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THESIS ABSTRACT
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GRADUATE SCHOOL

NAME: W. David Alley QUARTER/YEAR: Spring, 1986

DEPARTMENT: Architecture DEGREE: Master of Architecture

ADVISOR'S NAME: Yessios, Christos I.

TITLE OF THESIS: EDECT: An Energy Design, Evaluation, and
Comrarison Tool.

'EDECT is a computer-aided architectural design system vbicb
assists the architectural designer to accurately and rapidly
determine the energy impact of his or her design decisicos.
The system emphasizes interactive computer graphic tech-
niques and easily digested analysis results.

The basic 3D building model used by EDECT is generated on
the ARCHIMODOS (Architectural Modeling, Design and Drafting
system of the Ohio State University) system and read into
EDECT memory at the beginning of a design sessicn. EDECT
culls ARCHIMODOS opening (window/door) data into its own
data structure and enables user manipulation of the building
components/aspects which most affect energy performance.
These components/aspects include orientation, vindows/dccrs,
overhangs, and material selections. For a yearly energy
analysis the user can define macroclimate, building type,
mechanical and electrical systems, and number of occupants.
EDECT's energy analysis is based on the American Institute
of Architects' Simplified Energy Evaluation technique and
yields numerical and graphical results. The user may alsc
request EDECT evaluation of certain energy design aspects as
well as elaboration on what the evaluation means.

EDECT is a 10,000 line FORTRAN IV program using GSP which
runs on an IBM 4341 processor. Graphic interaction is
primarily through an IBM 3251 vector refresh terminal with
attached light pen.
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gy issue has not gone away. Even neglecting possile limit-
ed or worldwide energy crises, the United States, with 6
percent of the world's population and 20 percent of the
world's fossil fuel reserves accounts for 32 percent of the
world's energy consuiption (11). and our treak-seck use of
all types of energy is increasing rather than decreasing
J24). The HcKetta report, written in 1978, predicted ever
increasing U.S. dependency on imported energy, (Figure 1)
and within reason has been accurate for the last eight
years.

240 ___

200 John J. MeKetta ________
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What we as a society (including architects) fail, ever
refuse, to realize is fossil fuel resources are finite.
Sooner or later (actually sooner) there will be mc wore oil
anywhere at any price (12). That fact, in and of itself, is
not a tragedy. Waiting to prepare for life with very little
or no oil is.

Arckitects have a unique responsibility in considering
conscious and prudent use of energy in their designs.
'Architectural' energy use, or energy use in heating and
cooling the residential and commercial sectors accounts for
33 percent of all U.S. energy consumption (2). Yet, again,
architects shy away from effective energy design. Perhaps
part of the reason is currently available energy analysis
techniques, whether manual or computerized, are cumbersome
and/or complicated to use. many are based on extensive and
slow 'number crunching'. Results are often in a nuserical
form not easily digested by architects. Put perhaps of
greatest distaste to Architects is the lack of connection
between what they perceive as design and their creations'
energy performance (many analyses can only take place jfter
a project is completely designed).

The remainder of this chapter will review some represen-
tative building energy analysis programs and point out scee
of their shortcomings which EDICT has attempted to address.
EDICT'S main features are summarized in the final secticn of
this chapter.

1.1 Jckitectural go MAmaly is Tochn S.VjlA e_2

In his book ojuper-jided Architectural Desin. Mitchell
gives an extensive list of discrete computer application
programs for potential use in an architectural office (26).
He suggests energy analysis should take place in the Sketch
Design Phase:

BRIEFING PHASE

SKETCH DESIGN PHASE

Site Planning

Schematic Design Synthesis

Performance and Cost Analysis of Proposals

Checking for Compliance with the Brief
Circulation Analysis
Preliminary Structural Analysis

-555



" Beat Gain Computations

* Beat Loss Computations
Natural Lighting Computations
Artificial Lighting Computations
Sound Transmission Computations
Preliminary Cost Estimation

Presentat ion

PRODUCTION DOCUMENTS PHASE

CCISTRUCTION SUPERVISION PHASE

HANAGEBENT FUNCTIONS

Although Mitchell presents his list as areas for computex
applications, each phase and sub-phase could just as well
apply to manual operations. Of important mcte is where be
lists energy determinations - in the early stages of a
project. There they can potentially do some gcod if the
architect can and wants to use the results to modify the
design in an attempt to improve energy performance. ihis
process can be termed energy design (10). Few energy analy-
sis techniques today encourage energy design. Host discour-
age it.

1.1.1 gu2 ci!ieoGn!nental _en'r Analvsis

Due to the complexity of detailed and precise building Icad
analyses extensive research to develop load analysis systems
has been sponsored by various private and federal agencies;
most notably the Department of Energy (DCE). Though their
methods vary, their usefullness as energy design tccls share
a commonality.

.. In addition to the involved load analysis systevs, the
government has developed the other end of the analysis spec-
trum - simplified, manual techniques;

Thj _S AhpJoach

Complex computerized thermal load determination programs
have been in use for several years (7p17). Representative
of these is The Building Loads Analysis System (BLAST) (16).
BLAST requires exhaustive input of all tuilding character-
istics it numerical form. Unless the designer is fortunate



enough to own an expensive copy of the BLAST program be must
fill out several forms for shipment to the nearest BLAST
analysis center - and wait. It may be days until the analy-
sis is received, and often times instead of analysis the
original forms are returned with reguests for corrections.
The results, like the input, are numerical Commumication
is sc bindered that one independent revision to ELIST
attempted to improve the man - machine communicatict by
providing overly simFlistic graphics (Figure 2) to represent
the input data.

Due to their complicated nature, BLAST type programs are
strictly 'end line' systems; they are used as sparingly as
possible and only after detailed knowledge of a design is
known - after design is completed! Also, in mcst cases,
special training is needed to operate these systems so one
person becomes the specialist and the designers never ccme
close to it (41).

____

.Fure_2_ BLAST Graphical Input
(16)

Though such less complex and expensive than the systems
described above, pocket calculator programs such as LEL,
SCOTCH, and TENAWT suffer from many the save bindrarces
(19); they are based on numerical input/output only, a
detailed knovledge of the building is required before Ir;ut,
and only cne building can be analyzed at a time. They are
also 'one-pass t programs in that to do more than cme avaly-
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sis of the same basic design the entire data representation
must be input every time. Minor changes can not be input
alone and the program rerun.

29g !§._3iesIS Imers! AIna1.1i

It the 'lov-tech' end of the analysis spectrum are a few
manual systems represented most notably by DOE's graphic
approach to energy conscious design (36). This predesign
energy analysis is a series of straight forward forms which
are filled out / charted by the designer after prcject
programming has been completed. After only a short initi-
ation with the graphic results (Figure 3) good initial ideas
on energy performance can be .formulated. Calculations have
been kept to the barest minimum for the sake of speed and
user friendliness. However, despite all efforts to speed up
the analysis it still requires a discouraging ancunt of tine
and although the results can be seen graphically (thus
understood quicker) the starting information is still muwer-
ic and does not give the designer the visual 'feel' for his
energy decisions.

Totar Dadbie Emv. Pvfommce

hi, N & F" tn t - -

- --

* !~~~"4It '1 (wT flE OR

_Figre 3; Sample Forms for DOE's Predesign Energy Analysis
(36)
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In concept. DOE/UCLA's computer program SOlAM5 is similar to
DOE's Predesign Energy Analysis. Input of the design tc be
analyzed is strictly non-graphic and can be done at a early.
programming design stage (25). SOLARS's analysis and gralh-
ic results (Figure 4) are more sophisticated than the DO!
approach and its analysis naturally much quicker. Of iuFcr-
tant note, SOLARS does not require the user to re-enter all
design parameters before subsequent analyses, only the

* parameters being changed.

90LM53* PAO3IqM 0LOW DUOLDSV3020W TOOL I lr3C"U2) UCLA 0-31213 41
PROJ CT TITLE- Off- ST*^?101Soft C 0rT. DUILDIMO rPI. 9ULTIVFAILV LOU R2I

6C"NM I. • SASEM CLIMATIC I 070 LOS OW4LIS ^I•POOT

IHDluVImUL CMOe T PECK 4OUR ALLIS
PEAK LOSS Pto& 0K

.OUTh USNDOU - 69 4 20620 6
IT WSDOO 0.0 0.0

.'I. UIDO e 0
,,- IVL1Oi4 0.o 00.

SOUTH MLL -4 .S 443.a
WS TMALL -%36. 617 .1
HONH WALL -7311 S a"
LAS? ALL -636.2 260.3009 -656 I 3122 0
FLOOR CMA3019 -3376. age.:GLAD ON OHOOC 0 0.0
L"OIGTINO 0.0 ,•46.0
I ET L 13. 0 13640OCCUPANT 0.0 3727

*3 TOTAL Us -17099 R 312.2

WOULD VOU LIKE TO DEC ^"OTHER PA CHR?(VH.OP1O4117

. gure4 A SOLAP5 Graphic Analysis Chart
(25)

Where SOIAR5 was a joint DOE - UCLA research venture, a few

energy related systems have emerged solely from the educa-
tional arena;

Tuo S!§s___ _9cm__Jademia

Two of the most recent exhibit sore of the shortcomings
described already. The University of Arkatsas rercrts a
system under development which extracts areas and I-values
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from uspecial" AutoCAD drawings and produces analyses in a
tabular alphanumeric form using Lotus 1-2-3 micro confuter
softvare (20). No mention is made of the ease with which
changes are made but the output is strictly numeric and not
instantaneously lnterFreted. Apparently too, the program is
limited to heat loss analysis. (Figure 5)

INK lA W IT I f iT I I
UrlI 1l n IM.LIG 13 132 0 = I1.1 1.0 U0 I

IIII 113 42 60 40 11. LU 0.0 0.0 1
UTE.S MA EAT M0S I ULII 313 40 0 -192 19.0 LU 0.0 . I

eqft lbushr I 11. M W3 M -3 0 2 L.0 10 0.0 0.0 1
i.m. ISt 337 4,054 1 .1. 305 2231 4 2.0 3LO 0.0 0.0 I
E I SI 137 1,254 1h.L1O 305 132 -112 010.0 LO 0.0 0.O 1

k AIS 1,613 3,b7 [ an 19 I 133 273 50.0 0.0 0.0 1
IRA 301 31 2 11115.0 0.0 0.0 1

lTUJL 2,137 15,95 10 1W2 9 121 210 316 2.0 0.0 0.0 1
:fl u 317 217 217 220 2.0 0.0 0.0 1

ION 204 132 1 1 0.9 6.0 6.5 1
6112 593 334 2 1 1.7 1.0 4.3 1

-IM13 431 Z2 I 12.1 16.0 4.51
:3o 113 311 I 12.0 3.0 7.0 1
"I0 305 15 I ILO 3. 7.0 1

jiur Heat Loss Analysis Output - U. of Arkansas
(20)

Rensselaer Polytechnic Institute (BPI) is atterpting tc
computerize DOE's Graphic Analysis system to elintate to
the manual system's slowness (31). Output from RPI's system
is similar to the manual graphs (Figure 6) except they're
done on a dot matrix type printer. The other manual Graphic
Analysis shortcomings (non- graphic input, etc.) still
remain.

Total Heat GainoeLoss DulIlding

+1200

-
*800 

1\.- 
99

'.9 *Ali

-820 " nt n - Spring Suvqe%* Fall

_igure 6: Energy Graphics Output - RPI
(31)
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The problem of non-graphic input for energy design was tack-
led in the Ohio State University's Master of Architecture
thesis by D. Highlander (15). CEED (A Computer-Aided Energy
Efficient Design Program) made extensive use of interactive
graphic techniques (menus, icons, cursor input, etc.) to
allow the user to visually define/redefine the energy

* aspects of a building prior to analysis (Figure 7). The
actual analysis vas carried out by the IBSLD (Natical
Bureau of Standards Load Determination) program running on
the campus mainframe computer. Once again, though the input
was more architecturally oriented, the output was nuteric
only. Also only one design could be analyzed and evaluated
at a time.

'a''

4 _6

.... .. .... .. .

'p.a6

...', . *,' , - , ..' '. - a ,- ,,

_Q.ure.. CUD Sample Input
(15)

The most notable attempt at a true energy design system (in
or out of the academic arena) was J. Pittsan's Master of
Science thesis at Cornell (30). Pittman understood the
barriers to true energy design and compiled a ;cverful
combination of existing and new programs to overcome them.
His interactive graphics environment uses a variety of

r - input/output devices/methols (including raster and vector
screens) (Figure 8) to simplify and 'architecturalizel ener-
gy design and analysis.

V ,W .v ' .' ? . > , - '* '? .. ,.:a- '.-: ~Q S... .a. .. a9..\ . , *: - ..-
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.Fiure 8: Sample Screens from Pittman's Energy Design
(30)

Yet the Energy Design Environment apparently falls sbcrt in
two key areas. First it does not allow complete buildirg
definition, specifically openings (a most important archi-
tectural and energy feature) can not be added, deleted or
manipulated. And secondly it does not allow simultaneous
comparison of alternative designs. The user must soclehow
remember results from one comparison to another.

1.2 flej~jq pRue Ig.~g Poten
This sampling is small, yet indicative of the numerous ener-

gy analysis programs for architecture. Hany attelpts have
been made but most, if tot all, fall short of being a power-
ful energy design tool. The computer does away with time
consuming calculations yet many commercial systems do noth-
ing more than *number crunch', and compaterizitg evergy
design is potentially much more. A bare minimum list of
energy design qualities should be as outlines below (1):

1. Perform rapid energy calculations of

schematic design.

2. Produce legible and attractive output

3. Perform simulations of alternatives
(in less than an hour !)

a 0e
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4. Accelerate a designers experience.

The goals set for the creation cf EDECT were to implement a
computer aided design system vhich allows the user to itter-
actively and graphically design/redesign the aspects of a

1building model vhich most affect energy consumpticn. lhose
aspects include fenestration, shading devices, material
selections, and orientation. It any time during am IDEC7
design session rapid graphical and/or numerical analyses can
be done on any model in EDECT memory. The graphical analy-
sis is an easily interpreted, three dimensional grapl and
the numerical analysis has an abkreviated suizary as well as
a detailed breakdcwn of heat gain and heat loss. Up to four
different designs and their graphical amalyses car be
compared side by side. EDECT also makes key analyses of a
design's perimeter vs. area and fenestraticn and explains
the meaning of the analysis.

Thus EDICT endeavors to meet or exceed the four qualities
listed aeove. The designs EDECT uses are schematic and the
EDECT user can make changes to them. IEDCT's cutput ct
only is attractive and legible but the graphic analysis is

. in a form easily understood and digested. The sirulaticms
performed by EDECI are done in seconds, not hours. Ind
hopefully through PDYCT analyses and explanations the

. user/designer will sccn gain an intuitive feel for good
energy design decisions.

This thesis consists of six chapters, including this intro-
L duction The next chapter, Chapter 2, overviews the

concepts, terns and user interactions of EDICT. Chapter 3
is a user's manual Chapter 4 gives an example EDECT desigr
session. Chapter 5 deals with EDECT's internal operations
by covering data structures, calculations, and algorithms.
The last chapter presents rossible extensions to EDEC7 ard a
conclusion.

.. c

82



2. IDICT Overview

This chapter previews the Energy Design Evaluation and
Comparison Tool (EDICT) by covering the concepts behind its
creation, why it does what it does and why it does not do
other things. Typical operations and terminologies are also
presented as a basis for the User's flanual presented in
Chapter 3.

2.1 UHitctura Zner lents

In terms of the causes of heating and cooling loads, build-
ings can be divided into two basic categories; envelcpe
dominant and load/system dominant (4). Envelope dominant
buildings are buildings whose major impacts on energy use
are climatological (high and low temperatures, wind, rain,
snow, etc.) and thus the outside skin or envelope is the
main determinant. Residences, small to medium offices and
retail stores, and private clinics are envelope dosinant
examples. Conversely, system dominant buildings' major
energy loads come from within. Large number of occulants,
special manufacturing/processing operations, and unique
man-made environments are examples where the interior fumc-
tions cause more heat gain/loss than the weather. Compen-
sating for system dominant loads becomes a mechanical rather

* . than architectural design problem. EDECT deals effectively
with envelope dominant design types.

Envelope dominant energy design is made up of building
elements which significantly affect both energy perfcrtance
and building design (10). While nearly every aspect of
architectural design can have some impact on energy cozsuw;-
tion, the following lists the major components:

The roof of any building is in more direct exposure to
incoming solar radiation (insolation) than any other surface
of the envelope. It is also where snow collects and rain
falls. The materials a roof is made up of determine bcw
effectively it resists the flow of heat, either in or out.

---= 11
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The most effective of those materials is insulation, however
many designers have the misconception that more insulation
is better. Insulation's resistance to beat flow does not
increase linearly with thickness, in fact the economic
payback of most types of added insulation after a few inches
drops off dramatically (38).

~alls

Though not as impacted by the natural climate as roofs, the
exterior building wall in many cases has acre exposed square
footage and has a thickness determined by esthetic consider-
ations rather than energy (38). Since most malls do have at
least some cavity space, prudent use of insulation in those
cavities is necessary, in fact demanded ty code in scwe
states.

Where rccfs and malls provide an insulated barrier to the
elements openings in that barrier, specifically docrs and
windows, are like hcles in a bucket of water. And like
water, heat flow will take the path of least resistance -
through an opening (32).

Doors are normally more resistant to heat flcw than wirdcvs,
tut both cause infiltration gains/losses; e.g. the perimeter

-" around the opening is a crack through which air passes.
There is no perfectly airtight opening, nor for health
reasons should there be. Extra panes of window glazing
improve the insulation qualities but like roof and wall
insulation too such is not economical. Windows or glass
doors exposed to direct insolation also contribute greatly
to interior heat gain (33).

From an energy performance standpoint it may seem logical to
do away with openings since they are ky far the single vcst
detrimental building factor. But of course from a design
standpoint that would be ridiculous. Good energy design
dictates a compromise.

Related to the glazing insclation problem and the shading of
direct sunlight in general are overhangs/Frojections. ErcF-
er placement and size of overhangs can cut out damaging
(during a cooling season) insolation and let in beneficial
(during a beating season) insolation. And of course projec-
tions can provide aesthetic relief to a wall surface.

%



A building's orientation is not an architectural element in
and of itself but directly influences all the atove
mentioned elements. a change in orientation by only a few
degrees can expose some surfaces/openings to insolatict and
turn away others thus changing energy performance dramat-
ically (27).

Like orientation, perimeter vs. area (P vs. A) Is wct by
definition a single architectural component, but rather a
combination of components. Two buildings can have the same
square footage of floor space but have very different linear
feet of perimeter (Figure 9). Bore perimeter means acre
exposed exterior building envelope and subsequently more
heat transfer.

PLAN A PA

ph

AREA A = AREA B

PERIMETER A PERIMETER B

*Ugu _ 9;. P vs. A Illustration

AWM.9
---S
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2.2 f~lt_3DEC? flag

EDECT enables the user to manipulate the critical energy
elements of an envelope dominant design type - rocf/vall
construction types, openings, and overhangs - then instantly
view the resulting energy performance graphically or tuver-
ically. The graphical analysis is in an easily interpreted

3D form. Orientation, though not a building element Fer se,
can likewise be changed by the user. To do an annual energy
analysis EDECT allows user definition of macrcclimate,
building type, mechanical system, lighting system, and
number of occupants. ?or the sake of rapid comparison anal-
ysis, default values exist for element and building system
definitions. Up to four graphical analyses can be ccaFared
side by side. And finally, upon user request, IDECT will
analyze and explain the performance of the most critical
elements: north fenestration, south fenestration with over-
hangs, and a design's P vs. A.

2.3 TL 1PINo2s J gland !k!1

EDECT is not a complete modeling tool and relies ot ARCHINO-
DOS (The Architectural Modeling, Design, and Drafting System
of The Ohio State University) for initial object definiticn.
P vs. A is influenced by the exterior wall configuration as
designed on APCHIMODOS and therefore can not be reworked by
EDICT. lessons learned from EDECT on improving P vs. I
ratios must be applied in future ARCHIRODOS modeling
sessions.

EDECT is not a mechanical design tool and does act dc
detailed mechanical system sizing, duct sizing and layout,
etc. That type of design is more critical to load dcrinant
building design anrd EDECT only deals with envelope dominant
design accurately. Likewise IDICT's analysis tecbnigue is
accurate yet simplified to speed comparison and analysis.
EDECT is intended for use in early design where Finpcimt
performance accuracy is not necessary. In fact it has been
shown the long, intricate analysis techniques do not Frcduce
exact results because they can not simulate all fluctuating
field conditions (1). Simplified techniques have Frcvez
nearly as accurate at predicting energy performance as
complex ones (11).
2.c ~is alayi.Ztechegl

EDECT's sethod of energy use evaluation is patterned after
the Arerican Institute of Architects$ (AlA) Simplified Ener-
gy Evaluation (SEE) technique. SEE is a straight fcrvard
analysis which yields accurate results and is very adaptable

, .. .r' 4, , 4. r, 4 :. .. jo, .



to the architectural modeling or schematic design phase but
can also be a valid energy design tool in later design phas-
es (2). SEE is also useful as its results cam be presented
graphically.

2.5 jb_.lA_"OIDOS Interface

EDICT acts as a 'boot' program to ARCHIMODOS in that ANCHI-
HODOS must be run first and a model(s) generated on it
before EDICT can be run. The models created by APCHIMCDOS
are saved in a common disk storage area and picked up by
EDICT from that same disk storage (see Appendix C for
detailed disk storage information). Once residing in PEICT
the model data can be manipulated and analyzed for evergy
performance as often as the user desires (Figure 10). IEICT
can also save to disk model and alphanumeric data peculiar
to its operations, hovever this data is not compatible with
ARCHX10DCS operations and can not be used by the mcdeler.

" b JARCH IMDOS

5-0 DATA
-A-

I~I

ANALYSIS .

KGRAPM.

Fioure 10: APCHIMODOS - EDICT Flow Chart

Although ARCHIMODOS model data containing doors, vindcvs and
interior walls is read by EDECT, immediately after reading
interior valls/wall surfaces, interior roof/floor surfaces
and exterior door and vindov side faces are culled out of
display data so the resulting image is the envelope shell
with outlined openings. (Figure 11) This culling sinlifies
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the viewing image giving the user only the visual infcrta-
tion needed for envelope dominant energy design. it addi-
tion to the display culling, all exterior opening data is
placed in its ovn data structure for later IDECT cFeraticns
(see Chapter 5).

.1

.4

mjm L~.foe eor n fe uln

'4°
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2.6 n43uware and 2flar

The devices and drivers at the OSU CAkED Lab used by the
EDICT system include an IBM 4341 computer running iN/CMS.
The program consists of approximately 10,000 limes of
Fortran IV code with graphic support from IB1's GSP (Graphic
Subroutine Package).

* Figure 12: The EDECT Workstation
(4 0)

The actual EDICT workstation (Figure 12) is made uo cf am
IBM 3251 vector refresh graphics terminal with light pen for
user interaction, and an "IBM 3279 color raster graphics
terminal. The 3251 refresh terminal provides all the
system's graphic display and interaction capabilities. The
3279 terminal displays error messages and cther ncm-gzarbic
user information such as an in depth energy analysis tatu-

* lation. The 3279 is also the communication device thrcugh
which the user initiates program execution (see Appendix C).

2.7 jpZZnPlementatio

This section gives a graphic preview to the user - EDECI
interface. Key figures and explanations give an overall
idea hoy the user and EDECT manipulate the lIportant envel-
ope design elements and interpret the analysis results to
Improve energy design. A detailed user's ranual is
presented in Chapter 3.
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2.7.1 Kit.BA 2Sk~e
Upon initializing EDICT and throughout an EDICT session the

W basic screen - on the 3251 - (Figure 13) is 'hone base' for
the user. The Object Data Box holds basic graphic and
alphanumeric description of the model (object) curretly
eader consideration; the Object List Area displays the manes
of all objects in session memory or all unused object raves
- depending on the command selected; the Commands Area lists
primary and secondary system commands (Figure 13 shcvs the
primary command senu); the Graphics Area displays a variety
of graphic/alphanumeric information(see folloving figures);
and the message bcx gives the user various error, prompt.
and general information messages (see Appendix B).

OBJECT DATA BOX

*LEM i e s ISIVIVNIA

V1TW Prs~
ILhN1P ITS. IUIESCn? OBJECT

' '" SAREA

STRIP MESSAGE BOX

LnTAELECT

E.L

[ ILE. SI

i ) AREA
I. WEIT"IS

eare.i@1_2 heBsc.,C Sre
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all user communication with the screen (picking commands
etc.) is done with the light pen. The remaining secticns on
implementation deal with the Graphics Area.

2.7.2 Ike Oa~rclimate

Studies have shown that for the basis of design the Urited
States can be divided into sixteen distinct vacroclinates
(2). lacroclimates are grouped into geographical regicar
based on similar weather data. EDICTOs macroclimate
selection screen (Figure 14) is provided maimly sc EDEC1 can
perform a yearly analysis if reguested. Though a climate
viii dictate different energy design strategies seldc does
the architect choose where a design is to be built. There-
fore the macroclimate choice is not a designer saniFulatable
element.

1)K ARTFORL CT NICNLESTO KC
-9 ,1ua. 1a 1,LIlt ROC.
, .)M LLDCL fl 11)M XVLLE. TN

4)INDIOM L IN9 12) PHUND(. AZ
M. ALT LAKE CIT!. IT 13)MILt4U. TX

b)ILY. NV 14)1MR WL . LA

")f"EFlCW . O 15)OUS'UO , IX

"y*CA z IMI ft

'.
~2

..% .*

- -4

yIgreL-I ?he Hacroclimate Graphic

obviously not all U.S. cities are shown on Figure 14- If
the city a design is planned for is not one of thle sixteen
macroclizate cities the user must choose the racroclitate
city closest to the actual city.
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EDECT's orientation routine is multi-purpose. Not only does
it provide the user with four separate windows for up to
four simultaneous orientation cbanges/ccaparisons of the
same object (Figure 15) but can also sake copies of existing
objects for comparison/alteration purposes.

ID

. o.
• :.

Xi Fiqure 15: The Orientation Graphic with Object Tcotprint

27.- Bogf and Wlall Cons!% Fn uon..]s

The selection of roof and wall construction types are done
from similar screens (Figure 16) where the user car rick
from a menu of available types. While a roof is considered
to be of only one construction type an object's walls car be
all one type or each individual wall can bave a unique cross
section.

& survey of different architectural energy avalysis
approaches points out the advantage of providing a menu of
common construction types to pick from as opposed tc allcv-
ing the user to 'build' cross-sections from a menu of indi-
vidual materials. In the haste to improve perforarce
designers tend to disregard practical structural and econom-
ic considerations and create impossible cr unecorcaical
cross-sections. By Froviding a variety of complete. practi-
cal and safe construction types a system ensures de~ign-
which can be built as well as analyzed (4).

"1
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2.7.5 t[ts Lmnd lindows

EDICT's method of handling doors and windows treats bctb as
openings in a wail. Depending on the type of door or window
chosen the U-value will vary but the rest of the analysis
for the opening - e.g. infiltration - is the same for both
door and window. Because there is no major distirction
between the two, only until (and if) the user selects door
and window types does IDECT distinguish tetveen the tuc.

The graphic interface for opening operations is done with
two screens. One screen (Figure 17) is dedicated to chang-
ing opening size/Fosition and adding/deleting openings.

D °D

fgure 17: Opening Manipulation Screen

When the user has a tentative wall opening arrangement in
the opening manipulation screen it can be transferred to one
of two ccmparison windows in the opening definitior screen
(Figure 18). Besides giving the user a chance to visually
compare and select from two different opening arramgetent
schemes, the definition screen is where the user can assign
opening type and, if applicable, glazing. At any tine
during an EDECT session the user may return to this sequence
and rework an object's openings.

IJ*°.

i 5,



23

I

WDI m 10l0R TTPE3
C0N5TPUIT1a'

MlUBLE°MUNC U001 FtrE WI~
n
IM

I NI -WeATHE RSTRIPFEI
2 T hEATR11ITPPEU

MUILE-HC PETAL FRM WP43.1

3 WN-WEATHEFSTRIPPED
4 Ule lERS11IPPE M

ILLEU 6SWEL FRM S LAZI3 WIN4DlM 01

5 ZtlUUITUX$.PIYOTIwM $61I,
b 2IlB1'TIAL,,, M"N( H04CAl

j, boul OiR 1270C Ilop

I NUM UTL ENS
I WETHIN3 UIPPES

-~ GLAZINGI

I IO~L.
• TIUIPLE

Figure 18;. Opening Definition Screen

2.7.6 gq e._h..

Where openings are handled on the 2D surface cf am
elevation, overhangs are generated as projections to the
walls of an isometric 3D object image (Figure 19). 7he

isometric image with overhangs can be rotated in various
clockwise and counter clockwise degree increments tc give
the user a sum like perspective of how much shading the
overhang is doing. But because the sun's Fath varies frca
day to day and from season to season the isometric rotation,
which is fixed, can not be taken as an accurate view fro
the sum.

Like opening manipulations, overhangs can be changed im size
and wall position as well as be added and/or deleted. All
EDICTls overhangs are rectilinear projectioms fro the vall
they are initially created on and any wall can bave more
than one overhang. Of course in the built environment cver-
hangs and shading devices can take diverse forms and config-
urations. While PDECT can not model all pcssible overhang
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types it can simulate the beneficial shading of acst cver-
hangs with reasonable accuracy.

-,.

-°

,4.

Fiqure 19: Overhang Manipulation Screen

2.7.7 §ulldimgSy.t emd th Defgjtjos

Like the macroclimate definition, other nor-enveloFe asyects
of the building must be defined (or defaulted) so EDICT can
do an annual energy consumption analysis. These aspectE are
building type, occupants, mechanical system and lighting
system. The selection menus for each are all Fart cf cne
screen vlich is equally divided into four windows (Pigure

%:' 20).

The building type choices are a representative but not all
inclusive list of envelope dominant building classes.
Different types represent different amounts of usage, e.g.
a hotel/motel may be used around the clock where am cfice
is normally used 8 - 10 hours in a 24 hour period and not at
all on weekends and holidays. Building types with greater
usage must use more energy to maintain comfort levels.

The number of occupants are picked in a cumulative marner It
increments of up to 30 at a time. Thirty was chosen as the
maximum increment because in many envelope dominant tuild-
ings ttere are 3C occupants or less (19). Of course the
user may add up more than 30 occupants but then the design

-" begins to become load dominant. Each occupant has a direct
impact on energy used to condition and light the interior

Pr N.-
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environment as well as power possible prcducticn equip-
ment/machinery.

The mechanical system menu lists the most common heating,
ventilation, and air conditioning (RVAC) types. The various
RVAC systems contribute to the cooling load by giving cff
varying measures cf process heat. They also use energy
sources (fuel, electricity, etc.) with varying efficiercies.

2. The lighting system options are likewise indicative of
industry standard approaches to building illumination.
EDECT is not an artificial lighting design tool so although
a design may have more than one lighting system only one,
preferably the most extensive, can be defined for SEE analy-
sis and comparison purposes.

BUILDING TYPE: OCCUP04NT5.
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WeOUSE 25 2b 27 25 23 31
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RESII13TA E IVU. PETA. IDtllE

RE313TOWCE STRIP KIr, PRE3 30ODiWI

WATER HEAT PU??
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Zi qule 20: Building Systems Screen

. 2.7-8 G 11ij kl_81ys

One of EDECT's rain features is the graphical forz with
vhich an object's envelope energy performance is presented.
EDECT is intended as an architectural design systew and

. . . . . . . . . . . . .
0N%1L
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architects generally communicate graphically better than
numerically. Certainly an architect would rather see a
design than read its statistics or dimensions. Por that
reason the envelope energy results are presented in a three
dimensional graph forme whose shape is indicative of
good/poor performance.

The graphing method was set forth in the SCLAP5 analysis
technique (25) and is two perpendicular I I and Y) axes
corresponding to the 15th of every month and every hour in a
24 hour period. A 13 x 25 (the first month and hour are
repeated) grid is created by the intersection of each axes'
divisions and at each intersection point a 2 value indicat-
ing the magnitude of heat loss or gain is calculated. By
connecting all points of intersection with lines parallel to
each major axis the image of free form surface or patch is
created.

Two basic graph shapes show good and poor envelope energy
design. A saddle shaped graph (Figure 21) signals good
performance. Vhen heat gain is most needed - during minter
months - the building gets it, but proper shading of south-

L '.P. er exposed openings prevent unvanted suimer heat gain.
Judicial use of north fenestration and envelope material
selections prevent extremes in heat loss and gain. Pcor
performance, on the other hand, is symboli2ed by a 'heat
mountain' (Figure 22) where undesirable teat is gained
during sunmer months due to improper opening shading and
desirable heat is lost during the winter due to combination
of excessive north fenestration and inadequate envelope
U-values.

after learning to judge performance graphs against these two
extreme examples, and after a few experiments in trying tc
achieve a saddle shape graph a user rapidly learns bow the
envelope elements affect the graph, and can better make
aesthetic and energy design decisions and trade-offs. It is
important to note that ?DICT suppresses and/or exaggerates
graph 2 values to achieve a relative uniformity ketween
graphs of different objects. Thus a 'per capita' scrt of
visual comparison is attained. To determine actual heat
loss and gain numerical analysis can be performed.

I""
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CORRECT SOUTH
WINTER HEAT GAIN SHADING OF

I ,UIMER SUN

-.igur 21;. Good Performance Graph

TOO MUCH TOO MUCH
WINTER HEAT SUMMER HEAT

r~jqure..Uj Poor Performance Graphl
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;- ,p.



2E

2.7.9 g!_erical &ma.vsis

EDECT does both an extended and abbreviated annual energy
consumFtion analysis. The abbreviated analysis is actually
a summary of key energy uses from the extended analysis. It
appears as an alphanumeric screen on the 3251 display (fig-
ure 23). EDICT's detailed analysis comes up on the 3279
color monitor and can also be saved on disk for hard copy
retrieval after the end of a session (see Appendix A).

N.

A M4lUPL NERGr use SiI0" Y O 1TU)

TOTAL HATIG ElEIG USE. 44
TOTL COOLING EIEKY UKs 1MB

3OISTIC HOa ATR FUEL UMe 9

IUTAL CW4RCTEV ELECTRIC.L LOAe ?b

TOTAL **JA eERGY USW 237

j.ju _13. Annual Energy Use Summary Screen

2.7.10 ThgSqinPK1§0 nCabIL

Another important EDICT feature is its faculty to display up
to four graphical analyses of different energy designs
simultaneously (Figure 24). This was considered alwcst
essential since although a user could possikly remester or
jot down a numerical result, graphical results are rct as
easily recalled and side by side comparison gives the
designer flexibility and speed in arriving at tetter or
optimum energy designs. Different 3D envelope enerqy

i o°
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performance graphs may have only slight variations which can
be best spotted in adjacent displays.

Each EDEC! comparison display quadrant shows a lateled
graph9 object number, and isometric image of the object.

1 iue_4 Grpi oprsnSre



3. nDUc! Useros anueal

This chapter describes in detail the EDICT commands and
interaction methods available to the user to design/redesign

object models and evaluate their energy performance. The
initial object creation is done with ARCHIHODOS and ques-
tions about its operations should be referred to the lrchi-
j odoss.*s flanual (40).

This chapter's first section explains the assumptions about
an object EDECT operates on, and the second descrites the
primary and secondary menus. The remaining sections take
the reader through EDECT explaining facets of the system
along the way. The order in which this manual is presented
basically corresponds to the order of commands it the
commands area of the EDECT screen but should not be
construed as the only sequence IDECT can run under. EDICT
was designed to be flexible and allow the user to move
throughout the system freely.

*3-1 T1SQkV.

The variety of models that can be created using IPCIBCEcOS
is infinite. Some may even be nassing studies with little
or no structure Imposed on then. For the sake of having an
object model that can be evaluated even at a schematic
design stage certain assumptions have been made:

1) The object has a continuous Oskin' or exter-
ior envelope. This means that any holes in
the walls must be made as a door or window.
If an object were otherwise, i. e. with an
uncovered opening, there would ke little
sense in doing an energy analysis on the
design and attempt to reduce energy
consumpticn.

2) The object must have a floor, (e. g. e
generated on APCHIKODOS as building model
type 2. 4. 6 or 8).

3) The object wust have a roof (for hopefully

I30
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obvious reasons). If the roof is to be
flat, a type 4 building model can be selec-
ted or a flat roof may be simulated using
ARCHIMODOS roof generation techniques.
Both type I (solid) and 2 (shell)
roofs can be used on
objects sent to EDICT.

3.2 11SINSI and Secondary Bemus

EDECT's key source of user input is through light pen acti-
vated command mnemonics. Each command represents a proce-
dure or procedures carried out by the system. The user
simply identifies the command desired and picks it with the
light pen. With rare exception the user slould never have
to take his or her eyes off the 3251 screen to carry out an
operation. Some procedures reguire more that one light ren
pick and the Strip lessage Box prompts the user for addi-
tional action. Use of EDICT will be eased considerably by

" reading and understanding the strip messages. Certain
keywords in the strip messages are also light pen activated.
Throughout this manual, strip messages (including error
messages) will be referred to by number and samFle strip
messages are enclosed in parenthesis and in upper case
letters. Appendix B lists all EDICT strip/error messages by
numker and briefly explains the cause of the error messages.

After successful system initiatimn, the first commands that
come up in the Commands Area are the primary commands. Most
primary commands are grouped into four categories;
OBJECT(S), (RE)DEFIE, ANALYZE, and IMPICVERENTS. CCUPIR
is a primary command rather than a category header. The
four category headers are informational only and not light
pen activated. When picked, certain primary commands cause
the primary command menu to be temporarily erased from the
command area and replaced with a secondary command setu.
EDICT has five secondary command menus; Crientation, Wall,
Window/Door, Overhang, and Compare (Figure 25). Each in
turn holds sore commands. Note that when picked, not every
primary command causes a secondary menu to appear, but
instead the primary command menu remains and light pen
attention is called for elsewhere on the screen.

The following guide is grouped with the command category
headers forming sections (e.g. 3.3) and primary commands
forming subsections (e.g. 3.3.1). Further explanations are
arranged as unnumbered listings under the ccrresponding
sutsection.
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3-3 _8 Ca teZIgory

The first image the user sees on the 3251 Is the basic
screen shown in Figure 25. The Object Data Box, Strip
.essage Box, Object List Area and Graphics Area are blank.
Before anything else can take place EDICT must have an
object or objects to work with- Betrieving objects frcs
disk, listing retrieved objects for selection, deleting
objects from session memory and saving session data tc disk
are all accomplished by commands in the OBJeCT(S) category.

3-3-1 110_122"MJU

In EDICT session begins when this command is picked. All
objects in disk storage are listed in the Cbject List Area
and a strip message no. 1 ( PICK OBJECT YVON OBJECT L1ST 0B

'. (RPTURY) ) prompts the user to pick one of the listed
objects (Figure 26). The 3279 display also gives the name
of the 3D file if any. The object names are light pen acti-
vated and picking one makes it the current object. all

.5 subseguent EDECT operations will be performed on the current
object until another object is picked.

N lo 7T 1 2 3 4

Ll'.1 I 111W€11

." IM9L2LlM TYPE,

MO@C. ITS.$
*W T,',C LIGNTV4[ IT.o

Ir__t 02JC3.T Prng OJECT L 12T OR gTe311.

" liqurt 26., Upper Screen After Picking READ FROM DISK

" In the example session, there were 6 objects, mned Ithrou ,saved disk from CIODOS creatic. er

., objects are read from disk storage into session memory,

EDICT also checks disk filies for object data from previous
• :-EDICT sessions. These EDECT files hold data on walls,
. . windovs/doors, overhangs, building systems. If the objects
t:.: are being read by EDECT for the first time, 3279 messages
[ w', .will indicate these files are empty. If the user saves
' EDICT data before ending a session, later sessions with the

, .. same objects will read and use the saved data. Ipremdix C
: details disk storage operations.

gIf the user picks ETURN (in the strip nEssa e box) the
screen retrs to the state sho n in Figure 25 and te

thog ,svdo ikfo RHHDScetc. ie
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system waits for an object to be listed and picked. Picking
an object (object 2 in the example) causes the object's
footprint, isometric view, name, and any other data in meac-
ry to appear in the Object Data Box (Figure 27).

IN WN .T

9M CUCL1SUTeE CUP41,

SILUZIP TyP
96CH. 3mS..

_____________________ _____________ LIGN I TS.$~l

Figure 271 Upper Screen After Object Is Picked

3.3.2 161U L& Z

In order to pick objects after the initial SEAD IPOH EISK,
this command must be selected. If the user picks READ FFO!
DISK mote than once an error results and error message no. 1
is issued in the Strip message box. Picking LIST/SELECT
yields the screen of Figure 26 but with the Cbject Data fox
being filled with the current object's descripticc. The
user can then pick a mew current- object or keep the old one
by picking RETURN.

3-3-3 11II11

To erase an object from session memory, this cman d is
chosen. The result is a list of all current objects and
strip message no. 2 ( DELETE OBECT FFOH OBJECT LST 01
(yETUs) ) (Figure 28). if the user chooses not to delete
an object ETUd brings back the basic EDICT screen. Pick-
ing an object from the object List Irea erases all the
object's data from session memory. This is aot a permanent
deletion unless SAVE TO DISK is picked before a session is
terminated. one object can be deleted per D oTE lick.
After object deleticn, the basic screen returns and the
deleted object's name becomes a possible selectee it the
creation of new objects (see OPIENTATICN subsection).
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Figure 28; Upper Screen After Picking DELETE

This command saves all session object data to disk fcr use
in future EDECT sessions. SAVE TO DISK can be picked as
often as the user wants in a session tut each save vrites
over the previously saved disk data. Before saving present

v*. data, EDICT verifies the user's intent with strip sessage
no. 8 ( ALL DISK NAMES WILL BE IRITTER OVES. CCRTINUE? (T)
(W) ) (Figure 29). Picking N from the Strip Message Bcz
will return the basic screen and Y will accomplish the save.
The user may leave a message/label with the 3D data file via
the 3279 monitor/keyboard. EDECT prompts for the message on
the 3279 monitor and the user files the message with 2
'ENTESS' on the keyboard.

1 N is" FT

SW!L Ir Y~

EWM. BTI.BUILS?'M TYPE,

0601. STS..
_________________ L1mrtI, iii..

I'~ ~ ~ ~ ~~NP ITS.*r T UrT ][
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p JALL 11K PW 5 LL 4tTB (VI UtlZ Y yr CH)

_ 22 Upper Screen After Picking SAVE TO DISK

3..5 Ill plah_1gk!e__rllaKaig t

The footprint and isometric view of an object can te altered

da r -
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for easier viewing by picking the light per activated scale
and view selects (Figure 30). There are feur scales which
can be established in a cyclical manner;

1=90 PT -> 1=180 PT -> 1=20 PT -> 1=40 PT -> 1=90 F.

and three views which are also picked in cycle;

*.. SOUTH -> SOUTHWEST -> SOUTHIAST -> SOUTH .....
4°.

It is recommended the scale that gives the largest image
without clipping by the frame lines te arrived at as certain
other EDECT operations fit graphic images to viewing windows
at the object isometric view proportion.

JILlNIG TypMs

-f eN. IS..

LIGNTD6 SYSI.@
4- _ '. L , SD T.

SCALE VIEW

SELECT SELECT

Figure 30L Graphic manipulation in the Object Data Box

=;-':3-41 J21lDpeF11Z...Ca ads Catecor2

EDECT's abilities to handle an object's energy elements and
,.J1 descriptions are controlled through the commands in this

category. Some elements, like overhangs, may be defined for
the first time. Others may be redefined from previous
ARCHIEODCS or EDECT definitions.

3...1 !AClOCLIn fTI

To establish a weather zone where the design object would be
built this command is picked. An icon of the United States
with numbers at the macroclimate cities, location, a
descriptive list of the cities and the number 16 striF
message I SELECT MICPOCLIMATE NUMBER PROS liP. TC PEGIS7EP
SELECTICN: (FE TUBN) ) appear on the 3251 screen first (Fig-
are 31).

r.
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While a sacroclivate is being defined, the primary commands
are inactive. The numbers on the states iccs are light yet
activated and can be picked as an initial macroclimate defi-
nition. Whenever a macroclimate number is picked an indica-
tor (>) is placed next to the number. Picking avcther
number replaces the indicator next to the new selection.
Picking PETURN finalizes the macroclimate choice by Flacing
the macroclimate number and name in the object data kox and
returning the light pen active basic screen. The macrccli-
mate can be redefined any number of times during a sessicn.
In the example session, macroclimate 8-Fresno, C1 was
picked. flacroclivate number 8 also happens tc be the
default macroclimate.

1N 1949 FT
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UCCUPfIRPT3
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Figure 31: Macroclivate Definition Screen
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This command enables user defined (re)orientation of the
current objector the reoriented object can te saved under a

new object name. When a new object name is called fez, all
current object characteristics (openings, overhangs, build-
ing systems, etc.) are copied under that new mane.

IN 14F FT

DC CU P*I1
BUILDING TVPEo

tfCH. SYS.I

___LIGHTING SVS.1
, UUT 1NT VIUEWT EI E L

SELECT O I. DV'FT TO 015PLAT IN or ?'"IN MEW J TO RErUFN.

1 2

MN MEU
ACTIVE GUAwf
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4E JENT

-5 3q
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-31 3 0

3 4

-WE SAV-180f lIN

NEW 1AVIE

--I

,_re32- Initial Orientation Screen

The first 3251 diEplay in the orientation procedure divides
and numbers the graphics area into four equal quadrants,
gives strip message no.4 ( SELECT QUALRANS T DISPLAY IN OP
"BAIN MENU" TO RETURN. ) and replaces the primary command::.

.12..;,.',:.,/.:.
. -. '''...g.-L £_? q ._/'',,:. .".[.. ,. :,;,,. ' :, . .
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menu with the orientation secondary menu (Figure 32). Tc
bring the current object footprint into one of the quadrants
for (re)orientation a two step command sequence must be
followed. First make one of the quadrants active by picking
its number under the ACTIVE QUADRANT conmand. The Ficked
quadrant will be indicated with a box around the nuser in
the quadrant. The active quadrant choice may be changed
before the second step. The second step is to pick the
command IDE)CRIENT which places a proportional foctfriat
with rotation disk in the active quadrant (Figure 33). The
rotation disk is for user reference with points placed in a
circle at 15 degree increments.

UUILUING TYPE,
MGMH. SYS.$

rxr~ ~RD T ~ ~ ~ LIGNYrIG ITS.. tPTh

l%"-."• •1 2 3 4i,*4**,4• 3

l -. " " , •(N!) IE~N'T

* 4 DEGREES

ROTATION -31 4O

DISK -: :

CLEAR WSIAW
1 Z, S 4

3 4

f~gu 332: orientation Screen w/ Object Ready for Rctatico
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Once an object is in an active quadrant with the rctaticv
disk the orientation can be changed by picking the degree of
rotation number under the DEGREE command. Positive nusberE
indicate clockwise rotatiot in the degree indicated and
negative numbers denote counter-clockwise rotatio, any
combination of degree picks are allowed, and during rotation
all commands but degrees of rotation are inactive.

When a tentative orientation has been arrived at. the user
may reactivate the orientation secondary commands by picking
RETURN in the strip message box. The (re)orientation proc-
ess may be repeated for all remaining quadrants. to reuse a
filled quadrant it must be first cleared by picking its
number under the CLEAR QUADRANT command. Then the rctaticr
process for that quadrant may continue.

The SANE SAVE and NEW SAVE commands allow the user to charge
the current object's orientation or create a new object. If
SAME SAVE is picked EDECT will first prompt the user with
strip message no. 6 ( CURRENT OBJECT VILL BE WRITTEN CVER.
CONTINUE? (Y) (Y)). If the user picks N the the strip
message box is cleared and nothing happens. If T is picked
strip message no. 7 ( SELECT QUADRANT RUBBER ORIENIAION TO
BE SAVED ) prompts the user to pick one of the quadrants as
the current objects orientation. If a quadrant number is
picked that quadrant's orientation becomes the current
object's orientation. Only filled quadrants will have their
numbers light pen activated.

Picking NEW SAVE first prompts the user with strip message
no. 3 ( PICK NAME FROM AVAILABLE NAKES LIST C2 (BETURN) ) to
pick a new name from a list of unused names in the Cbject

V List Area or RETURN to the active orientation menu (figure
34). If a new name is selected the system then prcmpts for
the quadrant containing the desired orientation with strip
message no. 7 ( SELECT QUADRANT NUMBER ORIENTATION 7C BE
SAVED ). As with SANE SAVE only a filled quadrant's number
can be picked. Upon picking the quadrant a complete ccpy is
made. If more copies are made the new name just selected
does not appear as a possible new object name. Also ir any
later listings of objects in session memory the newly
created object will appear.

For ccmparison or other purposes exact copies of an object
can be made by rotating the current object a positive degree
increment then an equal negative degree increment and final-
ly saving the orientation as a new okject. The ertire
(re)orientation process can continue until all 99 availatle
object names are used or until memory is expended. laring
messages concerning memory size, if any, appear on the 3279
display.

:-pT
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The final command of the (re)orientation process is fAID
HENU which, when active and picked, returns the basic screen
and primary menu.
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,. .. 3.4 . 3 SCT©

The roof operation is basically a menu selection prccess.
For reasons explained in Chapter 2 a choice of roof
construction types is presented to the user for selecticn.
When the command ROOF is picked the Graphics Area fills with

****~~ *~ %* M. . -....- 0~~--~~" .~*p
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roof description items and a list of twelve ccstructica

types. The number 20 strip message ( PICK 1CCF COUSTEUCTION
TYPE lUBElR, 0 (IETURI) ) then prompts for selectic frcs
the list or to return to the basic EDICT screen and primary
menu (Figure 35).

N 12~l41 PT "nI P1ACROCL3W21 I-O-PREW

BUIING TYPE.
"ECH. 11.6

___________________________________LITING III|.o
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.girej__ loof Selection Screen

The top roof descriptor identifies the roof type as:

js 1. Titcbed v/ SusFended Ceiling (ARCHIMODOS TyFe 1)

2. Pitched v/ Cathedral Ceiling (APCHIPCrCS Type 2)

'.I.
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or 3. Flat w/ Suspended Ceiling.

The type of roof determines how much roof area is calculated
as affecting interior heat gain and how much interior vcluwe
is conditioned air volume. Since ceilings are assumed to be
(and economically should be) the thermal barrier (insulated)
their rocf area is determined as being equal to the area of
the footprint. The volume is roof area times extericr wall
height (see Chapter 5 calculations). Calculations for roofs
with roofs with suspended ceilings however must take ictc
account the true roof area and interior volume (25).

The next descriptor indicates the construction type as
currently defined. If no definition has been made it will
be blank.

To sake an initial roof construction type definition the
user picks the number of type wanted, the numbers being
light pen activated. If the total thickness of tle type

4selected is less than or equal to current type's thickness
the current construction descriptor will be updated with the
construction type selected. Otherwise, strip message ac. 21
( CURRENT ROOF THICKNESS IS LESS THAN CCISTSUCTION SELECTED.
MODIFT? (Y) (N) ) will ask if roof thickness should be modi-
fied. Picking Y (=yes) will replace the current witt the
new while I (--no) does nothing except return the orig~nal
strip message no. 20 ( PICK ROO CONSTRUCTION TYPE IUL-.e
0 (RETURN)). Roof construction type initially defaults to
number 2.

To return to the basic screen and active primary menu the
user picks RETURN in the strip message tlcck. Ihis alsc
registers the current roof construction type in session
memory. In the example, roof constructicn type 2 was
chosen.

3.4.S 4 JUL

Wall construction type definition is similar to the menu
selection course fcr roofs. Picking VILI brings up a list
of 19 wall construction types, a current object footFrict,
the wall secondary menu and strip message/prompt no. 22.
Any vail that has been previously defined will have the

. construction type number superimposed on it (Figure 36). To
begin wall definition the number of the ccnstructict type
desired is picked. A selection indicator (>) appears next
to the number selected and updated for subsequent chcices.
To assign a ccnstruction type to a vall the user then picks
the wail from the enlarged foot print. All valls ct the
enlarged footprint are light pen activated. Similar to
roofs, any increases in wall thickness due to type selection

:I". - - . .
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must be first approved by the user through strip message no.
23 ( CURR NT ILL THICKNESS IS LESS THIN CONSTEUCTION
SELECTED. MODIFY? (Y) (I)) Default construction type fcr
walls is number 2.

AN 1345 PT

ji DILUZN TYP~o
. . fqECN. s1.$

u9T wff ,IKT iUUTHWZ T V TItI J _ _ _ _ _ _ _ _ _ _ _ _ _ _

PICK W4.AL CWUISTRUCTION TYPE -) IALL SEGMENT Oft r'NU COrWO.

- -J'AVAILABLE kOLL CM4STRUCTION TYPES

13/4 WOOD SIDING. 2 X 4 M~OD STUDS.
3 1,0 2 AIR SPACL 1o02 GYP BOARD.

2. 3/4 1O SIDING. 2 X 4 WOOD STUD3. muN MNU
* .,3 12 GLAS5 WOOL. 1/2 GYP BOAR.

SELECT ALL
_ 3. V-4 wool SID G. 7-118 wool FURRING.

" CONClETE ILOCK. :2 X 4 WOOD STUS..
3 1/2 GLASS WOOL. 1/2 PONELINC.

4. 3/4 WOOD SIING. 74 WOOD PUJRING.
S CONCRETE ILOCK. 2 X 4 WOOD STUDS.
7/8 WOOD PURRIN G 1/2 PANIELIG.

5. 1 STUCCO. b CONCRETE.
I GYP BOARD

b. 102 CEPENT PLAITER. 4 PILLED
CONCRETE ILOCK. AIRSPACE. 4 PILLED
CONCRETE ILOCK. 1/2 MSIIT PLASTER.

% 7. 1/2 CEftNT PLASTER. 4 CONCRETE 13. 5 IRrCK/CONC. ILOCK. 2 RIGID
ILOCK. AIRSPACE. 4 CONCRETE BLOCK. PISULATO'N. 1/2 GYP IDOop.
1- CEMENT PLASTER.

14. 6 PRECAST CONCRETE 301tEWICH PAEL
1. 1/2 CEPIENT PLASTER. 4 HOLLOW 2 POLTURETIINE CORE.

TERRA COTTA BLOCKS. AIRSPACE.
1/2 CEPTNT PLA AIER. 1!. 1 BRICK CAITY WLL. 2 RIGID

V INSULATION IN CGWITY.
9. b SOLID BRICK. 2 RIGID IMULAT ION.

1..7 G P aRD. 1b. 13 IRICK CAVITY WALL.

1S. 6 HOLLOW BRICK. I X 2 FURRING. 17. 195 RICKnQNC. BLOCK CAVTY WLL.
12 GYP B .RI. 2 RIGID PISULATION IN CAVITY.

11. b HOLLOW lRICK. 2 RIGID 13. is 3RICKnON1C. BL0CK CAITY WLL.
INSULATION. 1/2 GYP BOARD.

13. 4 BRICK WER.E 107 10HOULATION
12. 8 BRZCK/CONC. SLOCK, I X 2 FURPIGN. BOARD SHEATHING. 2 XC 4 WIOOD TUD

1,2 GYP lOops. M1TT R-l) DOULATII, 1'0 GYPSi.

!-_ure 2& Wall Selection Screen

If all object walls are to be of one construction type the
command SELECT ALL may be picked after selecting the type.
In the example all valls have been SELECT ALL defiled as
type 3.

MAIN MENU is picked to register definitions arpearing cr the
footprint and restore the EDECI basic screen/primary menu.
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Since all models analyzed by EDICT are assumed to be slab-
on-grade construction there will be no appreciable beat
transfer through the floor. Any contribution to the beat-
ing/cooling loads from the floor then will come fcre the
floor slab perimeter. Standard practice with floor slabs,
in fact required by code in some states, is to insulate the
slab perimeter to minimize what floor heat gain and loss
there might be (22). Vith this in mind EDICT has nc user
interaction for the FLOOR command. Instead, when the user
picks the command FLOOR an informative message about the
perimeter insulation appears in the graphics area (ligure
37).

FOR COMPARISON PURPOSES, ALL FLOORS ARE CONSIDERED SLAB ON
GRADE WITH PERIMETER INSULATION AM A HEAT LOSS RATE OF
.55 BTU/HR " FT = DEGREE F.

Figure 37: Floor Message

The save perimeter insulation is used for all objects so
fair comparisons between different objects can be made. The
U-value chosen is enforced by several building codes ard ar
economical cbcice.

5 ~ J
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To manipulate openings (uisdovs and doors) EDICT uses the
-indov/Door Secondary Menu and two different screens it the
Graphics Area. When the command UIUDC/DCCU is picked the

i:: secondary menu, initial graphic area screen and strif
message no. 9 ( PICK NALL FRCH ENLARGED FCCTPRINT 03 fl1IN
MENU" TO VETUIN ) are brought up (Figure 38).

t'InACROC LI1'"Iql i -"me"
KCUPP#1

jIUILUING TIP&t
FECK. ITS. 1

I_____"__ _ I LIUMZ N6 ITI.o
PUUT"RNT 3JNWI clI VieW

PILK W0LL FROM DHLPRCEN PJOTPRX(T OR MAINMENU

I

.,
AD

5, .4, UMETE

<<SHAPE

2 WINIM.W1OOR TYPES

DOUBLE-HWC WiOD FRAE Wx'aINO < >
1 HON-WEATH! RSTRI PPED Vij'2 W EATHER STWIPPES

MIUILE-HUNG IdTA. PRNE WINDOW RIEFI. TYPE
3 NON-WETHERSTRIPPEL
4 WIERUTIZ3 PPUI SELECT

1 2

ROLLED STEEL PROME GLAZED WD4INM1OOR
5 zIN0TRIPIz..PvOIu CDR PN D4 CLEAR
b I t$E I AiL.L CAIS NE aTnU HIG13| 1 2

WOOD OR IETAL DOR
7 NO-tMETHER3TRIPPED

5'." I WEATWERSTRIPPEZ

GLAZING

a IOUILE
T TRIPLE

F_.r". : Beginning (Basic) Window/Door Screen

The footprint it the upper right quadrant is in tke save
proportion to its window as the Cbject Data Fox footprint is
to its vindov. All walls on the larger footprint are light

%
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pen active. The lower right quadrant contains the opening
types definition menu which is divided into two Farts;

,-* construction choices and glazing choices The mumbers next
to the construction types and the letters S, D, and T next

-,- to the glazing types are also light pen activated.

To begin working openings, the wall on which openings will
be worked must be picked. Note that a mall does not have tc
have openings before being picked. Before a wall is picked
all commands are in a temporarily inactive state. 1her a
mall is picked the Graphic Area is replaced with an
elevation of that wall, scale marker, scale change cowfard,
and strip message no. 10 ( SELECT CFFING->CPEEATICN,
(RETURY), OR SAVE IN WINDOW 1 2 ) comes up IFigure 39).

1;'I

i

I.
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IN I1345 PT

P1UCL W~ @-ne
II~NUI~NG 13YPb

MLCN. ITIt.

ruurl n IUUTHWt3T VAEW ___ ___ ___ ___ __

I!LECT OFENIN 5- OPtRATIMO (ReTURN) • OR 3AVE IN WINDOW 1 2

* OFENV9
All
DELETE

KK M !PE

OVERHANG M

AA
" << >>>

DEFIl TYPE

SELECTOPENINGS .- E 12

CLEAR
SCALE 12z

CHANGE
SCALE COMMAND
MARKER

4PT SCALE\ U I

!igu___ Second Window/Door (EIevation) Screer

The elevation appears at a scale proportional to the Grayb-

ics Area as the footprints - both in the Okject Data Bcx and

the previous screen - are to their respective windows. Ihe

elevation can be scaled up or down by pickleg U (ut) cr r

(down) from the Scale Change Command. If there are any

overhangs on the wall they are differentiated fror oyerirgE
Id by a lighter intensity on the 3251. Cpenings are ligbt pen

activated. From this screen the user tay, at ary tive,

return to the previous screen by picking BIEUBW in the strir

message box. Also in this screen only the corrands PEL,

DELETE and the movement disks SHAPE and 7tRAIS are active.
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d. Before covering EDECT's opening sizing and positioning capa-
bilities, a brief explanation on the movement diskv i-
warranted.

jovmuLjVks Des riptio

Used in both opening and overhang operations, the mcvevent
disk is an important EDECT - user interaction device.
Graphically it appears as a pattern of 12 varying sized
arrowheads arranged around a command mnemonic (Figure 4O).

MIN MENU

OPEWNO
ADD

I',. ~DELETE

N61~ TMPE

2-"W

SELECT
12

U'

CLEAR
12

, Zi egu 40: Movement Disks (Window/Door Secondary Renu)

Each arrowhead is light pen activated and represents the
number of inches of command mnemonic movement. For example,
the smallest arrowhead pointing up from the SHAPE ccinand
will elongate the active opening by 2 inches in the verti-
cal, and the largest arrowhead pointing to the left widens
an opening by 20 inches in the horizontal. All movement
disk arrowheads throughout EDECT symkolize the sate inch
quantities shown in Figure 40. Arrowheads pointing down or
to the left stand for negative quantities. The nature of
each movement disk command will be explained individually.

To shape or move an opening on an elevaticr the user rust
first pick the opening to make it active. 7bere can ke no
sore than one opening active at a time ard the user car
activate any opening on the elevation screen at any tire.



The active opening is identified by a higher intensity thar
any other opening. Activating one opening deactivates any
previously active openings. The commands available to oper-
ate on an active opening are DELETE, SHAPE and IFARS.
DELETE erases the active opening, SHAPE changes the sie per
arrowhead picked, and TRANS moves the opening in the direc-
tion and increment of the arrowhead picked. The SBPE tran-
sformations operate on a box-scale principle where the lcwer
left hand corner of the opening is fixed and top (for up and
down arrowheads) or left (for left and right arrowheads)
opening segment oves in the increment picked.

The following figure shovs the example elevation after the
transom like opening (assuming the largest opening is a
door) has been redefined with the sovement disks. After
activation it was reshaped by two (2) -20 inch left SEAPE
arrowhead picks followed by a 20 inch and a 2 inch right
SHAPE arrowhead picks (Figure 41).

HDU
Fiique 41: Opening Shaping and Translation Example

The ADD command facilitates adding an opening tc a vall.
When the scaled elevation screen comes to view the ADD
command is activated. Picking ADD causes a 24" x 24" open-
ing to appear below and centered to the elevation. When at

' opening is added it becomes the active opening and can be
operated on like any other active opening. In the follcwing
example figure the ADD command was picked and the new open-
ing was translated up to a position above the overhang (Fig-
are 42).

t T
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4U

!jigure 421 Opening Addition and Translation Example

] 13 ~e_rpiM_ Lqt_tttbJ Ds_U n__dojjg__cr~gez

To return to the basic window/door screen the user has tvo
basic options; return without saving the elevation screen or
save the elevation screen in one of two beginning screen
windows. To return without savinge PrEORU in the strip
message box is picked aud the basic screen reappears as it
was before the elevation screen was brought up.

To save an elevation for further opening operations the user
picks either 1 or 2 in the strip message box. Picking 1
will save the elevation in the upper left window of the
window/door basic screen and 2 will save to the lover left
window. A pound sign (#) behind the 1 or 2 means the window
already has an image and saving to it will erase tiat isage.

-, Before saving EDECT checks for illegal opening conditions.
An illegal opening condition is one where:

a) two or ore openings overlap

b) an opening extends below the interior floor
elevation (assumed to be 10" above grade).

c) an opening extends above the ceiling (top
of wall minus roof construction type thickness).

d) an opening extends beyond the side segments of
an elevation.

Any violation of the above conditions results in striy
nessagre o. 13 ( ILLEGAL OPENING/COIDTTICI EXISTS. YFUS-
TBATED? YOU MAY (FETURN) ) being issued which allcws the
user to return tc the basic screen by picking DETUPN. The
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user may also attempt to eliminate the illegal condition by
deleting, reshaping, or translating openings.

In the following figure the example elevation from above was
saved to window 1. The number 8 inside the largest cperirg
of window 1 indicates that opening was previously defined as
door construction type 8. The number 1 on the fcctrriut
segment indicates that segment corresponds to the wall

. elevation in window 1. (Figure 43).

PICV )hWLL FROM ENLARGED FOOTPRINT OR MIN MENU TO RETURN

2 WINDWi,. DOOR TYPES
CONSTRUCTI ON

DOUBLE-HUNG WOOD FRWO WINDOW
I NON-EATHERSTRIPPED
, WEATIERSTRIPPED

DOUBLE-NUNG METAL FIMIE WINDOW
3 NON-WEATNEWSTRIPPED
4 MEATHIERSTRPPE]

ROLLED STEEL FRIVIE GLAZED WIND06VDOO
U INDUSTRIA. .PIVOTEDCOR AWINO)
- RESIDENTIAL. CASEPIOIT(OR HINGED)

'. e WOOD Olt METAL DOORt

I WF..THER STRI PPED
GLAZING

% 'o1 DOUBLE
..-. TRTIIPLE

Figure Basic Window/Door Screen w/ Saved Elevaticr

-- f. finj!L etnocli Coast__ n a s

With an elevation in window 1 and/or 2 of the basic screen,
opening ccnstructicn type and glazing (re)definiticr car
occur. With windcv 1 and/or 2 filled the active cormands
are MAIN MENU, DEFINE TYPE, SELECT, and CLEAR-. 7he erlarged
footprint segments, elevation openings, and window/door type

. e... .. ...... .. .... . ""' " . . . . """""" ' """". . o """"""""""""""""""""" """""" l""" " % , %
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menu numbers/letters (S,D,T) are also light pem active.
Window/door type definition is done by picking (1) DEFINE
TYPE# (2) the opening,then (3) the construction and/or glaz-
iug type. Picking this sequence deactivates SELUCT, C1EA
and the footprint.

If the construction type picked is either I or 8, which are
solid doors, the glazing letters can not be picked. If
construction type 1 - 6 are picked and a glazing type is vct
picked a default glazing value will be used in the analysis
calculations. Opening default values are nusber 6 fcr
construction type and S (single) for glazing type.

When an opening is picked in the above type selection
sequence it is highlighted to indicate it is active. In
active opening can be (re)defined with ccustructicn/glazicg
types as often as the user wants. Each time a new
construction/glazing type is picked its number cr letter
appear inside the active opening. If another opening is
activated, the most recently selected ccnstructicn/glazing
identifiers will remain in the now deactivated window. The
following figure shows the example with the two operigs
above the door defined as residential, casement (or hinged)
rolled steel frame windov/door with single glazirg, (Figure
44), the transom being active.

E9J

-gLre i Windov/Door Type Definitiot Exarple

If the user wishes to make all the objectst clening
construction/glazing types the same as as the active cen-
ing, strip message to. 15 will accelerate the process. Strip
message no. 15 is issued when the command DEFINE TE is
picked. It reads:

VICE CTENING -> TYPE. ALL (DEFINED)/(JNDEFIIED)
OPENINGS SAFE? (FEIUFN)



The words DEFINED, UNDEFINED and RETUN are light per
active. Picking DEFINED sakes all previously defined cbject
openings the save as the active opening while UNDEFINED
copies the active window's definition onto all undefined
openings. RETURN is picked to leave the
construction/glazing definition process and reactivate the
footprint and commands SELECT and CLEAR. The next figure

illustrates this global definition technique.

1N 1345 FT
PICROC L.DTEm U-PEER

BUILDING TYPtI

MECH. iYS.6
F P ___ __ __ __ LIGHTING IY5.,

.,%PUTPrRD4T ______r_____________________

-* PICK W'.L PROM CHLOIRGED FOOTPRINT OR MAIN MENU TO REITU04

= OPENI4
An'
ELETE5 W1PE

2 WINDOW-fDOOR TYPESCON37rR UC[T'I[ON

DOUILE-HLHG b0OD FRAE WfIama 
r

I N 4-WEATHERSTRIPPED
2 WEAThER3TRIPF.2

_______________DOU3LE-HUP4 PETAL PROME WINDOW DIFI#4 TYPE
3 HOH.JEATHERSTRIPPED 5ELOCT
4 Wbl,!T TR I P t1i 1 2

fl , ROLLED STEEL PROME GLAZED WINDODW,00R
Ia IPIUSTRIAL. PIVOTED (OR MNING) CLEAR

b' RE 1IBs TIALCIM1ETWCOR MINGED) 1 2

WODOR PETAL DOOR
7 NOIN-WiTHERSTRIPPED

LW I THERSTRIPPED
GLAZING

I IOUILE
T TRIPLE

liqrg 45: Global Copy Illustration

When the trarsor opening in window 1 was active UNDEFIVED
was picked after defining the transom as type '6S'. The
elevation in window 2 (from the east side of the cbject)

" M

4"".t. '"...... . . . . . .. .."'"''', -... .... '' . .- ""'''< -.......... ......... ''''S .... '" " " ""', ' .........."" '
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illustrates the four openings of that elevation were previ-
ously not defined and received the same definition as the
active opening (Figure 45).

HS1191 S Ng-n..,..e.iv.. Ltio

ihen the user wants to copy either window 1 or 2's elevation
onto the object the number 1 or 2 (corresponding tc the
windows) under the command SELECT is picked. Before making
the copy EDECT will verify the user's intent with strip
message no. 12 ( PERMANENT OPENINGS VII BE CHAGir!!
CONTINUE? (Y) (N) ). Making a successful ccpy will update
the isometric view in the object data box and store the
window/door types in memory. The window from which the
elevation is copied is also cleared. To clear a window
without saving its contents the 1 or 2 under the ccianad
CLEAR can be picked.

To terminate opening definition and return the primary menu
RAIN BENU is picked.

3-4-.7 QyJfJjj

Adding, deleting, sizing and positioning overhangs are dcne
by picking this command. hen the command CV11HING is
picked from the primary menu an object isczetric is bicught
up in the Graphics Area, the Overhang Secondary Menu
appears, and strip message no. 18 (TO ADD CVERHING, PICK
WALL BOTTON. ELSE PICK OVERHANG -> OPEATION ) is issued
(Figure 46). The isometric image is the same view and
proportion as the object data box view.

v'.?'

:4
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BUILBINC 77MI

. gIC4. SYS.$

rUUTr INT iOUTflO VAl5W;

T000 OVRPw P. MR W.L BOTT . CL39 I It UCRM'C oPtFATIMJ

V %M

%44 U*l 30V

SSLEM

* 14" ' ROT' 3"

Figure 46: Example Screen After Picking CVEPHING

The isometric view can be changed at anytime during overhang
(re)definition using the ROTATE command in the bottom right
corner of the GraFhic Area. Similar in concept to the move-
sent disks, the arrowheads on either side of ROTATE rerre-
sent an incremental degree of rotation the isometric view
will be rotated at when picked. The incremerts are:

< < < ROTATE > > >
-45 -15 -5 5 15 45 - degrees

N"-,. " . ." """- %
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where positive numbers are clockwise rotations and negative
counterclockwise. The following figure illustrates the
example object being rotated a positive 90 degrees in itcre-
ments of 15 degrees (Figure 47).

%.

INITIAL
POSITION

START

aigure 4_Exaple Rotation Sequence

The exatFle object in Figure 46 came up on the screen with
previously defined overhangs. To add an cvvrbang tc a wall
the user sialy FickE the base (bottoz segment) of the wall.
Ill wall bases of the isometric image are activated with the

.1'



light pen- When the base is picked an overhang of default
size emerges on the wall. Default overhang size is 12 inch-
es deep x 24 inches thick x the width of the wall; de~th
being the distance an overhang extends away from a wall,
thickness the vertical distance between top and bottom cver-
hang faces, and width the horizontal distance between over-
hang side faces. Default position fcr a newly added
overhang is with top face of the overhang even with the top
of the wall. The backface of any overhang is coplaner tc
the plane of the wall picked to have the overhang.

When an overhang is added to a wall it autcmatically becces
the active overhang. An active overhang is indicated by a
higher line intensity than any other overhang. All itactive
overhangs are light pen sensitive and if one is picked it
becomes the active overhang. The BOVE, SIZE and DEEP aircv-

" '.heads as well as the the command SELECT are active only when
4 there is an active overhang. Only one cverbang car be

active at a time. A wall can have multiple overhangs, too.

Deleting an overhang from the isometric Ficture is dcre by
first making the subject overhang active then picking the
command DELETE. This deletion does not affect the current
object unless the command SELECT is picked (see selecting
information below).

The movement disks/arrowheads around the command mnemonics
MOVE, SIZE, and DEEP control an active overhangs pcsiticr
(on its vall plane) and size. The HOVE and SIZE arrowheads
operate with the sane inch increments as the opening ncve-
sent disk arrowheads (see Novement Disks Description in
subsection 3.4.6). The VEEP arrowheads are incremented
thus:

< < < DEEP > > >
-20 -15 -5 5 15 45 - inches

where a positive nurber extends the front overhang face avay
from the mall and a negative number contracts the frcrt face
towards the wall.

The folloving figure shows an overhang that has been added
to the example object's western-most wall. The labels indi-
cate the direction in which the arrowteads vanifulate the
overhang. ROVE adjusts overhang mall position and SBIPY
changes the active overhang's width and tbickness (Figure
48).

,A.. q..
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' SHAPE

V" DEEP
i + /  - S APE I .,

N %

lgure 8L: Overhang Manipulation Illustraticn

Whenever the user wishes to record the overhang cohditicr as
it appears in the Grafhics Area. the command SELECT is used.
Picking SELECT records the overhang state to sessicn tescry
and reflects the save state in the Object Data Fox view,
after user intent verification by strip message no. 19 (
PERMANENT OVERHANGS MILL CHANGE111 CONTINUE? (Y) () ). The
current object's overhangs will be updated as ofter as
SELECT is picked and SELECT can be picked more than once
before returning to the primary menu. Returning tc the
primary menu is done by picking command MIII MENU.

The next figure is the result of manipulating the active
overhang from Figure 48 by +20 inches DEPe *9 inches tkick-
ness (SIZE), and -9 inches MOVE down. The large overbangE
on either side of the entry way have also been deleted.
Picking SELECT after these changes would reflect the changes
in the current object's session data and the Southwest Viev
in the data box above would regenerated to appear as the
large isometric view appears (Figure 49).
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3..41 S UD SA NIU

This command is a composite command in that it reprevests
four distinct (re)definition procedures uhich define an
object's building type, number of occurants, mecbarical
system and lighting system. Picking the primary command
BLDG. SYSTEMS brings up four definition uindovE Ir the
Graphics Area and strip message no. 17 ( FICF SELECTICS. TO
REGISTER SELECTIONS: (RETURN) ). The four definitico
vindovs, one per definition procedure, occupy equal area
quadrants of the Graphics Area and are labeled BU0lDING
TYPE* OCCUPINTSv MECHANICAL SISTER, and LIGHTING SYSTEM
(Figure 50).

Tj 1 45 T 2t

UCCUm4HTSI
Ii NBUILDING TYPE.

MECH. SmT.1
__L___ _N_ LIGH TS..

PJ C 3ILECTIUtG. TO REIISTER SULICTIUM* IR ETN)

BUILDING TYPE& OCCUPA'TS:

) CLIIC
COMUNITT CENTER

$MN%3I UM
WITLIOTEL 1 2 9 4 0 6 )
PARTMlENT 1 * is 1 12 ' READ FROM DISK

LZST/SELECTR E 13 14 15 lb 17 1 DELETE
OFFICE 5VE TO DISK

ETAIL 19 78 21 72 23 24 (RE IOFINE
.. ) IP AR OC LIAT

25.OUSE 25 lb 2? 28 20 38 Otle"ATI4O
ROOF

TOTALs 5 (RESET) WALL
Jl FLOORPIDl LU 11 OR

OVER""C
ILIG. SYSTEMS

MECHANICAL SYSTEM: LIGHTING SYSTEM:

,IL-PIED D 1qGE SCOT GIPH OL
, NUJMERICAL.

, S -PiNE PLUORESCENT

- T144 CONVERTOR IERCURY V4A1
RESIS3TNCE SOIL METAL LIE r V . A

9 R951TOICE STRIP HIGH PRZ3 SONIUx S. PENESTA I0H
N HEAT P . PISTUIMP

AIR HEAT PIP

C @

Li~gue 50.0- Screen After Picking BLCG. SYSTEMS

P % % j, N
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During BLDG. SYSTE S (re)definition all primary menu
commands remain inactive. The active uneucuics are the menu
types for building type, mechanical system, lighting system;
the numbers in the occupant 'pick' pad, REST? in the cccu-
pant guadrant, and RETURN in the strip message box.

SeltJng_pu1J4"x TyeZ12_ astca -L p 3ystons

Building type, mechanical system and lighting system are
selected in a like manner: the user simply picks the menu
item desired. Upon picking, a selection indicatcr ()) is
placed to the left of the item. In Figure 50 the menu items
RESIDENTIAL (building type), GAS-FIRED (mechanical syster)
and INCANDESCENT (lighting system) have been picked. Only
one item per quadrant can be indicated as selected and
further selections update the indicator.

"af __1VgQg~c ats

(Re)defining number of occupants requires a different proce-
dure from the other three BLDG. SYSTEMS components. To

• " establish occupant number the user picks the desired zuster
from the 'pick' pad (enclosed numbers within the occupant
quadrant). Picking sore than one number has a cumulative
effect on the total occupant number which is tallied next to
the alphanumeric TOTAL: in the occupant quadrant. For exav-
pie picking 16 -> 16 -> 2 in sequence would display 34 to
the left of TOTAL:.

Picking RESET zeroes out the total number so the user can
start over. In Figure 50, occupants have teen defined at 5.

-hen all the desired selections have been made the user may
assign them to the current object by picking RETUBN in the
strip ressage box. Ibis clears the Graphics Area and strip
message box; lists the selections in the Object Data Rcx;
and reactivates the primary menu. For analysis purposes,
any BlDG. SYSTEM element that has not been user defined will
default accordingly:

Fuilding Type - Office

Occupants - 30

Mechanical System - Resistance Strip

Lighting System - Fluorescent

"
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The following figure is the condition of the Object Data Fcx
after the selections of Figure 50 were registered tc the
current object (Figure 51).

NNi.N TIP49 FT(ZlhrZ

* NUILNING TTInt EUSZUUNTIAI
PECH. $To.* GS-PIRE

r au-I 7RDIT ___________________w

XqM1_51- Data Block after BLDG. SYSTEMS Begistration

• -, 3.5 #1"111 C _osn ands SitgoU

When the user is satisfied with the current object's defi-
nitions, or if (s)he wants to make an interim check on the
current object's energy performance the tvc comiands GFAFH-
ICAL and NUMERIC&L, in this category, are picked. A graph-
ical and/or numerical analysis by EDICT is rapid and can be
performed at any stage of the energy design and as often as
desired. The current object design parameters, whetber
defaulted or user defined, at the time either analysis is
called for are the ones used in the energy calculaticns.
The next chapter elaborates those calculations.

3.5.1 GIAPKZCIL

To obtain a graphical analysis on the current object the
command GRAIPICIL is picked which results in the graph plot
of object's envelope energy performance over a year's tize

*. at sampling points for the 15th of each month and every hour
in a 24 hour period. Heat gain is plotted atove the C plane
frame and heat lcss below (Figure 52)_ Interpretation of
the graph is straight forward once the principles of
subsection 2.7.8 - Graphical Analysis - are grasped.

After the plot is complete, all primary ccntands are active
and the graph image stays in the Graphics Area until cleared
by another command.

P.

p,
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Picking the command VUERICAL invokes IDECT's energy amaly-
sis procedure which produces results in tuo forms: detailed
and atbreviated. The detailed numerical analysis is fcrwat-
ted and appears on the 3279 display screen. Depending on
the current object, several screens worth of detailed araly-
sis forms will appear on the 3279. The user can wait for
the 4341 operating system to cycle through the analysis
screens - at a rate of one sinute per full screen- or view
each screen at his/her own rate. To move from one screen tc
the next the 3279 keyboard keys 'ALT' and 'FIELD NAI' are
pressed at the same time. 'ALT' + ICUBSR SEI' also bring uF
the next screen. If the user wants to view a screen for
more than one minute pressing the 1ENTER' key on the 3279
keyboard will hold the present screen until manually

-" refreshed with the next screen. The user way also tyyass
the 3-9 screen analysis by entering "HT" (for halt
typing)on the 3279 keyboard before picking NUMERICAL. The
3279 monitor will then display nothing until NET" (resume
typing) is entered

When the detailed analysis is completed the atbreviated
version comes up in the Graphics Area of the 3251 display
(Pigure 53).

Both the extended and summary energy use results are arnual
and in fact the annual energy summary is made up of key
selections from the detailed analysis.

Along with the Annual Energy Use Summary strip message no.
26 ( DO YOU WISH TO SIVE THE ANALYSIS TO DISK? /Y) (l) ) is
brought up asking the user if (s)he wishes to write the
detailed annual energy analysis to disk. Picking Y (=yes)
makes a copy of the extended analysis to disk storage (see
appendix C for details) while N (=no) only clears the strip
message box. A pick of either Y or N leaves the Arnual
Energy Use Summary on the screen and reactivates the primary
command menu. which vas inactive since picking NUMERICAI.

.*o.. .* *, .**"
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3.6 I1 31V33 I-SColMa!ns go r

In the hope of improving energy performance, IDECT, when
requested, will make a numeric determination on the evergy
design of three aspects of the current object; perimeter
versus area, north fenestration and south femestraticr. If

. directed further, the meaning of the determination and how
it affects energy consumption will also be given. The deter-
minations and explanations for all three aspects are handled
similarly by RDECT.

: ~3.6.1 1_:5

This command, when picked, displays the current objects
perimeter versus area ratio in the Graphics Area of the 3251
display and a strip message no. 24 ( ICU BAY REQUEST hDEI-
TIONAL (EXPLINATICY) CR (RETURN) ) which asks the user if ar
explanation of the ratio is wanted (Figure 54)_ The word
EXPLANITICY of strip message no. 24 is light pen active ard

-- picking it will give the explanation to the determination
- ."below the determination in the Graphics Area. after the

explanation is displayed the strip message bcx is cleared of
all text except RETURN (Figure 55). Picking RETURN, whether
or not an explanation is requested, clears the Gralhics Area
and Strip Hessage Box and reactives the primary menu.

.1J

,.95

-4
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THE PERIMETER VS. AREA RATIO FOR THE CURRENT O!3ECT Igs RED FROM 315K
LZST/SELECT

U.73 DELETE
V.7WivE TO 213K

S(e) DEFINE

AN IDEAL PERIMETER VS. AREA (P VS. A) RATIO IS 1. 00. THE ORIENTATION
P VS. A RATIO CAN BE DROUGHT CLOSER TO 1.30 BY REDUCING ROOF
THE LINEAR FEET OF EXPOSED bALL PER SGUARE FOOT OF FLOOR MA.L
AREA. FLOOR

THE IDEAL P VS. A FLOOR PLAN SHAPE IS A CIRCLE. OVERWIW
ILIG. IYTElS

O',IL YZE
9F'AL

• +. NUMIRX M

r 93t 1%
.. , 11. IE3TIPATI ON

S. FONESTF1ION

igure 55: Screen With P vs. I Ratio and Zxplaraticr

3.6.2 11 1"rM11xxQ!
This ccneand operates like the P VS. A command but, of
course, vith a different determination and explavatiom. be
north fenestration determination is simply a percentage
figure representing the amount of north crierted vall area
taken up by openings. The next figure shows the determi-
nation and explanation for the example object (Figure 56).

- ~* 0A
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3 OF THE CURRENT OBJECT NORTH ORIENTED WALLS ARE
OPENINGS CDOORS -WINDOWS).

FROM aN ENERGY STPINDPOINT, NORTH ORIENTED OPENINGS ARE
DETRIMENTAL IN THAT THEY LOSE EXCESS AIOUNTS OF HEAT

* DURING A HEATING SEASON AD GAIN HEAT DURING A COOLING
SEASON.

REDUCING THE SQUARE FOOTAGE OF NORTH ORIENTED OPENING
WILL I ROVE ENERGY PERFORMA4CE.

!Jgur2e6. Example N. Fenestration Improveent Message

3.6.3 S._ F3USTI2 O_

This command also operates like P VS. A tat its determi-
nation is a percentage representing the square footage of
southern oriented openings which receive mc beneficial shad-
ing throughout the year from overhangs. The following
figure is the determination and explanation message fc the
example object (Figure 57).

27X OF THE CURRENT OBJECT SOUTH ORIENTED OPENINGS RECEIVE
NO BENEFICIAL SHADING FROM 0"IY SHADING DEVICE.

-. NON-SHA DED OPENING AREA GAIN EXCESSIVE INSOLATION HEAT.
PROPERLY PLACED SHADING DEVICES COVERHI4GS) WILL IMPROVE
ENERGY PERFORMA4CE.

f..V1_57; Example S. Fenestration Improvement Hessage

3.7 1gAE11

This command initializes ED.CT's process for comparing the
graphical analyses of up to four objects coinstantaneously.
When compare is picked the basic screen forvat is replaced
with the screen shown in Figure 58. The Ctject List Area
and Commands Area remain but the Graphics Area and Cbject
Data Box are replaced with four equal sized comparison quad-
rants. Each quadrant is numbered in the upper left ccrme.
The Object List Area contains a list of all objects in
session memory while the primary menus are replaced with the
Compare Secondary Memn (Figure 58).

S.
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1 2 4 5 

P~t N AD4U

12 3 4

34

S!ig..re 5: Screen After Picking CCITABE

To bring an analysis graph and isometric izage cf at ckJect
into a guadrant tte user follows a three st*p prcceduie: 11)

pick the quadrant number (below the command cUnrmh), (2)
pick the object (from the list of otjects), (3) Fick the

command GRAPHICAL. 7he order of these stets is nct crit-

ical, but all three need to te picked. Alsc, kefcre the
three steps are completed, the user may change the quadrart
choice or the object number choice. Once tke ttird Eter is

chosen, the selected quadrant is filled irrediately. The
following figure shows the condition of tte ccipare Ecreer
after quadrant nurber 1 and GRAPHICAl were picked. 7.e
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this case picking the object, has not been completed (figure

59).

M 1 2 34 5b

\ UMBER BOX

'I.

CHECK MARK N U

.r4.

1 2 3 4

3 14

4. Figure 59; Upper Compare Screen Exarple

The Check mark and lumber Box appear after GRAPHICAL and the
quadrant number are picked. They disappear when the quad-
rant is filled, that is. when the third step is accca-
plished. In the above example, the third step vas picking
object 2 from the Object List Area which resulted in pIct-
ting object 2's energy performance graph and the object
isometric in quadrant 1 (Figure 60).

The energy graph is labeled with single digits or numbers
which stand for (going counterclockwise):

D - December
S - September
3 - January
a - march
6 6 A.m.
I N-oon
6 - 6 P..
B- midnight

• * N .'. p . ..., - - . .:- ", 'e ,



73

t" U LUtDb4

513 2 3 4

3 5 14

4guie 601 Upper Compare Screen w/ Quadrant I Filled

The letters S and V in the lower left hand corner cf the
quadrant are light pen activated and stand for scale and
viev respectively. They manipulate the isometric image of
the object in the same way as the scale and view selects of
the Object Data Box (see subsection 3.3.5) to give the user
a more descriptive view of the object.

A quadrant can be filled more than once in a call to CCHPAIU
with the obvious caution that any images already Ir that
quadrant will be lost. Picking Rain Menu returns the basic
screen and primary senu. ghatever object was current befcre
picking CORPAIE will still be current and its description
will appear in the Object Data Box.

.7 The last image of this chapter is a compare screen with all
four quadrants filled with different okjects and their eter-
gy graphs (Figure 61).

12
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rig[je 61: Coupare Screen 6 Your Objects
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4. An IDZC2 Design Example

"4 This chapter presents an example of bcv the TECT systes can
te used to improve a building design, with respect to energy
efficiency. 7he building model used in this example was
first created on the ARCHINODOS system and saved cn disk as
object 1. This example and figures were taken from the
first EDICT session in which okject 1 was redefined.

As vith all EDECT sessions, the first user action after the
program has been brought up on the uorkstatic, (see A[[erdix
C) is tc read object data into session memory ty picking
BEAD JUCf DISK from the Primary Command Area. For this
exauple the number 1 appears in the object list area indi-
cating that object 1 was the only model saved durirg the
previcus kRCHIMODOE session. Picking I from the Cbject List
Area displays object l's description in tle Cbject Data Pcx
as it initially exists (Figure 62).

N 19 F lfrE1

M77'M MCRnLLITEs~OCCUOMMI

BUILRING TTPE,

PECH. SYS.$

All LIGHTING ST5.g

igure 62: Initial Object Data Box

The 3D data fcr cbject 1 contains interior wall faces as
vell as opening side, top, and bcttom faces. Whenever FECI
displays the object's 3D image, as in tke SOUTH VIrM cf
Figure 62, EDECT culls the data in a way such that after the
cull only exterior faces and cpenings are displayed lFigure
63).

75
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BEFORE AFTER

'igure 63: Example Object Before and After Culling

4.2 gJ&Ltl Def 1 fl!

Object 1 comes into ErECT with all defaulted erergy ccslc-
ments and descriptions. In this example the first asyects
to be user defined are the ones displayed ir the cbJect data
box, i.e. macrcclimate, occupants, building type, mecb.
system, and lighting system.

Macroclimate is defined by picking HACECCIINITE from the
primary commands followed by the number 4 on the United
States iccn (Figure 64). Picking FETUEF in the strip
message box registers the selection in session sevczy and
the Ctject data bcxo

Tke other four aspects are user defined by picking primary

command ELDG. SYSTEMS. The cormand trirgs up the fcur defi-
nition quadrants fcr building type, occupants, mechanical
system, and lighting system. The selecticEs Ficked fcr this
exatple (Figure 65) were;

Building System -> RESIENTIAL
Occularts -> 4
Mechanical System AIR HIAT PUMT
Lighting Syste: o> FLUOPESCENT

These selecticrs were registered with a pick of !T.VUFN in
the strip message tox.
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5ELECT flZCROCL~r-Tf NUJMBER FROM1 MA~P. TO REGISTER 5ELECTIO~i (ETURN)

MACROCLDVT~sa
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-~ 12

figue 4: flacroclinate Definition Screen
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BUILDING TYPE: OCCUPPJTS:

CLII[C

C&rlrITY CENTER
C-- O'IZ1f)

HOTEL-"iT1!L 1 a 3 4 3 6

AF^RTMNT I is 11 12

wlT.Ts 13 14 15 lb 17 13

RETAIL 19 26 21 22 23 24
k2EUSE 2 Rb 21 2 23 36

IrTALo 4 (RESET)

MECHANZIL SYSTEM- LIGHTING SYSTEMt

OIL-FIRED EICENT
G,-FPIE.- PLOuPE3CENT

iitM CO V'ERTER HERCUN" VAOR

VESISTANCE BOlL ItTAL HALIDE

VC5flTOE ITRIP KID" PRIes 19DIU

ATEP NEAT PUP9
) AIll HEAT PUlP

Figur.e 65: Building Systems Definition Screen

When the above initial definitions have beta registered, all
description items in the Object Data Box are filled. Alsc,
the grarbic izages of the object (footprint and vies) have
been changed fror the initial images :y Jicking the scale
and vie% selects ir the Object Data Box (Figure 66).

JN 1247 FT

MCROCL IITEs 4-INIA O LIS

BUILDING TfPEo RESIDENTIAL

ftm Y. AIR KEAT PUIV
LIGMHTING 5Y.o FLOURE5C8E1T

F '- "- . UUIT~fbI v/itW_______ _______

F uE 6: £xafle Object Data Box After (Fe)definitict

V 12&Zl
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Though the above definitions could have been left to system
defaults, user definitions (even if only arproxinaticos) of
projected building usage tend to yield more accurate energy
analyses.

At this point a graphical analysis is called for to give the
• user an idea of the object's energy performance and vhat the

next step in the energy design night be (Figure 67).

Y
A

"." Liul2.,6,6.7- initial Graphical Analysis of Example object

.,The graph shows a 'heat mountain' - or suaver beat gain and
winter beat loss in the daytime - and fairly drastic might

itime beat less all year. In other vords, the initial
: ' objectfs envelope energy performance is Foor. As presented

in subsection 2.7.8, this graph is indicative of izp roper
.', shading of south openings and less than adequate tmsulaticr
. ,and material selections. The balance of this chapter will
. demonstrate how better energy design cam improve the exat~le

otjectls energy performance.

~Before proceeding with the FDECT session a ccpy of the exav-
pe object is made on which future redefinitions %ill te
done. Ihis is accomplished by picking the prizary coirard

OVIENTITION and rotating object I in orietation quadramt 2

' -. ".""- . " %' " ,,.-"'." ,' , " ,,"" "'" .,. ',,,', "t" ', . ,e.'. '.'" " ".," " " . "' " ,,""."C.
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by 5 degrees then -5 degrees (picking 5 and -5 under second-
ary command DEGREES) followed by picking URTUEN in stzir
message no. 5 ( PICK DEGEES O (RETUBN) ). The resultant
footprint image in guadrant 2 has the same orientation as
the initial object 1 but now a new name can be assigned tc
it by picking NEW SAVE. The BEN SAVE pick brings up the
list of possible new names in the Object List Area (Figure

N 121F 2 3 4 5 b

CROCLATE, 4-!NDI OLI5 13 14 151 lb 17 18
UCCU-P ou T 4 19 2121 22 23 24

BUILDING TYPE@ RESIDENTIAL 25 2b 27 28 29 3S
31 32 33 34 35 3b

MECH. SYr., AIR HEAT Purr 37 30 39 40 41 42
____LIGMTINC SYS.# FLOURESCENT 43 44 41 4L 47 46r"" OUTPRIKT 5OUJTHIEM VItWJ 49 Of 51 5 2 53 54
P I C K t v E F R O M Ar'A I L A I L E N WI 5 L I S T O R ( E T U R N} 5 5 b 7 5 5 5g b e

I6 b b W64 b5 b6
2.b7 b8 bg 7: 71 77

73 74 75 7b 77 78~79 86 31 32 33 34

8 6b 8 8 3 9 : 2 9 6

91 92 93 94 95 b
J . T 97959

"p6iN MENU
ACTIVE QUA NR4T

1273 4

(RE)IRIENT
DEGREES

- 5 51
-15 15
-33 3
-41 41

-136 153

CLEAR QUADRANT
1 2 3 4

3 4
SOVIE SAVE

Figure 68: Upper Screen Before New Nate Assignsext

The number 2 is picked from the list after which the quad-
rant number 2 is picked thereby completing the copy proce~s.

After returning to the primary menu from the oxiertation
quadrants the primary command LIST/SELECT is picked and the
Object list Area shows both object 1 and object 2 as rcsid-

-4 ing in session memory (Figure 69).

J ° . *,
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f100C LIITE 4-INIIAPW LZ

OCCUMMiSI 4
BUILING TYPE. *IIEN1THrAL
3CH. ITS.I AIR NEWr PUIP

_ _ _ _ _ _ _ _ _ _ _ _ LZNT VTW.. PLLOUESCDNT
r qQ pr R/NT UUIltI VxtW _______________

Figure 69. Current Object Data and Cbject List

Fros the object list, object 2 is picked making it the
current object. The Object Data Box ehovs that all of
object ls definitions were transcribed to object 2 at tine
of copy (Figure 70).

JN 1241 FT Novie 2
n MCRHUMTAM 4-XNDIf4VQL1.0OCCUMMITS 4

BUILDING TIPE. RESISENTIAL

MECH. IT.6. AIR NEXT PutP
__________________ 3 _ VIEW_---- LIGHTING STS., FLOURESCINT

Figure 7O New Object's Description

4.3.1 Are g mp vement

To aid in deciding which object aspects could be iu;rcvea
with EDECT, primary commands under IEPPCEINTS are used.
The command V. FENESTRATION is picked first followed by
EXPLANATION Irom strip message no. 24 ( ICU SAY FICUIST
ADDITIONAL (EPLIATION) OR RETURN 1. The resultant screen
indicates bow much of the current object's north oriented

* walls are openings and wbat the result on energy ccmsuartiom
would be (Figure 71).

:.
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21= OF THE CURRENT OD3ECT NORTH ORIENTED WALLS ARE
OPENINGS (DOORS/WINDOWS).

FROM AN ENERGY STANDPOINT, NORTH ORIENTED OPENINGS ARE
DETRIMENTAL IN THAT THEY LOSE EXCESS AMOUNTS OF HEAT
DURING A HEATING SEASON AND GAIN HEAT DURING A COOLING
SEASON.

REDUCING THE SDUARE FOOTAGE OF NORTH ORIENTED OPENING
WILL IMPROVE ENERGY PERFORMANCE.

FLSure 71: North Fenestration analysis and Explanation

The opening percentage, 21 %, is a figure that can and will
be iaFroved (see subsection 4.4.2).

The primary command S. FINESTRITION is picked next along
with its explanation yielding south oriented opening shading
information (Figure 72).

4..' 1m16M OF THE CURRENT OBIECT SOUTH ORIENTED OPENINGS RECEIVE
NO BENEFICIAL SHADING FROM ANY SHADING DEVICE.

NON-SHA DED OPENING AREA GAIN EXCESSIVE INSOLATION HEAT.
PROPERLY PLACED SHADING DEVICES (OVERHANGS) WILL IMPROVE
ENERGY PERFORMANCE.

_Jre 72: South Fenestration Analysis and Explanation

The 100 percent non-shaded opening figure is indicative of
why the Initial graphical analysis gave the poor 'heat moun-
tain' curve and is the aspect of the current object that
will be (re)designed first.

4. 3.2 !!K _ L_ JLUI tini
The first attempt to improve the current object's energy
design is by adding and manipulating overhangs on the scuth-
era oriented walls which have openings. In this example,
five overhangs were initially added and manipulated (sixed
and positioned) over south openings (Figure 73). The first
and second overhangs created (1 and 2) provide shading fcr
openings of an adjacent wall as well as for openings of the
wall on which they were defined. The numer 3 overharg, in
addition to shading the door-like opening, becomes infill to
the object rather than a projection away frox a vall (as
overhangs 4 and 5 are).
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All five overhangs vere registered as part of the current
object bj picking SELECT from the Cverhang Secondary Beau
after the overhangs had all teen sized and Fcsiticted.

Vith the initial overhangs defined, the impact of the over-
hangs on the object's energy performance is detersired by
first finding out how such of the south oriented openings
have now been shaded (picking S. FEIESTRA2ICN) (Figure 74),
and calling for at energy graph by picking primary coamand
GBAPHIC1I (Figure 75).

74% OF THE CURRENT OBJECT SOUTH ORIENTED OPENINGS RECEIVE
NO BENEFICIAL. SHA DIN FROM ANY SHADING DEVICE.

_2: u Percent Shading After Initial Overhang Additicn

,-,

:P

%. m

FFigu3Lre5: Energy Graph After Initial Cverbang Additions

'he shading percentage and graphical analysis sbcw that the
initial overhang additions irproved pericrzance scvewbat.
The grark shows a slight recession in the 'heat mountain'
shape and the beginning of a 'saddle' sbaped graph, which
indicates sose beneficial shading is occuring. However,
much more can be done towards a ketter emercy desi'E..
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The next design change involves the south fenestration.
Primary command IUBOV/DOO is picked which brings at the
basic window/door screen with light pen activated footprint
(Figure 76).

F2

10

o7 4

SWIDOSnJOOR TYPE
• CONSTRPUCTION

iOUULE-UNIG IdO| PWlot &IINDOW
1 NON-4"BTHERITRPPER

* -: WATHUSRIIPPEN

DUULE-HUt4G IETOL PPM E WINDOW
3 t4-WEA1T EU5TRI"1 1
4 WCATHERSWPIPPUs

ROLLED STEEL FRNIE GLAZED WINIOWdDOOR
S I U'YIWIZ.PvTEDcOR aINDG)
b ESI 04TXAL.C C rt4COR H4GED)

WOOD OR METAIL 3O0
. N -WIATIERSTRIPPEN

i S WEATHERSTRIPPED
GLAZING

5 INiGLE
I IGUILE
T TRIPLE

rigure 76: Basic Opening fRe)definition Screen for ExanFle

The footprint of the above figure has certain vail segments
numbered for later reference in this example.

Wall I (from the above figure) is the first vail picked for
opening redefinition. The single original large cfetirg is

"'. deleted and eight smaller openings are added and positioned
so five of them are in a row under vall 7's overhang ard the
remaining three are stacked in a column along the right edge
of the wall (Figure 77). This design change puts icre cpen-
ing square footage under the overhang and provides a visual
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accent/framing to the door immeaiately to the right of wall
5 (in wall 6).

DDDD

ORIGINAL REDEFINED

figure 77: Opening Redefinition of Example lall 7

The opening arrangement of the above figure is then kicught
back to the basic window/door screen by picking 1 free striV

message no. 10 ( SELECT OPENIIG->OPERITIOR (RITUPN). OR
SITE II IINDOW (1) (2) ). Prom the basic opening screen

5' (Figure 78) the arrangement becomes part of the current
object after the I under the secondary cozmand SEECI is
picked.

J

'0



67

000003
0
0

2 W"Mm4-e0OR TYPt3
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1 NON-WEATHESTRIPPED
I WEATNERSTRIPPED

GLAZING

I DOUBLE
T TRIPLE

Z:._qreiS_ Basic opening Screen with Redefinition

Vall 5 is picked next for opening redefinition. similar tc
wall V's redesign* the original large opening is replaced by
a grouping of seven smaller windows arranced alomg tbe to;
and down the left side of the wall (Figure 79). Again, the
desired effect is to highlight the entrance to the left of
wall 5 and put more opening space under the shading effect
of the overhang.

This opening arrangement is made part of the current object
as explained for wail 7.
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ORIGINAL REDEFINED

Figure2; Opening Redefinition of Example Wall 7

Finaly, walls 8, 9. 10. and 11 of the current object have

their oFenings redefined so as to have the same cjeuiug
arrangement. This is done by first picking the wall (either
8. 9. 10, or 11) then scaling and repositioning the the
original opening and adding, scaling and repositioning
another opening so the two openings are the save size with
one positioned directly above the other (Figure 80).

ORIGINAL REDEFINED

rglS g _801 Opening Redefinition Example for Walls E-11

The result of all the above opening vaniFulations is sbcwr
in the folloving figure (Figure 81).



!IjqlrSL:- Resultant Ezample Ob~ject with opening Charngess

14g. With the openings thus arranged, two sort overhangs are
added for the openings of walls 8. 9, 10, and 11 so that all
the openings of these walls receive beneficial shading (Fig-

I~sz~..8P2: Exasple Object with Added Overhangs
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1.1.1 arical luall "j

ith the openings and overhangs defined as shown in the
above figure an interim analysis is done to determinme the
effect of the changes. the percentage of south oriented
shaded openings (Figure 83) has greatly Increased ard a
graphical analysis (Figure 84) shows a definite *saddlef
shaped graph. Therefore, the fenestration and overhang
(re)definitions had the desired outcome of shading south
oriented openings so heat is gained only uhen needed.

14% OF THE CURRENT 0B7ECT SOUTH ORIENTED OPENINGS RECEIVE
NO BENEFICIAL 5HADING FROM AN4Y SHADING DEVICE.

fiagz. 83: Percent Shading After Further Redesign

4
0

~I FLWE

, jqu 4 Graphical Analysis After Further Pedesign

-. q. 2 fIt_7qgtm!ee tj9 pi 0vNrhan Iklimtjue

In an effort to reduce the amount of north oriented
openings, wall 1 is brought up through the vindcv/dcor
(re)definition routines and its four openings are changed.
The two largest openings are first delc'ted and the resaining
two openings, perceived as doors, are repositioned side by
side near the middle of the wall. Text, seven mew oyeriags
are added, sized, and positioned on either side of the doorsin an atstract composition (Figure 85).

pull*.
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OR I G I NAL REDEFINED

Fi~q=re 85: Opening Redefinition of Example Nall 1

The resulting north opening square footage reduce the
percentage of north oriented openings by 5 percent - frcu 21
to 16 - (Figure 86).

19b OF THE CURRENT OBJECT NORTH ORIENTED WALLS ARE
OPENINGS CDOORS/WINDOWS).

.igure 86: North Fenestration Analysis after Redefinition

A final design change to the current object*s envelope is to
continue the series of square windows - started with wall 5
- on walls 4, 3 and 2 and around to wall 1. Also, overhangs
are added to walls 3 and 2 as a continuance to wall S's
overhang and to shade the strip of windows just added to
those walls (Figure 87).

*N.
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Figure 87; Object 2 with Ill (Re)definitiozs

0. 5 S&MflM~!l cc pi is

At this point it is useful to see how such the energy
performance of the original object has been improved by the
above changes and (re)definitions. This is done tbrcugb
EDECT's comparison ability.

The primary command COMPAPE is picked w1ich brings ur the
Compare Secondary Meru and a list of the objects (in session
memory) in the Object List Area. In this example the cbject
names that appear are 1 and 2. Next, object 1 is picked for
display in comparison quadrant I and object 2 is Ticked for
quadrant 2. lith the energy graphs side by side the change
in the envelope performance by redesigning the samrle
object's openings and adding overhangs in key locations is
apparent. The original 'heat mountain' has been reflaced by
the more acceptable 'saddle' shaped graph (Figure 88).

I 2f -
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~~1 2 1

H IiB4U

1 2 3 4

Figur 88 Comparison of Original and Redefined Objects

After sufficient visual inspection and comparison has been
done between the two graphs* the primary commands and
current object description (in the graphic data box) are
brought back by picking the secondary command RAIN HIIU in
the Compare Secondary menu.

The remainder of the example will be refinements to the
redefined object (object 2) through building material type
selections.

4.6 iiaJiat~sami Cmj~glo

The first component of the current object to have its mate-
rial type defined by the user# rather than defaulted, is the
roof. The primary command ROOF (under the (RE)DEUINE head-
or) is picked to bring up the roof selection menu.

According to the designerts prefereace, any one cf the
twelve available roof construction types can be selected.
For this example, roof construction type 10 was picked them
RETURN in strip message no. 20 ( PICK FOOT CCISTSiUCTION TYP!
BURBEN, CR (RETURN) ) was picked registering the selecticE
as the current objectfs roof construction type (Figure 89)_

J1111~
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FICK POOr COHSTRUCTIOn TYPE 1POUER. OR CRETURN)

NOW TYPtE
FLAT W SUSPENDED CEILING

CURRENT CONSTRUCTIOUNk1

AVAILABLE ROOF CONSTRUCTION TYPES,
1. 1 RIGID DNSULATION. 1 WOOD. I. DUILT-UP ROOF. 2 CELLULAR GLASS.

UIUL 'I h. 2 CONCRETE.

2. 2 RIGID IINULATI0. 2 WOol.
3. IUILT-UP ROOF. 2 CELLULAR GLASS.

L 1 RIGID INUL"ATZON. I Co HCTE, ISULATIff. 4 CONCRETE.

>18. BUILT-UP ROOF. 4 RIGID INSULATION.
4. 2 RIGID IN5ULATION 2 CONCRETE. 4 CONCRETE. 1'2 GYP lopI.

5. BUILT-UP ROOF. 2 CELLULAR GLAS 11. iUZLT-UP ROOF. 4 CELLULAR GLASS
ISULATION, 2 COWCRETE - AIR SPACE. DSULATION. 4 CONCRETE. 142 GYP
1n GYP BOARD. BOARD.

b. BUILT-UP ROOF. 2 CELLULAR GLASS 12. BUILT-UP ROOF. 8 CORV BOARD.
INSULATION. 4 COW.R ETE. A1R SPE. 4 CONCRETE. ill GYP BOARD.
1,2 GYP BOARD.

1. BUILT-UP ROOF. 4 CONCRETE.
2 CELLULAR GLA3S IMSULATION.
2 CONCRETE

-TA!juiIL . Roof Selection Benu with Example Definition

The next materials defined are for the vall ccestruction
types. For the current object it is assumed all extericr
walls are of the save construction type. The quickest way
to define a global wall construction type is (once tle wall
selection menu is brought into the Graphics Area by picking
AIiL) to assign the desired wall type to one wall tben pick
SELECT ALL from the Wall Secondary Benu. In the example,
wall construction type 14 is picked and assigned to ezat~le

-wall I by picking wall 1ss segment from the enlarged foot-
"/ print. Then all walls of the footprint are defined as tyre

14 when SELECT ALL is picked (Figure 90). The wall
construction type definition is assigned to the current
object when MAIN MENU is picked. The maiv/primary cougands
and blank Graphics Area also return.
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AVAILABLE WALL CONSTRUCTION TYPES@

1. 3-4 WOOD SIDING. 2 X 4 WOOD STUDS. 44
3 I,2 AIR SPnCL In! GYP BOARD.4

2. 3/4 WOOD SIDING. IX 4 (o suD . 1TIUnD
3 1In GLASS WOOL. V'2 GYP 1 O. SELECT ALL

3. 3-4 WOOD 5IDING. 7/9 WOOD PURRING.
I CONCRETE BLOCK. 2 X 4 WOOD STUD1.
3 1-" GLASS WOOL. 1/2 PANELING.

4. 3/4 WOOD SIDING. 7/8 WOOD FURRIN .
8 CONCRETE ILOCK. 2 X 4 WOOD 5TUNS.

-4 WOOD PURRIN L 1/2 PANELIG.

5. 1 STUCCO. b CONCRETE. 
1

I GYP BOARD

b. 1n CEPIENT PLASTER. 4 FILLED
CONCRETE BLOCK. A1RSPC p

L 4 FILLED
CONCRETE BLOCK. 1-Z CMIB4T PLASTER.

7. 1/7 CEMENT PLASTER. 4 CONCRETE 13. 8 NRICKeCONC. ILOCK. 2 RIGID
DLOCk. AIRSPACE 4 CONCRETE BLOCK. 3ISULATIfTO 102 GYP 0 00I.
1-1 CEPENT PLASTER.

14. L PRECAST CONCRETE SANdICH PL .
,% 8I. 1/2 MENT PLAqSTERl. 4 HIOLLOW .2 PQ TURLI"T~ COIL.

TERRA COA BLOCKS. KlAhSPACE.

14 CIENTr PLATER. 15. 13 IICK CAVITY WALL. 2 RIGID

XNULATION IN CAITY.
3. b 3OLID BRICK. 2 RIGID DISULAT IOL

1/2 GTP BOARD. Lb. 1 BRICK CAVITY WALL.

1i. 6 HOLLOW MICK. I X 2 PURRiG. 7. 1t smICKCNC. KOCK CAVITY WALL.
1 GYP awl. 2 RIGID INSULATION IN CAVITY.

11. b HOLLW BICK. 2 RIGID It. I1 DRICKOCNC. LOCK CAVITY WALL.
INSULATION'4 1/2 GYP BOARD.

19. 4 BRICK VENEER. 1/2 iNSULATION
12. 8 URICKeCONC. BLOCK. I X 2 PURRiNl. HARD SHEATHINC. 2 X 4 WOOD STUDS.

14* GYP OAL BATT MR-11) IN4ULATIO. 14n GYPSUM.

f uM_22Q= Wall Selection Bean with Ixample Definitlors

Finally the windov/door construction and glazing types are

defined. Somewhat like the vall type definitions, the
window openings are, in this example, of one ccnstruction
and glazing type and the doors of a different construction
type. The straight forward way to do this for the exaslle
object Is to first define one window opening as the desired
type then select that type for all openings. Doors are
later aefined Individually.

Specifically, the vindow/door manipulation nenu and screen
%P,,, s are again brought up by picking 1IUDOV/DOOR from the primary

commands then ezample wall 8 is picked from the emlarged
footprint bringing u; the elevation of wall 8 in the Graph-
ics Area. Rather than manipulating wall 8's openings it is
returned to quadrant 1 of the initial vindov/door screer via
strip message no. 10 ( SELECT OPENIN->O ATICY, (R TUPN),

-9 0! SAVE 1 WINDOW (1) (2)). Window/door secondary cotand

+M' r',t v' ,v- ,r , % ' t
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DEFINE TYPE is then picked followed by one of the openings
in quadrant 1. The actual type definitions for the yicked
opening are made when construction type 4 and glazing type E
are picked. With the one opening defined all oFenings
receive the same definition when UNDEFINED is picked from
strip message no. 15 ( PICK OPENING-> TYPE. ALL (DEFINED) /
(UNDEPINED) OPENINGS SINE? TO ElIT: (3ETUSN) ). The doors
are next defined separately by bringing up the elevations
containing the door openings and assigning the desired door
construction type to then (Figure 91). 2be tentative cFem-
log type definitions in the two quadrants are assigned to
the current object by picking I and/or 2 under seccndary
command SELECT.

. IN M4U

4 OPENNG

ADDMUl

2 wINIW00ORTYPES /
E.ONST RUCrT li ...,

DOUILE-MUNG 6000 FRlE WINIOd
I H OWEATHERSTIPPE"

SILE M~TENTAL fE WPDWBE *TP
3 NON ATHE T3I1PE

4 WETHEPSTRIPPE I ELECT

4 D 5 I PUST I3 .. PIV 0TE D O N ftR.ANG)

4 4- REISIETZAL CSBIEMNr(OP HNGED) I

H 103 UO f1ETAL lOOP
-- 7 1Q e4fJATK5T IPPeI

I WEATHERSTWIPPED
'S..'GLAZING S~ uNC ILE

I IOUBLE
T TRIPLE

.".]Lr1i.12. Example Screen with Opening Type Definitions

The effect of these type definitions is easily seem by doing
another grapbical analysis comparison ketvwen objects 1 and
2 (Figure 92). 7he 'saddle' shaped energy analysis graph
for object 2 is still apparent but because of the iutrcvea

V
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material U-value from the above type definitions the heat
gain and loss extremes are dampened giving a flatter 'sad-
dle' shape.

02

44

3 4

1Fig"j 22,:. Graphical Comparison After Haterials Deficiti cs

The last verification of the energy design improvements of
object 2 over the original object 1 is done by iuvckirg a
numerical analysis on both (Figure 93).

MIU A f It ERJGN USE S MttRv tOTU) a U fttUL ENERGY USE Utr'TRy jIITU) a

TOTAL NETD ENERGY USEs qb TOTAL NI ETIN EN 39T 1X, 45

TOTAL OOLD4G ENERGy USE. 461 TOTAL COOLIG .NERGY USE, 312
DOIEST1C NOT 6ATER PUEL USE@ 8! DOIIMESTIC NT WTIER FUEL USE, US

ITAL CU*&CTE ELECTRICAL LO, 343 TOTAL C04ECTED ELEMCZA.L, LOA. 342

TOTAL NMLVL ENERGY USE, f1e TOTAL A4IUL IENRGY UIts TS3

OBJECT I OBJECT 2

raure_9_3 Numerical Summaries of Example Okjects 1 ard 2

"I ,' ' "% ' "' '' '' '''.L. -X"'? "''''" ,-''" -;. -' " -,."' -..- , ."' --.-,..: • " ; .... .



5. internal Organizations

This chaFter deals with the internal worlings of EDICT in
three sections. The first section details important data
structures and object representations, the second covers the
SEE analysis formulas and calculations used by IDECT, and
the last section presents the more significant Frocedures
and algorithms behind the system operations.

5.1 JOIBr!OL JL!AIM 3u3

The data structures of EDICT fall into two general catego-
ries; shared and unique. Shared data structures art those
common to both AICHIKODOS and EDICT, while unigue data
structures are created and used by EDICT alone. Shared data

V. structures are explained initially.

5. 1.1 flhLA u IgODOS &nd 333CT Date SShu€Kgg

The two systems 'share' four arrays which store the to;
level directory and the faces, edges, and vertices of the
objects (Figure 94). This 'sharing' is only at a very basic
level, e.g. ARCHIHODOS creates the data and EDICT reads and
uses it. The reciprocal is not true.

.iLZR!_L _rali_75.

At the top level of the data structure is the xir index
array which is a directory of the 3D models. Each zcv of
the array corresponds directly to the user supplied 3E name,
allowing the definition of 99 separate objects. The first
two columns of the array contain the begin and end pointers
to the faces of the object in the IF? array, while the third
and fourth columns identify the begin and end extents of the
3D vertices in the CE array (Figure 94).

98
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2. 2 2
3. 3 a 3.
0. 0I 1 •
%. -2 S S
'. S 6
7. ' 3
3. 3 2

9. -S 7
10. 7/ 0.1. I 6

12. 6 S
13. -7 0
l0. 1 2
1%. 0I I
16. I 7
17. -, 10
11S. 10 11
19. 11 12
20. 12 9
21. -13 1
22. 10 I5

23. IS 16
20. 16 13

28. -0 17

[ . 1. 2 9. -14 21
2 S S • 30. 21 122

[3. I 12 S 31. 22 IS
.. 13 20 0 32. 15 10
5.21 28 1 33. -21 23

. 6. 29 32 1 30. 23 20
2. 7. 33 36 1 35. 24 22

3. 37 0 1 36. 22 21
.. 01 40 -203 17. -23 13

S10. OS 0 -203 14. 13 16

10. 16 P 11: :09 52 -203 1,. 16 20

S12. S3 S6 -203 40. 24 23bt.*d 13 5 60 100 41. -91 20

piatetc 10. 61 60 101 02. 20 19
Sto€1 15. 65 65 200 03. 19 10

_ I 16. 21 201 0. 0 9
kg., i4.,6. -I- 1

to mO. lbeq11I, gadt 1 l. 10 11

bo. iat i 7 07. 11 10
277 Iss a3. 10 19

c Color 09. -17 12
SO. 12 11
SI. * 11 18
S2. 18 17

1. 29 12
S0. 12 17

5.. 1 7 2 0
1.6. 20 9S7. -1 7
5 . 7 S
S9. S 2
60. 2 1(.1. -13 23
62. 23 21
,.3. 21 1*
60. 10 13

65. -0 3
(.7. 6 S
60. I
69. -16 1s70. 15 22

71. 22 20
72. 2 1 6

F_2i 94i AECHIHODOS/EDZCT 3D Data - Taken From Actual
Rodel
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At the next level is the IFF array which stores face aefl-
nitions cf the objects. A row in this array represents all
polygons of a single face* including opens igs. The first
two columns identify the begin and end exvent of the face
edges, which are stored seguentially in the ISS array. The
third coluns of the IPF array contains a "color" attribute.
This is used to identify particular attributes of a face.
ARCHIBODCS assigns these colors in the following geteral
way:

color code

0 -> exterior wall

rocs
counter -> interior wall

-100 to

-400 -> opening sides

199 -) open bottom

299 -> open top

100 -> bottom face

101 and
up -> interior floor faces

200 -> top face

201 and
up -> interior ceiling faces

401 -> roof bottom

402 -> roof top

403 -> roof sides

At the lcver levels of the data structure are the ISS and CP
arrays. The CP coordinate array is a real value array ubicb
stores the 1,T. and Z component, in inches, for each of the
vertices of the object. The ISS edge array waintaics the
connections between the vertices, where each row represents
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a single edge, and the tuo columns locate its begin and end
vertices, respectively, in the Cl array. As noted for the
IFF array, the edges are stored sequentially for eacb face.
Since a single face can contain several polygons (operings),
the first edge of each mew polygon is marked with a negative
value in column 1 of ISS. The outer polygon of ccarlex
faces is always stored first, to distinguish it from the
openings (Figure 94).

5. 14 tjgstrc ggjI le3to IRO_!

From the shared 3D object data structure outlined atove,
EDECT extracts certain data (such as openings) and places it
in its own data structures (procedure described in section
5.3). Those data structures, along with others describing

4.. the energy characteristics of an object, are used solely by
.DECT and if saved to disk, are used from sessic to
session.

Build iSgescrLptor Array_;_IBLOS

The IBLDG array is a general Furpose structure holding vari-
ous pointers to other arrays and certain otiect definitics.
The first two columns are beginning and ending pointers to
the array holding the segments of an otJect's fcotyritt.
The next five columns hold object definitions when defined
by the user (Figure 95).
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I 1 I 2 I 3 I I 5 I 6 I 7

I Ilt Seg I Pt Seg I flacro C I Occ I Ildg I lech I Light I
I Begin I -d I I IType I Sys I Sys I22I I I I I I I II_ [  I U I I I I I

2 13

99 <- object name

Where: Ft Seg Begin - pointer to beginning of footprint
segment array (?TSEG)

rt Seg nd - pointer to end of footprint., |]segment array (PTSEG)

Macro C - object macroclisate

Occ - number of occupants

Bldg Type - building type definition

Rech Sys - mechanical system for object

Light Sys - lighting system for object

Figure 95: !BLDG Descriptor Array

.Q912tiunt Segment- r z1_;1f06

EDICT extracts the bottom segments of every exterior vail
and places them in ordered sequence in the 2D array P7SEG.
The first two columns of FISEG hold the I amd I coordinates
of the segment beginning point and the last two bold the end
point I and • coordinates (Figure 96). All coordinate pairs
are in inches.

'3

.'sj
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_rl~S!f50oII.

I 1 I 2 I 3 I

I I lBegin I T Begin I I rnd I lInd II I •I I I
2 I I I I I

I I I 2 I

3

500 <-- footprint segment

Wbere: I Begin - Beginning I coordinate of footprint
segment

T Begin - Beginning Y coordinate of footprint
segment

I End - Ending I coordinate of footprint
segment

I End - Ending I coorlinate of footprint
segment

tiure 96: 2D FTSEG Segment Array

Openings (viadovs/doors) are described in data with tVc
parallel arrays: I1DR and UDCRD. IvyDI is an integer array
that holds both data extracted from the 3D model arra7E and
user defined inforuation. Specifically, the first two
columns of IVNDR are the object and vall segment the cpenig
came from, and the last two contain user defined opening
type and U-value (Figure 97).

UDCRD is as real array vith the z, I, and Z coordinate
values of both the lover left and upper right ccrners Cf the
opening. These entries may be extracted or user defined and
are in inches (Figure 98).

-.

d
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TWUDR f9000. 4

I I I 2 I 3 I 4 1

I I obj I Wall I Type I 0-Val I
I I Seg I I I

2 1 I 1 I II I I I I

3

9000 <-- opening (vindov/door)

here: Obj - object opening belongs to

Wall Seg - wal segment opening belongs to

Type - opening type

U-Val - opening 0-value

L Iure 97: IINDP Opening Array

..
I 1 I 2 I 3 I o I I 6

z111 111 lol zr ITor I Zur
1 I I I I II

21I I I I I II
2 I I I I I

3

9000 <-- opening (window/door)

Where: Ill - I coordinate of lover left opening corner

Tll - T coordinate Of lower left opening corner

i11 - 2 coordinate of lover left opening corner

l r - I coordinate of upper right opening corner

Tur - Y coordinate of upper right opening corner

Zur - Z coordinate of upper right opening corner

lgue_8- IDCRD Cpening Array

4
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21MElas Arrays: ZE1OVIG!O O l

All overhangs in ZD2CT are user defined and represented it
two parallel arrays: IOVEG and OVCD. ICIUG is an integer

"* array with two columns for the object save and wall which
the overhang belong to (Figure 99).

The real array OVCRD holds coordinate and gecretric
description isformation for each overhang. The lower left
and upper right band corner coordinates of the cverbang'E
backface are stored in the first six columns and the last
column retains the perpendicular distance the everbang's
front face is away from the wall (Figure 100). The back and
front faces of an IDPCT overhang are the same size and share
and parallel to each other. With the data from CVCFC and
knowing the angle of the wall, EDCT determines the cccrdi-
nates of the lower left and upper right coordinates of the
overhang front face through basic mensuraticn calculaticzs.
With all overhang cocrdinates established, IDECT 'connects'
vertices to form the image of top, bottom, side, frcrt and
back faces (Figure 101).

ZLH 100 1

I 1 I 2 I
4-; I lJ I lwal I

I I I
2 I I

' -I I I
3

1000 <- overhang

Nbere: Obj - object overhang belongs to

wall - object belongs to

Figur_99. TOVHG Overhang Array

4,
_-'F



106

I 1 I 2 I 1 I I I 6 I 7 1

II I Yll 1 .11 1I ur I Tur I Zur I ovpd I
i,"",I I I I I II
... 2 I I I I I III2 I I I I I

3

...

1000 <-- overhang

Where: Ill - X coordinate of lover left corner of overhang
back face

'll - Y coordinate of lover left corner of overhang
back face

z1l - Z coordinate of lover left corner of overhang
back face

Iur - I coordinate of upper right corner of overhang
back face

Yur - T coordinate of upper right corner of overhang
back face

Zur - Z coordinate of upper right corner of overhang
back face

Ovpd - Overhang perpendicular distance away from vall

Figre 100: OVCRD Overhang Array

PERPENDICULAR

Zjgure101,L overhang Descriptict

*1*V

•6 k
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222LR_2ri1tr Arays: IND?sT 24 IjtIt

User defined roof characteristics are held is the two Faral-
lel arrays IBUFST and RCTP. The integer array INUUST has
two columns; the first for the roof censtruction cf am
object and the second for the type of roof, i.e. 1, 2, or
flat (Figure 102). The real array RCIP also has tic
columns, one for a roof's thickaess and the other for the
roof U-value (Figure 103).

I 1 I 2 I

1 I Const I Type I
I I I

21 I I
I 1 I

3

99 <-- object

here: Const - roof type construction for object

Type - roof type of object

jureI2 IRUOST Roof Array

1912122.21

I 1 I 2

1I Thick I U-Tal I
I I I

2 I II I I
3

99 <-- object

here: Thick - roof thickness of object

Type - roof O-value of object

Fi ue 13; ICTP Roof Array

!
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IU1ftMfK11nqK a IIIILS.1andVIR

All walls of an EDCT object have their wall properties in
two arrays which, in addition to being parallel tc each
other are parallel to the IF? array described iu subsection
5.1.1. Though not all faces of the IPF array are extericr,
the ones that are and have user defined properties have
corresponding entries in the arrays IUlLST and ICTP.

IuViST, an integer array, keeps the wall type (Figure 104)
and the real array VCTP saves vall thickness and U-value

'., (figure 105).

I1 1 Typ
2 ITp I

2 I

3

2500 <-- vail

Uhere: Type - vail type

iigure 104. lALST Wall Array

1 2 1

1 1 Thick I U-val II I I

2 I I I
3.- I I I

>.-, 3

2500 <-- vall

ihere: Thick - vail thickness

U-val - vall U-value

l .ig.r_ 05; VCP Wall Array
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5.2 IDSJFC hltlI

The zany calculation formulae used by EDICT are mostly from
the SIR method of determining heat loss/gain in buildings.
SEE can be used to determine daily (as in the graph analy-
sis), weekly. monthly, or annual energy performance. he
following subsection details the SEE computations followed
by a subsection on non-SZE calculations used during erergy
use determination and at other times. all equations In this
section are numbered with the number enclosed in brackets -•( >.

5.2.1 flhJID2C geeT Ixgy-uations

For the results of SEE method calculations to be correct,
several outside sources of information are used inside the
formulae (2). These sources come from a variety of Flaces
such as ASHRAE data lists, U.S. Weather fureau statistics,
etc. SEE itself uses a variety of tabular data specially
prepared to speed up its operations. The necessary source
data for EDICT's running of SEE is prestored on disk and
called into session memory during an EDECT run (see Appendix
C for details). When used in the following equations, this
prestored data will be referred to as coming from 'table'.

The SEE method is divided into three areas: building beat
loss, building heat gain, and annual energy use summary.
The presentation below follows those divisios.

mildj Beat Lo"s Calculatigns

<5.1) Roof U-value * Roof Area = Roof Beat loss
(BTU/degree 7 hr.)

<5.2> Wall U-value * (Wall Area - Opening Area) =
Wall Beat loss
(BTU/degree F * hr.)

<5.3> Glass U-value * Class Area = Glass Beat Loss
(BTU/degree 7 * hr.)

- <5.4> Door -value * Door Area = Door Heat loss
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(BTU/degree F * hr.)

<5.5> Infiltration Factor * Infiltration Rate * Length of
Crack of A1l Openings = Infiltration Beat loss

(BTU/ degree I * hr.)

Infiltration Factor -> 0.018 (specific heat of air

* air density)

Infiltration Rate -> from table per coast. type

Length of Crack -> sun of all opening periuetezs

<5.6> Slab Edge Length * Beat Loss Pate = Floor Beat lcss
(BTU/degree F * hr.)

Slab Edge length -> Footprint Perimeter

Beat Loss Rate -> taken as .55 v/ insulation

<5.7> Total Heat Loss Through Envelope = 1<5.1> * <5.2> +
(BTU/degree F * hr.) <5.3> * <5.4> *

<5.5> + <5.6>)

<5.8> Ventilation Factor * Ventilation Rate * Occupied Set
Point Temp. = Ventilation Beat Loss/Hr. Operated

(BTU/hr.)

Ventilation Factor -> an accepted constant of 1.C8

Ventilation Rate -> Occupants * 15 ( by code)

Cccupied Set Point Temp. -> (defaulted at 70 F)
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<5.9) Total Building Heat Loss = <5.7> * Teap. Difference
(BTU/hr.)

Temp. Difference -> difference ketveen outside and
inside air temperature. Outside
air temp. taken from table ter
macroclinate, inside air temp.
assumed set at IC degrees P.

<5.10) Occupied Heating Load = (<5.8> <!.9>) * Occupied
(BTU) Ers.

Cccupied Brs. -> from tatle per building type

<5.11> Unoccupied Heating Hours = <5.9> * unoccupied brs.
(BTU)

<5.12> Total Building Beating Load = <5.10) * <5.11>
4BTU)

B Itsuil MjV at "a_Cal. ltio _a

<5.13> Roof U-value * Roof Area * Equivalent Temp.
Difference = Roof Heat -Gain

(BTO/hr.)

Equivalent Temp. Difference-> from table per
roof type* !
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<5.14> gall U-value * (Wall Area - Opening Area) *

Equivalent Temp. Difference =Wall Beat Gain
(TO/hr.)

Equivalent Temp. Difference-> from table per
wall type

<5.159> Total Wall Heat Gain = Sum of All fall Heat Gains
(BTU/hr.)

<5.16> Glass Area * Avg. Solar Gain * Shading Coefficient *

latitude Factor Glass Heat Gain
(BTU/hr.)

Avg. Solar Gain -> from table

Shading Coefficient -> percent of glazing shaded by
overhang w/ sun angle I 465
degrees

Latitude Factor -> from table per acroclitate

<5.17) Total Glass Heat Gain - Sun of All Window Beat Gains
(BTU/hr.)

<5.18> Total Average Sol-air Gain = <5.13> * <5.14> *
(BTU/hr.) <5.17>

, -t

,'.

<5.19> Avg. Winter Sol-air Gain = <5.18> •I Winter Sun
4- (BTO/hr.)

_ Winter Sun -> from table per macroclimate

'V,

S4i~
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<5.20> Avg. Sumner Sol-air Gain = <5.18> * S Summer Su
IDTU/hr.)

I Summer Son -> from table per macroclinate

(5.21> Sal-air Incremest = <5.19> - <5.20>
fBTU/br.)

<5.22> Occupants * Beat Gain per Occupant -
Occupant Heat Gain
(ETU/hr.)

Beat Gain per Occupant -> from activity table

<5.23> Total Connected Lighting Watts •
Utilization Factor Heat to Space Ccaversion *
Conversion Factor = Lighting Beat Gain

(BTO/hr.)

Total Connected Lighting Watts -> frcm table

Utilization Factor -> from use type table

Heat to Space Conversion -> 0.8 (constant)

Conversion Factor -> 3.4 (BTO/Watt * hr.)

<5.24> Process Beat to Space E Equipment Beat to Space
Total Hisc. Beat Gain
IBTU/hr.)

Process Heat to Space -> from table

Equipment Heat to Space -> from table per mecbanical
system

<5.25> lotal Heat Gain = <5.21> *<5.22> * <5.23> * <.24>
(BTU/hr.)

s 'V 'i2 : ~
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<5.26> Enthalpy Difference * Ventilation late -

Ventilatioa Heat Gain
(ITO/hr.)

" Enthalpy Difference -> Outdoor Air Enthalpy (table)
- Indoor Air lnthalpy (table)

Ventilation late -> Occupants * 15 (by code)

<5.27> Cccupied Cooling Load = (<5.25> + <5-26>) * Occuried
IBTU) Hrs.

Cccupied frs. -> from table per building type

(5.28> Unoccupied Cooling Load = <5.25> * Unoccupied Ers.

Unoccupied Ors. -> from table per ktuildiag tyre

.5-.

(5.29> Total Building Cooling Load = (5.27> * <5.28>
(BTU)

<5.30> Occupants * Hot later Usage = Annual later Usage
(Gallons)

Not later Usage -> from table per tuildiag tyre

.
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<5.31> Conversion Factor * <5.30> * Temp. Difference
Domestic Hot Dater (DB) Lcad
(PTO)

Conversion Factor -> 8.33 (pounds/gallon)

Temp. Difference -> assumed 60 degrees F (between
hot and cold water)

<5.32> (<5.31> * DHI System Efficiency) / Fuel Heating
Value = DES Use

(ITO)

DEW Systea Efficiency -> from table Fer system

Fuel Heating Value -> from table per fuel type

<5.33> Lighting Load * Building Square Footage * Annual
Occupancy Rate = Annual Lighting Load

(BTO)

lighting Load -> from table per system

Annual Occupancy Rate -> from table per building
type

<5.34> Mech. System load * Building Square Pootage * Annual
Occupancy Rate = Annual Systems Load
(BTU)

ech. System Load -> from table per mech. system

Annual Occupancy Rate -> from table rer building
type

<5.35> Total Annual Energy Use = <5.12> * <5.29> 4

<5.32> 4 <5.35>
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5.2.2 Other lDnE I L9.

Certain formulae are used in energy detersenaticts ard it
other EDECT procedures. They are not unique to the Sit
method but bear mentioning here.

In a An

The area enclosed by the segments of an object foctyriat
represent the object's floor plan square footage in SPE and
EECT. Vith the segments already in order in the array
TFSEG, determining the area is a matter of tracing the I and

I coordinates of each segment beginning and end Foist and
multiplying them according to the equation:

(5.36> 1/2 * (11*l1 * 12*T3 .. , 4 In-1*n 4 Xn*Y1 -
'1*I2- 12*13 ... - Tn-l*n -ln*I1).

The parenthesis In <5.36> can be reneskered in a crcss
multiplying relaticnship with all I coordinates forming ar
ordered top row and all I coordinates a bottom (Figure 106).

A + + + + + +

nigure216: Polygonal Area Detervinatioa

This area determination technique is also used for walls and
openings.

Type 2 shell roofs, or roofs with cathedral/open ceilings
present more area to insolation than roofs with suspended
ceilings. For sol-air calculations this extra area is
determined by knowing the roof ridge height and distance
from the wave to a perpendicular line froy the ridge (Figure
107).

5)v
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Figure 1071 Roof Area Determinaticn Basis

In Figure 107 - a schematic roof cross section - A repres-
* eats the ridge height, B the distance between eave and

perpendicular A, and C the true length of the roof sar.
True area for the example roof face mould be C times the
eave length at the base of roof face. SE simplifies vulti-
faceted pitched roof area determination by applying a ratio
to the floor plan area based on the ridge height.

!! 11aiue rinoter. VS.-Ae

P vs. A is the quotient of an objects perimeter divided by
its area. The area of an object is taken as the foctrrimt
area (above) and the perimeter is the sun of all the true
lengths of all footprint segments.

To arrive at the optimum P vs. A for any object is a two
step process. First, the diameter and circumference cf a
circle with the same area as the footprint is found:

<5.37> Diameter = ((Footprint Area * 4)/ Fi) ** -2

.4..: Ii -> 3. 14159

** -2 -> square root

<5.3e> Circumference = Pi * <5.37>

The second step is to find P vs. A for the circle:

.. ,

ad'
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<5.39> Best P vs. A - <5.38) / Footprint Area

The ratio EDICT displays when the user picks
the IMPROVERENT command P VS. A is:

<5.00) P vs. A Ratio = Best P vs. A / Actual P vs. A

5.3 JlqoKhtbzs

EDICT is not an extensive algorithmic based system. What
algorithms EDICT is based on deal primarily with extracting
geometric information from the 3D object model.

5.3.1 5tillCngoz-ZteKJor PacepZu2j2l"s

To simplify an object's display image and load opening data
--into the array IDCRD, EDECT scans the array IFF to eliminate

all non-exterior faces and identify openings. Tvo basic
premises for this culling operation is that all faces gener-
ated for a structured 3D model on the ARCHIHODOS systes bave
four vertices and likewise all openings have four vertices.

This procedure is for the displaying of the object isage.
The 3D data of arrays IND. 1FF, SS and CS is never changed
or destroyed. It may simply be 'skipped over' as it is
traced. (Figure 108). The steps are:
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I. Read the beginning and end IF? pointers for an
object from IND.

II. Trace the third (color) column of IFF per pointers
from Step I. If color is;

A. 0, 100 (4 vertices). 200, 402 or
403 --> display face.

B. 100 with greater than 4 vertices,
find number of vertices in face ty
subtracting IFF column 2 from I? column 1.
if number of vertices is greater than 4

the face has openings. The number of
openings is number of vertices divided
by 4, minus 1.

1. To load lover left and upper right
ccrner coordinates into VrECr, count
ahead in the ISS array for the ccrres-
pending opening segments from the
openings found in Step C.

2. The 1, !. and Z of the second opening
vertex are the upper right corner
coordinates. The 1, T, and Z
of the fourth opening vertex is the
lover left corner coordinates.

3. Display face tracing only first four
face vertices from TF to ISS to CF-

4. Display opening(s) using data free
NDCRD.

C. Other than A above, skip to next face.

?be resulting display image is made up of only exterior
side, top, and bottom faces with the outlire of opevizgs
appearing on the parent side face (Figure 109).

Im

V e-'_...',,. , ,. , .. ,. - ,.. -.. - -:.,.,- . . . . . . - . , , ,. . . o. . . ''''' ''',..' ' ,' .. ,
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'UP

-"eNING VERTICE4

, ARRAY DA ,,

Figure 109 Post Culling Object Image

5.3.2 oaiag ,the Azr -V

The segments of a footprint are extracted from the 3V data
in a tracing operation similar to the culling described
above. The difference is that when the color 100 is
encountered in column 3 of IF?, EDICT traces the segmemts it
ISS per the IP pointers and stores only the I and Y coordi-
nates of each vertex in FTSEG. The beginning and ending for
a footprint's segments in FISEG are recorded in the first
two columns, respectively, of IBLDG.

5.3.3 1gll a.le and OgremtetJ

The angle and orientation of a wall is needed for several
EDICT operations including finding the true lengtb cf a
footprint segment, finding true exterior wall and opening
areas. and direction a wall is facing for Iusolaticn calcu-
lations.

The orientation is figured by first taking the startirg and
finishing vertex coordinates of the footprint segment
pertaining to the wall and with the eguatict:

_a.
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<5.41> Angle - Arctan ((If - Is) / fYf - Is))

SIs, Is-> starting vertex coordinatet

Ifp If-> finishing vertex coordinates

Angle -> oriented with Worth being
0 degrees

get the angle of the segment. The orientation (Figure 110).
or direction the wall is facing, is then:

<5.42> Crientation = <5.41> - 90 degrees

L" ,SEGMENT STARTING VERTEX

DIRECTION/ OR IENTATI ON
ORDER OF ORI

.. TRACING
FOOTPRINT FOOTPRINT SEGMENT FINISHING

VERTEX

L Geometries of An ED!CT Footprint

To arrive at a segments true length, and
ultimately coordinates to calculate true
vail/opening area, 2DEC7 rotates all coordinates
associated with that segment (e.g. vail, opening, etc.)

4. by an angle determined as follows:

<5.43> Ingle of Potation = -<5.41> - 90 degrees

This has the effect of essentially rotating the
segment/coordinates counterclockwise about the object origin
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matil it faces due south. Thus, a difference in I (Is - If)
is not foreshortened from the true distance.

.1'N.

NJ

-J

N,.



. Ixteslous and Conclusion

The goals set before beginning design of EDECT were, in
large part, met by the systemes subsequent implementatic.
It was to be a tool to help a designer rapidly visualize and
learn from the consequences of early design decisicts in
envelope dominant building types. I feel it does that. Ent
to say it is a complete energy design package, or that there
is no need of extension to further enhance EDiCT perform-
ance, would be vain and wrong. Following are some cf the
more significant extensions.

6.1 PjAj&AfL&eAC B3ODO - DICT Co2mu2iu1ioy

The type of object EDECT can handle from I1CHIMODOS has
certain restrictions, and communicating ICiCT modifications
back to AlCHIMODOS is impossible. In an academic emvirca-
sent where resources (especially time) are limited and
reworking past projects is shyed away from, any changes tc
ARCHIMODOS to accommodate EDECT data must be minimal.

To get away from relying on the assumption that all AlCfHIC-
DOS walls have orly four points and that openings must be
'extracted' from a wall in data, two basic changes could be
made: (1) all openings and overhangs be represented individ-
ually in data and (2) a relationship identifier ketween
faces of an object be established. To separate openingsII from walls would not necessarily mean as indepeadent data
structure as with EDECT's UDCRD array. Instead, the model

an arrays shared by the two systems could basically retain as
W they are with openings occupying their own IF array row inil lieu of being part of a wall description. Them each face

could be tagged with an identifier similar to, but more
extensive than, the IFF color column mow in use. The Idea-
tifier key could relate outside faces to inside malls,
openings to walls, side faces to openings, overhang faces tc

0j, walls and each other, etc., as well as keep the current
color scheme. It would occupy more digit locations than the
present color, but each digit location or group of digits
would represent a specific relationshlF to (an)otber face(s)
of the object. Openings and overhangs could then be added
or deleted more directly to data with -DEC doing the Tcint-

124
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"r adjusting to insure complete object descripticn - for
both systems - and so stray data.

6.2 1lgr@oigs of SIOI Mre

The only way EDICT can now preserve images it creates after
ending a session is by making screen dumps from the 3251
display of the desired image after it apFears cm screen.
After terminating a session the user can retrieve these
screen dumps and make print files from them for printing on
an IDN 3287 dot matrix printer (Figure 111). many of the

*i figures in this thesis were dome using this process.

yigur 1 .138 3287 Printer

Besides being slow, the above process yields image lines
that are often 'jagged' due to the matrix nature of the
printer. only vertical and horizontal limes are Frinted
without 'jaggies'. Any other angled line is actually a
series of dot segments approximated to where the straight
line would be. Certain energy graphs and other images would
be much clearer if the aliasing (jaggedness) were not there.
An extension to plot EDECT images on a vector type plotter,
such as the Hewlett-Packard 7585B (Figure 112). would elivi-
mate this problem.

A

*%. w

,%.
°1
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-. 4''

SFgure 112: Hewlett-Packard Plotters

6.3 2bLK Lv nvironnen

Rarely in today's built environment do buildings stand alone
on a flat plane. an edifice may be enclosed by vegetation
and/or a varying topography, and in am urban setting,
enclosed by other structures. Shatever the surrounding, it

4 influences energy performance to some degree or anctbez
(Figure 113).

The energy consumption of a 'stand alone' building way be
drastically different if the same design is placed among
mature trees or tall buildings. Shading patterns atd wind
currents can be totally different when the natural and man-
made environment are figured in.

Given two designs, if design A has a better energy perform-
ance than design F in a 'stand alone' simulation, it will
also have better performance in any environment as long as
both are analyzed in the same environment. thus IDECI's
comparison/qualitative ability is valid for arriving at a
'best' energy design. However the quantitative deterti-
nations of heat gain/loss are valid only in the pseudo
'stand alone' setting. To compensate, EDICT would have to
be extended to recognize and account for nearby tuild-
ings/changing vegetation growth and their arpreciakle effect
on the subject object.
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.6.o L e_U _L9LMMLJaf

One important contributor to the total energy performance of
a building is its thermal mass. The SEE technique of energy
analysis does not explicitly take the thermal mass of a
building's materials into account because of the difficultyof quantlfying the exact energy contribution thermal mass
gives (2).

Even though the benefits of thermal mass aren't easily
" derived from formulae, they are real and at times alterenergy consuaption (Figure 114). EDCT ould benefit fro

an extension nhich predicts tball park thermal sas
contributions to eergy design. The determinations ould

not havn to be accurate to the last Dritish hermal rit but
could rate a design's thermal mass into three or four eossi-

deie from~,& fomuae the are rea and at t ale
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*ble categories (e.g. poor, medium, good ... ) according to
material time lag and decrement (35).

[.. 1%

C
D
D
0

. '

nZgyrje 11A: Building Thermal Bass Schematic
(35)

"-" designers access to it would be to adapt the EDECI ccde

(program) to run at vicrocomputers. The IE 4341 computing
environment in which EDECT was developed is powerful but few
architects or architectural firms have access to such
computers. The general trend in computing is towards siall-
er (in physical size and price) microcomputers with exten-
sive memory capacity.

Hicrocomputers, such as the IBM AT, have the memory capacity
to handle the EDICT program and with the adaptation cf the
Graphics Subroutine Package (used by the current ECICT code)
to the microcomputer graphics environment, EDICT could aid

5' energy design with personal computers as it does now in a
minicomputer environment. There would likely be a Icss of
L-reen resolution from the 3251 monochrome vector refresh
display to whatever microcomputer screen was utilized, but
the microcomputer display could also utilize color in
EDICT's graphics.

6.6 jMu_ nagLJ!icas

The bottot line of the energy concern Is cost. Frergy
consciousness is proportional to the current price per
gallon or kilovatt-hour. In economic terms, the real trice

LIOR .
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of energy includes not only the cost of the source but the
life cycle cost of the devices designed tc reduce ccnsuup-
tio. For example, in an unrestricted energy design envi-
ronment, an architect may call for several inches of Izsu-
lation just to get lever resulting beat gain/loss nutters.
the fact that the extra insulation may never fay fcr itself
does not enter his/her mind or the calculations. The same
holds true for all energy design components.

To properly give the actual cost of energy design decisions,
EDECT would have to be extended to determine costs cf build-
ing coponents and fuel over the life cycle of a design via
economic costing formulae. To be accurate, the base for
these equations (current costs, interest rates, etc.) scald
have to be periodically updated.

/ 6.7 SSgjusj!93

EriCT was never intended to be the energy design system to
end all energy design systems. There may never te such a
system simply because energy needs and resources in archi-
tecture will always change and so must tle systems desigred
to deal with energy in architecture.

However, EDECT was intended to demonstrate that certain
weaknesses in cther building energy analysis apprcactes
could be overcome. First and forescst, EDECT appicaches
energy asFects where the greatest impact can be realized; in
the schematic design stage. It is not a Ncne-pass" aralysis
either, tut rather encourages the designer to make changes
through rapid analysis and graphic interaction. Designers
are not inarticulate with numbers, but they are trained tc
communicate grapbically, thus EDECT rezsents ccmlex
analyses in a graph (as well as in detailed tables) and
enables side by side comFarison of different desigis and
their Sraphs. EDECI can also help the energy novice grasp
basic energy design concepts and speed uF and solidify the
'exrerts' intuitive feel for good energy design. In
essence, where most previous approaches dc energy analysis,
E ICT aids the architect/designer in energy design.

But peihaps the greatest benefit of EDICT was a Ferscral cre
fcr its developer. The design and implementation of ILICT
was a culmination of theory and practical applicaticn ir the
use of ccmputers as architectural design tools. ErICT is
not a total computer aided architectural design system but a
subset tc an existing modeling system. The lessons learned
in adapting EEECT to use ARCHIMODOS data and then tc qc cr
tc furtlEr refine design aspects of a model were invaluatle.
Lessons learned earlier in thecry on graphic irteracticr,
data structures, rrcgramming finesse, etc. became real as



130

they bad to be pragmatically applied to take EVICT ucrk.
ror es the EDECT experience and the acadetic progran fray
which it comes has been priceless.
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IP3IDII A. Sample IxteSed Numerical -imalysis

This following sample is a printout of extended numerical
energy analysis results that were written to file when I was
picked as the response to strip message no. 26. The analy-
sis is for object 2 in the example from Chapter 3.

The header to each tabulation gives the dump number (the
first dump of a session is always 1), BDI 4building ty;e),
MAC (macrocliate), ITT (heating system) , TLT (lighting
system), CCCUP (number of occupants), area, and PLP (;erive-
ter linear feet) of the current object at time of analysis.

*#*****...* DUMP # I **..***~ ......

BLTHAC, ITTTLTOCCUP: 6. 8. 2. 1. 5.
AREA OF OB3ECT 2 IS: 1584.25 SQ. FT.
PLY OP OBJECT 2 IS: 194.00 LIN. FT.

HE AT LOSS (DTO/F* UN)

oo HEAT LOSS: 475.

OPENING / WALL: 25 AREA: 70.67 U-IAL: 0.60 HEAT LCSS: 42.
OPENING / WALL: 26 AREA: 72.89 U-VAL: 0.60 HEAT LOSS: 44.
OPEIING / liLL 26 &REU104.44 -VAL: 0.60 HEAT LOSS: 63.
OPENING / WALL: 26 AREA: 78.75 U-VAL: 0.60 HEAT LCSS: 47.
OPENING / WALL: 27 AREA: 81.28 U-VAL: 0.60 HEAT LOSS: 49.
OPENING / WALL: 28 AREA: 88.88 U-IAL: 0.60 HEAT LOSS: 53.
OPENING / WALL: 29 AREA: 46.22 U-VAL: 0.60 HEAT LOSS: 28.
OPENING / NALL: 29 AREA: 6.67 U-PAL: 0.60 HEAT LCSS: 4.
OPENING / WALL: 29 AREA: 45.78 0-VAL: 0.60 HEAT LOSS: 27.
OPENING / NALL: 29 AREA: 6.22 U-IAL 0.60 HEAT lOSS: 4.
OPENING / WALL: 30 AREA: 34.37 U-PAL: 0.30 HEAT LOSS: 10.
OPENING / WALL: 30 AREA: 6.46 U-PAL: 0.60 HEAT LC!S: 4.
OPENING / NALL: 30 AREA: 7.67 U-TAL: 0.60 IEAT LOSS: 5.
OPENING / WALL: 30 AREA: 11.56 U-PAL: n.60 HEAT LOSS: 7.
OPENING / MALL: 31 AREA: 46.22 U-VAL: 0.60 HEAT LOSS: 28.
OPENING / ALL: 31 AREA: 46.75 U-PAL: 0.60 HEAT LCSS: 28.

, OPINING / VAIL: 31 AREA: 6.03 U-IAL: 0.60 VERT LOSS: 4.
OPENING / WALL: 31 AREA: 6.88 U-VAL: 0.60 HEAT LCSS: 4.
OPENING / WALL: 32 AREA: 64.00 U-PAL: 0.60 HEAT LOSS: 38.

TOTAL OPENING NEAT LCSS: 489.

131
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NALL 25/ AREA: 358.08 9-YAL. 0. 12 NEAT LOSS: 43.
1ALL 26/ AREA: 592.67 N-TIL: 0.12 BEAT LCSS: 71.
VALL 27/ AlREA: 347.47 9-V AL: 0.12 BEAT LCSS: 42.
WALL 28/ A&1A: 191.12 U-TAL: 0.12 BEAT LOSS: 23.
VALL 29/ AREA: 315.11 0-IlL: 0.12 NEAT LCSS: 38.
NALL 30/ AREA: 228.70 U-PAL: 0.12 BEAT LOSS: 27.
WALL 31/ AREA: 314.12 0-TAL: 0.12 NEAT LCSS: 38.
SALL 32/ AREA: 216.00 U-IlL: 0.12 HEAT LOSS: 2fi.

TOTAL NALL ttCAT LC:;S: 308.

OPENING V ALL: 25 IN;. FT.:. 37. 17 TAFT: 70.0 HEAT LOSS: 47.
OPEN ING WALL: 26 Lu. MT: 39.00 TAFT 70.0 NEAT tCSS: 48.

*OPENING /VALL: 26 LN. FT.: 42.33 TAFT: 70.0 HEAT LOSS: 53.
OPENING V ALL: 26 LU. FT.: M867 TAFT: 70.0 HEAT LOSS: 49.
OPEINGu S ALL: 27 LU. FT.: Ifl.33 TAM! 70.0 h1FAr LC!;!;: ISO.
OPENING V ALL: 29 19. TT.: 39.83 TAFT: 70.0 NEAT LOSS: 50.
OPENING /WALL: 29 LU. FT-: 28.00 TAFT: 70.0 HEAT LCSS: 35.
OPENING /VILL: 29 LU. FT. : 13.17 TAFT: 70.0 HEAT LOSS: 17.
OPENING N ALL: 29 Lu. FT.: 27.83 TAFT: 70.0 HEAT LOSS: 35-
OPENING /VALL: 29 LU. FT.: 13.00 TAFT: 70.0 HEAT LCSS: 16.
OPENING /VALL: 30 IN. FT.: 25.00 TAFT: 51.0 HEAT LOSS: 23.

*OPENING /WALL: 30 LU. FT..: 17.17 TAFT: 70.0 HEAT LOSS: 22.
*OPENING V ALL: 30 LU. FT.: 17.33 TAMT 70.0 HEAT LOSS: 22.

OPENING /SALL: 30 LU. FT.: 20.00 TAFT: 70.0 HEAT LCSS: 25.
OPENING V ALL: 31 LW. FT.: 28.00 TAFT: 70.0 HEAT LOSS: 35.
OPENING /VAIL: 31 LN. FT.: 29.00 TAFT: 70.0 HEAT LCSS: 35.
OPENING /SALL: 31 I. FT. : 12.67 TAT: 70.0 HEAT LOSS: 16.
OPENING V ALL: 31 LN. FT.: 13.50 TAMT 70.0 NEAT LCSS: 17.
OPENING /VALL: 32 IN. FT.: 34.67 TAMT 70.0 HEAT LOSS: 144.

TOTAL INFILTRATION HEZAT ICSS: 637.

FLOOR HEAT LC'SS: 107.

SUN OP ENVELOPE NEAT LOSSES: 2016.

V ENTILATION HEAT LOSS (BTU/Hl): al.

~~ NEAT GAIN =

SO0L-AIR HE AT GAI N (BTU/HH ) -----

ROOF HtEAT GAIN: 144L49.

OPENING /VALL: 25 AREA: 70.67 ATSG:104.0O HEAT GAIN: 7349.
OPENING / ALi: 27 AREA: 91.28 AV50:104.00 BEAT GAIN: 8453.
OPENING S ALL: 28 AREA: 0.0 AVSG:104.0O HEAT GAIN: 0.
OPENING V ALL: 29 AREA: 0.0 ATSG:104.00 HEAT GAIN: 0.
OPENING /VMLL: 29 AREA: 0.0 AVSG: 104.00 HEAT GAIN: 0.
OPENING V ALL: 29 AREA: 0.0 ATSG:101J.O0 HFAT GAIN: 0.
OPENING V ALL: 29 AREA: 0.0 AVG: 104.00 HEAT GAIN: 0.

*OPENING /WALL: 30 AREA: 2.72 AVSG: 19.76 HE.AT GAIN: 54.
OPENING /VALL: 30 AREA: 0.07 AVSG:104.0O HEAT GAIN: 7.
OPENING /NALL: 30 AREA: 0.0 AVSG:104.00 HIEAT GAIN: 0.
OPENING V ALL: 30 AREA: 0.0 AV50:104.00 HEAT GAIN: C.
OPENING /VWLL: 31 AREA: 0.0 AVSG:104.OO HEAT GAIN: 0.
OPENING V AIL: 31 AREA: 0.0 AVSG:104.0O HEAT GAIN: C.
OPENING /WALL: 31 AREA: 0.0 AVS11:104.00 HEAT GAIN: 0.
OPENING V ALL: 31 AREA: 0.0 AVSG:104.00 HEAT GAIN: 0.
OPENING /NALL: 32 AREA: 0.0 A1150:104.00 HEAT G.AIN: 0.

TOTAL OPENING HEAT GAIN: 15863.
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WALL 25/ ARiA: 358.08 U-VAL: 0.12 BEAT GAIN: 963.
WALL 26/ AREA: 592.67 U-VAL: 0.12 BEAT GAIN: 1593.
VALL 27/ ARA: 3417.47 U-VAL: 0.12 HEAT GAIN: 934.
WALL 28/ IREA: 191.12 U-VAL: 0.12 HEAT GAIN: 510.
NALL 29/ AND&: 315.11 U-VAL: 0.12 HEAT GAIN: 847.
WALL 30/ AREA: 228.70 U-YAL: 0.12 HEAT GAIN: 615.
NALL 31/ ADA: 314.12 U-VAL: 0.12 HEAT GAIN: 841.
ALL 32/ AMiA: 216.00 U-VAL: 0.12 HEAT GAIN: 5e1.

TOTAL VALL HEAT GAIN: 6890.

TOTIL AVG. SOL-AIR GAIN (100% SUN): 37202.
AVERAGE WINTER SOL-AIP GAIN: 19717.
AVERAGE SUMMER SOL-AID GAIN: 27901.

. ENVELOPE BEAT GAIN (DTU/r*HR) .------------

ROOF HEAT GAIN: 119.
VALL HEAT GAIN: 77.

TOTAL OPENING HEAT GAIN: 489.
INFILTRATION HEAT GAIN: 637.

TOTAL BEAT GAIN THROUGH BUILDING ENVELOPE: 1322.

VENTILATION HEAT GAIN: 81.

SENSIBLE OCCUPANT HEAT GAIN: 1250.

LATENT OCCUPANT HEAT GAIN: 1000.

LIGHTING HEAT GAIN: 17624.
EQUIPMENT HEAT GAIN: 2693.

WINTER BUILDING OPERATION HEAT GAIN: 21568.
SUBBEB BUILDING OPERATION HEAT GAIN: 22568.

-INTER INTERNAL HEAT GAIN: 41285.
SUMMER INTERNAL HEAT GAIN: '0469.

'

----------

B EATING LOAD -= -....

OCCUPIED HEATING DEGREE HOURS (F*HR): 22051.
OCCUPIED ENVELOPE HEATING LOAD (BTU): 44448832.

OCCUPIED VENTILATION HEATING LOAD (BTU): 1786162.

TOTAL OCCUPIED BEATING LOAD (BTU): 46234992.

UNOCCUPIED DEGREE HOURS (7*HP): 1813.
UNOCCUPIED ENVELOPE HEATING LOAD (BTU): 3654953.

TOTAL UNOCCUPIED HEATING LOAD (BTU): 3654853.

TOTAL BUILDING HEATING LOAD (DTU): 498111Yn4O.
TOTAL HEATING ENERGY USE (BTU): 71271200.

"v.-
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SC OOLI NG LOAD -----

TOTAL OCCUPIED COOLING BOUBS (IlS.): 5520.
OCCUPIED COOLING DEGREE HOURS (P*HR): 4892.
OCCUPIED SOL-AIR COOLING LOAD (BTU): 154027424.

OCCUPIED CONDUCTION COOLING GLASS (BTU): 2391045.
SENSIBLE * LATENT VENT. COOLING LOAD (BTU): 117156.

OCCUPIED COOLING LOAD (BTU): 124?1010.
,. POE LIGHTING COOLING LOAD (BTU): 97294896.

PROCESS EQUIPMENT COOLING LOAD (BTU): 14867809.

" TOTAL OCCUPIED COOLING LOAD (BTU): 166055024.
TOTAL COOLING ENERGY USE (BTU): 415131536.

- - r w . ENERGY USE SUM MARBY --------------

DOMESTIC HOT WATER FUEL USE (BTU): 62474976.

ANNUAL LIGHTING LOAD (BTU) 22114800.
ANNUAL EQUIPMENT LOAD (BTU): 160697376.

TOTAL CONNECTED ELECTRICAL LOAD (BTU): 182812176.

-------------- ANN UAL ENERGY USE ------ -

TOTAL HEATING ENERGY USE (BTU): 71271200.
TOTAL COOLING ENERGY USV (BTU): 41,117936.

DOMESTIC HOT WATER FUEL USE (BTU): 62474976.
TOTAL CONNECTED ELECTRICAL LOAD (BTU): 182812176.

TOTAL ANNUAL ENERGY USE (BTU): 73169,616.

. %
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IPPZIDZX 3.2U€or arn Strip Messages

Following is a complete list of the error aid strip meEsages
EDICT issues in the Strip message Box. Irrcr messages with
explanations are presented first.

# 1) **EBROL. HE3ORY ALREADY COITAINS OzJECTS. ccm nar
IG WORED.

explanation: Objects can be read from disk
memory only once. Any attempt
to REID PEON DISK more than
once during a session will
in this message.

* 2) **EBB*R: THERE All 10 OBJECTS TO SAVE TO DISK.

explanation: if there are no objects in
session memory and the command
SAVE TO DISK is picked, this
error message will be issued.

# 3) **ERROR. QUADRANT ALREADY CONTAIRS INAGE. SAVE OF
_N CLEAR gUIDRANT.

explanation: Vhen in the orientation node
-4.' and the user attempts to bring

up a footprint in a quadrant
already containing a footprint,
this message is issued.

# 4) **ERROR. T2RE IS 1O ACTIVE QUIIANT.

explanation: If in the orientaticn node
the user attempts to bring
up a footprint inage by
picking (BE)ORIEh"'1 without
having picked an active
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guadrant first, this message
will be issued.

# 5) **ERROR. ALL QUADRANTS ARE EMPTY.

explanation: If the user picks the command
SAKE SAVE or NEV SAVE during
(re)orientation and all
quadrants are empty, this
error message will result.

# 6) **EBROR. DISPLAT(S) EMPTY.

explanation: When (re)defining windows/
doors the user may transfer
temporary changes stored in
one of two windows to
the current object. If the
window picked for tramsfer
is blank, this message vili
be issued.

# 7) 10 OBJECT RIS BEEN SELICTED.

explanation: If any primary command in
(RE)DEFINE. ANALYZE, or
IMPROVEEENTS categories
is picked and no current
object has been selected,
this message will be given.

2-2 31 _l _nuussJ q

Note: Any text appearing below in parenthesis is
light pen activated.

# 1) PICK OBJECT PION OBJECT LIST OR (ETORII).

0 2) DELETE OBJECT FROM OBJECT LIST CS (BETURN).
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_ 3) PICK NAN1 ?PON AVAILABLE BINES LIST 05 (UTUSI).

# 4) SELECT CUADRANT TO DISPLAY I 0 NAIN NERU" 10
RETURN.

S) PICK DEGREES OR (RETURN).

# 6) CURRENT OBJECT WILL BE WRITTEN OVER. CONTINUE?~(1) (N).

# 7) SELECT OUIDRANT MUBBER ORIITATIOI TO BE SAVID.

, 8) ALL DISK 1AIES WILL 31 WRITTIN OVER. CONTINUE?
. ,. (I) (N).

# 9) PICK WALL PRON ENLARGED FOOTPRINT OR "NAIN BENUD TO
RETURN.

# 10) SELECT OPEIING->OPERATION9 (RETURN), OR SAVE I
WINDOW (1) (2).

# 11) OPENING BUST BE SELECTED MCRE CPEPITION. YCD
BAY ALSO (RETURN).

# 12) PERNANZNT OPENINGS DILL BE CHANGID!! CCUTINU!?
() (N) -

# 13) ILLEGAL OPENING/CONDITION EXISTS. PRUSTRATED? lCU
BlY (RETUFN).
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# 14) PICK OPENUNG->TYPB. TO EXIT YOU BAY (RETURN).

# 15) PICK OPENIG->TYPE. ALL (DEFINED) / (UIDIFIREV)
OPENINGS SINE? TO EXIT: (RETURN).

# 16) SELECT KACROCLIHATE NUMBER FROM NIP. TO REGISTER
SELECTION: (RETURN).

# 17) PICK SELECTIONS. TO REGISTER SELECTIONS: (RETURN).

N C 18) TO ADD OVERHANG, PICK WALL BOTTON. ELSE PICK

OVERHANG -> OPERATION.

# 19) PERMANENT OVERHANGS VILL CRINGE!!! CONTINUE?
(Y) (N).

* 20) PICK ROOF CONSTRUCTION TYPE NUMBER, 01 (BETURN).

# 21) CURRENT 3OOF THICKNESS IS LESS THIN CCISTSUCTICY
SELECTEE. NODIFY? (Y) (N)

# 22) PICK VILL CCNSTRUCTION TYPE -> VAIL SEGMENT CF
HlNu COBBNAID.

0 23) CURRENT WILL THICKNESS IS LESS THIN CONS RUCTION
SELECTED. MODIFY? (m) (N).

# 24) lCU MAY REQUEST ADDITIONAL (EXPLIWATION) OR
(RETURN).

!0
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# 25) (UETURN)

* 26) DO YOU WISH TO SIll THE ANALYSIS TO DISK? (1) (5).



UP22IIX C. luauing EDICT

This appendix explains how to run EDICT at The Ohio State
University CAED Lab.

C. 1 C S9B9.A9_

The first step is to log on to the systes. From a 3279
terminal the user tyFes in

LOGON <userid> <password>

and presses the ENTER key. Provided that the correct pass-
word is given, the user is sow logged on to the system.

.C i 2 _em ra sata pink Files

Before the user can begin, there must be a copy of the EXEC
program which runs EDICT in his file directory. If there is
not, the user can copy it from the IRCHl4 account. To dc
this, the user does the following.

1. Link to the AICR14 account by tyFing in the fcllcv-
ing two commands, followed by the INTER key:

LINK IRCI14 191 291 22

, ACCESS 291 a

2. Copy the EXIC program from the B disk to the user
disk:

COPY EIBUE EIC B A = 1

1410
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4 3. Detach from ARC814:

NEIIASI a ( D22ACD

Before invoking the ENRON EXEC program, the user should be
aware of the data disk files, which are used to read data it
and save the data generated during the session onto his
disk. These files are defined in the ZIC program through
the PILED!? statements (Figure 115). The WEATHS1 and
IEATH22 data files are read only and contain tabularized
information used by EDECT in running energy heat gain/loss
calculations. The 5APR11 data file is write only and Is
where any extended energy analyses reside if dumped to disk
by the user during
a session.

The other five data files are read/write and with the excep-
tion of DATA3D. may or may not contain data at the end of a
session. They are all object description files and utlesE a
user has defined all aspects of an object with I1EICT then
saved those definitions to disk, there may be no imforwatics
contained within, then an object(s) first comes over from
ARCHIHODCS, the only data file with data is DAA3D. which
contains the object 3D data structures filled by ISCE18ODOS
and used by EICT. OPZIGS contains the EDICT orenivg data
structures; OURHUGS the overhang data; BUDSTS the data for
the building systems (occupants* ligkting, etc.); and
WALROOP the data structures describing wall and roof
construction of EDECT objects.

4. ILED!? 11 DISK VITA3D DATA A (RECPH TEA LIECI 80)
FILEDE? 13 DISK WEATERI DATA A (DEC13 VBA LVECI SC)
FILED!? 14 DISK VITH22 DATA A (DEC11 PEI LUECL 80)
FILIE! 17 DISK OPENGS DATA I (DEC13 YEA LRECI SC)
FILED!? 18 DISK ORNGS DATA A (DEC15 I IVECI 80)
FIIDEF 19 DISK ILDSYS DATA A (DEC13 FBI LRECI 80)
7ILED!? 20 DISK UALROOF DATA A (DEC11 YEA IDECI 80)
FILIE! 22 DISK 511311 DATA A (RICPH YDA LRECL 8C)

I13ure 11 Data disk file definitions

c.3 Ihfhl~skL te ru

The user is now ready to run the program. ibis Is acre by
typing:
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ElON

The user is Fromfted for the device address of the 3251
terainal, which is located in the upper right corner of the
terminal. The user types this aumber on the 3279. The user
now waits until the program is loaded. Uhen this is done,
the initial ID-CT screen menu appears at the 3251 amd the
systen awaits the first command.

.,
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