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Development of an Arch Bridge CAD System

Principes d'une conception assistee par ordinateur pour un pont are

Entwicklung eines CAD-Systemes für Bogenbrücken

FAN Shicheng
Deputy Professor

Chongqing Highway Res. Inst.
Sichuan, China

»-

Fan Shicheng, born 1940, received
his civil eng. degree from Chengdu
Institute of Technology in 1960.
Since 1979 he is the Head of Bridge
Department of CHRI. Now his
research interests are Computer
application and partially prestressing
concrete in bridge engineering.

SUMMARY
In this paper the concept, principles and structure of a System under development are presented. The
management and establishment of the database, method of design optimization and algorithms are
discussed.

RESUME
L'article presente le concept general, les principes de base et la structure d un Systeme pour la conception

assistee par ordinateur de ponts - en cours de developpement. La gestion, l'etablissement de la
base de donnees, les methodes d'optimalisation et les algorithmes sont presentes.

ZUSAMMENFASSUNG
In diesem Artikel werden die Konzeption, Prinzipien und Struktur eines CAD-Systemes für Bogenbrücken
dargelegt. Einige Probleme bei der Entwicklung wie die Verwaltung und das Aufbauen der Datenbank,
Methoden der optimalen Programmierung und des Algorithmus, werden diskutiert.
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l.INTRODUCTION

In China the appl lern !cn of ihn coapuior to nighvay bringe t.csigsi was iingiin.rocent ly
at noglnlng or 1970s, hut has gi own vnry fasi. DurInn thn last ten years or so great
results «ore achieved. Computers, especially microcomputers, havo spread out ovnr our
nnllvo land. Many rsfron. Ivn on hrlrlgo analysis and design application Software
progriws, »hlcli provldo pownrful tools for engineers, havn hnen dnvolopnrl. The

Situation regard lug highway hrldgo dcslRn has presented a new face. Design has been

spoeriod i'p and Its "uallty has heon Improved. In arid 11 Ion to that) thn Computer has
also hol perl us ro r|f¦.<-1 r»n and construct new types of hrldgos, for example cable-stayed
lir Idgos.

Put the exist ing Software hns a lot of shortcomIngs. They am mainly for calcula Ions
such as structural analysis, surh tasks are essentially Operations on number;,;. In
order to further improve the existing application Software for hrldgos, the design
off Irr": have a gre.it Interest to drawing and human-computer Interaction. Therefore
development of n hrMgo CAD svstem Is an urgent need.

Sinne ]1,%, under the direction of the Ministry ofC omn.unlr.3t Ion an Integrated highway
hrlilge CAP svstem Is helng developed. A complete hrldgo CAD system should Inolundo
each design stage, various bridge types, structure analyses and calculations, graphics
anrl rlravilng, etc. r-o Mint to ostahlir.li an Integrntori system wn must develop a largih
numher of programs.

Tlie Al.f.W) System (Arch Bridge CAD) System Is an application Software, In o her words
a suhsystom, of ihn inrnr;rntort CAP system. Chinese arch hrldges have an ancient
history, ^nrf Is now nrl"pt',<l »Idosprontlly Developing arch hrlrige CAD system Is
a s I im I f I <-nn t joli.

Thn ehjeets of AHCAD '',y::iein an: concreto (non-reinforced or reinforced) nnri stone
arch hrldgos «lili purposes of design automatization and drawing. lt can bo rccallod
hy ihn lnlo.grnt.od system ns a part of It, on the other hand, It can be operated
nil alone as a Indepedent system.

basic cnscni'T

TIkt'1 are nrcli hrM;;'": of many and vurlort kinds In common use nowarlnys In China —

llnii' arch, box arch spinn arch anrl so on, vi th f 11 led solid or various hollow
sinieiiirc. on arcli. The system should he sulted to various types of hrldges.

Because of wide engineering praetl'-e over a long period of time, n rieh deposit of
design experiences for arrherl hrldges exisor-, hoth theory and design method are mature
and rellahle, a complete set of Standard drafls for short anrl middle span arch hrldges
•jns hrr-ui-ht io siicervs. ThTr-forn, as a matier of fact for most Short and middle spar]
hrldges thn stanriarrl rlrnrrs are used. On the other hand, designing long span arches
ls related tn more fnetnrs.and the standen! draft Is not used. Considering that there
are two categories of design method, ihe CAD for coch category should bc realized In
a dlsl incl ive «ay.

Fer slaw'nid arclied hrldges hnvlng short and middle spans, the Index way Is employed.
Profe-.s.i-ng nrranglni, the data of Standard rtr-ifts and engineering Information to
rnrn i |i". gfapltle fi-in, stored In a datahase. In the database tho graphic proceesslng
Inrnrmal Ion also w-v; rtnred; thus the syslnm -.'III have ftirint |on<- nr sel^cMon and

-¦--Une i'p t''1' tyne, using an analogy method to achieve designing drafls anrl output
i >>i> rnsnlis. !•(••. | ::im«'f the chart flow nf thn Index CAD.



175

Standard draft
dalahasn

given design ohject
*

input In It iul Parameterss-H-s*

L*jgraphic datahasn select Standard design
make un arch hrIdge

current algorlthm
han!' compute graphic parameters

draftIng programs drawing dcslpn drafi

Fl( 1 Index CAD

Frr nin Standard arch hrldges the method of automatic design and plottlng hy means of
»pl li-lxnrjon is taken. The process of the design automatization system Is shown in

no

input des.Ign parameters
X

forming design dimension data

Und copipiii Ion

si rnciure analyses

need n ;it lcl;-.rit Ion',' ^>-

opi im Ize arch axis pat ten

section strength, relnforcment computIon

¦<SÜÜ
r'nmpi i e graph Ii: lala

dra' In» drafls

Flg. 2 design automatization CAD

Export that while s»itlng the structure to generate dimension data the Interactive
»perailon -'III ht: used partly, the batch proccesslng ls the hasle method or execution.

1. FUS'fTIPK APuWSOFMP.NT

The riincMons or, AMf'M. System are ns listed helow:

1) To generate dnia for design and calculation

* On the hasls of design factors, the ;-,nrameiers of section and pattern or the arch

axis Inpntted hy the designer to automatically generatn the data modelling the dornen -

-Ions of bridge and physical character Ist Irs or the material.
* To layout the structure Tor an arch Interactively, rormlng the dimension data of
ihn strw-Mire and data ahout dlstrlhtit ive State of dnad load.
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* T" -"»r!" "i" ;;eoE.:trl'. r-lnrecier UM les and coordinates of e.leni'Mit.s for flililte dement
anal;-—, ls, dlvldlng elements aiitomal' leal ly.

Jl Si ruf ui'! ana lys|".

«• rin|io r«|»s»"ii! Solution for general plan'" frame
* Trtirl 11 j»na i slmplll'letl methods in Chinese common practice for aro.hed bringe

.'.) Optlmlzailon of pattern of arch axis.

* To minimize the eccentricity of the arch axis to line or the pressure under dead
load.

4) Design of cross section.

* To check nie strength according ro results of structure analyses.
•s To design anrl check rn.r'nforcroiiont automnt Icnl ly for RC arch hrldgo.

ri) automatically drawing and grnphlng.

« To draw nnri plot general arrangement draft df the arch hrldgo.
* To show the arrangement or relnrorcement and bars In detail.
* To display and plot soinc computlonal results by graphics.

5) PrintIng engineering riocumenrs and tables.

* Tahles or lhe hasle design dala
* Tahles of coordinates of arch axis and arch upper and lower edges
+ niii or materials, tahles or engineering quantity
* Computlonal results of sectional rorces and stressos, displacements or arch.

•MI documents and tahles are In Chinese.

i. STRUCTIinF OF SYSTFM

Th" design nutomaii¦•nt Ion r.oftwarc Tor arch hrldges Is divided Into nine module blocks
sif.c.onl ing in 11 s runnt Ion:

* Input inanagemeni, given design factors
* Cennratlng dimension data
* Structure analyses
* Optimization or pattern or arch axis
* Prini documonis
* Generating graphic data
* Drawing drafts
t Computing and plott Ing engineering quantity.

\ll im' icnl dala and Intermedia.o data are stored In n database by form of database
nie, Mie runeiIon m'vinlcs link each other by these database f I Ins. Tho blocks and
rtn i ;i flow chart are shown In Fig.1.

5. Plinui.üi!". C0NI.I.I1NP.P WITH DF.VF.I.OPI MO

'v.l. Patalri-e sianiigeweni
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Fig. 3 Flow Chart or data and modules

Because the procedure of hrldgo design ls a rcpcatcdly modlMod progressiva approach,
dealing with a wide ränge of factors and a largo quantity of Information, the data of
bridge CAD system have tho following d Ist Inet1vo foaturos:

1) The design Information Is varied basically In types of numcrlc, geometric and
characters.
2) wiirsn the design work Intonsiflos, the quantity or Inrormation will Increaso rapidly.
.1) The data Information has transm Isslhl 11 ty and sharo together.
4) There Is a great umouni oT Input und output.

It Is apparent that the data or tho Intcgrotcd CAD system must bo manngnd hy a unIted
common database management system to enhance data Indcpendence, lower superfluousncss
and ensure correetnoss of data. At present, tho technique or application database In
CAD Systems Is not In a rlpo condition. There Is no avallahlo specialized engineering
database management system (F.DM.S) ror bridge CAD system, as a result EDMS has to be
developed rirst. In comparlslon with current database management Systems (DBMS) EDMS

have a lot or dirferont characteristics In some respects, for example:

* Data model and structure, which mirror engineering prototypes and their relationships.
* Clvcn power or der InIng and processing the complicated onglneorlng data structure.
« Propagation or rcvlslng tho engineering data.

Considering that to dovolop an EDMS by onesoir needs largo expenditure or time and
labour, to develop ABCAD System using current DBMS to.g. I1MS, etc.) Is tho most
realistic way at tho moment. The DBMS has matured relatively, Is provided with a rather
great capability o,f describing complex data structures and operating language or rather
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uniried rormat, having a whole set or perTect service programs to guarantee the reiI—
abllIty or data 111.

The fuetions or DBMS are ahlc to satlsry the greater port ot requirements for the AB-
CAD System. Thcrcrorc, before tho EDMS Is accomplished the DOMS Is used In an Initial
developing -stage.

2. Data structure

The dato concerned with arch bridge design Is rather mlscellancnöous and varlod,
Included geometric, physical, design ractors and rules or Code etc. In the ABCAD Systom
the structure of common data Identifles with tho whole integrated system. The moro

complex data In that ror modelling dlmonslon and shape or arch bridge. To dlfferen-
t inte the data vith respect to levels the treo shape structure Is used. Tho data
structure tree or tho dlmonslon data or arch bridge ls shown as bei low In Flg. i.

level 0 arch bridge
I 1

1

lovcl I box (plato) arch ribbed arch trussod arch
!—H " "—n

level 2 span rise ring dimension of
length dlmonslon or structure on arch

i 1 '—i 1 1 i '
1

lovcl 3 pallern section thickness width number solid hol low
or arch type oT rlbe

_i

level 4 top slah bottom slab rib numberspansidewal1pTllar
thickness thickness width of spans length thickness width

Fig. 4 Dimension data tree of arch bridge
5.3. Main algorithms

1) The thickness or arch ring Is determined hy doslgner-computor interaction using
empirical equations and experience data stored In database.

2) Fuiislarai.nials <>r siructuro analysis are plane beam Nnlto olcmcml Solution, while
tho conventional methods ror arched bridges In common practice oT China are given.
Temperature sirosses, olasllc siahllty, concreto shrinkage and additional calculations

are computed hy the traditional slrapllMed methods.

3) The pressure line under dead load Is regarrieri as the datum line when optimlzlng
the pattern or arch axis, using cuhlc spline rittlng through linear programming.

4) Tho section strength is determined In necordanco to Ihc rules or Codes JTJ 022-05
121 and JTT 023-85 131.
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