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‘This techinical reﬁgyts deals with the application of

‘L Compuqer:Aided Design to the .calculation of heat trang=«

* [}

mission losses for walls, windows and doors. The o

. . .

" duthor's view on the advantages and problems of‘!he

_ Grapple System and proposals tegarding the uge of the
Systenm wiﬁh available hardware are presented. Computer

outpufs include graphical displays of temperature
.
gradients through building members, wall and window

’ .

‘cross~gections and three-dimensional buildiné‘?égre-

sentations, Tables of results indicating overall heat

[

loss, percentage glazing and buildlng component surface
1) - 8

°

areas are also available.
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The seléction of a topic for any technical research work is géne?ally' \

fouﬁged on two cgiteria: DPersonal preference and industrial requirement? )
. This report-was based on the following considerations: tﬁe subject would
4 . ¢ '

/‘ have to- be related to Building Sciqnébs;.to deal with Eneré& Consér@gtion,

a

to have future career implications, and to be general, not specific, in
; . o - X .

nature. My experience in Plant Maintenance Engineering-and Design has

-

indicated there is a requirement far simple\ accuyaté methods for investi-
. -~
{gating problem aregs involving heat loss in existing buildings and structures

in conception, The. actual mathematics involved are simple, but tedious,

%, 5

and the information igquired i8 readily available, but difficult to decipher.

%
3

These factors make thégtopic an excellent choice for Computer-Aided Design.

L \' <
.
3 - 1]
Av l
°

The aim of this report is two-fold: 1)29 present the reader with the
problems that are to be éncountered when an engineer assumes the role of .i

computer programmer/systems gnalyst and interacts with Grapplé; 2)to provide
4 e

[4

designers with a tool that will reduce repetitive calcuiations, remove

\
L

" ing design proficiency. \)
! 2+ , l
{

o - .
The obstacles encountered by a first-time Grapple System user increase

¥ . : .
the workload of any project. These range from problems involving poor.

documeﬁtation; limited instructions, hardware breakdown, and disk failure

’

- L. e r

4.

tedious information sea Fhes,‘reduce overa;i workload, and increa%é engthegr:\\

~




i to difficulties regarding the use of a" graphics package, the learning of
£

. /'\ qa new doM;er 1anguage, and the introduction,of an interactive system..

A cripical analyais_ of these point.s ir:xcluding relvevant’proposals will b]
. diécjussed in this repbrt. . 'J - R } -, -
4 - The computer p,to'ram developed 'prévides'two: m;tvputs:
_ i) Temperatur Y gra/fli‘ent 'lines for \;&;118, doors and windows; !
i i1) Tables repEesentiqg ,reletige h‘ee; leases for the various
\ . ‘ componentst of 'a. model building. . !
Es . . ,

In this project two packages are developed for standard frame and
’
masonry walls and a free-design package is available for other wall

N /

constructions. Windows and doors are completed by a third program, The

calculation of-R-Values and the graphical display of a resulting temﬁerat:ure

gradient lines are carri’ed out by these four p ograms: FRAME, HASQ’&RY,

OTH, WINDOR. . ' ~

. The four computer peckages have been é‘ algamated with an existiqg
/ .
Grapple progi‘am, originally called COSTZ, *&evelopéd‘by P;'ofeséor ;I.’_Amkr'eutz
of Concordia University's Cep#er for Building Studies. * €0ST?, now C.A.B.D.,
— an abbreviation for @o;puter-Aided Building Design, provides the fremework

4 ~

for investigating pro’blems related to theaentire building strucf.ﬁre with
Q . )
respect to heat transmission loss. Tables indicating overall héat loss,

surface areas for componen;:s, resulting glazing percentages, and door area

percentages are presented. Other features of the C.A.B.D. package are

T

three~-dimens¥nal representations of the building and the ability to alter.
the viewpoint” location.
These packages have been constructed in a flexible, pattern so as to

allow for future modifications and extensions. These could include: roof
oy . / b . ®
transmission losses, infiltration/exfiltration heat loss, and air change

»

heat loss.

‘ - ; ! o, v /

’
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I:1 Background Synopsis ‘* B R
Construction has suffered setbacks owing to the recent energy crisis :

and the spiralling cost for fossil fuels. It has become obvious.to builders, \

governinent,, and property éwners sthat attention must be paid to energy con~

_servation requirements. Not only does this fact apply to petroleum—fueled

construction projects but it a;so influences the construcjtion and mainte-

nance costs of hydro glectric préject‘s which, in turn, éffect electricity

rates. ‘ ] . | - g

In the past, the possibility of a three-fold increase in the price of ,)

part of bullders, developers and designers has obliged owners to assume
responsibility for energy-obsolete buildings' the financial burden, in ’

turn, has been passed on to the tenants, and in succession onto the economy.

Sophisticated methods are reqt-xired to rapidly assess all realistic --
solutions to problem.areas. Computer-Aided Design (CAD) provides the
leverage to designers and engineers so that the numerous alternatives

accompan;ing each design decision may be examined efficiently and effect&ely.

~

12 Computer-Aided Design = | , /

The title of a recent publication Computer Augmentation of Human

Reasoning,l exemplifies, in my opinionf,’*\{%e 1mplichtions of Computer-
| o . - 2
Aided Dgsign. ﬁ\ztatements from authorities in this field summarize

petroleum products was not considered by industry. ©Poor foresight on the 1
the current trends df thought. ‘ . y
"In the past ten years the computer has become ' . . .

— a common tool in the architecture office. It
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commorily aids in structural and mechanical system

analysis, in cost accounting and in editing of

specifications". ,Charles M Ea#tman’

. "The application of computer-aided design in archi-

tecture building lagged considerably behigd applications

)

in engineering. Hostility to the idea amongst '
3
architects, and ignorance of the potentials of

computer technology, perhaps contributed to this; ,

but the fundamental reason undoubtedly was economic".

William J. Mitc_he113

-

TPe .development of CAD co:;menéed in the early '60s. At that time
the majority of the research v‘zas sponsored by the automot‘ive and aero—
épace industries. Since then CAD has expanded to almost all dépecfs of
engineering; however, Computer-aided technology did n.ot successfully

s

penetrate the building field. The reasons for this are associated with

problems inherent in the building sector: fragmentation of the: iﬁdustry,

non-repetitiveness of work, and low aesign versus product cost ratio.
There argnmerous reasons for using computers in bﬁildi'ng design. .
Visuai and arithmetic modelling is8 performed atya frac;tion of the cost of
calct;lations done by conventional methods. Sen;itivity analysis allows
the designer to ascertain the "weak links" of the ssrucfure and to modify

»

his design accordingly. The computer affords the possibility of studying

-

- numerous design conceptions while conventional methods restrict the

architect fto one building layout. The speed of compu'ters provides the
decision makers with near instantaneous answers for‘ alternatives to
propos“als and allows for less lead tim? i)etween design steps. Computer
technolog;r also provﬁies added benefits such as: hard documentation,

standardized presentation and inexpensive data storage.

.

r

. :

g,
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"Over recent years there has been & gradual

v

[ change ir‘ emphasis fn architectural CAD, Much *
~ . of the research and development effort has o
gone into three separate but related areas:

a~

presentation- of design results in graphical .

~e

form, normally as drawings; :databas'e method-
_ologies needed to provide a structure and form
for the unique -dinformation required to describe

- the buiiding; and simulation techniques used to

ascertain the effect E;f design decisions on the
building's peyformance. Little effort has, . \ B
gone into educating architects and designers

. ' in what can and camnot be expected from computers, |,

let alone how to make- use of existing facilities''.
.-

, i John Gero 4

- -

133’ Heat Transmission -
!

\ -

. . , b
Most 'of the software programs that have been published, in Computer-

Aided Building Design are dncluded in the following three texts:

1) Bibliography of Energy Conservation; Lee, Kaiman.s

©e
11) Bibliography of Computers in Environmental Design; Lee, Kaiman.6 . ‘

114) 'Coxﬁputer Programs for the Building Industry International Directory.7

The f:lrst. two indicate that la lﬁited number of software programs are
available for energy _conservationainvolnlving the‘building enclo;ure system.
Most of the "articles deal with .epec':ific research b;xt few with.practical ,
applications. The. tl;ird publication provides a list of available programs

for all sectors of building construction. However, the majority of -these

1 thirty or more prograﬁs deal specifically with heat gain and few even touch

e
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upon heating losses. In conventional heat dgiénlation progfams, the sizing

- s tY

, ~ ' .
of heating units requires the use of complicated prograis but the actual -

input regarding the walls is a numeric value of R-12 or R-14%* with lit}pe

-

-consideration for the exact value or the wall enclosure composition. There

are no computer programs avalilable that carry out temperature gradient line

calculations in any programming ianguage and there are no programs available

.

for heat loss calculations in the Grapple Lénguage. .

A summary of pertinent programs along with abstracts is included in e

-

Appendix 1. Unfortunately, all of these programs are only available -through.
.time-sharing or by direct purchase,” so their modelling system, output, or C \

/ . . . A
reliability’ car}nét be readily assessed. . . ;

—

LY
d ‘-

Note: In Imperial system R represents the inverse of the material's thermal

conductance. It is expressed in units of (Fahrenheit degrees) (hours)

(aquate'foot)/B’I‘U. In the Metric system the units-are (Celspus degrees)

(square meter)/Watt,

-] . PO

4

€
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- The Grapple Language (Graphical Application Programming Language) was

developed in the early 1970s by Bell Northern Research. The "f&aoer program' ~

.

was established by Public Works Canada (PWC) in 1977 in order to ifltroduce
Computer Aided Design (CAD) to the various sectors of the builde':lng ‘indusrry.(o %

"Equipment loans were granted to ‘various departmental, inter—departmentél, _
e \

. 3

educaéional and private gro:xps 80-as to expose t:he opportunity to a large - \\

community to participate in developmental work for the building industty . . i \
~ and to attract new recruits to DPW by providing the opportunity for hands ' 'ﬂ, .

on experience" .8 It was then to be PWC's responsibility to provide b;cku.p s .

documentation and technica} support to the program participants. On this ' .7

basis, Concordia University's Center for Building Studies 685) was, intro- -

[

duced to the Grapple Language.

The principle feature of Grapple System \§ _a draughting aid."DRAW l"9

a

which uses Qa cathode ray tube (CRT) display, and functions as an interface

+

P etwedq draughtsmen and a tab]_.et plotter. DRAW 1 is éppplied with a store- .- i
¢ . < - - . —_—
N house of functions that allows the user to reproduce on the CRT most shapes,’ B

-

s

symbols, -or figures required for his drawing. Once a-facsimile of the required

drawing is produced by the user on,the screen it may be copied mechgnicglly ’ L) "
be means of a plotter. T ‘ Co i
R i ’ K T e . ‘ , YA'
¢ . .
2:2 Present ' w - v o : :
.. The present budget for the "loaner program” is 5.8 million dollars and i

'
. D
1 . e ~

there are ‘over’ 40 participants in the program. These range from architectural
consulting firms to universities. The funds are secured unt{l Msrch 1980;

and the possibility for extending the progrom are positive and the participants
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have confirmed ‘thedr acceptance of the program by. i:ﬁeir solid results. | ;
Waterloo University is working on municipal urban planning, while Murray -

and Murray and Partners Ltd., completed architectural dra;ings for s 20.4 .
million dcllar RCMP projcct. The I;‘aculty of Architecture at Nova Scotia “
T'echnical College employed the system for E‘ORTRAN proéramming while

Carleton University has produced a workable Bill of Matei'ials program

based on DRAW 1, as well as DRA‘W‘l and DRAW 2 Reference Manualgs. Unfor-
tunately, the majority of all work by participants, - with the except:'ion

'of Concordia 'Univet\si;y, has been carﬁe‘;l out by using the DRAWH package. ¢

Progresswwe in the Research and Development field. Three

—_— . ¥
dimensional Grapple 1is now in a preliminary stage and work will begin soon -
on rast:er-‘scan technology. A replacement for the IM?O is now in the T —

. development stage at Public Works Canada. . C
» ¥ . s ' ‘.

- f , o

2:3 Future
‘ t

The manufacture, is seriously considering transf.ei"ring tﬁe‘language\ onto

) a more dependable mini ‘computer. The advent of the raster-scan will bring:
added dimensions to the visual displays and inerease the flexibility of the

- ,

language while ’neducing configuration costs. The attendance at the Concordia

Grapple Seminar on 5 February, 1979 indicated enthusiastic support for the

L4 A

LY

loaner program by all parties concermed.
. ’ "In the next ten years CAD will become the normal

.way of designing products and technologists in the -
industr:ialized countries. As electronic techn‘clogy
progresses, the currently divergent approaches based

on personal versus corporate computing power will

tend to converge'. Joseph Hatvanylo
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2:4 Hardware n

. ’ Q . '
Figure 2.1 gives a representatfon of the typical hardware installations
(as a matter of interest, the drawing was produced using DRAW 1). The mini

computer used is an IM/70 manufactured by Systems Approach Limited and

¢

consists of a central processing unit (CPU), 32K words of 16 bit core memory
; )
and four diskette drives. The CRT is manufactured by Tektronix and is

capable of producing graphical displays (line representations). « A flatbed .
or a drum p}_gtter may als‘o be used to produce the reﬁuired sketche; or
';blhéprints". A hardcopy unit is emplloyed to obtain paper copies‘ of screen
displays; these copies.have the added:benefi}:_of providing a quick method

for capturiﬂg a drawing or text presentation: A digital tablet' may be
&

’

employed in conjunction with the CRT if work need be doﬁe from existing
plans or if pen inputs would facilitate data entry. A high-speed printer

1]

is required to éroduce coples of program software.

- P 3

2:5 Software

;l’he Crab‘ple Language cqntaiﬁa m;ln): of the features of oth?r/ computer
languages. Aside frg the graphical‘c.apabili}:ies, its mathematical skills
are comparable to Fortran 1V, .'although its structure resembles ALGOL.

Numerical data storage is exéellent; unfortunately, only single~dimensional .
array storage is available. ' !

The screen is divided into units and each one represents .089 milli-
me«g{zy thus the screen's ?ensions are 4096 x 3120 units. The\angt;agé
is ghraphics-oriented and/it: employs “pr'imiti\;e furljgions)' as the basis for
its structure A list’of these pr{fnitiveé is included in Appendix 2. The
language featur.jes/{B primitives w;xich represent over 90 distinct tasks; ,

however, the/majority of the actual drawings are produc'e&’ by the following

" primjitives:
-
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S (X-coordinate, Y-coordinate),

1] ) M (dx, d)')’
D (X1, Y1, X2, Y2),

V(dx, dy),

T(. )

3 , g9
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represents setting the cursor at the absolute

coordinates X and Y ' '
“ T

represents a relative move jx, dy '+

represents the drawing of ¥ line from
its present location to the absolute
coordinates Xl, Y1 and a line to X2, Y2

represents drawing a line at its present
location with length dx, dy

will type a particular text at the present
location of the cursor. T('xxxxxx') will
type xxxxxx. T(N(xxxx)) will type the
actual value of xxxx

The language is function-oriented which implies that it is extremely

structured. This facilitates the comprehension, changeability, maintenance,

and revision of'eiist:ing programs. It also allows for a rigid pattern of

‘program layout which provides new pi'ogrammers with a format that will aid

their software composition.

The names of USER FUNCTIONS or ARRAYS may be combinations of letters,

numbets or symbols (=,$,&,.) of up to 12 characters., The first symbol must
© .

be alphabetic and only the first 8 characters are significant., Functions

will follow the form below and can be employed to draw a figure, write

a text line, calculate a variable or perform some control action.

eg. FUNCTION: DRAWFIGURE, T (' Typetext'), CALCULATE.X. ,

$(0,0),V(100,100);

_ The user assigned FUNCTION then performs its task of drawing, typing

or calculating when the imperative t:.o do that routine is given.

' _ eg. cesectcsccgsascasesss, FUNCTION;

)

ARRAYS are used primarily for the/ storage of ordered data, while para-

meters allow for repetitive actions with variables.

eg. ARRAY: Qoy (1,2,3,4,5,6,7,8,9,10);

eg. PARAMETER (ANSWER 1, - ANSWER 2)

e _may imply 2 x ANSWER 1 + 3 x ANSWER 2

—

<«
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Numerous other working éools are available,éo users, such as\modifiers,
euphemisms and pseudo variables, but these will nst be dealt with as clear
‘explanations are provided in the Grapple Language Reference Manual. ‘:
*  One last feéture to be described is the "MENU" option. This.innovation
allows for user input flexibility while still ctontrolling sequencing. At

a suitable point in"a program it may be necéssary to carry out one of four

or five fﬁnctions; it is then the user's responsiif?ity to decide which one _

H ]

is the most appropriatg;-
eg. RUNMENU (!CHOICE); -

eg: CHOICE: {5)(CHOICE 1,CHOICE 2,CHOICE 3,CHOICE 4,AGAIN);‘

The example given above would broduce a vertical array of options at
the bbttoﬁ right corner of the screen; the operator could'then make a cursor
input of his preferénce. Examples of the actual cheen displays can be seen
in Appendix 11. On completion of this action, the function CHOICE 'X'é
would be carried out and the program would proceed again. ’

s 2 dk o e et




Cht'apter m \ ) -
| Heat Transmission Through Walls and Windows 4,

3:1 Ckmmﬁptugannnewnx? -

This project attempts to fulfill one aspect of the energy conservation
evaluatibn of buildings: Heat Transmission’ Through Walls and Windows. The
computer\progr;m is written %n Grapple and the report deals with g;aphical
and digital représentations of conductive heat loss for both existing and
proposed buildings. It 1is presently‘structured so that add;tions and modi-~
fications may be carried out easily. Future comsiderations might include;
heat transmiséion through roofs, air infiltration through'cracks, aﬁd air
change heat loss. ’

After careful examination of the field (a summar§ of published programs
is included in Appendix 1) and diagnostic analysis of the requirements, I
have conc;uded that the program should be based on‘the following factors:

i) ‘ There are relatively few published computer programs deal&pg with
heat transfer; my technical’feport deals primarily with heat
‘trgnsfér through walls, windows, and doors and it forms an
integral part of the Center for Building Studies Coéputer—Aided

# Design Package. . '

ii) ~ No computer program could be found that calculates the temperature
gradient through a wall section; I have attempted to fulfill this
requirément by using a graphical language at maximum to produce
clear and concise representations of heat gradients, as wéil as
accurate, well-presented tables of .heat loss.

111i) Most computer programs deal with only one aspect of engineering,
that of conceptual. design; my program can be used in any facet

of engineering:- design conception, maintenance engineering or

problem analysis.
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iv) Since wall construction is generally standaéd, I hqve prodhceg
two rigid packages for standard frame and masonry wall ;onatructions.

v) Exceptions in wall constructioq generally follow a‘recognizeable
péttern;'the two flexible programs integrated in the packaéz deal
with any irregular structures. )

vi) Personnel not familiar with computers are generally apprehensgsive
about data procéssing; the Grapple Language features the "menu"
option which formalizes sequencing and alloég for simple function
flow. g

vii) Occasional user requirements differ fr?m frequent user requirements;
therefore, explanatioms are made available throughout the program
through use of the HELP function 1in the menus or EEZ_EYPEOUT
function at the start of each package.

viii) Personnel using package programs require special attentign; in
my program version, Menu option limit the data presented at any
given time. In addition, the program.is structured to follow a

'3
logical sequential pattern. Even though the results presented

by this program are comparable to work completed by engineéring

technologists or engineers, the actual user's proficiency in -

thermal sciences need not be of .that calibre.

ix) Most programs availablélin the thermal field are based on batch

outputg, in this project the inﬁg:gg;dée features of a CRT provide
‘ a personalizéd and flexible working environment for the user.
Although the program may be used by itself, in its present form it

constitﬁfes only one portion of the University's CABD package. The flow
pattern is detailed in Figure 3.1 and it shows this interdependant feature.

All four programs are under the library name RVAL and can be entered separately

or by calling spécific functions while in\f.A.B.D.

. L4 (
— . ;
N
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The information required is,added in a logical seqdence as the usér
'Builds up the model structure; presently thié prototype is é‘rectangular
enclosure with a flat roof. Although this is a limited design it will
serve the needs of an encompassing package for the present time.

‘ All thermal resistance values are taken from ASHRAE Handbook of
Fundamentals.j?pThe actual values listéd represent the factors for a mean

temperature of -18 degrees Celsius (0 degrees Fahrenheit). All data for

window components is based on values for vertical plan windows with upwards
heat flow and conductances of 56.8 Watts/( degrees Celsius difference)

(square metre) or 10.00 BTU/(degrees Fahrenheit difference)(square foot)

(hour) for architectural glass.

| In order to enéure that adequaté explanation is provided to the readers,
four different project descriptions are included. A general program sﬁmmary
is given in this chapter. Line representations for the various packages are
included in Appendices 3 to 6 included.' The actual computer programs form

Appendices 7 through 10 and a Programmed Instructional Package (PIP) is

contained in Appendix 11.

3:2 Project Brief

A ;gandard procedure for the input of data is sequenced in Fig 3.1,
Briefly, the floor plan is drawn; then the height of the building is given.
The menu option exte;ior wall (EWALL) is thé;\ihoagp and a graphic display
of this wall will appear on the screen. At this poi&f\thegmenu options '
FRAME, MASON?\OTH appear. The ;ser’must now inp;t the type of wall

.constru?tion that best exemplifies‘that/particular wall in the building. .
This choicé will activate one of the two main subproggams; FRAME or 0TH.~.‘°

FRAME 1is aniéxtremely Etrucﬁured program that requires simple input of

building component materials and their respective thicknesses. In contrast
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?

OTH is loosely fabriecated and allows the user to build up a waii system

-

that best represents the actual or proposed structure.

3:3 Walls

FRAME is a file program that covers the two functions 'FRAﬁE and MASON,
Both of these functions follow the same program sequencing but differ -
slightly owing tgj different component structure and \cross-—section&al views.
When called, each function displays ‘a menu list’ing the names of wall
ponents. Fig 3.1 gives a ger;eral idea of the choices and it 1is tlhe user's
responsiﬁlity to enter each of these members separately. As eaci\ m&nu
option is entered a.choice of et;mdz;rd building products will appear and.

3 I

the’.’ user will choose the most appropriate. Should no option resemble the
material the user has in mind he ﬁ:ay enter OTHR which will presenﬁl him a°
list of some 50 construction materials.He must then enter the material
name, its corresponding R-Value aiong with the thickness of lthe material.
On completion of this task menu level 4 re-appears and the user continues
in the same manner for the remaining components. Should he err in one

of h.i%ries, he may simply recall the subject component (menu level 4)
and insert)the correct data to eliminate any input errors. 'It is man-
datory that all menu level 4 options by employed; howeve?, if a component
is not necessary, the option NIL is to be exercised. As air spaces may
exist at any location in the wall structure the program is flexibly
designed. Calling AIRSPACE activates a graphical representation of a
typical wall gsection on the screen and it is the user's task to employ the
hairline cursor to locate the various air spaces.

Once all building components have been utilized the program will

automatically finalize the findings. The output is a\ktable containing all

. input data, correspondiné R-Values and a graphical representation of the

S o S it R

e Jheaian
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wall section which includes air spaces and the final tempeérature gradient

line drawn to scale. . s

g [
In the OTH program the input of data is somewhat different as only

three options are available: COMPONENT, AIR SPACE, FINALIZE. 1In this

case the required wall s'ect:ior: is constructed starting from the outside and
working inwards. As each entry is made tle user is asked pertinent questions
regarding the type of material to be used, -its thickness and its thermal
charact‘:eriscics. Again the function OTHR may be used to obtain a table

of building materials. The user may insertaAI!LRSPACES where they are

required. As the entires are being made the user is presented with a

-

grai)hical display of the" wal‘l as it is being fabricated. Once the user
believes that the wall is built to his satisfaction he employs the mé‘nu
option FINALIZE and a display similar to the one described in the pre-'
ceeding paragraph will appear. At this pg')int, the user exits the sub-

program and is brought back into C.A.B.D. (menu level 2). It is now

advigeable to enter data involving the doors and windows.

3:4 Windows and Doors
J

will then choose the menu option for a ground floor door (DOORCFL), a,

3

Keeping in mind that the yser is still deal:@ng with Wall "X", hg

higher story door (DOOROTH), or a window (WINDOW). Any one of these will
call the WINDOR subprogram and the user may commence to, compile data
regarding window or door characteristics. Once this is accomplished it
is the usler's task to input the relative '1oc§§ions of‘that type of window
or door on the particular wall he is dealing with. ‘ On completing this
procedure menu level 2 appears and the user may pro;:eed to input another
door or window Opti\on. However, if he is satisfied that the particular

wall is completed, the user may then proceed to the next wall and carry i

out the same process.

A

R R
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The program‘isS:ucture,d such that if the user wishes to employ a

window or door Acons,;‘.r tion that has already been input he "siniply recgllé :

" (RECALL) the particular window/dqor and proceeds in the usual fashion. —

4 - -
The DATA.W function thay also be emplqyed if a variety .of windows and ' doors

exist on file and the userthas somehow forgotten pertinent data reéarding

.a particular member. This function will recall all data input to date.

If the us‘e'i:“ has completed all inputs involving walls, windows and

doors, he may proceed to utilize the various other functions available to o

" him. Interior walls may be included (IWALL), perspect:.ive drawings may

be completed (PERSP) and it‘ormation'regarding compiled data may be
* s *

extracted (INFO). " * y Y

B
k]

’ The actual program layout has Been: detailed in Appendices 3, 4, 5,
and 6, for C.A.B.D., FRAME, OTH and WI@OR respectively, so there is no
need to delve into matters related to software. In these Appendices dashed a
lines represent user choice while solid 1ines portray autom_ati.c com- ‘
puter actions. User function names are included to inform_ th: prSgrammer -

which functions may be recalled through use of menu option TESTFUNC. A

list of additiffial program features is included as Appendix 12. -

o

=4,
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. Chapter 1V

-

The Grapple System: Problemsland Proposals -

3

- -

This chapter describes the problems encountered by a full-time user of |

~

the System, and gives suggesiions that might be possible solutions to these

difficulities. After personal experience, together with thé’opinions of

numerqus othér users, I have concluded that "the hardware, E-h‘primarily the

mini computer, leaves much to be desired. Unfbrtunately, this is a factor

"beyond the control of most programmefs, therefore,

- ) 1

discussions regarding

the possibility of a substitute for the IM/70 will not be included in

this report. Only those factors which might bé‘h‘l!fied with no great

difficu¥ty will be examined.

er

s

B

)

4£l Hardware

&

i) Mini Computer: Although I am not ‘specialized in electronics °

gineéring, I do understand the rudiments of heat flow, cdhvect@on currents _
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FIG. 4.1 CROSS-SECTION IM/70 -

and heat transfer when
it comes to the circulation

of air, The IM/70 as depic-

ted in figure 4.1 18 con-

structed with the power

bani located on the bottom
of the unit and the diskegte
drives on top. Cooling Eor
the diskette drives is pro-
vided by fans mounted in th
rear of the unit blowing

downwards, whereas for the
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4‘ '
-

power pack cooling air is supplied by fans mountgd on one side and blowing
over the equipment. , Information from the manufactur;f's brochure>states
that the unit generates 1000.watts of heat, which will rise and may have
negative effécté on the diskette drives themselves. All the manufacturers
of the floppy disks (diskettes) state that their product should be stored
in temperatures not exceeding 30 degrees C (125 degrees F). However, the
rising heat from the power p?ck could easily exceed this temperature if
the ventilation scheme is not adequately‘designed. A modification (see
fig. 4.1) was made to the Concordia unit in December '78 by the manufacturer,
‘ ! v i -
this reduced ;he overheating experienced previously. Nevertheless, simple
tests indicate ;hat poor circulatio; still exists. The top fan, in effect,.

only reﬂcirculatedythe hot rising air while the side blowers provide 6n1y

- minimal ventilatior. A restructuring of the unit with thebpower pack&?n

-

<top of the machinery, with fans located near the fresh air intakes, and

with an adequate air exhaust system could alleviate "downtime" on existing

L )

o . - e

units and reduce the possibility of unnecessary- complications.

The lack of IM/70 sound control features adds to user stress. The six
fans Ar; the cause of most, of the noise generated from the unit. This
registered at 72.5 dBA at source and 62.4 dBA five feet away from the ;pit.“
Theése tests were conducted at the CBS Computer installation in BE Roﬁm 375.
If a proper ventilation system were to be pgopted the manufacturer migbt .
digpense with one or two of these redundant fans and saiﬁably reduce the
resulting sou@d pressure level. A sound absorbing material should be included
in the design of the side panels and properly designed ventilatiog louvres

(baffle type) should be included on the apparatus.

In,m§ opinion, the layout of the equipment at Concordia is ideal when

- compared to other similar installations. One 'is prgvided with a sﬁhcious

B Q

and quiet environment conducive to good work habits; the layout of the

PO T

e
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exemplary room is illustrated in figure 4.2, After working at Carleton
University, Public Works Canada and at Mufray«and Murray and Partners Limited,
I did realize just how disturbing the sound,levelg of the IM/70 and associated
components could be whep there 1s neither a generous spatial distribution
Cof equipment nor a proﬁer arrangement of thefgéchinery.

Alihoughothe manufacturer states that air-conditioning is not necessary
‘but- desirable for human comfort, after visitingvall of the above 1oc5tions,

I have concluded that the IM/70 could not fﬁnction properly because of L&:
adequate air-conditioning facilities. A praglem arises as the installation

of proper facilities not only 1ncrease§ costs but also adds to the high levels
of noise; such is the case, for exa&ple, at Murray et al where a window air-
conditioning unit is employedf; If the IM/70 were properly designed as regards
ventilation, air-conditioning should not berrequired. However, where larger
ni&ﬁtallgtions are planned central air-conditioming should be considered.

The cost of maintaining the IM/70 1slextreme1§ high. A maintenance
contract, including preventfye maintenance inspections 1s available through
the manuf;cturer for‘$213 per month. Services may also be purchased on a

"as and when required' basis at a rate of $40 per hour and a set fee for
r;placemewt éf defective parts (ex. Disk drivé rep;acement;$200.) Public
‘Works experience has shown that the two arrangements are equivalent over the

”

long term. These operating expenses may be difficult to justify for the

average consulting firm. )

.

ii) Ffopp”y- Disks (Diskettes) 3 Included in Appendix 13 is a comparison
of floppy disks to other storage techniqdés. One can easily see that floppy

disks are a quick and inexpensive means of storage and retrieval; practice,

\however, has shown that the life-span before disk errors Qppear is somewhat

lbnited: in the forty to one hundred haur range. In order to remé vy this
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shortcoming, I do believe that it is essential to keep an updated backup
copy, for, on the basis of personal expérience, I have concluded that copies’

o

should be produced each fpuf ﬁours in case of diskette failure, or at least
every eight working hours. Unfortunately, maintaining a "fail-safe' system
for floppy disks implies that additdonal costs and ;esources gre required
to ensure that the cataloguing of files 1s correct and that diékettes do
not ''crash" prematurely.

iii) Tektronix T 4014-1: This unit proved to be the most reliable
component of the mini-computer system. As the T 4014-1 was new it wds
relatively fault-free. It did, howe;er, have some power surge problems but
these were remedied by the addition of a separate circuit. The only other
difficulty involved ;Qphort in the panel board circuitry that was diagnosed.
and corrected by the CBS's resident electronics technician. Fortunately, the
Center's unit still does not suffer the evils of advanced usage, these beiﬁg
primarily the loss of picture composition and lack of line definition. These
difficulties do exist at the Carleton, Public Works and Murray et al install-
ations. |

As regards the CBS installation, I might suggesg removing some fluorescent
light bulbs directly ayove the CRT and installing a small keyboard light, This
would produce a better picture as wéll as reduce eye strain for the user,
Furthermore, parfigf interesggd in educational presentations of dispiays would
greatly appreciate the enhanced clarity of the images; |

iv) High Speed Printer: In order to perform proper software editing,
some fpfm of paper or hard.copy is required. With the present configuration .
of hardware a h;rd cop;ltakes approximately two to five minutes to run.
This process occupies all components of the "mini" at that time. Also, there

is no existing software package to print only the required portions of the

program. I might suggest that a hard copy unit be employed for this task for

3

e
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\

the time as well as the paper -saved wbuldAéasily amortize the costs of the

Tektronix copies. T

§:2 50me ¢

. .
The advantages of the Grapple Language as a programming language were

v

discussed in Chapter 2; in this section the weak points of the software package

will be examined.

¢

The major handicap debilitating the entire system is the lack of overall
- standardizatien. The Ad Hoc Grapple Users Assoéiation attémpted to accomplish

this task but'did not succeed. Therefore, Grapple users are compelled to work

e [

’

as separate entities with 1little or n6 £0mmunication amongst themselveq“ In
reaction to such a situa%ion, I suggest the formation of a Group to handle
the following functions: .

i) Package Concept for Computer Aided Buifding Design:  Draw 1 is a use-
ful tool for the draughting aspect of design, but I feel that too much émpha—.
sis is placed on it at present. The Grapple System itself is extremely versa-
tile but concentration is beigg focused only on its DRAW 1 capabilities. 1Its °
graphical presentation cgpacities should be expanded to new fields; principally
the establishqgnt of a Computer-Aided Building Design (CABD) Pac%age. The
package should be aﬁélgamated"to tﬁe requirements from the private, educational,
and institutional sectors. A software exchange program should then exist
wvhereby each associafé would relay information on his or her submission to
the package. In this way a collective front could be established for the
users and a library of software programs coul& be available to all members.’

ii) Adherence to One Language Version: A'ccept‘frfg ‘one language

version for a given period of time is necessary for the standardization of
all work in the field and for the maintenance of upward compatability. Any

variation of the.base language should be avoided for a predetermined time

4
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frame so as to retain a solid working base for all users. Oﬂe‘should also
Hiffgrentiate between the working language and Research and Dévelopment in-
novations. These R and D additions should be only included in the working
1anéuage once compatability has been established and the majority of the
userslconsent to the modifications.

iii) Standardized Format of Software Composition: An interactive

association would be unable to function efficiently without this tool. Pro-

grams should be patterned according to an established plan and all users

should strictly -adhere to it, thus facilitating an exchange of software
information amongst members. The plan would include program "layout', rules
involving suggestions, use of primitives, sequencing of séftware and reguire;
ments for ihternal instructions. Standards such as those proposed by
SIGGRAPH should be adopted. |

iv) Effective Transmission of Information Involving Inaccuracies and Omissions:
A simple and standard method 18 required whereby users could inform theéir’
colleagues of errors in the software language. These could be scrutinized

by the Association and forwarded as bulletins to users.

-

v) Establishing a Pattern for Function Names: The establishmer;t of
a cognitive pattern of symbolism with a numeric code wouldifacilitate Ehe
assimilation of a computer program (eg. RVAL4.3 may represent the user
function in a fourth level menu.option, the third function to be carried out.
Its location in the software could be arranged accordingly). )

vi) Semmars for Members: Membership seminars organized on a regular
basis could keég'ggers informed of all current activities, CAD news,
government policy, and additions to the building paci&ge. Qorkshqg groups
could glso be formed to study proposals’for language upgrading requirements,

for additions to the building packﬁge and for corrections to the software

language.

o m——— - e e ————————— . o R P N W s
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vii) Training: Formalized training sessions for members should be

" available on a regular ;;;IEi The course format should be composed in
conjunction with coérses glven at participating universities and they should
deal with all aspects of CAD and Grapple p;ogramming. ‘

| Along the lines of present documentatiom both the Grapple Language
Reference Manual and Draw 1 Primer'Version 4 (Sept 78) do not reflect the
requirements of new programmers or casualyusers; rather they seem to be

dedicated 6n1y to experienced programmers. Since the language is relatively

simple, so should be the source literature, Appendix 14 lists some docu~

)

mentation errors and discrepancies that were found while pursuing this

project; althodﬁh they may seem miﬁor, each element represents time loss
and user frustration.

- The merits of Ehe language have already been detailed: nevertheless, 1
do feel there are still a few changes that need be made to the existing
package: Most of these deal with editing of pr;grams. At present, syntax
debugging is a‘'long, tedious operation because Ehe procesé c;n only isolate
one error at a time. Once an error is found, the correction must be made
in the "édit mode" and then the user must "run" the program again. This
1s'carried out back and forth until the software is syntactically correct;
only then will th; program be execﬁted. As the programming language i based
primarily on user functions perfbrming ag entities, 1t would be more efficient
if the changes or additions coq}ﬁkbe checked while in the edit mode, or
at least, if the '"debugger" could find one error per user function. Most
Grapple programmers would confirm that ten min;tes pér hour of software
editing could be saved if this process were implemented.

Every time an error in the software program is changed and filed the

entire program is recOpie& onto the user disk. The life of a floppy disk '
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is rated in how many passes over one track may be made before a disk error

appears; if the syntactical cheecks could be done in one of the fashions
explainéd above the life of a disk could be extended two or three-fold,.

thus improving reliability and reducing user frustration.

a

4:3 Center for Building Studies at Concordia

As indicated previously, the ation and spatial planning 1“5” ideal —

and conducive to productive work hahits ;%however, documentation and filing

_of information was previously neglected. as thef\\e was no permanent staff
member to carry out this function. Editions complementing existing docu-

mentation are being now issued from‘the Public Works Canada to all users;

¢

therefore, there will be a requirement for someone famillar with .the Grapple

language and the Computer Center organization to file new programs, fo
maintain floppy disk records, to monitor equipment performance and to
instruct casual users. This task should only occupy four to ten hours per
week and it is an essential requirement if progress 1s to be made in CABD
at the Center for Building Studies.
%:4 User Problems , / 5

In _addition to the problems mentioned in this Chapter the programmer
must also face the following obstacles:

i

i) Working with a new language;

11) Learning a graphical language; and, i ‘ @

iii) Using an interactive medium. ‘
There 'is always a FORTRAN or BASIC programming background in the
formation of every enginea{. This tends to be a nuisance w'hennlearning a

new language such as GrapplYe. As with any new tool one relies on past y

instructions to establish one's framework, but in the case of FORTRAN this
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is detrimental. If the programmer could put aside all previous computer
exp;erience and at the same time be made .aware of all availsble tools in
the new language this would .;g}ake the learniné process much easier.

It is not wntil four ;)r five months' usage:that one can think pro-
perly in a ‘grapl}ical 1anguaée,‘ and can‘b.enefit frm—n the ve‘rs‘z‘atility of the
gréphical outputs. This involves in-depth research in the field as °
well 48 a projegt that has a rec‘;qirement for a form of graphical displa'y.
Basically, any computer'problem can be tackled with Grapple, but to use
it io 1ed fullest extent, graphics requires months- of dedicated concentration"
in the field.. |

The 1nt‘erac,tive; feature of a CRT display aids in "peraonaliz@ng" the 4
us‘e‘r/mach‘ine inteffac‘e. Programs should be atructlxred so the us;er benefits
from t:his’ new vantage point. Programming in this manner rhequires adopting
_ the role of a typical user and/ removing yourself frox;\ your programmer
task., It .requires formulating thought sequencipg,hence software program—
ming, in a manner conducive to the majority.of program userg_and not to
your personal idiosyncracies. This method is, in my opinion, far superior
to working with 'sterile white computer paper or with a machine behind a
glass wall that churns out batch jobs on request. A training process,

however, is required to assist the software programmer in producing work

that is useable and comprehensible to both himself and other software users.

-



Chapter vV
- Future Considerations
3:1 Hardware

Systems Approach Limited has confirmed the introduction of a new miqi
computer to replace the obsolete IM/70. A larger memory base will be
available (10 megabyte) along with the reliability of the proven cartridge
disk. Raster—scan technology will replace the out-dated storage-tube‘ and
will introduce new facets such as colour and selective erasure atc'a re-
duced price. "The Tektronix 4027 is now currently qvailable in the United
States at $8700. (US) and provides 63 colours as well as s<,:roll graphics,
‘alphanumerics and.multipage graphics. Firmware can colour vectors,
chag:qcters and symbols, as well as fill polygons".13
‘ It is my opinion’ that in the next two years a turnaround will take -
place in this field with regards to hardware that will make the Grapple °

Language a reliable, well-functioning language. Provided, of course, that

the present manufacturer keeps in pace with advancing technology.

52 Software ' -

The establishment of a Grapple Group, distinct from direct govern- -
ment or supplier intervéntion, will aid software generation for all
preéent users. The Group should concentrate on one language form, the
establishment of language and pr‘ogr;nnning standards and the formation of a

collective sof tware building package. v )

A study team to inwvestigate CAD requirements in Canada is needed in

order to direct the Grapple System onto a well-defined route. This study
' team should primarily investigate industrial requirements and should also
touch upon government and educational needs. The outcome of this report
would then provide the Grapple Group with a line of action and direct

1

computer software generation along user requirements.

~
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5:3 C.A.B.D. Package o

After standards have/been determined, 'ﬁ: is essential\ that:‘ a package be
formgd to serve as a fremework for all future software, p%grams. DRAW 1
would be a good choice for this owing to its versatility. An arrange-
ment such as that depicted in Figure 5.1 exemplifies the necess'ity of

-

such a scheme. ) p

In ‘this m'm'u'\er all completed work, ;ould find its place in the overall
network and this would allow other users easy access to the finished pro-
ducts. In turn, once a particular element is out-dated it might be replaced
by a modified or updated versién. The sub-programs would have to be capa-

ble of functioning alone, as well as functioning within the general frame—

work.
5:4 Center for Building Studies D - - )

The foundations have been laid with regards to establishing an on-going
Computer-aided design section at Concordia. Steps taken such as the fecent
February conference by the CBS have confirmed this establishment as being
a forerunner in this rapidly—advancing field. All possible methods
should be employed to continue this momentum, such as encouraging indi-
viduals with pertinent skills to join the Center's staff, organizing a

- , b

followlup seminar and obtaining funds for research in Computer-Aided

Building Design.

[y




The results of this technical report are the following:

1 Critical analysis of the Grapple system at Concordia University -
by a full-time programmer/ansiyst. - )
2 N < "

2) User-oriented comf)uter progran for tpe calculation of heat

o
v

transmission loss through walls and windows.

The analysis was based on the user/machine interface and, speéifically, ]

o

-

on inherent flaws in the equ:ipment, problems in documentation and obstacles

to sof tware generation. Once overcome, these difficulties should not re-

appear 1f adequate precautions are taken. However, many of the problems

examined are beyond the control of most Grapple users; solutions lie

heaeas
within the scope of the decision-making powers of senior management at
Public Works , Center for Building Studies or Systems Approach Limited. ¢

Until a collective force involving the sponsors, users and supplier is

* organized, many man-years of frustration will occur and many man-years

of work will be wasted.
This program provides engineers and designers with a fast, accurate,
4
and simple method for calculating temperature gr(adient:s through walls and .

° 3

windows. Users are also presented with an‘ efficient means of determining

the relative heat loss for a mode¥~btlding. Such assistance greatly
enhances the probleu-solving techniques of designers and decision-makers;

as areas of difficulty regarding the building enclosure system might be

readily assegged and poor design features could be.quickly remedied.
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APPENDIX 1 SUMMARY OF COMPUTER PROGRAMS AVAILABLE

N s r

I

0660 . - . . ° ‘ S

Program name " References » Language

Calculation of heat losses ' 1238 | . Algol,

Abitract ) Source

The program caICuIates the heat losses from 2 Engineering Solutions Limited

building and'apportions them between the Prudentia! Hous€, Wellesley Road .
constituent rooms. It takes into account the Croydon Surrey Computer

direction and exposure of all external surfaces, UK CDC 6500

and the effect of varying room temperatures and Telephone 01-686 4173 GEC 800

the resultant heat transters - . -
. ¢ Availability ‘ ! !
: Sale Hire Bur2au service,Remote batch

0661 ' ) .

Program name ‘ References Language

Radiation pipe sizing (1 and 2 pipe systems) 122G/J Algot

Abstract ’ Source -

< A program for sizing and design of pipework for + - Engineering Solutions Limited ’ ’

heating and cooling systems. Singla or two-pipe Prudential House, Wellesley Road : "

systems can be tackied with any combination Craydon Surrey Computer

of pipe diameters in the range 0.3in to 48in. UK CDC 6500, -
The program derives initial pipe sizes then Telephone 01-886 4\73 GECS00

obtains temperaturé patterns, calculating heat -

losses from the pipes until the sys{em is Availability

balanced , , Sale Hire,Bureau service,Remote batch o .
0682 ! .

>

Program name References : @ Language

Cooling load program ) EAS3 : : Fortran

Abstract a ' Source

The program calculates heat gain from solar radiation Pilkangton 2-others Limited ‘i :
through windows It estimates hourly and maximum Prescot Roza

cooling load for each part (and for the whole) of St Helens Lzncashire (meput&J '
the building, with various designs of window and WAI03TT oK

associated elements. Sub-routines determine the effect Telephon%S: Helens 28882 .

of thermal storage and finish of internal walls, . -

Hioors and ceilings The program can be run for any Avsilability .

iatitude, aititude and time of year . 5 . S ’

M o |
. 0663 ’ )
. o
Program name . > References ) Language .
.. Obstructional shading EASS Fortran -

Abstract ) “ . Source ) $

This program calculates. for each hour of the Pilkington 2-cthers Umited = .

day the sun 1s above the honzon, the shadows _t Prescot Roa2 ° . ¢
ono a facade due to obsiructions. Thus, the St MHelens Lz~cashire Computer

effects of shading by adjdcent buildings, or WAI03T™ UK -

by other parts of the building, on the cooling Tetephor: S: Helens 28882

load may-be determined. The program can be used e
in conjunction with the cooling load program . Availability "
{program 0662) S . .

[ v
- ? » a ‘
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0675

'Program name References Language o
PSYCH Fortran IV
'
Abstra “Source
PSYCH is a psychrometric analysis program for Inatome and Associates, Inc
. evaluating the properties of moist air. it calculates 10140 West Nine Mile Road ,
the mixed air temperature enlering‘ the cooling -~ Qak Park Michigan Computer
coil, the required dew-point temperature for the 48237 USA GE 635
apparatus, the by-pass factor and the refrigerant Telephone Oak Park 313 542 4862
cooling load
. Availability
Sale,Bureau service, Time sharing
a <
. , < 0676
Program name References ‘Language
ACLOA Fortran |V
Abstract ) Source
ACLOA is for the calculation of heating and cooling {natome and Associates, Inc
Joads. The program can be used over ahy five-montr. 10140 West Nine Mile Road
period to search for the month with the most Oak Park Michigan ! Computd
severe requirements. Tha computer prints out 48237 Bsa GE635
the maximum peak load heat gain and air requiremerts - Telephone Oak Park 313 542 4862
for each room. The terminal reheat coil temperature - .
rise is printed out for both summer and winter Availability @
conditions Bureau service, Time sharing,Sale
~
- o -
0679
Program name N - References
, ° Llngu.ge\"j
{5)6 8026C ! . Swift
Abstract - Source *
A program for calculating the non-steady state Steensen and Varming
of heating or cooling in a building, and determjning Strandvejen 130
room temperatures in the absence of cooling Hellerup ' Computer
DK 2900 Denmark Friden 5610
Telephone Hellerup (010 45) HE 9101
. Availability
. Hire
! ' 4
0686
Y
Program name i References 3 Language
Abstract . ] - Source
A program for ca!culalmg non-steady state Indystrie Companie Kleinewefers GmbH
heating and cooling loads, following DIN 4701 . Memnchtonstrasse 5 —
Germany

Telephone Krefeld (01049 2151) 8231
Avsilability
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0687 3
k)
Program name Referonces y " Language - 3
BENOIT ) Fortran
N - ~ L
Abstract Source 1
A program for the calculation of steady state Dept SEDIT ]
heat losses’ Domaine de St Paul .
1 ¥ . 78 Saint- Remy-Les-Chevreuse, Paris Computer
France IBM 1130
Availability .
06sg *
Program name References language
ZELD Algol
Abstract A Source 7
A program for estimating the cooling properties Hungarian Institute of Building Science
of a building, with'and wuthout air-conditioning David Frenc ub .
or ventilation Budapest X} Computer
4 Hungary
. N *
Availabitity
kY
o 0689
Program name References Language i
:
Ap.mct . Source . 3
This program is used to calculate the maximum Hungarian institute of Building Science '
heating and air-conditioning load for a building. David Frenc'uB i
it also calculates running costs in terms of Budapest X Computer
#snergy consumption Hungary
0692 s
Program name References Language ’
Algol .
Abstract Source
This program calculates the non-steadv heat Birger Ludwigson Ing
transfer through a multilayer wall Byra AB Kurgsportsavenyen .
S 411 36 Gorsburg Computer -
Swetlen Facit EDP .
‘ Availability .
Hire |
0693 .
Program name N Referances ' Llanguage
TEMPO R02001 Fortran
Abstract Source N !
A program to calculate the non-steady state heat Industridata AB .
transfer through a multilayer wall . Fack
: Solna Swegen Computer.
o 17120 Honeywell 6000

Telephone Saina (010,46 8) 980350

N A e Ak S k. & g v ey
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Language
Program name g;'o’;'""?' . Fon?an 9
HEATLOSS ; R
Abstract Source
Programs to cajculate the heating foad oi'a g:g:a;r;dse‘::t:tnk
ildi he 1965 edition of the
e e fonotthe London Computer
WC2H 8BY UK cbce400
Telephone 01-836 2621 . '
0702
Program name Refersnces tanguage
Building load study Fortran R
Abstract Source o
The program provides information on the heating Westinghouse Tele-computer
and cooling of buildings for use in designing the Systems Corporation .

maechanical system. Heat gains ®nd losses are

2040 Ardmore Boulevard

Computer -

assessed from heat-transfer analysis of outside Pittsburgh Pennsylvania IBM 360
temperature, solar radiation, wind, building 15221 USA CDC 6600
materials, glass, wall harm?nics, thermal time-lag,
ventilation and infiltration, internal heat gains, Availablility
_shading, building orientation and Iocatio& Bureau service .
0703 . )
Program name References Language
HEAT L0111 Basic
Abstract : . Source —
. The program calculates heat losses for rooms, Sanaco Computer Services
giving sub-totais and totals, together with Woodlands Road
squipment ratings Birmingham Computer
I 88380 UK Honeywell GE0OO
Telephone 021-772 8331
Availability
) Time sharing, Bureau service
0704
Program name References Language
The new ARC environmental package No b - . Fortran
Abstract Source . ’
A set of programs to predict the environmental Design Office Consortium, c/o ARC Ltd
performance of a given building. It makes an analysis, 5 Jesus Lane .
either separately, or in any comhination, of the Cambridge Computer
effects of daylight, antificial light, sunlight, CBS 88A UK Atlas 2 i
haat gains and losses and environmental temperature Telephone Cambridge 65015 P/Tape reader(s)
. P/Tape punch(s} °
Availabllity Telatype(s)
Bureau service Lineprinter(s)
" 0713 _ ?
N
Program name References Language
Composite wall 160-602,603 Fortran
Abstract Source . .,
This program calculates variable heat flow through Technies Rekencentrum Polybit BV
homogenous and composite walls and roofs/ceilings Postbus 305, Archipelstraat 96
' Nijmegen Computer
Netherlands CDC 6600

Telephone Nyymegen 228382

Availability .
Sale.Bureau service,Remote batch

e e — e
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Program name
Transmission and radiator choice

Abstract
Calculation of the heat losses and a choice of the
suitable radiators of different makes

A\l

Program name
Total energy

Abstract

Total energy is an installation for generati
of mechanical power, generally converted i
energy in which the heat release is (tilised tqits
maximum economical extent. Estimation of the energy
balance for every hour of the year, depending
the demand of electricity and heat for dumensjo\i‘ng
heat power systems

37
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Refersnces ' Langusge
160-t10 *° Fortran
Source
Technies Rekencentrum Polybit BV
Postbus 3085, Archipaistraat 96 .
Nijmegen mputer
Netherlands DC 6600
Tetephone Nijmegen 228382
Availability
Sale,Bureau service, Remote batch 071 5 ¢
References . Lasnguage |
160-115 ‘ Fortran
Source
Technies Rekencentrum Polybit 8Y
Postbus 305, Archipelstraat 96
Nijmegen " Computer
Netharlands CDC 8600

Telephone Nijmegen 228382

Avaslability
Sate.Bureau seryice.ﬂemote batch

[ §

Program name
INSUL : * »

Abstract " «

This program calculates the owning and operating cost

of 3 given roof or wall constfuction at varying thicknass

of insulation. The user inputs the wall or roof insulation
. conductlvity factor, cost factors, fuel type, efficiency

or fuel utilisation and degree-day factor. The optimum

thickness of insulation is calculated together with

incremental and cumulative savings

N

) 0716
Refsrences - Language
Fortran
Basic
Source

Inatome and Associates, Inc
10140 Waest Nine Mile Road
Qak Park Michigan

48237 USA

Telephone Oak Park 313 542 4862

Computer
GE 635

Availability ) ®
Bureau service, Time sharing,Sale

Program name
Air conditioning program ' ‘

1
Abstract
This program operates on the same principles as the
Cooling foad program {program 0662) but includes the
offects of solar heat gain through the windows and
the opaque fabric, ventilation gain or loss, total
gain, internal hest sources, and conduction loss or
gain through the windows and the fabric

Program name
+ Heat load and radiator selection

Abstract

This program will calculate the heat losses of a
building based upon the method described in

DIN 4701:19589. If required, the dimensions of '
suitable radiators for each space in the building

can aiso be calculated

" References-

‘0719

Reterances Language
EAS7

Source .
Pitkington Brothers Umited
Prescot Road

St Helens Lancashire *
WAI03TT UK ,
Telephone St Helens 28882 E

Computer

Availability . N

!

0725

Language
Fortran

Source
Ontwerp-en Adviesbureau Ing. Th. J. Mul *
Dijkgraafstraat 12, Postbus 73 N .
Krimpen a.d. ljsel - Computer .
Natherlands CDC 6500 ' !
Telephone ljsel (010 31 1807) 4839
Availability -

Bureau service
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APPENDIX 2 List of Language "Primitives" 11

ARRAY
BLOCK
CIRCLE
DRAW
EXTENT
FUNCTION
GET
. HOUSEKEEPING
IDENTIFY
KEYBOARD

TEXT

UNITS
VECTOR '
WINDOW
X~ORTHOGONAL
Y~ORTHOGONAL

" Relative draw -

_Alternate Y and X orthogonal lines

’ ' - 38 -
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1

GRIT code reference - ' Co R
Blocking constant - i
Circular fdwures
Absolute vectors
Extent definition , ,
Mathematical Functions ‘{

Get a pair of coordinates

Housekeeping functions ' '
Identify displayed elepené _ .o
Input'from keyboard -
Layer selection

Relative Move ) h;
Conversion to character string l .
Respecify Origin ’

File input and output

Radial vectors . -
Absolute Move

Text display ' _ ;

4

Respecify Units

Specify viewing window

Alternate X and Y orthogonal lines
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Line Representation: C.A.'B.Dk

hb

lenrrreriu Level 2

| -~Froor—

-->-Requests scale

—->=GRID1, GRID2, draws grid to scale
Requests bottom right and top left corner
L->-Rc:tl,|rns to menu Le@el 2

-~HEIGHT .

|

—~Requests bu1ldmg height (meters)
—=-Assigns appropriate arrays

L >-Returns to'menu Level 2~ -

, r——>—EWALL (exterior wall)

. ____‘,______T__.,____ —

| »-Requests which wall to be assessed

>~ KATCH, draws chosen wall

-~ Calls menu Level 3 (FRAME,MASON,OTH)
——-Returns to menu Level 2 ,

—->IWALL (interior wall)

->~Requests the two end points of an interior wall. It keeps requesting inputs
until the user returns to Menu
> Returns to menu Level 2

->DOORGRFL, DOOROTHER (doorground floor, other doors)

> HINT, indicates which wall

—>DOOR, CALLS WINDOR (menu Level 4) program
~>KATCH, draws wall

—>GRIDI & 2, establishes grid for locating the doors
—>=OPENING, draws doors when left hand corner is inputted
—>-OUT, returns to Level 2 menu when cursor entry is made

> WINDOW

—>HINT, indicates-which wall is being assessed

—>WINDOR, calls menu Level 4 program

—>»KATCH, draws wall

->~GRID 1 & 2, establishes grid for wmdows

—>OPENING, draws windows when left hand corner is inputted
—>0UT, returns to Level 2 menu when cursor entry | 1s made

‘[—-:-DRAWFLOOR

l
I

:—--‘:—- CL

Continued

[
I
L
|}
o

|—>-Draws floor layout
L »>-Returns to menu Leve] 2

EAN
—>-Erases screen, re-displays menu Level 2

L> Returns to menu Level 2 ~ -

-

>~ ROOF
L~ Not assigned
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r -=~INFO ' o
' Types pertinent information as per Appendix 5 ‘“
Returns to menu Level 2

|

|

L_—pERSP (Perspective)
1 LCalls Level 3 menu (VlEWMENU)
i L.-Returns to menu/Level 2 °

|
F~BACK /
I Returns to Leve 2 menu

:-’—PERSPECT

| Draws per’spectwe drawing: ALPHA-0, BETA=O, DISTANCE= 1500
meters’

| Returns to menu Level 3

' v

r-»PARALLEL .

I Draws parallel drawing: ALPHA=O, BETA=O, DISTANCE= 1500
| meters . Ay '
| - Returns to menu Level 3 ’

L~ALPHA
Jo. Reassigns ALPHA, user input
| Returns to menu Level 3
:-—,—BETA
| Reassigns BETA, user input
P Returns to menu Level 3
L>-pisTancE
Reassigns DIST, user input
Returns to menu Level 3
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APPENDIX 4

YFRAME

o __.l._.._

~
'

:— - ~TESTFUNC,
- => EXTFIN—
\~~» PAPER—

t-~->SHEATH—{
b~ INSUL——]

:—-—*AIRSPACE-
~—>PLASTER

—-FRAME], counts the various types (TYPEFR)
——=Calls menu level 3 (EXTFIN,PAPER,SHEATH INSUL,AIRSPACE,PLASTER)
L-Returns to renu level |1

D.J. Vanier 41

" Line Representation: FRAME

L.

allows user to input function names
* Note The runmenu option has been altered to afford the
advantage of calling a specific function independent
of the cursor entry. Pt

*List building materials plus NIL and OTHR options .

User makes ﬂ\gut for component choice and thickness L
+CONTINUE, inputs are recorded in arrays . ’
~CALCULATE, calculates component R-Value : , . .

B If options are not,

all entered

..SUMMATION,

—»CALCULZ2, calculates total R-Value -

—-CHECKUP, lists input data

—RSULTFR, draws completed shape s
—~EXTFILM, draws exterior fiim representatlon -
—-RVALINE, draws heat gradient line

- |—~INTFILM, draws interior film representatxon

—-Returns to menu level 2 .

}

L ca s me TSN
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Appendlx.g - Line Representation: OTH
B O‘I'H )
Types instructions L e
Calls menu level 4
| =~Returns to menu level 2

I
|
l
l

[-->AIR.SPACE

I
I
}
I
!
!
I
|
a
l
L
|
l
|
|
L.
|
|

[

- -~ COMPONENT ' ' )

Requests component name, R-Value, thickness "
DRAWCOMP, draws component representation
“—Returns to menu level 4

- Increases component-count (COMP)
—>Requests thickness

{—-DRAWAIRS, draws air space representation
—>Returns to menu level 4

-->FINALIZE

—>-SCALE, draws appropriate scale for temperatures

— CALCULATE, calculates R-Values

—CHECKUP, lists components, thicknesses, and R-Values
—-DRAWCOMP/DRAWAIRS, draws total figure
—-EXFILMO,RVALINEO,INTFILMO, draws temperature gradient
—TRANSFRO, transfers all data to master array

—=Displays array spaces available

—>Return to menu level §

—->RECALL

—~-Asks which component is required

—Extracts data from master array and places 1n?.|ser array
—~FINALIZE, (see above)

—s-Return to menu level 4

->ERASE .
Removes all input data from user array ;o ,
Return to menu level 4 . ‘

—>Displays all relevent wall information
—>This indicates wall type, components, R-Values and thicknesses
—>=Return to menu level & .

< a
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\ v
Appendix 6 . . Line Representation: Windor
WINDOR ' ‘

| Counts window/door types (TYPEW)
—-[:Types instructions -
| '

Return to DOOR or WINDOW option of C.A.B.D.
I- -~~COMPONENT -

| - Counts components (COMPG) _

—~ASKPANE, asky for component thickness

| -= ASKSPAC, asks for spacing to next component

| ~>~DRAWGLAS, draws representation . :
—>~DRAW AIR, draws air space representation .
' —~ REASS, reassigns last values 3 -
| —»~Return to menu level 4 ) .

I

--+>FINALIZE

-~ Stops counter for components

. |~ASKSIZE, asks dimensions (door/window)

> CALGULATE, calculates R-Values.

—=$ERASE, prepares for presentation

—CHECKUPG, lists components R-Values and thicknesses
—-SCALE, draws appropriate scdle for temperatures
—DRAWIND, draws final cross~sectional view

— EXTFILM, RVALINE, INTFILM, draws temperature gradient
—>TRANSFRG, transfers al data to master array ‘

-—»Return to menu level 4 \

I
|
l
|
|
|
l
|

}-->RECALL.G.
| —»-Asks which component is required

—Extracts data from master array and places in the user array
I —~FINALIZE (see above) ' .
| > Return to menu level 4

|- ~ERASE
| L——;gemoves all input data from user array
| eturn to menu level 4

L ~pATAG. >
g Displays all relevant window/door information
.- This includes type, components, R-Values and thicknesses
: Return to menu level §

'

v
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1. Here 1{s an example of the resulting

curve and table.
Go ‘to page 12.
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| Appendix 12
i
% . Array Overflow

Ch/ange

& Checkup

. Data Search

Erase

-

Grid

Information

P ) Tow -
Interior/Exterior

4

T A Y v Master Array: -~

Metric
¥ \
t
~ Picture

Recalling
Vs D

- T

Scaling
L S '
4 . -

<&ftw’are Layout

4,

~“

: : 70

‘ . D.J. Vanier: P
Additional Program Features .
As the master data bank contains 100 elements the array overflow

will indicate how many spaces exist after each entry. Error 76 will
appear if the arrays are overloaded.

In FRAME this function will delete the previous entry and
syperimpose the new values in its place] it is called to action by
hxttmg the same wall component a second time; this is only possible
in FRAME and MASONRY. .

CHECKUP(G) can be used in TESTFE UNC or in the interactive mode
to view what exists m the master array.

(DATA.GEN, .O,DATA.W) are functions used to recall existing
inputs in storage. DATA.GﬁJ will  output all inforipation while the
sub data storage will supply those of their subgroup.\\This is requxred
when the RECALL function is to be employed.

ERASE is a menu option available to the user who wishes to delete a
series of entries prior to finalization owing to an input error. It is
available in all programs.

}
GRID indicators are available.in C.A.B. D to properly scale diagrams
for both walls anhd floor layout\

A3

o —

INFO provides a table with. heat losse§, window, doors and wall areas,
percentagé glazing, door surface area and corresponding R-Values.
/

'The ELLlPSE function is used to sxmulate the surface air films on

interior and exterior walls.

All entries are placed in a user array and only when the composmon
is finalized is the information transfered to the mastef array (IQO
elements).

MET[?E allows the user to transfer-to metnc mputs or metric
displays,. All filing and base softwaee is done’in Imperial units as
pertinent data is not, available in Metric units.

The actual wall,cross-sections are 1aid out so as not to confuse the
user with a complex diagram. All wall components are separated by
50' screen units to accomplish this task. This doeé not a€fect the
final heat\gradient 1ine

¢

RECALL allows the operator- to retrieve any previously stored

‘information. This can first be done b callmg DATA.GEN, DATA.O, .

DATA.FR, DATA.W., then calling RECADL.

SCALE i$ an automatlc functlon that allows the user to adjust the

scale on the output tempgrature gradlent curves dépending on-

requirements for design temperatures. It is'available in all functions.

Program was organized scﬂ as to clearly present the sequence of work. ¥ -

All user functigns are Set out from the body of the typing and
generally are located in a position on thé& program that is

. corresponds to their position in the program sequenced. All array
and variable initializations are located at tfe bottom of the program.

1

-

N
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APPENDIX .13 Tutorial on Floppy Disks 1%

g ! ? N . & \
IBM 2315 I1IBM 3740 | Digrtal
Technique Cartrdge D isk Floppy Casserte
4 — ) Data Capacity LUlhon bin
tunformiatied)
Awvt -ege of Typical .035 A5 20 120° Seconds
> Accets Time (* = manually
, ] " . controlled) »
L Data Traniler Rate 2500 o 250 10. 0.3 k bps .
"Price of Commercial $8000 $1500% | $1000°° | S100 |*°hote that
Pact age Drive + ‘ personal tom-
Power < Contiolier puting d.¢ ral
cassettesy can be
- vl much cheaper
! . than commercisl.
» N . drives
N System Coit per .32 6 10 33.3 cents per bos
* | Unit Data Rate ¢
Sysiern Cost per .016 .0%' 016 .012 cenys per bit -
. Unitt Storage siored 4
AMed:a Cost , $100 8. A, , 1 SA. {unit Quantity
\ ' prices) .
Storege Cott 1.2 22 0.5% 139 cents /kilobyse
. of niedia
r/w - *
. %Dl n0 L b
‘\‘ ' B <
‘ > '
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The 1BM 3740 floppy disk format, The format is “soft’

Y28 aviLs

P—‘-—-———- : ? lnu-l

»
.

L

* sectored, meaning that deota written 1n the trock controls the

organization of infurmation on toch traock. Foch of the 17 dato trocks on the floppy disk contains data, address and control
ficids grouped log;:hgr to furm "sectors.” Lach sector contoins a scquence of fields, identical 1o those of the other siclors,
which are further broken down to individudl data bytes. One, complete trock is shown in this illustsetion. The index hole

provides the only hordwore synchronization in this ‘formet,
\ -

.
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Appendix 12 Examples: Documentation Errors . )
Typical Errors in Grapple Reference Ma?ual. - ' . L
i’age 7-to 14 States that for the Grapple Editor first two characters are significant
ggg the shortest form.js underlmed this is not true in-all the
Page 9 .Strmgl..StringZL[n[niﬂ] could be simplified to .String1.String2. 0 O
) Page‘ 10 FILE: no reference is made to booting the system with /QUIT \Vlthout
\ this the filing will not be completed. |
Page 9 to 12 No examples are given for the Grapple Editor, this should be revised
to read: ,
CHANGE letter or string ex: . . 00 }
* DELETE . ex: D5 CR :
LOCATE ex: /String 1.
. {
Page 13 STATUS tells how many IT?ctors are left and how many K gnt words :
exist but no reference is made to what this means.
SYSCOPY m n{g]} should read SYSCOPY nm \
What does COPY fni Inirdni fng Ino dno mean to a new user? It should
. ) be of the form COPY filename libname dnscnumber to filename
libname discnumber, .
Page 31 R It could not be ascertaihed how many array elements were necessary
" for the mathematical functions. I only tried exponential X**Y but
F(8,X,Y) did n6®work and F(8) did P A
Page 42 Appendix number for the K-pnmmve was lem)lank It should be
. ., Appendix VI
Page 64 It .says $$AX $3$AY,$$LX, $$LY are always specified in one hun—
oL, dredths of an inch whereas it should be 1in #creen units.
L Page 76 "l;lot Equal"'i is not defmed properly. It should read \:

Page 89 to 90

Documentatxon Errors in Grapple System Llhrarns

Referencq Manual
‘Page 7

Page 15

Not all errors that may appear are defidad.

»
P—

<«

Detail: Line 1 should read;
SELLIPSE(4): &(SABS(&1)}5ABS(&2))($AB$(&1) )&MAX)($ABS(&2)—)&MAX)

< Detank Line 10 should read; ¢
(SEXEQ(&I(O))Q&IND Gy . —

"e Yy




NOTES

a

lMargo A,/ Sass and William D. Wilkinson, eds., Symposium on Computer

Augmentatfon of Human Reasoning (Wasﬁington: ﬁgartan Books, 1965) .

2Cha::'les M. Eastman, ed, Spatial Synthesis"in Computer-Aided Design *

(London: Applied Science Publishers, 1975), p. 17.
3

William J.\Mitchell{, Computer-Aided Architectural Design (New York:

Petrocelli/Charter, 1977), p. 15 ) * “

? 4John, Gero, "CAD - the neXt 3%t ten years," Computer-Aided Desi&_, Nov, 1978,

N

P- 3{07. ’(v .

.

5l(aiman Lee, Bibliograghy of Energy Conservation in Archite;:ture, (Boston:

-

Environmental Design and Research Center, 1977).

N

6Kaiman Lee, Bibliography of Computers Programs in Environmentd? Design,
(Boston: E D R C, 1974). . N - c
7Goeffrey Hutton and Michael Roston, Computer Programs for the Builldirig

.

Industry - International Directory, (New York: ‘McGraw-Hill, 1974).

8Universitj Equipmen® Loan Program for-Development of Computep-—Aided Design,

‘b ’
by Public Works Canada (Ottawa: n. p., 1978), p. 5. -

9DRAW 1 Primer, Version 4 (Sep 78) Guidelines)Series #23, Public Works

Canada (Ottawa; n. p., 1978) M o P

10 Joseph Hatvany, ‘'CAD-the-next ten  years,' ComRuter—Aided Design, Nov. 1978,

*

‘p. 347,

© *

bl

llcrapple Language Reference Manual (Version 2,1 May . 1977), by Public Works

N el

" Canada (Ottava. n. p., 1977), p¢ 28,

o | wo oo




)]

- o 1 4 . L . : 74
£ o ' . D.J. Vanier

_—
—
-

12

e

Handbook of. Fund’amrggtals, (New York: ASHRAE, 1967), pp. 1119 - 456.

13"Many graphics products unveiled at National Computer Conference 78",

’

Cvomputer-éided Design, Sep. 1978, p. 340.

.

14Hutton and Roston, pp. 279 - 350,

’ lSIra Rampil, "A Floppy Disk Tutorial,'- BYTE, Dec. 1977, pp. 25 — 32.

¢

-

> 1
N
4 ~
v N [ .
. v
C
[ ’
¥
- — 8
- 7\\\ »
* e B3
T, , -
i - .- e
¥
A
* *
\ w 2t -
N ™~ P
~ « © v ‘ N
1
- ~
&
a H ! ~
I R o .
- . '
i 2
* ' !
s :
- >
4 « .
K] ' ’
° ( ‘e
3
e “ ’ ™~
]
3
- - [
- &
- -3 - 7
+ ) . . —
‘ .
. — . . »
’ 4
» N
. ~
- . o
LY
N ‘.-go
s
v, < o df‘.}'ﬂ:f
[
- 9,
w N
L4 ~ -
o Pl -
. . N
' ’
) P e e L3
ﬁ' -~ —_
- L} L 4 L}

American S,oc.;iety of Heating, Refridgeration, and Air-Conditioning Engdheers--



.

{

: H'arper,‘ Neil G., Computer Applications in Architectdte and m./

BN - . J
] BIBLIOGRAPHY - L Co
T ' LT g T “me\ r.
Bibliography of the A _pplication of Computers in\ the. Cons‘t;'lxhc{tiét—xﬁlnduat XY,
ngidon: Lambeth Bridge House, §972, e e s
Cross, Nigel. The A;utomated Archi;:egt:. London . :’q
London: Pion Limited, 1977. \ ’ ’ ‘ a - _
Gero, Jvohn‘S,., ed: Comguner épplications (’111 Ai‘chitectu;:e. -
Loyggon : Applied Sci;nce Pobli’éhers‘L'in’::{ted, 1977. - . G

“4

4

‘New York: McGraw-Hill, 1978. - ) DN

]
>

NegrOponti Nicholas. Soft Architecture Machines. ' . b

Cambridge: :The MIT Eress, 975. L < T

- X
Use: of Computgrs for Enviromnental Desigr_x(//lltlgted &\Buildinge. £

° - !
By Department of Commerce (U.s.). wgshMgtom KUSUDA NBS BSS 39..1974. -
) \ ~
2 . - & '\
. - P , . L ‘
¢ ) ' v . v,
& .b s .
. , ) 4 ° , N . ‘.‘; - f—:’
- ’ (“‘ $ @c ' o ) )
. . A ~ N . . P
- . vh ‘ iy ‘~!A - 9“
' » ) * - V‘ "
Al 4 . ) rd ,‘
N 4 n\. (‘. ¢ ’ - 6‘-

-
. A
H . i ;
< . 4
“he
~
13 bl . .
¢ -
~ » N . P ¢ ™~ 2
] \ -
v .
)’ J ‘ s . / "p
————— : ! ¢
, R .
° . *, -
7 - Aty

0y 7 . » L

“t

°f



