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Abstract.  in this papcr desitttl and ttbrication inttnTlation systelal for steel bridge constttction is sttdied

and proposcd according to thc progrcss of Constttction CALS/EC in thc constRIction indLlstt in Japan Thc

data exchangc in this systenl bascs on thc tcxt flic as、vcll as CAD data、vith sinlplined dra、vings Thc conccpt

oftllis systelan is discusscd R)1lo、ving thc analysis on thc issues oftlle conventional system Thc application of

the prodtict l13odel is also discusscd inciuding etccts and issues on the inspcction systeIIl.This paper is bascd

on the sttdy carried out by Spccial(ごoll引1littec on Constrtlction CP【LS ofJASBC to which author bclong

Key wordsi CALS/EC;stcei bttdgc;缶bttcadoni ttta cxchange;auto CAD;CAM;11lspectlon;ploduct lllodel.

4.The background and purpose of the study

Thc rcscarch of thc introduction of CzへLS to pLibliC 、vorks/constrLICtiOn indLlst■/ in Japan began

substantially aftcr thc Colllllaittec on Construction CァLヽS/EC bcing cstabhshcd in May 1995 by thc

MIinistry of Land infrastl■lcttlrc and Transportation,In zttpril 1 996 thc単生LIT launchcd``Thc Basis ldca

on Collsttuction Cプ生LS'う lt Jヽas ailaling to collllllerCializc Conshilction CALS/EC by 2010 in thc ncld oftllc

public wottts.Flllthenllorc,lll JLinc 1 997 thcい胡LIT sct``Constl■lction CALS/EC Action ProgralTl"and thcy

hastcned the goal ycar of the commerdalization of CALS/EC iom 2010 to 2004(Akeno 1997,Shima2御

1998)Shimazt1 1999)

Thc contents of Construction CALS/EC can bc dividcd lal^gcly into two parts.Onc is thc pal‐l
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rcgardilag clcctronic procllrelmcnt. This part covcrs proccdurcs of contracts tor public、vOrks such as

disciosllrc of telldcr infol‐Ination, clcctronic tcndcr, clcctronic attestation ctc, 7へnother is thc part

regarding electronic delively.This paH covcrs drawings,Blll of Quantity,statement of accounts,

busincss rcports and othcr constrtlction work complctlon litcrattrcs produced as rcsults ofexccutlon of

contracts.ァ生bout electronic deliveEy,the WILIT has alrcady issLled thc speciflcatiOn of the clcctronic

delivctt for thc complction litcrattres,

The rcscarch and dcvelopmcnt on Construction CALS/EC has bccn carricd out so far lnainly by

thc consortia composed of construction enterprises, collSultants, systcm houscs and thc WILIT.

Ho、vcv cr, thc ailn of this rcscarch and dcvc10pmcnt is linlitcd to prescribe the ttamc of

Construction CALS/EC for thc wholc constructioll industry from thc owncrs'point Of view.As for

thc rcscarch and dcvclopment individual study on the inforIIlation system in Construction CァヘLS/

EC according as the technical characteristics of cach cOnstruction industry is incvitablc fr9rn the

contractors'point of vie、v.

Stccl bridgc constrtlction industly has bccn trcating data in thc forrn of digital fI・olll thc earlicst days

among thc constmctlon indust呼 ,Thc dcvclopmcnt bcgan from thc bcginning of 1970's(Takaku 1985)。

This originates froIIl thc particularity of stccl bridgc constrtlction industry that lnore than half Of thc

construction、vork bclongs to thc ttbrication in ttctO■/.
About 30 years havc alrcady passcd sincc the numcrical control(NC)machincs havc bccn

introduced to the ttbrication of stecl bridgcs in the proccsses of stcel plate cutting, bOlt h01e

drilling and piece asscmbling in factory,In this 30 ycar history,the function Of Full Sizc lDra、ving

proccss has bccn changing complctcly from dra、ving of actual figures on tloor to data proccssing

on dcsk to transfer thc analog data)in other、vOrds, paper dra、ving into digital data, which has

rcalized the production systcms bascd on thc digital information in thc rlcld of stccl bridgc

stlpcrstructurc construction.

Thc developmcnt of thc ncw dcsigJttbrication infol‐IBation systcm in stecl bridgc supCrstl‐LICttrC
COHCSpOnding to CALS/EC should be practical accOrding to the achicvemcnts nlcntioncd above,

In the sttdy of Mikami α α′.(1999),thCy proposc thc mcthOd that DXF ilc fomaat gencrated iom

Auto CAD)devcloped by Autodesk Co.,is transibllllcd intO flic follllat by Part21 of STER

Thc mctllod of tllc統協 cttchangc,now undcr dcvclopillg by SCADEC(St狐 ldttd CAD Data Exchangc

Dcvclopment Consortium)and cXpcctcd to bc sね1ldardizcd血品冊 c in Japall confoms to thc intcmational

standard)STEP/AP202(Part 21),IS010303.This mcthod is aiming fOr high exchangcabiliけ Of
drawing data output betwecn difttrcnt CAD systcms(SCADEC 1999).Eithcr mcthOd is tり ing to
cxchange CAD data as itis in the fom of CAD drawing

On thc contra、、the lllcthod proposed in this papcr is dcsign/fabrication inSЭrlnation systcnl bascd on
thc data exchange in the forln of text fllc as、vcll as CP【D dra、ving.

In this paper thc concept ofdcsigJttbrication infollllation systcm is describcd follo、ving thc analysis

of thc issues in the convcntional systcm.Then the forIIl and flo、v Ofthe dcsttn data and the strtlcttral

d c s i g n  m o d e l  a r e  m c n t i o n c d  a s  w c l l  a s  t h e  l i n k a g e  t o  t h e  t t t e e  d i m e n s i O n a l  f a b r i c a t i o n  d a t a ( p r O d u c t

model)子oIIl digital data generatcd in thC dCsign stagc lnspcction system is also discussed undcr thc

nc、v dcsigllrttbrication infottnation system.

This paper is based on the study carried out by Spccial Collllnittec on Construction CzへLS of
」ASBC(Japan Associatlon of Stccl Bridgc Construction)to whiCh thc authors bclong since 1997.

The reports publishcd in thc past(ISOhata 1998,Hara 1999,JASBC 2000)diSCLISSing the thcmc in

this study、vcre announccd as partial research results、vhich、vc got respectivcly until the tilne.This

papcr intcgratcs thcsc rcports adding nc、v rcscarch rcsuits alld considcration.        46
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AlignIIlent,Material Data

(Under the permission of owners)

Fig l(ご onventional data cxchange in thc constr■ iction、vork oF steci bridge supel‐stRlcturc

2.The current issue on the design and fabrication data exchange

Wlost consultant fII‐llls makc up thc documcnts such as dra、vings,bills of quantih′and alignmcnts in

the R)I11l of digital,Ho、vever thc inforlllation exchallge bet、veen consultant flm and o、vncr,o、vner and

contractor arc carricd out in thc fom of papcr as traditional llledillm.Fig. l shows thc sitLlatiOn of the

conventional data cxchangc in thc constrtlction、vork of stccl bridge supcrstRICttrC

Although the most Of drawings havc changcd frorll handwriting to auto drawings by CAD sottware,

thc data cxchange of drawings still dcpcnds on papcrs The follo、vings issues are conccivable for thcsc

rcasons.

―Thc rcstriction On thc transforlllation ttolll the dcsign dra、ving data to thc fabrication data.
中Thc dclay of thc standardization of thc structtlral details.
―The indeflniteness Of thc rcsponsibility rangc oll thc quality of CAD data`

…Thc problcm of CAD softwarc.

―The problem of CAD data cxchangc mcdium.

Ifthc digital infOrnlation gencrated by thc dcsign、vOrk can bc utilized、vith the ttbrication process as

it is,thc productivity of thc、vholc stccl bridgc constrtlction、vOrk、vill lmprovc substantially For the

dircct data cxchange in digital bet、vecn dcsigra and fabrication cspccially thc flrst thrce items in the

abovc should bc sOlvcd

The flrst issuc in abovc,thc restriction ofthc translorlllation iOm CノヘE)data to thc ttbrication data is

mainly callscd by the、vay of expresslon in thc convcntiollal design dra、ving、vhich docs not oricnt only

偽r thc fabrication.As sho、vn in Fig.2,oniy 109/6 ofthc data on thc dcsign dra、vings can bc utilizcd for

thc NC data forねbrication dircctly

Thc picccs and members of bridge superstlRlcttlre componcnts on thc dcsign dra、vings are not shO、vn

in the size of fabricatlon bllt of nnal complction stagc. To convcn to NC data for ttbrication thc

alio、vancc for camber and dcforIIlation by 、vclding, assclalbling etc., llluSt be added on the dcsign

drawings.Anothcr rcstriction on thc transttnnation Of thc dcsign drawing is caused by thttway of

Design Firm

―Bastc Study
―Ceneral Design
―Detail Design
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Fig.2 The proportion oF dra、ving data utilizcd for thc NC data

cxprcsslon of dra、vings,In convcntional dra、vings,for thc purpOSe Of bcttcr understanding for human

eycs sometimes thickncss of stccl platc arc dra、vn in exaggcrated scalcs,stlucttral detalls arc dra、vn in

tcc scalcs and only halfpalt is dra、vn in case of syHllnetric strtlctLlreS.And also since the conventional

dcsign dra、vings is infollllatiOn of t、vo dilncnslons,thc dircct data cxchangc ttrom dcsign dra、vings to

fあbrication data of threc dirncnsions is not casy and requircs a lot of additional infollllatioll.This point

is thc biggcst rcason、vhy、vP proposc in this papcr thc lllcthOd Ofthc data cxchangc by tcxt flles as、vcll

as CAD data,

Thc sccond issuc, thc dclay of thc standardization is causcd by the diffcrence of the standard of

StrLICttral dctalls o、vncr by owncr and thc ambiguousncss of thc bhding forcc of thc each standardゃ

Bccausc ofthis the consistcllt standardization through the each stage ofdcsign,fabrication and crectlon

is not advanccd and the cconolllization of thc wholc stcci bridgc constrtlction、vork is hindcred.

Thc third issuc, thc indcflnitcncss of thc rcsponsibility rangc on thc qLlality of C_AD data is

indcflnitcllcss Of thC rcsponsibility beいwccn owncr, consuitant ttmll and contractor.Conttslon may

continue to happcn ill thc fabrication stagc,ifthc rangc ofthe dLlh′and rcsponsibility to chcck dra、vings

and other documcnts gcncratcd in the design stagc is not clariflcd The curcnt dcsign dra、、′ings arc

cxpcctcd to incllldc thc infol■llatioll ciosc to thc shop dra、vings、vith stl‐tlcttral dctalls,、、/hich should bc

dctet‐Illined undcr the condition of fあbrication and erection mcthods.Thc dra、vings al、vays accompany

the risk that supposed conditions Sor thc fabrication or ercction at design stagc may be incoHect or not

bc practical. Contractors o、vc the duけ and rcsponsibility for chcck On thc dcsign dra、vings by thc

contract Howevcr in casc difflculけin frabrication or ercction caused by design such as thc interfcrence

and exccution of the nlembers and picces of components are occLirred the 、vhereabOuts of thc

崎
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system author ailns for the direction、vhich cspccially thc flrst and second issucs、vill bc sOlvcd.Thc

third issuc、vill bc s01vcd through thc llmprovclllcllt Of thc ftrst and sccond lssucs(

3,New bridge fabrication system

3.イ, Concepr O√ 帰θyy s/sttθ印

The data exchange ofthe inforlnation on the dra、vings cannot be materializcd only by digitalizing the

t、vo―dilncnslonal imagc on thc convcntional dra、ving as it is.Text flle data cxchange is applied in thc

ncw bridge fabrication systcm as wcll as CAD data exchangc ttvith sirlplined drawings.

The bridgeけpes dealt with in this ncw systcm arc plate girdcr and box girdcr with RC siab)thc most

popular bridgcけpeS in Japan.
The conccpt ofthe ne、v systcm is gathcrcd to thc丘)110、ving points.
―Scpa脇位on ofconvclltion】dcねn dcsitt t。

“
SD"(S愉 正的昭lD報 押)and“SDD"(Stl■lC価】Dcttn Desi押 ).

―Seting of“ SDM"(Stl■ lCttral Dcsign Modcり aS Standard strllcttral data nle
―Standardittation of strllctLlral detalls,
―Sctting of drawing for SD(SimpliflCd drawings).
―M a t c r iぶl i s t  f o r  e s t i m a t i o n ( B l l l  O f  Q u a n t i t y ) .
―Introduction of product lnodel.

3.7.T.Separar,0帰0√oo帰yeβ古'ottθ′びes●帰rO sD a帰びsDD

Thc dcsign of stccl bridge supcrstFuCtLlrC nOw carricd out by consultant f1111ls arC COmp9scd of SD

and SE)D. The contcnts of SD are thc stnlcttral skeletons, basic strtlcttral follllation, elcmcnts of

alignments and strLICttral analysis.

Thc arangcmcnts ofjoints and stif‐fcncrs,crOss scctiOn and thickllcss of steel platcs arc dctcrmined in

SE)D. Recognizing as thrce―dirnenslonal structllrc by thc combination of thc infolll■ation of cross

scction and alignincnts thc discrcpancy and thc interttrcnce ofthc rclation ofthe rnembcrs arc chcckcd

and inodined if ncccssaEy.This includcs rcinforccmcnt of lncmbcrs tOr thc crcction and considcration

on thc rclation with thc acccssorics such as drainpipcs)rallings cxpansion joints ctc.

In conventlonal、va)Ъ fabricators gencratc fabrication data of thrcc dilncnsions attcr thcy check thc

dra、vings llladc by consultant ttnms and supplicd by o、vners as contract d6cument. This mcans that

lllorc than half of thc strtlctllral detall design is ca「icd out flrstly by consultant inms and latcr by

品bricators again.

Basically SDD is suttcct tO SD,Only SD,■ lndamcntal pal‐t Of the dcsign informatiOn should bc

incillded as contract documcnt and SE)D shoLlld bC catticd out aftcr the constluction staltso Sincc thc

quantity of inforlllation of both SE)and SE)E)are volunlinous,it is usclcss that tlle`thcavy infonllation)'
is cxchanged repcatcdly bchvccn o、vncr alld contractor as contract docllmcnt ttor the proccdLlrc of

checking rcport and approval.The sOparatlon of SE)and SE)D in this systclla brings about apparently far

morc efflcicncy than thc conventional、、ray l倍olla thc vie、vpoint of data cxchange

Thc contcnts of SE)and SE)D arc respcctivcry as f。1lo、vs

SD(StttCtural dcsign)

―Alignmcnts calculation

―Strucmral design

―Structtral dcsttn ll10dCl preparation 49
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―Calculation of Material List for estillladon(Bll1 9f Quantity/esttmation).
やPrC3aration ofdra、ving of SD

SDD(StILICttral dctail dcsign)
…SDD data preparajon(PrOduct Modc1/comptthon)
―Additio」modincation of SD drawing
―Additio的/modiflcation of Material List for cstilllation.

Table l ltems ttor standardization

Standardization of decision making

―Shift of welding joints of main girders
―Length of stiffening scctions at bolt joints
―(3onnecting points of skcleton for cross beams and s、vay bracings
―Connection beい汀ecn main girder alld cross bcams
―(]ussct platcs of lateral bracings
―Bolt arrangement for 14teral,S V`ay bracings and girdcr

―Connection of lnain girder and sub girders
―Shapc and strcngthening of lnanholes
―Strcngthcning of cck holcs for drain box
―(3onllcction of clcctric cablcs

―ヽ Veiding standard
―Shapc and conncction of stringers
―Hock piccc for rnaintellance、vork
―(3onnection and shapc of shear conncctors,siab anchors

A p p t i c a  b l e  C a s e

―Wide StifrelleL

―“d"is smalis d <100mm

―Chttllge to right igllre.

O t h e r  A p p i t c a b l e  C a s e

―Taper or annge Plate coltnection

,Gap bedween stifFener alld nange pinte

―ScaHop(Sce be10w)

―ConllectOrs or drrnin Pipe.

‐lnspectors'walkway.
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Fig 3 ExalTlple of thc standardizatiOn 50
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Thc standardization is illost impOttant for the promotion of this nc、w systclll in CALS/EC,The

standardization includcs not only the flgurcs ofcomponents but aiso the proccss ofdeCision rlaaking For

thc dcsign of structLlral dctalls.For thc standardization of stcel bridgc supcrstmctllrc it is impoHant to

trcat thc intcrttrcnce with thc a的oining picccs or mcmbers in thc process of dctail design,

Tablc l sho、vs the itcnl of thc standardization and Fig,3 sho、vs thc cxample.

3,7.3.アんe sttθ19JarJ Jattθ tte bettvyθθ/7SD a帰びSDD

Thc digital data bct、veen SD and SE)D is cxchangcd by tcxt data as、vell as dra、ving data For the

puttOSC Of data cxchangc by tcxt ilc SBI ttmlat(Standard for Bttdgcs lnformation Fonllat)is sCt up as
the standard data nle in sDM In the standard data Sic in SBI format,thc l■1lc ttor thc standardization of

stTRIctural dctails and dcsign intcntion are inciudcd. IへSCII RDl‐lnat is adopted for thc mcthod of

cxprcsslon

The standard data flle by SBl lbmlatis composcd ofalignmcnts data and strLicttlral design data.Tablc

2 sho、vs thc contents of standard data nlc( sBI ttrllaat for alignmcnts data)strLiCtural design data,

lalatcrial data are sho、vn in Tablcs 3 to 5 rcspcctivcly

3.74.DraNing o√ SD

itis illlpossiblc that the transIIlisslon ofall the dcsign infonllation is lcly on only thc forlll oftcxt ilc

data.Thcrcforc the dcsign drawing cannot bc abolished ill this nc、v systcm Dra、vings have the role as

contract documcnts as wcll and challge ordcr is based on thc drawings with Blll ofQuantity.And also

thc drawings supply thc vistlal infomation for thc crcction plan

As sho、vn ill Figs 4)5 rcsults of SD is inclLldcd into thc drav′ing of SD strictly,No othcr in3orlllation

can bc a1lo、vcd to include in convcntional dra、villgs,IIlain Stl‐LlcttrCS arc cxprcssed in thc scale of about

Tablc 2 Contcnts of standard data fllc

Standard data ilc for platc girdcr bridgc

Alignmcnt data

19

一ROad aligllmcnt
―Scction
―C}irdcr skelcton

―Elclllcnts of alignmcnt

―Proflic
一C}irder depth

Structural dcsign data

―Wlain girdcr
―Haunch
,Camber

―ArTangcmcnt of stil‐fcllers

―H Stifttncrs
―Bearings
―Cross beams

―Coordinatc of lllain girders
―Dcpth of lllain girders
―(]ross scctiOn Of lllain girdcrs
―Sectioll of Wl Sti31cners
―Splicc
―Shear conllcctorsぅsiab anchors
― S、vay, lateral bracillgs

Strucmrai standard data

Material data

Dcsigll condition data

Siab data

Road data(paVement,ratlillg ctc)

Structural analvsis data
51
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Tablc 3 SBI ttrmat ttr alignllnents data

SBI FOrmat(AH富 :lment Dnta,1/2)

Basic points

i s,I Formnt ycrsion No.  I     Systcm codt     l

Repeat 。r points

巾迅

Titlc

Block

Span けpe i Sinb

Co―

ordinnte
X Y

Line No

Attribute

t

Attribute

2

Attribute

3

Attribute

4

伽 賄 h n弱
    →

Scction

N O .

Attribute

1

Attribute

2
Angtes

Linc No X Y Hcight Scction Distancc Width Anttles Pavement Adjust Hnunch
Vヽcb

tOD
Depth

ドVeb

bottom

Tablc 4 SBI fOmat ttr design details

DATA WEBSPLiCE

Grope

No.

Number S―PL,T S―PL,障 1 臣卜PL,T
PI‐PL,

M

Fil‐PLゃ

T

Fi卜PL.

M

G0 NG G G l NGl G2 GEl GE2 PEl PE2 PE3 PE4
PE4 PE

4
EU NU PU E【j】 NUl PUl N2 P2 NLl PLl ELl NL PL EL
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l : l l

P E l

P E 2

P E 5

1 ) E 6

1/20 oovcring、vhOlc pa1l of stnlcttlrcs frolan girders to ali thc picces and acccssOry incitiding structural

dctatis.

On thc contraEん thc dra、vings of SD arc silnplined dra、vings bascd on the standardization of

stl■lcttral dctalls.Thc cottcnts ofthc dra、vings are colllposcd ofthc kcy plan sho、ving thc alrallgelllelat

of the、vhole strtlcttrc and cach stl‐tlcttral dctail bascd on standardization Thc nLllanber Of ttcts Of
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T a b l e  5  S B I  t t m a t  f o r  m a t c r i a l  d a t a  i n

SBI ForFnatて I`aterial List

SBI Fornlnt version No. Svstenl Code

L a y e r  N o . I  L t t y e r  N n m e  l  N u n l b e r  l  P i e C C  N o .  I  C o d e  v  i  c O d e  H  I  C O n l m e n t s

つ
と

Co徒 Sizel Size2 Size3 Size4 Lenttth Number Unit W I Net  l Materinl l Name  i Comments

Hollr Weld L Unit W Pnint Codc Code V I Code H Conlments

Shape Code and sizes oFslction

Name or ShnDC ShaDe COde lrlDut ltems

Steci plate Pし, APL, HPL, AHPL, PLS WXT

Flat bar FB WXT

Anglesl L H× WXT

Angies2 L H× VヽXT

Angles3 L,LL HXヽ VXh tXHT

Channel Cn CIン,CH HXWXh tXHT

1-scction I HXWXh tXHT

H‐section H H× W× h tXHT

Estimntion Element Code

Kind elements Codc Mcmber

L4nrge piece L FIrnntte, Vヽeb plate,Deck piate,etc,,

Small DieCC StitFeneL Splice plnte,connections.ctc.,

dra、ving dccreases about 1/10-1/5 in conlparison、vith conventional dra、vings.The examplc of platc

girdcr cxpressed in thc dra、ving of SD is sho、vn in Figs,4,5.

Fig, 4 sho、vs main girdcr. The skcleton in plall of thc、vhole part of bridge,namcs of lllcmbers,

composition of rnain girdcrs and the contents of stresS diagram arc sho、vn in thc R)l‐rll of tablc.Onc

、vholc main girdcr is dra、vn in onc Shect of dra、ving and the numbcr of shcets rcqLlircd for the main

girdcrs is only thc numbcr of rnain girdcrs.
Fig. 5 sho、vs stl■lctural dctalls of lllain girdcrs zへ1l nlcmbcrs and picces in thc dra、vings are dra、vn

rcttring to thc Book of Standardizcd Dctails(Takaku cr α′,1994).Thc drawing is to bc cxchangcd

according to the data ttrlllat(ISO/STEP―AP202)now undCr devcloping by SCADEC.

3.イ.5, Mθtteガar〃st rbr estimaJo帰

MatcH】 List(brCakdown ofBlll ofQuandty)haS thC roic of contract documcnt with drawing of SD.

In this systcm SE)D is to bc canried oLlt after thc contract. Bcforc the colltract,ho、vcver owncrs nccd

Material List Sor the estimation oftcndcring.ぶ/1atcrial List fbr cstilllation is lnadc up ttr the purposc of

thc cstimation as wcll as drawing of SD,

In cohvelltionalいブIaterial List each piccc oflllaterial is pickcd up onc by one舟oln dctail dra、vings On

thc colltraEンL Material List in this systcnl ls bascd on thc dra、ving of SE)and calculatcd as common and

standardizcd picces and mcmbcrs.

3,7.6.′βrrOびυcr′Oβ O√proがtycr r門0びer

in thc latter part ofthe data flo、v of this systcnl,thc product mOdel is introduccd.Product illodel

is dcnncd as intcgrated production databasc,、vhich deals、vith all thc inforlanation rcgarding the

偽brication as a whoic.Thc product modelis composcd of all thc information rclatcd to tも8 data of
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Fabrication Data

O Prcpara60n ofS00

⑤PR P a r a“0■o r

i V I a t c r i a l  L i s t

SimPhhed Dr」 wing

Remarも

→

□

F l o w  o F  D i g i t ぉl  D a t a

Contract Docuncnts
|

Fig 6 Data aow in thc new bridgc ttbrication systcm

thc mcasures and sizes of structures and attributc of members and picccs of thc structurcs ttr

Sabrication.

3.2.Dθ 古9〃 oy1/胸 拘θ ttθ〃 わ〃びgeわ bttcar,0帰s/Srem

zttCCOrding as thc mattrity of thc infomlation SD collleS flrst in thc data no、v6。11。、vcd by SE)D and

the ttbdcation infollllation preparatloll(Fig 6).In thiS tlow consuitant imas arc in chargc of SD and

fabricators canY out SE)D and ttbrication informatiOn preparation according to the scopc of thc

contract.

3,2,7,Srruc古げ陶/Jeso帰デSD
In thc alignmcnts calcLllation work(⊂),Fig 6)thc structural alignmcnts is dccided according to thc

conditio13 0f the givcn road alignmcnts Thc shapc of thc structtlrc is deincd by coordinate values of

thrce dilncnsions at thc points of‐top and bottolal of、vcb platc、vhcrc sぃ/ay bracings or cross bcams arc

conncctcd or the ttrdcrもSphCcd.In thc stmcttral design(②)each patt Of ttc strucmrがdctぶはsuch as

cross scction of girdcrs,stiniencrs,s、vay bracings,latcral bracings,spliccs and、velding dctail arc to bc

dctcnllincd by conventional atlto Cァ代E)or design soft、vare.

By rcnccthg the resdt ofthc standardza60n ofstrtlcttrcs(0),dCttgn Ofeach structurtt dc面lcan b。
dccidcd morc cfttcicntly.Thc dcsign calculation shcct is llladc、vith thc same forHl as thc convcntional

onc Thc standaldlzaはon(0)locatcd bcforc SD preparttOn work in thc data no市 ゅlayS thC
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supplcnlcllta■/rolc for thc dcsign4

Thc infonllation of standardizcd picccs and lllcmbcrs is delivercd to SDM through SE)M prcparation

wol‐lt(④ )ALo)dle standa記 乾adon makcs i possibに to check mc intclfcttncc ofmembcs ttd gcncmtc thc

product rnodel effcctivcly in SE)D、vork located in thc lattcr patt of thc flo、v.In FLlturC standardization

will occupy an impoHant po車hon for thc systcmattztton of drawing of SD prcparadon wOrk(④)and
cttcttahon of Mate高ぷList(③).
SDM prcpa胡 lon wo武 (④)もthe WOrk that gcncrates SDM(0)in accodance with a standad的 mtt on thc

basis of thc rcsuit of SD,SE)M is conlposed of alignmcnts data and stl■lctLlral dcsign data

Alignmcnts data is colaaposcd of thl‐cc―dilllcnsional coordinatc data gcncratcd by the alignmcnts

cdcubdon work(① )。Structur】dcsign data includcs thc mformation on mホn ttrdCr such as dcpth of

、veb platcs,thickncss of、vcb and flangc platcs stittcner,splicc,gradc of lnatcrials and bcarings,cross

bcam and iat軒演bradng data and standard data wllich arc dccidcd in thc stRlcmrd dcsign(②).In each
case,thc tcxt data is hoLISed in accordancc、vith thc SEII ttrmat

h the c】ctllaton work ofthc Mat韻ぷLもt ttr thc estimadon(⑤),wdght ofstcd phtc by cach matc五』

gradc)numbcr of pteces, nLlillbcr of bolts, totai norlinal lcngtll of、vclding, aria of painting are
c』cttatcd accottng to thc drawttgs of SD and SDM(⑦)wttch arc thc cにmcnts ofthe standard ofthc
cstilnation ttr the public、vork.
Thcrc are somc picces stlch as gLiSSet platcs,、vhicll cxact shapcs arc dccidcd onc by one by processing

and dcvcloping of thrce dirllcnslons in thc proccss of thC fし11i sizc dra、ving.ァヘccordingly,these pieces

are calculatcd by standard nlcasurc in this stagc

As a result ofthis work Matcrial List ofSD(0)is prcparcd and this includes all the clcments for thc

estimation such as quantity summatt tablc(by thiCkncss and grade)ぅnumbCr Oflarge and small picccs,

numbcr of blocks and also、vclding iength.

Thc drawing of SD prcparation work((⊃)is thc work that makcsthc drawings of SD((D)on thc basis
ofSDM(⑤ )by selectng and dcttgnattng thc standardized detalls such as splicc arrangcmcnt preparc
dra、vi4gs of SD)colnmon dctalled agures etc,, 針 olll the Book of Standardized Detalls,Also, thc

dra、vings of SD supplemcnt SE)M by cxpressing thc stl‐ tlctLIral dctails of、veiding standard, thc

arangcmcnt of accessorics and thc dctall of conncctions,、vhich arc not casy to bc cxprcsscd only by

tcxt data

3,2.2,S″げcrtrrarびθra〃びesrg帰.デSDD

SDD prcparajon(①  ofF埴 .6)is the WOrk to dccide the structtr』dcttis ttr thc ttbAcajon on thc

basis of SDM(⑤ )which data can bc gcncratcd by uttittng the genett drawing systcms and inl車 zc

dra、ving systcin.In this proccss,thC pOssible problclals or cllrors in fabrication or crection stagc such as

thc intcrttrcncc and cxccution oftllcmelalbcrs and colllpOnCnts arc checkcd and iftllcrc arc sonle,thcy

arc cottcctcd and rlnectcd on thc product modcycomplcdon(①).The drawings of SD arc coHccted at
thc samc dmc.Thc corcctcd drawhgs of SD arc drawhgs of SDD(①)and wili bc thc in】drawhgs
ater thcy arc approvcd by o、vncrs.
Matc占 狽List ttr eshmadon(③ )iS modincd,in thc casc thatthc addition or modincaton arc rcquircd

as a rcsult of SDD prcparaton work(⑩ )This is thc Matc占】List of SDD(⑫ )and tlle changc ordcr of

t h c  c o n t r a c t  w i l l  b e  c a r i c d  o u t  b a s c d  o l l  t h i s  M a t c r i 』L i s t  a s  w c l l  a s  t h c  d r a w i n g s  o f  S D D ( ⑬)

3,2.3.P/epararrO帰 0√√bbttcarlo幻びθょθ

Addhon ofcamber data(C⊃,F埴.6)is to add ttbttcatton cambcrtO product modeycomplchon(①)to
gcncratc thc product modeVねbhcadon。(⑮)Atthe samc hmethe d10wancc shodd bc consid(対d such

く
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々
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as thc shrilll(age by 、veldilag, proccdurc of assenlblillg of pieccs and 、vclding illethods etc, 、vhich

depcnd oll thc kno、v―ho、v of cach fabricator.Thcrcfore thc actLlalヽVay ttr thc preparation of fabrication

data nlay dittcr ttbricator by ttbricator

Spcciicatioll of thc prodtlct lllodc1/fabrication is thc sallac as that of prodしIct rnodc1/colllplction.The

prodLlct inode1/fabrication includcs attribLltCS Of picces sllch as proccdurc of assclllbling and、vclding

data and a1l othcr fabricatioll rclatcd in6orlllation as、vcll as thc allo、、′ance for shrinkagc of、vclding and

calllbcr.

Frolll this prodtlct rnodc1/fabrication,thc dra、ving ofc`ach piecc,processing contl‐ol illlonnation and

also varioLlS kinds of control shcctsぅ 障latcrial List for fabrication and NC lllarking data rol‐ the

fabrication are to bc gcllcratcd

3.3,P/oび trcr r河0びer

Thc characteristic of this systcnl is adoptioll of thc prodLlct modcl in thc sccond half of thc

infollnatioll flo、v as、vell as the introductioll of text ile data cxchangc in thc flrst hali

膨lost ttbricators havc alrcady cxpcricnccd tllctr o、vn devctopl■cnt of ttctoり cqLliplnlcnts 、vith

sottwarc ttr thc latter part of tlle inttnanation aow(Takaku 1994,Takaky 1995,Iida 1997).Product

nlodci slloLlld bC cstablishcd accordillg to thcir oln expericlacc and invcstinlcnt of aactorッcquiplRncllt ill

past and lllay dittcr fabricator by fabricator Thcrcforc thc ilndamcntal and col]nlanon thollght is
discLIsscd hcrc

PrOdLiCt lalodclっgcnerally so callcd ill tllc lllantl=[icttlring indtisttt is a databasc inclLlding data of form
and shapc of prodtlcts,a1loヽvabic rangc of cl‐rol・,nlatcrial datap prodllct constittltion,proccss and control

data of prodLICtiOn.The data in prodtict lnaodci can bc utilizcd throtigh all thc line cycic of thc prodLlct

frolll planning,design,production,inspcction and malntenance

On thc contratt thc scopc ofthc product modclill this systclm is lilnitcd to covcr lllainly thc data atcr

thc ttbricatioll stage_

3,3,7.アんθ ttecess1/o√ 胸e prOびJcr用 0びθ′

The shop dra、vings ofthc convcntiollal systelll stiH rclics on thc samc principlc as traditiollal ft11l size

draぃ/ing inlctilod in which thc shapc alld ttrlll of thc llacl■bcrs and picccs of bridgc compollcnts arc

gcncratcd as t、vo dilllcnslolls rcSerring to the basic skclcton in thc dcsign dra、vings Thc data such as

threc―dilllcnslonal angle betwccn lnclanbcrs or picccs is lost in the proccss ofthcsc convcntional fuli sizc

dra、villgs and thc data must bc addcd separately

in thc collventiOnal lllcthod, assclllblcd statc is not visiblc as i11lagc and in tlle casc of coialplex

strtlctures、vith lllally connections, si(illed drat、vorkcrs arc still incvitabic. On thc contran′,prodLict

lllodci nlalくcs it possiblc to cxpress the fornl and shapc ill thc asscl]nblcd statc of thrce dilncnsiolls as

virtllal illlagc Prodしict modcl is dinilsing rapidly lll thc flclds oFscvcl‐al prodLlction indllstries inclにlding

all autollaobilc.

In thc nelds of stcci bridgc sLlpcrSti‐LictLirCS thc dclllalld for thc data of tllrec dilllension is rising

accordlllg as thc introduction ofrobotic lanachincs with muitittointS(Fig.7)(Takaku 1994)or NC trial
assembling lllcthod. Hoぃ/cvCr,in thc casc of stcci bridges,to trans5ol■an tllc tぃ/o dinlenslollal data ilato

thrcc dillacnsion is inlpossible bccaLiSe tllc bridgc colmponents include lllclllbcrs and picces、vith torslon

or bending shapes ill soine cascs Thc fabl・icatioll data shollld bc gcncratcd in thrce dilllcnsions trolnR the

beginnilag

58
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Fig 7ヽヽアclding robots with muititOints in bttdge ttcto甲

Fig.8 The bird's― cyc view and thc dctails of RC box girdcr by solid nlodcl

3,3,2,Ettθcr oF prOびtrcr r門oびθ/

Product lllodci trcats totally variotls attribLltc lllforillatioll as、vcti as thc data of shapc and fornl、vhich

arc requircd for thc ttbricatlon、vithout rccognizillg thc dittcrcncc of bridgc ttpe.Thc product rnodcl

suppllcs thc production control data such as thc data Sor tllc disti‐ibtition alld no、v of products alld

品brication data 6or colllponcnts、vhiCh changc according as the fabrication stage.

A l s o  t h c  p r o d u c t  m O d c i  s u p p l i e s  t h c  d a t a  t o  t h e  n c w  c q u i p m c n t s  s u c h  a s  a  m u l t i t t O i n t s  w c l d i n g  r o b o t

or painting robot and to the silllLLlatiOn progralll 士or thc chcck of thc intcrfcrcncc and cxcclltiOn of

mcmbcrs in complcx stmcmrcs and also to thc systcm of NC trial asscmbling

For thc check of thc intcrSercncc and cxccution of llacnlbcrs eithcr onc or tllc conlbination of thc

modcls ofヽヽアire Fialnc,Surfacc or Solid is applicd accOrding to thc pLirposc of the chcck.

Vヽirc Framc lmodcl is sllitcd to thc cxprcssion of thc skclcton of stcci bridgc stl■lcttlrcs and

rcsponsivcncss is good bccatisc thc data voltillle is rclativcly snlaH dLlc to thc sllllplc cxpression.In thc

case oftllc chccl(of shapc oftlaclnlbCrs and picccs、vith thickncss ofstcci platcs,spccial attcntion shoLlld

bc paid ill thc sanac、vay as Stirface Modcl becaLiSC Of thc vOlunll13011S data

町8鈴ows hc h体叫C宙CW ttd hc曲
魂i品〕岳精rま艦齢盤‖岳淵gh諾島1縦靴せh/1odcl Fig 9 sho、vs thC bil‐d's―cye vic、v of platc違
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Fig 9 Thc bird's― eyc vic、v of platc girdcr by v′ire f14ame modcl

Fig. 10「Fhc lllodei for thc intcrfercncc chccking

Table 6 Thc contcnts of a standard prodLlCt rllodcl

ContcntsItems

Mcllabcr data

Block)half block data

Conncction data

―Piccc mark,gradc,thickllcss,surfacc coadtillg
一Position,nlcth6ds,schedule
―Scopc(sub―COntractors)
―恥ぃro dimcnsional shape(Bcttreねbrication)
―Thrcc dimensional shapc,(ARcr ttbrication)
一Attribtltes(holcS,bCnding,grinding)

-81ock IIlark,transpoltatioll lllark

―Compositioh of mel■ bers,componcnts
―Asscnlbling inethods,sclledule

―Kind oF connccはons(BOltS/Welding)
―Conllcction lnclllbers,block、scllcdulcs

60
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mode1 3or thc interfercnce chccking、

OIRce thc prodtlct lnodcl ls cstablishcd valllable control data、vill bc sllpplicd through a1l thc proccss

予om planning of fabrication,的1l sizc dra、ving to inspcction,transportatlon and the erectlon at sitc.

In ttturc,it becomcs possibic to supply thc virlLlal imagc such as color of paintings,packages and

loading imagc on track for transpoltatioll,locus ofthe transpoltatlon truck on narro、v road,lmagc ofthe

tcmporaEy stockyard ttor the bridgc colnponents and cquipmcnts for crcction,IIlovemcnt and rcvolutlon

ofcranc and bolting、vork imagc atthc spllcc ofIIlcmbers.Thc contcnts ofa standard productlnodei fbr

thc stccl bridgc supcrstrLICttrc arc shぃvn in Table 6.

4口The way of the inspection of the fuH size drawing and product

Thc stccl bridge ttbrication is notjust procurcmcnt of goods but sctticc and trcated as constmctlon

works to bc cal‐ricd out in accordancc、vith thc contract of pしlblic、vorks Thereforc thc proccdtll・c ofthe

inspcction and thc approval by thc o、vncrs has an illlportant llacaning in thc colntract proccdures

Ho、vcver, thc mcthod and thc contcnts of the inspcction should bc changcd according to thc

devcloplncnt of thc systcm

Thc、vay ofthc inspcction shotlld bc as景)1lo、vs in thc nc、v fabrication infol■nation system.

4,7,FJ〃 sttθ JraN nヽg ttspec〃 or7

Thc original purposc of thc i11l size dra、ving inspcctlon、vas to chcck thc dra、vings,、vhich、vcrc

drawn on the noor in 的1l size according to thc dcsign dra、vings sllpplicd by o、vners as a contract

documcnt.Thc process of rllaking thc nュ1l sizc dra、ving、vas also thc proccss of the checking of the

supplied dcsign dra、vings by contractors.

Thc original pul‐posc ofthc品1l size dra、ving inspcction is basically salllc as that ofthis ne、v system.It

is to bc checkcd and judgcd by owncr if thc transttnnation to thc ttbdcation data has been colTcctly
caried ollt tona thc contract documcnt

ln thc stage illlmcdiatcly beforc thc stal‐t of fhbrication thc product lllodc1/conlpletion and thc product

llnodc1/fabrication havc bec13 gcncrated and thc景)l■als and shapcs of ali the lancllabcrs and picccs havc

becn dccided incltlding drain,inspcction、valk、vay,tcttporaEy stittcning pieccs for crcctio13S Therefore

it becollncs possiblc for oH/ncris inspcctors to grasp thc imagc of thc assclllblcd statc as、vcll as thc

的ndamcntal skclcton and thc shapes of thc cach lllembcr

in the nc、v syst6ill the attrib卜Ite of rnembcrs such as thc gradc ofrnatcrials and thc shapc of、vclding

groovcs can be chccked by thC teaching ttnctiOn of stccl bridgc product modelcrt Ful‐thcl■l10re,thc

advisabllity of thc condition ofヽVclding、vorkspacc,installation ofnlcnabcrs,condition ofbolting、vork,

thc intcrfcrcnce of lllcmbcrs in assclllbling in thc ttctOlマy or construction sitc can be chcckcd by visual

alld/or nllmcrical、vay,if ncccssally,

ァヘs for the method of the inspcction,it、vill bc carricd out in thc salllc、vay as bcfore using thc

doculllcnts otltput tOn■thC product lllodcl Gellcrally thc inspcction covcrs tllc chccking of thc

skclcton,thc comparison bct、vccn thc dctailcd nllmcricai valucs of thc prodllct lllodcl and SE)h/1 or

dravブings of SE)ラlllain illcasurcd valtles and fabrication canlbcr. ハ【1l the nccessary doct111lCllts for

thC inSpCCtion are preparcd bascd on the spccincation standardizcd with STEP/A P202

ThC flgLlrC Of each mCnlbcr housed in thc product laaodci can be sho、vn in thrce dilllcllslons on the

display ttom the suitablc dircCtiOn and in suitablc rangc by cricking thc mcmbcr on thc stttcmぬlmOdcl

29
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on thc display.

Thc asscmbled state ofthc pancls and blocks arc alsO sho、vn on thc display in thrce dilllensions、vith

mttOr SiZCS in the samc way as mcmbcrs or picccs Mcmbcrs,picccs and asscmblcd state are chcckcd

on the display or p五ntcd tta、vings.The、vhole sttucttlrc is chcckcd by thc bird's―eye vic、v or perspcctive

tolll optional viewpoints on thc display.

Members intempting thc vicv′ are delcted partially or dra、vn as half scc through and the vie、vpoints

can bc moved as if inspcctors walk around inside the strLICttrcs. In this proccss of thc ``walking",

optional points can be mcasurcd for check.

In thc casc ofjoint vcnturc contract and thc stttcttrc is fabricated more than ttЮ ttbricators,thc

inspection of thc boundatt parts are carried out in dLlplicate by cxchanging thc standardizcd product

model bchtteerl the ttbricators.

ァヘs dcscribed abovc,thc i11l size dra、ving inspcction acmally bccomes``product modcl inspection"

accordillg to the additional ttnction by product lllodcl

4.2.F力ar ttspecr,oβ rP的びυcrヵspec,0り

Fillal inspcction at ttactoEy)gcnerally called product illspection is dividcd to a IIlcmber inspcction and

trial asscmbling inspcction.The purposc of thcsc inspcchons is to check and judgc the qualitt Of
mcmbcrs and asscmblcd mcmbcrs comparcd、 vith the approvcd standard in thc product rnodcl.

In the casc ofjoin vcnttrc contract,thc inspcction ofthc boundatt palts is caried out by cxchanging

data mutLlally and in somc cascs,acmal splicc platcs or adiaccnt b10cks arc also cxchangcd.

Thc rcsults ofthc mcasurement ofrncmbcrs,the appearancc inspcction,X…ray inspcctiOn of、vcldcd

palts,ultrasonic、vavcs inspcction arc digitalizcd and housed in thc product rnodcl.Product rnodcl also

houses the standard valucs to chcck thc membcrs and assemblcd statc at optional points,

Thc NC machines and robots arc opcratcd by thc data tolll thc product lllodcl.Thc qualiぁ/of the

products dcpcnds on the accllracy of the cstimation ttor the allo、vancc of cutting and、vclding shrinkagc

and asscmbling.Thcrclore by accumulating thc rcsults of inspcction for fabrication in product rllodcl,

cror can bc IIlinirnizcd cottbining、vith othcr conditions. That is another aspcct of the e3たct of thc

product lnodcl for quality control

5.Consideration and subiects in future

5,7.EyarりθJOβ o√拘θJ/aN n`g O√SD

Thc dra、ving of SD illthis system is dcvelopcd fbr the purposc ofthe construction CzへLS.And detall

dcsign inttrmation data is aiso cxchangcd in thc fOHn of text data of S正)ふな

Thc convcntional dcsign drawings are dra、vings suitablc for human eyc and not for computer.In the

computcr oricnted nc、v systelll,anothcr dra、vings suitable Jbr computcr cyc are rcquired.This is why

the dra、ving of SD is introdtlccd in this systclm.

Sincc thc volllmc of tlle datt on tlle drawlllg of SD decleases vett much compared witll thc conventional

oncs,thc data cxchangc bcふvecn consultant flrllls and o、vncrs,owncrs and ttabricators bccolllcs CfflCicnt

grcatly duc to thc``light data"
Ho、vcvcr,the corlventional dra、vings arc the accumulation of knowicdge for a long tirnc alad havc a

lot ofmerit aterthc completion ofthe strucmrc ttrthc pulpose ofthc l■ぶntenancc Thc dra路
拶g ofSD

should bc considcrcd again fl‐om another pOint of vicw in nitllrc.
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Data cxchangc of drawings of SD wili be carried out by thc data ttmat(ISO/STEP― AP202)as

mentioned bcforeo Ho、vcvcr, according as thc dcvclopmcnt of ttbrication lincs and equtpmcnts in

勉cto4/勉 r morc thrce dirncnslonal data、vill bc dircctly nccded.Thcrcbrc in ncar ttture the product

model confollllcd tO ISC)/STEP―AP203 by advancing this systclla should be in target ttor thc next

rcsearch and dcvelopmcnt,

5,2.Dara excん ange b/rん θ ρroびりctt F門oJθ′

By thc adoption of thc product modcl thc data nccdcd for thc ttbrication can bc output integrative

w a y , W h c n  t h e  d a t a  c x c h a n g c  o f t h c  p r o d L l C t  m O d c l  b c c o m c s  s l T l o O t h l y  i n的的r c , t h c  v a l u e  f o r  t h c  u t i l i呼

of thc product rnodcl wili risc ftllthemorc,、vhich、vlll rllakc it possiblc to share thc inforlnation of the

li&〕cyclc ofthe stcel bridgc elcctronically and systcmatically_ァnヽd this、will rcslllt the avoidancc of thc

risk for the error of inforIIlation trans■lission,oIIlission of usclcss、vOrk Such as duplicatcd data input

and thc chccking、vork,promotion of thc acculllulation of data and its application in comparison、vith

data exchangc by dra、vings and documcnts,Thc systclal proposcd in this papcr has thc possibility to be

advanced to thc product model cxchangc in near ttumrc

The 最)1lowing mcrit can bc obtaincd by thc adoption of thc product modcl exchangc in the

constrtlction of stcel bridgc supcrstttcttrc,
―Thc data is prcscn′ed for iong tillle as common propcrty,which cnablcs the managcment forthc lifc

cycle of thc steel bridgc,
一Thc data cxchangc and muttlal inspcction of thc boundatt part in thc case ofjoin vcnttrc contract
are carried out casily

―Sharing tlleねbrication by morc than one fabricator bccomcs casY.

―Thc llscnll inforlnation for thc erection can be supplicd

―Thc claboratc infomation cxchangc、vith othcr industl丁or OWncrs can bc rcalizcd.

5,3.と'βkagθ 古oとんθ Jara〃 owゎ 〃o財 βg古んθ ttbttcaJoβ srage

For thc pul‐posc of thc utilization of thc prodLlct lllodel gcncrated in thc latter palt of this systcl■l,thc

StLldy br thc linkagc to tllc do、vll llo、v such as crcction at sitc and l■laintcnancc attcr complction is

impoltant This part is llot mcntioned in this sttdy butit is worthwhilc to sttdy for thc dcvclopmcnt of

Constttlction CALS/EC in ncar ttmre
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