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Thrs study summerizes work begun as an under*

graduate in computer applicat,j.ons of climate infor-
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ABSTRACT

This study ii_l_ustrates a method of arahitect*

ural- site p3-anninE usinE a diEitai- computer. Tt

attempts to determine the optímum pJ_acement and

orientatj-on of a bui_i_ding otr a group of buitdings

GT: a ehosen síte" Tt uses as ir¡put, variabl_es from

the foLlowí¡rg areas:

a) Topography

b) Surface F'eatures

c) cl- j-mate

The fína3- output ¡.der¡tifies the l-ocations best

suj-ted for the ptr-aeement of buil-díngs based upon

solar, wind, and ¡xecipi-tati-on factors. The individ*

ual buildings or groups of buitr-dings may then be

oriented in such a manner as to best. satlsfy their
performance reqlz j-rements,



IT{T'EIq'T CIF T}ÍE T}3ESTS

The íntent of thj-s thesís is to devetr-op and

illustrate a method far locating and orienting

bt"l5-ldings" It, uses as a vehícl_e a l_and area taken

from a Boreal Environment"

ïn general, problems assocj_ated with the

siting of buíldings have rel-j_ed on hard physical

data such as topography, soils, vegetatíon, etc,

Th:-s thesj-s attempts 'ca intrsduce some of the

dynamic j-nfluences (or si.lb-syst,ems) affectíng the

sit.e and a dwel-LinE unít whích has been selected äs

a standard control- bui-l_dinq"

The effects of {:hese faetors wil-l be identifíed

by the application of línear nnodel-s, usinE eNisti-ng

data bases (mapped si'ue data) and readj_tv avaiLable

e límati-c information "

A fj-¡ral- slte sel-eatíor¡ løíl_l- be made usinE

the generaS- modelïing techniqnae ãs described j-n the

Tntnoducti-on 
"



TI}T'IR.ODUCTTOTq

This study is concerned røith site selectíon

and subseguent orientatj-on of a building on that

site " The specJ-f íc study uses some sal-ient environ-

mental factors to contro! the siting and the orien-

tation of detached dwell-ing units in Northern Boreal

Regions " The study is developed as a method by which

phys j- ca I 4 eÏ,lv ironmen ta I o aird I a 1'Lhou gh not shown t

economicaLo and ecoLogicat tact-,ars can be incl-uded in

the såte selectíovr Þrocess.

The natural environment :-s a compi-ex inte-

grated system that dynam:.cai-ty res¡:onds to the

ínfluences exert.ed upon it" Under normal circum-

stances, str-i-Eht changes to the system are assímil-

ated and a state of esuíl-i-bríum i-s maintai.ned"

Major interventions, natural- or man-made, can have

dramatj-c effects upon the system's mechanisms and

extenL of resllor'ìse" Tn the extreme condítion, the

state of equi-l-ibríum can be total-1-y disrupted,

redr-lcing the system tei a lesser level of organJ--

za.Lion.
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Al-t interventior¡ does not necessarii-y have

a devestating impact on the natural environment"

lntervention in the €orm of development (eg"

hor:sinE) may (and in rnost cases probabl-y wil-t) have

some effect uÞon the natural- site slzstems" Lj-kewise,

the natural site system and any resultant changes

effect that devel-opment.

Copj-nE with this nel-atiorlship between the natural"

and man*made orEarìízat.iori, is parti-a3-T-y the respon*

sibitr- it.y of desígners . Tnformation utilized ín th j-s

situation is usuatr-1y der j-ved frorn other disci-p3-ines 
"

The success of a desi-gre wll-3- be determined by the

quality of the j-nformation and the deci-sion-making

ca¡:abilit:-es appn-íed to and by the desì-Ener" The

successful desS-gn will-, among other criterj-a, antici-*

pate the response of a site's systems to proposed

development. Develo¡:rnent should be structured by

the designer to rninímize or mitigate ímpairment whíle

capitalizing on the :-nherent sj-te attributes"

The designer is the responsible individual

in planning and deterrnS-ni-ng the arrangement of the



components j-n the man*made environment" As our

lçnowledge of the enviror¡menLns natural systems

increases, society p1-aces very demandíng sets of

requirements on the designer"

The desiEneros understanding of -uhe natural-

environment, j-ts :-nter*rel-atíonships with mann s

social and physical- ûrgan:-zation" änd íts inter*

rel-ationships rçtthín j-tsei-f,, requíres the assimí-

.¡-at j-on, aTìalysis, and ad judicatlon of vast amoun'{:s

af. :-nfeirrnatíon" This information rnust 1:e prepared,

strucluredo ttranscr:-bed, a¡ld presented ín ä form

which can be capabtr-e of pred:-cting the effects of

intervention on the natural environment. The util-i-

zation of this inf,ormatlon requires a method which

structures av:d fac:.1-i-tates the handl-ínq sf that

information "

The evoXution eif the mettrrod is r¡art of the

design process" This process uses a rnodel as a

vehi-cle" The usefulness of the ¡nodel- i-s measured

by how well- it embodies ar¡d refl-ects 'f:he rel-ation-

ships of the el-ements aompr:-si-ng the envíronment"

It al-so depends o¡'¡ the exte¡rt to wk¡ich it. faailj-tates



the designerus unde::standing of the ureal world'

system being si-mul-ated" Al-so rmportant !s the

responsiveness of the inodel to chanqes when it, ís

mani-puLated for desi-En study purprses"

The specific technique used in this study,

refl-ects the inforrnation constraínts posed by our

understanding of site systems " Specif ic s j_te sub*

systeras {eg " solar rad:-ation) ãre reasonably wei-i-

str.rdi-ed and documented, thereby 3_ending themsel_ves

tt a l-inear modex-1-ing technigue" (Ã rinear modei-J-ång

ocechn:-gue is a step by step process of solving a

simulated environmental problem ín sequential addi-

tive steps, wherei-n the resul_ts of one step effects

the results of the foll_owing steps). Conversely,

the reratiorrships of the surb*systerns, and the hor-istie

properties of the system itsel_f , are not as weïl

described or understood. This reguires a model (See

page ) whose structure is ca¡:abl_e of dealing with

general- statements erf dec:_síon, as welL as a satis-

factory rneans of int.er*rel-a"cir.lg seperate site sub-

q\tc'l-êmc

Tn thj-s study, the dlgítal computetr was chosen



as the medium thnough whr5-ch the data, modelsu and

design elperations coul-d l¡est be studied" This

medíum faci.litates:

l-) the storage, retrieval, and manipuLation

of. larEe vol-umes of informatj-on at a high

rate qrf, speed

2j the ab:-l-:-ty to maintain specif ic procedures

and the cûns:-stent. applícation of decision

rules not n<¡rma.l-1-y avail-abl-e to the desiEner

3) the ease of 'cranscribirrg, in suitabl-e visuaL

and descriptive ways, infonmation for the

de s i gner

4) ease by which cons:-derations can be changed

and the probn-em re-Esoriced (feedback)

AlthouEh an el-ectroníc computer aan handl_e vast

amounts of :,nformat.íon, 'chere ls a finj_te l_imit to

any given machine" The size and speed of the com¡ruter

ernpl-oyed ín an analysis poses some constraints on the

amount of data that can l¡e pract:_ca1-1-y uti_ILzed" It

is necessary 'Lo estabLisl¡ a standard f,ornrat f.ar the
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coXlection, codinE u and anaS-ysis of s j-te data " To

satisfy these reguirementso the site j-s divided into

a setries of smal-l-er areas called u cel-l-so " Thís ís

done by superi-mposing a regui-ar g::id over the site

çu¡hi-ch descríbes the chosen proportions and sizes of

the cel-Ls" Ã square grid is normaltr-y used.

GRTD

CELL

f i rsrr :ro 'Ì

1-- -iry

The size

t,akinE j-nto

of the cel-l-e

account st¡ch

and grid are

factors as:

establ-íshed

?\

L) the type of ana.l-ysis to l¡e de¡ne

the accutracy required j-rr

(ccarseness tr finenessi

req.iired accureay in the

the coded data

to attain tÏ¡e

ana l-ys i s
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3) the sources of the data fcr each of the

variabl-es to be ce¡ded (maps, aeriaL

photcgraphs, etc")

4) the type of variables to be aoded

5) the avai-l-abi3-j-ty of digitizLnE equípmentu

whether machí2"¡e, tf man-made

Once the cel-l- and grid size are determined,

criterj-a fo¡: 'i:hre evaTuetj-CIn cË the varíables (eE,

solar radration) cccurríy:q l,q'j-t't?j-i? eacl'l cell are

estabLlshed " These ariteria are 'then used to

determine the coded val-ues for each cel-l o tar each

variable" Each variabl-e is coded as a maIi, with num*

erj-c representatic¡ns for the condj-tions occurring

iøithin each cel-L " The coded maps then become the

dat.a bank Ë.ar the anal-Vsis"

The inj-tj-al step j-yr the ariai-ysis usuaS-J_y consísbs

af the fo::'mulatíon of a-r¡umber of predíct:-ve rn<¡del-s

{or simul-at j-ons of the ureal- world') proposing a

s:-tuation Õr event occurrj-ng on the site (eg" pl-acíng

ä dweL3"ånE uni-È) " The coded variabl-es thaÈ work ín



t0

combination and define the proposed event are

isolated" Each cei-I on the map is evaluated accord-

ing to the model-" Ã resuS-tant map is generated from

an evaluatíon ç¡h:-ch rai-:ks each ceLl on the map accord-

ing to the model formul-at.ion of data variabl_e input.

The methods for handX-ing l-j-near modetti_ng

techniques are wel-'l def j-ned. The means by whiah the

Eeneral- methodology of modeXS-inE is accompi-ished

can be descriSred simpJ-y as a series of rnap overl_ays"

Each ove::l-ay represen"Ls one el-ernent in the total-

system"

Ë'?ap l- (varíæbl-e f) x qdb [ =

Map 2 (vaniable

Map N (varíable

CETT HVAI-L'ATÏOIS

2)xw'cp:

3) :{ \¡¿t I =

N,
-- I

N^

N

=\rtu

f:-gure 2

Of major sígnj-fj-cance j-s the development

{denivatíon} tf, a suítabl-e model- ç,ieighting structure"

( 
, rj i,/_f_

+Ë= {/

=*4:*¿,:'.FF
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The weights appli-ed to the various el-ements r¡¡ithín

the system can be readii-y changed in res¡:onse to

changes in policy,. user gr:leferenceo or outside

expertise" The wei-ghts are therefore negotiable"

The ease by r,uhich the nrodel weights can be changed

faaj-l-itates the napl-d evaLuat.ion of differinE

val-ue judgements or other changes"



VAR.TAELES CO¡TSTDER.Ð

The variabLes crnsidered ån this studv are

divrded into two classif,:-cati-ons: external- infl_uences

and the site physical_ features" The varíables

eonsidered in the first category {the externa}

inf l"uences) atre s

t) solar radíatior:

^l¿ ) ndl-nd

?l .i*i¡--r'3 t $r¿ec¿prïai:l_tn

Those consj_dered ån the second category atres

f) to¡mgraphj_c el_evatj_ons

21 topographi-c slope

3) topographic str-cpe*orientatiosl

q-j surface feature type

5) surface feature ?:ei.ght

6i surface f,eature density

The variabl-es are díseussed i¡r detaiï i_n

Fart, øAu of the t?aesís"
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CËTAPTER. TT

SOLAR RADTATTÛN

2 " I TNTRODUCTTON

The sun ís one of the rnost frequentl-y consider*

ed environmental parameters in buitdinE design or

site selection problems. It is usually considered

i-n the folïowirrg ways:

l-) äs a source a¡f ?-leat ar¿d/or

2) as a source of 1-íght

CIf the two as¡rects cit,ed, Lhe f irst ís 1-íkely

to receive the most attention by desi-gners working

in extreme environments.

As the sun ís the oni-v external_ source of

heat in a Northern Envj-ronmer¡t, Lt is only trogical

that the Solar Heat Ga j-ns on buildings and building

sites receive attention by the designer"

To determ¿ne the Sol-ar Heat Gain on a surface,

it is necessary tCI k¡row the foi-tr-owíng:
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t) the sur¡us positíon

2j the atrnospheric co¡rditions through

which the sun's radíation must pass

3) the objects, natural- or man-made, that

absorb o:¡: refl-ect radiation on the

site, or blocl< nadåation from reachíng

the síte "

This sectíon wi-l_l- deal_ qq?åtli each ef these

f,actors icl turn "

2"2 THE- POSTTTON-OF THE qUN

The pos:_-uion CIf the sun rej"atj-ve to anv

geographic nocatíon o¡l ear.Ll.l ean be determined

Lf gr-ven3

l-) the Latítude

2') the LonEíbc¡de

3) the Time

4) the Ðate

Usíng the variables l-ísted aboveu twû angles

can be found that v¿ill- descri-be the sunus position

rel-ative ta e particulan po5"nt, on earth" They ares
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r) ALgTTUDE

2j p"zTlfiiTrã

The vert:-caÏ anql-e of the

sun above the horizon

The horizonLal- angle of the

sun meãsured from a fixed

point" (eg" North or South

depending u¡:on the conven-

tior: ehosen) See figure tr-"

Fr¡ORMALãvu

R

tl¡YZ

ZEzuIT&{ AN¿GLË

ALT¡TI.'OE AzuGL€

A¿IMUT¡'{ AñJGLE

¿-|t\ttr

\
I

VE RÏ ICA L
PLAzuE

f i-gure
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For 'che purpÐses of thås studyo the conven*

'Líon chcsen for measuri-r¡q the so.Ì-ar azirnu"th¿ was

Õne of standard mappinE convention" This means

that the azimuth angles are measured from the

North through a 360t cloclcçqise arc" White this

ís not one e¡f the standa::d conventions used Ëax

measu¡:inq Azimuth angl-es, Lt does c1-arify the

exact positiCIi'l for the user cÕnversant with stan*

dard rnapp:-ng conventions" See Appendix 'Au.

2 "3 SOT,AR RADTATTCN

" Radiant energy ernitt.ed frorn the sun is
transmitted at a fairly u.niform rate through
space in the form of dive::ging rays travel--
ing at the speed cf tight" Small bodies
situated at great distances from the sun
however, i-ntercept such a small- ¡:art of the
sunos energy that the rays may be considered
as parallel- beams"" (f)

These beams passi'ng thnor.rEh space, have, when

reachíng the outer l-j-mits oË the eacthus atmos¡rhereo

A ÏeVel Of enerñ\r 'r-hn'r r'.='r'r þg aSSumed conStant"

u' At the outer boundary cf the earthus atmos-
phere, the flux of sol-ar radj-ation which j_s

trecei-ved on a si¡rface normal to the sun's
rays is very nearl-y constant" This fJ-uN, at
the mean distance between the sun and the
eantl'1, ís k¡loç¡/n as 'the sÕl-ar constant Io, o' {Z'}
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The value of the sol_ar constant has been

estímated by a number of scientists, and the val_ues

fal-l into a range of approximatetr_y 375-445 ET{J /haur/

square foot. See Apoendix nAu 
"

" Fortunatel-yo the earthus surface is shieS-ded
from the full_ brunt of the sunus heat by an
ínsulati-ng bLanket extendinE about T mil_es
above sea level"" (3)

The sol-ar radj.atj-ocl actuaS_ty reachj_ng the

earthus surËace is only a smalS- component. elf the

sol-ar constant l^. I4ueh of the radiation is absorbed

hl¡ i-'lr,c a.ar'l-,l"'r e ,* ul*osphere, reftr-ected back into sÞace

or saattered throughout the atmosphere"

" About 43 per cent of the incomíng solar
radiatiorl reaches the surface, either d:_rectl-y
{"2'l per cent) or as a diffuse sky radiatíon
( 16 per cent) " Abcut 42 per cent is lost intel
space, niainly by di_nect reflection from clouds
and the surface and about l-5 per cent is
absorbed by the at.r*csphere"" (4)

ï¡r general-, the greater the depth of the

atmosphere the rays of the sun pass through" ,che

rlrâ3#ar' *ha ôhôæflc' 'tÃ-^^- €^A -tr: -".*^ ñ:j¿ çq uÇå L¿¿s ç¿¿E¿ uv .!_i".Ji¡Þeþ " dtgg r ¿L4u¿ e ¿
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fíEure 2

Thi-s accounts for 'bhe reduction in the sotrar

irradiati,on duri-nq peri-ods v"'hen the sutl's al-ti-tude

j-s Xow" The l-ower the altít-t-lde, the mûtre obl--lque

'the sun's rays are to bhe surf ace " The suTrus rays

must then pass threrugh a greater depth cf atrnosphere"

T'tr"re actual- arnor-rnt of radiat,i-on fall-inq on the

eærthus surface can be predicted v¡ith reasonable

aecuracy, once the posit:-o¡r of the sun iir respeet to

a g:artJ-c¡-ilar susfæce and the atmospheric varial¡l-es

can be det.errnined. $ee Ãppe¡tdíx 'A'
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C}IAPTER TÏT

CLÏ¡åATTC TNFLUENCES

3 " T T}üIRODUCTTON

Of aïl the determir:ants on the desiqn of

buil-dings and buildeng si'cing o the climatic

infl-uences are J-i-ke3-y tl'¡e iru¡st un¡rredíctable" Where

the Sol-ar Rad:-ation car¡ be deterr*ined v¡ith a hiqh

deg.ree of accuräcy ¡ rlaost other c'l í"¡.nat j-c f acte¡rs

UGIIIIU L.

f t is not the l:Li::FÕse of i-his str:C¡y g* devetr_op

a climatic model- ca;cahle c1= predicting v¿hat the

climate on any qLven site çqíll- be, but rattrren to

make sûme predic'cånns ahr:ut 'che effects the site and

structures placed upcn ít wil-L have on the síteus

cl imate " Tn short, iL ås atternpting to establ¿sk¡

what micro*clírnat-e j-s 3-ikeïy Lo exist on the site"

The number Õt cyirnatac variables a::e of

'(naõãqci l-rz l imilsfr to -.htSe having the greatest ínf LUenAe

i-n a l{orthern Envíronrneini:" The cl-írnatic variables

to be consi-dered are v",i¡,nd and g:recíprtat.iÐn,
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3.¿ THE EFFECTS OF TËåE STTE SURT"ACE trEATURES

ON THE V{TND VELOCÏT:¿

Of prime importance to the study of the

windfl-ow through a given area is a knowledge of the

surface features in -'he ,asea, their w:-dths, heights,

densities, and positic¡ns " ''

As the area under consíderation ís one of

r -*-^ ça*^ð.t- e¡gpanses ! the type cf surf ace featUres,!-cr9g r.uj-sÐL

that ruil-i- be cûnsidered are T-arge t::eed pÏantations.

The rnethod of cod:-ng t.he exis-8:-ng s¡-rrface f,ea'i-u::es

data {cel-Ts, general-ized fo¡: an area) tends tc l- j-rnj-t

the type of features that can be util-i-zed j-r¡ aTl

-'^ -'r ."-.: -sr¿d.!-yJ.i-þ o

To Eaíxr ssme understa"ndi-ng in the fiel-d of wínd

passaEe through v¡ooded areas requires an exploratíon

ínto a qeneral- jliel-d of, str.¡dv cali-ed oshel-teru"

" Theoret:-ca11y the terrn shelter cûmprises
any reductíon in the vel-ocity of flow betr'iind
an object sj,tuated in an air current o o o" (l)

tf the various ty¡:es of shelteru the fotr-lowi-nE

êre aonsj.dered ín 'chis studvs
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il / t\\r/ SHELTER BELT ã plantation of trees
anð/or shrubs of great length in
propcrtion to its width, and of a

width a few times its heiqht"

(q) \,^looD oR pLAIflIATIoN: wooded zane ot
great length and width in proportion
to its heíqht"

(h) LANDSCAPE: area covering many
meters and wel-l províded with
inq obiects " "

kilo-
shelter -

{2)

ïn generatr-, using Lhe f irs'c case, the ef f ect

of ushelter beltsu can be defined as:

" The extent to which a shel-'cer bett is abte to
reduce windspeed, its effect in depth depends
rrnñn r.rinÄ 'i'i'-or']- inn =n¿l il.la lrairy1r-l- Jrr-a:,l'{-1ruyvll wII¡U Ul!UUu!v!l¡ qI¡U UIIç flçIrllL/ p!guve¡¡/

and. the nature of the ]¡el-t " In all cases, the
protective effect ís a function of distance from
the shelter belt " It is substantially greater
downwind than upwind" All investigations have
shown fortunately, that -uhe ef fect in depth is
proportionaL to the height 'h' of the shelter
beltu to a very close aÞproximation, and also
proportional -uo the wind speed uv' . Distance
ux' in front of the shelter l:elt (-) or behind
it (+) are therefore expressed in units of 'h' ,

that is, the quantity used i=l*/h = multiples
of heíght of the belt" !üind speeds are express-
ecl â s ã nêrr-ênJ-an'- nf l--tra rai nrlsneed i n i'hevv ¿rturt/euu LLL

open " "
/?\
\J,l

!iêô tl ñr1rô t
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The complexj_ties of approxímati_nE the resul_-r-*

ant dírec'c:-on rf r.uj.nd passing rvel: or around a:bstruct-

ions are beyond the scope of this studv. For the

purposes üf this study, the wind is considered to ace

Linearally * ie" the wínd striking an object passes

directly over lt wi-thout any h.rlzental- changes in

di-reation "

This ís done for a nurnber of reasûns: the f irst

being the com-¡rlexities c¡f the deveropment of a nodel

and progtrarû¡ and the second beånE a general- l-ack of
informatia¡¡'l on the deflect.irns clf v,¡ii"id around obiects"
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SNOW DRIFTITfG

UsuaLly, "srlüw drifting occurs when, ät a

ternperature bei-crø ûo C, snow falts with a

heavy lvind. "
{4t

As the st.udv area is in a hTorthern Environment

t"he first of the stated conditions exists far a

J-arge ¡rart of the year" The second condj-tion, that

of heavy wind, j-s not as easi)-y determined as the

temperaL,ureo due to --he in'cerference of a specifíc

site t s surface fea'cures äs discussed i-n Section J "2

" o o. the inf l-uences rf wind screens on the
sand and snor^/ moved by the wind in other
r*'crds, the formation of drifts * becomes clear
'.vhen the propertles of the tn¡i-nd fields of
these screens is fuX-)-y considered " The rnoving
pae-ticl-es which draiø near a screen wil-l- settle
dolr¡n as soon as they reach a zone vyhich the
velocity of the wind is suffícientlv reduced "
T¡ü'hich zone this is depends both on the velocittrz
of the wj-nd and the properties of the shelter*
ing oi:ject" ïn a vei:y stronq wind perhapso
this zone v¡:-l-l- he oni-y *"he wind minimum on
the screen" " " As a rul-e, höiøever, accumu. latíons
of sand and snrv\r are fe¡r.¡nd on bot-h the v¡ind
side and the Lee of the scÍeens. . .

"SeveraI wr j-ters have, in fact, observed
that d::ifts caused lcy dense screens are
narrovúer and hi-ghe:: than 'chrse caused by
screens with a l-ower density" According tÕ
Bates arrd Stoechel-en (i941) , t\or drifts
vsi-ÏL devei-op behi-nd a vet:y dense screen i
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figure 2

"windscre€l"ls wi.rh an tperi stein story, a
hi-gh v¡ir:d veloci_'cy w:_i.t ûccur during a high
v¿ind" The snow ís then biown underneath the
trees and lj_es rather evenl-y on the adjacent
r]-e.Lüs " "

¡ \!\Jtr

Gei-ger poínts out t?-ie s:-rnilarities be.Lween

drif,t:-ng snoEç and sand;

"Similiar processes can be observed at, r,,¡ork
j-n dritt.ing sand where j-.L is possible to
fol-lor+ the effects for a considerablv ]-olrqer
tirne than with snoc"e?.ts

qÐl

one wíll be just behind the screen and one
will be a l-ittle fu::ther to the l-eeward" This
is caused by the r,vhirl behind the screen whích
has a hor:-zontal- axis to the screen" !ühere
the whirl strikes the ground, that is, at its
centre, the snÐw 1-ayen i-s relativeiy thi_n" yet
the dríf ts devetr-op on both sides of the whirt "

--* x /
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Tn general-¿ 1:l'le rncre rapid the decrease i-n

v¿ind vei-ccity, the grea'Ler wilT be the accurnuLation

of sn6!üo ín the form of drifts" See fiqure 3"

\1rÍndbreak Wind
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CÏ{APTER TV

STTE VÃRTABI,E:S

THE SÏTE

Ì'he area chosen as the vehícl-e for thi-s

study is i-ocated in lücrthern }4anitoba " The atrea

is one of predorninantl-v coniferous vegetatíoi-1,

muskego rock outcropso and i-rregular topography"

The specíf ic såte chosen frorn v,iithin the area,

is located at ap¡rrox:-rna'ce3-y 56Õ 3L, North Latitude

and l-00o West Long:-tr-rde " It j-ncludes a smal-l- portio¡r

of the townsite of Leaf, Rapids, i4anitoba 
"
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The cel-l si_ze chosen rfteesures L00'*0,' x

l00u *t". This cell- size was chosen for the codinq

af. all site data for the fol_l_a:v¡i¡tq reasorìs:

l-) the type and scale of availabl-e inform*

ation on the var:_abïes tcl be coded v¡as

not accurate bel-CIw this scal_e

2j an increase in the scal-e woul_d íncrease the

ctärseness ef the da'¿a

3) the -i_tûu*0" x 100'*ü,' ael_l_ seemed a best

comprornise in terms of descrj.hinq the

standard ,:esidentåal_ to t

FOf L.he Inrrì-yìrìqêq n€ .f-hi s q1-¡trli¡ ã Smalt teSt

site was chose-n ¡neasuríng 2000u -0" x 2000n -0" "

Using the cel-ls eif l00u *t'u x lûûu *t" o ,c?:e site ís

divj-ded intc a Erid of Zt a:oççs and Zt col-umns o ûT

$tt cel-Is in total-"

4"e"__ Tûqûç&APryY

ïn Eeneratr-, tûtr)ÕgräÃ)híc urraps prcvl-de tlÈ:nee

types of i-nf,c¡rmatioi-¡ :
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1) Elevatioy:s

2) Slopes ( der ived)

3) S lope -orientatåons {cer j-ved)

The nmst, accu¡:ate az:d readilv obtainabl_e

information is the el-evati<¡n" As the slope and

si-ope*orientatíons atre derived from the differenae

in elevatíons, it was decíded to eliminate these

two factors from any manuaS_ coding openations" Ðne

of the inter¡ts of using "L.he ccmp¡..:ter was to sa\,ze

time rchil-e ?"randi-ing 1a¡:Ee amounts of data" TÌ:erefore,

a program vyas written to accept as input, the eieva*

tions of cells u and generate as ou'tput, the cel-l-

ce¡rtre el-evati-ons, sl opes o and slope*orientations

for eacl¡ cei-l-.

See Appendix sB0 for the method of codinq and

pröEram; Maps 3-, 2, 3 f,or the outpr-¡.t"

4 " 3 S_TTE SURTACE TEATUryF_S

Ttr'le Site Si:rface !-eatures (primariÌ_y vegetatíon)

¡r]-ay an irn¡:ortant g:art. rn the m:_crc*cl-åmate cf a si-te.

They have e s:-Erij-f lca'nt i-nfl-i:ence ctn the amount of

solar radiatíon received by the síteo as well as the
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veloci.ty of the wiz:d passíng t?-ircugh the si,ce" The

important aspects of the S:_t.e Surface Features can

be dåvided Ínto three cl-assif i_aations:

t) the nature of the ob jeci-: the characteristics

of its surface {eg" deciduous vegetation

i-oses 6tr/" øË j.ts density during ,che wj_nter)

21 the heíEht of the object above the Landforrn

3) the density CIf tlie object

See Apg:endix uC* for .{:he rnethod of, coding the

Síte Surface Fea.{:¡¿re va::j-al¡Les, Maps 4, 5, 6 f,or

the output"
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C}ãAPTER. V

STTE ANA]"YSES

5"I STTE SOLA.R. ANALYSTS

Using topographic information as desaribed

in Chapter IVo spêcj-f i-cal_]-y:

l-) topographic slopes

2') topographic slope*orj_entations

and the data on the site surface Features ãs described

ín Chapt.er TV, Section å,"3 u specif ical-T-y;

t) surface feature tvpe

2\ surface feature heiEht

3) surface feature densitv

a program was \dritten 'çø determine the amount, of

solar radiation fallinE on each celt on the cÏ¡osen

site" Each cei-l- on the sít.e is assumed to be cl-eared

af. alL vegetaticn"

The Sol-ar Radiation val-ues \Â/ere cal_cutated tar

the ZLst" day of each month, usíng a one hour time

ínterval beginni-ng at solar mi.dnight" The constant,s

used ín the ¡:rogram ätre those outXined in AppendiN

8ñ C
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The di.rect and dif fuse ::adiati_on to each cetl_

on clear days only, was considered in the analysS-s"

The effects of the atnros¡rhere, in terms of i_ocat

weather conditions, such as the amount of clsud

cover, was not taken j_nto account"

The refLected radiation frorn adjacent cells
røas not incl-uded in the calcul-at.ions as witson (l)

cl-airns that even i¡: situations r,uhere high ref lect-
arlce i-s apparent (ie" sÌ-low @ ?0"/.) , the reflectance

on moderate sì-opes is sü smail- L.hat it can, for al_i-

pracÈi-cal purposes u be iEnored " Garn j_er { 2} ter¿ds

to support this idea " He concludes that the reflected
radiation from surrerundi-ng êreas is normal-lv less

than 3% of. the shortwave radiation fal-linq on a sutr_

faee" (Again, each cel-l_ on the si-te i-s assumed to

be cleared of al-j_ vegetation.)

A nurnber of different anaryses of the radiat.ion

fall-J-ng rrì the síte c,¡erê rtrone. The hourlv vaiues for
each dayus rad¿ateon \dere total-ted" These dailv totaLs

were then used as the data banic for each month"
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The map¡red out¡:ut. for each. analysis gives

the total possible ::adiation j-n BTU, s/ftz /ð.av

for each ceil-. The darkest cel"l s on each mapped

outpt¡t represent the highest dail-y totals; the

1-ighest cei-1s represent, the lowest"

T'he anal-yses wetre done as foll-orvs:

ANAL]ßTS ONE

T'his anal-ys:-s was made by taking into account

the str-ope ar¡d s.l-ope*orien,cation of each celj-

Õn the s:-'ce. No attempt r"¿as made to inclr¡de

the effects of soLar shading frcm the Surface

Features f,ound on the adjacent cel'l s" The

output represents the amount of radiation

avai-l-able at each cellus surface.

ANALYSTS TWO

Thj-s anal-ysis was made by taking into account

the si-cpe, siope-oríentation, as weJ-J- as t¡re

effects of solar shadinq from the Surface

Features on adjacent cells" The output. repre*.

ËenLs the ammun'L of radi.aèion available at

each cellçs surface. See Maps T .. T.8



ANALYSTS THREE

The values generated ín 'Analysis Twou rdere

re-scaled and rnapped" The oriEinal values in
EAnalysis Twcu \dere mapped in a ul-*gu value

range, where the maximum and minimum values

were the highest cej-I and the l_owest cel-l_

val_ue for each month" This anatysis took the

Iowest r¡al-ue and the highest value for the

year and mapped each month's val-ues according

the the annual- val-ue ranqe 
"

A.NALIISIS FOUR

This anatr_ysi_s consj-sted of calculating the

total dall-y radiation fa-.t_ii_ng on a vertical_

surface" The surf,ace was oriented perpendic*

ular to the Sol-ar Azimuth" The effects of

Solar Shading from the Surface Features on

ad jacent cel_ls vsas tal<en ínto account "

See Maps l_g * 30 for the output cn a montlil-y

basis "

ANALYSTS trTVE

The resr¡Lts of ,Ãnalysls Four0 wetre nemapped
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as x{ere those in uÂnalysis Threeu " See I4aps 3l_

42

5"2 STTE WÏND ANALYSÏS

As explained in Chapter TITo Section 3"1,

no at.tempt was made tr determíne the velocitv of

the wind on the site. But, rather, usinq the Site

Sunface Features data as described in Chapter IV,

Seat,íon 4 "3, s¡recíf,ícaX-ly;

1) Lhe surface feature type

2) the surface feature height

3) the surface feature densíty

a model was developed to deterrnine the effects of

the SiteÊs Su¡:face Featilres ullon the passage of

wind across the site"

The output from the model gives each cel-l_ on

the site a val-ue 'Lhat j-nd:-cates the percentaEe wind

reduct,ioi'l aff,erded by the cel_Ls ugNøind" See A.ppendl_x

8!ag

fn5-t:-aL3-y, ê serles of eight, analyses vrere done
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varying the wir¡d direction acrûss the site" The wind

d ire ct ion s u sed were : North , Nor.th -Ea st , Ea st ,

South-East, Sotrth, South-!{est, West, and North-T¡Jest"

See f igure 1- 
"

S

rxguåg .i-

Three

North-V[est,

The darkest

the highest

the l"ea st 
"

F"or the purposes of this

the preci¡:i-uatíon anaLyses ås ä

of the analyses, specifically the West,

and North a.ppear ín Maps 43 , 44 and ¿15 
"

cells ín each mapped output represent

amount e¡f shelter; the lightest represent

SÏTE PRECIPTTATTCIN ë,T{ALYSTS

study, the model- for

duplicatj.or¡ of the
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wtnd analvsr s.

As described in Chapter III u Section 3 "4, the

drifting probabil-åtres are greatest in areas of

highest shel-t,er on the wj.nd analysi-s maps.
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CTÏAPTER VT

BUTLDTNG STTE SELECTION ANAT,YSTS

6"1 TNTRODUCTTON

The previous anal-yses on Solar Radíation,

!üind, and Precipitationo do not in their generated

form, give the designer much assistance in deter-

mininE the best cel-ls for the placement of a

'building 
"

This section dears with the method of combin*

ing a number of the previous anai-yses to generate

a f inal map¡red output that indicates the best ceri_s

on the síte for the placement of a singl_e building"

Generaln_y, the prime cj_ímatíc and buil_dinq

performance cûncern in a Northern Environment r_s

the period of the year when the outside t,emperature

fali-s bel-ow 32o r. This prrtion of the anarvsis

restri-cts i-tsel-f to this period" specificatLy, the

months of october Èo April- incl-usive are considered"

ã16 è

The specific varíabl-es c@risidered in this analvs:-s
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l-) Solar Radiation

2) T{ind

3) Precipitation

4) Surface Feature Type

6"2 SOLAR RÄDTATTON T3{PUT

The Solar Radiation values for the vertical

surface (see Chapter V, Section 5"1; Analysis 4)

were used" The radiation val-ues for the period

October to April- inch¡sive were summed and a

composite Radiation map was formed.

6"3 T¡TTND TNPUT

It is ímportant to note that similiar winds

'occurring ûn a site do not necessarily have the

same magnitude of severity. In order to compensace

for the variations in severity, a composite shelter

map l,ì¡as produced 
"

Based on the climatj-a data found in Appendix

uF'o *O* fc¡l-lcwing were used to weight the import-

ance of shel-ter for each wind directio¡¡:
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l-) the mean rnonthly temperature

2j the directior¡ of the prevailing wind

3) the average velocity of the prevailing wind

As the concern of the study was months of

October to April, the number of prevailing wind

directions rn/as reduced to three" The wind directions

considered \detre North, North-!üest, and l{esc"

The weights used t{ere as fotlows based on vel_ocit,y,

temperature¿ and freguency ûf Õccuranceg

North I

North -lrle st 3

West

The values on each sher-ter map were murtipried

by the mapus weight.inE factor" The three maps were

then summed to form a compüsite map. See Map 46.

6"4-_ PRECTPTTATTON TNPUT

As l-ittle information on the amount and

freguency of snowfal-r was available, the composite

shel-ter rnap Þ/as used" See Map 46"
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6" 5 STTE TNtrUT

The Surface Feature Type map v,Ias used as the

input for this portion of the model" surface Feature

heiEhts and densit.ies had alreadv been util :,zed in

the Solar Radiati_on and ?üind Analvses"

6"6 MODM,LTNG TEC}TNTSUE

Each of the previously sej_ected maps, with the

exception of the surface Feature Type, was rescaled.

The rescaling consisted of dividinq the maximum to

minimum range of cell- values on each map into nine

egual- groups" Each mapos cel-l-s rdere then converted

into the appropriate ul_-90 val_ue ranqe "

Each particular combination of variables was

then evaluat,ed Ín terrns of its desirabil-ity in respect

to the type of anal_ysi_s being performed. A range of

gualitatrve evaLuation \{as establíshed as i"ollorøs:

3 de sirable }¡est

2 less desirable medium

L undesirabi-e poor
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Each map was then eval-ua-ted according to the

previously mentioned value scale o f,or example:

. VALUE

0L23456789

MAPl 3

MAPn t

Numerical values in any given map indicate the

severity of the conditi-on mapped" Therefore, within

the analysis, the occurance of a u l-! on MAp u l- u rnay

be nated as best or desirabl_e, while a ulu on MAp un'

may be rated as being poor or undesirabl_e.

ïn order to establ_ish the importance of the

various variabl-es with:_n the system being analyzed,

each map \¡¿as weighted" For exampi_e:

VALUE

O L 2 3 4 5 6 7 8 9 WEIGHT

MAP ]. 3

MAP n l- n.)

T'he occurance of a t I8 on IdÃp u I u is qiven a

valr¡e of {3 x t"5} l,S " The occurance of a ul,
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on MAP unu is Eíven a val-ue of (f x 0"2) O"z

This process is repeated for every cell on every

map and a composite map is formed" Each cerl on the

composite consists of the sum of the weighted

values of the corresponding cel-ls on the maps used

in the model" These compósite map cel-l val-ues are

rescal-ed to a 8l-9u range and printed. The darkest

printed cells represerrt those ihat satisfv the model-

the rnost " The tightest represent those that satisfy
the model the least"

BUTLDING STTE SELECTION MODEL

The initial_ building site selection model_ was

formulated as follows as an exampi-e to ittustrate

that weights are sel-ected without rigorous consid-

eration. In a nreal-u situatíon, these weights

should be a product of discussíon and adjudication

by experts ín modetr_3-ing and/or the phenomena beinE

we íEhted 
"

See 'bhe tabLe everl_eaf .
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VALUE

I'fAP

SOLAR RADTATION

WÏND

PRECTPTTATTON

SUR.FACE TVPE

¿ 3 456 B WETG

o"4

0"3

o"2

0"1

0

U

0

0

.!-

't
!

3

t

t

3

5

I

L

3

3

t

0

3

3

I

3

L

0

222

222

222

200

See Map 47 for the output from the first Site

Selection Model- 
"

. subsequent anaryses on the chosen residential-

building i-ndicated a gross error in the wej_ght,íng

of the Sol-ar Radiation and W:-nd components of

Model #1" The model weights \r,¡ere then changed as

follows:

MÄP

VALUE

5LL5 9 WETGTM

SOLAR RADTATÍON

WÏND

PRECTPITATTON

SUR,FACE TY?E

01-I

0l_l_

U5J

rìrì?VJ

222

222

222

200

-^J J V.¿

3 3 0"5

1 1_ O"2

0 0 0"1

anai-ysis 
"

fI

I

3

2

3

?

1

0

See Map 48 for the out,put from this
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C}IAPTER VTT

BUILDÏNG ANALYSTS

7"L ÏNTRODUCTTON

This section of the studv is established to

determine the best orientation of a building on a

given cell" The cel-l upon which the buil_dinE is

p1-aced being chosen from the previous site sel_ction

model- "

7 "2 THE BUTLDTNG

The

was the Ma

Housing Un

standard chosen for the buildinE

nitoba Government !Three Bednoom

it' "
32 0 -0"

ana lysis

Remote

s
r{

fu
B

+-
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7 "3 BUILDING VARIABLES

The variables used to describe each surface

on the buildinq were:

1) the orientation of the surface

2) the slope of the surface

3) the area of the surface

4) the co-efficient of heat transfer of the

surf ace (U)

5) the absorpti.vity of the surface for direct

and diffuse radiation

6) the unit of surface conductance (Fco)

See Appendix uGn 
"

7.4 CLIMATÏC VARÏABLE-S

The Climatic Variables used in the analysis

were those listed in Appendix uFu.

The mean monthly temperature and average wind-

speed for the monthus prevaíling winds were used"
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7_"5 _ BUILDTNG ANALYS.IS

The geographic location of the building was

the chosen site"

The prev:-ously described buil-ding was given

an initial orientation as follows;

WALL UIU TBOO

WALL e 2u 27Ao

WALL u3u 360()

?üALL U 4U 9OO

The folJ-owing heat i-oss/qaLn components were

then calculated for the building at one hour inter-

vals for -the given orientation:

l-) transmission heat loss /gat-n for each

surf,ace (waIls, glass, floor, roof)

2) sol-ar heat gain on each surface (v¡all-s, roof )

3) the instantaneous heat qain due to Solar

Radiation through the glass

4) the inf íltrat.íon heat loss /gain for the

total- t¡uiJ-ding
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The buii_ding was then rotated through a ZZ.5Ð

clockwise arc. The heat loss /galn calcutations

were done for the new onientation" This vdas reÞeat-

ed until the buitding had been rotated through 3600

in 22.54 increments"

See Tables t - j_6 (pages l-06 _ f 2f ) for the

Net Heat Gain/Loss cai-curatio¡'ls for the buirdíng,

for the nronth of Januarv"

See Tabl-es L7 - ZA (paEes L22 * L25) fon the

most and least BTU0s r-ost wíth respect to the

orientation of a given buitding per month from ,.Tanuary

through to December" Tabre zo (paEe Lzs) irrustrates
the most and least BTU E s l_ost, annually.
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CONCLUSTONS

There are a number of points that can be made

based upon the previous analyses.

It is generatly accepted that in Northern

Hemisphere, Sol-ar Radiation is the most intense on

those surfaces with South facing slopes. However,

on the study site, the steepest southerly slopes

tend to receive less radiatíon due to the densitv

and the height of vegetation found there" It isu

therefore, a fallacy to assume that south facing slopes

always receive the greatest amount of solar Radiation-

See Maps 7 to 18"

Vegetation interference has a marked effect

on the amount of radíation fallinq on a vertical-

surface duri.ng the winter. However, durinq the

summer, the vegetation interference does not siqnif*

icant3-y change the amount, of radiation falj_ing on

a verticatr surface" See the following table.
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ITTONTH MINTMUM MÃXI¡,ltIM DTFFERENCE % DIFFERENCE

December

January

June

Jr.lly

47

73

2401

23BL

7I0

l-090

2826

27L8

663

1017

Ã"25

331

e3%

e2%

L5%

L3%

Tt would appear that vegetation interference

j-s si.gníficant during the coldest period of the

vgd.!- ô

Wínd, in con jurrct j-on with low temperatures u

is the nrsst severe parameter at the variables

studíed" Wind ai-one accounts for approximately Ztr/"

of the possibi-e heat l-oss in the chosen buílding"

So1ar Radiation, on the other hand, is of

small conseguence in the comparison with the wind"

During the col-dest months of the year (October to

April-) o solar heat gains account for an average

B/. reduction j-n Lhe total possible heat loss" For

examÞle s

December - estimated possible heat i-oss

(1"00 AM i-oss x 24 hc¡urs)
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TotaL loss

Di fference

905453 BTU

BBO835 BTU

246L8 BTU

The 24618 BTLI i-s from sorar Radiation input"

solar accounts tor z"7T/" decrease in Total- possibi-e

Heat Loss" See Table t"

lfind on the other hand accounted for approx*

imate]-y 2T% of the bui-rding heat r-oss. As infii-t*
ration rates are a function of the wind vel-ocity,

an i-ncrease in the wind vel-ocity woul_d increase the

inf j-l-tnation and, therefore. the heat l-osses"

The best ori-entation for the chosen building
was in n'rost cases south" This orientation takes into
account the sol-ar l-leat Gains" rn order Eo compensate

for the rüj-nd (infíl-tratíon) a more detail-ed knowl-edqe

of the eNact flows around buiJ-dings is necessary"

More work ís reguj-red in this area"

Eased upon the prevj-ous anaJ-yses, the fortr-owing

concl-usions can be drau¡¡l;
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SOLAR MAPS:

f) AII things being equal, in the Northern

Hemisphere, Solar Radiation on the surface

of eells is greatest on the south-facinE

slopes" However, or! the study site, the

steepest str-opes tend to have l-ess radiation

due to the density and height of the veget-

ation on them. Therefore, it is a fal_lacy

to assume that south facing slopes always

receive the gneatest amount of Solar Radi*

ation "

2) Vegetation interference has a marked

effect on the amount of radiation falting

on a verticai- surface during the winter"

Ðecember 93% reduction

January g2% reðu.ction

February 507" reduction

3) During the summer periods, vegetation does

not signif ícantl-y change the amot¡nt of

radi.atj-o¡-¡ f,aLi.5.ng on a vertical surface.
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II7ÏND:

BUILDTNG:

June t5% reduction

JuIy l-3% reduction

f) Shelter vegetation shoutd be no lower than

the height of the structure to maximize the

effects of shelter due to upwind vegetation"

2) upwind shel-ter shoutd be as dense as possibte

to minimize the effects of snov¿ dríftinq

and accumutati-o¡-l of snow"

1) The most' severe parameter of the variables

studied is the wind i-n coniunction with

low temperatures" frlind alone accounts for

approximatel-y 20% af the possible heat Loss

in the building chosen" The ZO% fiqure

does not reflect the fact that air changes

atre increased when wind is present.

2) Solar heat gaín on the buij-dinq chosen
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3)

4)

(al-though beneficial) is of small consesuence

in comparison with the wind" Ðuring the

coldest months of the year, (October to

Aprit) , solar heat gains account for an

average tr/. reduction of the total ¡:ossible

heat l-oss "

Building should be oriented so that the

wall with the minimum number of openings

is windward 
"

The best orientation for the chosen

building is the front facing South. Due

to the fluctuations of the severe winds

from Tnlest to North, f-ittle can be qained

by placing the !üest wall into the North-

Vüe st wind "
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MAPS

All maps found on the fotlowing pages have

been processed through the program 'GRID 0 * to

give slnnbolic output to the val_ues"

The line printer used for the output has

a horizontal spacing of l-0 charactersn and a

vertÍcal spacing of 6 characters to the inch" In

order to elíminate distortions in the visual repre-

sentation of the certs and the si-te, each cell ís

represented by 3 vertical and 5 horizontal print

positions " For example:

@@@@@

@@@8@

@@@@@

NORTH is found to the top of each map.

K DEPAR.TMENT OF LANDSCAPE ARCHTTECTURE
Faculty of Anchitecture
University of Manitoba
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Due to the maLure *f. the print_eut and the

resuLting redr:ction u the cor-urnns to' the for-roviing

tables are not lal:eled"

Tabl_es l- 16 strroul_d ?:e read f::om l_eft to

rlght, begi_rar:ing with t.he f :_rst column as;

Tíme {hour}, wal3- ,Tu o rdail_ uZu, wall_ u3uo r,{all_ uAu 
u

R.oof , Ftr-oerr , Tnfi- T t-ra'c5.u, n, e¡:d trTet Tielurry Tota.!_ 
"

Tlris seríes c¡f, TabLe# ::eprÉsen'¿ Lrre Net Ï{eat r,oss/

Gai¡rs; and shcul-d he ;'ead ån ccnju.nction c.råth

Chapter VlT, Sect j_an ? " 5. ( incrernent ¡:ctat.åon)

Tabl-es l-T Zû shev¡ {:1"¡e ETU*s l-ûst ¡:e:: day,

per rnonthu usínç the sãrÊre ::*ta.LLon af. "¿?:e bui.n-dinE"

The BTUBs strrov¡n witn an u¡,tû represent the ¡nost. X_ess,

wÏ'¡il-e the u L û nep¡:.*sen"Ls "cl:e l_ea st.

T]^¡e fCIl-l-CI''c,"¡¿ng tahS-es ã.Te the resur'c oË inves-â*

igatå*r:s'Eær -Lir.* ËutåJ-*ånç ånæT-ysís 
"
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V.ÀLUES FOR DEC"

POLAII DECLfNATION

w¡r-r-'iunr¡cE o,vE

zt sr.'
= -23"4500 UEGREES

drdc.òo oEGRÉEs '

tr 3706" [8ó9.

-- ã 
" 

3706" teóg"

3 1706. t 869"

4 3706" t36ç"

's 3?06" ¿S6t;

6 370ó" i8óe"

7 31A 6, t B 6ç._

- 6 3?06" iè69" 
'

I 36rre" ¡Só9.

LO 84'5" L852"

I¿ -.¿064" i8.i3"

L2 -Ì-680" ¡.340"

L3 -1044" !.6¿5"

ï4 8q5" t573"

!5 3666. i861"

L6 J706, å869"

L'r 3706. L869"

¡.8 3?0ó" ¡.869"

L9 3VO6" L8ó9"

20 i?Oö" ¿86ci.

Íl 3?06" ?,869"

?2 3706" ¡.a69"

23 3706" 1869"

24 3 /06" ¡.869"

rÛf ÂL HE,4T LOSS,/GAE N

75O8. L¿L¿8"

¡508"' L¿t-2S"

7508. L2!ZB"

T5OB " L2L¿fl.

7508" i¿t¿3.

?503" t2rz8"

r503.. l¿t¿8"

750¿1 " Lì128"

?505" r¿¡¿8"

7t7¿. [¿r28"

þA-t¿. f¿i28"

6709" L2t¿d.

óBl¿- t¿¡.¿8"

7i72" I¿r¿8"

15Jt. L2L?A"

7508" t¿r28"

7508" ¡.¿I¿3"

75c8" L¿L¿8-

¿-508. T¿128"

?508 " LZL28 "

7508" LZt¿8"

7508" l¿r.29"

t508" t2l2ô.

¡50d" L¿128"

7883" J-î7¿7 "

7dBr. -- 3íiii"
7863. 37727 

"

78ô 3" i7727 "
vBe:i: -"'3-rtz'r:

7881" j77¿1"

7..ìd.i" 37-t27.,

7d B ). j'î t 27;-

733-t" J76J¿"

7l8_i" .i4t3_t"
'iAt3" -- i¿LZ>.

788r. ]t436.

73¿Jl" JtrtA5.

7dBÌ. 34113"

7-tòJ" 17ót7"

7ßcJ. J7127 "

7J¿3. '- 
)7t27"

¡88.i" 177¿7 "

7883". j772'r"

78A3. 377¿Í.

78ti]. )7727"

7833" 1,7727 
"

Ì8,ìì" itt2t"

7Jð1" j7727"

dðc.i35.

3049 "

3049"

30(ç.

3A+9 -

3O /*ç .

l04ç"

30¡"'9 "

3049:

3ù1.8 "

3007 "

¿979 
"

2985 -

3007 "

30<,8 "

l0¿'ç "

3049-

3049 -

3049 "

3A49 "

3049"

341i9 "

zo49 "

1A+9 -

1584"

15S4"

¿584"

¿584."

?t584.

?,', ti 1+ 
"

t>5¿.

\ ¿t9¿, 
"

l/+!8.

1975.

t576-

L 2 ö¿? "

158¿r"

1584"

I584"

å 5Br*.

I 5B+.

!584-

3584-.

Ir¿+-

1584"

i4AH= 905453" S0LÂR= Z"7Z Irv¡:Ít-= 20"90
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TABLE #2

¡'l -;ll
I,dÂLL SURFACE ONE A2OZ" 5O OEGREES

G L 3706. re6e"

2 J?06. !869"

3 1106" 1869"

4 lT06" i869.
-- - 5 3?Oó.- -- i869"

e 3'146. t869.

? 3706" 1869"

E 3?0r,. 1869.

I i6d+" À859"

ËG 1691o" Le52"

[¿ -tr06" t843"

rä *r28?" Ï840"

[3 -Lzge" iaq?"

L¿s 4138" t52I"

t5 3656" t867.

[6 3706. ¿e69.

[7 3706" ]ðó9.

Le 3706" ¡.86ç"

¡.9 3?06. È869-

2A 3706" 1869.

2L 3VO6- 1869"

z.z 3706" !.8ó9"

23 3?06. t 869.

2¿þ -Ì70ó. [869-

IOT}11 HEAÏ LOSSr'GAIN

3049 "

3oå9 "

3049 "

30+9 "

1069"

30/'9.

3A!"g -

3048 "

3007 "

¿e85 "

2979 "

29ø5 "

3007 "

3048.

3049.

3ù49"

1C49 "

3049 "

3049.

3049 "

3 049.

3049 "

?.5¿ INF

Lla4 "

¡.584.

tr 584"

l5B{r.
'¿Sgtn"-'-

[58{r"

! 581b"

t,5B+ -

|!.5 I i_ "

l¿r+A "

2401"

I+6!-

Lr47 "

i.579"

!.58¿."

L9A4 "

t 581¡.

!.5 84 "

'!" 584"

!-5 Blt -

'!"58 4 -

1584.

.1 584.

l.5e4.

[{-= 20"90

7508"

1508.

7508"

7508"

?508.

¿508"

7508.
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_,2 * _ __ 3¡06" --__.-1869" .. -3O4g".- È58+. 
-

e 3706" t8ó9. 3049" 3 5S4"

I 3705" [863" 3029. 1584.

_. , 8O _ -._-.36¿2".. ,-._ ¡.5y3. _ ¿650. .. t5¡e"
[À 35?8" !.625. .î26. 

¡.576"

Ã2 3565" xB4O" ¿er5. ¡.575"
E3 3578. tB43- 726" À498"

AS i622" L1SZ- ¿ó5O- L4sq.
å5 3705" ¿86e. 3029" L5az"
å6 3706" !.869. 3Q4s. _- t5B&"
gy 370ó" [869" 3049- L5B¿¡.

[8 3706. åS69. 3049- LsBq.
¡.q 3106" 186ç" 3049" t584.¿0 3 70 ó" 1 869" 3049. 1584.
¿g 9-Í06" !869" 3049. ¡.5e4"

22. 3?06" 1869. 3O+9. i58ç.
23 3?06" ¡.869- 3049. ! 534"
24 3706" tr d69" 3049" t584"
.E O'i AL TlE þ,T LOSS/GA$ [1

__ 750Ê" . _. t¿Ì¿s"_,

7508" ¡.2t28"

7508. ¿z!.¿8"

, _7508 " ,_. !.¿ I ¿8" .'

7508" !2!¿8"

7508" Izx.2s"

.7508" t?129"

750ô. !2 I 2S "

7505" l2t¿8"

7I72" 12[¿€"-

6812" tzt28.
6709. I2 [ ¿B "

6e32" [2t28...
'Ê172" l2l¿s"
'{505" LzLzB"

750d" L2r28"

7503" t¿I2S.

7508" !.¿r.¿8"

7508" L2L?u"
7508. L¿L¿8"

7503" ¡.¿[¿s"

750ts" l¿i28"
75 OB. L ¿t- ¿B 

"

T508" ,!.2i2s"

_ 78BJ- ...... ,..3'17.¿7.:

7¿t83" 3772.t.

1883" 377¿7 
"

1883" .. .3r t¿-t "

7883" 37VZ'Í "

rgo3" i7-¡¿7"

. 7881" .. t7t2t"
788-t" 3-r7¿t "

7883" 37697"

_ 7883" _]5608.

78 B.!'" 34 34 ô "

7883. ì¿ll¡"
788 3. J44JB"

7883" t5¿io¿"

¡88J. 37tOZ"

. ?883. - 37t¿7"

7r.r8j" 377¿I "

7883" 377¿7 "

i8¡r3" \7727"
7883" j7t2Ì"

7881"" 3'tt27.

78Ar" 577¿7"

î88). 3?'t27 "

7883" t7!z¡.

s-Jl L !9.

94AX = Ç05t+13" SCLAR" 'L"rB INFXL= ZA"gA



It6

rF^ÞT E ++l ^f¿¡u!! f¡.LLf

idALL SURFACE ONE A ZZ.5O OEGãìE65

____ & ___3706".___._ r s q?. _ __

2 3706.

3 3706"

--_4 
370ö"_._ _

5 3706"

6 3'106"

__._ t__- _--_ Jruoo

3049"-. -- - I5B4"r__ ?508., t¿r28"_

3049" l5B/r" T5O8- l¿128.
3049" 1584" 7508" r2t2s"

_ .-._.. 7883"_ ___.).1 | 27."_

7383" 17'I 27 "

7883" 37t¿7"

7883" 37727"

7383. 37'¡27 "

_. _,7883" _._- _..37 t2t ?_

7883. 3772'1 "

¡893. 37703.

-__. 7883"__- _._- 35dlo",

7A83" 34+26.

7333" -23951-

-,__7_8.8 j "_.____ .i4 4 34.

7d33" 35596"

7883" 3Ì69ô"

I6 a 1 "_.- ._ .-_.:i7_7 ?7 "..

788 i" 3't 727 
"

7881" 3772-t"

7d8 3 " .-*_ -. -_...1't-7.2 t ?

7883" 37'f 2V "

7Ae3"" 37 727 .

7A83. 377¿7.
7883" )77¿'Ì"

738t" 17727 "

8ti075"

!869.-.--_ .10ç9"___ t58q" -_ .. ï508" ._ r2t28" _ _ _ _- /883 1_.__-*. 17't.2 1,".

tr 869"

! 869-

¿8ó9"

1869"

1869"

[869.

LB60.

3049 "

3 0q.9 .

3049.

?n ì Ê

1.584"

-158 
4 "

!.58+"

'ttB4-

_ - .3049" _---_-¿58(" _._ . .?5O8. _-.- t2t¿8"

7508" I¿123-

7508" r¿t28.

7508 " L2128-

7505. L¿L?8"

7t72"-. _ L2LZB"

6812. t¿I28.
6709"

I 3706"

I 3?05.

__*__.å0___36¿2" ,__-_4364" -_ -,_206t " _,_-__ å579.

så

¿6

[5

[6-.

gg

[8'

Ìa

2.O

vn

22
23

?.+

3578-

3565 "

¡.r8¿"'i'¿4'{ -

'ì.485 
"

!.852"

¡.8 69 "

_.- ¿869.._ _

l.I69 -

¡" 86ç"

g8ó9..._

t869"

[869.

l8ó9"
'!,a69.

3.8 69.

¡"576"

1575.

!.56¿"

1583.

,_ i584.

¿ 984"

[586"

! 534"

t 2! )e

_--- 3578. - .__ _t!792" *..-____.646"-. -_ _._A576._.._, ___.6812" ¡¿tZe"
3622.

5IUJ.

_.3706"*-

3706"

3'ro6 "

_ 3706 "

3ro6"

3't o 6-

3706"
37C6"

3706"

L4'Ë1"

3024 "

3049._._

3049.

3049 "

3049 -

3049 "

3049 "

3049.
30<r9 -

3 0¿,,9.

I584"

Laó4-

1584"
1584 "

L5B¿r"

7L'î2" 1212.8"

7505 " L?_L ¿8"

_,7508".._.- t2À¿8.

¡508" L2L¿e"

?508" t¿r2s"

- 7508. ,_ Lztz8"

v5oB" TZL2A.

7508. L?L¿A-

75O8. t-¿L?.A"
7508. LZLZA"

?508" LZL2e-
TOÏAL HEÂî tO5S/GAÍN

FIA X= 905453" 50LÁil= 'r"t9 ¡l.itF¿t_= ZA"9A



LL7

TABLE #i 1

HALL SURFACE ONE A 45.OO OEGREES

.e___ 370ó".., I8ó9"

? 370ó" t869"

3 3?06" t86e.
tt _ 3T06. t869"

I 3706" ¿ 869.

6 3706" i869"

l -_ JÍ06" ¿969.

I ,370ó. i869.
I 3705" 1859.

å o __ 362 ¿. !24o.

I i 357e" 987.

[¿ 3565" L!.O3-

1.3 3578" !.4r2"

L4" 36?2. x. Po5 "

t5 3705" [869"

t6 3706" !.8ó9.

ll 3706" 1869.

lE 3706- tB69-

't,9 3706" t869"

2A 
.3 

P06. t 869.

2L 3-?06" 1869.

2¿ 3706" t869"

¿j 3706- t8ó9.
24 3706" t86e"

rO.!"AL HEAT LOSS/GA I N

r.{AXs 9054r3. SOLAR=

3049 "

30¿+9 "

3049.

3069 "

3049"

3049 "

1049 
"

3049"

30/ùT.

2666 "

t958"

å206.

30¿3"

30Ç9"

3049 "

3049"

3049 "

3049.

3049 "

3049 "

3049.

"/t7 tr¡*FåL= ¿0"90

Ï 584" 7508"

t584" 7508.

t 584" 7508"

. !584" - ?508.

I 584. 7508 "

L5B4- 7508 
"

[584" 7508.

¡ 584. ?508"

! 584" 7505"

¡57e. 't172"

t 576. ó83¿"

15i5" 6709"

1t76" 6S32 "

1579" lLZZ"

I 584" V50r"

r 584- 75c8 "

LSBq- 7508"

1584" ¡503"

1584" 750a"

å. 584 " 7508.

tr 584" 7508"

1544" 7508"

!584" 7508"

¡ 584" 75OE-

. ,7883" . _._. t77¿-t "

1883, )7727"

738J" 37t27.

788J. - -- 3tt¿7"

7881" 37727 
"

7883" 37127 "

786J" 37 t¿7 "
7BB r" 37-Í2-( "

7C83" 3/?r!"
7C8]" 1629! "

78tJl" -Ì49{2"

788 ¡. j4t7c"

788t" J433C"

lB¿Ji" )562Ò"

¿881" 17{,97.

f 68 j" i7 Ì?_7 
"

78¡J3" J7't 21 "

78ír J" 3t t27 "

7881" \772Í"

7BBJ, 3'r727"

7883. 377¿7.

7d8 l" 371¿7 "

7A83" 37 r?7 
"

7c'at" )77¿7-

a)2LI'c"

_..r2I¿8"

I2t 28.

I2t2B.

l2t¿8.

L¿128.

t¿[28"

L¿L¿8"

12128"

12i28"

\212.8"

l¿t28"

tzt¿8"

t2t¿8"

L¿L¿3.

t2[¿8"

L2L ¿8"

1 21 28.

tzLzt¿"

L2LZ8 
"

r 21z',è "

12L28"

i2L28"

L2LZ8"

.r ?- 128 -



IIö

TABLE #12

2 . 3?06"

3 3706"

5 3706"

6 3706"

6 3706"

9 36ç3.

HALL SURFACE ONE A 67"50 DEGREES

,L.-..-__ 3 70 6. __.__- ¡, I ó9 q _. _ _ , __ __ 7883"_ 
-_.--__37727

_ 7508. ._ , LZL2ù"_-

7508" LzLZ.8"

-¿508" L¿L28"

,_.,. 7508" _-_ L2rZ8-

ï508" 12128-

?508 " L2L¿8-

75O8 " 12128"

?505" !¿t¿8"

6832 " t 2¿¿8.

6ïO9" L?128"

6S12" L¿L28"
'îL7¿" 

L¿.1¿8"

?505" 12128"

7508" r2t28"

7503" }'2I¿8"

7508 " LZL28-

7508 " L2L¿8"

750d. tztz8"

7508" L¿128"

75û8. L¿L26" _

75Cs" L2L¿8-

7508.. ¡.2J¿8"

1869"

tr869"

1869"

!.86ç "

1584"

158¿,"

3-t|2¡.

)77¿7"

3049 "

3049"

3049 "

3046 "

.f 00I "

288 !. "

214L.

1555 "

Le3? "

1026 "

30¿r9 "

3049 "

3049 "

3049.

3049 "

3049 "

1049 -

3049"

3049." __.*_ t584"

3049. ! 584"

3049 " l5B4 "

7S83"

7883"

7ôB-ì"

7881"

37 t27 "

3'I 727"

7RHì a}'r)a

___,_--2,-.___,-.__3706.,.., tB6ç. 30¿,ç"

I869"

l5s¿ê" _-._ 750¡:l . '!.¿LZS. 188)" 3.rtzl"
!584"

r.584.

.-_,_ ¿5?9". - 'tL-î?-. t2IZS"

7S81"

7881"

7881"

¿88]"

7frBl"

3578. 8?3"

3565" E5r"

357 B" ¡.oe4"

3622" 1458"

3705. ¿865"

17O6" t869"

3706" 't869"

3706. i869.

3706" ¡.869"

3706. ¿869"

3706- t869-

3706" _ 1869.

3706" tB6ç.

3706" l8ó9"

7.57 6"

L5?9"

1584.

l.584"

1,184 "

L584"

. _1584" ..

¿584-

L'84"

1584" .

L5A4 "

15A4"

¡L= 2A"90

37-¡ 27 "

3V700"

, 36502"

35750.

i-¿ 350-

34 645 "

l5('¡5"

17t 96"

3't 7 2 | ,

t't t ¿t .

37t¿7.

_.' 37721"

37127"

37727 "

LÀ

LZ

lr

¿"2

Þq

L6

9?

ËB

[9 -

¿U

¿2

23

24

7383"

7889"

¡dBl"

7889"

¡88 -S"

73u.i"

7883"

7883"

-_ ___ T¿j83"

7BB]"
-_-_,_._,t772r"

7483"

j7127 
"

37727 "

.i9+1J7"
rOTAL HEÁÍ LOSS/GAI;!

MAX= 905453 " S0LAR= L"24 ¡rvF



ll9

TABLË #T3

IdALI- SURFACE ONE A 9O.OO OEGR6ES

r 37o¿" - -leos. -- ¡o+ç"
2 3?06. 1869. 30+9.
3 3706" 1869. 3049"
4 37Oo" - 1869" 3049.
5 3106" ¿869. 3049 _

6 3?06" t869. 3049.
s 3-to6- 1869- 3049-
ç j rubÞ ¿869. 3049.
ç joz¡" tg6t" 304e"

Åo - '- -¿z7e;_- - izeç" -- . 
3oor" -.

t ! 2590. 907 " 2s85 .

L¿ i565" _e7!" 
¿97e"

3>róè gel" ¿çBj"
¿6 36¿2" å¿ee" ¿343"
[5 3705" !861 " 3032"
[ó 370ó" !.869" 3049"
Lt 3ZOó" t8óg" 3049.
[8 3706" t8é9. 3A4g.

[g 3706" ¡.869" 3O+9"

20 370ó. t8ó9- 3049-
¿å 3 706" À869" 3O<,e "
22 3706" 1869. 3o4ç.
23 3706" !869. 3049"
24 3706" [8ó9: 3O4s.
trOFAL HEAT LOSS/GAIN

-irã+" *

t584"

I 584.

t5B4-

1584"

I 584.

1586"

I584.

l 579"

¿5 ¡6.

Å-5T9 
"

t584"

t 5e4"

1584"

i 586.

1.586"

1584"

1584.

i 5S4"

Ë584"

L5a+"

?5ó8.-'-*--r2¡.2S:

7508" I2[¿8.
75O8" t2l¿8"

{)u8. i¿l¿9"
7508" tzI28"
?508- t2t28"

.)uöô t2tZg.
7508. l¿128"

v505" t¿t¿8"
r!r'2" t2rzs"
681¿" I2rZB"

ó709" L¿L¿8"

6812- t 2LZ8:

7172" tzl¿8.
7505 " L¿LZB"

750a" ¡.¿i¿8"

7508. N"2\28,"

7508" 12128"

7508 " LzI¿g"

75C8" t zLzê"

7508" L2L28"

7508" r2t2B"

7508" LzL¿8"

7508. t¿r¿ô"

7883" 37tzv:
7E81" 3772_I "

7d81" jt72t.

7b81" 37727"

zBB3" 37.tzf -

7BBl" it7¿7 
"- ?ss}: ]7727"

7BBJ" )7i¿7 "

1883. 37652"

7d83" J5i3d"

7òd3" l49ot"
¡381" 356tS"

788]"' 35J86"

7d83" 3601t "

¡8d3" 37ó99"

7883" 3tt2-Ì"
7d81" 3-Ì t?7 .

7¡JdJ- J7 tZ| 
"

I8BJ" 3772f.

78 81" |'t 7 ¿7 "

¡58J" j7727"

ledt" i772t.
tgï3" j7fz7.

7881" 31727.

I93./ l,l 
"

HA X* 905453" SCLAß= L.ZT INF It= ¿0.90



3706.

3706"

3706"

t869"

1869"

1869.

3049 "

1049 "

3049"

¡.584.

I 584"

1584 "

7508 "

7508 "

7508"

¡s'óã" -'

7508"

7508 "

r¿I28"

r¿t¿8.

L2L28.

t¿izg"

L2L28"

r¿I¿8"

7883.

?88 l.
IõöJê

L20

37t2'Í"

5t t¿(è

317¿7 
"

TABLË #T4

!,IALI- SURFACE ONE EI T2"5O DEGREES

f,

4

5

(t

3706"

3706"

3706"

¿zos.

3706"

3659.

tzlz"
663"

¡.886"

¿só9.

[869"

l8ó9"
-¿ 

e6ç.

3.869.

!Bó5.

L+56.

It94-

LZ'L'T "

I A40

¡.869"

I869"

8 869"

t869"

È869"

t869,

1869"

3049 -

3049 "

3A+9 "

lo+s.--

3069"

3046 "

¡oo ¡. -
2985 "

2979 "

2945 -

3042 -

3 Or¿9 "

3A49 "

3049 "

3049 "

3049 "

3049 "

3049.

30+9"

T 584.

I 584"

1594"

¿:sa"

1584 "

1584"

I57ç"-

157ó"

t575"

i¡rs"-

t579"

Å)ðçô

1584"

å58ç"

1584"

1584"

X.5Br+"

1584"

!584.

!584"

L5BK.

T508. I¿t¿8.

?50d" r2IZB"

7505" I2r2B"

7!72. r¿r¿8;

6832" 't 2128"

6709" I¿t¿8.

58J2 " L2LZ8.
'r L7z " N.2LZ8"

75O5. L¿128"

75013. L2LZA"

7508" I2tZ8"

r508. Å2I2d-

7508 " L2128"

v50a" t¿t¿s"

7508" L2L¿8"

7508 " I2L2A-

7508" L2L¿8"

¡5O8 " !,21?8-

7e8J. 3772.7 
"

7883" j-7721"

7883" 37727 "

7883. 37727.

7883" j77¿.¡"

?883" i7672.

7833" 14(.50"

i883" 3lt6z"
798t" J4CIB"

' 7ò83.- 3r6-t4"

7883" 365ç6"

7861" 3t706"

7881. )77¿t"

74e1. j-t-t27"

7883" J772?.

tð8 3. J-Ì72-t.

7A8i" 37-r¿t-

?IA ¡ )¡ I¿I ê

-'- 7SE3"' i77¿7.

7883" 37727.

7883" 37727"

-3

I

I

l0

t2

å3

¿4

¿Þ

¿8

¡.9

¿l)

28,

?2

2/¡

1869"

¿869"

33.i7.

3622 "

3706"

3 706"

3r06"

3706"

3 706"

3706"
- 3706:

3706"

3 7o ¿r.

EOfÁL HEÂT (-OSS/GA¡N

HÂX= 905453 " S0LAR=

¡1905t17"

i "64 {NF IE-= Zo"90



L2L

rilA RT.tr l+ 1 tr
II IJ

!EALL SURFACE ONE ðI35.OO DEGRE€S

.å
Z

:.i?rì ?
I,!J!JU

6

5

qJ6

v

E

I

so

!¿

L1

L)

L4

¡,5

Åó

EI

tÂ

t9

2A

¿.2.

2¿

23

Z{t

IrJ[ÂL

HAX 3

3706"

3706"

3706"
370ó"

3706"

3706.

370ó"

3706.

JO)q -

6o!."

ü9Yð.

2952.

3703 
"

3706"

3706.

3706"

3706"

3 706.

3?06"

3706"

3706"

¡.8 ó9 "

[ 869"

I 8ó9"
IBó9"

I E69"

t869"

Å dó9-

1869.

å 869.

I f 05"

t5t¿é

I!.O3.

eal 
"

124A"

1859.

t8ó9"

¡.8ó9.

t86ç.

I869"

TBó9"

I869"

¡.B69-

1869-

T€69"

3049"

. 3049.

3049.
3049 "

1049 "

3049.

3049 -

3049.

30ç8 "

3007 "

29 fç.

¿985.

300? "

3t48 "

3049 "

3049.

3049 "

3049"

3049 "

3049 
"

3049 "

3049 -

3049 -

l 58("

. I 584.

¿584.
I584"

¡.584"

T584.

l 584"

t 584"

1564"

1579"

t 976"

Å575.

157 6.

Â579"

¿lðer-

.!.584"

1584"

't 584 "

!.584"

1584 "

¡.5ð4"

1584.

¡"584"

r 584"

7883"

7BB}"

788l.
788J"

7983"

7883"

7381"

7883.

id-sl"

7383"

7883"

7e83"

Tód5.

78d3"

7881"

788t"

/883"

V B.l3 .

]'tt2r 
"

177 ¿t "

_t7727.
j-l 727.

l7 t27 
"

37127"

i7-¡ 7 .r :

37727"

376tI"

t40¡5"

7¿ I I J -

3¿3¿5 
"

.il¿.J90.

35960 
"

l77lt"

3t7¿?"

37727"
I

¡
I

7508" 12128"

?508" L2L23"

7508" l¿IZg"
7508" t2t28"

¡)Uð. I¿I28.
7508" LZLZg"

?508. ¡.2t28.

¿508" lltzB"
7505" I¿[zB"

7tt¿" 12128"

68]¿. t.2LZ1"

6rcs- L¿128"

sBl¿. !.¿t2g"

7t7¿" 'LZt¿A"

75O5" L¿128"

¡508" t2t¿8.
7508" t2¡¿8"

750ù. t2I28"
7508" L2L2ð"

f)udo l¿I2d"

7508" L¿L¿8"

7508" 12128.

7508 " LZLzA.

7508" L2128.

7d8-!"

78ô3"

tóó!.

T8BJ"

7883"

ï38.1"

_ 
J7727 .

37t¿7"

17727.

377?.7 
"

377¿7 "

37 7¿7 
"

d35ió1"
r-{EÂ1 LOSS/c^¡N

905453. 50LÁ,R= 2"24 ÍNF ã!_= ZO"go
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TABL; #r6

HALL SURFACE ONE AI5I"5O DEGREES

l. 370ó" t869"

¿ 3706" t869"

____3_____,_.3 706. ..--,___ t gQe s --
. 4 3706" t669.

. .5 3¿0ó" 1869"

6 3106. [869.
v 1706" 1869"

e 
,3706" 1869"

I 3696" !36e"

åo 488" 1852.

&& *g¿08" tr7e¿"

å¿ -¿237- 14d5.

3049 "

3049 "

____ 3049 
"_,.-._

3049 "

3C49.

1049 "3049.

3049.

3048 "
--- 

3007"

2983 "

29 79.

15s4"

¡.5e4"

, ì 584-

1564"

x 584-

.t58<'"
15s4.

¡.584.

r.583 "

t5ó1"

L576-

't,57 i "
z9B5 " t 576-

1007" ¿179"

3048 " t 584"

1049. å 58+"

3049 " ¡.584.

3049. !584.

3O/ç9" 2.584"

3049- 1584"

3049 " ¡ 584.

3049" 1t84"

3049 " L584"

lo^r: 
¡.584"

2"63 XNF¡L= ZO.90

7'Lì8" !2I¿8"

7so8" t2t?s"

_7508" -_ LzL¿.8"

r508" i2t2s"
75ù3" t2I28"

?508. t2r¿8.
75O8. I ¿L¿ò 

"

75C8" I2!2A"

?5A5" I¿l¿s"

tLt¿ó I¿l¿8"

6832" t ¿t¿s"

6709" I¿t 28"

ó83¿ "

¡[/2"

T505"

75ù8 "

r508"

75bt"

7509.

?508"

v50B 
"

?508.

7508"

7508 "

I ¿t 2ô"

I2l¿8"

r¿!.?8"

L¿'t 28"

12128"

L¿L¿8"

12I28"

12L28"

L ¿ 128.

12128-

L2L2E"

12 128 "

rBBi" J7t¿7"

78E3" 37',t27 "

- 7E 8 J._ - ,_-_ì t .7 ?7-:__

7ù83" i7t¿1"

7883. 3772-Í"

-I3Ai" 
377?7 "7:J33" J772-t.

7lt8.i. )7 t27 .

/683" 3t613"

i¡e¡.- J4r,rl.

¿BBJ" 3!c,Jg"

768-r" 31472"

7Éd3. 3254h"

7e83" 94323"

7È8J" 3f6.)¿"

76d3" 3't.t¿7 
"

7ô81" 371¿t.

738J" t77¿7.

789J" 3't727"

788t" J7727 
"

763J" i7i27"
?883" )7727.

7r8 3. 3f727 "
7883" J772.t.

.ldl65J.

!3 -¡.06" t 247 "

[6 [69S" L364.

[9 368S. t 860.

¿6 3706" 1869"

å? 3706. t869.

3'E 3706" Id69.

19 
- 

3706" t869"

2A 3706" 1869"

2r. 3706. À869"

2.2 - 3706," !só9"

23 3706. 1869.

2¿, ¡¡ô¿. l86e.
'fQIAL H€Ár L0SS/cAti\¡

HA X= so5453" 50LAR=



I lî
LàJ

HEAT LOSS TABLES
TAELE #T7

The for-r-owing tabtr_es shor.v the orientation in
degrees for the total_ buil-ding, waLl ul, as shown; the
numbers under the months shown are the BTUus i-ost
per day"

Ï,\IALL u I u JANUARY FEBRUARY MARCH APRTL

180

4^ñ¿u¿"3

¿4 I "3

?7ñ

1^ñ¿J¿"3

JI5

i-r
J¿ T OJ

0-360

¿¿ " 3

45

Ð/"5

ûtì

.I_L¿ " 3

1002560 L

1005 56û

l-012307

l-0L9713

I 024085

LA252e4 Æ

Lt22466

101934.4

1017 63 5

LOL77 52

101 9566

LA2L364

TOL9787

i_ û 15 783

1009407

1 003 969

ñ-Fa n Ê 
-Õf3If5 Lr

8502 I I

869107

87 4507

878858

RR? trÁ,'Ï

884573 _M_

98041_2

877 299

877832

EEÛ1 61

87 7 8ûû

472532

8687 4t

86Å,694

85763 I

715316 L

7LgL2L

7 227 33

7 22685

a4r-^-r ¿30 ¿5

732A59

7 3907 A

v39249 ry

736833

aaae^4/JOfö!

7344L4

v263L4

7L948L

7L694A

7LBO77

ry1 1a Fa
I LVAJJ

463342

46L43L

âtr,c-î 6"a

4"5]'4L2

452592

'x.58110

468226

47 557 6

477794 ,Nt

473666

464680

45407a

448456

447372 L_

452223

459524
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WALL ø}U

TAELE #].8

SEPTEF{EER. OCTOBER NOVEMBER

180

2t2

¿4t.5

9?r-r

e^^¿Y¿"3

3l- 5

??-? F
¿J ¿ O J

0

LL\

oll

l_12"5

r_i 5

J_þ / " 5

23400r &

237 63L

24L2A4

24L292

244t57

249937

¿56¿5b Ivl

256188

9l_768 M

lr^-ô^¿)J I ¿ó

25T966

24464t

238378

235995

2369L4

¿33L I t_

3 80052 L_

3 84814

393L27

39BL¿t7

40222L

4A66 LO

407560 M

67 5892 _þ"

678807

685349

692494

6967L3

6 97 910 l,-i

6951_95

692L65

690503

69062t

692385

694101

692548

6BB6B5

oö¿J33

677262

403665

4At7 6L

4AL255

Å,o3443

40L233

ryÐJtb

3927 69

3 8900 9

3824t4
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T{ALL UN' MAV

TAELE #]-9

JUNE AUGUSTJ_UT,V

lB0

') n')

225

¿+t "3

270

??? q

22"5

^'r Ë

oñ

J-J-¿"3

1 E"? Ê,

2 50880

245452

234085

227 45A

¿ ¿có3 ¿

t1î 1ñ-
¿J L¿,Õ I

24L5L5

^r^ 
/ F^¿JJ+3U

z5ö5bu lvt

1r11F5¿2¿J3 t

2 3 940û

228998

v.24645 L

225L62

23Lg7 t

244359

LOB697

LO2453

89925

82369

Bt94t

84849

9494Å"

1 
^n - ^ 

el-u/oJ3

l_i_3321_M-

Lt6927

93444

öiJb5

7 96t7

81885 k

8852 5

l-0i_746

32310

269L5

L57 69

Y ¿ö3

oo ¿Y

L¿ó5 I

34327

39372 M

3331_4

2û7ûB

IU / TIT

OOUL L

/ l_oJ

25903

78543

7 6604

7LO27

66888

atYSv

73A43

ìJ¿5ZL

89590

9l_768 M

81831

7 4249

69333

64.L45

OJI/ö L

677 56

7 4852
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TABLE #2Û

WALL UIO DECEMBER ANNUAL

180

2A2"5

¿¿5

247 .5

27t

292 "5

3t5

U

')') tr

ÀFLl 2

6'l q

9û

L.]-4 " 3

135

BBÛ835 L

882678

887L48

89327 4

896e3û _ry

89687 4

8941_û3

892Iû3

B9l_ l- r9

QO'ì rì7 RVJLV 
' 

J

892 tl- I

8941-87

893 999

890587

8E5l-63

8El_65t

5677 540

568i_682

5677 543

567 95A4

51t5425

57 52367

5808999

5843 695

584BB53 M

5822938

571T528

57061 t 5

5656488

563325_1- L_

56â,öA7 4

36OUV¿k)
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APPENDTX UA 8

ALTTTUDE:

The solar ALTTTT-IDE can be car-curated from the

following eguation:

s in (ALr) = cos (L) cos (D) cos (Ër) + sin (L) sin (D) ( t)

where s

ÃLT = ALTTTUDE
D - pol-ar Decl_:¡_¡tatíon
L - Latitude
H - Hour Anqle

The sources consul_ted agree with the basic

eguation, but, disagree on the derivation of the
uH 0 f a ctor " T]ME SAVER. STÃNDARD.S , pa ge B0 , describe

'Hu as beíng the nunrber of, hours before cr after

l-2:00 noon tímes l-5Ð , where noon is eq.ual_ to 0o.

ASlm.AE also uses this conventi-cn" The ECoNoMrcs

oF SENSTBLE HEAT confirRCIL descri_bes 'I{, as the nunrber

of hours ti-mes l-5o measured westward from 12:00 nron.

whene noon j-s equal_ to 0o"

The method chosen for this studv is one

descrihed j-n BETTER EUTLDING REtrORT #6, page 7 u

where ali- time angles are measured from solar mid-
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night througl'r a f,ull- 360CI. See figure A-l below"

¿ [q)

t

1'ÏME SAVER
STANDARDS

c-l

ECTNOMICS TF
SENSTBLE HEAT

COTTTROL

.Êì ^"*^ ^ 
1À¿9utE ñ*I

'¡80

ÐEGELMÃN

The generê1 equa,cron f,or the caj_culatj_on

of the Solar ALTIT]üDE now becomes s

Si.n(AT"T) = sin(Ð) sin(L) * Cos(D) cos(r,) Cos(nTltZ)

The major change in this equation from

other cited sources ís that, the term tffiT/LZ)

repl-aced the e H' factor " Thís is a result of

the 360o measuremenb of the time anqle"

äzï*4uLrå:

{2}

the

¿le Ð

using

Í8t180

T'he generaL for¡n of the eqliation for cal_cul_
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atinE the solar ÃZIMitTlg j_s as fol-Iows:

S ín {az) = cos (D} S in (r{)
d?l

cos (ALT)

The sources cited agree with thi-s form of the

eguation, with the exceptíon of BETTER BUILDTNG

REPqBT. #6" The equation now becomes s

Cos(az) = Sin(L) cos(n) cos( TILZ| + Cos(r.) cos(n)

crs {ALT}

(4)

SVN.RTSE ANÐ SUNSET:

As sunrise and sunset rccur when solar

ALTITUDE is eqrlal- to 0*, the eqr-eatíon for the sun.-

rise and sunset times :-s:

aos {T) = *:L'an {n} uan {u) \ 3,'

The eguatíon for the selr-ar AZTMUTH at. sunrise

and sl¡nset i-s:

Cos {AZ} : S ¡.n ( jti l-lüos i11i tÞJ
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DTEECT SqLAR RADTATTON:

The eguation for

nent of sol_ar radíation

form:

v¡here:

determíninE

has the fol

the dírect compo-

lowing general

1
-ÐId

ï

rom T o -a,/cos (o, i-Ð

the radia,cion fal_tr-ing ûn
perpendici:lar to the sunu

a¡rparent solar constant,

a surface
s rays

(7)

(e)

( ro)

( rr)

{ rz¡

atrnospheric extínctic¡n cc¡_efficient

zenrth anqJ-e

' r" is a nearl-y constant value known as theuapparent soLar constants " This term iscreated by a mathematical- concept by extra*-
¡:olating the atmospheric attenuutio. to zera.ln rea tr r ..-- .

rEue ="i:I'.åg=ili.:,,'*tu' 
about BS% at the

(8)

The apparent soj-ar constant (To) has varíous
forms of measurement, some of r¿¡hich incl-ude:

G

w

I " 98 I-angtr-eys /mírrute

2 " 00 {:2%} cal-or j_eslaent:_¡ne texZ /minute

442 BTLJ Æor:r /faøt?

375 ETU/&øww /ËøætZ
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The term uau in the equation is denoted as

the atmospheric e><tinction co-effícient" The Larger

the value of uano the less the solar radiatíon
intensíty will- be that reaches the earth" (l_3)

The equation and variables chosen for the

study are the ones outt íned in NRC p52B by Steph_

en son 
"

This eguation for the di-rect beam radiation
ncw becomes:

*DN fl

e (8,/S in (ALT) )

DTFFUSE SOLAR RADTATTON

The rad¡-ation from a cloudless sky fallång on

a horízontaL surface cen he approNrmated bv:

*r{TJ L " 4-uÂa JN

{ r¿}

[ ¡ 1¡

qÂxhere s

C varies wåtk¡ season and dust ccntent ofthe air (See Tabl"e ã)
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The eguatj_ons used for cal-cul_ating the rad_

iation on surfaces are to be found in this section.
The varíables used in the equations are as for_rows:

O = direct beam radiation

q = sky diffuse radiatir¡n

ïn¡U = direct normal_ radiatíon

ïpm = direct radíation on horizontal surfaces
g : slope surface

h = hori-zontal- surface

\i = vertical surface



SOLAR RADTATTON ON SURF&CES

Ll Horízontai:

¿¡
TEIç * {Sj_r: (ÃLT) ) q lb)

qh T }< fr" .t q'ì*/nrm\ ì*plg \v ¡ u-!_rl\ñul-I j ( rz¡

sasrface

Where: ís a dirnension less constant
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Totai- Radi-ation on a Itorízontal_ Surface

T.+h
¿!

2) Sloped:

\l'k
À!

( r8)

VËRT¡EAL
WALL --**-ø"

"ångles Between Sun and a Vertical r,ly'ail

f,1 dì1ra N

Wall Azírnuth (az5-muth of normal
to surf,ace)

Seila:: Azi-muth

3 tl,

$w,Au * Azi

rF '6 > gCIÕ , the surf ace is in
S'h3de

qh

oo*=ì

I
I

Ê¿

âvz
Íà

Wz

wf*

w

ZE11{IT}1 ANGLE

ALTITUDE AI'JGLE

SûI.AR AZIMUTË"i

WALL AZIMUTIì

5U2 TO WALL AzuGLE

\NAZ

þ'm

NORMAL
TO VJALI-
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K = Angle of the Surface from
Hori,zontaL

TNCÏDEIüT ANGLE:

Cos @ = cos(af,r) cos{ð ) Srn (K) + Sin(ar,) cos(K}

A = T*-= x Cos0
s l-il\

IF Surf ace Hor:-zontal (ûo)

( re)

( 20)

Qh ã Tnw ]< s in (ALT)

TF surfaae VerLícal- (90o)

ÐTFFUSE R.AÐTAT'TO}"T ON SLOPE:

( 2L)

F,- = Factor frcm surface to gro'und
sg

F__ = (L{cs(K} } / 2
Ðv

F^^ = Factor from surface Lo sky
ÞÐ

F = l- *F

qs=CKIOWxI==*

( 23)



l-36

Data for Cal_cutation <¡f

T'ABLE T

Sol-ar Rad:-ati_on Intensity

F
&

Degrees
hr ftz

-jAl .t. Iviãq< Dimens ion *
less

Jan 2L

Feb 2l_

Mar 2L

Apr 2L

May 2L

June 2L

JUJ-y 2T

Aug 2L

Sept 2L

Oct 2L

Nov 2T

Dec 2L

-20"0

*l_0 
" I

t-ì rì

l-1" 6

¿3 "L!5

¿v"a

12"3

0"t

-r-u " 5

:ry"t5

JYU

J i b

5 b{.J

?Ãn

344

thl

Itah

3 tð

?o?

39L

o "L42

o "T44

u".!_lo

û " l_80

û"i96

o" 205

o"2a7

0 " 201_

ô 1 1.'Ì

0 " i_60

t "L49

t "T42

0"058

0"060

\_./"\J/I

0"û97

t"12I

U " LJ/+

û"1_36

a "L22

n nq?

n n??

u " t-rbj

û"05?

STEPHENSON, D"G"; Taþies of Sçlar AJlit ,
i" fu.tor= g"r

s-q L!_ LqsEù !!(r¡r.r 4s.> L(¡_ f 5 l-jeÕf eres Àtof t¡
al Research Counci.J_, tÌ:tawa, April , 1967 ,pase trt"



ÀJ /

r_)

2)

<t

4ì

Conditioninq Enqíuonarrronrnq tinqineers , L967, page 475 
"

DEGELMAN, L.O"i _
matical Model for predicting the SoLar Heat.

u"Building Report No" 6o The e*rr,=ytrããî" StateUniversity, Institute for Buifding Research,June, L966, pâÇe g"

ASI{RAE ; I-Iandboqk of Fundamentals, American
Societv of Hçatinq, Refrigeration, ãrrA gio*
Conditioning Enqineeqg, L967, pug" a75"

5/ . Tti ma Saver Standards

DEGELMAN, L"Ð"; _

etterBuilding Report N<¡ " 6, The trenn=-yf"-,.riu StateUniversity, Tnstitute for Buífding Research,June, L966, page l_0"

REFERENCES

Architectural D"*íg", M"Gr"*
New york, L966, page 90"

6) IBID; page 80"

ASHRAET EC
on, ãnd ã-j-r_

; A lÍandbook of
Hill Ec¡ok Company,

71 DEGELMAN, L.O"i _

^- 
i.- - mì

Building Report i{o, 6, The Fenn"yf*ru S ate{Iniversity, Instítute for Euildlng Research,
oTt¡ne, L966a paÇe L&"



IJIJ

B}

e\

TEID; page L4

ï¡¡ILS0l$,
Forest

R"G"; Topoqraphic Inf lue-nces on a
Microclimate, McGj-11_ University, Depart-

ment of Geography, September, fg7Ç, page 3

XO) GETGER,
Harvard

Þ " fl-t'l..^¡\, I llg Climate Near tþe Ground,
Un j-versity Press, L965, page 6

DEGELMAN, L.O"; The Development of a Mathe*
matical Model for trredic_Linq the Solar Heat
9ains Through Building. Wall_s "and Roof s, Better
BuildinE Repcrt Ner. rÐ u The pennsylvania State
University, Tnst:-'tu¡le f,cr Euíi_d:-ng Research,
June , L966 r page L7 "

L2], ïBïD, paEe L7.

t3) TBTD, paEe L4

L4]'

G¿IL¿ NJ.]L _

1t\

STEPIIENSOI'Í , D "G " ; T-Aþtes of- SoIar ft!lilrrrra
Ã.ryi mrr.l-l^ îh+^*^, -"""._---,.,* -,.,,. -r, uc11sit,,\-¡ ãi1d .Egat Gain Factors tar
_ , lf ation *
al Research Councij_, Ottawa, ApriL, Lg67¿ page
2"

I5) TBID; page g

16ì ASHRAE; Handbook of Fundamenta I s American
Socj-gty of Heat.in R.efriseratioi:
CoÐdítioni¡r_g , Tg6V , page Å,76"

Lr] ïFïD r paEe 476



.!-J'A

18) WILSON,
1l¡-^ ^&rV!EÞL

R"G"; Topographic_ Influences on a
Microclimate, McGil I University, Depart*

re)

ment of Geography, Sept.emeJ3r, 1970, page 3"

ASI-{RAE; Handbook of Fundamen-tals American

20) TBTDF page qV1

ïBIDi page 476

ïETB r pã gÊ Å,7 6

ïl3TD r Ëra Ee ¿,V 6

FTGURES

?11

22\

¿3)

L'} DEGELMAN, I""O" ¡ The Devel-oprnent gf a Mathe:
*utí,.u1 Ï{*dul fo* p"*diçtir,g th. Soi-" ll.ut
-G-ai¡s" Throuqh Buil-dinq ]ria.lts and Roofs, BettenBuilding Report t{o" 6, trennsylvaniã State
University, Institute for Eu"il-dinq Research,
Ju¡re, L96{ar page nZ"

Society of Jleating, Refriqeration ^*,f, ^ 
.: .^otlu ntI -C_ondi-tioninq Efrgin_e_ers , L967, pag;



140

APPENÐIX 9E'

TOPOGRAPHTC CODING:

The available data rn the site topography

\ñas in the form of a 'l* = 400u-0" scale topo-

graphic map, having 5u-0" 'interpol-ated contours"

Elevations of cel-i-s can be approximated by

setting the e'ievation of the cel_I egual to the

elevation found at the cent::e of the ceLL. However,

the::e are sûme cornplications j-n j-nterpreting the

sLopes and slo¡:e*Õrien-,ations using tire cell_ centtre

el-evat,i-e¡n " It i-s dif f ícuIt tû conceive of slopes

and slope*orientations when the cei-1 for which they

are to be found, also contai'rrs the elevat.ion from

which they 3l:g to be deríved " Therefc're, cÕtrner

elevations are used to determíne cell_ slopes and

sLope-oríentatíons 
"

To code the cornell el-evations, a ql:id of the

established cel-I size , bu'1, containinq ûne more rc\Â7

and cotrumn j-s su¡rerim¡:osed on the existing grid

Õn tlle topographíc map" .Thj,s Larger grid j-s shifted

orie hal-f cel-L hCIniuor¡ta]-Ly a¡rd verticati-y -qÕ that, the



r41

intersections of the grld lines on the topographic

map are in effect the centre points of this new¡

larger, superimposed grid. This large grid, then,
provides the corner elevatíons for the chosen map

gr5-d " See f igure l- "
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As j.ndiaated in ,c]:e above fígure, the sol_id
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lines represent the chosen grid Ëor coding the site

data; t?re dotted l_íne, the shifted qrid used to

record the corner point el-evations. It can be

seerr that if the elevations a't: the ooints indicated
uau , ubu , u cu , udu , are ptr_otted on the dotted grid,

they are in effect tt'ie corner pci_nts of the cell

found at the ii"¡tersection of the second column

and second rûw of the mappíng grid,

When the ñ^rn^-/ nn..i -n..t-g Al:e def ined in tl,riS

manner, ii becomes a s:_rn¡li_e matter to deterrnine

the slope and sT-ope*æri-entat:_mns for each cel_I"
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APPENDTX UCU

SURFACE FEATURE CODTNTG ;

The avail-able data on the Site Surface

Features was in the form of aerial photographs.

It was necessary to ì.]se photo-interpretation in

<¡rder to classifv the variabi-es 
"

Due to the irregul-arities of the heights,

densìties, and types of Surface Features found on

Lhe site, i"c vüas necessery to develop criteria for

the interpretat.ion and coding of each cel-l-u feitr each

classåfication" The criteria were as foll-ows:

I) The Surface Feature 'Ivpe that was prevel-ant

over the 1-argest ¡rortion of the celi_ was

coded foi: the whol-e cel-l-"

2) The Su¡:face F'eature i{erght was coded as the

ã1/e'r'ar-¡e ?'re'i n'h1-. elir "l-he Features found wi_thin

the cel-l- "

37 Ttrre Surface Feat¡..rre Density { specif icatly

vegei:atåoll) r+¡äs coded as a cÐmposite Þer-
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The codes used to record these variables

are as follows:

SURFACE FEATURE TYPE

CODE

L

¿

3

a,

SURFACE FEATURE HETGT{T

centage density of the r¡umber of stems

per celi and the sumïner crowrl cover"

v¿a ter

muskeg, bcg

l-andfo::rn, nq] signrficant vegeta.bj_on

conife:lous veqetation

de ciducr.¡s ve get,a t j_cn

rlrì 1l Ea

II

'l

no signåfícant hieight above Landform

0 to l-0 feet high

l-0 to 2t feet high

2A to 3t feet ?rígh

30 'c.a 4t Ëeet hnEh
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SURFAC_E E"EATURE DENSTTY

CODE

U

fL

2

3

4

5

6

7

I

i-0

The coded variabl_es of

Ïfeåght and Der:såty are fcund

no significant density a-bove landform

Lo%

20%

30%

40%

5A%

6t%

''7 
^ 

ol

Bt%

9Ð%

solíd object

Surface Feature Type,

in i4aps 4 ,5 ,6 "



SOLAR STTADTNG:

The effects

passage of Solar

as foll<¡ws:

Jß

APPENDTX UDU

of objects

Radiation to

Only cel-ls ímmediatel-y adjacent to the

cel-I under cqtnsideration were checked

for possibi-e interference 
"

To dete::rni_ne the cel_l_ to be

poss:-ble inte::f erence, the

were divided into sixteen {

checked u for

Sola:r Azimuths

t6) sectors

at 22"5Ð rncrements measured cloclcro¡íse

f¿'orn bTorth as fo"Ï |6çs "

\ r'\
T4\

1A ----

I(}

JITH--a--

j-nterferring with the

a cell were determined

J- 5t

--t LX

r@ 
/.

----'.-
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For example 
"

between 67 "Sa

5), Ce11- uC68

interference 
"

íf the Sol-ar

and LLl.5a

\¡ias Checked

Azimuth fall_s

(Sectors 4 and

for ¡:ossible

3) The vertícal- reLationship of the cells

was then determined"

C5

ù

'lt c.l

lulfuF ltrlH t.ñEl$r
r0 lp

lul
I

v

i)

()
Lt JJ

lU'-l
()(J
r-. ÈÉ

ELEV T
__!L ELEV

Surface Interfenence Height

E Ieva t íon

Su::face Featune Height

(ELEV {c0} + sFr{ {c6) ) _ ELEV (c5}

0, gÌô ir¡terference occurred

tu ånterference was checked

tr

SÏi{

ELEV

SFIT

STH

STI-]

STH

(

þ
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ïnterference vras checked as foll_ows:

1) The horizontal- distance between aell

o 
-fi18 Ça- - ì Iv !v¿ q¿¿centres was fixed at l_00

conditions 
"

2, The anEte eAo vras

tan (A) = SÏlf,/l00:

ïf angle

Al-títr¡de,

û"þ Tf angle

Altítude,

then calculatedu where

'Ao was 'less than the Solar

r'3o åyrterference occurred"

uÃu was greater than the Solar

i-ntenËerence occurred 
"

JI

The effect of the lnterference rn the incarni ng

solar Radiatíon is dependen'c upon the density of the
ínterfering objeet. Tn the case of vegetatíon, the
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foLlowíng diaEram tvas used to est.ablish

reduction in the Solar R.adiation due to

of the interferinq veqetat.íon"

the arnount of

the densíty

È

ù

c
q

!

o

o
c
=

.t2

.ro

o9

o6

o2

Ft<;upe I4. - Nct gains and lt;.ç.ses

of net racliutiott lo tltc -çnott i¡t rcla-
liott lo Íhe lrcnri.splteriLal cro*,tt
covemge of tlrc fora:t, in Oregon.
Curve ,.Á: ne l all-vare Ílain; (urvc D:
net Iong-wave ¡¡ain lront fore.st onl¡,,'
Curve C: ncl long-tat'e lo:s lo :k¡
only: Currc Ð: nct short-wavc gait.

1{-Jnitcd States Arnry Snorv
Investigations,1953;

€; ^", --^r !(ju¿ u

As the cûncern öt Lhe study ís wíth the short-

wave radiati-on, the uDu cur\¡e rn the díaqram was

ini:erpreted for reducf:iöt'l val-u.es based upon the Þer*

centage crov;n cover" The density of i:he j-nterference

is used to select t}'le proper rnul-tiplier as indj_cated

Fo_r_est- !nfluences; Food and Agricutt*
ural Organization of the Unj-t,ed Nations, Rome,
l-96? , Fa ge E5

,ó6.9

cùr(t age (in t.'tÌth.\)
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from the fol-j-owing tabl-e" ïf

occuring on a ceJ-l_, the hourl,rz

Radiation is muttipl_ied by the

interference

vajue of the

rnu lt Íp1- ier 
"

Solar

DENSTTV

i20

MULTTPLTER

r----
ti__
L-

90 "44 ii
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APPENNTX ÚEU

wTIfrD MQDEL AND PROGRÃM :

The method of anatysis and operation of the

program is such that wind passing through the site
is assumed to operate in a linear fashion. r¡Iind

striking an obstruction is assumed to pass directry
over it" No attem¡rt is inade to determine the amount

of wind being def lected aro¡.:nd it"

The general- rnetherd of handl-ång the various

wind directions is by r-ising verticai-, horizontar,

and diagonal- sorts througl'l the 20 x zo arrav that
descnibes the s:-te" For the purposes of simpr_if*

ication of the þrogram, and the reductíon of the

program runni_ng time, the wind d:_rections \^/ere

reduced to a total- of ei-ght." The v¡ind direct.íons

were in 45o inctrements, rneasured frc¡m North" ït was

felt than an increase icl the accuracy of the wind

directíon wo¡'ild 'not sul¡stantiaJ-1-y increase the accur*

acy of the model_ " This ç¿s due to the general

¡nature elf the variabl-es bei.ng consi-dered and the
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increased compS-exitíes of the sorts"

The sorts were done as fol]_ows:

NORTH NORTH-EAST BAST SOUTH_EAST

SOUTH SCIUTH_h7EST' ïüEST NORTH_WEST

The basic f=actors used tc determine the

'shel-ter effect* of, woods, was taken :-.rom the

diagram below"
J

øû%
Êo

8Ð

70

æ
€n

40

30

¿U

Éa

# ø 3o ¿¿ 2,6 26 ¿8 Jo 3e J4 36 .W
å

& ¿,4 46 I 54 .{; 54 í6 g 6ô €¿ ó4 æ @ æh

Fi6.2f8" Shelter effect of qoodE.

the t_hio Irnes snos the sbelter effects øeasured ID tlle Eodel te5ts.
The eoLrd )rnen rndrcøre t.l¡e sbelter betr¡trti the 4Ìde sooti wodeis. The

do¿ûed. line sh¡se tbe ehelter bebrn.ì Lhê nêrroæst eodel (vrdth: helgot
* 20). TUe fat. !rnee indrcBre rhe eeau value of shelter elfect-e @essure-
@d rB ÐaÉu_re. The so!td lrne ehoss the sbelter behrEd EIde soods e¡d the
d@êg@d liEs tbe ebøìtøç behsnd nå-rros so6d8 tsrdl,þ + h@!gqt'4 iege then 6Ú).
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The mean curve r¡+as used, and values h¡ere inter-

polated for each value of 'hu" These val-ues then

became the base for the deríva,cion Ðf the shelter

ef fects on al-i- cell-s "

MODELS

The general models are as follor,qs:

F;^^ TvaÐg ¡

l_û0't0 ou -ou' 
r

---ï

1)

21

CI C2

The v¡ind passinE over

is not ¡:educed"

Wind ¡rassínE throilgl, the

i-s assurned ic be minimal_"

uCZu has IOt"¿ shel-ter"

C3

the first cell (Cf¡

secc¡nd cell- uC2'

In other words o

The shelter ef fect in the thi_rd cei_I 0C3r

is then deterrcr:-ned knov"ri_ng the height and

r,r'ídth of, tþ¡e obstructi.on i-n nCZu 
"
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n^-^ TTLODe f,f

100 ß 100 u *0" l00u -0" l-00u -0"

GïVENå h =

Shelter

SheLter

50 u -0'n

lndex

Tndex

uC3e =

E t-A g

v--,

100 u -0"

l-00,/50 = z

f'5? v I - Âê L - 2

.Ê^ -!ut

ucÞc !fr

GfVENc h = 50t*û" 'Bl_' =

uBZu =

Shelter Tndex for uC4o

Shel-ter Tndex fon ,C5u

lû0u*0" l_00 ü -0"

100u *0"

I00u-0"

=Bl-*82=2
ht+h2

=Sï førC4xz

=4

R

ItO u -0'u L00'*0"
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The models are proqramrned tCI

graphic elevations u and to combine

Surface Feature T{eight.s to give a

for each cell- " For exampl_e:

accept topo-

them with the

grûss elevation

I00o -0" I
I

... --..- -æ -
I

lo0 u -0" !

-a

I

l_00 u -0" I roou -s" I

nclu B ñN E\_¿ nc3 u | ¡-l\ ð

The values used to determine the shelter

effect of various hej-ghts of Surface Features, are

establ-ished for very dense (100%) growth" This in

fact does not occur i-n most cases, therefore, a

means of conrecting ttr"lese shel_ter effects for

devíations ån the density was establ-ished"

The ef,fect of deyls¿'Év i,.^Jas ha:rudled rry a series

of val-ues as f,ol"J-ows:
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Effect Figures of HedEerows (2)

Coniferous Deciduous

The very cl ose

a 9A% * LOA% densít12"

expandedtoa0 l_û

coded densi-ti-es " T,he

3

3

Y

t
¿

J

3

3

category vüas assumed to have

The categories were then

densi-ty ranEe to match the

val-ues used h/ere as follows

Very Open
Open
Medium
Close
Very Close

Coded Densíty Coni-ferous Deciduou s

¡i

I

z

4

Ã

n1.\

" ¿J

"5ü

. /3

"90

.i- " uL,

l-"00

ñn

)1

trn

" t)

'l ññ
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Shel-t,er effects wetre

appropriate effect figure

then mr-rltiplied by the

to give the final value"
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$JDIJ

''JA 
IF I V

f /FÐRT.SyS[¡,i t)t-) *
I

RË¡lL IìMAP I ¿O r2¡¡ , PÞlAp (20 r Z0 ) y TEt)( I,l) ç t l_C( l0 )
R EAL SH ( 7 ()I / " 7J u, / i),t "7(J n " ir 5 E ^ 5 | t " 55 s " 5 2 s. 5t) e,,!+7 s, 1+c; ç " 4 2 ç
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xt\ìrIr;IR uj\tr T,A l5 /, tJr]rT tt / 6/ s ur'l rrc /3/, uNr rrJ/ 4/l0o [{tR,4A I ( 2 I J f F tr 5 " 6 }
iìLÄil ( 5 e I Oil l q s N ç sc At_t-
KS=[
CALL I ivI ltlI ( f,l p \,,UN t I¡X eII l
CALL t \ iN T ('-1 u I'r rlJ\ I TÂ y t) )

C,ALL ININI(i"1Ei\VIINi IA?T }

CALL OUTI \I( i1 9\9(Ji\I TII, II
C¡\LL OlJTINI(f..1 efrrrJ¡,jt f !ler)
C/rLL tjl-.i I INT{Mei,le(JNI fù? I
Ú^LL tr írPUIit{ IEtj e IIc r NI sN2 ]
{-ALL v{Dù1+5 (M, i{elle t)e I e si-1e RFlÁp I TËcg T[i)u r1 I ci,¡2 ç 1,S )C^LL (JUTllL{ I,i, t\ e fìi.1Ap }
C,\LL r.,lD()90 ( l1 ? i\ cH çt) s I g Sl.J ç R¡4Ap s IL C ç TFIJ, NI y,À,J2 s KS ]cALl- C|'JTR L { i4 e N, ri¡lAt) }

CAL L !.,rlj I 3 5 ( 11 s N e l-l e t) e l. ç Si j E R tvl,\ p s I[C r TE r) u ir¡ I e NZ, (S )

C,lL L OUTRI- ( l.i o N s f,NlAp )

c AL l_ vlrj I B 0 ( I'i, N s Il E D'ì T s Si{, R j,4i1 p s T EC E T [ ¡-l e l\ L e N z p r( s )
cAL L !_ìtJTl.Ì L ( f4 ? i\ p P. t.1,A t')
C^LL ilt)225 { I"ì e r\ ç H E Jr T ç Sl-js Rl{Ap e TÈC s 

.fl_D 
y iJ I r iv2 p ¡(S }

C,Al- L rltjIRL ( i4 e f'{ s RMAt} )
iì Ar- L r{r)Z 7 0 ( Fi e f'l r H p iJ r T e .SH e R.4A f-} ? TËC E T[ D s ;v I e N2 e i(S ){-ALL JUTRL (ï e N e Ri4^P }

C A L L ,.J l,ì 3 l, 5 ( q g it p H ç ì_) ç T r S f-l , R :\i A p e t t-: C , T f D ç r\ I ç i\ I , K S )(.ALL L)l.JTRL { '4 r N, rìl.4,¿1P }

C^LL ljll-ì(¡lj { l.,l e Nj ç l-l s t)ç T u Sl1 e Ri\4Âp e If C r TErl y \ I r N2 p KS }cAt_L iluTqå- ( f'' , N ç t{i4Äí_, }

STr)P
ËNil
siJR {iliJî i N{: i{¡Jt)45 ( ¡4e Nl r H ç D r r v sH ¡ rìl,r/rp e lÊc v I Lir c rì i e r'"rz ç KS }
¿ \II:GER lt{)4rl{ } rD( ¡4rN } e T{M utl}
R t 

^ 
L r{ M A p { M u N } e S f.t ( T 0 } u Í tC ( t 0 } r I E D { I O }

K=o
t- |\/- L

N!_-.1

K2= L

DO 7-A [=KIeK2
C Aü- L l"ì LCIþì, { ä u ¡, å o J c K e li u ¡¡ e I e SH o RFlr\p ç Tf C ç I E tl e i,J I s 

.'|2 
c K S }

¡"0
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40

20

30

ZO

LG

tCI

20

r\- l.
t- I tJ-,.r-l

c il\ r I !.,1 t-tE

IF(í(2"EíJ"N}GCITO30
K2=r(2+l

| 
-l/ -.J-NZ

K=C
GOTDIO
IF( r(l "Ee"NlGflTrl40
KL=KI+l
| - .tJ -r\

K=0
GilT{l L r)

RETIJI{i{
i: l\ lJ
s i.Jt-l R rl i_,, T I N E 'd t] 0 ,,0 ( '4 ç N a l.ì e D e T ? s i-.1 ? f.ì,1u1À p e [ [ C , T E ,J E ,\ | ? i{ 2 e K s
INTIGIlì H {M,r\) e{)( f'leN} p ï( i'lrN)
RIAL Ri4AP4¡4ul'l) sSfl{ lrl}ETFC( I0} EIEt)(10}
I\_\J

t)O Ii) I=lsM
J -,\
c,ALL !ILO,vd(¡leNf IîJ
J_J_.1

K=l
,F{.J,bI.0}Gr.lf020
l(= tj
Ct) r i Í Nt,F
R.ETURN

Ê \t)
SUßl'l'rllJT t N[: '-'lù i l5 {

I XtIt_G[R t-l ( Y?N ], t)(
Rt{L RMi\F { Mei{ } î 5t-{

K =t.)
K I= L

KZ= l-

i(.3 = tJ
¡ -tt-L
| -..r\-, -;'¿
llD 20I [=KlgKZ
CALL ß{-(l[".J { r',TeN c I s.i
ú -'l

t-l*t
J=J-I
C Ci,IT tr \II.'E
r[{KZ.[8.i.f]GDT030
K2=i(2+ !.

i =KZ
J=lrl
K=l)
GtlftltO
IF { KZ "EQ*þ1"ANIJ.KI
Kl=Ktr+tr
K3=(3+tr
Ã =i"X

eKsf1., "l* T e Sf'le R,MAP, l-[:C ç] ED e:{l uixle KS}

i'1çN¡l-l pùaT g Sl-l,iìVAP
,tENlvT{MrN}
{70}ertc{10},rÈD(

, f ËC r T Ii], ;'l I r i.'lZ p I(5 ]

t0 )

ø K ç ll v D ç T 3 SH r RMAP e IECçfÈDe,\le.'l2eKS$

30 "9-(1.,'4 )GrlT040
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J =N-K 3

K=0
GUIJTO

40 RE TI.'R.J.{

INl)
St/$;ìrJUI iN t ¡4iJIfJ0{ f'.1, l\e l{ v D, T ' Srlr ìil"l,AP y fIC o TEL) e;\ | e iril e KS )' LNI[brR t-l (Fir\l]sD{t"1çN)f T{i'1rN}
P,EAL RMAP{MsN } rSfl(7,J} rTtC{ Lù},ÏËtt( I0)
K=0
f)0 I0 J=lyN
I =tT

20 CALL rlLObJ{}4rNuIEJoKçHçUpTçSHeQNli\PeTËCvTEDel!le¡l2et(S}
K=I
[=l-I
i f- ( I . -T .0 ¡GûTil20
K.=0

t0 crlitliNuE
REI'Urt,\
F NII)

SIJRRI)UI INt ldl)2 251l4? Í'.le H sD ET s Sil e R.Y,lrP eTt C u IE¡ eirìl rl\2, KS ¡

C {i*+ SQ(JAAE MAfRIX ONLY >1.1<>1.*f<:F:i**{r

ÌNTIGER H{MeN} rL)( Mul\} str{MpN}
RtÀL''ìi"iAP (f'1el{} ûSH{ 70 } sIEC{ L0i,TËDI l0]
t/ - í\¡\-\/
! -,V
KL=Y
Ù a-t.l
N¿_I\

L0 i)O ?-i) J=K2of,,l
C AL L BLOW ( r"f çi\ ç Â aJ rK el'i q De T s SH ? RþiAP e Tt-C r Ti:D pNl 

' 
\2 e KS )

K= L

lr-(i.E{J"L}Gù[û20
L - L_ L

20 Ctì\¡riN|JE
If-(K2"E8, t)Griï03()
KZ=(2-l
i =)'1' 
K ={J
Gì]TÜIO'30 If ( (Kl"E8.I) "Âr'lD* 

(K¿"t0'å )jGÍlTtJ/+O
l(l=l/'[*]-
1-/ |I -\ L

K =,J
GUrr)t0

4CI llEIilRN
tf\ìJ
SUlliìr-lljÏlNt l^JDZlO(,qeNellrDçîrSrlçR,l1APelÊCrTEr)e.\ilçiriZrt(ìþ
I NtiGEf{ H (i4eN } çD( Mçi'J) ? T( M, i{}
tìE4L RllAfril"lçtd) øsH{ 70} rTtC( !0} s Tru( t0}
Ua-) ¡¡¡=let4
K=(l
l)tl L0 J=1"çN
CÅL L l-tlllþl { M s ltü ç I a.,i s }( r }'i E De T s Sl'l ? Rl"lAP p TF. Ç o T'E D s,'J I p r',12 s K S }

K=l
¡.0 üCINrÃNUE
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REI'JRj''l
I l{r)
SUIRr)UT I NE i'Jt)3 l5 { }i, Nr H rll e I ? Si'{ e RMAP rTãC rTEDr ùll tt\iz e (S }

iNIrGLlì H (14'll ),L)tltu¡ ¡,T{ l{eN )

RË\L'IMAP (MrN) lSl-l(70) ?ItC( l0) oTED( I0)
KSEAS=l
K=tJ
J=L
K l=¡1
K2=il
K3= [
rlfl ?-() ¡=6[eK2
CALL BLOl.l{F1aN r T eJ oK vH eDrTe SHr r{1"ìÀP'TIC'Ti:l')rNl uN2pnS]
J=J+I
K=I
Ci.]I{TINUI:
il-(K[,LQ,l]GtJT030
Kl=i(l-I
.J=l
K=i)
(;o ïr) I 0
{ F ( (i( I " EQ"l}'Âf,ill' {K2"1-Q" I } }GtlTO40
KZ=(Z- I
K3=K ì+ I
J=K i

(i0rn t0

'ìËïuRf,tI N:)

TO

20

30

¿+O

srjtì;ì{luI I Nt !'1D360 { M,N
Ir"lIE(ìEP i-t {fi, i'l } s Di i'4a r\l

tìEAL '¡,MAP {l"1eN} eSll{70

2G

KSt-AS=l
K=0

t- I

t).j Li) ¡=].ui\,1
C AL L 4 L(lli { M rl! ç tr a ".J e ( ç H ç IJr T r SH e R,"1^ P e f t C r TËl) r l'i L r,'l 2 s K S }

l/ -lN-I

c0'\ ì. I Nut
J=J+I
K=O
IF(J"LE"N}GIìTO2O
RETIJRI\
E t.tf)
StJ¡ltlt;'..¡1 1¡¡1 fjRND( 14 E N e EL ? FIT ? RES )

RË¡\L Ei_ ( r.1 sN) s RES{ M?N)
INIr:(,ER HTiM'N)

t0

i'l r t) p T e Sll ¡ i(l''iAP , fEC ? T E J p r\- L pl!2 p KS )

rT(i'luN)
,IhC (lO ] ç TLD{ I0 }

À \-,

r) fl
r)ü
RES

0 I=laM
rl J=I EN

I ¡ J )=EL( tr ?J )+.ttT{ I e J }

CON î I NUE
RE TURN
rN i)
Sr.,BRrtUT Ii'j[ [NPLjTt4 ( f-[Del-ECENìri\2 ]



tiEAL I[:C( tr)] eTEt)( l0]
t0Cl FOP.'1AI ( 10F4,21
It0 FilrìrlAr(l2l
2OO FüR¡4ÀT( o etl0F5'2¡
240 F{lR'1AT({ rasC[ìi'llFERilUS VEtì. E(IU,XLS 0?12]
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"^lRIIEt\6e240) 
Nl

REAI)(5? I(JO) { TIC{ [ ] r l=lr liJ)
WIì[ TE (6p 200 ] { TFC { I } s I=1e I0 )

REÂLl(5,150) NZ
r.ilr,I T E { 5 a 2 50 } NlZ. RËALI{r¡sl-00} ( lEl)( i)pl=lpl0)
biRl it (6e200) { TLt){ tr ) s [=l e l0]
RCTIJIìN
END
.suùlìlìrjT tr NI t-]Lúr,l ( i4 p i.i s tr r J o K o l-lr D s T r Sft ?Ri'1Air eT [C ? IF-Ds N I¡í{2, KS }

Ii'JTi-(;ËR H{¡4eN } gt){i4eN} sT(Mefl}- ' 
R r A L iì M A P { ¡i , N ) u S H ( 7 () ) v T Ë C { r t) } r T Ë D ( I r) ¡

C*+* !(= ClltCK l*flR CUi4PLhIE Rnhr

c*** S=St ,\L E

C*** [TrlC= Tt]TAL HIlG]lT l,ìF CELLS
C*** TLC= T0l A L LF N..TH tlF C EL L S

C*+* [C'lK= CHFCK FrlR CLLLS BEHÀND Oi]STRIJCIIJN
S=iOù"
I F ( t'., i; T. 0 ] Gi,l To t0
IF{ i1( [, J] "GT,0 ]G0Tn20
GiITU lrl

20 ICHK=L
TLC=S' KCHI( =D
{fHC=H{IrJ}
R\lAp ( t I J )= I "
CALL 3LL\'J {iV u¡ u I e J çR pl)v T I TECa T[Dai\ I tNl e KS ]

GtJ I D L,)t-J

30 P.I''{AP(iqJ}=0"
-.-- 

I CHI(=')
G01flL00

C+4* CAIC.Il Ft)È, I!TXT ChLL hAVtrNG VEGETATIi]N
.10 IF(rl{ leJ}"8(1"0}G0Tr}40

IF(ICHK"GÏ"0)G(ìT050
(ii)Ir.lZi)

50 TLC=TLC+S
II¡C=JIHC+fi(lpJl
ICtl,(=lCllK+l
lì^4AP(lsJ)=1"
CÅLL ùLFl'; (i/ì sÍ\j e I eJ aR ptJs Tg TËCcTEDpf\ I ei'l2 ?l(S )

KCH K ='l
(,ùTr) l0O

¿+0 {F( ICi-1K"8Q"0)GOTil30
I F { KCHK "GT " O} GI]T(]60
Trl-F=TLC/ t [ÏFlC*t0 ]

trTEFF=[FÃX{îE{-F}
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I F ( I rht-F" GT.70 iG0Tû70
Rr4AP ( I e J ) =SH{ [TEFÍ- ]*R
l(CHt(=2
GûT0lr)0

VO RMAP(IrJ)=0"
Gi.JT{t 100

6ù IEf-F l=(Cl-1K?r1ÉFl:
tr TEFË=ll-IX( ItFl-i )

C*S* ChECT. f-OR SIIELTIR GRTATËR TH,Xi\ TOII
I t- ( I rIFF,cT "70]GOt080
RiiAl)( I'J) =S¡-{{ I fEú l-) *.R

KC!lK=KCHK+l
rl0ïrlL00

80 R¡4AP(leJ)=0"
].OO REÏIJR\

[ \l)
S tjr) R,ll U T I N E {l L l- ,.J i 14 ¡ i'J e I r J ø R a ù e ï o T Ë C , T t D e r{ I s l\ 2 ? K 5 }

i \tTE(;Etì D (f,i, f,t ) pT ( i,,t?N l
REAL Il-C ( Ir)) pTl-D( L0¡
IF(I (I s J ì "b(1. Nl )G(lIi_1trO
IF ( T ( I, J ) "ETI"N2 )GÛTOZO
GtlTr"l i\)

20 iF{l(S,[(]"I)G0T025
WiJ=i)(lrJ)*"4
I',{)=IFLX{l^JrJ)
R.=IIii{ [þ{D}

¿5

l0

30
40

att'12+0
f(=TEtl{l)(tr?J}}
Gi-lID?,1
fì=IEC{t)llr.,}}
G rl T,l4l
¡)-lr\ - I o

RTTL.'ìN
E NI]
SU-"'llrl iT Ii\L INÍi\T{ n4 u,tle r((r MAF}
INfL-GEiì tulAfr{M?'\}
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l0O Fr){.'1/\I(20t1}
Dù LO 1=1sM
lì[AD (KK, L0C ] {N1Ap { I s Jl .a J=l er\ }

i0 CCiiïlj'lUE
RI trJr<\
F NI)
Stl.il{ )iJI INE tJrJ f iliT {¡t çl,la KK?l{l.P}
I i\TLGtLì, rïAP { r,le hl}

100 für),).1,\T{ I e u44tr1}
DU ll I=løM
l.iqi It ( Kt(ç tt]0 ) {¡1AP( I a..! } sJ=t nN }

IO CI]IITiNUF
RE IIJRI'J
ËNrl
SU¡lRrltlT tr NE tIUTRL { tulç l$ ç R.R }

REAI- ÍìR{M9N}
100 FtlR^'1ÂT{e a o20F6"x,þ
200 Fûiì.r4Aî{ åtr a aitj }
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fJlìlfE(6e200)

iir+?,¿;iåil) rRrì{ r ¡r } eJ-t er\i}
CCitT [ ).IUE

tìÊTtJR.\
rflr)
SIJI}RiIUT I I'IF IIU TDSK ( KK, I1 ' 

NI 
' 

íiI4AP I

10

P.trAL Rr'lAP (l!1utt¡)

l.)tl l{) ¡=}ei4
,iRITE{KK} (RMAP{¡
Cü'{ftri*lUE
IìETUR\
ËNl
su;lRrluT Il\ t RL { i4e N e t4r"1e R lì }

R.EAL RR {t,teN }

Ir\TEGE;l MM(l'1?fi]
DO lrl I=lrr.1
t)0 t0 J=1oN
RR,( tr r J )=FLOAI ( i'4N1( I e J ¡ )

IO CONT I NIJE
R E T I..'RN

EN I)

çJIEJ*lyN)
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WTND AND TEMPERATURE DATA:

Due

the study

were used "

to the

area,

sket ch ines s

records from

"Tanuary

l'o?r'rrr a rt¡

March

ApriL

May

June

July

August

September

October

November

December

Mean
tTomnor'-
¿ vÃr¡rv5

ature ( 1)
(Lynn r,ake)

-L6 "4

-h 
{

4"L

¿ar " I

a.2 "0

a

60 "2

hh

AA A*4.=

33 "{+

t0"B

*3"¿

of the records for

the nearest stations

1-7^À tlJ

Â ¡zar ¡ no

W TNG

velocity (2) Direction(3)
(rhe Pas) (the Pas)

ll

10

9

1rl

11

t!

10

1n

II

t1

T4

l_1

Preva i1-ing
w lnd

N1^7

N!{

N

3,7

SE

SE

w

?Í

!d

vü

NW

lrw
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FORMULAE USED:

I) Transmission heat
and windows

APPENDTX UGU

T-T^'t

where:

AU (ti * to)

^

rT

loss /gain through wati_s

area of surface

co-efficient of transmission, aír
to air BTU/hour /faot?

+--
1

L72

indocr temperature oF

¿j

outdoor temperature -f

Sol-*air Temperature

(r)

where;

d -r,,r.

f-co

outdoor air temperature oF

ï,r

aborbti-vity of outer surface
to dírect and diffuse radiation

total solar nadi-ation BTTJ lhr /ttZ

(2)



unit of surface conductance (rad-
iation and convection combined)

1a
BTU,/hr /tt" / "F dif ference between

surface temperature and the ambient,

air in shade

3) Sol-ar Heat Gain Factor

Transmitied Component :

- ffi5 _ j
¿n Þ T,. (-OS

"Él--4 J

J=0

r.73

Absorbed Component

ñÉ.ê + 1- 2\n,s Ê-
ru

ïp K-1

J=O

Juj Cos S +T

Solar Heat Gaír¡ Factor =

J=0J*2

t

where:

rD

rd

-l

uj

Ni

{3)

Direct radiation

Di.ffuse radiation

transmission co-efficient for g1-ass

absorption co-efficient for glass

heat transfer factor, 'inward fl-ow
f ra ct- ion

J=0

q. -l

Transmitted Component +
Ni absorbed Component

J+2
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4') Inf iltrati-on Heat Loss

H

where:

H

BL (ri ro )

TRANSMTSSTON T{EAT T,OSS :

B

T.

BxL

The values

for transmissíon

T

a ir leaka ge llnr / f.t o f cra ck

length of window ûr crack

0"018 x (ti - ro )

1*1Ìl
LJ=

for variables used in the analvsís

heat loss vüere as follows:

fqì

+

mean dail1z
øt analysis

7t

U

U

U

U

ternperature for month
(See Appendix 'Fu )

ñ
E

floor

roof

lça 11s

wíndows

0"21-

t"13

U"IJ

u"Ði



SOL-ATR TEMPERATURE:

to = mean daíty temperature for month
of analysis (See APPendix 'Fn)

a = Roof 0"80 (6)
Walls 0" 50

f = 6 BTU,/hrlttZ/og
co

The solar radiatj-on corûponents of the heat load

were calculated f.or the 23-st øf. each month, using the

variables and formulae found ín Appendix oA 0 " The

method follows that recommended by ASHBêE"

L75

ATR TNFTLTP.ATÏON:

Aj-r chanqes :nethod rvas used as recommended by

A_SHRAE (7) as the ne€essary j-nformation on pressure

differences was not availabl-e for the bu:-lding to

u'L,ilize the ncrack' method "

As was recommended bv ASHRAE:

" For residences, it is common practice to
assume that the total infiltration allowance
for the residence i-s equai- to the sunr of the
infiltrati.or¡ allowances of the individual
trooms .tt

(B)



The inf ii-tration al-lowance was taken as one

air change per hour per room, or Ðne complete building

air change per hour"

It was felt. based uÞon consultation with

authorities that one air change per hour f.or a

building of the type described was a reasonable choiceu

based upon the wind veJ-ocity (approximateS-y l0 mph),

then number u and type of openings and the type of

construction "

The anatrysis was done using the varíabi-es and

val-ues ¡:neviously Listed.

L76



SJ[IB
- c__-_.....-

C

C

S UI. Af{
H=HtlLJR AN GI-E { H0UR S I i\ DEGR'E É S à

À=StlLAR ÄLT I TLJDI
D=POLAR DtCLIN,\tl0N
AL=ÃZ lf4UTli
REAL THEA'r (16 t /!6',r\)"/
REAL L(3] ¡ilur'l{40} sLTçLÛ
REÂL Tt{ó I/-0^00885u2^7L235u-0'62O6¿s-1"Q7329g9^75'}'tl3g-3"'ð'}')2¿/
REAL AC(6 1/0,OIL5/+øO,'{7614¡*3n9 /+b57'tð"518Lìl-c-tJ"-JÛLJ5c 3"UIlEð/
RIALl.l',JRi{I0},ì,'lr)R{10}shisL(10)aA[i([0]'Uì'¡(lO]oåG(t0]sijt]{}0lcCl-{it)

cfì ( t o) s AB( lo) e l-c{ lo)
REAL hS ( t2 ) s!'rl){ I2 } sTtl{ t¿ } 8T I { 12 }

R EAL 5 r0R 124 s 6\
REAL D( lz j /-2-D" r-lo.llro" strI '6 s2O " s23"45t ZÙ'6s L2"3p

C0 " e-10' 5 s-L') " B s:2 ) "/+5 /
RE¡L AS I { I ¿l / 3,)ù" ,3 85, o-}76. p360" r 350" s31v5" t"144. s}È-tL" ø

C365, s )13. t ìBT ^ s39L' /
RÊAL AEC( I ¿l / "L42'¡'144e" !'56e " 180ç

C " i 7 7 e . 160 ç " I /+(l e , L42 f
tìtAL C { f Z) I "A5Bç " 060 a "07L s

C"073u'C63s"A51f
If\ltEGËR llÙi'{IllA( 12}/e JAN' 0 ø 8Ft8" E 

ç

Çg JULYs o€AUG" I ro SEFlTe g 0OCT" I s€NtlV"
INT[GLIì T I TtE { 8O} AUN TTÇ'/3 /
R=.01745329

L?o ...- .FtlRil.A i { I2 )

130 f-oRqAI{I3}
J"4O FOR,I4AT { BO AI }
I50 {-rlRr4ilT { e t ' e80Al }

I{EAD{5gI2O} NIJSAM

RhAD (5 a l3Ù) I'J

T77

,- 0t) 5 Nt-]T=l?NÜsAivl
RËÂri{br140} [1ll-[
''JRfTf(6?l5il) TIILL
RtAD{5?100} i'JTYPË

'lEF=00 "
100. , ,

.tl0---
200
2LO
'224

230
240
250 -.- -
500
€'00
800

"09 7 s " LZL g, L )4.e " L36 s."L2¿u'()9?'t

r-'{lR14Ar.(..t.2, { z }
F0tìi,1Ar { I2 )

FüRr.1AT (' 0 ! ? l8ii1,,lALL
FORI'IAT { o 0o pZH }

,L96 s "¿O5 e " ¿ù7 s. 2()l e

F ü R M A T { € 0 I s L 2 o Z X e 6 F i. 0 " O s 2X a F } 0 ' 0 s 2X s F I Ù ' 0 }

FURT.IAI ( 0 OB I 2ttfiïDTA{- HEAT Ll,l5s/(;Al N e 5tsX e l- l{J "0 }

FUR|'IAT{q orFl-ó"0}
Filf{\tAT(q ,rilJi,lAX= al-L2,A??NeTHStlL^(= .eFb"ZaZX?7liIl\FIL-=-ef 6"Zþ

Ff..lr{Í,1AT ( ?Oe, eVALUËS å-OR. e s,A4ç e 2L 5T" I )

$-3Rf,4ÂT(r00 e0ptjLÂR DECLINATICN =0 pFt0"4s€ DËùREESc )

FORI4AT{eleeAl)
rìtAD( Ir u tc0) 14Ie i"12

Íf-(r'12.L{]"0) MZ=Mi

t i\i/\R" e, o,\FR, o a $ l,1AYø u e J$l\Eç
o s € DtC" j /

sun¿-rici ò¡u- à, F6"2a')4 ilEüRhIs ]

cA8-L LA[{LuLT},- .--
CiiLL LIi\G(L9LG9TI}
þJRIIF(6s80{)}
R[AD{5çlIO] N!4ALÅ-

C A{- L Þd AL {- { i\W A tL r þ{ UR f c Þ'l S0- ø Aid s [,!W o A i] a AG q U \ì o C L ç iJ s FC' ]



ldRlIE(6eZI0l
CALL CLilf AT{l\orlsnhjDqTt-l?l tr }

14RIIE(6e800)
DU t0 l'4tll'lTll=Ml?MZ
!,IRITE (6,500) MCNTHA( I4ONTH}
hRI TE ( 6 c60iJ ) D{ l'lJNIH}

15

r)0 15 lI=lsN'r,,lALl-
..hlJR( tI ) =]^{Ül{I ( tl} .

C{J¡\T I NUE
D0 7-O lA=lsl6
tìTUT=il"
l,.JRI rE (be2ÙÙ) !{(llì{ I }

hRIrÊ(ó,2[O]
l)(l 30 I=Ls24
l'U T =;J "
T=FLUAT { I }

CALL Sl\LT ( R s N p LT o Ll e ¡4flNIll p I s A)

C/\LL SAZ ( RgN¡ I)9MONTHgA EAZ' T9LT}
(,ALL Nrì/}[) {RoNei\?A/-,MûNTHtASI oAËCçtìDNoT }

- t)rl 4C (= [ , NldA{-{-

HL[\=0"
TRAiJ=Ù '

. GHL=í.)"
vJ HL ={J "
RA'J=iJ"
I F ( K, l\F " N'dALl- ] GIJTtJ32

c,*s*È cALC FL0[ll{
cl\LL T RrtL (l-lL s Ahl { K } çt-.ll{ ( K } s T [ { MÜNTH } ? r{] ( r1UNÏ H } }

WHL =FlL
G0 rfl5 5

'32

178

il-{4"(;T.0. }GUT035
cÂLt- Tiìf'lL (t.ll e¡tri,J{ K } atjþl{ K} pTr'{MONTH } øT0 (lltlNlIH } }

',.'lllL=ll L
cÂLL IRHL (lll s AG { K } sr'.iG { K} g r i { þlcN-[H) I TCI { l"]iJNTH) }

Gi-lL,=HL
GOTÜ5 5

IF ( !JSL I K},üT'O' T } GUTT]3?

RAI)=Rt)N'¡SlN(A*R¡
GU lir42

35

17 CALL SL0PtS( l-{rA pAZ vi'{Sl-{K } e'd0R{ l'\} e ÂlN }

iF{ AIi\.GT "i3e. }tìÜI042
RAù=1"ÀtlN+(,CS ( t{*/\ [N ) 

-
C A L L rl I F {- ( R o N , A u C a Mf-l l\ T H a R tl N e r^l S L { K ) p ¡l' T t) s O ' }

. TRAD=¡tAt)+RTf)
cr\LL scL( T[: sIt]{i'10NTt.1} eAil{K) sTRl\t), FCi(}}
C/\LL IRHL{ll[-sAlt(K] rljl4{ K} eItr{ MtlNTri } vTE }

¡il-lL=HL
cALt silGf- ( slle ACeTC el\ lNaR at{ADEIìTD}
GHL= ( {- I-"¡Si'1} + (l'G {K )'F{ Tr ( MCNTH} -TU(fici\Tlì} ) } i:rAG{K}

.. ST0iì ( t î K ) =HL Ii\+l{ftL+GHL
loT=TtlT+STUR(traK)
BIOT=BTOT+STtill( i eK )

P lì [ ¡{ T ø T R A l,} ç fll- [ N e hJ llL o G ]-{ {-

c0r{ [I N{.JE

42

6r;

40



CALL [¡\FHL. (l'1L sAlJ í6't eV "5s trI {i4ONTH} ?lÜ(MtJi{TH) I
3HL=il L
T0I=T0T+ ìJriL
BTr_lT=BT(lï+l-ìl.lL

''dRlTE t6c22O) ie{STOR{ t EKå uK=1aN'}'iALL} ?BHLeTtlT
CCi\TINI.JE
ktRIIU116u2){.)ì ßTÙT
CÂLL ROTAT (N14ALL EþJt]R g22"5 } -. . "

T[18,\I { I A } =T}-iËAr{ [ A ] *B'l oT
T t= Tí)Tr,24 Ð

T2-BItlr
T3=I[-rZ
T4={I}/T1't*I00"
f 5= ( { iliìL*'21+,1/ lI } #100"

30

WRiTÉ
WRITE
!.lfì I TE

I,üIì[TE
ZA aO*¡¡NrtÊ

'FJRITEi.6v2t0ì "
DO Ll KllT=tr-rl'ó
!tRf I[ {6 e240} Tl{bÂf{Kf-iT }

T3 CCi.{ÏINUE
l^jR{TE{6,800}

],0 CCNT I \UË
5 .. CUNTTI\UE

STI]P
F NI}

6s210)
6e250 ] Ttr oT4øT5
6e210)
6 ? 210 !

SUBRf]UT INE I.AT { ¡_, tr-T }

û # RfiAI]S AI\D üIIVER]S MIN" ANÙ 5LC'
Iì.8ÀL L{3}?LT

--...å00,. FOììl4AT { î nu aLATITUDf=e aFl5"Ós 6

cAt-L LC0NiÈ-ûì-T)
WRl lE (6 e 100 ) ¡-T
Ii,E IUR\
t Nt)

tr79

t00 F¡R14AT { r e e 
e Ltll,JGT åTt-.åÐF=u çFtr5 "6s 

a

CALL LCUN ({. g I-G}
'v'JRITË(6?t00) LG

RETU,I,N
tNt)

SUiIRI.}UT I i\E LONG{ ü- g LG A

tìE/\L L(.ilrl-G

SUBRI]UTII\T LCUI\{L,R} . .
c*+4<#)*#fìEAi)5 ÄNlJ c0NVER ls ù-Âr I

IìEAL L ( 3 }

t00 f-oRNlAl {F4"t}?2F3"0}

TIJ IJFC I MAt S

0ttiRËESÐ )

RËAD(5gIOO} L

I l- ( L { 2,t "EG,rJ" "AND"i_ { 3} "88 "0" )GoToI0
f F{ t-{ 2} *EQ"O-'."¡:\NO"L{.3.¡ "t}-T'e-.Û-''}GOIO20
tì,=å-{ L }+{ { (L{2}*É}0' } +Li 31',å 13600" }

GtiIo]0
K=L[[f
GOTG 3 i}

TrJ

À \.,

i]F ÜEGREES

îuoË t LttNGT tït¡oE

I]ËGREË5 A

rÜ i)EGR EES



?(l
30. -

E N'J
S Ull lìOIJT I Nt S ALT { R o N r LT

C **# CÜMPUTES THE SiILAII. ALT

'ìEAL 
D(Nl rLT

R=L T *R
C=D ( irlcNTFl) {.r{ .

PI=3"14t593

R=L{t)+{L
RÉTUIìN

(l)/3600"¡

ô=( SIN(C) 1'S Ii! (r]] )- {C(lS {D}+CÛS (C }+COS (

A=¡\RS I N ( A ) *57. 295-7 t\
rl E I URf{
E NI.)

SUfìlìüUT I i'iË SÂZ ( R? l\rDaMON,TilEAeAZsT eLT )

t" C\IMPUIES I Ht SULAR AL AIiLJTH

RËAL U{i\,t} rLr
rì-r T,La
D-L t'ê\

C=ll{\itjNTH}*l{,
Ptr=-l"LhL':93

lf (r"tQ"24.'GtlTtlz0

el)et'l[JNTHîT?AJ
TTUt]E

A Z= { ( S I N ( û ]+CDS { C } ÈUOS { { P [4,T ì f [Z " ] ]+ { CUS ( u } +S i i\r ( C ) , )

IF(AZ"GT"l"]GOÏUt5
¿\Z=ARCCS { A¿) *57 "?95V8
I F ( T ",3T" 12" ) [t{-=360"-/\¿
GtìIrl lù
A7-=LBtl"00
GÜT(]30
AL=J6O^
G:-l I n3 0
AZ=3r:ù'
RÊ TUI{.]
END

10

t5

?o
JCI

TBO

SUtsIITIJ tr I I.It. \1.40 ( Iì ? Ng A E AZ ? i.'ICI\TI{ ç AS T 
',AFC 

 RL]N A T }

Cf*È* Cür'iiriJTES THÉ Rill\ f{ND Rt-iH Cf\ A SURf 
^CEC Rl)Ìi=iJf lìtCT i'itltiì'4AL fì,åDtrAi f tí\

lì[AL,\Str ( r!) rAEC{Nl}
.- If_{A"LT"O.}GÛTAICI

I F {,\ "L T u " 0(ì0}. } Gt}f t}10

{PI*r)/L¿.tr1

TO
{-v

Rr)i'J=^ s I { Mflh¡IH } / EXP { ALC { MOr'tl It) / S I N { R*A ) ]
GrlT{r29
RDI\= () 

" 0
RLTUf{N
F\D
sutìiìrltJT I i\L RhlOl{ (R e Â a RDN ? RDH }

I F { A " L 1 ,0 " )(iùTO [ 0
RUH=Ríl{\+S IN( iì+.¿X ]

rjr:tTr)zc
RD;-l=t) "
RE TURi'l
Ef\fl

t0
?-0 .

SUtIR{}lJI Ii\É SL{JpES ( R s þ,zt\LsSLFvr)}ì I e AI N )

c ¿itrl= INCTDEi\[ ANGLË
C 5á-F= S[-0PE rlF Sti'{FÂCE FR0i{ }-l0RtrZtiNTAL



C 0rì
c 

^t-

l0

=tlRIINTAT[{.]N ùF StJRÉACE { ÅNIGLË FR0í'1 l\tlRTH Til i\LlR¡"lAL}
MIJTH MUSÏ IJE Ii,J RANGE O ÏO 3óO IJËGRTLS

IF
D='AZ-i)lì I
GOTtlll
D=rlR I-AZ
IF(iJ"LT"270")G0tr020

oiitr"GE"AZlGi.¡T0t0

2C

-'rl

BO

IF{ D,GI"90" }G0T070
GrlTil:JC
AIN='ì0.
Grl Irl90
I F { SLp, LT "(J, I } tl0TU40
I F{ SLP"ùï,8'1" } GOT050
A I i\= ( C0S { A{.R } *CBS { l)*R ) *S IN { SLP*R } } + { SI N ( A+R ) *CtlS { SLP*R } }

GOT{i60
AIN=SI\t{A*!ì}
G0 I {l6l)
A I Nl=C0S ( À*R ) *CtlS ( tJ'kR å

AIN=ARCtlS'{AIN l+57 " 29578
P,ÈTURN
E NIJ

SUBR0UIINt Dl Fl-t R rNc l\eCs Mtl\TlJoiìDN e E'RTi)EREFJ
CO¡IPUTIS trhE DI FI-USË PAI)iATIi]N
I-SS=ANGLE t-ACì (Jli Fl{CM Sl.llìl-ACE Til SKY
FSG=;\.\I,LI_ FACTUR f-ROM GßI]I,IND TII SURFACE
[{i.)S=R.Al]lAIÍtlN{lltFFUSE} FALLING FRtiM SKY
RIll=rì.AlJ IAIiCf\ { T(lîAL} f.l0R tr ZCNTAL ¿ì GliUtJ\i)
RGR=RAt)lATI0N G[ì(]i.,f$t) REFLECTTù
RTJ= tìÂÐIATItN{TDTA{- tlf Fì-USE} F/\LL ING û;'l StJ;{F,XCt:
iìFF=GP.[rU\t] REFLËCTANCE { [i\ ."¿ ]
E=SLCPk OF SUR{-ACE
RLAL C(N)
f-SG= ( L" _Ct)S { E+Rþ'} / 2"
FSS= t " -FSG
Rl)S=C ( ¡'lUi\TH ) *Rt)N*f:SS
p.IH=Rt)N* { C{ MDNrH} nS trN { 

^4.R} 
}

RGR=RïHt¡RËf-1.f:SG
Rlt)=Rl)S+1ìGR
JìE IUIì¡i
[: ¡'liJ
5ULjiìt)UI INt IrìH¡-{}iLrl\tUe I tr ?T0 }

H{_=AtrtJ{.{II."ït_l}
R I. T I.IR I!
ENt)
5U{JlìlltJT i NE trNFliL( HI- ¡ tsaCL e [ [ e T'O ]

HL=rJ+CL+(r " 0 ¡"82* { T [* fO ]
RETIJR\
E Nf)

.SUBROU I I Nf: Iì.JTAT { fIIeT]R e A }

REAL i)R {N }

DO lO I=lpN
OR{t}=UR{{}+A
iF { {.lR { [ ] " i-T, 360" ) Gulll I 0

40

50
-6C
90

I

C

C

U

4-

iBl



rlf{{t },--i)i{{ tr }-360"
10 CCNTTNIJT

P.E IIJRN
ENt)
S UfìRtlU I I NE I'i ALL { N y (} q, S Lg Aki r tjþl y At-} ç Ari a IJG r ÇL r f] e t-C )

REAL 0R(N),SL(f.{}eÂi.l{N}eU\¡]{N}sAB(N)sAr,{N)'tiG(,il}¡CL(\}'d(f\)'r-C(¡,i}
t0O F0Rr4AT( lOtt:"2't
200 . FURrlÀT( 0 0 s"l0F12"2)

DO t0 1=leN
P.ÉAt)(5?t00å

I t:î

I.J R

1/l
t-\,,

cFC( [ )

CCNTÍNUE
RETI'RN
ËND

i)
fE{(-¡0200}

¡.00 F0Ri4AI {4Fó"¿)
200 .- Flltì1'1,\T ( e ø î+FL¿,¿l

Dtl L1 tr=lpN
RLAIJ(5clC()] WS(r
I'llì[IE{trr2O0} þdS{

1"0 C(lNrIi\UE
fìETURN

. tNt)

SUtIROUT INE CL IMAT { Nl oldSsl^JDr trOa T [ ]

REAL hS{l'{.} o t4D( N} s T0{ fl'J) pT [ { N}

UR{ Ã } uSL{ I} çAl'J( tr } eU!,r{ Il EÂil(I } eAG{ I) eUG( [ ) sCL{ [ ] ?iJ( i

(lR{ I } a SL ( f } e,ål,i ( tr } eUhr { tr } o AB( f } o Aù I I } e Ul}( f } aCL ( tr } s'1{

SUiJRf IUTI Nt 50L( TE e TUs A ø Re F )
TE=Til+{ {A4.iì}/F}
RET(JR\
È: ND
S U B R'l U T I N E S lì G F { 5 i'l ? A e T ? A À f{ ç R e R D ? R D {] )

REAL A{6}pr{6}
TDA=ü "
TI)tr=0"
D(l l0 i =le'5
iJT= { tì¡Ji,( T { I } s{COS{ R*A tN} *+ I Ã-I } } } } +{ R[)t]* 12"*l r ( I ] / (i +I ] ] ) ]

TtlÏ=TDT+DT
-.-DA=.{RD{,(Ai{.}*-{Ç0.5-(P\fA-iliì}.tf(..[.:f]]]l+(RDt)*(2"+lA{l}/(.Á.tt.¡ }}}

TiJA=TI)A+DÂ
IO CCI.,¿TTNUE

sH=Tt) T+ { " ¿67s TDA }

RE TL,'RN
ENIÛ

LE2

) ?þJt)( [ i' Ti]( I ] ?TI { [ )

[ ] s!"Jl]{ tr ) ?TO( I å a TI { I }

,9

[]



REFERENCES

r) ê€ëBôå; Ilandbook of Fundamentals, American
Society of Heatinq, Refrigerating and Air-
Conditioninq Engineers,Lg6j, page 461

OWENS - CORNTNG; The Economics of Sensible
Heat Control, Owens-Corning Fibreglas Corp-
oration, February, 1963, Fage 1B

ASHRAE; Handbook of Fundamentals, American
Society of Heating, Refrigerating and Air-
Conditioning Engineers, L967, page 479

IBID , page 4jg

IBID , page q6L

2)

3)

4)

qì

o/ OWENS - CORNING; The Economics of Sensible
Heat_ Control, Owens-Corning Fibreglas Corp-

"ruti".,, 
r.¡ruary, 1963, page 18.

tl

183

ASIIRAE; Handbook of Fundamentals, American
Society of Heatíng, Refrigerating and Air-
Conditioning Engineers, Lg6"l, page 4OB

TBTD, page 4098)



BTBLÏOGRAPHY

_t ASHRAE; Handbook
\^ô1ô1\t ñt Hô1+r hãuvu rç Ly v ! r¡çq L Itllj , ¡\E! !

ing Engineers, L967, 544

ural Design,
1299 pp.

Time Saver Standards;

I-nro q'l-

Orqanization of
282 pp"

of Fundamenta
ígeration, and
pp"

McGraw Hí11 Book

Owens -Corning Fibregla s

Influences;

The Economics of

the United

of the Interior, bureau of
ton, D "C " , April, L968, l-60

ls, American
Air-Condition-

A Handbook of
Company, New

l-84

, Where Not to Build;

Food and
Nations,

Planning; M"f "T" Press, Cambridge, IVlass" , L91O, 409 pp"

Architect-
York , L966,

DEGELMAN, L"O"; The Devel-opment of a Mathematical.
Model for Predictinq the Solar Heat Gains Throuqh

Sensi-ble Heat Control ;

Emerqinq Methods in Envíronmental Desiqn and

lanrmy={-ìn¡ Ela}rrrrrrrr '1 OÃ?L'J¿IryroLIvtl | !çvluqry t LJVJ t

A gr i cu ltura L
Rome , L962,

Buildinq WalIs and Roofs
No. 6, The Pennsylvania
for Building Research,

United States Department
T,an¡{ M:n: -êmên'l- T¡T¡ -}a i h ñ -!orlu ¡rqrrq9çLrrçrlL, v!ÕÞllrrr9-

pp"

GARNIER, B"J" and OHMURA A" ;
qraphic Variations of Short
The Example o€ Barþados, McGill University, December,
L969, 56 pp"

Ra'l-tor Rlri I rli n¡ iJanarl-, sv u uv! lJq r !u IIrYI ¡\çyUr u

State UniversitV, Institute
Ju.ne , L966,

Wave Radiation Income:
Estimatinq the Topo-



GETGER, R" i
Un iver s ity

GRIFFTTHS,
sity Press,

,Press, L965, 611 pp"

HORROCKS , N.K.
Longmans Cr...

J "F " ; Applied Climatoloq-r¿, Oxford Univer_
London, L966, llg pp"

JACOBS, P " and WAY, D " ; Visual A¡faf Vsis of l,an
Devel-opment, monograph, lepartment of Landscape Arch-itecture, Iìlarvard Graduate schcor of Design, cambridgeMassachusetts, 1968

i,
and Company, London , LgS3, 365 pp"

JENSEN, M. i
Aerodynami cs
Crops, Danish

Harvard

KfNZEY, B.y" and
in Architecture _

Jersey, 1963, 7BB pp.

theot tn"ta.r unu ta= ui-affiu

r- u5

Techni-cal Press, Copenhagen, 1961, Z6: pp"

FIcGUTNNESS, I,V"S" and STETN, B.ì lrfechanical andElectrlcal nquipment in suildinqs@¿
Sons, Inc., New york, Ig7L, loll pp.

SIIARP, H"N" ;
Prentice Hall

SELLERS, W"D. i physical Cl_imatoloqy, University ofChicago Press, Chicago, I965 , 272 pp.

STEINITZ , c. ì
Methodq., Department of Landscape ã".rtit"cture, Researchof f ice, Graduate school cf Des:-gn, Flarvard university,July, L9'o9, 3BZ pÞ"

Environmental lechno logíes
, Englewood Cliffso New



STEINïTZ, C" and ROGERS, P.r
of Urbanization and Chanqe: An
disciplinary Education, M" T "T "
T97O, 78 pp"

STEPHENSON, D"c.; Tables of Solar Altitude, Azimuth
Tnteqs:-ty and Heat Gain Factors for Latitudes from
43 to 55 Deqrees North, National Research Council,
Ottawa, April, L967, 24 pp"

suTToN, o"G";
Processes in
phere, McGrav¡

VúÏLSON, R"G" i
Miçrç -qi-:Lma te ,
tr-09 pp"

A Systems Analysis Model
Experiment in Inter-
Press, Cambridge, Mass" o

Micro-Meteoroloqv, A Studv of
the Lowest Layers of the Earth's
Hitl, New York, 1953, 333 pp"

T.opoqrAphlc InfÄ:ences on a Forest
McGii-l- T-iníversity, September, L9TO ,

L86

Phys i ca 1
Atmos -


