UG
(com.sun.j3d.utils)

Java 3D vector math o v o s o o —
ETW_IETHL%WGﬂ‘E%ﬂ’]iﬂ’]%’J%luﬂ’]iai’]\‘iLLa‘;LLa@ONa’J@IQ 3 44
(javax.vecmath)

Java abstract window toolkit

ém%’uw”@um%ﬁwaﬁ@@ia;g'l,ﬁ'l,umia%”ﬁaLLa:LLamNai’@lq 3 36
(java.awt)

ludaumaagﬂmwﬁﬁ'@Lﬁ’uaglum\lm]”ayamwaﬂlugﬂﬁ 4.3 1FEnIUMTUAINTNN U
a s v o a s nnd‘ v J =} a
(Background) WAz WHIIE9 (Texture) ’meumaaummq 3 danaedugiadanats N
o & A VA o a . < . = a
msaas‘uvlwam‘w“qmju@LLaz"meim%u@mma:Laucﬂ (Resolution) TWEVININ 8814 bIAG
Aa a ° o A o A a & ' ° o
mwidanuandvagazilinmiriagaadenaTaunniuudazilildinarlunisdszuiana
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[
A A v A

LULSR0ITWUD W lumuﬁﬁi"ﬂugaﬁ]maanl‘ﬁ”lﬁ\lﬁmwﬁﬂuaqa ipg Lﬁiaﬁﬁagamwﬁﬂﬂﬂumi
AAUAMNANURRITBITZWIY 3 DRuazinuasnBMeAuAT8TuFUlATIAT1981A1T MTLRY
VLV\Ia{mwﬁavL’S”nmuaﬂg’lmTagaLﬁaa@*’nm@mﬁ@LﬁuiagaLLa:a:ﬂhUlﬁgmﬁagammmﬁwm
lemauacdlszansnwanniu

lumagandanisfemsnningudeyalulusunsy Postgresal  fulusunsudszyndd
Wv(mu’lﬁui@]ﬂl‘fﬂ’]ﬂ’lﬁ]’ﬂﬂ‘ﬁmﬂ%amia&hu Java Database Connectivity (JDBC) %al,ﬂufjﬁ'ms

anasgulumadandalisunsudszyndnsiannnuldsunsugiudayanaly

4.3 M3IVANULUFIHTOYAULUTINDITIIAT 3 36

WUUINR0959aTIN (Logical Data Model) LBULHBATWLEAIAINUFNABTIERI1LOUNAR
(Entity) m%amjuﬁagaﬁ'sﬂﬁ'w,ﬁaLLamlﬁLﬁummé'uﬁuﬁmaﬁayjmwia:zhu gﬂﬁ' 44 URAY
Unified Modeling Language (UML) Class Diagram °11a\‘lLL‘LIlJﬁ‘haau%om‘mmaogﬁuﬁaga
wuudaeadeiag 3 dadniuenansnaunIalaiuian anIUaziAninennnInannIALEINmNAAN
Usznaudie Entity tasq lag Entity wdaznibisidudiunuuedasaisznauaians (Building
Element) waaz$u Entity s1w130utsle 2 Uszinndie Structure uaz System lag Structure 1w
AIUNUDBI8IAUTZNOVDIANTLIUEIUWIATIASN DITILTH IUIN AN A 1an w1k waztivle
lay Structure Lwia:%mgﬁ]zﬂs:ﬂauﬁwﬁaga Geometry, Reinforcing, Material L8z Time G9ii

= o =3 v @ dq/
IURCLD U@lﬂ'ﬁ'ﬂ(ﬂmllmﬂﬁﬂ@{]@]ﬂvlﬂ%

® Geometry LﬂuﬁagaL%@Ls"maﬂ@n,l,amgﬂiw ALRUS LRXTVWIAVDS Structure LGRS
T I@ﬂﬁaga Geometry 289 Structure udssTuilsznaudisdaysibisvamavas
v o . a o ' o \ a A a
AWIAA (Cross Section) NRIBRILAERINNNYVBY Structure welunyali Structure
wihaaniizuislideiiasazdasdaiiudayaifasnadiavasnindaludiuses
Intermediate Section éwuﬁ'uLLamﬂ’mﬂﬁﬂuLLﬂaogﬂiwwamﬁ’]ﬁ@
® Reinforcing LﬂwﬁagaL%aLimﬂtﬁmLLammmazl,ﬁmﬂ'rsl,a%umﬁﬂmaa Structure L6
azniae lag Reinforcing snansautiale 2 Uszianda Main Gaiduaiunuvasinan
A o . & o = (% A . . |
\@3uRaN wae Stirup Sadualunuvasnandaaniuusiiiion lay Reinforcing L
a:ummzﬂizﬂauﬁmﬁaga Geometry ﬁwm%’m”mﬁm‘fagagﬂiwLLaz@hLmuwaq
LAANLEINILAE Material ﬁ%’m{m‘i‘@Lﬁm]”agaqmé‘ﬂwm:uamm@iaumwaamﬁn
a é a ~ v = a ] o v a (=3
LRI amlummmmwaga Geometry 2adaniasy ludanusududasaaiiy
@ I a v A o @ @ . o & 4
Vay8 Geometry maamaﬂLmunmawnw:wﬂ%gmmagaﬁmm@lmgmﬂ AIILIND

\JumIaauIavai3 1 uToyaieinITIaIiu Geometry UaILRANIATULEY Reference
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o “ ¥ A ) o [ = o '
ﬁ']'ﬁiua’]ﬂaﬂLﬁﬂﬂLﬁuLaﬂﬁWiaNﬂUTaHa Offset SNLﬁuﬂ’ﬁiz‘L‘li’mu’m ITHUSHIN LIRS

fiaynavasnaniduang Nagludunibigumnuinininidulaiuigu Reference

{ o a a [~3
gﬂﬁ 4.4 WUVINRDILBINTIN (Logical Data Model) Yada1A13ABWNIALEINLARAN

® Material .JuToyanmanuuUued Structure TInanaTINddayslszinnuazay
uTIuT9IvaInawnIAN 1Y TIuieTadeniigLazIealdadng YaInawnIa a1f

LT Slump Test Lﬁalﬁ’lumimuquLLa:maﬁ]aauqmmwmuﬁaa%’n WD

o Time LudayaiBananiiorda9ny Structure %9 817LTH MnuaLIANABETY
284 Structure %9 ¥I8L1IA88A23IN (Total Float) LIANRB8ABRIZ (Free Float)

waLlEuwae (Deadline) lumsduiiunisfiuwnuliiasadn iuau

Tugruvas System  Foidudrunuasassisznavareansluginiuszuusiansanysle 2
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" naRenlfUszinndayauuy MultiPolygon §niudaiAudayaifisnnaiiavainiig
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317 4.5 wWUT1ABITIANNWS (Physical Data Model) 28981A13ABWBNIALEINLAAN

Gridline Material
PK | ar id PK | ma_id
gr_type description
name unit_cost
geometry 1
Spatial L 1 2
atia L -
System ReIaFt)ionship Structure Section
PK |sy_id PK |st id PK |se_id
sy_type st_type st_id
description ma_id sequence_number
plan_time plan_time geometry
plan_cost actual_time
actual_time actual_cost
actual_cost y
geometry
0“*
Offset 0.1 Reinforce 1. ! SteelBar
PK | off id PK |re_id PK |bar_id
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wamwgn‘mﬁ'mffaa:l_a
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TAATIT : Structure
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A [ 2 a a
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re_id TRRLARNLRIND19DY Serial AUTO
st_id shadudnlasiai Integer
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re_id TRRLARNLAIND19D9 Integer

x_offset S8z offset LUK x Double precision

y_offset 3282 offset 11buN y Double precision
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. - - Geometry (Geometry
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Abstract

Java is an object-oriented program that has abundant open-source libraries for applicati
rendering. Spatial database is the database that can efficiently store and manage ge
spatial data management techniques. This paper explores the rationale of coupling java wi
effective platform for future Building Information Modeling (BIM) application. The pap
system integration design to demonstrate how the system can be devel oped. The paper also

implementation issues. The outcome shows that not only the propo

sed prot

levelopment and 3D model

ethodically presents the prototype
ticulously presents the logical and
ding. An 8-storey reinforced concrete

offers technol ogical advantages over the

physical data models in designing optimum BIM database for a reinforc cre i
building was used as an implementation case study to validate the pr otype system design and investigates the
0
t

traditional BIM applications, its open-source solution can also 0

implementation of BIM especially for medium and small ente

Keywords: BIM, spatial database, project manageme

1. Potentials of Java-based BIM

Building Information Modeling
momentous attention from the archite

odel for managing spatial, aspatial
f building elements to support

Java provides a competent platform for BIM application
development as it es with abundant open-source libraries
and operational graphical user interface classesthat offer array
of solutions for application development. Java is also
equipped with the high-level 3D graphic application
programming interface that provides building blocks for
composing and animating 3D objects, which can ease the
development process for 3D visualization and animation in
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nancial constraint that currently inhibits the

tabase, 3D model.

BIM application [3,4]. In addition, java generates binary
executable that can run on any operating system and hardware
platform, which enables the application to run on any
computer without restriction.

Since java is an object-oriented program, it supports
modeling of real-world building elements where spatial,
aspatial and temporal information of building elements can be
efficiently encapsulated by the notion of class, object and
method. Furthermore, the object-oriented approach potentially
provides a means for establishing relationship constraints
between building elements. For example, relationship
constraints can be established between slabs, beams and
columns where slabs must always be connected to their
supporting beams and beams must always be connected to
their supporting columns. This makes the objected-oriented
3D model logically more realistic as opposed to the traditional
non-object 3D model, whose building elements are simply
represented by simple geometric objects (e.g. point, line,
polygon and box) without associated information of real-
world building elements.

Through java applet or servlet technology, java potentialy can
support the implementation of web-based BIM and allow
effective integration between BIM and an enterprise project
management system in order to alow project participants to
easily access building information and closely monitor project
status through the Internet. In addition, with the availability of

1



javarbased 3D geospatial viewer technology such as Nasas
World Wind Java, it is possibleto integrate java-based BIM with
Geographic Information System (GIS) to enhance the
application potential to thelike of city information modeling [5].

2. Prototype system integration design

Spatial database management system can serve as agood data
management platform for BIM as it offers an efficient means
for managing and analyzing building geometry data where
size, shape and position of building elements can be efficiently
encoded, processed and retrieved though spatial data
management techniques. Figure 1 illustrates an overview of
system integration between java-based BIM with spatial
database where geometry data of building elements as well as
their related attributes are manipulated by PostgreSQL, the
open-source object-relational database management system,
and PostGIS, the geospatia extension to PostgreSQL that
allows spatial data to be stored inside PostgreSQL database.

Integrating spatial database with BIM can greatly improve
flexibility for BIM data modeling and data query performance.
Since PostGI S supports various types of 2D, 3D and 4D spatial
objects as summarized in Table 1 [6], it provides superior
modeling platform for spatio-temporal data of building
elements. Furthermore, PostGIS can store spatial data in
binary format, known as Well Known Binary (WKB), which
needs less data storage and yields less data processing time
than the traditional ASCIlI-based coordinate strings.
addition, PostGIS includes support for spatial index
Generalized Search Trees (GiST), which can be
drastically reduce query time for alarge BIM database.

PostGI Sincludes support for a number of spati

Table 1. Spatial Data Models Supported by GIS

Geometry Type 2D

(x.y)
Point SF?
Line
Polygon 2 ESF® ESF®
Multi Point SF ESF® ESF
Multi Line SF? ESF ESF
Multi Polygon SF? ESF® ESF®
Geometry Collection SF? ESF® ESF®
Curve SQL-MM* SQL-MM* SQL-MM*
Compound Curve SQL-MM* SQL-MM* SQL-MM*
Multi Curve SQL-MM* SQL-MM* SQL-MM*
Curve Polygon SQL-MM* SQL-MM* SQL-MM*
Multi Surface SQL-MM* SQL-MM* SQL-MM*

"Measure value such as linear referencing measurement or Unix time
2gmple Features for SQL specification defined by OGC

®Extended Simple Features for 3D and 4D spatial data representation
“SQL Multimedia specification for circularly interpolated curves

BUILDING NFORMATION MODELING APPLICATION

Application Layer

Diatia Liabyer

as distanc
that can
buildi co

ul tools for quantity takeoff in estimating
GIS also provides spatial queries for
ex g 1al relation between building elements
including union, intersection, equal, touch, contain, within and
buf rations. These queries can be grateful for
verification of building design conflicts as well as evaluation
opological relationship between building elements.

The 3D model application interface includes the standard Java
Development Kit (JDK), java 3D API (javax.mediaj3d), java
3D utility (com.sun.j3d.utils), java 3D vector math
(javax.vecmath) and java abstract window toolkit (AWT)
(java.awt) [7]. The java 3D API, widely known as java 3D
core, is the minimum requirement for creating, rendering and
manipulating 3D objects while thejava 3D utility compliments
the java 3D core to ease the complication of java 3D
programming. The java 3D vector math is needed for
supporting multidimensional mathematical objects that are
used in java 3D programming while the java abstract window
toolkit provides an interface for 3D rendering.

Supplemental image files are used for background and texture
setting [7]. Java sets texture of an object by loading an image
file from an external folder and draping it over the object to
make the object look more realistic. Texture may be
predefined based on object type and can be changed on-the-fly
per user regquest. Java supports most types of image files and
there is not minimum requirement for image size or resolution.
However, an image with higher resolution provides finer
texture quality while using more processing time.

Connection between the 3D model application interface and
ProgreSQL database can be established through the JDBC
driver that provides protocol for javato connect to an external
database. It is noted that PostGIS also provides the JDBC
extension objects that provide useful data access functions for
javato conveniently manage geometry objects in PostgreSQL
database [6].

S Malaikrisanachalee , H. Vathananukij



3. BIM data modeling for reinforced concrete building

Figure 2 presents the logical data model of a reinforced
concrete building in a spatial database. As can be seen, a
reinforced concrete building is an aggregation of Entity, which
represents an abstract class of all building elements. Entity can
be divided into two subclasses: Structure and System.
Structure is an abstract class of building's structure elements
including footing, beam, floor, column, wall and stair.
Structure consists of Geometry, Reinforcing, Material and
Time classes.

Geometry, which illustrates location, shape and size of each
structure element, is implicitly represented by aggregation of
element's cross sections. Rather than explicitly encoding
coordinate strings of all geometry vertices, this modeling
approach can greatly reduce data structure complexity aswell as
physical storage space by ssimply maintaining the geometry data
of element cross sections at its head and end. For example, if
geometry of beam's head and tail sections are known, other
geometrical attributes of the beam including length, volume,
surface area, centroid and angular alignment can be implicitly
derived using spatial queries provided in spatia database.
Nevertheless, if cross section of a structure element is not
consistent throughout, an intermediate cross section is needed at
the location where the cross section is changed.

Reinforcing is a representation of steel reinforcing details in
each structure element. Reinforcing is an aggregation of Steel,

Fig. 2. Logical Data Model of Reinforced Concrete Building

International Journal of Civil Engineering, Vol. 9, No. 1, March 2011

which illustrates detail of each reinforcing steel. Steel can be
divided into two subclasses: Main and Stirrup. Main represents
major reinforcing steel in a structure element while Stirrup
represents shear reinforcing steel. Both Main and Stirrup
inherits common properties from Steel, which includes
Geometry and Property. Geometry represents locations and
alignments of Steel while Property represents physical
properties including unit cost of Steel. In order to minimize
data storage, rather than storing geometry data of all individual
steel bars, Geometry shall store only geometry data of one
referenced steel bar through Reference class while geometry
data of other steel bars can be implicitly encoded through
Offset class.

Material represents the physical attrib
concrete) used for each structure ele
include unit cost for supporting auto

structural  element. aypic
schedule and actual constructi

b ivided into two subclasses:
oth Mechanical and Electrical
hich includes Geometry, Material,

building. Syste
Mechanical and
have common p
Cost and Fi

of each system component while Material
attributes of the component. Time and Cost
oral and financial aspects, respectively,
regarding construction, operation and maintenance of each
sy mponent.

rototype system implementation

An 8-storey reinforced concrete parking building was used as
an implementation case study in integrating java-based BIM
with spatial database. Figure 3 illustrates the physical database
of the building that was derived from the aforementioned
logical data model. Severa interesting notions in creating and
populating the database include:

" Explicit relationship between the Structure and System tables
is not available. Rather, the two tables have implicit spatial
relationship that can be derived through their geometries.

" Since geometry of each system component can come in
various shape and dimension, the geometry field in the System
table shall use the Geometry Collection data type provided by
PostGIS, which can support modeling of point, line and
polygon altogether in one tuple to attain data modeling
flexibility.

" While the reference_geometry field in the Reinforce table is
meant to store geometry data of the referenced reinforcing
steel bar, the x_offset, y_offset and z_offset fileds in the Offset
table is used to store the offset information between the
referenced and its successive reinforcing steel bars. The
number field in the Offset table indicates the number of
reinforcing steel bars.

" Since PostGIS provides flexibility to accurately encode
complete reinforcing details such as bar hooks, splices and
spiral stirrup, the estimated volume and weight of reinforcing
steel can be calculated more accurately.

" The geometry field in the Section table shall use

3



flexibility to model the structure element
irregular shape.

" The sequence_number field in the Secti
position (e.g. head, intermediate, tail)
structure element.

" The budget cost of each
automatically calculated from
reinforcing amounts time t 5. However, the actual
cost for the entire ent shall be directly entered
into the actual [ Structure table to simplify the
cost tracki
" The Gridli
Cartesian coordi

ent can be

ed material and steel

le allows transformation between the
em and human-understandable grid
system and vice v to improve project communication.
While PostGIS can support both local and real-world
Cartesian coordinate systems, such coordinates cannot be used
to communicate effectively among project participants. For
example, construction workers would not understand if they
aretold to dig ahole at coordinate (5, 5, 0). Instead, they could
understand if they are told to dig a hole at certain referenced
grid location.

" GiST index, the spatial index provided by PostGIS, shall be
generated on all geometry fields in the database to minimize
processing times for spatial operations and queries of building
geometry data.

" The PostgreSQL database maintains transactional integrity

4

Gridline Material
PK | ar_id PK | ma_id
gr_type description
name unit_cost
geometry 1
s 1.* ] )
atial W
System Rela?ionship Structure Section
PK [sy_id PK |st id PK |se_id
sy_type st_type st_id
description ma_id sequen ber
plan_time plan_time geomet
plan_cost actual_time
actual_time actual_cost
actual_cost y ®
geometry
0..*
Offset 0.1 L Reinforce y ! SteelBar
PK | off id PK |re_id K | bar_id
re_id st_id diameter
x_offset bar_id steel_brand
y_offset off_id yield_stress
z_offset reinfor: pe ultimate_stress
number efere geometry unit_weight
unit_cost

Concrete Building

using multiversion model (Multiversion Concurrency Control)
where multiple users can access and edit BIM data at the same
time without causing a problem to the database.

Figure 4 illustrates the programming approach in generating
3D objectsin java. Initially, the Canvas3D needsto be created.
The Canvas3D is an instance of the Canvas class in the AWT
package that provides an interface for displaying java 3D
objects. The SimpleUniverse from the java utility package is
constructed to provide 3D locale for viewing java 3D objects
through scene graphs.

The BranchGroup (BG) is the root of a scene graph that is
inserted into the locale. One scene graph is constructed for
each object type to divide a 3D building model into multiple
layers. For example, a 3D building model may include ten
different layers: pile, footing, beam, column, slab, wall, roof,
door, window, and steel reinforcing. This approach improves
the ease of use where a user can choose the layers to be
displayed.

The TransformGroup (TG) controls spatial transformation of
an individual 3D object. For example, if abuilding has twenty
beams, all twenty beams are referenced to the same
BranchGroup but the location, width, length, height, rotating
angles, and texture of each individua beam are configured
through the TransformGroup. In generating each 3D building
element in java, the geometry data are manipulated and
retrieved from the spatial database and used to construct the
TransformGroup of that element.

S Malaikrisanachalee , H. Vathananukij



Figure 5 presents different views of the 8-storey reinforced
concrete parking building created by java. The java 3D model
can automatically generate different views of the building:
front, back, side, top, plan and section views. However, due to
coding imperfection, the 2D views generated from the java 3D
model in Figure 5 are not truly two dimensional asthe pilesin
the back are still can be seen in the front, side and section
views. Nevertheless, this is by no mean the limitation of java
as more programming improvement will be able to overcome
the imperfection.

The java 3D model has the ability display objects in shade,
transparent and wireframe modes. Furthermore, volume and
surface area of an object can be automatically calculated.
Because the java 3D model is object-oriented, distinguishing
the difference between the formwork and painting areas of an
object is possible. Since cost and activity duration are by-
products of quantity, cost estimate and project scheduling can
be done automatically by java if all supporting data are
available,

It is noted that transformation between the AutoCAD 3D
solid model and the java 3D model is possible. One major
obstacle, however, isthat the two systems have discrepancy in
their coordinate orientation. Furthermore, since the AutoCAD
3D solid model is not object-oriented, the real-world object
type (e.g. beam, column) of each geometric object (e.g.
polygon, box) exported from AutoCAD is unknown. To
improve the transformation between the two systems, the real-
world object type should be indicated in the AutoCAD
solid model by using specific color for each real-worl
type to allow java to determine the real-world o
based on its color [8].

5.Conclusion

Javarbased BIM employs an object-oriented approach, which
offers amore logically realistic model than the traditional non-
object 3D model represented by simple geometric objects. Java-
based BIM provides great tools for 3D rendering and is flexible
to work on any operating platform. In addition, java-based BIM
offers great potential for future extension by incorporating with
GIS or an enterprise project management system. Integrating
java-based BIM with spatial database is a promising aternative
for future BIM application development since spatial database
could provide significant improvement for BIM data modeling
and management. Additionally, spatial database is equipped
with a number of spatial queries that e useful tools for

quantity takeoff, verification of buildi
etwveen building
\ &: offers
BIM applications,

at is free to acquire,
overcome the financia

technological advantages ov
it is aso an open-sour

the proposed prototy
are still reguireo

em, multiple implementation issues
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(E) Shade Mode

(F) Transparent Mode

(B) Side View

>

(D) Plan View

(G) Wireframe Mode

Fig. 4. 3D Model Generation in Java Environment
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