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Development of an Arch Bridge CAD System
Principes d'une conception assistée par ordinateur pour un pont arc

Entwicklung eines CAD-Systemes flr Bogenbrlcken

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 re-
search interests are computer appli-
cation and partially prestressing
concrete in bridge engineering.

FAN Shicheng

Deputy Professor

Chongging Highway Res. Inst.
Sichuan, China

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 dis-

cussed.

RESUME

L'article présente le concept général, les principes de base et la structure d un systéme pour la concep-
tion assistée par ordinateur de ponts — en cours de développement. La gestion, |'établissement de la
base de données, les méthodes d’optimalisation et les algorithmes sont présentés.

ZUSAMMENFASSUNG

In diesem Artikel werden die Konzeption, Prinzipien und Struktur eines CAD-Systemes fur Bogenbricken
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. INTRODUCT 0N

In China the appllcaticn of the compuicr (o nighway hridge wesigi ¥as begun recently
at pegining of 19705, but has giowit very fast. Durlng the Jast ten years or so groat
results vere achleverd, Computers, especialty mierocomputers, have spread out over our
native land.  Many offective on hridge analysts and deslgn applicatlon softvare
progrars, vhich provide powerful tools for engineers, have heen developed. The
sliuarion reparding highvay hridge design has presented a nev face, Deslign has heen
spended rp and Bts auality has heen improved. In additlon to thaty the compyter has
also helped us to deslen apd constriuct nev types of hridges, for oxample cahle-stayed
hridpns, '

Rut the exiasting coftvare has a ot of shorteomings. They are mainly for calcula fons
suich as structural analysis, such tasks are essentlally operatlons on numbers. in
order to further improve the existing application software for bridges, the deélgn

offirne have n arear fnternst to drawlng and  human-computer Interactlon. Thercfore

deveolopment of a hridpe CAD svetem s an urpent need.

Since 1986, nnder the directlon of the Ministry ofC ommunication an Integrated highway
hriiee CAD system is heing developed. A complete bridge CAD  system should  Inclund¢
each desipgn stane, varions bridgn types, structure analyses and calculatlons, graphies
and draving, ote. Soothat to establish an integrated system we must develop a largg
numher of programs.

The ARCAD System (Arch RBridpoe CAD) System Is an application softyare, in o her words
a suhavstem, of Lhn inregrated CAD system, Chinese arch bridges have an anclent
hiarory, anrl fa nov  adepted  widecpreadly . Developing arch  bridge CAD system [s
a slenifleant foh,

The ohjecte of ARCADR Cyctem are conerole (non- rednforceed or reinforcerd) and  stone
arch hridees «with purpeses of deslen automatizatlon and draving., It can he recalled
hy the intesrated system as a part of {t, on tho other hand, U can he operated
all alone as a Indenndont systen.

2. BASIC CONCEPT

There are areh bridaes of many and varted kinds in common use nowadays tn China --
g1ate areh, bhox arch ,zpine arch and so on, with fllled solld or varlous hollov
~tructure on arch. The aystem shonld bhe sufted Lo various types of brildges,

Because of «ldr engluenrtne practiee over a long perlod of time, a rich deposit of
desisn rxperiences for arched bridges exises, hoth theory and decign methed are mature
and rntlahle, a complete set of standard drafts for short and middle span arch hrirdges
@~ hronrht 1o suceecs, Tharoforn, as a matter of fact for most short and middle span
hridgea the stapdard drafrs are nsed. On the other hand, designing long span  arches
iz redated ro morn factors,and the standerd draft s not used. Considering that there
are tuo earegories of design method, the CAD -for cach category should be reallzed In
a distioet ive way.

For «tandard arched hrildees having short and middie spans, the index way Is employed.
Proceacint and arrangine the dara of standard drafts and englneering Informatlon to
form the graphie data, «tored Ip a database. In the database the sraphic proceessing
Informal lon atao vas stored: thus the system it have funet lone of soleetion and
salipe un areh typn o naing an analosy mothod to achieve deslgning drafts and ontout
tno reoesnlie . Fieo | shove the chart flov  of the Index CAD.
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Expert that whiln setting the structure to generate dimenslon data the Intcractlve
aperation vill be used partly, the bateh proccessing Is the basle method of execution,

q. FUNCTICE ARRANGFMENT

The functlons of, ARCAD System arc as 1isted helow:

1) To generate data for deslgn and calculatlon

+ 0On the hasls of desipn factors, the parametars of sectlon and pattern of  the arch
axls inputted by the de<igner to antomatlcally generate the data modellling the demen -
~{ops af hridee and physical characteristics of the material.

« To layout the structure for an arch interactively, forming the dimension data of
e etrecture and data abhont distributlve state ef dead lead,
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1
< Teo form ohe aepmotrie eharscterletles and coordinates of niements for flkite Olnmt:”,r
analveis Alvidinn elements anrgnat fenlty,

N Struetnpo apnlrefe

* Finlte olersnt solytieon for general plane (rane
r Tradirional <impllfied mnethods in Chinese common practice for archerd bridge

M) optimizatlon of pattern of arch axls.

+ To mininize the cecentrieity of the arch axis to line of the pressure under dead
lond.

A) Desipgn of crons aectlon,

+ To chrcll The strensth aceording ro results of structurce analyses.
2+ To decign and cheel reinforeement autematienlly for RC arch bridge.

4) automatlcaliy draving and graphing.

+ To drav and plot sencral arrangement draft of the arch bridgoe.
+ To shov the arrangement of relnforcement and bhars In detall,
%2 To display and plot some computional results by graphics.

5) Printing enaineering documents and tabhles.

+ Tahles of the bas)e design data

* Tahlra of coordinates of arch axls and arch upper and lower odges

+ NEL) of materinls, tahles of enginecering quantity

+ Computlona! reanlts of sectlonal forces and stresses, displacements of arch.

AL doenmenta and tables are Jn Chinesco,

4. STRUCTURE OF SYSTEM

The decign auterat i=at fon softvare for arch hridges is dlvided Into nine modulc blocks
according te fus funclion:

Input management, glven destgn factors
Gennrating dimenslon data

Structure analyses

Optimlzatlon of pattern of arch axin

Print documents

Gouenrating graphlc data

Nrawineg drafts

+ Comput Inyg and pletting englneer tng quantity.

L2 N B I B

VL Bacienl data and Intermediate data are stored In a database by form of database
file, the function eodites 1ink each other by these datahasc files. The blocks and
dato flow chart are chovn In Fig.4.

S. PROBLENS COYCERNED WITH DBEYELOPING

G0 atabnen nanaremnept



A S. FAN 177

~—{ basical design  databasc)
y
basical condition |Gl Input proccessing ‘

Hata riven  deslpgn factors

diocuslon data |—t soncrate dimenslon

L_ datla
B |
sectijon forees dnia.q_iintructurc nnnlysosg]
re data of arch axis
[ optimimze arch axls J———={ coordInates
=¥
dala of siresses check strength
and roinforeament arrange relinforcement
| 1

" Gutput document; f—————sd dosign document |
basic granhic data 1

aranderd graft data n{ggjvnn draving nonditlons]

| qraving w~| design drafts |
hasic engincering

quantity  dara computle cnglneering
quant ity

Fig. 3 Flow chart of data and modules

Because the procedure of brildge design Is a repeatedly modIfled progresslve apnroacn}
dealing with a vide range of factors and a large quantity of Information, the data of
hridge CAD system have the following distinctlve leoaturos:

IV The destgn Information Is varled basically In types of numerlc, geomctric and
characters.

2) ¥hen the desinn vorl Intensifics, the quantity of information will increase rapidly.
4) The data 1aformation has transmissiblllty and share together.

4) There Is a great asmount of input and outpul.

It Is apparent that the data of the Intcgroted CAD system must be managed by a united
common datahase management system 1o enhance data Independence, lower superfluousncss
and ensure correctness of data. At present, the technique of appllicatlion database In
CAD systems Is nol in a ripe condition. There Is no avallahle speclallzed cnglneering
databasce management system (EDMS) for bridge CAD system, as a result EDMS has to be
developed rirst. In compariston with current database management systems (DBMS) EDMS
have 3 lot of diffcrent characterlistics in somc respects, for cxample:

* Data model and structure, vhich mirror englneering prototypes and thelr relationships.
*# Glven power of deflining and processing the compllcated cnglneoring data structure,
+« Propagation of rcvising Lhe engineering data.

Conslidering that to dovclop an EDMS by onesclf nceds large expendlture of time and
fahour, to develop ARCAD System using current DBMS {o.g. RMS, etc.) Is the most rea-
listic vay at the moment. The DBMS has maturcd rciatively, Is provided with a rather
great capahllity of describlng complex data structurces and operating language of rather
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unifled format, having a whole sct of perfect service programs Lo guarantee the rell-
abl ity of data (1].

The fuctions of DRMS arc able to satisfy the greater part of requirements for the AB-
CAD System. Thercfore, before the EDHS s accomplished the DBHS Is used In an inltlal
deveionping ‘stage.

2. Data structure

The data concerned with arch bridge deslgn fs rather mlscel lancncdous and variod,
tncluded geometric, physical, deslign factors and rules of Code ctc. In the ABCAD Systom
the structure of common data Identifics with the whole integrated system. The more
complex data In that for modelling dimonslon and shape of arch bridge. To differen-
tlate the data with respect to levels the trco shape structurc /s uscd. The data
structure trece of the dimension data of arch bridge Is shown as bellow In Flg. 4.

level @ ‘arch brldgc
r I ]
level | box (plate) arch ~ribbed arch trussed arch
: N f T 1
I T 1 Py : R
level 2 span risc  ring dimension of
length dimenslon of structure on arch
I 1 I T 1
level 3 pattern scction thlckness widih number solid hollow
of arch  type of ribe A (
1 R
| ¥ 1
level 4 top slab hottom slab rib numﬁor spbn sidewall pl?lar

thickness thickness width of spans length thickness wldth

Fig. 4 Dimenslon data tree of arch brldge
5.3. Haln algorithms

1) The thickness of arch ring 12 determined by designer-computor interactlion using
capirieal equations and experlience data stored In database.

) Fundamentals of structure analysls are plane beam fInite clememt solutton, while
the conventional mathods for arched bridges In common practice of China are glven.
Temperature stresses, clastic stablity, concrete shrinkoge and additional calcula-
Lions are computed by the traditlional sinplified methods.

3) The pressure line under dead load 1s regarded as the datum line when optimizing
the pattern of arch axls, usling cublc spline fitting through |lncar programming.

4) The sectlon strength Is determined in accordance to the rules of Codes JTJ 022-85
{21 and JTT 023-85 131].
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