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Abstract

In each industry field, many engineers have tried to develop integrated environments using information technology. The
core technology in building integrated environments is the database based on standardized information. To meet the
requirements, this study builds a database with detailed design information as a part of integrating digital information
generated from every work of steel bridges. The data model used to build the database was developed based on the
international standard, namely ISO/STEP. The data model is classified into geometric and non-geometric parts to represent
the design information of steel bridges. The geometric parts are represented by a three dimensional solid model so that they
may be able to reuse existing information. Also, the non-geometric parts represent information requirements that are
analyzed by the development method of standard data model. To verify the data model, this study validates the syntax of
the model on EXPRESS Engine and verifies the validation of the model by applying the design data of Hannam bridge to
the database.
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{;;;5 Parsing Schema file D:WBridge Data ModelWEXPRESS schemaWsteel_ bridge_information.exp ...

Express Parser: Pass 1 ...

STTTTTTTITTITTITT R TI T T I T TV I TTY T T T T TEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFFF

{Bxpress Parser: Pass 2 ...

STTTTTTTTITT T YT I T T I T I T T VIV T T T T T TTEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFFF

{Express Parser: Link Objects ...

ISTTTTTITTITTI T T I T I I T IV I YT TITTIT I TEEEEEEEEEEEEEEEEEEEEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFFF

|Express Parser: Write temp file ...

{STTTTTITITTITTITITITTIITITITITITTTEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFFF =

gl 13 Verification of the data model using by EXPRESS Engine

3.6 JOINT SYSTEM 249

JOINT SYSTEM Rde FxE HIFRE X
A2, APHS &4 o Wit 7144 By
A=At 28 113 29| joint_system EEE
55 B@ste AN AHECA connected assem-
bly £Al g2 parts_assembly AEE]Z2 FHodozy
Heo] olFold HANFAS FHol st 71AH
AEAHEE F& joint_system_mechanical JEIEE

H H=
AAABE EFHIE components FA A a9

AEO

BE 73 848 L HE, 94 B Zas &
A shte] AEF-AZ FdsAch &5 A HEAFR
+ joint system welded SNEJE]e]A] VER]A oM &3
of Felo mat A, A, A Loz A Bt sH QlE
Bl Xt 53], joint system welded <E]E])
weld_specification $4-& &34, &%) (penetration)
Hoo] #3 YRE TG

X
=

im

a o

3.7 APPLICATION CONTEXT 24

shape BB & 728 Aot o, mechanism & APPLICATION CONTEXT &4l 23 129 o]
Aol A& joint system mechanical type BtS #Fz [SO10303 Part 41%%9] application context schema
sto] Z1AIAA HE HY= EE, A 2 gl Fez W £ U E AFEET o] Rd2 8 HaT|ntRA H o
A8 st WA joint system mechanical <l sz e AE 899, g9 uiF Fof
HElE= 7|1A1A i o A4y HEgS gdsiy HE (discipline). ANF7] @A, 4% (market segment)
name . connected_assembly

( label ) joint_system { parts_assembly )

! A mechanism :-_i(;i;_t_;_s_t_e_n_l"-r-:

| mechanismyj - joint system_ | ¢

Spevt\zl;i'ga_tion joint_system_welded joint_system_mechanical t:f}?‘:—h—a—w—c—al———tﬂ’?—i--‘

I components L[1:?] -(ABS)shape

L T .

m weld_ joint_system_
- point welded_point

curve path

joint_system_
welded_linear

weld_ joint_system_
Surtace Jsurface| welded_surface

I8 11 Partial EXPRESS-G diagram of JOINT SYSTEM model

application_

| application |
protocol_definition

application_protocol earl
( year_number } PP =P i

application_interpreted

application_
context

application -text

frame_ofireference

_model_schema_name application_ name
( ravel ) context_element
_I
discipline & é market_ J)
product_ “hpe \_label product_ product_ segmeni_fype- library_
context life_cycle | definition_context || concept_context library_ context
label _stage - @ reterence

T8 12 Partial EXPRESS-G diagram of APPLICATION CONTEXT model
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Fug AR xdE AT delgrd s

O-L.:

4 AF 299 glojBejglo] &g Y& Adste dF
ElZ A 23}, Application context JEIEE AF o
o7} HoHolxE gdozy, AZE dolee AMLET
ofnjo FIg& T3 AF dolH g HAZ vhed F2 o
BARE FH) E dFdM e FaF F2EY 33
A& 23] A A AP203% FRIANYRE
Fds] A8 A AP209E AME3L7] wj R o7 A
o deolHRd & A48 4 JE= application_pro-
tocol definition dEIE]E o] &&t4tt. o] dEE = AF
AEE FE37] M AHES SEZREFS HYAE]
o Foll, Zu@el 324 FAPH UM E AP203 &
7)uE AMSsln PR AF R disiAle AP209 27)wE
AMgete AL BAE U £ B dFe AuE T
ZEAA B AFHEY AfF7] dAE FTHs
Yl A product_definition_context AEIE]E A}-&3}

4. Ho|EIZYe| AF

A dolHrde A% EXPRESS A7|nle) &
(syntax)oll W& A3 ASHEI} A4 E34 dolg
e 9Ee B9 gy vde H8A ASFREow U

o] AA
4.1 dolgr2d +#9 AN AT

Zu# dolelRde] EXPRESS &710t &9 &2
o gt 78%% NIST(National Institute of Standards
and Technology)dlAl 7422 z|Fde= EXPRESS
Engine® EXPRESS A (parser) & °©|-&3tith EX-
PRESS Engined EXPRESS 27]ule] g4& AEs &=
71% 9ol ISO/STEP Part 21(clear text encoding
of the exchange structure)®¥o] W& Zagiz D&
Agete 715 27)utellA goet 742"" Atz @E
e Ve S ATse EEM, MLE Zu¥ dolHE

°] EXPRESS 2 3“}7P EXPRESS 0101 e b 040117\1
ANStE A BRI we TES 32k FED

A& AEsR H(type)d} F(value)o]l 4% 2d& ¢
Zle= A S AES . 2 dFdAds 28 139 oA
H oupe} Zo] A AFE Al A JEE dlolEE
do] AgAdE At

4.2 dolgrde A4 AT

AL d A3 155 ¥ ddoiny g JEE
ALE dolgrde] P20 352 % 194 STEP
HAd 2 yepigitt 28 148 dddny 74 A b
A WA A7 NM1 7209 3349 8483 74 8739
AAREE vebd Aot ghdtim NM1 #7+e] 457
ZE28 298 Ad oz FAMA g A Ee
T4 AAE HET F e T2YH o] wEd B Ay

A Agd deolelRde AL AFTE AT AlEEA
Aol 7hestATt.

*A, B 19 3¥H STEP &332 ddoly 2247
FRE AWEYE, O 149 #329 #332 dduiw
NM1 F7+9 AZE(stringer) & YERA Aol #41,
#42 9 #432 7FE2H (cross beam)E UEM Ao zZH

MdE mdo] e 712l part AEEE AlEsle X
Ho| 7lzaldtt. 18]z #36, #46 2 #47L EEo] 9
2 24 joint system <€l

& #32 (splice) & Uepd R
Bl Edo] 7ttt

Part
#32, #33, #41,

12l 14 Shape and design information of Hannam bridge

g E 1A T o] Y AARA FelA AZRE
A 1% 149 #32, #33% FFFY 4369l sBst= T
ZAAZRE STEP &84 #d 4oz HHGrh
23 155 #329 #339) ’“74}@501] Fdsts A =E 9}
#36° HEFS FAALH 344 F4E Fd3}=
24, g 2d9] part AEE S B O‘L*ﬂlﬂ%% °o]-&
dto] STEP #d=2 fdo] 7Hsdttt. ¥ 19 STEP #
dollA #32€ FAFF7E STRINGER.Z FEAI=o] A
ZRE Yelfz EAge] NMl-stringerl olghs A&
Zdstw 9lom, EI FA #HEE FAHEIE £200,
#2010 dZste ARE HIC] sMedduh. dEA
#2002 rectangle_shape AEIEIE o] &3tod THEP A o]
AZYEQL dlolE g& veld RAo2A  wHe] S (depth)

Rne



o5 - HA

B 1 STEP file describing information of Hannam bridge NM1 section

ISO-10303-21;

HEADER;

FILE_DESCRIPTION(($),'2;:1");

FILE_NAME( /* FILENAME */ 'D:WHannam_bridgeWHannam.stp',

/* CREATION DATE */ '2003-04-09 T10:49:55', /» AUTHOR */ ('Yeon—-Suk Jeong'),

/* ORGANIZATION */ ("YONSE!','Shinchon Seodaemun Seoul','Korea','MD','12074"),

/* PROCESSOR VERSION %/ 'STEP_ARX v.1.0', /* PROCESSOR =/ 'STEP_ARX',

/* AUTHORIZATION */ 'Yeon-Suk Jeong');

FILE_SCHEMA(('bridge_information'));

ENDSEC;

DATA;

#1=APPLICATION_PROTOCOL_DEFINITION('International Standard','config_control_design',1994,#2);

#2=APPLICATION_CONTEXT{'configuration controlled 3d designs of mechanical parts');

#3=PRODUCT_CONTEXT('3D Parts',#2,'mechanical');

#4=APPLICATION_PROTOCOL_DEFINITION('International Standard',
'structural_analysis_design',2001,#5);

#5=APPLICATION_CONTEXT('composite and metallic structural analysis and related design');

#6=PRODUCT_CONTEXT('3D Parts',#5,'analysis');

#10=ORGANIZATION('AIS X', 'S HAE 2} 4MAH, AI2SA"):

#11=ORGANIZATION('E A A}, HSAH X LIOE 2 1 JHAF,"EHSH"Y;

#12=PROJECT('St=lin ZR2ME''sidines 250 47 stds 29 AMAIS AIOIE AAHSI=E

HOZAN StEUY E=H2 nNEHE fih oDI -1—16}01 AEDNETZ MW 196980 WSS J=n#9 o

S0 1996128 =256t 2001532 232 JNSOICH ,#10,$,#11,#20,#18,'600"');

#13=STEEL_STRUCTURE(#14,$,$.%$);

#14=STRUCTURAL_OUTLINE('St=H12',$,919,22,#15,' 2 Al HEtE2S" (#21,#22),$);

#15=ADDRESS(S,, 2t AMAIS" . $,'ASSEAI'$,'135-722' 'L} sto1=", 364 5300, '2123-2808".$,%);

#16=CALENDAR_DATE(2001,3,1);

#18=DATE_AND_TIME(#16,$);

#19=CALENDAR_DATE(1996,12,1);

#20=DATE_AND_TIME(#19,%);

#21=DESIGN_CRITERION('E2 D EZAI®A','1996F HEDNES

#22=DESIGN_CRITERION('Z23IET A2 A','1996 HAEDNER

#23=GLOBAL_DESIGN_LOAD('BD-24");

#24=GLOBAL_DESIGN_LOAD('DL-24");

#30=DECK('NM1 32}, $, LRFD.,.STEEL_PLATE_GIRDER.);

#31=PRIMARY_MEMBER('NM1 2} #35, .ASD.,.STEEL_PLATE_GIRDER.):

#32=PART(.DESIGN.,(#21,#22),'NM1-stringer1',.STRINGER.,(#200,#201));

#33=PART(.DESIGN.,(#21,#22),'NM1-stringer2',.STRINGER.,(#203,#204));

#35=PARTS_ASSEMBLY(.DESIGN.,$,'NM1-assembly1','st 0 2 STEP IHY',.BBB1.,(#32,#33));

#36=JOINT_SYSTEM_MECHANICAL('NM1splice 1',#35,.BOLTED_TYPE.,(#206,#210,#212,#214,#220));

#50=STEEL_MATERIAL(21000000.0,0.27,%,%.%):

#200=RECTANGLE_SHAPE('flange',$,12.0,400.0,0.0);

#201=RECTANGLE_SHAPE('web"',$,1500.0,12.0,0.0);

#203=RECTANGLE_SHAPE('flange',$,32.0,480.0,0.0);

#204=RECTANGLE_SHAPE(‘'web',$,1500.0,12.0,0.0);

#206=RECTANGLE_SHAPE('splice1 plate',$,200.0,600.0,0.0);

#210=RECTANGLE_SHAPE('splice1 plate',$,1000.0,400.0,0.0);

#212=RECTANGLE_SHAPE('splice1 plate',$,1000.0,440.0,0.0);

#214=RECTANGLE_SHAPE('splicel plate',$,1000.0,200.0,0.0);

#220=BOLT_SHAPE('splice! bolt',$,10.0,.HIGH_STRENGTH_BOLT.):

#1500=MEMBER_ELEMENT_MAP(#31,#13877);

#13877 = CURVE_3D_ELEMENT_REPRESENTATION('1',(#12500,#13855),# 13856, (#13865,#13866)

,#13864,#13842,#13854,4#13876);

#13865 = NODE('2',(#12808),#13863,#13864);

#13866 = NODE('1',(#12807),#13863,#13864);

ENDSEC;

END-ISO-10303-21;

‘!$)'
£.8);

BEMAT RS =2 H17H M25(2004.6) 115




ZuE AAGR TEE H3 dojgxd g

7F 12.0mme] 22 Yol (width)7} 400.0mm¢S! #32¢] )
ABEE zdstn Aok

a7 159 #36& AAAR R dPete AR H
HZ joint_system AEES} A JdEEES o] &34
T3 23 150 YERd vle} o] HERoAM ALEH
N AA (fastener) & BEZZ A 0B Z joint_system_
mechanical AEJE]Z Fdo] 7}5etAtt. £ 19 #362
.BOLTED TYPE.& F&z]o] H3o] EEHFIS
Uehllzn, AIRE o) F= 3RS #206, #210, #212,
#213 2 #2208+ A& Ve Utk 9714 4220
BES P43 AYPEE FIF RAoEH  HIGH
STRENGTH_BOLT.ol 93 nAHEEYLS FHH
E2E9] W7o 10mmYE vehlz i}

H:
W

#32

UP. FL.-12X400X2034
WEB-1500X12X3034
LO. FL.-12X400X3034

UP. FL.-32X480X2803
WEB-1500X12X2803
LO. FL.-32X480X2803

#36
UPPER/LOWER FLANGE
1-SP PL 440X10X1000
2-SP PL 200X10X1000
48-H.T.B.(F10T)M22X80

WEB FLANGE
4-SP PL 200X10X600
2-SP PL 1000X10X400

64-H.T.B.(F10T)M22X75

PROJECT 29¢ 2oz xad dvn FHe
HEAQ A& #1204 Z2AES UdR7le FEE U
BT glew, B3 2= ARPRE #1304 £¥
st ok, olel@ e e #21, #22, #23 B #240)

F2E Fa3t 24F T3l COMPONENT =Y
oo g ddim AAA 7] RS £ 19 #3100
3 1. PLATE GIRDERE T334

#5009 JelUT, mixlwo g STEP Sdoa T2AA

116 si=mArREsts =27 H173 H25(2004.6)

PRl FzaMPEee] AAFAE APPLICATION
CONTEXT Zde] m& #1500014 B 28z
FRAATAL AZ"E HMPR P eirt 3A4
curve 84% TAFHAC= AL #13877904 e gt
olAY AAFR} A4d FRIMNYE = ISO/STEPY
AP209 EXPRESS £7]9tE 23tez 357 W&
o] #59 application protocol definition SNEIE}el]A
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A AP203 27197 AFEHAGE A& #1614 YERY
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o
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do] g AFelA Zue] 324 4 RE 5d
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£ Aol 7Hedtdtt. =3, AzAdAM Hddte AT
TRAAE ZAus F2E &3] dolerd & A
d9ch. &, Fdu® F2E 32 AP EE AFY F

3 AA gt AR Eetn, o FxE HAYERE A
Fo FEAAN ddste] 2¢EH xHF LR A L6t
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o7 FEslo 7|FRE-E STEPS AYE o] &3te] £
&ta, )RS Ve AT EN HeolHRd
o] o] SEHUT. ol H2WHL ZFazke] 44
AE7L AF] dFol sidets FAEY 2¥FHE 18
7] W&ol delHREd siE Ao {3 JEEH] 7}

Rl

Adre sloleRde] EXPRESS 27|ulol] that &7
Z& NISTOM #AlFstE EXPRESS Engined ©] &3
of ISO/STEPY Part 11914 AAlete 2l A3
2

-

oL

go] 98 A BEShE A8 AR voH g9
AP At =g /it doleRdo] dA 2
FEE AAFEE &¥ste o] 7td AE A
] A

gains tder A4 =24 vl



e Ag3to] Holmude AFYL AT
e HPE FAN B AT AR FLP dolH R
ol @dviie] ZRAE Aegs, ,
HNYH W UAYHE TR Aol Assd B o

Foll A Zfge delElRd e Zuy ZEAEC A o5
7] el AsE FEE [SO/STEPE o] &3l i
- THE A o2 FREE 75 AR A E
A F 3kt
ZALL| 2

B ATe =471 dFAKICT) oA e 2001
d Ak A FEATANEAG S AFH] A ols)
gxlon, od # htE =gy

1. Simon, P. F., Interoperability Requirements
for CAD Data Transfer in the AutoSTEP
Project, NIST, Gaithersburg, 1996, p.28

2. Owen, J., STEP an Introduction, Information
Geometers Ltd., Winchester, U.K., 1993, p.143

3. Tolman, F. P., "Product modeling standards for
the building and construction industry: past,
present and future’, Automation in Construc-
tion, Vol. 8, No. 3, 1999, pp.227~235

4. Gielingh, W. F., "General AEC Reference Mo-
del(GARM)", CIB Seminar Conceptual Model-
ing of Buildings, Lund, Sweden, 1988, pp.165
~178

5. Turner, J., “A systems approach to the concep-
tual modeling of buildings”, CIB Seminar
Conceptual Modeling of Buildings, Lund, Swe-
den, 1988, pp.179~187

6. Luijten, G., Froese, T., Bjork, B.-C., Cooper,
G., Junge, R., Karstila, K. and Oxman, R., An
information reference model for AEC, Technical
Research Center of Finland(VTT), Espoo,
Finland, 1993, p.10

7. Crowley, A. J. and Watson, A. S., CIMSteel
Integration Standards Release 2: Overview,
Steel Construction Institute, Berkshire, U.K.,
2000, p.68

8. Mikami, I., Tanaka, S., Kubota, S. and Ishii,
Y., “Database of Highway Bridges Product
Data Models Using STEP", Proceeding of the

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

3% - HAN

7th Fast Asia-Pacific Conference on Structural
FEngineering & Construction, Kochi, Japan,
Vol. 2, 1999, pp.590~601

Tah, J. H. M. and Howes, R.,
modelling for case-based construction
planning of highway bridge projects’,
Advances in Engineering Software, Vol. 30,
No. 7, 1999, pp.495~509

old%, FAA, ruFe HAFE dolguels
%, dxArzTEs FATeERs =83y, Al
16" A 17, 2003, pp.313~320

o435, AdA 3D ¢¥lEndd WE Zug PR
2d Fxo B A UFEET SeHEd =
3, 2002, pp.188~191

Lee, S.-H. and Jeong, Y.-S., "STEP-based
Database for Information Management of
Steel Bridge’, IABSE Symposium, Melbourne,
Australia, Vol. 86, 2002, pp.74~75

[SO TC184/SC4, Integrated generic resources:
Geometric and topological representation,
[SO, Geneve, Switzerland, 1994, p.228
[SO TC184/SC4, Description Methods:
EXPRESS language reference manual,
Geneve, Switzerland, 1997, p.307
Denno, P., NIST Expresso, NIST, Gaitherburg,
Maryland, U.S.A., 2001, p.12

Fowler, J., STEP architecture and method-
ology, PDT Solutions, Bentham, U.K., 1996,
p.16

ISO TC184/SC4, Application Protocol: Config-
uration controlled design, 1SO, Geneve, Switz-
erland, 1994, p.515

NIST, Integration Definition of Function Modeling
(IDEF0), NIST, Gaithersburg, 1993, p.116
AP BN, "97 nFHLAA(B.M.S) Mol &3t
A" AFRIA, 1998, p.h78

Yicel, A. and Hunten, K. A., Recommended
Practices for AP209, PDES, Inc., Fort Worth,
Texas, 1999, p.107

Eastman, C. M., Building Product Model:
Computer FEnvironments Supporting Design
and Construction, CRC Press, 1999, p411
ISO TC184/SC4, Integrated generic resources:
Fundamentals of product description and sup-
port, I1SO, Geneve, Switzerland, 1994, p.182
ISO TC184/SC4, Implementation methods:
Clear text encoding of the exchange struc-
ture, 180, Geneve, Switzerland, 1994, p.57

“Information

The
ISO,

SIRMAMFLEEE =28 B17H M25(2004.6) 117

i



