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1. | HTECDUCTI ON

11 Pur pose

The purpose of this report is to illustrate some of the concepts
and research issues addressed in the research project, "Database Methods

for Engineering Design".

Two specific exanples will be used, one dealing with structural
engineering design and one wth chemcal process design. In both
exanples, we will first introduce a design situation at a particular

stage of the design process, describe the data representing the design
at that stage, and define the functional integrity relations anong the
dat a. Subsequently, the design situation wll be extended both
"downstream to subsequent design stages and "upstream to earlier
design stages, and the integrity relations anong the data wll be

i nvesti gat ed.

The structural engineering design exanple will be further ext ended
in order to discover issues which currently present the greatest
problens in effectively inplenenting a conprehensive engineering design
dat abase. Many such issues surfaced fromw thin the structural design
exanpl e study and ot hers became evident when consideration was given to
incorporating the structural design exanple database into the entire

bui | di ng database [4].

1.2 Scope
A structural design exanple is presented in Chapter 2. In the

exanple a structural design situation is introduced at a particul ar
stage in the design process. This is followed by a description of the
data representing the design at that stage, a definition of the
functional integrity relations among the data, and a presentation of the

tasks (application prograns) which can operate on the data. The exanple




is extended to discuss issues both prior and subsequent to the
particul ar stage of design. Some of the major issues arising in the
creation of an engineering database are then summarized. A chem cal

process design exanple is introduced in Chapter 3.

Chapter 4 introduces the CODASYL network nodel and describes the
logical viewof the entire frame operations system[7]. It presents and
di scusses the mmjor areas (data itens, integrity procedures, data
mani pul ati on |anguage, data users) that conprise the system and the
rel ati onshi ps between them It explicitly describes the database and

its contents within the context of the gl obal operations system

The nodel of the data to be stored in the database is also
presented in Chapter 4« It includes the schena for the |ogical network
data nmodel and the data item type records for the physical data

representation.




2. A STRUCTURAL DESIGN EXAMPLE

The following structural design example is introduced to provide a
background to the reader in the concept of design in structural
engineering. A subset of all of the possible constituents of a
building--its frame--has been chosen as a stand-alone unit that is of
sufficient size and complexity to represent the structure of a required
database for design. The frame subset brings to light many integrity
issues both within the subset and in its relationship to an entire
building database. The example describes the elements of the physical
structure, elements of the database, the application programs, the
design process, and integrity issues which arise both in the database

(data) and in the design process (application programs).

2.1 Design Example Assumptions and Constraints

The data structure included herein is one for an engineering
"design" database. It has not been developed as a "comprehensive
building"” database. A comprehensive model would include considerations
such as cost, construction schedules, maintenance, fire resistance,
etc.. In addition, it would take into account the data needs of design
disciplines. A comprehensive building database would also include
alternative data structures for different possible structural systems.
The database considered is thus a subset of a structural design database
for steel building frames, but whose scope and interaction with other

disciplines is sufficiently complex to allow for a meaningful study.

To further describe the scope of the database developed herein
another important distinction must be made bvetween a design and a
comprehensive database. That difference lies in the level of detail of
data needed by each. A comprehensive database would include dimensional
information for detailing and fabricating steel members. Such specific

dimensional information is not needed for design -- it is derived from




the results of the design process, e.g., the designation of the standard

sections sel ected.

2«2 The Physical Frane

The data structure of this project was developed for steel franes
in two dinensional space. The steel frane nay be braced by either rigid
menber connections or steel nenbers used as diagonal bracing. No other
bracing system such as multistory cores or shear walls is considered.
The database was developed for the case in which the steel frame

provides all structural support.

Figure 2-1 is included to fanmliarize the reader wth the
termnology used in the description of the frane. The frane is assuned
to consist of three types of nenbers: beans, columms, and bracing.
Hori zontal frame nenbers are beams, vertical menbers are colums, and
di agonal nenbers are bracing. Al'l nmenbers are assunmed to be connected
together in one of three ways: sinple, rigid, or continuous connections.
Sinpl e connections are those which are conpletely flexible and are free
to rotate in a nmanner simlar to the action of a hinge. A rigid
connection is one which does not pernit relative rotation of the
connect ed nenmbers. A continuous connection is one in which the nenbers

on each side of the connection are the sane through the connecti on.

Some limting topological assunptions have been nmade. In the

future these limtations will be renoved. Presently they are:
- Floors may not be displaced vertically. This results in al
hori zontal nenbers being in a horizontal line at each fl oor
I evel

- Bays may not be multiple stories in height;

- Bracing nenbers may intersect other nenbers only at beam and
colum intersections.

Most of these limtations are caused because the current geonetric

representation utilizes only story height and bay- width to define




geonmetry. Athough not inplenented in this study a nore flexible and
conprehensive geonetric representation of joint coordinates would

elinnate these shortcom ngs.

2,3 Initial Stuation

At a particular stage in the design of a steel building, one of the

frames conprising the building may be represented as shown in figure

2-1. The representation of the frane consists of the follow ng data

t ypes:

Mhenoni ¢ Description

QOCED Coordinates of joints defined by story height and bay
wi dt h,

TCPO Topol ogy, i.e. connectivity of menbers and joints,

LQAD Loads applied to frame (e.g., gravity, w nd),

PRCP Section properties of menbers (e.g., area, nonent of
inertia),

DEFL Defl ections of joints,

FORCE Force resultants in nmenbers,

SHAPE Designation of standard structural conponents used for
menbers,

CLEAR Constraints on clearances for nenbers,

LIMT Constraints on deflections for joints.

The details of the data representation within each data type are
not inportant issues for this presentation, except for some conparisons
to be nade in section 3» The "external" (user-level) representation for
portions of the data is sketched in table 2-1 in as STRESS-1ike | anguage
[3]-

The general objective of this stage of design can be stated as

fol |l ows:

D1: dven: COORD, TCPO LOAD, GLEAR and LIMT
(bt ai n: SHAPE (i.e., nane of conponents chosen)
Such that: DEFL consistent with LIMT
PRCP consistent with FORCE
D nensi ons of SHAPE consistent with CLEAR




Since the franme is statically indetermnate, a direct solution of
the design problemDl is not possible, and the solution nust be obtained
by iteration. The following "unit operations" (application prograns)

may be enpl oyed:

Ol 1

I NI TI ALI ZE:

G ven: COORD, TOPO and LOAD

otain: Initial values of PROP by sone
approxi mat e procedure.

D1.2 - ANALYSIS:
G ven: COORD, TOPO LQOAD and PRCP
ot ai n: DEFL, FORCE

D1.3 - SIZING
G ven: FORCE
bt ai n:  New val ues of PROP, not necessarily
i nvol ving specific conponent selection

D1.4 - PROPORTI ONI NG
G ven: FORCE, DEFL, LIMT and CLEAR
bt ai n: SHAPE

In typical iterative processes, there may be a few initial cycles
of ANALYSIS-SIZING (treating PROP as continuous variables) until the
system is reasonabl y stabilized, fol | oned by cycl es of
ANALYSI S- PROPORTIONING to select actual conponents. The precedence
relationship between the data types and the operations is shown
graphically in figure 2-2 with rectangl es representing the processes and
ellipses representing data types. The relationship can also be

represented by an incidence matrix. A defined as

+1 input to
a =]-1¢if data type j isfoutput from } operation i.
i3 0 not used in

The matrix for the individual operations, as well as for the the

X
desi gn operation as a whole' is shown bel ow.

The rule for combining row entries in Ais [6]: if data type output
from an operation is only used as input to other operation(s) in group
bei ng conbined, the resulting entry is 0; if it is also an output from
the group, the entry is -1.




T L p D F S C L
8 0O O R E O H L |
o P A 0 F R A E H
R 0 D P L C P A |
D E E R T
Initialize 1 1 1 -1
Anal ysi s 1 1 1 1 -1 -1
Si zi ng -1 1
Proportionin -1 1 1 -1 1 1
TSR — T P T T = ST

2.4 Consistency and Integrity

If the entire design operation DL were executed as a single step,
no consistency issues would arise: the output, SHAPE, is consistent
with input data types and the constraints. However, when the individual
"unit operations" are performed in an iterative manner, each application
of a unit operation, while enforcing consistency between the output data
and the direct inputs, automatically invalidates consistency between the
outputs and other data types. In the specific design exanple, the

foll owing situations occur:

1. after SIZING consistency between PRCOP required and FCORCE
will be valid, however, consistency between PRCP required and
DEFL and between PRCP required and PROP assuned is
invalidated (i.e., the new PRCPerties nay not produce the
sane response) ;

2. after PROPCRTIONING consistency between SHAPE and all other
data types is invalidated: i.e., the new SHAPE selected nay
not produce the same structural response, and may violate
cl earances; and

3. consistency between PRCP provided by the SHAPES selected and
PRCP assuned is invalidated.

A nodified relationship between the data and operations is shown in
Figure 2-2. This figure explicitly distinguishes between:

1. assuned PRCPERTIES which serve as input to ANALYSl S;

2. required PROPERTIES output by sizing; these may be directly
input to ANALYSIS or passed on to PROPCRTICNING and

3. provided PROPERTIES of the SHAPES sel ected by PRCPCRTI ON NG

In order to determne whether consistency has actually been




violated, it is necessary to conpare inputs and outputs and determ ne
the magni tude of the changes induced; when these are judged sufficiently

"smal | ", the design process has converged.

2.5 "Downstream Activities

After the design is judged satisfactory at the level stipulated in

Section 2.4, additional activities take place.

In the stage usually referred to as DETAILING the representation
of the structural elenents is extended by additional attributes,
addi ti onal code and other consistency checks are applied, and additional
objects (e.g., beam seats, connections) are defined and checked agai nst

their respective constraints.

Furt her downst r eam during FABRICATION and ERECTI ON, t he
representation acquires other attributes (e.g., stage of approval,

fabrication conpletion date, erection date, etc.).

Much further downstream say, 20 years after conpletion, the
representation may be used again when the structure is redesigned or

retrofitted for a new usage.

2.6 "Upstreamt Activities

The representation discussed in Section 2.3 arises fairly late in
the overall DESIGN process of a building, and the data types identified
as "inputs" are in fact outputs of preceding design stages. These

precedi ng stages nmay be classified into three categories:

1. Spatial layout of the building based on its intended
function. This step represents PRELIM NARY ARCH TECTURAL
DESI GN whi ch may be idealized for the purposes of the present
di scussion as the generation of COORD,

2. Selection of the structural schene (e.g. steel vs. concrete;
for steel, selection of "monent-resisting frame" vs. other
possible framng types). This step represents PRELI M NARY
STRUCTURAL DESI GN idealized as a first approximation of the
generation of TOPO and

3. Selection of initial structural properties. This step was




included in Section 2.3 as INTIALI ZATION, but may in fact be
a mmjor separate process, possibly involving the separate
approxi nate nodels for gravity and wi nd |oads, and anal yses
with portions of the data assigned initial normative val ues.
The net effect of this step is the generation of LQADs and
prelimnary values of PRCPerties to initialize the DESIGN
stage discussed in Section 2.3*

2«7 lterations

The overall design process may include "global" iterations in
addition to the "local" iteration described earlier. To cite a
"wor st - case" exanpl e, the dinensions (SHAPE) selected for the structural
menbers may interfere so severely with headroom and clearance (CLEAR
requirements that the entire layout of the building nust be changed,
invalidating all results, since they are directly or indirectly

dependent on COORD.

2.8 Partial Anal yses and Redesi gns

In the preceding discussion, it was inplicitly assuned that any
change or cycle of iteration would invoke a conplete re-analysis or
redesign of the system i.e. the frame, in the present exanple. In
actual practice, a designer may wish to "contain" the changé to the
portion of the system directly affected. For exanple, to investigate
the effect of changing the depth of one beamin the frame, it nay not be
necessary or desirable to reanalyze the entire frane; it nay be nore
appropriate to isolate a snall portion for reanalysis (by assigning
tenporary, nornmative values on its boundary) or to use an alternate

nodel .

At a broader scale, sinmlar situations arise. The nmere fact that
one selects a single 2-D frane out of the conplete 3-D building for
analysis and proportioning is an exanple of partial analysis. ce a
"typical" frame is designed and accepted, the other franes nay be nade
identical or reanalyzed with local changes. The results of such partial
designs nay be accepted as the conpl ete design, or may becone inputs to

a subsequent full 3-D analysis and redesign.
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2.9 Summary of Inplications

Al 't hough the details of the above exanple may be neaningful only to
a structural engineer, it is hoped that the exanple will serve to
illustrate many of the inplications on the characteristics of a database

for engineering design. These characteristics are briefly summarized

* bel ow.

1. Information exists at various levels, corresponding roughly
to the sequence of design stages, the information at each
level representing a particular |evel of abstract description
of the system

2. Information grows as design progresses, i.e., as successive
| evel s of abstraction descriptions are generated. The growh
consists of the addition of new attributes to previously
defined abstract entities; the generation of new entities
"owned" by the higher-level ones; and the generation of new
functional relationships anbng entities and their attributes.

3. Functional relations exist between information at different
levels, as well as ampbng data types within a given | evel.

4. The functional relations are either procedurally enbedded
into "unit operations" or can be represented as consistency
requi rements anong data types. The question of whether and
when to apply automatic procedures to insure consistency is
hi ghly problematical. See reference [5].

5. A nunber of mechani snms can be introduced to encode the status
of the information in the database [2], e.g.; associate with
the data various indicators or flags to distinguish:

- "present" vs. "absent" data

- "stage" or "permanence |evel" of data

- "actual" or "normative" data (the latter usually an
assunption or approximation, inserted to initiate an
iteration or to provide a boundary value for a
partial anal ysis).

- "current" vs. "previous" for iterative data

- "valid" vs. "void' with respect to the applicable
constraints

- etc.
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Table 2-1. Functional ReQresentation of Exanple Structure
STRUCTURE ' EXAMPLE® "IN TIAL TRIAL'
TYPE PLANE FRAME
JO NT COCRDI NATES
1 X 00 Y 0.0 Z 0-0 SUPPCRT
5 X 00 Y 120.0 2z 0.0

VEMBER | NCI DENCES
1 FRM 1 TO 5
2 FRM 5 TO 10

VEMBER PROPERTIES $ THESE ARE NI TIAL VALUES
1 THROUGH 7 PRI SMATIC AX 100. 1Z 2000,

LOADING 1 'WND
JONT LQOADS
2 FORCE X 10.0
5 FORCE X 12.0

LOADING 2 ' GRAVI TY!

MEMBER LOADS UN FORM FORCE Y
15 ¥ -2.5
30 ¥ -3.0

LI ST FORCES ALL, DEFLECTIONS X 2.5. ...
SOLVE
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Figure 2-2: DESIGN Rel ationships: Process - Data
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3- A PROCESS DESI GN EXAMPLE

3.1 Initial Situation

At a particular stage in the design of a process plant, one of the
subsystens of the plant may be represented by the flowsheet shown in
Figure 3-1 [Wsterberg et.al, undated]. The representation of the
fl owsheet consists of the following data types (called variable packets

in [ASCEND-2 An Advanced System for Chenical Engi neering Design, 1980]):

Mhenoni ¢ Description
Si Stream variables (flow rate, tenperature, pressure)
PMPi Punp variabl es (pressure drop, efficiency, etc.)
Pl Pi Pi pe variables (dianeter, length, Reynolds No., etc.)
VI SC Vi scosity variabl e
EVi Evaporator variables (no. of tubes, tube radius, etc.)
SPFRi Splitter variable (split fraction)
The "external" (user-level) representation of the flowsheet is
shown in Table 3-1. The VP (Variable Packet) and PT (pointer)

statements associate the stream variables to physical property variable
packets AMMONi a and WATER. The FS (fl owsheet) statenents descri be what
types of wunits (eg. punp, mxer, evaporator) are to be nodeled.
Finally, the V (variable) statements define the topology of the
fl owsheet, i.e., specify the inlet and outlet streans and internal

vari abl e packets of the preceding FS statenent.

The objective of this step is to solve the steady state equations
describing the flowsheet. To do so either a simulation or a design

cal cul ati on can be perforned.

In a simulation or rating calculation all system inputs and design
parameters for the units are specified. Variables such as pipe length
and dianeter are specified. Qutlet streams and internal streans of the

fl owsheet are cal cul at ed.
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In terns of the flowsheet of Figure 3«1; a simulation calculation

is related to the operation:
D21 - ANALYSI S

d ven: Fl owsheet, Equi pment descri bed,
input streans Sl and S5
ot ai n: Internal and Qutlet streamvariabl e val ues

Such that: Steady state mass and energy bal ance
equations are satisfied.

In a design calculation, outputs are specified and inputs or unit
paraneters are calculated based on these output specifications. It
differs froma sinulation calculation in that different variables are

fi xed and cal cul at ed.

The design objective for Figure 31 may be:
D 2.2 - DESI G\
G ven: Fl ow sheet, Inlet streamSl, Qutlet stream S8
(bt ai n: Description of equipnent (punps, mxer, etc.)
i nput streans
Such that: Qutlet stream S8 has requisite properties and

nmaterial and energy bal ance equations are
sati sfi ed.

In the ASCEND-2 program the different calculations are specified

by designating the appropriate variables as being either "fixed" or

"cal cul ated".

Until the overall design objective is acconplished, repeated
similations nay be performed in an iterative manner. These sinulations
involve the same issues of consistency and integrity as discussed in
Section 2.4« Specifically, the change of any equipnent or stream
paraneters between successive simulations invalidates consistency wth
respect to steady-state equilibrium established by the previous
iteration, and it is necessary to conpare the results of the tw

simiulations to deternine the nagnitude of the changes i nduced.

In addition to consistency of variable wvalues, consistency in
calculation type nust also be maintained. Variables which are "fixed"

in a simulation nay be "calculated® in a design calculation. Thi s
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possibility necessitates checki ng consi st ency of "fixed" and

"cal cul ated" fl ags.

3.2 "Downstream Activities

After the design is judged satisfactory at the |evel of

steady-state sinulation, additional activities take place.

Still in the stage of process design, a dynamc simulation nay be

perforned, so that the performance of the system may be evaluated in
greater detail under start-up, shut-down, shock-loading and other

dynam c conditions.

In the stage called PID (Piping and Instrunentation Design), the
representation of the subsystem is extended by additional attributes.
The entity "Punp", for exanple, acquires attributes such as power
consunption, cost, control system description, etc.. Again, as in the
structural exanple, information grows by additional attributes (power,
cost) as well as by additional entities which may be conplex subsystens

t hensel ves (control systemn).

Further downstream the representation acquires still additional
attributes (e.g., space, wei ght, | ocati on, manuf acturer's
identification, etc. of the punp), wuntil finally delivery dates,
installation, pilot operation, etc. data are associated with the
entities.

Much further downstream say 10 years after initial operation, the
representation nmay be wused again when the plant is redesigned or
nodified for, say, energy conservation, or even for an entirely new

process.
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3«3 "Upstream!' Activities, lterations and Partial Anal yses

The representation of the subsystem discussed in Section 2.3 arise3
fairly late in the overall design of a chemcal process plant. The
design stages preceding the stage discussed may be classified as

fol |l owns:
1. overall synthesis of the plant;
2. synthesis of the subsystem and

3* initialization of the subsystemfor sinmulation purposes.

The ASCEND-2 program pernits a nunber of ways to acconplish the
| ast step above. For exanple, one unit, such as the evaporator, nmay be
isolated and a partial similation perforned by assigning tenporary,
normative initial values to the streamvariables S4 and S6. (nhce this
simulation is deened satisfactory, its results may in turn becone the

initial values for the simulation of the entire subsystem

In a simlar fashion, when the entire plant is being sinulated for
systemintegration, the "inputs" Sl and S5 and "outputs"” S8 and Sl1 of

the subsystemw || thensel ves becorme "internal variables" of the overall
pl ant nodel . Conversely, the selection of the subsystem for separate

simulationis, initself, an exanple of partial synthesis.

3»4 Application of Constraints and Consi stency Checks

It should be clear that the process design exanple possesses
exactly the sane characteristics as the structural exanple discussed in

Section 2.7, and poses the sanme inplications for a design database.

It appears clear that the nechani sns sketched in Section 2.7 can be
quite directly applied to the exanple of the process plant. As an
exanple, the variables needed for the simulation proper could be

augnent ed by:
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additional attributes, e.g. "cost",

- constraints, as, for exanple, wupper and lower limts on

pressures, and,

status indicators to: designate design state; distinguish
bet ween normative data inserted for initialization vs. those
derived from the simulation; distinguish whether "valid" or
"void" with respect to constraints, etc..
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Table 3-1: Functional Flowsheet Representation

C*  STREAMS OF TYPE 1 ARE AMMONIA
VP STRT1  AMMON

PT Sl STRT1
PT S2 STRT1
PT 'S3 STRT1
PT  S4 STRT1
PT  S6 STRT1
PT S7 STRT1
PT S8 STRT1
PT  S9 STRT1
PT S10 STRT1

C* STREAMS OF TYPE 2 ARE WATER
VP STRT2  WATER

PT S5 STRT2

PT Sl11 STRT2

C* START OF ACTUAL FLOWSHEET

FS MIX1 MIXER

\ S1 S10 S2

G MIXR

E MIX

FS PUMP1  PUMP

\'/ S2 S3 PMP1

G PUMP

E PMP1

FS PIPE2 PIPE

\') S3 S4 PIP2 Visc2
G PIPE VISC

E PYP2 VIS2

C* USE DEFAULT STATEMENT TO FILL IN EQN PACKS OF THIS UNIT
DF DFLT1  EVAP

E EVP1

G EVP

FS  EVAP1 DFLT1

\ S4 S6 S5 S11 EV1
FS PIPE3  PIPE

\' S6 S7 PIP3 VISC3
G PIPE VISC

E PYP3 VIS3

FS  SPLIT1 SPLIT

\'} S2 S8 S9 SPFR
G SPLITR

E SPMBAL

FS PIPE1 PIPE

\' S9 S10 PIP1 VISC1
G PIPE VISC

E PYP1 VISl

C* NOTE THAT THE ORDER THAT THE UNITS ARE INPUT

C* IS ARBITRARY IF THE INITIALIZATION ORDER IS

C* LATER SPECIFIED. IF THE INITIALIZATION ORDER

G* IS NOT SPECIFIED, THEN THE UNITS ARE INITIALIZED
C* IN THE ORDER THAT THEY ARE READ IN.

EN
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Figure 3.1: Functional Fl owsheet Representation
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4. THE DATA MCDEL

As an illustrative vehicle, a OODASYL network database nodel was
devel oped for the structural design exanple of Chapter 2. The | ogical
network structure was devel oped and the record types defining the data
structure were coded in Pascal. This chapter details the data nodel .
The nodel is based on the physical structure of the frane discussed in
Chapter 2 and the conceptual structure of the operations system

presented bel ow.

4*1 The (perations System

Figure 2-2 illustrates how the data itens, design processes, and
checking procedures are conceptually related in the "design" system
Figure 41 illustrates an alternative representation of figure 2-2
showing how they are related in the "operations" system a system in
which the information needs of the user are anticipated at the tine the
systemis designed and application prograns are witten to handl e those
needs in an efficient nanner [7]. The figure is divided into three
maj or conceptual areas consisting of the Database, the Data Mani pul ation

Language, and the Data Users.

The database consists of a collection of interrelated data itens.
These data itens are stored together so that they are independent of the
data users. They have a controlled degree of redundancy- and a common
approach is used in adding new data and in nodifying and retrieving
existing data [7]. In addition the database contains sone of the

integrity procedures used to check the data.

The purpose of integrity procedures is to insure that incorrect

2
Redundancy can never be totally elimnated. The systemis therefore
designed in such a way that it is controlled and m ni m zed.
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data items are not stored in the database. Sone integrity procedures
are in themselves data item constraints that logically fit in the
database. Qher integrity procedures, however, such as one that checks
data items against a design code, are nore general and may apply to a
class of many buildings. These could be renoved from the database and
introduced as a group of procedures represented as a separate
application program The division between the two kinds of integrity
procedures could be as sinple as dividing between general building
procedures and specific building procedures. This issue is one which

requires further study.

INPUT, MOXDIFY, and QUTPUT are the three primary categories of
operations on the data itens of the database. Exanpl es of commands
within these categories are shown in figure 4-1. These and sinilar
commands conprise the data nani pul ati on | anguage. Externally the M. is

a list of allowable co

»nds that initiate predefined tasks or
operations on the database and, internally the DML is a collection of
procedures which actually performthe tasks or operations. Thus the DWL

is a nechani sm of comunicati on between the database and the data users.

The primary database users are individuals and application prograns
who wish to enter, nodify, and extract data. They do so by utilizing
the data manipul ati on | anguage discussed in the previous section. The

DML shoul d be designed to support both types of uses.

4*2 Logi cal Data Representation

Figure 4-2 represents the network data nodel for the data itens
shown in figure 2-2. The additional data itens in figure 4-2 not
previously present are discussed in section 4«3« The lines between the
data itens represent links or relations between them The direction of
the link indicates a relationship of one to many fromtail to head. For
exanpl e, each frane contains many nmenbers but each nmenber is in only one

frane. The schenatic result is a directed graph.
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In the network nodel many to many relationships are not permtted.
To represent a many to nmany relationship between two data item types a
"dumy” type is introduced between them For every occurrence of a
relationship between the original data item types there exists a data
iteminstance in the dummy record linking them together. In figure 4-2
the data item rel ati onshi ps connected by dummy record types are bays to

nmenbers and menbers to joints.

The links of figure 4-2 were chosen to establish accesses between
data itemtypes that were deemed nost useful in structural design. To
establish additional relations would incur an additional cost for the
necessary pointers needed to physically establish the links. Additional
relations need not be defined, however, because in nost cases the sane
result can be obtained by traversing multiple existing links. |f a need
arose for such accesses between indi rectl_y linked data item types,
procedures could be witten to performthe accesses within the framework

of the existing network nodel .

4*3 Data Representation

The follow ng sections discuss aspects of the structure of the data
base. Included are all the data itens of the frane shown in figures 2-2
and 4-2. The physical representation manifests itself in the form of
Pascal coding. Records and other type declarations as well as inportant
vari abl es were coded. These are presented in the Appendix. The
di scussi ons which follow point out the neaning of the data itens, their
attributes, and the relationships between them Table 4-1 summari zes

the form of physical inplenmentation of each of the data types.

4.3.1 TCPO

Topol ogy describes the connectivity of the physical conponents of a
structure, i.e. to which other elenents a given elenent is connected
[i]. For the frame the topology provides the primary structure of the

data base to which all of the other information is attached (QOOCRD,
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SHAPE, PROP, LCAD, FORCE, DEFL).

The topology can be viewed at three |evels. The schematic
connectivity is illustrated in figure 2-1 in which all of the frane
conponents are shown. The connectivity of the network nodel or

conceptual schema is shown in figure 4-2. Finally, the connectivity in

the inplementation is represented by the coded records in the Appendi x.

The topology of frane, story, bay, nenber, and joint entities and
all of their connecting relations forns the structural base to which all
other data entities can be attached. The inplenentation establishes
this base by its records and the pointers which link them together.
Thus TOPO is represented by records. Each of the conponents of the
physi cal structure (frane, story, bay, nenber, joint) is a record.
External access to the topology, and consequently to nost of the data
structure, is provided by a system pointer to the frame (headfrane).
Internal access to itenms within the data structure is gained from the
frame by following the pointers to succeeding records until the desired

one i s reached.

4*3.2 COORD
Ceonetry descri bes the physical dinensions and |ocation in space of
each conponent of a structure [i]. In this database geonetry is

represented in ternms of COORD.

To elimnate joint coordinate redundancy it was determned that one
need only store the height of each story and the wi dth of each bay
(based on assunptions stated previously). A procedure could then be
devel oped to provide all necessary geonetric information based on these
val ues. Thus COORD is represented by a bay width field in the bay
record and a story height field in the story record. Ceonetric

information is accessed in the data structure through the topol ogy.
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4.3-3 SHAPE

The end result of the design process is the selection of a shape
for each nenber in the frane. The physical manifestation of this result
in the database is obtained by setting a pointer from each nmenber to a
SHAPE record. There is a single shape record for each nenber. The
shape record is an intermediary which subsequently points into a table
(containing all possible shapes) to a specific shape. In this manner
each table of shapes is independent of the database. The database is
structured so that the shape records and the entries in the shape tables
are accessed externally of the frane by means of systempointers to them
(headw defl ange, headchannel, headangle, headtee, headshape). Menber
records, however (part of the topology), must be accessed through the

frane record.

4.3.4 PROP

There is an inportant distinction between PROP and SHAPE.  Wile
the tables of SHAPE used by the Proportioning application program
contain information about the properties for each fabricated shape
(torsional constant, dinensions, etc.) the PRCP records used by Analyze
and Proportioning have fields for only the design performance properties
of each menber (area, section nodulus, etc.). PROPis a_record related

to and accessed fromthe nenber records of the frane.

4.3.5 LQAD

It is assuned that all wind and gravity loads applied to the frame
may be introduced in the data structure as |oads on nenbers. Each
nmenber rmay have multiple uniform and concentrated | oads. In addition

| oads may be associated with menbers for multiple |oading conditions.

LOAD is represented as records. There exist linked lists of many
loads and |oad conditions for each nmenmber. Each load is an intermediary
pointing to a single specific (uniform concentrated, or triangular as

determned by [|oadtype) I oad. Each load record is accessed from the
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menber records of the frame through a loadcondition record. That is,
from nenber there is a pointer to a loadcondition record that in turn
points to each of live, dead, and wind load records. Wthin the |oad
records there are pointers to the next live, dead, and wind |oads in the
list so that the user has direct access to all loads or to all |oads of

a given kind, for every loading condition, for every menber.

4.3.6 FORCE
Force resultants are the forces stored in the database. For
menbers in a two dimensional frame there is an axial force, a nonent at

each end, and a shear at each end. These are the stored applied forces.

FORCE is represented as records. There are a mninum of three
force records for every forcecondition record, each of which corresponds
to live, dead, and wind forces. Each force condition corresponds to the
| oading condition which induced the given forces. FORCE is accessed

from the menber records through a forcecondition record.

4.3.7 DEFL

The data structure stores joint deflections. DEFL is a nunerica
value which is stored in a field of the joint records. Vertical (y) and
horizontal (x) deflections and rotations relative to the undeflected
frame are stored.




DATA

TGPO

SHAPE

PRCP

LQAD

FORCE

DEFL

QLEAR

LIMT
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Table 4-1: Data Item | npl enentation

| MPLEMENTATI ON

Poi nter fields connecting frare,
story, bay, nenber, and joint
records accessed by pointer from
syst em

Field in bay record.
Field in story record.

Record accessed by pointer from
nmenber and system

Record accessed by pointer from
nmenber .

Record accessed by pointer from
nmenber (through | oadcondition).

Record accessed by pointer from
nmenber (through forcecondition).

Fields in joint and nenber

recor ds.
Integrity procedure.
Integrity procedure.




DATA BASE

DATA

COORD PROP

TOPO FORCE
LOAD DEFL

SHAPE

INTEGRITY PROCEDURES

CLEAR
LIMIT

DATA
MANTPULATION
LANGUAGE

DATA
USERS

/

MAP IN
PUT
DELETE
MODIFY
DROP
WRITE

APPLICATION PROGRAMS

INITIALIZE
ANALYZE
PROPORTIONING

SIZING

MAP OUT

GET
READ
COPY
HOLD
RELEASE

USER
INPUT

OUTPUT

:I-% 2an31g

wWa3sSAg suorieaadQ

8¢



SYSTEM

headframe

STORY

PROP assumed

PROP required

| PROP provi ded ﬂj

headshape

MEMBER I

N

SHAPE

JOINT

headwi def | ange

headchannel
headangl e
headt ee

WF  or
C or
A or
I

secti ont ype

LOADCONDITION

IFORCECONDITION

MJ DUMW

%

LOAD

FORCE

CONCENTRATED
UN FCRM
TR ANGULAR

L cadtype

t -, 2.n814
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[5]
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[7]
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APPENDI X

This appendix contains the coded physical representation of the

data item types of the database. It represents the frane entities
their attributes, and their relationships to each other. In particular
it includes:

- standard and pointer type declarations,

- record type declarations enunerating the fields of the data
i tens,

- variable declarations of variables inportant to the data
structure, and

- procedures for finding information in the data base.




TYPE

SECTZONT
LOADTYPE
MEMBERTY
CONNECTZ
NAMVE

{pointer
FRAVEPTR

STORYPI R
BAYPTR

YPE

PE
ONTYPE

typas)

MEMBERPTR

JOZNTPTR

LOADCONDI TI ONPTR

LOACPTR

CONCENTRATEDPTR
UNZFORMPTR
TRZANGULARPTR

FORCECONDZTZONPTR

FORCEPTR

SHAPEPTR
W DEFLAN

GEPTR

CHANNELPTR

ANGLEPTR
TEEPTR

PROPA3SUVEDPTR

PROPRE
PROPPR

ZREDPTR
ZOEDPTR

«i
| «
i o
«l
i .

ok

Il
<o

* A

| .
((|

i
I
a|
«I
»l

«I
of
1

«

E:co, UN, TRQ

(beam colunn braci ng) ?
| e* ri cont i nuous) ?
Y Cl.. 1 CF char?

o f rame*
‘ltoryg
bay?
“rember;
jolnt»

"| oadcondi t| on?

» ‘Ioad?

‘concentrated?
-unlfornP
“triangul ar?

oforceeondition?

> "forcet

*shapa)

"W daf I anga?
*ehannel ?
“angl ai

"tea?

-propassunem
propregU|red7
*propprovi ded?




" FRAME + RECORD
frameid | |NTEGER?
{pointer variables)
nextframe & FRAVEPTR

ttorys t STORYPTR

bays ¢ BAYPTRf

menber s + MEMBERPTRf

ornts t JO NTPTRf

ND)
{nextframe i ntxt In franmt linletd |ist
storys t linked |ist of storyt
bays I linked list of bays
nt nbert | |lInktd list of nenbers
joints | linked list of joints)




STORY

istoryheight t
tory i
storybays t

next

RECORD

ltoryid | | NTEGER)
storyheight | REAM
{pointer variabl es)
nextstory t STORYPTRf
ttorybays i BAYPTRf
END)

centerline to centerline grid height
next story in linked list "of storys
linked liSst of bays in this story¥




BAY « RECCRD

bayi d | | NTECER

bayvi dt h | REAL>

{poi nter vari abl es)

next bay t BAYPTRf

bayi tory t STORYPTR

next bayt hi story i BAYPTRJ

baynenben | MEMBERPTH

END;
<baywi dt n » centerline to eenterllne grid width
next bay | next bay in linked lilt of bays
bayst ory t story this bay is in

Bg;%)a (terhgst ory % |n egaY|1°,tn é nh%ﬂbg}gt tPn Sb%)ély)for given story




MEMBER =

{memberde

deflecti
memberki
fuynction
endjoint
nextmemb
memberba
memberba
nextmemb
nextmemb
endjoint
endjoint
nextmemb
nextmembd
nextmemb
assumedp
required
provided
appliedl
appliedt
sectione

RECORD

memberid
memberdeflection
deflectionlocation

memberkingd

function
endjointiconnection
endjoint2connection

{pointer variables)

nextmember
memberbayl
memberbay?2
nextmemberbayl
nextmemberbay2
endjoint!

endjoint2
nextmemberendjointi
nextmemberendjoint2
nextmemberthiskind
assumedproperties
requiredproperties
providedproperties
appliedloads
appliedforces
sectionchosen

ENDy

flection

INTEGER}
REAL}
REAL}

SECTIONTYPE)
MEMBERTYPE)
CONNECTIONTYPE)
CONNECTIONTYPE)

MEMBERPTR}
BAYPTR}

BAYPTR)
MEMBERPTR}
MEMBERPTR}
JOINTPTR)y
JOINTPTR}
MEMBERPTR)
MEMBERPTR}
MEMBERPTR}
PROPASSUMEDPTR}
PROPREQUIREDPTR)
PROPPROVIDEDPTR}
LOADCONDITIONPTR}
FORCECONDITIONPTR)
SHAPEPTR)

maximum deflection of member measured from undeflected

positive in upwvard and rightward directions

onlocation
nd

sconnection
er

vi

v2

erbayl
erbay?2

1

2
erendjointi
erindjoint2
erthiskind
roperties
properties
properties
oads

orces

hosen

distance of member deflection from joint! (n feet
WF, C,
beam, column, bracing

simple, rigid, continuous

next member in linked list of all members

one bay this member {s in (bayl)

other bay thi{s member is in (bay2)

next member (any one) in bayl

next member (any one) in bay2

beams § lefty; columns ! lower; bracing 3 lefty
beams : righty columns § upper; bracing : righty
next (any one) member at endjointt

next (any one) member at endjoint2

linked list of members made of given section
assumed member properties

required memper properties

provided memher properties

the externally applied loads on this member
applied forces on this member due to applied loads
section this member is chosen to be}

A, T




JA NI « RECCRD

jointid ) | | NTECER?
jolntdefltctlon t ARRAY Cl..2] of REALf

{poi nter vari«blts>
,next'{oi nt t JANTPTR
Im}p nenber s | MEMBERPTRJ

<jointdeflection t anount of deflection of the joint

xdefi eetl| on I horizontal joint deflection (positive rightward)
ydefi ectl on t vertical joint deflection (goosi tive upward)

nextj ol nt | next joint in Ilnlced list of joints

j ol nt nenbcr s I linked list of nenber! attached to this joint)




PROPASSUMED « RECORD

ar ea '
noment of | nert | ax H QEQIII
sectionmdul usx i1 REAL!
momentofinertiay |1 REAL!
sectionfodulusy il REAL)
torsl onal constant i1 PEAL!
pl ast| enmodul usx il REAM
plattlcnodul usy i1 REALf

(this rteord contains th« REQUI RED values for |ection properties
for the nenber obtained from the DESIGN process* i.e. from either
the application programs | N TIALIZE or ANALYZE.

This record contains only DESIGN val ues—o geonetry.

Geonetric Rropemes come fromthe SHAPE records for

specific chosen shapes that are PROVIDED for the given nmember.)

PROPREQUI RED ¢ RECORD
(simlar to propertyassuned)
END)

PROPPROVI DED ¢ RECORD
(simlar to propertyassuned)
ENDY |




LOADCONDI TI QN « RECCRD
eondi ti onnunbt r I REAM
{poi nter vari abl es)

next | oadcondl tion |j LOADCONDI TI ONPTRJ

appl l edl | vel oads t LQADPTR
appl i eddeadl oads i LOADPTR
appl I edwl ndl oads t LQADPTR

{eondi ti onnunber I a nunber Indicating which load condition
next| oadcondition i the next |oad condition
appl i ed»l oadt I the externally applied « loads on this nenber)

LOAD « RECCRD
{poi nter vari abl es)
next| oadt hl skind t LOADPTR

{variant)

ki nd | LQADTYPH

CASE | oadtype CF

GO écone | CONCENTRATEDPTR) ;
UNt (unit | UNXFORWVPTR)!

I

TR 1 (trla | TR ANGULARPTR))
ENDJ
<next*load t next ¢« load in linked list of |oads
ki nd i | oadtype on the nenber

CASE t record containing specific details about this | oadtype)




CONCENTRATED « RECORD

magni t ude | REAL*
direction s REAL?
distfromolntl s REAL;
END)
(magni t ude t anount of applied load in kips
direction I measured from downward relative to frane

. o CCWi positive) cw 't negative) .
distfronmointl t distance of |oad applicatron fromjointl in feet)

UNI FORM a RECCRD

nmagni t ude S REAL

direction | REAL

startfromointl i REAL

endf ronj ol nt| | REAL

END)
(magni t ude | anmount of applied load in Kips per foot
direction t measured from downward relative to frame

o CCW i positive) CWIi negative) o _
startfronjointl s starting distance of alpp ied load fromjointl in feet
endf ronj ol nt| t ending distance of applied load from jointl in feet)

TRI ANGULAR « RECORD

maxmagnl tude t REAL
direction t REAL
maxfronmoint| t REAL
mnfromointl t REAL
END)

(maxmagnl tude t maxi num anmount of applied load in kips per foot

di rection t measured from downward relative to frane
o CCW't positive) cw i negative) _
maxfronj oi nH t distance of maxinmum |oad trom joi nH [
|

n
mnfronointl t distance of mninum load fromjoin n




FORCECOND TI ON « RECCRD

eondl ti onnunber t REAL)
<poi nter vari abl es)

nextforceconditl on t FORCECONDI TI ONPTRI

| i vt | oadf orce t FORCEpTRy
deadl oadf or ce t FORCEpTRy
wi ndl oadf or ct I FORCEpTRy
(eondi t | onnunber t a nunbtr Indicating which |oading condition
nextforeecondition t tht ntxt foree condition
»| oadf or ee t the Induced *ioadforees in the nmenber)

FORCE « RECCRD

axlalforee t REAL;
nonentjolntl & REALY
shearjolntl 1 REALY
nonmentjoi nt2 ¢ REALY
shearjoint2 1 REALY
{axl al f oree | conpression is negative* tension is positive, in Kips

nonentjointl i anmount of applied nonment at endjolntl in foot-Kklps

positive in counterclockw se direction

shearjolntl i anount of applied shear in kips

nomentjolnt2 i anmount of app

positive in uF\_/\ard and rightward directions _
un _ ied nonent at endjolnt2 in foot-kips
positive in counterclockw se direction

shearjoint2 | amount of applied Shear in kips

Not e

positive in upward and rightward direstlons

I this record contains the values of the APPLIED
forces on the nenber as determned by the
ANALYZE application progran




SHAPE a RECORD
<pel nt«r variabl es)
firstmenmberthiskind | MEMBERPTRj

{variant)

ki nd | SECTI ONTYPE
CASE  sectlontype OF
}.A'F L dt | HI DEPLANGEPTR) !
K3 angp | CHANNE%PTB);
T & Ceee | '%EEH:'E) B) '
END|

<firstmcnberthis)clnd t linked list of nmenbers conprising this section
ki nd | sectiontype this menber is chosen to be
CASE t record containing specific details about seetlontype)




W DEFLANGE « RECORD

desi gnation I NAMEf
{detailing information)
wi dt h 't REAL»
depth t REALI
t hi ckness t REAL)
{designing information)
area . t REALf
momentofinertlax & REAL!
seet | onnmodul usx 3 REALf
monentofinertliay s REAL#
seetionfodulusy ¢ REAL
torsional eonstant & REALf
pl asti cmodul usx t REALf
t REALf
pl ast | emodul usy
{poi nter variables)
: t WKDEFLANGEPTRf
nextw defl ange ¢ W DEFLANGEPTRf
next | argerS t W DEFLANGEPTRf
oxlargers | WEEANE!
nextiar gerw t W DEPLANGEPTRf
nextsmallers ¢ W DEFLANGEPTRf
next smal | er A
<next w deNE¥h§eB! lseéxt in linked list of wideflanges
next|argerS 1 wideflange with next higher seetlon nodul us
next| argerA ¢t wideflange with next higher area
next| argerw t W deflange with next higher weight
nextsnallerS t wideflange with next |ower seetion nodul us
nextsmal | er A t W deflange with next |ower area
nextsmal | erw 1 wldeflange with next |ower weight)




CHANNEL « RECORD
(simlar to wdeflangt)
END}

ANGLE +« RECCRD
{elmMlar to W dtflangt)
END)

TEE * RECORD
(simlar to wdtflange)
END)




VAR

{heads

{Note

headfranme
headshape
headwideflange
headchannel
headangle
headtee

pointer to first

WIDEFLANGEPTR}
SHAPEPTR}
WIDEFLANGEPTR)
CHANNELPTR}
ANGLEPTR}
TEEPTR}

record in linked list of # records)

these variables are essential to allow DML procedures
access to the data {tem records available for system

access)




00100
00200
00300
00400
00500
00600
00700
00800
00900
01000

200
- 01300

01400
01500
01600
01700
01800
01900
02000
02100

@ —

rame, finds tht frama in tha |inked
nd return! a pointer to the franee

Function ri NDFRAME takes the Identli

fi
st of franes,

>

_ )

i fication of a ;
|

}

}

FUNCTION flndframeCframeld i |INTEGER) | FRAMEPTRf
01100 VAR
01

BEG N

END)

frame i FRAMEPTRI

frame is headfranef

WHI LE frame*.franeld <> frameld DO
frame 1« frane*, nextframe»

|F frane « NI L . .
THEN writel nCTTY, .That frane doei not exist')
ELSE findframe i« frane




00100 XXX XX XXX XXX XXX XXX XX XXX XXX XXXKXHKX XXX XXX XXX XXX XXX XXX KX KK S

00200 < S
00300 < Function ri NDBLANK takes the identification of a >
00400 < "blank", finds the blank in the linked list of blanks,)
00500 < and returns a pointer to that blank. That Is# it >
00600 < returns a pointer to an objeet of type blank where >
00700 i bl ank can represent any of story, menber* joint* ttc. >
00800 o | B
00900 : ot T

01000

01100 <XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)

31200  FUNCTION fl ndbl ankCfranmel d, blankld t |INTEGER) i BLANKPTRf
01300 VR

04400 Plank t BLANKPTR*

01500 rane | PTR

01600

01700 BEG N

01800 frame !e flndframeCframel d)*

01900 bl ank t« trame", bl anksi

02000 VWHI LE bl ank", bl ankl d <> bl ankld DO

02100 bl ank s« bl ank*, next bl anki

02200 ir blank « NL . )
02300 THEN vrltel nCTTY* "That blank does not exist*>t
02400 ELSE fl ndbl ank i» bl ank

02500  END)




02400
02500
02600
02700
02800
02900
03000
03100
03200
03300
03400
03500
03600
03700
03800
03900
04000
04100
04200
04300
04400
04500
04600
04700
04800
04900
05000

OO0 00000 000000000000000000000000000000000000000000¢ m WWWHI

< Proctdurt TOPOLOGYALGOR THM takes a frame 3 a4AR 00L99
< identification and finds and prints out tha iden- ’

< tlfleatlon of all tha storys* bays, nenbers* and }

< joints in tha frane, ;
(XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX)
PROCEDURE t opol ogyai gorithm Ciramai'd i | NTEGER);

VAR
frama i1 FRAHEPTR
story i1 3TORYPTR]
bay i1 BAYPTR
menber 11 MEMBERPTR}
joint 11 JO NTPTRf
BEA N

frama i« findfraneCfranel d)!

story i« frana'.storysi

WH LE story <> NI L 00
BEG N :
writal nCTTY, story%*,storyid)»
story t« story'.naxtstory
END}

bay: *e: fra«a*,baysf
NH LE bay <> NIL DO
BEGA N :
vrltal nCTTYf bay*. bayl d)f
bay »« bay'. naxtbay
ENDY

. nmenber i" franme*. nenbers |
VH LE nenber <> N L DO
BEA N

vrital nCTTYf nenber". aenberl d)?
nmenber i« nenber*. next menber
END}

joint t« frame",jointsf

VWH LE joint <> NL DO
BEG N _ i
writdn(TTY# joinf.jointid)i
joint 1« joint*. naxtjoint
END?

END}
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