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ABSTRACT

The purpose of this paper is to discuss data requirements for
structural analys is, in order to clarify its dependence on the design
process as a whole.

The model generat ion capabilit ies of a state—of—the—art structural
analysis system (GIFTS 4), heav ily oriented toward s pre— and post—
processing and computer graphics , is presented . The system is capable
of generating points, curves , surfaces , and solids in a hierarchical
manner . It recognizes that geometric definition is only a part , albeit
a fundamental part , of the structural system definition. The geometric
components are used as a reference geometry, upon which the user may
def ine loading patterns , kinematic boundary cond itions, material property
variation and so on. It is in linking these items together with the
geometry that a structural analysis becomes feasible.

In present ing and discussing the data base requirement for a
structural analysis in a consistent manner , the designer of a CAD
system is presented with basic data requirements to be included in
h is da ta base des ign.
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I .  INTRO DU CTION

The paper descr ibes a geometrical def inition scheme used in the
GI FTS 4 prog ram , a structural analysis package . The scheme is based
on a hierarchical representat ion of geometrical entities: points ,
curves , surfaces, and solid chunks .1

While primarily oriented toward s surface definition in this particular
structural package , the interface between discip line—oriented packages
OIC II as (:1 FTS and S (III (tar packages in ot tier d (Sc ip l i n e s , such as
hydrod ynamics , heat transfer , and numerical control Is discussed . The
l a r k  of a common data base is in a ~ay regrettable , hut also understand-
able . The various disc iplines are at different stages of development ,
in which different mathematical tools are used . Difficulty exists
within each discipline in defining the data needed for the analysis, and
the most efficient schemes to conduct the analysis and supply the appro-
priate results. The lack of communicat ion between the various disciplines
will, be eventually resolved by a centralized computer—aided design
ef rt , such as that of Referenc e 2. The trad itional role of the
designer Is the hub of the wheel to which all disc iplines are connected.
In the absence of a well—defined central system for object and problem
definition , it Is natural that those involved with the day to day
analysis , often under pressure , have to take their own init iative and
go their own ways.

T h i s  is not to  he taken as advocat ing a top—heavy approach re—
s ti l t  ing in an e x te t i s  lye c o n p u t e r — a i d e d  des ign  sys tem , t ha t  is unwield y
a nd In a c c e s s ib l e  except  to large I)r~~;Inizat io n s . The p r o b l e m  is much
s I m p lc’r t han t h a t  . I t  is t h a t  of the accep tance  of a standard fo r
commu n I ( ’a t ion , a s t a n d a r d  f o r  da t a  s to rage  and c onvent ions  so tha t  data
and p rograms  may he interchanged w i t h  re la t ive  ease . It  Is possible to
interface packages that were developed independentl y at a later stage.

Ii . 1,1 ~1E TP IC HIER.ARCHY ~)F DEFINITION IN GIFTS ‘+

A three-d imensional object , to be designed or analyz ed , may be
described in terms of a minimum amount of geometric input and some
basic logic (see References 1 and 3). A min imum number of points in
space , called key po ints, are chosen and dig itized . Next , a number of
curves may be generated , using these key po ints as reference locat ions.
Curves may be stra ight lines joining two points , c ircular arcs joining
three points , or parametric curves of second and third order . Ott each
curve , GIFTS can generate, au toma tically, intermed iate nodes and line
elements (rods, beams). The intermed iate nodes need not be equally
spaced as will be descr ibed later. GIFTS 4 also allows the definition of
composite curves constructed out of (up to nine) different segments of
the standard types described above. Any curve , includ ing composite lines ,
is used as an ent ity In subsequent operations, and Is given an alpha-
numeric indentifier.

Once curves have been defined , surface patches may be generated
based on them . These patches are generated in a discrete fashion in
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I lit ’ I (l Oll (If liii er l la  1 point s and sti r la i r t’ i cint lit s . l i i i  I I n L I I ( s~ ; ol L l i t
gr Id ri qu I r i ti f o r  I lii (ii su ret C pres( ’n t a t  ton may be cori t rol l ed by t lie
user at the t i m e  of c u r v e  gene ra t i on . S u r f a ce  pa tches  are of two b a si c
types , a four—sided patch and a three—sided pa tc h , whose edges may be
any of the above curt’ e types. In both cases , the ti Isc ret izat ion t echn iquc
generates Internal points by blend ing one edge Into th e opposite edge or
corner. Examples of such patches are given in Figure 1. A number of
surface patches nay be collected together under a common name to produce
a composite patch. Each surface patch , including composite patches , is
used as an entity in subsequent operat ions, and is designated an alpha-
numeric identifier by the user .

A new addition , expected by the end of this summer , will utilize
previously defined surfaces in order to generate solid chunks . Several
types are contemplated. For example , the PRISM4 chunk is a solid piece
of cont inuum bounded by six four—sided grids or patches. The PRISM 3
chunk is a p iece bounded by five sides , three of which are rectangular
and two triangular. A tetrahedron (TETR4) solid chunk is a four—sided
piece of continuum bounded by four three—sided patches (see Figure 2).

It may be argued that the generat ion of geometrical figures in such
a manner is basicall y a computer—aided design problem and should perhap s
be incorporated in a compute r—a ided des i gn sy s t em , r a t h e r  than  in a
structural analysis program. Indeed , such information may and should
eventually, be obtained from a computer—aided design package. However ,
structural analysts need a certain amount of sophistication in the
definition of geometry, and are apt to resort to their own means to pro-
duce such definitions in a readily accessible form so as to be usable in
anal ysis programs . It is important to note that the geometric definit ion
of the surface patches , the curves and the solid chunks , is not by itself
sufficient for the conduct of the structural analysis. The structural
analysis analyst must perform additional operations , based on the
geometrical definition , the most important of which is the discretization
of l ines , patches and chunks by the introduction of gr ids , containing
internal nodes and line , surface , and solid elements.

The fineness of the grid is an important factor in determining the
accuracy of analysis . It will be shown in this report that there are
simp le ways of vary ing the fineness of the grid from one area to another
In order to produce accurate modeling where needed , a matter very much
dep endemt on the judgment and experience of the structural analyst.

Furthermore , surfaces and solids are the basic geometric entities on
wh ich loads and tem pera tu res may be def ined . In the process of dis—
cret ization , simple load ing pa tt erns , such as a pressure on a surface , or
a distributed load along an edge , have to be t ranslated into hundreds of
ind ividua l load vectors app l ied to the nodes of the st ruc tural  grid . This
is a process that can only be performed if the geometric properties of the
surfaces and the curves are kn own and available explicitly to the structural
analyst , who is concerned with the discret ization of the load . The
GIFTS 4 program preserves the logic of the model and allows the user to
address the ind ividual geometric element s in defin ing his loads. For
examp le, he may app ly distributed loads to lines , pressures to surfaces
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Figure 1. Generat ion of 3 and 14—sided surface patches
with arbitrary side shapes
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and bod y f o rces  to so lid chunks as ea s i l y as he can app ly concentrated
load s to key nodes or ind i v i d ua l  nodes w i t h i n  his ~r id .

t rout t ltl s d isruss Ion , we hope that so hav exp la Ined t h e  met ivat ion
be lt m d  t l t t .  I n co  rp o  r , t t  ion  of  ~~ I~m et  r i c do f In i t  iou  so bellIes and a st r~u c t  ura 1
dat -i ha se In a st r i te  I I I  ra I ana l vs is pr ~ rio . I I i s a I so ci  i a  r that suc Ii
.j data base has to be available to the analyst , v i  a powerful user—oriented
man i pulat i on command s, which allow hio to control the accuracy and
eff iciencv of  his solut ion .

II I . LOAD APPLICAT ft~N

As mentioned before , the geometric definition of the structure is
onl y the first step towards tl~e design. Structures are designed to
support certain loads , and it is the function of the structural analyst
to investigate the effic iencv with which the structure carries such a
load. In order to do this , he may resort , f o r  ex am p le , to  the  f i n i t e
element met hod , the method upon vhich the GIFTS 4 pac kage is buil t .

Load s may he defined with a min imum number of specificat ions in the
same way that a g e o m e t r i c  s u r f a ce  can he represented by a minimum number
of coordinates and logical connections. It is useful that the user may
reference the surface definition in creat ing hi~ loads. For examp le ,
the user r:av spec Ifv the distributed load values at the two ends of a
curve and let the program dis (-ret ize the pressure i n t o  individual loads
automaticall y placed at the ind iv idual p o i n t s .

r\ curve may be a straig ht line , a c ircu l ,u: arc , a parametric curve ,
or a composite line. GIFTS computes t h e  pressure at an internal nod e
us ing  f i r s t  o rde r  I.au ~range interpolation 1unction s (yef. 4 and 5). The
dev eloped I e n g t h t  of t a, p o ly g o n i z e d  cu rve  is used as a l e n g t h  pa r ame te r
(s e e  F i g u r e  3 ) .

The same app roach  can he applied to surface patches. For examp le ,
a four—sid ed patch (see Figure 4) is defined in terms of four boundary
curves . P r e s s u r e  v a l u e s  a re  given in l i i i  s case at t h e  f o u r  co rner  nodes .
The v a l u e s  of t h e  In t e r m e d ia te  p r e s s u re s  are  der ived  on t h e  b a s i s  of a
bilinear interpolation scheme which establishes a 2 x 2 s q u a r e  and maps
it onto the actual shape of t h e  p a t c h .  Since t h e  bo rde r s  of t h e  p a t c h
are  a r b i t r a r i ly shaped and b lended h~’ the  GIFTS pa tc h p e n e r a t l o n  scheme
Into a series of parallel curves , the bilinear interpolation is based on
the developed chord length along each of the two intersect Ing l i n e s  at  a
pa r t  I c u l a r  po in t .

The loads per unit area can be deduced , t h e r e f o r e , at each one of the
m d  iv [dual  nodes .  ( n n s  b i e r  in ~ a surface elements , one cart compute the
resultant forces on its corners , using a kinematical]v consistant load
aeth od (Ref. 6), and assign t hem to the surrounding nodes.

Loads may ho app l ied along one  of the global directions x , ~r , Z , in
w h i c h  case t h e  p r e s s u r e  v a l u e s  at t h e  p a t ch  c o rn e r s  ar e  i n t e r p r e t e d  as
t h e  loads per u n i t  s u r f a c e a re a , j e t  is~ in t h e spec ified direct ions.
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Figure 3. Interpolation of linearly dis t r ibuted load along arbitrary curve .

Figure 4 • Interpolation of bilinear load distribution over arbit rary surface.
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Loads may also be app lied as pressures  pe rpend icu la r  to the surface. In
suc h a case , there  is a need to determine the direction of the normal to
the surface at the point at which the pressures are app lied . This
present s no particular difficulty, and the normal vector is computed on
the basis of two local chord segments.

Spec ial load app lications in GIFTS inc lude h yd ros ta t ic pressures ,
due to liqu id heads , which may not cover the patch entirely. Such
a load ing occurs often in marine app lications and , therefore , is
considered a u s e f u l  addi t ion to the  c ommands of the  program .

The above method s of load d e s c r i p t i o n  and d i s c r e t i z a t i o n  may be
expanded to higher order variations of pressures , such as , for example ,
quadrat ic and cubic pressure distribut ions on the patch. Such extensions
w i l l  he Inco rpora t ed  if t h e r e  is demand fo r  them .

Figure 5 represents a patch generated from comp lex edge curves.
Fi gure 6 shows the results of an automatic pressure load discretization
by one of the GIFTS modules. Figures 7 and 8 represent a fictit ious
shir h u l l  gene ra ted and d i sp layed b y t h e  CIFTS program in order  to
demonstrate GIFTS ’ ability to generate comp lex surfaces.

IV. EFFECT OF MESH SPAC ING lX’~i ACCUR ACY

Once a s t r u c t u re  has been d e f i n e d , a ma t h e m a t i c a l model is required
in order  to p e r f o r m  a f i n i t e  element  anal ys i s .  The a c c u r a c y  of such an
analysis depends on ;n any f a c t o r s .  The word accur itcv i t s e l f  here need s
clarificat ion sinc e it u s u a l l y is not cons t an t  w i t h i n  t h e  model  i t s e l f .

lt is a w e l l — e s t a b l i s h e d  f a c t  t h a t  t h e  finite element method is
c o n v e r g e n t , wh Ich  means  t h a t , by su bd iv id in g t h e mod e l in to  sma ll er an d
smaller 1)leces , the results will improve (sue R e f .  7 ) .  The speed of
conve rgence  is , for examp le , a funct ion of t hu e element type being used .
Simple elements have a slower convergence rate t han more comp lex
hig her order elements. It has also been observed that the element shape
Is an i m p o r t a n t  f a c t o r  in o b t a i n i n g  a n u m e r i c a l l y a c c u r a t e  so lu t ion .
‘fh l s  c la im is somewhat  d i f f i c u l t  to assess since element  shapes cannot  be
comp letel y uncoup led from other variables. Another factor affecting
a c c u r a cy  is t h a t  of g r id  d e n s i t y .  I t  is common p r a c t i c e  t o  put  more
nodes and element s at a particular locat ion in the structure where , for
examp le , a hi g h s t ress  g rad ion t  is expec t ed , and to  reduce the  densit y of
nodes and elements in areas where the stress field is fairl y constant .
Such variable grids are possible with the finite element method and have
a great advantage. However , more stud y Is needed in order to determine
precl se1v the effect of such a procedure on the accuracy of the analysis
as a w h o l e .  F u r t h e r m o r e , the  v a r i a t  ion of a g r i d  in order  to o b ta i n
higher accuracy assumes that the analyst knows , In advan ce , where stress
concentr it Ion s are , and that he is willing to sacrifice the accuracy in
ot b ier p a r t s  of t h e  s t r u c t u r e  In f a v o r  of the local area.

A number of student project- s were conducted  at the Universit y of
ArIzona in order to stud y the efficienc y of grid configuration . The
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proh I eni I st ress c~’, i, -e n (  I-at I tin :i rininti zi c I r u l i  I ar Ito I t ’ i i i  a squ:i re

iii,’ iidtraiit’ p i t  e wa• ;  so i v t d  , i u  lug : 1 1 1  bu reau int’ l v la rger  i t t u i i i l ’ t ’ r  of t qwi  l i v
s p;i t- et l  nodes . A l t  el lu it  Iv -e i v , a Feat ,ire of t i n .’ (1 i ’iS program I n  wi t Icli t lie
g r it1 iii l il a- t e d  t ii i,icrt’ast ’ t i e  p o i n t  and element den sIty at t h e  point of
in t er e s i  was emp lo yed ( Sec  F I g u re  9)

Table  1 g i v e s  t he r e s u l t s  of pa r ame t r i c  s tud ies  w h i c h  show tile
striking superiority and accurac y of grid biasing as compared to the
u n i f o r m  r e f inemen t  over the  p l a t e . In e s t i m a t i n g  t h e  a c c u r a c y ,  the
von—Mises stress value at the centrold of the (isoparametric quadrilateral)
element nearest the stress concentration was compared to the classical
solution , includ ing the correction for tu e finite p late size , at the
point of maximum s tress  concen t ra t ion . A l t h o u g h  som e quest ions s tIl l
remain unanswered , such as toe accuracy of the exact solution , and
whether extreme bias of mesh size produces numerical errors , it is, in
our op inion , clear tha t  using biased simp le g r ids  is the most e f f i c i e n t
method for accuracy enhancement . It is recommended that an analys is
he pe r fo rmed  in two s tages , us ing  a simp le g r i d  w i t h  a small number of
nod es and element s. The first analysis serves to Indicate areas of
Interest , while the second is aimed at obtaining more  accurate results
at  t he se  areas. It is also clear that more research should be conducted
In order to produce simp le modelling guidelines and clarif y the above
(iciest ions.

V . AUT(~~AT IC GENERATION OF INTERNA L POINT S W ITH BIAS

Two types of bias are possible in the GIFTS System . For the t ime
be Ing thii ~ cannot be combined . The “center bias” results in automatic-
all y generated points be ing closer towards the center of the curve for
a positive bias and towards both ends of the curve for a negative one.
For “end bias ,” the points are closer toward s the second endpoint In the
curve (positive bias) or toward s the first (negative bias).

From a user ’ s point of view , the most convenient way of specify ing
bias is to give the ratio between the longest and the shortest segment
In tile form of a percentage. In this manner , a zero bias means equal
segments , a bias ci ’ 100 i n d i c a t e s  the  largest  is tw ice  as long as the
shortest

For strai ght lines and circular arc segments a simple arithmetic
progression can be established f rom which one can calculate the length
of the first and the last segments and the increments as one moves
from one segment to the next . This scheme is indeed utilized in pro-
gram for Its simp licity and accuracy. In parametric curves , however , the
position of the intermediate geometric reference points , necessary to
cen t -rate the parametric curve , may result in non—equal length for the
-‘.trious segments , even If the porameter values corresponding to the inter-
me diate points ‘ire equall y spaced . A met hod must he derived , therefore ,
f r o m  w h i c h  the  v a l u e s  of t he se  parameters can be selected so as to pro—
li tre the correct rat io between the longest and the shortest segments
r’c ird less of the position of the intermed iate points. The following
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section describes the scheme currentl y utilized , which is successful as
long as the Intermediate points are approx imatel y equally spac ed . It
may fail in situat ions where the intermediRte points are unreasonably
chosen , part icularly if they produce , ab init io, a node spacing in
conflict with tile one specified by the user. The following discussion
will clarify this point , and descr ibe the method employed to achieve
biasing .

V .1 Ef fect of Center Point Position on t he  Thac i ng of Interna l Nodes

Assume a straight line, of leng th 2L , joining two points. It is
required that the intermediate nodes be generated such that the spac ing
may be biased t owards one end . It is proposed here t ha t  t h i s  be done by
using a second order parametr ic  interpolat ion u t i l i z ing a f i ct i t ious
in termedia t e point on the  or iginal  l ine , whose posit ion may be used to
control the spac ing . The second order Lagrang ian interpolation functions
are given by:

=

= 1 — Sj” , ( 1)

f3 
= S(l+S)/2,

where S is a parameter varying be tween —l and + 1.

From Equa t  ion 1 , one may der ive  an in terpolat ion relationship
g iv ing  t h e  pos i t i on , x , of an intermed iate point  as a f u n c t i o n  of t he
parameters. Assuming the coordinates of the first , intermediate , and
last points to be —L , 1~L, and +L, one arrives at:

x — l ~~L S 2 + S L + B L  (2)

Figure 10 shows the relationship between equally spaced set of S para-
meters and the resulting x parameters for variou s values of V . For
examp le , if the intermediate po int is the mid point (

~ = 0), the mapp ing
function is a straight line and results in equal spacing . If is
negative , the nodes are closer towards the first poIrLt and if 8 is
positive , th en the nodes are closer to the second point . Therefore , it
seems that by the appropriate choice of 8, one can produce and con trol
an end bias and may be indeed able to compute the 8 value to achieve a
particular bias. One must note , however , that if the value of 8 increases
beyond 0 .5  or is less than —0.5 , that some interpolated values will
lie outside the range of —L to +L, and will not be acceptable. It is
possible to prove this by using Equation 2. The derivat ive of x with
respect to S is g iven b y Equat ion 3 from which one can see that the
der ivative will become zero at the line end points for values of L~
outside the range —½ to +½.

= ( l _ 2 ~~~ s)L (3)
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Figure 10. Generation of end biased intermediate nodes.
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It remains now to devise a method by which 8 may be chosen in order
to produce a particular rat io of segment length, say B. If we define
B as the ratio the length of the first segment to the last segment , then
th is may he approximated by the raito between the derivatives at both
end s .

dx! dS’t

_ _ _ _ _ _ _ _  
1 + 2 8B 

dXfdS’u
÷1 

T ’ T ~ 
(4)

From which one can calculate the value for 5 to produce a certain length
rat io B:

(B — 1)
2(11 + 1)

It must be noted , however , that this relationship is approx imate since
it is based on a cont inuous approach , rather than discrete. If one
wishes to be accurat e , a Newton—Rap hson procedure  has to be used in order
to force the ratios to be as specified by the user. The convergence of
the proced ure , however , cannot be guaranteed for complex curve shapes.

v .2  ProJucin~ Cen ter  Bias on a Stra ii~ht Line

In order to produce a center bias on a straight segment , we chose a
th ird order parametric representation in which two auxiliary points
equally distan t from the mid point of the lim e are chosen . These coordinates
are given by — ,~L and +~ L. By chang ing the value of V , one should be
able to produce and control a center bias. The third order Lagrangian
interpolation functions , in this case , are g iven by:

= (9 S~ -- 1) ( 1 - 5) 116

f = 9 (1 — S~ ) (1 — 3 5) / 1 6
2 (6)

= 9 (1 — ~2) (1 + 3S)/16

f
4 

= (9S 2 — 1) (1 + S)/ 16

From these equations , it is possible to write the coordinate x of an
intermediate point on the line as a func tion of ~.

x = [(18 — 5 45)  S3 L + (54 5 — 2) S L]/ 16 (7)

The. mapping of S into x is shown in Figure 11 , where it is seen tha t if
B is chosen to be 1/3 , a straight line mapping func tion is produced ,
wh ich results in equal spacing. If the auxiliary points are taken
f ur t her apar t (~ > 1/3) , a negative end bias is produced and the points
are denser towards the ends of the line. Beyond a certain value of B,
poin ts are produced outside the orig inal segment , which is undesirable.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-



~~~~~~~~ -~ - —  —.--‘--- ,--- - ‘ ‘ ‘ . -

14

5- . . . . ~ —
~~ 1 / 27

S I —4—- S • 5 4 4 = 5/27

• • —~ • —. • • • • • -. 1/3

S S S •-‘ 5 4 • ‘ 5 z113

.- • • • • . • ‘ • • •  ~13/27
—‘——--— • ~~~~ • • ft ~15/27

Figure 11. Generation of center—b iased intermediate nodes.
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On the other hand , if the auxiltiry points are taken closer to

~,ether (5 1/3), .i positive ctn t r bias is produced , whi reby th t  Inter—
mcd lot e points are closer t oward~; the midpoint of t lie line . It a I sc~
appears  t hat moving t lit’ m i d  po hi t In  t hat d I ree t Ion Is  miie Ii I ess ~;cn sit I ye

t lion nov 1 ng t lId S towards the out s Ide . however , if S Is small enoug Ii
the curve becomes such that multiple values are possible toward s the
center of the line , which again should be avoided . In order to compute
the limits on $ values we use Equation 7 to obtain :

dx 
= 

(54 — 1625) S2 L + (545 — 2 ) L  (8)
dS 16

In order for the derivat ive to become zero at the ends, we hav e :

dx\ 
— 

(52 — 1085 )L  —
dS /4 1 16 

— 0 ( 9 )

which produces 5 values of 13/27.  On the  other hand , to investigate the
case of the derivative disappearing at the center point , we obta in:

dx\ (54$ — 2 ) L  
— (10)

d S)o 
— 

16 
—

wh ich produces a value for B of 1/27. It appears , therefore , that
acceptable B values lie between 1127 and 13/27.

It now remains to find the value for 5 for which a certain bias ,
B, nay be produced . From Equation 8 we write:

dx/dS) 52 108
B 

dx/dS)
0 

545 - 2 
(11)

It is now possible , ther e f o r e , to choose the value of S to produce a
kn own bias (length rat io) of B:

52 + 2B
~~~~~ 54~ 

( 12)

The remark in the case of end bias applies here also. This is only an
approx imate method . To obtain exact values for 5, an itera t ive method
has to be u sed , whose convergence is not always guaranteed .

_____ 
A l a s  on Pa rametric Curves

The above der ivat ion s wer e based on the idea of producing kn own end
or cen ter bi as on a st rai ght line. The generalizat ion to parametric
curves follows the same log ic , utilizing a two—step procedure.

Figure 12 shows an example of a third order geometric curve generated
using four points. It is to be discret ized using , for  example , an end
bias. The parametric equat ion of the curve is solely determined by the

.
‘
.,

~ ——i
,~~ . - ~~~~~~~

- ‘
~~~‘ ~_~~_g - -~



16

1 3

~~~~~

‘ \ ~ \ / / I~~
4

PARAMETR ICL_~5~ \
\

\ 

CURVE

— — -  +1 S LINE
“0.- s

JAUXILLIARY
-1 

~
1 LINE

Figure 12. Generation of end—biased intermediate nodes on an arbitrary
parametric curve .
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ms It Ion of t liese four points , th e two I n t e r m e d i a te  po in t s  be ing d f re ct l y
re~ ated to S values of —1/3 and +1/3 , respectively. One constructs a
st rai glit line of length two , which ma1)s one to one onto the S line. A
center point on that line is chosen , which may he p laced eccentricall y by
a value of S in order to produce non—uniform spac ing on that straight
line. It will be assumed that no appreciable distortion results from
the definit ion of the orig inal param etr ic curv e so tha t the bia s ra tio
of the line produces a sufficient ly close bias ratio on the parametric
curve . The generated coordinates of the intermed iate points on the
straight line are then used as parameter values , s, of points on the
parametric curve. An iterat ive process is necessary here. The rat io
of the first and last segments are measured after each step and a
Newton—Raphson procedure is used in order to obtain closer values. ln
the proc ess , care must be taken that 5 does not depart from allowable
limits.

Because of the success of the method of point—biasing in improving
one ’s results without major reconfigurat ion of the discret ized model , we
plan to continue improv ing upon the current capabilities and produce
amongst other things , a combined end/center bias to give more
flexibility to the user. It would also be desirable to incorporate the
actual geometry of the parametric curves in the computation of 5 so as
to prov ide a non—iterat ive method .

VI . RELAT IONSHIP BETWEEN THE STRUCTURAL DESIGN
DATA BASE SAND MASTER DESIGN DATA BASE

It was necessary, in order to produce a structural analysis system
that would completely span the process of analys is , from definit ion of
geometry and load s, to the processing of the final results , to infringe
upon the area of computer—aided design insofa r as crea ting geometry
definit ion programs , upon which discret ized models are based . It is
clear , however , that all or most , of the key information required to
cons t ruc t  a model may ,  and should indeed , be ex t r ac t ed  f rom a mas te r
design data base . Not only should geometry be extrac ted , but also such
things as material properties and thicknesses. Such quant it ies should
be stored in the master design data base because they will be used by
more than one user. If the structural analysis shows that , f or examp le ,
c e r t a i n  thicknesses or materials have to be changed , such changes
should be communicated back to the master data base so that other users
may hav e  access to them.

In essence , we are talking about a distributed data base (8) which
Is made up of a central design da ta base and a number of spec ial purpose
ones. We ar e con f r o n t ed with many problems , including the integrity of
~eit -h  data base s , so that for example , a change in the thic kness by a
.t rtu-t ur al engineer does not conflict with a change introduced by the

At- it transf er eng ineer . It is beyond the scope of this paper to go into
this in detail , since the problems are complex and belong naturally
&- r ~~ igh In the realm of computer science. On the othet hand , if the problem
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of design of such a system is left entirely to peop le in the computer
science area , the result may he unwield y and encumbered by lack of
appreciation for the eng ineering aspects involved in the computer—
aided design.

It is obvious that i n f o r m a t i o n  such as key point  locat ions , and the
boundary l ines and surface patches should be available from the computer—
aided design group , in such a way as to be acceptable to the dis-
cret ization program . We also need scant lings and thicknesses and material
propert ies. In addit ion , we need to extract from the master data base
the load s under which the structure is to be analyzed .

Files generated locally, such as those containing the coordinates
of interna l points spec i f i ca l ly computed in order to obta in  numer ica l
answers should not , in any way,  he communicated back to , or main ta ined
by the des ign  da ta  base . The loads , on the o the r  hand , are computed
for example , by the hydrodynamicist and may be passed directly to the
structural engineer , possibly via the master data base. It appears that
the following rules should determine the relationships between the
various data bases:

I .  There is a central design data base and a number of specialized
d a ta  bases .

2. Data contained in the master data base should include local
master d a ta  base i n f o r m a t ion required fo r  the management of
the project (but not necessarily available to any of the
ind ividual users). It should also comprise all  data  shared
by more t han one user. Such data should be access ib le  to
those tnvolved in the ind ividual disci plines.

3. Each specialized data base should contain those items extracted
from the mas te r  da t a  base , plus additional local files that
are necessary to conduct relevant computat ions. If the results
of a computat ion should specify a change to one of the items in
the master data base , the new value should be communicated
to the master data base.

4. Any changes introduced from the special data base to the master
data base should be subject to approval by the central design
team . As soon as a change is accepted and incorporated in
the master data base , the specialized data bases should be
immediatel y notified of the effect of this on local activit ies ,
some of w h i c h  may be a l r ead y in progress. If a change tri g-
gered by a special group is in conflict with a proposed change
from another group, automat ic communication must be establ ished
by the system , prompting the individuals concerned to resolve
t h e i r  c o n f l i c t

The discussion In this section is bound to be over—simp lif ied. It
is not meant as a comprehensive solut ion to the probl em , but rather
a~ a r e in fo rcemen t  of cu r r en t  thoug h t s  on a d i f f i c u l t  problem being
tackled at the moment by many capable groups. By attempting to portray
the problem from a structural engineer ’s point of view , we hope to have
made the designer of a computer—aided design system and the assoc iated

L- ,  
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cen t r i! [zed d a t a  base aware of a specialized point of view that may
benefit him in produc ing an efficient system .

it Is important to note here that reduction of system size and
comp lexity is extremel y important , affecting its operational efficiency.
One has to  r e s i s t  t h e  t e n d e n cy  to  produce system s in which  great  amounts
of sop histication ‘ire an investment wi thou t  a vis ible  re tu rn .

VI I. CONCLUSION

The paper describes a structural analysis program whic h in some
ways may appear to infringe upon computer—aided design . This inf r inge-
ment is based on necessity rather than over—ambition . It is hoped that
such infringement may be reduced in the future. This can only be the
result of a satisfactory resolut ion of the complex problem of computer—
aided design .

t h e  paper Inc I ude s a de sc r I I -it (tin of spec li i  iz ed geomet ry generaL I on
ech o I c I I U ~~~ wli I cli are useful In t he performance of 0cc-orate structural

:inaIv ~~io . The ~~~~~~~ is to make t h e computer—aided design specialist
aware of part icular needs that the structural analyst may have in the
area of computer—a ided analysis.
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