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ABUTIRACST

ihis thosis contalns a rocord of rescarch work
carriod out on porioiic hoat flow charactoristics of
building oclomonts und tho prodiction of indoor air tom-
poraturss of buildin{s by Jloctricul nologue motholds
Juch & study was found osoontioal for ovolving building
douigno to sult 4ivorse elimutic coanditions of India.

A bullding olczant ic roprosaontodi on this
gnaloguo by ¢ cuitablo coadbination of rouistunco - capi-
citanco networkt. The typo ond tho nunbsr of lumps
roquirod to roprosont o bullding fgbric in docided by tho
thicimoos and physlceol proportics of tho nuterial. %he
surfoes hoat trunsfor coofficlionts aro roprasontod by

suitublo rosictoncos.

A stoady stato simusoidal oxcitation has boon
adoptod to simulato the diurnal soleuir temporaturo
variations. Tho nalin edvantogoesof this aporouch ovor
othor sipulation tochniquos aro (1)itoliminutos tho nool
of cooplicatad olectronic cguipmont like function onora-
tors und rocording dovicos, (11i) mukos possidle to copu=-
rato tho offocts of climautic fuctors fron tho thornul
churactoristics of tho building, fubric cnd (i11) only tvo
quuntitios viz., amplitude docrcoont cnd phaso leg wnzlo

aro sulficicnt to mogsure on tho cnaloguo notworit.
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To fucilitate phase moasurenontu, a diroct
reading wudio phaso motor capable of reading upto + 1°
hus boon spacially dosigned and fabricotod.

The numbor of lumps roguired to repiuscnt wny
butlding olemont adoguateoly an tho unalosuo has boon
ostablichod both thoorotically and cxporinontally.
Computed dutu, on tho trunsfor matrlx coofficionts, for
lunmpad and dictrivuted vystons, roguircd for ovaluwting
tho lunping orsrors in tho osticution of tenporatures and

hout fluxcu, cre «lse includod.

To dofine coaplotely tho transiont bohaviour
of o bulldin; canponont a act of threoo cnologous gysten
functisng (ono trancfor and tvo driving point) oro
roquired. nLaluitionships botuwoan thouso functiong und the
tronsfor putrix coofficlients, for coxmaonly occuring
boundary conditions have boon dorived in tkis thesic.

A dotailed study of tho typo and thicknoos of
oach luyor wnd tho effeouet of the order of arrungesaont on
tho ovorull thormal functions of tho conposito construc-

tion, hao ulso boon pudo.

A sinple und floxible comnutational nothod
for tho proliction of tug indoosr owir tenporuturcs, in
torns of thoraal Lystoem functions, 'U' valuss and sol-cir

tcaporutures, hus boon ovelved. As this nothed utilices
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the pratabuluted thormal systenm function data, it elioinutes

the necessity of representing a full room or a building
vith all its structural elements und input ganorators, on

the analogue, for each specific study.

This mothod, when used with the duta praesented
in this thools, leads to a quantitative evaluation of th:
relative thermal officioncios of the various postible
strucgtural combinations und othor deuipn fuctors. A few

applicitions of the Gatu ure ulso lllustruted.
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Accurate prediction, of the thormul bohavisur

of building under norlodic variutions of teaperatures

and hoat 1o, & of considoruble pructicul importunce

in building desipgn. dlthouph a good deul of vwork has
boan dons in thig direction wndl no nothods wnd techniqués
ovolved, several problems of sructicul interost, still
uWait Jolutions. Lhis owes muinly to the multinlicity of
thd vuriiblos inveolval und tho l.eir of v simnlo ond
flexible method for setuiying the trinslent heat flow,
through Lbullling fuebeico.

A purely wnulytle l solution of this sroblenm
is not imposasible, but it ic very luborious und time
consuning, even willa tho uvullablility of such officioent
ncthods, as mutriz wnalysic, wni syabolic calculus. I
more th.n ¢ favw vardeblos «ro to b invostigated sipul-
tonoously, fiold mesiurcaonts aro not pructicable. Thils
inmposcs a sorious liultetlon on tholo rasults wnich do
not loud to way gencruiicel coueclusiens. Vwrther, to
doteralian tho influcnze of cuch ¢of the sevoral voriubles
that one aorawlly coles uere.g ia heut trunsfer problems,
¢ 1or,e pukber of test houses have to bg bullt in

difforont clim.tiec zonoes wn? tha results analysed
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ptatistically. ouch & procoduro 13 tims concuming and
unceonoaleul.

wvleetricnl analogue methods hove boon found to

bo nore cultable for such probloms und yiold qulck and
ocononical rosults.

The eloetricul unalegue sizulutes thoraanl
problens in terme of eleciricul guuntitius. Jithin tho
1inits: set by tho sccurucey of the cnaleo us wnd tho basic
assunptions nudo in tho theory, the wawdoguoe method nuy
be rogurded o g ncund of carr,lng out controlled cxporie
nents on a4 vurioty oo bullding ocloments, under idonticul

conditions.

aput ol Gho Lfavestijutioans unsloying cloetricul
unaloguo nothods woro nuinly rostrictcd to tho outim.tiom
of fobriec cooling loulds for alr coinlitloning purposas.
houch thoso tochalyuoy cun be oxtonded to unconlitionad
bulldings, thoso will huvo only o linmitcd apnlicction.
Yhe simulotion of a roca or o buililng with ull its
ctractural coononcnts, wund tho acsoclatodl injut jenarators,
n.ko the nétrork too cémplax for oxoerizaontul vork. .wvon
tho initiul cost of the wyulgaont boecnos oxhorbitunt,
liorcover the offorto involved in siculuting tho sevoral
vardubles (climatic unl dosign) wnd tholr poscidble combiw
n.tions on such un anuloyuo moke tho mothod cumborsono

ana wnsuitible for douipn nroblomue.
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It ig, theroforo, apparcnt that thero 15 o
genuine naod for the deovolopment of a simple and flexible
mothod to obtuin u quick avaluation of thermal efficiencies
of buildinygs onl bulilding oclements. 7The prinury reguisite
of such & mothod 15 that it should be cupablo of tuking
into account the influsnco of various fuctors, other thun
tha constructioanl vurldtions, viz., ventil.tion, oricnto-
tion, surfuco treatments, internul heut csources and sinus,
ro;lonal und seusonul vuriatlons of tenporutures and soler

ruliction ate.

i vory proiitable line of aniroach would be
i) to obtuin tho booic roforonco dota on trunsient thoraul
churastoristies of ¢ 1 r o auznbor of duilding sectioms,
thnt ane ﬁiaht ¢330 «eross in praetice, by tho olectrieal
cnalopue motheld, wnd 14) to Coviso o z2imsle computational
sothos to prodict tho indoor alr tozperutures, utilising
the obovo pretobulutod Aoy, for uny comvinution of
building soetions undor any oliniutie consitions.

Thls hosis iv oudnly directed touwards thoe

dovaloxaunt of such « pothod and tho dutas

in adiition severul olher préblems of intcrost
such w8 1) tho unulo ue renrosentutio:n of tho building
scotions by lumped casc.ded natworks, 1i) influence of
surfoes huat truncfer c¢ooffictonts on tho luaning orrors

ol tharnul oyoten funetions, 1i1i) thy offoect of difforont



combiniutions of layors of muteriuls on the thermal
bohaviour of the individual layers and on the composite

soction as a whole, have ulso boon ctudied in this theslis.

<uch a study will lead to & Dotter unlierstunding
of the transient behuviour of composito conctructions und
will finolly rosult in tho approoriete design of composite
constiructional clements, bost sultad Lo the climutic

conditions of o givon pluco.
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3.1 Introduction

In tho stoudy atato hoat fléw analysisc tho
hout storage capocity of tho structurc docs not como
inte the picturc. In elinntos wvhoro, thoro aro large
poriodlic variagticac of pir toaposuturo wnd cvolar rodiu-
tian, tho thormal capucity of oxtornal und intornal
building olomonts ploy a sreut rolo in moldifying tho
toaporaturo dlstribution and tho ratoc of hoat flov,

with rospact to both opuco and tino.

Tho nochanlisn,of hout flew through o bailding
olomont, ooy a wall, undor transicnt coaditions nmay b
vicualised in tho follovwing munnore. An olonontary thick-
noos of wall Just bonoath tho outuside surface, rocoivas a
not heat guln by convoction anu radintion. » portion of
‘this onorpgy 15 spont im hoating up the olenont (in quostion)
wvhilo tho bolaneco 10 conducted on ta tho noxt olexmoatury
thicknoos of tho ugll and o one .0 o dofinite intorval
of timo 10 poquirel for tho incldont host to raise tho
toaporutura of tﬁo olcawnt (in guostion) thoro 4o u phuco
diffoercnco botwoon tho teaperaturo or hoat waves ut tho

cutor and tho innor surfucods. Turthor, s sono ol tho
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inpat onorgy 4o uced up in hoating tho wall, the unpli-

tudo of tno vavo ot tho innor surfuco 1o congidorubly

roduced,

The naln objoct of the inveotigotions on
poriodie hoat flov through the bullding olemonts is to
ostablish o rolationgship botwoen the thormal coaditions
of tho outdoor and indoor onvironmonts and tho propartios
of tho intorvoning structuro. Thic neocossitated o develone
nent’ of tho thoory of non-stoudy ctato hoat flow, wund
solutions teo tho isuricor hoat conduction oguetion undor
natural boundary conlditions. Tho difforenticl cyuation
of hoat fiow in colids vhich ;ives tho toaporature
distribution with tino was given by Pourior as

2t (et | ¥t ?35) L
T T 1)

vhore ¢ = tonporaturo ot tho point (X,7,4) at timo 7.

a8 = K/Ps - thornul d4iffusivity in FtB/Hr.

K = thormal conductivity in DBtu/i't/lie/°F.

s = gpocific hoat Dtu/Lb/Or

P = donsity Lb/Ft3,
in spoeial conditions (parallol bownding surfaces uith
lurgo oroa ceapurcd to tho thiclkness) tho heat flov con
bo considorod us ono dimonsionul. Thon tho ubove
cquation raducos to |

ot ¢

,7‘ ,—_'O_ S——i‘ ”‘.(2-)
o p &
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Yor all practical purposos tho building coapononts such
aos vallo, roof, £losr ote., satisfy the comililon of
unllirociional host £floe Honeo this cquation (2) is
to bo solved, for a given building olomont, vwith tho
appropricte oxtornul snd intoraunl boundary conliticno,
vhieh ol coarﬁo vary from situction to gitustion. o
hoat oxchango taking pluco ot tho outor and innor Cur-
faces form tho outolde and inside boundury coniltlono
rospootivoly. Honco tho oxproosions for thouo hout
oxchungos aro of fundumentyl farortingo cnd chould bo
oxprogsed in the olopleat posciblo form consiutont with

tho roquircnonts, to o cuticfoetory depgrog of cecuraey.

Yho phonszont of hoat cuchan;s at ths outsido

surface of u building olemont us flluctratod in Fig. (2.1)

can bo rosolved into tio following ceaponontis :-

1) libot tronofor by convoction botwoon tho
surfaco and tho outdeor uir.
i1) Total solur rudiution (Direoct + viffuso)
absorbod by tho surfuco.

111) lHoat tronsfor by lovw tenporaturse raziation
oxchiengo botircon the surfaco und tho cutloor
cnvirenzant.

wnd  1v)  Tho rato of hoat trunsfor by conluction into

thae building olcnoate.
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2ho hoot bolanco equation ot tho outodde

curfoeo ic pivon by

Qg * Bgo (tgg = bpp? + Rlp £ 1) = 0 ess (3)

1]
whore
Qog = instontanoous hoet flux ontorin; tho
building olomcnt ut tho outside surfaco
por undt uroae '
hgy = outside curfaco coavectlon hout trun.for

coofficiont.
* tyy & outoldo olr toaporaturo.
£.. ® outside surfocs toapuraturo.

1? e intoncity of tho totul solar rodiution
incidont on tho surfaco (Jiroct + Jiffuca).

A = gboorptivity of surfuco for . solur
rediution.

I, ® not long wave rodiatlon oxchanpgo hotuson
“ the supfuce wand its currcundin.o.

411 thouo conponont parts of tho cyustion (3) dopand
upon thoe woothor aloponts ond tho surfuces proportics.
wonsoaal and diurngl vorictions of thouo climutic
fuetors vill huavo to bo tukon into considoration.
waabdning oall theoo facters fato o uinglo purcaotor
will sioplify tho couputations to o groot oxtont,

u0l~/dp Jeanonutusg

tlasitoy and wrd bt (1) hovo intro.uccd tho
coneopt of col-air teaporaturo, vhich combines tho wir
teaparature wnd solur ruiiotion into a single oquivalont

teaporuture. Au por tho dofinition of tho sol-uir
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temperature, the oxternal bsundery econiition ic givaen by

where L350 15 tho soleslr temparaturo. In thelir original

vark, theso authors have not tuken tho low toaperuture
rcllation, into uccount und tho soleair temporaturo ic
given by tho equation

ALy

hOO

ikeylocting the low temperature rodiation is not justi-
fiable anld tho above formulu for solwalr teaporaturc
requlres modificution. The moiifies oguation aceording
to .loux (2) may b> writton as

tsa = t by L (G)

Yo comnputo the soleuir temporature, u knowledyo of tho
incident colar rudiotion intensity, curfuce absorption
coofficient, low teoperaturs rudiotion surfuce convoction
heut trunsfor cosfficliont, ure roguired, cpurt from tho
outdoor alr toemporuturus datas 7Tho intenciily of splur
ruilution incidont upon a ourfuec, dopendc upgon many
factors cuch as orient.tion, lutltude, day und tinme,
utmospharic coniitions ote. Ilonee for a iven loculity,

_ though «ll the surfuces of u building urc subjocted to

the sumo gablent olr tomperature, the sol-ulr tenmporatuce.
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<41 bo Giffcorunl foir difforuntly orleonted owurfucuie

Jhe solur ruiiation intensity dutu (modsvurcd us well us
conrutod) for a nunbor of plocos wnd difforontly oricnted
surfacss $8 avallable in the literuture (3). Iropuration
of Jdosiyn curvaes of diurnal vuriations of uoinuir toap~
eraturo for summor uni vinter sewusons fop Vuricu. ale2sy,
p.eilitate the enleuluntions of heut teoncfoer thrauh
bullding clonunts and tho dogiyn of bulldin,s to suit a

givoa cliautos.

Tha surfgeec sboorpiion coulitcliont {'or wol.r
rellution dopends upon tho curfoeec ealour wau il wnylo
of incidonco. Gonuiderublo work hus bega dones o this
copect (4, 8) and lur,o woount of refercncee auate Lo

av.iluble ia tho litergturs (G, 7).

L4 _Zenponi prd

The lov tcoporaturs radletion rololves Ly o
bullding olenont, dopends upon tho mouwl ruilunt Loluilae
turo of the currouniin,s, ground wnl atzosghore., It 4o
usuwally uscumed shut tho outdeor surrcunlings aait 1oa,
vuve radiution uo a bluck Loy ot ale tuoapzraturs (3.
Longa th not rull.tim cxchangn batiioa the carfoe. i
1t vurroundin_c i sxprec.cod up

I = er(frgs - ‘473;9 ces (7)
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vhore € = absorptivity and emissivity of the
surface for long-wave thermal radiation.
¢ = Ltephan Bbltzman constant.
os = absolute surface tempsrature, and
T = absolute alr temperature.

oa

Burnt (2) has pointed out that the outdoor surroundings
by no means radiate as a black body at alr temperature
and correlated the long wave radiation omitted by cloud-
lasé atmosphere with water vapour pressure prosent in

the atmosphore based on Dines and Dines measuremoents (10).

Tho correlution is given by

Ry (a+ b] Py ) ee (8)

it

R

where
Rb = Jlow temperature radiation enmitted by a
blackbody atéoutdoor alr temperature
(L.0., @ T,

R = low temperatura radiation emitted by the
atocsphore.

Ew =  ths wztor vapour pressure in inches of
meroury.

‘a'! and 'b' are constunts and given as 0,55 and
0.33 roespectively for horizontal surfacos and
as 0.3 und 0.165 for vertical surfaces.
Roux (2) pointed out, that while the Burnt's eguation (8)
gives an agcurate estimate of low temperature radiation
during night times, is not strictly valid for conditions
for day times when solar radiation intensity is high.

However, the eguation (8) 1s very useful as a working
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forcmula 4n tho ubooneo of noro roliublo dutus Undor
cloudy coniitions the loy toeaporuture radiation of tho
stsosphore inercascos und approuchas tho bloclt body
radiation at ailr tonporaturc for on ovorcast ohy
coniition. wubastituting tho vuluo of I in tho sol-ulrp

toaporgturo oguation (5) we goet

#ogx? + {G“E‘g,_, (@+bfiy )= € ';:'g,&) oo ()
. h g * ‘

tﬂﬂ? tca

o

This ezproscion fncluwicd a torm of curfuco toaporatuca,
which 15 a functicn of tho physicul proportioes of tho
ballding alomont o wolle 48 the Soleair teaporaturce o
to bo canputed ozclunively £roa tho wouthor date, tho
torn t,, frood the ubovo cxprossion s to bo olimincted.
Por thic purpsso 4 noy torn "orti.iclol curfieo rodluativo

hont tronsfor caufficlont™ hac beon dofinod (2) aso

esfd wd
€o (Tg, = ¥Fonl
hor '] . . hN (la)
(bog =ty

With tha holp of the cyuation (12) vwo obtouln tho sol-udr
toapornzuro ug

Ky = (e T2 L a)

tﬂQ £ -4 @m * - e (ll)
(hncf-?;-dar)

iho torms (b,, *+ h, ) aro combined into a singlo toin
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tvhich 1o called, tho outollo surfoce hoat trensfor

coofficiont (nQJ

2.6 utaddo Lurfues Hout Trangfor Coofficient (k)

45 seon fro tho obovo oquation 'h,' consiots
of two parts, nanoly, convoctive ¢nd rudiutivo coofficicnt..
Tho convoetive cooffliciont is nudo up of two camponcntao,
namely the forcod convoction (h,e.) and nutural convoe-
tiom (hy,.J)s wovorul invactigotors {11 - 15) huvo
studloed tho nature of tho forcod und natural convoutivo
hoat transfor anl givon ocmpirical oquations roluting
covorzl foetors involved in tho phonoxmonu. Roth tho
eonvoctivo and rodiutivoe coofficlontshavo boen found
to v.ry considorcebly during day and night, us thoy aro
dopondant on tho air tcoporature ond wind volocity
(16, 17).

Howavor, 4t 1o cdabincd valuo of hy, and h,g.
rathor than thoir soparato fndividuel valucs thet 1o of
intorost. [Cortunutoly, this ccabined valuoc hy (1.0.,
h,. % hyp) appours to reaadn falrly constunt (13),
although tho inldividual variotions of hg, umd h,, ura
lurge. 7hic approxzicution of tulking tho conbincd hoat
transfor coufficiont (ho” as conctont, ygroutly sinplie-
fioo tho conputations of hout transforp throuph building
oleoonts. orrors duc to this anprorximation urc found

to bo cmall (11).
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+4ith thsce oloplificatiols tho bounlory

condition 4t tho outvido surfaco muy bo written os

- K %c"'x ) = hg (tsa - tvgs) XX (13)
wharo (ac
- "5‘; o = qaa

Varlous hoat trancfor procosscs that take
ploca gt tho inside surfgee, arc illustrutcd in 113.(2.1).
4t thia curfacs the hout trunsfor tokes plces to thoe
insido uir by convoction und by radiative exchunge betwoen
all the intorior surfaces. she hoat balunco equution for

an inside surfoco cuwn bo expraesscd os

= M P ?4 Tﬂ

Qgp *hye (Ggq = tgg) * > 5 n o (n=-"8)=20
. =

" o N (13)

Qs = the hoat flow through the wall ot tho
incido surfocaes

vhore

hic = convoectivoe heout tronsfer coufficient
at tho inslde surfoce.

tis ® inoido oir temporaturoc.
tig = insido surface tomporpturoc.s

n = cubscrijt iniicating o1 of tho surfuces
oncelosin s,

il = nuadbor of surfucos forming: the enolosuro,

s¥n = overull intorchense factor for radiunt
onor. ¥y czchuange botuoon su.fucoss
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0 4n tho coso of outoldo surf.co coofficicnt, 42 tho
inoido curfoco, convoctivo (hyql und rudiutive (hep)
heat trancfor cocfilelcnts urs combinod into 4 singlo
tora (hy) cnd asounsd constunt, tho oxpro.sion for tho

intornol boundary cen&itiaa‘ﬁingly boegaons

d¢E
-} -—b—;—)l’ & hi (tiﬂ - tiﬂ) oy (1‘9«.)
vhora

hy = (hge 2 hygp)

Tho najor advuntago of coabinying tho convection und
radistion hoect onchuon o ot tho inside curf_co, i thot
tho ovorall radictlion intorch.ngo fuctors mocd not bo
hknown. This caves tho 4ifficulty of findins tho
goozotrice viovw fuctors botwoon tho carfeeats  Asther
significant sinplification achioved by thic asgunntion
ig that tho hoat {flow puths to the rood wiv, cun ba

goniidared ooparatoly, without rofcruaco to uny othor

surfcen,

fho typou of non-gtogdy stoto hoat £lov
problons roloatod to bulldingo con Bo brocdly divided
into tho follovin, thrco cutoporics te

1) Air conditioned bLuildin .o = wharo ths inloor



olr tomnoraturce o naintained constunt by
artificiol coollin, or ho;tinu. i'or thin
clasg of bulldingos tho noriclic heat flov
through all tho conpononts of the fabrie,
duo to external air tomporaturo anl solup
roijation vurdations,uro to be procisoly
caleulatods
11)  Alpe conusitioncd buildings with incufficlont

pluint cup&aity -~ whero tho inicor uir
tcaporaturcy, wvhich vury to a cortuin cxtent,
are to bo coleulactod,

¢nd 111) Unec:niitionol buillings - wihcre tho cultue
lotion of indgor olr tcaporatures under
varioug clim.tlie conditiont 1sa the auin

objoctive,.

dnco thoio gutglde cnl iasidic boundury
conditlons ura ootubiiuhud, for say piven situation
tho colution for the ourliopr hoat cunluction oguation
 ¢on bo obtainod by sovoral ostublishos nothods such ws
cnulytienl (18,22), Duaorieal (21,22), Jgotrix (23,04,25),
wyabolice valeulus (23,27), Influcnco und Joighting
functions (23,20,39), Jircot . naloguos (31 « 40) und
(Llcetronie anolojus nd Jigitol) Computoro (41 - 48)
gtes sho rolutivo mordts of tho vurious nothols
caployed for calculoting heat corluctien £or tho

detorainstion of ccooling loadd for .ir conitiioncd
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butldingo, hoawe boon discussod by otophonson (46).

In all tho nmoethods, sortain sioplifying
aopumptlons are nodo for obtaining solutions of tho
practicol dosipgn problens. Tho ugual onos Oro i-

1) Hcat fleov through tho bullding cloumont io
unidiroctional,

11} The difforcontial ogquation doscribing tho
hecat flov 15 linoar, vhich implicc thet the
phyzical proportios of the matoriols (K, P
und o) uru iadopaniont of teaporutu.o.

111) Hout sxchoenpe phonotonas at thoe oxternal
curfoeo of a bulllding olonont cun bo
Cxpressed by o oinglo puranotor (Lol-uir
tosporuture) .

iv) Sho hout vrunufor by conveetlon . aud puldlie
fion at tho inslde ami outsido surfago eun
bo roprescntod by o combined film conductdnco
uvhich doos not vary with tico wnd toaporuturo.

v) %ho absorptivity of the outuide surfaco of
bullding olexonts, to csolur padiotion 1o
iniopondcat of tho anglo of sacidoneo,

vi) Tho varistionc of tho outioor oir LO0porQe
turo ond colar ruiiontion 1nt¢na1ty‘u1th ¢ino

aro idonticul on Succosoivo dayoe
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iost of tho mothods cnumerated above were
dovelopsi for cstiouting tho fabric coeling loudu,
for air conditionin; purposcs. However, some of then
urc extended for the unconditioned bulldings too. is
pointed out ocariicr (Chaptor 1) though theso nothods
provide solutionsg for sny cpecific situation with
good accuracy, tho complexity und the offort involveld
io so ;reat, that for peneralised desipn prablens of
buildings, for vardcus climates, the.o bscome rathor
nnoultablos. witplor mothodi, utilizing muxioun wiount
of pratabulunﬁa,.tharmal characteristic data, ara to
bo evolved.
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Lloctrical inalogue tochalques for tho
study of truonsicnt hoat flov probleas in difforont
fiolds wro woll cotablishods Although tio thornul
cloetricel onalopy is Dased on tho simi%yriﬁy of
nothoouticnl forcmlation of hoat flov through o
matorisl with that of tho oloctric curront flor in

a transaiocion ling

Ot _q 2t
ErT
DE _ 1 O°F

in proctico tho anologue actvoris may bo of difforcnt
dosipnos (31,36,36,47) Tho noin difforonce botuoon
tho earlior i-¢ oodels and thae racont onos contros
rounl thg cholcae of tho time tcolo, vhich had o
Giroct bouring on tho siso of tho conpononto undd tho
mothols of anoroting wnd rocording tho input and
cutpuat wovoe forma.

Pagchliic (31) und Dovkon (32) vho are tho

poinecors of tho Ziract analopuo pathold hove usced



o
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“glow tine® Scole cnd studlod the thoroul transiongo
ovar long durations, of the ordor of soveral minutos,
vith ordinury galvonoaotors and potontionotric type
rocordors., The mpjor drawvbaeck in such "slow tims*
annloguan 1s the roquircaent of largo tlmo constants
which oro obtaincd by tho uso of capucltors of soveral
hundreds of lileroforads and resistors of sovoral
logohngs Coot of thoue compononts of tho nocossary
qunlity iz prohibitive, vhile loakogo currcnt progont
in tho lorgoe copacitors, conotituto corious uourco of

12324 o3 o™

| Barnend {(43) hos ohown that for tho study
of poriodlce hout £lou probless "foast timo® analojuou
cun bo caployed with oivantago. 4 ropitition froquoncy
of 850 ¢/s vay uvuccoucfully ucod by thea. Lator Luwson
and Liguwire (283) doceribed u dovies, for tho stuly of
tronsionts of only o forr milliooceonds durution. dobert-
con ond Lroos (34) huvo upcd much fustor tino anulogucs
vith ¢ timo cooproscion of tho ordor of 10% (1 soc of
oloctricel in ogual to 10° soc ef thermul) in thotr
gtudy of{firc roglstoneg ehuractcristies'of baililn
olczontg. ¥ho foot tino scaling hao tho advantuso of
requiring cireuits of smullor time constunts, poroit-
tin; thoroby thoe uco of copacitors and rosistoro of
¢oallor veoluo and olgo. Tho loakuge eurront problea

1o olmost obsuat in this eosus. Locuring procicion



capacitors wnd revdstors in those rungos 1. noithor
Jaifficult nor uuzonsive. ilowcvor, the uzo of fuct
tinge anuloguoc ©alls for mors ecmplicatud olestronic
dovices for tho genoration wnd roecording of tho
spocial wovo formos  he use of cothodo ruy o5eilloe
propho for uo#cnrins cnd rocording tho vave foras hes

boeans ¢ egngon foature in puch otulloon.

In ull thopo studles, on oloctricul vi_awd
roprooonting tho outodlle teaperaturo variution with
tizo 4c to bo poacruitade Thic Lo dono elcotronicully
in povorul uva/8e 00228503 und eous (34) havo wwed
a photoforoor tspe Lunutien goaspator (40) whorcas
turncnl caploye’ spuelel wave chupin, dovices (43).
Injput dovizos 1ig0 dlodo funztion ponorstors comlonly
useas in unalogue caupatoro, cun o182 bo uged with
thooe diregt cnulo_ues. In thids study o faot tico
seale (u frequency of 100 o/e) 4o uccd. 4 brief
daseripti.a of tho .nulojuo satup vnd tho exporincatal

proccaure clopted 12 glvon bolow.

Aonintoneo e oansa

i bullding olouont, vhose tronsiont thoranl
chorectorictics ¢ro to bo studied, ip ofton yonrouscntod
on tho Jleetricul .nulegue nmolcl wus o ..08istunesc -
Cupucitency lunpel oycten esaslotiag of a cusesled ¥, L

7T noteorit.  Tho oetual vzlun of tho cloeteionl
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reslistance and copacitunce of ecch secetion of tho
notvork luap depends oa tho thornul conductivity,
speeific hoat, density of the materiul unl tho thick-
ness of t&a building olement, the cholec of tho
seuling fuctor and the nunmbor of lumps wsaed to re-

presunt the eleiont.

In order to muke tho unalogue roprosontoe
tion more flexible, co thut uny nuteriil or coanbinge
tion of nmutoriuls (with thoir ucull thiclmausgus),
eiun bo roprisentad o8 un (-0 notuori, p.nols of
rosistungss wnd gapuclit.ness to provide wny Jedired
valuo of o and Ly ure to bo conatructed. wulflclont
naabor of wuch punels should be uvailubleo in ovdew
that an analogus lusped roprsoentutiun, of dense as'
woll wo thict mutoriuls 1. foauible. 'or this study,
twolve punels, o.ch coneloting of fized rosistors
parmcnently coanccted on progor insuluting supsorts
huving valuss frow 10) chas to 1 lagoha, und cupaci-
tora haviag vuluocg froa 10 »f to 20,000 ni, woro
constructed. Lho rasistors anld cupucitors wore so
edanectod that cay dosirold resistonzo botwoon 120 ohas
to 21111 logohms wn: any eanwelitor botwaoon 10 P to
61,110 p’y can easlly be sclected in u short timas by a
cultable plupglng arran;oement .

If tho royuiral rosistaneo an? eupucitor

values full baeyond the runge prosided by the punels,
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either the reslutunee svuling Luctur or the cupucituynce
scualdng Fuctor muy bu sultubly wltored vithout afiocting
tho Lime seullng fuctor (frequency) or ths 10 sculing
factor itsulfl muy v variod, thus wutomatlicully uffuce

ting both the rouistances unl! capucltunce acalin, fuctors.

The oase with which tho soleoetion of the
resiptuneo capacitince values, 1o ono of thoe salicnt
feutures of thu punel -lesi n., Tiis arrunceaoal not
only faoilitutos Lho construstion of cnolo_ue woicls on
tho gunels, tut loo pe.uwlts the uce ol 4 glven aslal
to cliulute o whole r.n e of structural =hivizu.cus,
slmply by « cwituble chung,e of Lhw tluu scule (lave,

froguoncy)

&1l tho resistors used wore of praelsion
eracked curbon typo with 1 )7 tolorance wal 1 watt
rating. 411 the cupuclitors ara procision polystorons

type with 2 ;0 tuleranca.

A1l tho inuiviiduul rocistor: an! cupucitors
woro chocizod for theosir ratod values vith u procivion
Ge'de type 1080 4 fapeduncy bridgo bsforo thioir inutule
lution in tho panocls. Uho front uni buck vious ol the

punols are showm in platus 1 und 2 reupsctivulye.

Ths arrun;enont of tho rosistors wnl Cupue
cltors in o singleo unit irc dicgruaatic.lly ohoun in

Fage. (3e¢d)e a6 ull the roulstancus in thic unit ure
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perticnontly conioeted in gories, those rosistuncces
botvecn the plugpod points wro Jhorted. 7Tho pluspod
in toroinols of the cupaclitor units, cooe in purdllol
und tho totaol capecitanco of tho eircult will be
additive. Finnlly at thoe output torainaels tho roguirod
roulotaneo and capacitanco valuos aro obtuingd. 48 an
oxauplo, tho dotied linos indicato the oxtornal plugis-
ing connoctorg to obtain o veluo of 62.3 iilo ohns
roalstanco and 2420 p¥ copucitanco. In thio runnor any
doslred valuo of *R* und *C* con ocuuily bo solocted

fron cuch unit gquickly.

Apart frem thoso twolvo units of {ixcd
rosiutors, s8ix units of lincar toa turn helicul noten-
tiomoters {Hollpoto) cuch of 100 . ohns rosistuneo, «ro
clso 4nstallod onm the punols to roprosont suoly rugise
tivo circult elomonts lilo surfgee £1ilno rosistencos und

onclosed "Iir opacosTe

Yho rolovant thormal guontitios of o buil-

din; oslenant that gro to b2 dotordincd and convertod

into cyuivalont oloctricul guantitios, (in ordor to

raprogont it on tho Llootricul .nalopro) are ito

Theroal resistoances and Thornul capucity.

Tho thormul ro.fatunce an?l tho tharnol



capuelty oo unit urew doepend upon the thicknocs (1)
of tho muterill wnl thie thoraul conluctivity (L)
speedfic heat (o) udld dencity (P ).

shemual rotictunee Ap 15 given by L
Thermul capuciliy Go ic pgivon by Lf>§.

whore
L = thlckacee in 7%,

o= ghormul esadustivity in Stu/(t.) C )P0,
o = spocilde Laav dn Ut/ (L0,
P = danaity in Lb/itS

Jraes the thoraal rosictonceos and theraal
capocity wroe c.lculuted from tho proportice ef the
matoriud, thelr corresponding olect. leul roJistunce
on: capacitanco van bo detorained with uss ol suit ble
se.lin, fastors, .o llng Tuctors uctuully corrolate
tho thoraol guantitics to eloeutplcal quuntitien. Thu.e
4o throo indopan.ont cculing factors, numoly ¢

1) ?otenticl seulling
factor

th, = 9nit_of pofuatisl in tho thormal = S,
Unlt of pot.atiul 1,4 the oclectric.l Volt

2) Tlmo se.lin, fuctor
oy @ Unit of tize in theraul = _iilse
unit L7 tice in olecetricul wOCe
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S5) nwsistonce se ling foctor
U, = -Onit of re.ictaneo in thormal
Unit of po.ictunce in aloctricol
= (OP)(Le)(Ft)/btu
ohag

Othor ucaling foctors, for capacitunco wnd currcnt
aro interroluateld with the above throce indepondent
factors. %She procust of rasistunce and cupucitance

is culied tims congt.nt of tho circuit und 1is of
dinencions of time. Laneos the rolution betwoon tha
tive scalinyg factor and tho racistance wunl cup.eltince

seuling foclors 10 given by

N, = Uy o= fg

wioilurly tho roliotion botwogn the Flux asculing fuctor
and the potoatisl wnl roulgtancs selding fuctors is

givan by

In the prouent study a thermal cyelo of
24 hour poriol hus boon roprosonted by an cloetricul
ganorator with 4 froqueney of 100 o/s. This glvos a
tima conlin: fuctor of 1/249) poe of electricul tine
1.0+, o020 hour of thormal tins corresponll to factor
Dy of 1/242) of clestrice .l time. Dy thio a tiue

comproscion of 3.64 x 106 £5 obtuined.
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Once the timo scaling factor has begn £ixed
thor 48 a choice in fixing olthser tho capucitanco or
tho rosistunco sculing fuctors. The capacilanco
geuling fuctor wus chogen as g = 15° so that 1 Btu/°r
gorrcsponded to 10020 pf. Thin autonatically fixed

the rouiotance ocaling fuctor as ll, = 41.66 x 10° L.o.,

one unit of thernal rasistance corrosponis to 41.633193

ohas .

Uoing thase sculing factors tho total
equivalont cloctricol recistanco an. cupuclty of tho
building c¢lcmont to be roprosented on tho Anslogue
moldel urc cucily obtulnsd. (s montloned curlior, to
roprowant tho building couponant accuratoly on the
cnulogu. as o lunped .i.C. notwory, tho nuabor of lunpo
aceoccary have to bo hnown. This problem of luading
15 deult in Chanter (4) 4in detall. Lot us suppose
thut it 15 roguired to uso 'Y lunps of '¢' cirouit
oloncnts. %hoe rosistenes volue of cach arn of tho T
networik will b2 cgual to R/ZU and tho shunt capacitunco
will be equal to C/H.‘ Those valuaa of H/20 and C/H aro
to bo soloctci froa ocach unit in the ounnor desceribed
ourlicr. 49 an oxumplo of tho manncr in vhich an
eloctricul nodal pay bo gonotrueted, a brick wall, ¢
thick, s concidored belovw. It iu wsuuned that the
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model is to have 8 soctions of ' type cascadod

eirouit. This 4is shown in Fig. (3.2). Tho thormal
proportiocs of tho brick wall consilorod wro 1e

Thormol conductivity I & 6.3 Btw/Ft/Ur/% por inch.
wpiciiic hout 'a! = 0,200 Btu/Lb/OP
Januity 109 = 320 Lb/CuJt.
iho totul thoracl rosistanco of tha wall (dp)
e 9 . 1.403(%7) (L) (rt)¥/Dtu.
8.3

“hormol rocistuinces por lump (/) = n_Aﬁggé”.a 0.1738

hacrinal rocictones for cuell orm of the '1* circuit
Wel = 09,7835

3.3 o
Who totul thormnl cupuoity = X Jigaj % 129

¢p = 18 Ut
whormul eapaclty por luadp = (C/M) = -1§* = 2.05 Ltu/%

“ho elcetrical cguivalenty aro obdboinod oo

Ng/81 = 0403025 x 41466 x 10° ohmo
Co/il = 2.25 x 10% = 22.5 x 10° pr.

Theso con be eunily'rnprasontad on tho puncls. Thon
tho cquivalant rociptonco valuos of tho oxterior and
interior wull susfuco hout ﬁrunafar coofficionts wro
to bo culeuloted ond added on eithor oildo of tho lumped
.C nctwor&. This complaton thoe roprosontution of the

voll panol with 1¢o boundary conditions on the anologue.
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3.6 wignal Gensration

The noxt requirenent is to gponorate an
gloctrical siynal to simalute (a) tho oxtornal eir
tenporature variation, (b) the solar rudiation, ond
(e) the lov tenporuturs rodiution exchenge at the
oxternual surface. iackay (1) hos introtuced the
coneant of col-alr toaporature, which combinss ull
tha cbovo phenonenu into a sinclo toaposrature variue
tion. This upnroach hiae tho advoantage of regqulring
only ono notontigl geacrator instecd of three scopurute
onag raoprasantin; ouch of thowo three oheaonena. ihe
sol-ulyr temparature Jdesends on nuny factors, such uws,
lutitude, tine of tho yeur, oriontation of the curfuco,
surfuco colour, wind spcad, outdoor air tompoeraturzs,
dusi eontent wnd procipitable wuter vaour sresent in
the utnosphere ote. ll thess quantitios ure olther
Lvailablo {ron tcteroolojicul dgta or cun de camputed
to u faldr Jegroo of accuruey. The sol-alr teaporature
vardistion vith tiro 4o thon conputei for any yiven
citustion. in clectrical wave forn reprecenting the
~Ol=ir touporaturc is to bho ;cencrutod. 8 nentioned
curlier, cpoecicl function _oneretors which demund
couaplicated olectronic oguipnont are to bo emoloyel for

this purooua.
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Steady State Sinusoidal Method

fn alternative approach is to analyse the
sol-alr temperature wave form and represent as a
fourier trigonometric series of harmonic waves of

different amplitudes and phases, super imposed over

a steady level.

tsg (T) = tgg (mean) + jfi_tsa n Cas (W»T-Yy)
m=0

For all practicalvpurposes, three or four harmonics
are sulficiént for a good representation of any periodic
wave form. This approach makes the problem of input
signal generstion very simple. Any stable commercially
avaeilable fudio Oscillator which can generate 100 c¢/s
to 1000 ¢/s will do the job. This obviously eliminates
the need for complicated expensive equipment. The
amplitude decrement ( N ) and phase lag ( ¢ ) charac-
teristics of the network model for the fundamental and
three or more higher harmonics have to be determined
once only. Then the inside surface temperatpre equation

can readily be obtained as
=~ T
tig (T) =ty (mean) + %;%’Efsa n Cos (LonT-%,-R)

Another major advantage of this approach

is apparent. The amplitude decrement and phase lag
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characteristics of a given R-C network depsnd only on

the frogquency dbut not on the amplitudo of tho input
wave form. Hence, the inslde surfacce tomparature
veriation under any exteornal climatic conditions can
eusily beo obtained once N and P are datermined.

This 1z possible btseuuso even though tho soleoir
temperature profilo is influocncod by tho veriatlouns of
extornal climctie fuctors, (uvhich in turn dopond wupon
latituds, time of the ;ear, orisntution cte.), it can
still be roprescnteld by tbho sumo Pourdior sorios, with
vari.tions only in amplitule and iaitul phaso anglus.
Inzteud, vhen tho col-ulr timo teuporature vuriations
are improssed to thu modsl dirootly, in its couplex
form, as for oxumplo by u photuform function generator,
the cutput wave form will be true only for thut condi-
tion. iionce, for ouch variution in thoe climutle fuctor,
und the consojuant v.ri.tion in =sol-air tonporature, a
new ugve form chould bo gener.ted und thu output wuve
fora rocordeu. 7This mukas the uutoriel bohaviour und
tho climutic fuctors insopurable. ansther disadvantepo
uith this nmathod 1. thot for wousuring tho coplitude
varlctions zni phuse 1l.og chuructoristics of .uch complox
wuva forza, cutholdo ray oucillogra hile recording hau to
be omployed. This 1athod of rocowriing will not sield

asccurute nooJsuredent. .

For vimasoldal e.citution, thore is no noed
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to reccoyd tha wuvo forms, sincu for linear notvorks
vith cuch oxcitation, tho rooponic will alio be sinue-
voldal wvith o losger smplituldo and o phuse shift.
dopcao, only tho uoplitudeo of tho out at wave foro und
tho phaso shift introuucod by tho nelwork huve to bo
asasurad. Procisc ooasurcaonts of uﬁglituae auy Bbo
medo with inoxpensive aquipmant, 1iko ¢ Vacuuatubo
Voltamntor,. .ccuratc phaso shift moansurononts, howovor,

nocd opoalial canai&braﬁion.

In tho 1i.ht of above wndvontages, tho otoady
stcto sinusoidal mothed hogo boon cdeoptold in thogs
studics. Tho only Jruubock of tidec unprouch 1o that it
invalves o 1ittlo oxtra nothenoticud oporation in carry-
ing cut tho Fourier uvnalysis of tho sol-odr tonporaturo
vave forn. lHowovor, tho advontugoes of this noathod owvur

woigh thls drawvback.

4 lovlot Puckard (#Hp) typo 201 C .udio
dseillator hoving o frogucncy recnge of 120 e/o to
10 e/t hoo boan wood Gy oon input signol sourco. Yho
fundamentol Lroguoncy used 1o 190 ¢/s. The froguoncy
calibration ond stubility of tho ocselllutor vies chosued
azo 6t o procicion Lloetronic froquoncy countor,
(tp typo 523 B) vhich cun rocd upto J.1 ¢/s. The
osceillator was founld to bo highly stuble, tho froguceiey
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dpift vad only of tho orlcr of o oy0lo ovor a prolonsod
pariel of sovorgl hours. It woo wlco found, that tho
voltago output wos ulio constant ovar long poriods and
had © £lat reosponge vithin the full froguoncy ©ango.
The output iopodanco of tho oscilloutor was guito low
(GJ0 ohmo) and honeo tho voltago cutput vas not affootod
to ony oipnificont oxtent hy tho netuork.

o %
9]

2ror

The amplitudo {(pockt to pook) of tho voltapos
of tho input and ouabjat wavs fornmo of thoe notworks vero
poasured Dy an ledeie “cnlor Voltohnmyot vacuun tubo
valtzotor typo LY €3 4. Thio V.T.Vd1. hod an input
iopodiaeo of 0433 llogohno chunted by 70 pi for 4L.Ce
soasurcsonts. Though thic is o high iasut fopaicneo
compared to tho nost ol thoe notuoris oiculotions, in
cortoin ¢olos, oupoolully whilo studying the inculuting
moatorialo, tho notuork oubput inpodoncov woaro of ths
orior a fov hundrol itilo ohms when tho loudinn ef tho
notvork by tho asasuring motor bocumo noticondlos To
provent this loading offoet o cathode fellovwor unit voo
dosignod and cavloyad us & loy inopodinco natching unit.
Thic unit has an inpat inpoduneo of progtor than GO liog-
ohms ani tho output iapcdanco of G0 ohmne. Tho cuthodo
followor vill have ioin of leco than unity wnd for this

énit it wap found to bo 0.8, ond vas wory studle in
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oporation. In ordur to pot tho corroct outmat of tho
notuworl tha qctual nousured amplitudeo 4t tho cothodo
follovor torainals 1s to be cultipliod by o factor
(10/9). 7tho gaplitudo docsromont fuctor ( N ) s
@ofinod us a rutio of tho oulimat to 4aput anplitula.

a0 tho attonuiation of tho amnlituio for nons notvoarks
und oopocially for hi_hor huroonics 1o cufficicntly
hizhy 1f on input voltage of unit anplitudo 15 fod to
tho notuoriz tho ontpat may bo of tho ordor of fow
millivolts,. Sho lovest voltogo thut cun bo raad in tho
VeiaV.lie wuo 01 V (pook to pouk). Honeo, in d0tore
oining tho woplitude Jocroment factors, un input sanli-
tude of GO V (pauk to peak) was applied und the output
smplitudos oro sostly withiag tho ocuasurublo rungo. LF
dividing tho cutput voltugo (aftor sorrceting for tho
Cathode follouvor) by tho input voltugo (62 V) tho wanli-
tude docromant fuctor 1o obtolneld,

Inspito of this procoduro, in u fov e-wo00
tho output vas found to bz bolow 0.1 V. TFor wuch
peasurozonts a connorceially uvailablo Lloctronic [illli-

voltootor roading upto 0.1 nv wpo ucod aftor culibrution.

iFhaso dapsurenont

Lecurato mousurcnont of phacs lag wnglon
poicl a problom. Comiorciolly mudo cquigmont woro not

roadily ovallablos. Initiolly 1t was nooouroed on o
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double 3sam osecilloteapo. oolartron type SO 711 o, by
gimultonoously disploying tho insut and output wave
forms and tho phosu shift was noted on thu culib.-outed
expondel time baso. Though thic maethod enabled one to
nmuko quantitativo mousuremonts, the accurucy was not
nigh, ospoelolly for snall phuso shifts. The othor
disadvintaso was that the moasuring »rocedurs was time

consuming and tedious.

To fueilituto shase wmoauuromants, o direct
roading /udio phuscmetor vwas desijned und fubricsted.
iile instrument rouds with an accurog) ofilQ, throu hsat
the auilo froqueney range, over a wide range of input
amplituiss 2.3 to 193 V and irrospective of tha uau'lo
signal frejucency un!or nleasurcemeont. Photograghs of the

phigs mater are chown in plutes 3 unl 4.

«10  Jasign Srincinlas of Phase idator

Varlious tochalgues havo boen devolopad for
the phude wun o peasuromonts of »oriodice signals. Thouo
amployed cathode ruy tubo nothod (80), vector addition
of voltagos (51) und null wethods (52). Dut theco
tochnliqueo luek in preclsion wund are not capable of
meusuring phaso anglos dircctly in degress, In somo
maethois the anmplitudes of thy tus signols oust be nude

aqual und the c.libration is frogquoncr-songitive,
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Uso of tho forcgoigg matheds havo boon
suncroelal by lroct racling shascaoters (63, 54).
ho batle wrincinlo of this typs of phuse ooter o
soncing tho ohaso ovhifts av o rol.tive tino deloay
botwasn ths zoro-oris eroscin s of tho roforonz2 and

PRUS0 loluyed puve forns.

he dircet phaso mecsurin; to hniques gohe
sict of tuo oporutiame nomoly convorsien of iaput sine
waves dnt) oQuary wevold, presorving tholir timou of
zoro-uxiy crosuings, and una eloetronic dovices whoso
indic: ticns uare liasur functions of woro crocsin _-tins
intorvelos. Shough tho priacinle anaoars t9 bo sinplo,
canpleonities of circuit 4osign sro cncountorsd in muine
tcdning cepreunis orosiin_g of insut onld oataul o ves,
throushont al 4n roiuein, thoe initrazontal crrort.

she bloc: ddupes of tho ohiie molor 10 chovn in 15.(3.3).

<he instrucont consioto of tro idonticul
channaloe Tho flrot otupoe of occh chunncl 10 o cathodo
follouvor with o hi h luput iaopoldunco (about 70 oopohus)
und provants tho lo:ding of tho notvors unucor ~tudy.
The outZut of tho catholo follovoer 10 c1lippod scynootrie
C.lly .t 1.0 volts boforo it iufeou to the ,rid of tho
noxt hi_a pain coplifior. oi_nul asplitudos vhooo noalt
velue eneucds 1.0 volto aroe clipped off ot thisc lovel,
vhile caullor gi _nulo wcro cli;wd in ths pubscoguont

staget of the wunplificr. Jith the aii of un wttomuustor,
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PLATE 6

Symmetrical Squarewave
output of the two
channels.

Y

PLATE 5

Input to the two channels
(excitatiom & response of
the R.C. Network)

PLATE 7

Bistable output
corresponding to the
phase difference
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again restoring (tho conduction to A) the initial

conditions and maintains it for a time interval Tp .
The action is'repetitive. It is obvious that greater
the phase lag between the reference and the test
signals, the lurger is the fraction of a cycle for
which B conducts und hence will be higher in the D.C.
average indicated by the microammotér put in series
with 1its anode. The phase difference is directly .
proportional to the fruction Ty (T; + T») and hence
to the uverage currcnt through the anode circuit of B.

A typicul bistable output with phuse deluyed si nuls

is shown in plate 7. g
Phase angle T
P g 2
(Tl"’Tg)
T
@:: C 1 :ch
Ty + Tp

whore ¢ 1s a constant and Iy is the averuge curront
through the anode circuit of B indicated by the meter.
The meter dial wus calibrated directly in terms of
phase engles (degrees) linearly. The phuse angles from
0-360° degreos in six ranges 0-45°, 0-90°, 0-180°,
180-226%, 180-270° and 180-360° were obtained with

sulteble shunts to the microammeter.

The phuse invertsr incorporated in channel 1

was used to producs 180° phase shift. This arrangement
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en.blec measuranont of phuse angles beyond 190°
(132-350°) by trunsposing thea into ths lowar rangas

uni hence without 1locs of moasuring cccuracys. Yho

circult diugrom of the phasomoteor is chown in Dig. (32.8).

With thic speciully docigned .wmdlo phuso
watur, the neobleon of accuraslio lotorainution or phuse
l.g wngled hul begn cinplificd consilerably wnd boing a
direot vo.ding t/po, guloll gozsuromants ure mudo NOUIL-

blo, ciapurad to tho cutiuode ray oseillo r.ohic sethod.

The complete experimontal setup Jor the
deterainition of thera«l csystem functions of builliing
olsments by the aléctrical Jalogue aethod Lo sliowm in
plute 8 and 1lluciratel by ihe bloaek Jdupran F12.(3.6).
with this setup it 1L possibly Lo vluulats an;.%yga of
builiin, coaponont, wall, roof or {loor, etc. homo c-
necus or cauposite (multl layor), wvith 1ittle oftort.
«his system 1o purticularly suituble for the study of
tho offuet of wurlous parunitoerss, svaceiully, the
influenco of -upfuew bewl deunufor vacfisiusnta on the
ovarull thornul Llaaviour un.ur ncriodic hoat Llovw

QO evi0us e
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introduction

Iho heat flov throu h o bedy 1s cnalosous
to the currunt flo througl, o nonein.iuctive tounse
miccion lino vith . tributed recistuncs und copucie
tonces. 7o rogr@sent o bulldin, cleasat in tho
alustric. i 30.19) by ¢ trunuslusion linc of ryogpconuble
loa_th i diiTicult. Huaco, in tho study of the
problszc of hoat (r.onufor Lhoough builddin: clemzato,
apsroxitete ropro.ontations by lumpsd eircuits wro
uscis. daghenmatieally “lunping™ 1o tho roncoocntatim
of o purtial -1iffcrentiasl squation by aa aporezizuto
finito Jifferenco cauution. She Buh.iviour of tha
lunpeld circult upprouchos ¢his distributel cyston us
tho nanbsr of lusps wre ingrouscd. duavor, thors ure
cortain nroctical linttations duz 45 tho componont
qu:llities wnd cogt, vhizsh »ustrict the nuaber of ludpo
u.el in tho nétyorz. ..» tho Lirct wroblea ic t9 ‘otore
nine tho gotizum ausber of luan, ragaired to rosrcsont
¢ theraal systen for obluinin, rcacoubly aceurcto
rosults, 7Tho errars introiucci dul s luding dopond
01 oy fuctors suach 4o thiziaouss und propartics of tho

mokandnl, tha Ly of lunyel eircuit (T, L or IT notuorls),



nuaber of luaps ulai, bounuary comlitions, curfacs
filu rosistuncos, frogucnoy of the input vove forn
and tho losution 3¢ the point of Ifnturest in the

notworke

vavueral investigators have stuliaed this
problen undor uvpocified boundury c.oniitions. Puschiiu
and idodslor (565) have investijutod tho inuccupacios
of av Jundped edreulis at differont Jopths il tian
intorvuls using 4 step ifunction excitation. Jhs
influsnce »f fila resiot _ncos on tho urrors Woro daiso
stuiled. In tholr studie., 1? luips wero tugen to be
tho equivilent of tho ddutributed valuo. io voltupo
'v:riations(whlch correcyonls to tho teiswr.ture rice)
with tinc <t tho jJunction pointsaf the virlou. lunnad
gircuit vlen . ats wers compure? 4ith thoue of tho 12
luy valuss. Thodr resulss inldicated that (1) five
lumps puve sufficlont accuracy exzent for rolutively
omall valuog of ¢/..¢ (rutio of ths time wt vwhich
pecourozonts were tiken to the tiae conutunt of the
circulit), (i1) for high ritio. of the £1iln rosistenco
to thoe cireuit reusictence tho nuabor of luaps used hid
no uipnificunt influeiaco, (i111) inslde film rosistinca
had smallor influsiaee thua the oxsternal £iln rosivtunce,
Lnd (iv) luapsed circult ropruscatution of thoe buildin,
elumsnt without thu inclusioa of £ilo resiutuances, would

prOSCAt DLXi0ud orrors.  Lawson and NCpuiroe (33) have
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shovn that for a semi infinite slab, with a step
function excitation, the rosponses sre identiecal
after the first section for T, L and 7T sections.
Klein, et.al. (56) have analysed the distribution
orrors in a finite bar, subjected to a step function
excitation at one end, the othor maintuained at con-
stant potentiul. Theyhave found that the errors, at
tho centre of the bar have shown a high positive
departure during tho early part of tho trunsient and
reduced to nogative errors - 6 per cent for S lumps
and -~ 2 por cent for 11 lumps. Clurkeo (57) has ana-
lysod the error in 4 finite bar represented by diffe-
rent numbor of L coctions one end of which is supplied w
with a constunt hoat flux, tho other end being per-
foctly insuluatod. It wes found that tho deviation of
the lumped systcm bchuviour from that of tho distri-
buted one, at the insuloted ond of the bar wvas alwvays
positive but docreascd with timo. Friedman (58) has
estimated an upper limit of the error between the
exact solution and 1ts lumped parameter analogue for
tho case examined by Klein et.al. The solution for
the lumped system of 'T' sections was ;iven by
Jaegor (59) and the oxact anulytical solution was
provided by Carslaw aﬁd Jaeger (60). The orrors werc
groatest at the first section and docreased rapidly
for points farthor off from the source. Robertson and

Gross (384) have comparod the porcentuge errors for open



and chort circuit terainitions for ste funztion
axcitation, «id concluigd that Lhe chunges in the
elireuly terainution do not ro.ult in uppreciubloe

chaa_s. in the errors within the lumped circult.

oct of the above iavuotigatops huve
contilereld tho truansicnt rauponce for stop function
gavitution, Howoveor, ¢s nontionad eurlicr, the
sxtornul dboundury coniitionc for o bullding olomont
cu1l bo reprosonted by ths sol-oir touaporature whieh
cund Do exnprossod vith culficieont uccuracy o« a J.urier
suPics with threo or four hurmonic ccmponintss. ilunes,
it 1u ufficiont to considoer tho luaping osdoss for
Lho fandascntel wnd two or throu higher haraonic oinu-
<oidul inputs. Joesipning of iuapos c¢ircults for a
iluited frequency ronge i1owde to loc.ur nuubor of
scetions than wre neodud fouo o {runcicnt rooponuae for
« stop function. DLurnang (43) hus suggooten that
‘idvision of o comzonly uwco!l wall o roof Cclonont into
3 or 4 caoekions vould by o sufficlant coproxiaution

to the truo unalofy.

Jlason (61) prosentoad an approxioate moihod
of sclucting tho nudber of lumps, busicd on filter net-
wr% wnplysis 1a toras of the wave lzongth of tho
tazporuturs w vy throu h thoa rodiwa. o hus Shown that
if thu length of suelr luipad soection 'LT 1y 578, tho

Araoes Would bu withla 8 por cont of the “iutrlbuted
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GCaCe ““'*“”Q ol Jupsdloo (356) Dovo opplicd onde
onowolphth wavo longth represontuticn to tho poriedlc
hout gonduetion through buillding olconto and huvo
dorived cn onprosuion botroon tho thicinoss of tho
m&ﬁarial;raprwﬁanting ouch iucp and tho thopod
ﬁxffuuiviby of tho pptorlal { o ), ond tho 2reqn ney
of ghu/&hﬁrmal oyclo (£} ao

!.
¢ :
!

Db dwa [ R

i

Bruh%;ﬁ@.al. (G2) hod pointod out that tho obova
criﬁ&ﬁian nay bo usoful fop henosonosun ostrueturco,
but ﬁd\nst hold pood for composito conotructions.
Shoy h@va 0lco oheun that tho froctlien of wavo lcn;ta
nacaaﬁ fab 6  oocurcoy varied botwosn /25 to VA2
for aamgqg@tc conntructions. %Shic imilentor thut in
a csapasith esastruction tho ocnnor in which o piven
matariul}ia locatcl in polation o othor outericla,
1a£luunc#s tho vigo of lunp to Do uced Lor obtoining
a uaocthca aeguragye wtophcnoen and Littulas (GJ)
havo uaﬁparcd tho thoorotical froquoncy rospoenses of
diﬂtrinﬁﬂad und lunpcd noteorko onploying lintrix
mothodq Thoy have astoenpted to procent o rational
untho@ of doaigning setivo ao woll wo pactiveo anotuorio
to raéroucat heaogonooun slabo, to wny dosized dopred
of &dcuracy, Recontly turroy ond Londis (64) havo
ﬂaﬁivnd tatriz cguations for ostiaating tho lunning



orrors of any poarcmotors

7ho dotoroination of orroro introducod duo
to lunping roguiros a comporicion of tho notwork
golution wvith an axnct annlyticul sclution for tho
diotributod oyston. Tho analytical solution 1o o
difficult ono porticularly for componito conotpructions.
Inotoad Droako ot.als (G2) havo adopted an oxporicontol
procciurc in vhich the ouabor of lunps arc inercaccd
to an oxtont, vhoro furthor incrawuco of lunps doos not

cipnificently oltor tho troncfor functions.

Thoupgh o pgeod dool of thooroticul oo woll
ob onporicontol otuldios wore curricd out om this
problon of lunping, no dofinlto geaorulioations rojurde-
ing tho choico of ¢tho numbors of lumps boautcd on tho
knowlodpe of the thormal proportics (ilosictoneo and
Capoeitanco) apo availablo. Honeo, o systonatie
study of tho offact of varicus purcotors on tho lunpe
ing orrors wos carriod out thoorotically (Hutrix mothed)
ond oxporinontelly. Tho totul orrorsin an.loguo ctudios
_ aro,duo to lunping, conponont tolorancos and poasuro=
monts. In ordor to soparato tho lumping orrors from
othor orrors, thooroticul calculation of lumping oprors
havo to bo nudo. Tho procoduro followod horo vas to
coleuleto tho trunofor functions for both tho distri-

buted and lunpod eircult roprovantotions, starting with
ono luip and incroasing to 10 lunps, for difforcat



thormal time conctunts (RC) ranging fram 0.5 to 200
cnd thon to compuaro thoir nodulii. ond argunento.

Tho follewing uspocts woro includod in
tho ostudy s- '

1. Joloetion of tho typo of notwork (T, L or77)
conficuration, for obtaining o spoeificd
accuracey vith nininun nunboy of ocetiono.

2. Dotoruinotion of tho vurintion of porcon-
togo orrors in trancfor funciion (aaplitulo
doercacnts and phaso lago) oo ulfuncticn of
tho thorool tino consotonts (RC) wnd tho
aunbor of lunps, for tho bost tyspe of aot-
vorlz (obtuinod froa tho rosults of (1).

3. Lvaluafilon of tho influcnco of filo Ponis=
tancou on ths lunping crrors of transfor
functiono.

¢s Dotorninution of tho offoet of input

froquency en tho lupnping orrors.

4.2  ghatea of tha Jiotvosk

70 dotornino vhich typo of notvork (7, L
or/T) will yilold boot ropults vith lossor nunbor of
lunps for pny btuilding olenont of o pgivon thopoal
tizo conotont (LQT), tho traonsnission matridaof tho
lunpod and distributod syctons voro eaaputﬁd and
coaporcd.
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For o lunpad circuit of *{!' notwoprk
olconto, tho ovorall tronsfor natrix 4o obtoinod by
nutrix multlipliicatlion of the transfor ootriz of ocach
lunp *'IJ* timoss Tho ovoranll tranpnisoion motricos
for 1, 3, 4, G, 8, ond 20 lunpo, for all tho throo
notuori: configurations oro c¢alculatod. Tho caloue
lotcd lunped patrin clcnonts aro for (¢ valuos pon(e
ing £roa 0.1 to 200 and tho distributod putrix olo-
nonto cro incluvded in Appondix (). This dato will
oneblo o guiel cstination of tho lunping orrors, in
tho dotoraination of tho surfaco tooporaturca, hoot
fluxcs and tho thoroal oysten funmcticons,

For curfaco to surfacc trunsoicgoion vith
opon clrcuit toroinstion (concidorin; tho oatoriul
alono vithout surfaco hoot tronsfor coofficicnts tho
tronofor function 1o givon by tho roelprocal of tho
olornt *4A' of tho transoisolon matrix 1.0., _L__.
thoro 4 45 o conplox nunbor. In ordor to aﬂtinﬁto
the lunping orrors, tho oocdulus and arjgumonts of tho
tranofor functiong for dxntfibutod uwnd thoe lunpad
T and L notwozrlo of 1, 2, 4 und 8 lumps for BC valuoo
frea 046 to 50, havo boon dotornined and conporcd in
Pigo. (4.1 ond 4.2)s %ho paterin olocont 'A' 4s tho

oono for T and 77 notworko.

Zho pogulto hoavo shovn that tho luapsd T

and 7T edrcult confirurctions civo loao doviation
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£ron tho distributcd valuco then tho L typoe. In both
tho crrors in ocaplitudo ao woll as phaso docronsod
vith incroacing nunbor of lumps for ony yivon ¢ valuo,
Por largo 8C valuoo looo than 4 lumps are totally
inadoquatos Basod on thoso rosults, tho 'T' tipo of
notvoris was finally choson for furthor studiecs on tho
offoct of various factors on tho lunping orrors.

Tho ¢ransfor functions arc computod, for
distpibutod ond luoped *2' eircuits of L, 2, &, G, 3
snd 10 lunpo for il valuvas £ron 0.1 to 200 uro given
in Fablo (4.1). Tho porcontono orrors due to lumning
and its roduction vwith tho nunbor of lunps vorc dotor-
gincd for oatrin oloncnts A, D and € (both acdulus and
argucont) and aro prosonted in Figs. (4.3, 4.4 2 4.6
poopoctivoly). Thooo cooparicsions woro nodo for tho
fundeacntel froquoncy which Lo post cipnificant. Tho
roculto of thoce studios aro bdbrosdly su—nariscd in
fablo (¢.2)

ZoOLa  (Ga2)

Thoranl ¢imo ¥ {os of lumps
ccnatont ' pcquircd
G '
Upto 1 1 lunp
Botuvoon ) und 8 2 luapo
" 6 gnl 2D 4 lunps
» 2% und S50 8 lunpo
° 80 and 100 10 lunpo

sbove 100 goro than 12 lunps
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$0is indicutop that tho number of lulps arc proporticaal
to tho oguuro root of *RKC. This providos a basis for
tho dircct scloction of tho numbor of lumps roguirced to
poprosont any bullding olcmont of knoun thermal ting
constent (RC), cnourdng an nccurncy of 2 to 3 § in tho
teonsfor functionn. Tho above eritorignof lumping won
coploycad for furthor osiudios by tho inaloguo mithod.
Tho trcnofor functions vors dotoroincd,by tho Araloguo
nothod, for bullding olomonts having differont tics
conotunto, for tho fundanontal ond throo highehsroonics..
Thooo aro coaporcd with tho corrogponding distribvuted
oyston trunofor functions (comgutod) in Flﬁ. (44B) .
wineco omporimontal orrors woro af'tha or.ior of 2 to 3 j,

eny attonpt to obtain bottor procicion by incroasing

the nuzbor of lunpo than thooo rocontondod horo is not
Juotifiablo.

Ged

It hos boon pointed out (49, 858) that tho
boundary conditions influonco tho lunping orrors tut
quantitativo vordation of thoso orrors uith ocupfoce
filo rosistaoncos have not oo far beon fully ovaluated
for osimusoidol inputs.

Inclusion of tho surfoco £1ln rosistuncos
on cithor sido of tho building olomont will altor tho

.  ulEp
BTN

PA%s.ARA0 tronofor notrix io

) _ e
N s B
. or P

ovorall tronopliooion
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iiven by
r__ — o P o -3 e -
At B! 8 1/hg & 3 b § /by
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c! D? Q 1 C 2 0 1
K i A R S |
o (2)

For such & ¢..0 the overall tronsfor function, { \; /%)
is given by 1/i!
whaore

4t = A% 3hy + C/hy + 0 hy/h, SRE
The elemynts 4 gnid U of the matrix of tho buildin,
component, depend only on the thormal timo constwnt (o)
for u givan frejuences, while slem.ats U wnd © will
depond both on the thormul tise constuant und tho ther-
mul resistunga (W), IHanee, the ovurall truansfer funce
tion will not only desend on 'Ko' but ulso on the
ratios of .i/idg, A5/R] and iy/uy whoere i und lig aro the
rociprocals of the turfaco hout trunsfor coofficlonts
hy @4nd hy rvespectively. Thiu iomplios that building
componcnts having the samo thermul tinme constunt (V)
but difforent thormal resictaonces will pgive aiffcront
transfor functionse Honee for ovaluuting tho oficct
of film rocist.ncas or luasping errors, four upsecific
vulues of ¢ with fixcd rosistunves, sach reproconting

a eluss of mutariuls commonly used in practice, woro



o2 s

L 3]

chosone. Thove are tw

i) He = 0.1 wnd I = 0,1 vhich roprecents
highly canducting sectlong lilke asbestos
comont and Galvenised Iron cheets, gluss
 pancs otcs

1) BE = 1,0 uw = 5,) which reprosento hi h
rasistive lov cupucity inouliting mute.iuls
1like, slag woél, thermocola Gle.

1i11) do ® 10 4 = 14D « jdiun rosistance and
nediua capuclty type roeprecenting u range
of Bi ht weipht concrotec.
und 1iv) 1C = 8)y, d = 3,0 -~ litgh cupuci?y snd hi h
density <yoe of heuvy mutericls like uven.o

conorate, uUrici, stone vtce.

The nuaber of lump. reguired for euch cuso wus fixeo
according to Table (4.2) und wero 1, 2, 4 and 8
rospactivoly for those four cuses considered. Thoso
we und 1 values chouen woull provide o foirly ripro-
sentativo Lioa of the lumping errors us influoncoed by
the surface recistuncss for most of tho commonly ucod

bulliing materials in thoir usual thicknosiLos.

Jor such cuco the irunifey functions (uasli-
tude doceroezusnt wnd phasce lag) woro coaputsi for oxtor-
nul surface heut transfor coufficiunt (hyl of values
ledy 2403y 38y GeDy 8,0 uni 10.0 with G fixol insi.e



st &3 3

filo conductuncs (hy) of 1.5, anl also for intornal
surfaco heut truncfor coofficlent (hy) of valuos 3.5,
1s0y LeBy 240 ond 540 with o fixsd hy of 30. un-
porinentol ond thoorotical wvalues of transfor funce
tiono for Jdictributed ond lumpod systons, aro coapurad
in Tobles (4.3 and Ge4),

Tho anologue and conputed {(llatrix calcu-
1atod) lunpod eircult tranafor functlons worc lotici
aguinot tho listributed tronsfor fuactions, onl thovn
in Pig. (4;6). thoe igoul corrolution curvo woul' bo
o struipht 1ino pascing throuh tho origin ouking 45°
with tho axcs. Yo doviations in ¢ho wmplitude
doeisment factor froa tho 1 cal line wors only 22 to 3
poreont, irroopoetivo of the *N2Y valuo wnld tho osurew
fueo coofficliont vouriution, whon tho gbovo rocomonpdod
nuabur of lumps voro noed. Tau doviltions of tho
phase laop angles from tho 1doul curvo uppour to bo
lurgey for lov phusoe laog anglos than for highor phaso
logs, An Vig. (4.6) but whon plotted linoarly this
doviation 1u tho uime (within 3°) ull over. In oll
practical problens, such dovistions aro sminuto and

are incig nificonte

By a closo cxanin.tion of the oguotion (3)
giving the ovorall truncfor function in torns of tho
putriz coufficionts for tho building coloanont and

vurfaco reciotonecs, the following eomaonto are
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i)

11)

111)

iv)

Tho matrix olement ‘4'is not uffocted by
the inclusion of surfuce rosistoncoes,
vhoreae tho coofficiont'B’ 1o affected by
inoide curface film rosistunco by the
rotio of R/Rys Coofficlent(ic affcctod
by the extornal surfaco £1ln resiostanco
by tho rutlo Ry,/R whlle tho coefficiont
2 1o affocted by both tho surfuco rosise
tancos by the ratio RQ/HA‘

If Ay Bys Gy and D be the oleasnts of
thao tronssisgion outrix of en 'HY lunped
circuit, the error: duo to lumping in
individuul mutrlx clements will be

(4 = ig)y (B =~ By) R/Rg3 (C - C) /R
und (& - Dy) By/H, reupaectively. Ihe
totul lumping orror will then be cuccu-
lativa.

For a given 0 and surfaco resistancos
Ro und 04, the error (B - By) A/hy will
incroase vith tho incroase of U whilo the
error (. - Cy) R /& will decreaso.

Yor o glvon L and R, increase in g will
incroase the error in (C - C;) Ry/it and

(0 = D) dp/hy Valuos
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s &7 ¢

vhilo an incroauc in ii will docroaso (3 - B) Wi,
ond (O = 3;3} 110/'31 tha orror in (., - A:z) will be
unaltercd. For a givon nunmbor of lumps thoe orror in
all tho four clomentgs vill incercaco with incroasing

“We and froquoncye

A8 toon fron thd ubove, for uny p.rticulor
conlitlon, tho ovorull corror In a lumped circult will
dopond on tho relutive incrouio or doereaso of tho
errors duc tu (U - B;) Wy and (3 = C) ng/ und
(0 - uﬁ) fgfily wo thoso orrors opidze cuch othor.
Undeor naturol coniitions the oxtornul surfoeo roclio-
tunco will boe uiually lcess than thut of tuo intornal
surf_co reslcotencos Ilunes, tho not civocet of surf. ce
rouictuness 1o Lo ruiucu tho orrore Juo to lusping.
ahizge conclusions cun 4lGo Lo verificd froa tho huta

given in Tublos (4.3 and 4.4).

wifo

For o (lvon thernmul tino conttant (12) und
firxod nuober of lunpa ucol, tho orror botwoon the
lunpod and idstributed transfor funetions vill inerouce
uith tho incrouse of froguoncy. Jith tho inocrc.ic of
froguency, tho trunafor constant © which 4L given by

JEZ§é~ :111 also incroowoo. Tor hiphor valuc. of O

2
lar er nuaber of lunps uro to be oaployed.
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Tho offoet of hiighor hormonices can bdo
troatod uc 17 tho '®C' vaolua 45 inercusod in horaenie
oteps and the f{requency itoelf 15 unoltorod. %ho '
adventopo of thio aporoach 1s thot the curves alrocdy
drava batwoon 4C and tronsfor functions unl orrors
for the fundamontal f{roquoncey, may bo utilicod for
tho hijhor harooales as woll, to obtain tio ubovb

montloncd guantitioo.

It follows that if tho nuobor of lunn. to
bo useld uro solceted on tho basiu of the fundeaontal

froguoncey, incoeaced orrors aro lilsly to cccur fov

‘highor horaonie fnputs. Housover, for pructiceul cuso

of a purioldice sol-air tcoporuturc excitation, the
ovorull orrors will not bo incroccod to uny si nifi-
cant oxtent, ag tho highor hurmonic connonunts in tho
sol=0ir tonporaturc will uwcually b3 of loror amplie.

tudas thon tho fundonentol and tho attonuation in tho

~amplitudo for highor hurnonies will bo guito high.

Comparlha Conotructiong

wvaluution of luoping orror in coaposito
constructions, corotically 1o highly invelved. In
order to cstimzto tho ovorall orrors of the /nuloguo
mothod Lfor conposito constructions, tho latrix calcuw

lated distributed systen tranufor functions voro
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cozpared with fnajogue results for come typleal
compocite vall puncls in Table (4.5). In cotting up
the anclogue nodcl, ocach hoadogonoous scction of tho
coupouite pancl wuo reprosonted by the numbor of
lunps as racommonded in Tablo (4.8). Tho compurie
sions indicute,thot such a wothoed of represontution

1s pormicsiblo to obtalin reasonably accurato rosults,
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5.1. Introduction

Baforo tking up o study of now problcas on
a lurpgo soule by the vnalopuo mothed, it 19 noeosgsary to
chack the analogue porforacunce with cxpordnantyal roauits,
undaf difforcont boundary con'ltions. 1t vas thorufoio
proposod to vorify tho B-C notvork unaleo uc bohoviour by
coapuring tho analogus prailictel diurnul teancruturs
varlations of iacido surfagos with those actuully nousurcd
onos sh full sculo oxporineatol housocs. For thlc uepo.o
four casoo, for vhich thoraul duta and tho bonhﬁury Lonit-
tions wero avuiludlo, huvo boon chocone These uro jivon

in Tablo (5,1).

2B,
wl.® Building ¥ faxtornal ‘interaol
llo.* wlonont + Conotruction ‘Boundory ‘Boundary
1 ] 4 't:sz!!;!L!algu'gg!!';zglgxl
1. Hdoaszoncous Q4,26 inch surfuceo Incilo oir
ao0f coneroto input tcaporaturo
wlad conutunte.
s LEologonoous ©.25 inch " "
Jall Srick
3. Hoaozenoous » : wolenlir "
«<ull input
4s Uozpasito 17 plastor + wurfuco Indoor oir
wall 17 Thermogolo input tonnoraturo

“ 4'" Dpiclr + 4%
pluster



Apychoudhurli (G65) hos ostuiiod tho hout
flow variotions throuph o concrote olab 4,35 inch
thicikk vhich foraocu the roof of u wall insulatod
onclosuroes Tho oxternzl surfuce was oxpoced to
n.turgl veathor coniitionas, uhilo-ﬁho insiic oulir
tcaporature of tha anclosure oaintuined noorly
canotants The curfaco tonmporaturcs vare nouasured

continuously over 33 hoars with thoroocouploS.

Yhe physicul nroportios of tho goncroto

slad arc given in Iuble (5.2).

Shicauens (L) = 4,20 inchus
shopsal poldotencs of the ulab 4 = 2,32
aoraul eudoeldty of tho oludb v 210.3

This cuncroto clab (vith an 'ue® valuo of ¢.0) cun
bo wddquatcly roproconted on the Jnulojuo by 4 lumpoed
'3 circult noteorit.

ad thﬁ axtornal gurfaes teuporsturs foros
tho cutornul boundury condition, tho outsido surfaco
coafficicnt (hy) naocd not bo included in tho analojuo
elrcuit. ihc incido surfuco coofficlent (hy) is
cocuscd to bo constunt, of vulus 1.5 Btu/?t?)ﬁr/Q?.
“ha eonercte slub was siouloted on the .nulojsuo with

tho [ivan bounldary coniitions andl tha truncfor
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PHYICHL PLOPATLIS OF TH |
L UEPo L Fak o

] [ ] [
be ¢ laterial ' K " P ' 8
E?Qw ' L ] ]
- ? ' '
1. Conerate 10,8 132 0.22
2« DBrick B8 11?7 230
3. Plaster 1240 120 .22
4. Tharmocole 042 1 Je32
B, Brick SAQ 100 0-31
K = Thormal conductivity in Btu.in/Ft2.lr.o?
¢ = Doncity in Lb/it3
g & Jpeoific heat in Btu/LbL.OP |
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functiono nhilé#%@is/tos) ia constant for the
fundanontol and two hiher harmonics woro dotornined.

Those aro given in Table (5.3).

Yhe maasursed ezternal surface tonpara~
tures wore harnonicully unglysed and its Pourier

raprocontotion 1o given dby eguation (1)

tog (T) = G5.20 + 18.67 Cos (15 t - 54043")
+ BG.7 Coo (30 t - 54952') ..(L)
+ 1.53 Cos (48 t - 47°30")

Juniazontul wnd tws hurmonic torms aurc found to beo
suffistent for a fairly accur.te rosresontuation of

the aotual wuve ford.

Yho uarrgspanding rourler roprecontution
of the inside .urf.co 'tamperutura variation, cun bo
obtained with a knowlaedge of tho ‘U' valuo uni
transfer functions of the ulub, by using liowgten
et.al. {63) mothod. Tho Pourior cquution of tho

incide Jurfuace tenmporature 1is obtalne. as

tig (T) = 66.20 + 13.6 vos (18 t ~ 82%3")
+ 3.3 Cos (30 t «128954') ..(2)
+ 0.8 .os (45 t -121%30%)

Tho diurnal variotlon of inslie surfuco temporuturc:
ware obtoined by synthesising the egquation (2) amd

aro coapured with tho mvasurod tenporuturss in
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5.3

Pige (Gel)e Troa 24y, (5.1) it cun bo seon,thut ths
sprocoent, botuwoon the noadured and analopus prodicted
tonporature, 1 gacd-{within 3 por cont) throughout tho
dnily cyelo oxeopt at tho initial houroc.

Roux (G7) had iavestigotsd, hovy fur the use
of tho onulytical solutions dovclonsi, by lougnton
ot.ols (GG) und lcekoy and Jri_ht (22) for non-ustoody
stato heut flou throu il materi.lo wit.h oll tholr
sinplifying aosuantions ure Juitificd for pruvticul
bullding preblcms. Inm hioc invuztli utions a roon with
all tho four Jiqeo DLQo up of wills of Lrichk whoss

physieul proportics, are given in ZTublo (5.2).

shic.nous (L) = D.28 inchog
Abeesul rosictoneg of tus wall W = 1.44

ihermal cupacity of tho vall ¢ = 1B.,2

Tho incilo uir toaporanture was kopt conutont by wn
sir-conlitioning syoten und outsido and insideo vurface
toaparaturcd worse mousured. Jho ingldo uvurfuced co-
officient vas tuken 1.4 Btuw/-q.£6/i0/% und osouncd
conctunte Thin brick wall of ©.20 inshou thicitnosa,
huving an 0t volue of 35.9 can bo ropoosontod on tho
analoguo by 8 lunps 2f 'TY notuork with oufficiont

aegursey. Sho trunusfor fanctions (unmplitulde Jdoercnont
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foctor ond phaoso lug) of tho briek wull vorae dotor-
aincd by tho annloguo mothod, for tho funianontal und
throo highor harmonicos, Thoso aro piven in Tublo (6.3)

alonguith tho comxutod valuos by tho un_ lytical oothols,

Tho Fourder anclysis of the outollo curfuco
teaporaturcs for g north wall on & sunior test day 1o

givon by

tog (T) = 768.73 + 15.83 uin (16 t - 133°%10')
+ 4463 Lin (30 t - 303°G3%)
+ 1l.47 win (45 t - 133957¢)
+ 0.14 vin (692 t - ©1%a%)

«e(3)

4

wtoody stato comonont of tho insido surfueo tooparie

turc 1s obtoined frea tho oguation
tyy (woan) = 4, *+ U/hy '{tas (moun) - t;%} eel4)

The huraonice conpononto of thoe insido surfoco tonpora-

turo aro obtainod with tho holp of trunsfor functions
proviously doterminod.

ho Pourdor oguution for tho insido curfuco
tuanoraturaes corrosnoniing to tho 1npﬁt {(oguation - 3)
is thon obtulnsd as
tyn (T) = 72,32 + 3.83 Jin (15 t - 233%)
+ 23.20 LUin (30 ¢t - 929
+ 0,983 Lin (45 t - 3009)
+ 0,004 oin (62 t - 2769

0.(5)
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»

Tho hourly variation of inside surfacs temporuturod
obtuincd by synthoulsing the oguation (3) aro code
pared with tho moasurod and tho theoroctically conpus
tcd tonperatures in Fig. (5.2), It can bo soon from
the Fig. (8.2) thot tho apreccont batueon tho anulogue
and thooratisnlly computaed rosults is oxeollent

throughout daily cycle, while the dovigtions batiden

the anclogue and poasurod values, sre pord in tho
initial houras.

Tho abovoe two comparisicns aruv for o purtie
cular extornal boundury condition, vizg., outildo Lure
faco tooporature as tho input,. Por this purposc, tho
outoido surfuco tomporaturs vari.-tions aro to bo knoun.
Thaso aro not rocdily avalloeble, In ordor to mudto
thooretical und anclojuc mothods, practienblc tho
oxtornal houndary coniitions should bo computoblo
from tho availablo wouthor data. IHncloy wnd Jright (1)
havo introluced sol-nir tooporuturc coneopt, which
ean b commted fren tho hnown woothor data. ‘Thoy
have wloo providod t(hiocoraticoul solutions tuiking cole
alr toaperature o8 the cxtorndl bounlury con:ltion.
voux (63) hud mado uge of tho suemo roon (9.25 in.
briclt wulls) for ths vorification of tho thoorctical

golutiony, with thig soleair temporuturc input, In
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this cese the outside susfuce eoofflciont (h,) ic to
be lanclu.ed in the .nulogue eircult. Thoe outuldo und
insile curfucy coufliclents wure taken as 1.0 asnd

17 wtu/eqef84/18/% pospootivoly. The trunsfor
functions N/ (tss / toa) for this input boundary
coiiiltions will be difforont from tho provious onus.
ihosa trpnefer functions dotorminged by tkhe Janulopuo
alon,vith thouo thooreticully ceouputed urce wlso glven
in 1ule (6.38)« “ho Fourior cguation of the sol-air

tanpaerature for the experimentil condiitlions 1s plvon by

tg, ¢T) = G3.27 + Gl.48 Cou (15 t - 183%31Y)
+ 35,00 <oz (32t - 198* )

| o selB)
v B.76 Jus (46 t ~ 165°70%)

t  4.67 Cos (50 t - 189935Y)

£

The corresponiing inuilde curface teaperuaturcs obtolned,
from the known 'U' value anl tho tr.nsfer functions, 1o

given by eguution (7)

t1g (T) = 68,70 + 4.9 Cos (15 t - 29039)
¢+ 1.12 2oz (30 ¢t - 159%)
© 0,008 Cou (46t - 79)
+ 0,047 voo (G2 t - 69%)

05(7}

ihe timo teaperuture vuriutions obtuined by tho una-
lojue nethol und exnorizentaelly moucured onos are

comp.red in Jire (5.3).
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It is Ulio pouiible to Coterninc unaloe
oledlly tho cutulle surfuco temporatures of a build.
ing suri.ce for « Liven Bolealr tomnorature and
outallde surfase cosfficleat (h,). Por this parpose,
aextornad driving point trunsfor functions tos/tga
1.0e5 )\, /Ap,are to bo dotermined for the funjusentul
Jnd hi Gor harmonics. Fho pran outilde surfoce

teapcraturo 4. obtuinzl by tho eguation

tog (meen) = tg, (mean) - U/h, {Fsg {(zoun) - tin}-

o (3)
Tho oztern.l drivin, aoint tr.mcfer functions dotor-
mined by the anulogus wre jAven 10 “uble (8.%). The

fouris. roproLcat_tion of the outulie urfucs timperie
tarus corvacponiin, ¢o the giver Zole-aipr tenmporature

(oguation - G) for the brick wall 418 obtuinad us

tog (T) = 67.10 + 27,6 Coz (15 t - 2077)
+ 13.3 Cos (30 t - 219
+ 1,80 Los (45 t = 1979
+ 1.48 Cos (60 t - 2319)

e (D)

e compurision of tho wnalogicelly deteraingdt wnd
exporimentully macsured cutclle (urfacs tomperuturcs

arc cleco mpode in the ebovo ig. (5.3).

Thc doviotions betwaon tho mousured ond
analogus temporatures for the outulde vurfoes are

graater thun those Jor ths inulde surfies. This ouy
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be sttributed to two fuctory, nummoly (1) as ‘hy’

in diroctly da;dnﬁent an the outusilde wouther condle
tions, i liable to lurger vari.tions with tizs, than
‘hyt, wnd (11) tho sol-cky tompsratures &as suggested
by Huocltoy and vright noed corructlion for low tamperos
turo radistion exchonge tuking pluco botwaon tho
oxtornul surf_ co und its surroundingss. Tho computa-
tional methods caployed (1) for low tamporature
radiotion cotimation wry eapirlcal and noed inanroves

mant.

Inspito of thoie drawbucks the overall
agrecnent botioen the avusursi wnld unalogue predicted
outside surfucs tsaparatures may bo conuldered as

quite satisfictory, in de.ling with probleme of day

to day engincering pructica.

Tho above threo instonces are for houo-
(oneous conutructions. In practico muny dullding
elomonts oare owiu of composito sections. $ho internal
boundary coniition, of constunt indoor ulr teajerature,
1s truo for alr conditioneu enclosures only. But tho
moudn bulk of builliings aro unconditicned uni the

indoor alr tamporatures fluctuate poriculceully. Lence
a noro goneral cuse of u compositeo constructiocn with
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variablo indoor uir temporuture 1o also includoed for

the vorification of the anulopuo.

Roychoudhrdi o%: wl. (69) have reportad

oxporigent.l otudlos on tho offoct of

valls wnd roofo

{composdita) on tho indoor alr tonporuturos for une

conditionad rooms. Tho wuall choson for thoe prosont

study hao tho following constructionul dotoils s«

1" plastor, 1" thusmocolo, 4,% bricik, 59 plustor.

Tho ordor of tho luyers being froa ocatuido to insido.

Tho phycicul proportics of tho nutoriuls of cach loycr

ura given ia 2Lblo (8.2). Tho ogquations of tho oxtor-

nal curfaco tcaper-.turce wnd the indcor alr tolpcru-

turos which foro the doundury condiiions, wro given us

1) outzilo curf.es tcaporaturss
tos (T) ® 10G.6 + 21.33 Cos (16 t

+ B.41 Cos {30 ¢

+ 4.10 Coo (A6 ¢

+ 2.12 Coo (GO ¢
311) indoor air toaparaturos

tig (T) = £3.08 + 2,67 Cos (156 t =
+ 0,43 Cos (30 ¢t =
+ 0,003 Coo(45 ¢t ~
+ 3,14 Coa (69 ¢t -

in roprodonting t¢ho comnosito wall on

- 52931')
«~100°42%)
-185°241)
~-247°24*)

»+(10)

125%)
168°9121)
247%)
263°)

es{11)

tho Jnaloguo,

cach hooogoneous layor, 1s ropreccnted by tho nunbor
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of Jumps {buscd oa thoir .iC valuecs) as per oarlior
rocoazondations. Insido surfuco coofficicont is talton

88 1.5 Btu/bq.ft./ﬁr/qF und assumcd to be conctunt.

FPor a bounlary conlition vhore uir toanora-

turos on oithor oide vary, the probloa cun bo trcated
an conoictin, of two supsrposod parts, numely (1) sute-
oddo udr or surfocs tomporuture io vurioble, with o
constunt Indoor cir teanuraturo, wnd (11) indoor ulr
teaporaturs ic vardiublo vith constont outsido tceaporuw-
ture. Ll getual 11:370 wsurface tooperiturco vari.tion
1o then obt.inct by tho Lunpor nocition of thuy colutions
of thc two purti. iisaeo not onl, th. uluul truncfor
functions 7\iZEg% L.0,, (tlsftos) but ulco the intornul
driving point tronifor functlion 7<£éfhf1~9-: (Fic/tiu)
ig roguired. dhouo tuvwo soto of tran.for functions wro
datornined o1 the Anulo uwe ana pivon in Table (5.3).
Tho eguction for thn inslde surfaco teupuraturo in
torns of the boundury variotions wnd tronsfeor functions
ernt be cuprocsod s

tys (T) = t4, (oocn) + ifi Nimbog n 08 (Wnl-Yn-di)

neo

4
* 7\.‘.7\ tig n <os (Wnt-&,-in
LS

vhore t35 (mean) = ¢y, (maun) + U/hy {tos(suun) -ty (ny.n)

-

wabstituting tho nuasricual valuss for thios procont

exunnlo, tho lnciizs surfuco teaporaturc viuution 1o



0.70 Joo (156 t - 123%)
tig (7)) = 97.80¢ +U.23 Cos (3) t - 2099)
+7.078.00 (43 t - 3179)
+0.025C05 (GO t - 889)
| . (23)
22,18 Cos (15 t 1449 )
+ 31 Gos (37 ¢t - 2039)
+0.00 Cos (46 © - 302°)
+2,058350c (GO ¢ - 3009)

Zho hau:ly variagtions of the incido curfaco LoBPOTu=
turcs au obtoined by synthooising thoe equation (13)

und eoaporod with tho agcusurel valuss in 'ig. (5.4).

It con bo soon from Iiy. (5.4) thot thoe shnaloguo
praodictions ugrec clogcly with the mousurcd teapora-
turos as in the srr.vicus euwsss thia 3 to 4 por cont.
In the ohovy compasdiolas L0 i0 2masetel that the
Joviationu bavoeoa Lh Lnalofue proldctss wn. thoovce-
ticiily econacui Vveluzyd (o bo minizas oo oll tho cioglie-
£ying ascunptions m o in theorotic.l coapututions,
spply to tho ,auloyue aluoe. The doviations bdotucsen thou
pmossured and the theoroticil voluos guy bo wutiributed
to the folloving assuaptions mode in thoe thoorotical

solution te

1) <ho surfuco coofificicnts aro tukonm as of o
¢onatnt valuo, thiw h ia pructicu thoy vory
to u cortuin oztant.

1) Fhe prudiution oxchun o aut tho insido curfuco
huc not boun woupuratily tirouted, bub tho
inclie cusrfuco coofficicnt i taien us tho

eonbined rediction wand convection coafiiciont,.
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In otheory uvords ull tho hout trunsfor fraoa

tho inpido surfuco to tho iadoor alr is
taking placo Jiroctly through theo £ilm
cenductanco, duly corrcctod for radiction
transfoer.

iii) Tho sol-air or outsido curfuco tompuraturo
vavo forns, .ro idonticul on two succossive
ALyS e Thig asuaption 1s not sctrictly truos.
don=conforaity of this wussunption 45 oxpog-
tod to introducu iacroused doviations in tho
first fov houry corrooponding to tho time

lag pericd.

Bowever, ull the cbove simplifying assunpe
tiony aulde ia thic theory «nd the .nclojue orrors doult
in Chouter (4), combincdly do not cxmecod 3 to € per
cont for wll pructic.d problews. Tho prodictioqas of
parisiic toaporaturcs within 5 por cont of tho uctual
esnditiono cun bé congidorod us more thun sufficlont

for onginooring accuraclos.

“ho ubove compurislions, vwhieh cover tho
caasonly occurring boundury conditions and typos of
eongtructions, anply Justify tho validity of cdopting
tho cnalojuo oothod in tho propossd form, for studying
tho poriodic heoat flow throuch builiin: clomonts of
difforent constructicns ond undor difforont climutic

coniitlions.
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CHAPTAR 8

6.3 Introdnetion

Conmprchonsivo data on tho thoraal choric-

toriaticn which cosmnlotoly dofino tho thornasl bohaviour
‘of bullding olecnonts, unior pariodie heat flov and
natural boundary contitiong, arc not us yot availabdlo.
It hao boon shown (70) that o oot of throo vyoton
functicns, 1.0.y ono tranofor and two driving point
fuactions will cooolotely choractoriso o four torsinol
notwork. Von Corcum (33) cnd lator llaroot (27) lLunceoy
(25) ﬁipan {24) havo chown that o hooojonoous slub cun
be tro#tea 8s 4 posoive four toralnul (tus pair) tuo
clozont (1 @na C) notuork cnd tho suns nothcocooutiecal
nothods coployod for solving such cloctricul notuork
problens can alco bo uppliod to solve tha problens of
poricdic hoat flovw éhrough building olcments. The
notworll cyoton functiong, dovoloped for cloctrienl
problcas cun profitodly bo usoed for the analogoud
theronl oyston functicno. Tho coaputation of thoso
functions for sipuaaiiul oroitations, cnnloying tho
waoll outablichod nothenutieal motheds used in cloetrl-

cal problcis (Laploce transforal, «yndaslic Caleuluu,
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llatpin) aro hardly ony sinplor than anglytical nothods
ucod for thornul problems. Tho nost pronising approach
1400 in tho pounibility of dotorminiag those systom
functions oxporimontally by tho sloctrical analoguo
nothel vhiech obviutes complox culculations.

Ge8

Thao aystea functions dopond not oaly oa tho
notvork olenents but glio on 1ts nuturo of torminution.
For o building eloaont tho surfuco hoat truaufor cocf’i-
cicnts vhich aro roprescnied by puro rovlotanecs, forn
tho torninution on both ondo. 7The boundary ecoalition.,
that arc encountored in sorisfide heout £flew problceas of
bulddings and tho ceorrcsponding systod functlons wro
dorived in terms of ponordl circuit paranotors wni
givon &n Appondix {II), %ho throo thorcal fungtiond
dotorninod by tho cnulojuo pothod Aro te

L) Tronsfor tcoporature amplitude ratio

}\ﬁ)te t’.ﬂ) ting =0

11) Lkztornal driving point tompnraturo
amplitwio ratio

}\oé_q')a L.e E—%‘:-Q—-)
a

ungd 141) Intornul driving point tomporuture
caplitudoe ratio

Z__Ch Le(tia) o =0
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4o theso functicns are vogtor quuntities, for cach
funetion two quuatitics vis., tho waplitudo docromont
and phase lag wngle huvo to bo cowsurcd. 1The proco-
duro followeod for tho doteprmination of thosoo quanti-
tios huve boon dosceribod in Chaptor 3.

Thouph tho transfor cnd intorncl uyiviag
point gimittengo functiong arc of :iroct sign&fié;nco,
in tho heuot flovw culeulations, tho tooporaturo wspli-
tude ratios vore choscen for tho cnulogue detoroin.tion,
bocauso thoso aro casily nmoasurad. Iowovor, tho
adof ttonecoe functions cun bo obtuincd from tho following
rolatlonuhips botuocn thon.

1) Pronsfor winlitanes funetion

g [f¥1 = Ua

O S W PR 2 e (1)

11) Intornal driviag point wdnittunce function

no/[yr o= fa
tia tg, =0

A A S T Y ¢ Wy R - S S )

<o rolution hotuacn thooso troacfor anl driving point
. thormul oystea functiony uni tho genoralisoel truancfor
{intrix poarcootoru huvo wlso boen dorivesd and prooontsd

in I;z)penéix (I1).

Onco thoio thoroul functlons oro doteroincd
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all other doaired thormul quuntitios for u building
slaeaant, such cu tho surfacce tomporutures (5;: und EI;)
and the hoat fluxos ontoring und leoving (qg, and 5;;)
can bo obtulnod. In practice the porloile driving
toaporaturcos are not simple sinusoidals, but cun bo
oxprovpad as & Fourlor serion. Howovor, those con bo
pdogquotaly described by tho funtamontal and o few

harrmonicd,

Thormul syston functions of difforent types
of matoriuls commonly usoed in builiing proctice, vero
dotorained for tho Sfundanontal aad tho Lfirct throe
harmonies on tho oloctricol notwork analogucs 4o this
data 1z of considoradlo pructical utildity, those aleong
with thoir 'U' vwaluos ure prosanted in Tabulsy foro
{Tablc 2) for roferance purnosos in Appondix (Iil),
Tho physical proporties, tho charactoristic thornal
inpedencos and tho propugation conctantu of theso

matoerials arce alzo given thoraoin (Table 1).

An inspoctlion of Tablo (1) of Anpondix (III)
indicatos that 1) donse nmatorials have lover charace
torigtic iapudanes (4;) anl cenctints of propagation,
ani tholr voription froo natoricl to matori l is not
sipnificanty und $1) 1light woi ht meteriuls havo
hichor ch_rocteristic imposaoneo ani thoso vary consie

dorably from mutoriul to natorial.
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Tho following inferences aruv mude fron

an analysis of the thermil system function data
civen in Table (2} of appendix (III).

—Dolock rtornal nriving paint Susetion

This function enubles ona to estinmute
tho cutcide wurfaeco tomperaturos uttuined by differont
materdals for a lknown solealr temnorature oxcitation.
Thoe muynitude of Ao depends uzen the eoefficlont
of thermul ubsorntion 'p* (f,«?_%__:) of tho mutoriul.
Hatoriuls with high '»' value, will have lowor Ao
and larger ®o for a givun thicimess and vias verua.
For & given matorial unl freyuency, 'p' is indosonient
of thickness, whercus Ao wnl Po dopend oa the
thickneis as well., «‘th tho in:reusc of thickness
both it and € will facreuse in the usaue proportion und
the ratio C/& anl hence 'p' 4o unaltersd, for a yiven
frogusncys Ao and Po depend on % and C and
nlso on tha ratlo of the matoriul rocistangs (i) to
the vurfuco rosistuncos (i, und 34). Henze Ao und
P o desond on the thicknoss of the matorial. Cor
higher haraonics the w gnitude of Ao doorausos
while P o incrosues, olightly. Li ht v.i ht
satoriuls hoving bih ch ructepictic inpolunce (“c’
will huve higher Ao ond lower o than for donse

matoriculse,

‘ Nee. é 3.6/
WNTKAL Lspapy YREERSITY 0t oy~ v
Y BCougigs
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Ged >\i /:¢é = arunofer Pungtion
1)  Tho magnitudo of A4 will dopond not only

i1)

114}

iv)

upon 'dACt but also on tho ratios of #/Ry,
Ko/t and Ry/Hy

Por o givoen thicknoess moteriils having
large 'p* will huve high phaso lags und
vice versa.

The decrouso of A1 and increaso of @1
are noro markoeld with the increasc of thick-
nocs for denze nuteriuls than for 1i_ht
matoriuls.

The eoffect of huraonice on A anda P1
is more pronounced tham on Ao and P o.
fizhar harmonico huavo no significunt ofioct
on N1 und P4 for very thin sections,
such w3 glass panes, plostors, u.l. nl L.C.

sheats. (These have soall € and i veluaes)e.

!
G5 A /;955- Internal Ariving Point Punetion

1)

11)

Tho variction of A1 wnd @4 with ¢ o
wnd thielnelps uru Licil e to thut of 7\@:
and P o.

e a glven matoriol o) thicknecs N
will be lorer th.n the corrasjonding XN o.

Ihiv 15 baccuce 'hi' 1o less thun 'hyt.
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111)  Jhon both tho surface coofiiclonts (hy und
ny) uro ogual, 7\0 And <¢>c vill Llso bo
/ ’
equul to N1 end P rospactivoly.

Tho ovar oll docronment foctor { A1) is tho
product of docrcaont factors of the outsido surfuce
resistance ( Ao) und tho doerosont fsetor of tho

materiul ¢ Na).

ile N\; L—_qu = 7\0 Z:C/bo 7‘7\7» t% (3)
Foneo tho Jdocroment fuctor of tho notericl or for the
extornul wurfuco Anput (l.o0., vithout consldoring tho
outtideu surfuce cosfficiont) iz obtaincd f£rom tho wbove

gquution uy

Na /~Pa = 7;\5- [~(®1 - o) ., (4)
@

ahormol Sioe Constont (€) Varsus Yrun

Somg iuvesti_oators (71) (72) huve ottoaptod
to corrolate tho m.tio of thormol capacity (C) und the
thoriaal conludt.nco (/L) 1.c., (LIC) of a building
elozont with the cmplitude Jocresant fuctor ( A1) und
phuio log unglo ( 1) und suggest shat tho thorond
tino conutent C) e.n bo tuzon us 4 singloe purcoctor
to chuructoricy the none-stocdy ot . te bohaviour of o
honogensous buildin; elensnt. This i true only whon

tho autaricl without curf.¢o rosiotuncces 1o c¢oasiderod,
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as shoun in Pig. (G.1). In ordor to find out hov far
this relationship holds pood with tho inclusion of

surfuco rosistuncos (vhich 18 nococcury and ossential
vhon ono consldory tho bohaviour of o muterlal undor
naturcel coniitions) o grath is plotted botwoen trunce
for function (fundancntal) AL /P11 with surfoco
rosiotoneo heat transfeor ensofficicnia b, and hy as

346 tnd 1.5 DW/ig.Lt./1x/% and 'HC' in Fig. (6.2).
This sot of curves elcarly indicuto that such o
corrolation doos not hold jovu, for those boundury
canditions. Shury is a grost soottor botweon points
roproconting diffovent motorduls and no sinjlo curvo
could bo drpatne. It eun furthor bo seon that cach
nuterial fora. G sapurate curve by itsolf und tho
curvos of donto uuterisgls aro fur coparstod froa thooo
of tho inoulutin, c_toriuls. Lhus tvo motorials having
samy wC valuo but widoly difforent . may very woll huve
AL wvaluos differin, fron ond wnothor by u fuctor of

ovon 3 or nore. 4Yhooo lorge voarictions wro <uo te tho

foct thut A4 dopands not only oa 4o tut ulso on tho
rotios of V.4, Ko/R und Lo/Rge This 45 ovidont fron
tho ogquution 14 of .ippondix (I,

A grazh of tho fundamontal transfor function
( ;\1 /[~P1) vorcus thielnosss plotteld for difforant
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materials 4is chown in ¥ig. (8.3). Hore ulso each
material bshaves uniyualy and n3 single curve will
satisfy all the muteriuls. For any one muterial the
relation botwsen thickness und phaso lug is practically
g struight 1line. Tho slope of thess lines wre different
for differont mutorials. For any muteorial un insroass
of thicknoss will result in ua inersate of .C und T/Rg
and IW/fl,. As this inereuso iy differont for dAifforont
muteriuls the vuriution in A1 and @1 with thick-
ness will also be widely different.

Duntor (73) hus Liown thuat the r tio of
wltornative hout trueoitiance (which 15 1denticul
wiih the tranufer adaiiiuace function Y1) and the
steady sta.e heat truncalit.nco (J) L.0. Y AL/U,
vorsus thiexnoss, provido 4 good Jinjle corrclution
curve. In his studies _untur coasiliuvrel only five
muterisls with Jdensitlos runging froa 43 to 185 Lb/Cu.it,.
gad theraul conductivitles rungia, from 1.11 to
1l.1 Stu in/eq.ft./In/%0, dho vulliity of theso con-
¢luvionsa wore chucwss for 4 .ider r.n_ o of auteriuls,
Vor this purpose obout twonty autoriul. covoring almogt
e6ll pousiblc values of density, thormal cupacity (O)
und thormul racistunes (1) woers incluled in this study.
whe trensfer winittunce funciions ¥y /@i wara
obtuinad by multiplying the snologicully deterained
trensfer function A4 LC_b:l with hy. |
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Taking tho values of fundamental ¥4/U and
P4 us oriinutos cnl thicinoss as abseissa, graphs
uors plottol and chown in FPig. (G.,4). 4ll theo
materiulo irrospactive of thoir physicol proportios
fulrly £it in ono single curvo, although the dovige
tions of individual points arc largor thzn thoro of
vantor. She wain aiventogo of thic rolutionship is
from o knowlouge of sicody stuto W' vuluo gnd thicie
nosg of u muteriul, tho jorlodie trunsfor vinittuince
functions aro li~octly obtainod. fThose corrilations
vera choclked for throo hishor hurooaiss wal tho shupo
of the curvos arc found to bs oioilur, to thooo of

tho fundcicntol.

It will bo of intoroot to finid out whothor
sinil.r rolationshirs could bo obtuinold for driving
point sinittonec funetiecns s well. ke oxtornal and
intornael driving point cdnittonco functions i.6.,

Yo / Yo wnd 5!1' Ly/;_ vors obtuinzd from the unalogi-
cally detorained driving ooint tomporutuse uoplitudo
ratis functions ( Ao /-Po und 7(1 L-CP/i ) from the

equations (5) wml (6) rospcetivoly.
IO L\/,o = hD (1 - 7\(} &%) . (5)
wnd Y3 /¥1 = by (1 - AN D) .o (8)

Tho solution botumen Ln/U wnd ¥}/J tnd thieknois 4o
showm in I'igs. (C.3 .nd1 G.6). It cun b2 Zoca that



(KXo ~u / l
&/ ! hoz3-5
j/ ‘ hi = 1S
(/7{)»
\
-
L1
[
z
w
3
<
(&)
z
2
w
o ‘s
20 7/\/»)
‘/////////
7 /
DENSE MATERIAL\ Wy
/ /////// /
' ’/4'{ 5y ’
o) Iy
2 160 F—— — o S
¥ SRS
77 s V
I § . /,/","/ ,,/,.
» LT.WT. CONCRETE ,L,//;,, SO
: | A
A " 1ty
Z |20 el - - g ///,r/ /Ir’ '/’
w /. /////,A
< i ~
o
z
2 IBO — o -
W
40 1
f
SULATING MATERIAL

!
8 12 16
THICKNESS IN INCHES

. FIG.64_THICKNESS VERSUS =5~ AND Wi

20




Mo
U

FUNDAMENTAL

F UNDAMENTAL

Yo

5-0

ho = 3'5 4/
hi = I-5 //7/
, ,7// /
4-0 = //7 7
f i //j"
y 2, //1
y vV s
V.
3'0 ,f‘ : '/bl’
g7 4///*
W2 /2
/ '//v
7 ’
/£ / e
2’0 ,r 1{)’
;,Z/ /jzl(
/41
74

o
50
40 1777/ .
/%/%3—— LT. WI. MATERIALS
(%
] 777 PV,
30 ”"{4@%@2@&@22&}”7-» %
"r'/;/ . ' 2/ e
%//:7 /é/ Uiém
) /
20 v
! Z DENSE MATERIALS
H
i
s -f
]
OO 4 8 12 16 20

THICKNESS IN INCHES

FIG.65 THICKNESS VERSUS 22 AND Wo




5-0
ho = 35
hi = -5
»q 40
-t
< _
]
- 7
z| 30 74477////#,/2
: 7%
b3
( ' ’/ 4
ol 2.0
Z
o |
u
-0
1]
o
SO
% 40
- A
< (//
- e A LT WT. MATERIALS
Zz 4
wt
s
" -7 =TT g, ZA7
o A7 /77//77/;/77//7/)
. L SIA L LN S
> RS ,**U.LAJ-LUJ-7—/L/—‘.L/_/M
> DENSE MATERIALS
[V \
!
- &
1
) |
o 4 8 12 16

THICKNESS IN INCHES

FIG 6:6 THICKNESS  VERSUS 4= AND Wi




1 06 s

those ulso givo a sinilar corroluation (i.0., 0ll tho
nutoriclo roproucntal by « uinglo 20oon curvo) but
dcviatzons of tha individuul points fron tho nmoun
curve arce guch largor. It can furthor bo noted thut
tho trond of thouo curvos 15 asscading 1.0., ¥p/U und
Y{/U incereoasc uith the incroase of thicknong, in concs
trast to that of the curva in Fig. (G.4) whoro tho
curve iu o dosonding ono 1.c., ¥4/U cocroasas vith tho

lnorcaso of thicknoss,

In 211 tho throo casos tho phuse ungle

vorsus thicineus did not yilold o oinglo curvo corrce-

tion. ULach clasg of materi.le ivo one lino,

6.8

Tho propressive donping and phudo chift of
a tcaporcturo vavo, vhilo 1t wdviness throu h o holo-
gonooud nuterial dopends on tho chaructoristics of the
putoriuls “hota ¢un o obtained by dotornining tho
anplitulo deecrecont fuctoro and phuse lag wnglos at
differont points inoide the natoriul. Tho unalosue
ic convenicnt {or this purnoie ud the luaoping peints
are vecussiblo for cuking thoso nowsurenontuoe. ho
uaplitusto docronont foctors and phoSo lu, snglea Woro
noasurod for diffe.ont tyncos ol noterials for tho
fundoaontol wnd hijhor horconies. Ths fundescnted

voluos choum in Dige (Go.7) i3 o typileul roarsccntotion.
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%he jencral noturo of tCho surves wry sintler Sor
higher bhurconices thouph tho cetual velugs sro diffo-

ront. $ho decrouso in AL for higher hurnonics

is not apsrociuble for ifnsuluting asteriuvls as cod-

pared to donoc nutoriuls.

Tho drop in A1 with dopth 1L oxponone
tial for dcnoe nutoricls oncopt at thoe boundurios
vwhorous for inculuting natoriuls Lhic tonds to bo u
strodpght 1line with a gtoon slopo. Tho inera.ae in
phazso aagle (P ) vdth dopth 4 practically a Strul it
line throughsut orcont for tho noints uprrouching the

othor bounlory.

Sonopaliosl Choptd Lor snandior on.

sunctions

In tho <oble (2} of Lppondix ILI tho
thoroul function data arce piven for nost of tho
conoonly used hoowopencous bullding natorials with
different thicknzooses. MYor thove ctudios, tho thormol
cupucity (L) und thorousl resigtanco (i) woro obtuined
fron the wveruge valuc of tho physical proportics of
tho materi le 140635 im Tublo (1) of tho cunc .aponddis,
Lo theoe Joseud upon oany factors, wido veriations of
thooe proportics (for thoe cuiw typo of nautorial) ura
to bo expactod in pructico. Thooo will innoso 1i0i-
tutiono on tho uce, tho 1.tu nroscnted. ¢ho, oay bo

toiten anly us indicative wvergge valusu, but for wny
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opecific nutorial tho proeluvo transfor unld driving
paint functiont have to ba doterninzd avory ting
exporinontolly. If penoragliscod charts, rolating
thoge thormel functions und the physicol proportics
of nutorials, aro avoilablo, tho gbovo limitations
will bo overcomo and tho datu wvill bo of grootor
utility.

Hackoy oand Uright hed procented ono such
aot of chorts for AL aond @i as functions of
thermal conductance (G/L} cnd tho opoeifile thoraal
abaorption coofficicnt ({Ps). Shose woro Arwm Lor
a fizod voluos of hy und hy, of 4.0 and 1.5 Dtu/cy.ft./
ir/PF pospoctivoly. Thooo cherts arc usoful only for
tho ogtioution of fabric cosling lo.ds of ailr conilie-
tionod bulldings. Bowevor; for a conploto doscription
of tho thopnal bohaviour of u building oloaent, throo
thoraal syston functions naascly ong transfor function
and two driving point (oxtornul and intornul) functions,
aro roguirod. lurthor, the surfaco hoot transfor
coofficionts for internal wollec and intoroedicto floors
will bo difforont fron thoso of thy oxtornal building
olenants. 4 tho ovorull thoroal systen functions ure
affoatoi by tho surfoueo coofficlionts, tho ubove churts
of lacicy ond Jri ht vill not bo apnalicubdlo for intornal
building olomonto liko partitions.

doux hod found (G3) that the oot suitublo
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values for the ogutoide und inside surface hoat transe
for cooffiolents for uouth . fricun climutic coniitions
woroe 3.5 and 1.5 Dtu/eg.£t./30/% rocpsctivoly. ‘hese
values are nmore uaaropriate for Indio, bocause Jouth
afriean conditions are clesze to Indion climatic

coxlitions.,

ive sotyu of ouch genorulised thormal func-‘
tion ch.rts aro shown in Figs. (3.8 .. through G.12).
In eaeh chart o fuwilly of curves oaw for cach ..o valus
ronging from O.1 to 232, with thoroul resiatance ()
as tho wbsei.sa (from 0.1 to ;0) and the upoirosriats
fundamontsl therasl function ws thy ordinute urs
drawn. Though '..' values groaler than *'50!' wxe not
1iksly to bo met with in practicze, ~o values even upto
Y252 h-we dbaon included a3 thoe samg 80t 0f CUrves ure
intended to provide the theraal functions for highor
harmonics as wWaell. 1the trunsfer ani driving point

functions given in the.e charts are 3

1 A P
a) o [~%o for ho = 3.5 wnd by = 1.5
3 A1 [P
4) N1 [P

for hy = h: = 1,8
onl  5) A [ t

dith thevo five wots of the churts, the thormal

characteristics for purio.ic heut flow of any mu.torial
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of known ik, P, 5 voluos uand o _iven thickroos (i)

whothor used s on oxtornul or intornal olesaunt can

diroetly bdo obtained.

Thoush thoso charts sro for the fundunontal
{thornal Punetions) ths highor hormonics ceon also be
obtaincd from them. Tho chaoractoristics for tho n th
horponie (poried 24/n hours) can bo obtainod from tho
chorts by using a voluo of W of n times tho actuanl

vulue for tho same .

%hoe uuo of thoso churts 15 expluined dbolow
by an Lllustrative oxwaplo. ouppoca ﬁa are intorostoed
to find tho thoarnul trencfer unid driving point functiono
faf o material with &£ = B.J proportics of

P= 180 39 = 0,20 wund L = 10" inches.

Firost of ull thoe thoraul rocictuncs il wnd thornul
capacity ¢ urg to bo deotormined.

= L/l= 10.2/8.0 = 1.25

C = LPs = 10/12x120x0.2 = 20

«"e U = 1,253 20 = 25

For thodoe values of % and LC, tho troncfer and driving
point functions roud from the churts, for tho fundge
meatal ond thro? highus hornonics, afo givon in
Table (G.1).

Zhosa churts urs nosily self oxplunutory.

fiowover, the followlng broud inforcncas can bs mude
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; ) : v ' Trunsfer ; Intornal Jriving
arsonic tion ' ™ ggg%lgn - 9

! : Thg A 1od uré, oduluy f ar'g

! 'in deg '{n deg' ‘in deg.

R ! =% R YA L
Pundoamontal 0,67 17 0.14 100 2446 26
weeond 0450 20 0.07 1581 0,36 30
Third 0.88 22 0.03 104 2,32 32
'ourth D452 24 0,02 220 0.28 33




L£ron thea.

1. A /Py

%)

2)

3)

4)

For u given vulue of *ii%y, AL vill dosroasoe
ond P4 incrousos, with tho incrowoing of
BN

{latorialuy uith very 1o .0y bohwvo un Af
thoy urae suroly ro.iotivo,

Tor o pdvon ..C, AL 10 lovw for vory lov
vuduos of o wnd dnevou.cs, vith tho inerco-
g0 of .y Peaching o ourimun onil doereaocs
with o furthow Liersuse of .

she oceurunco o ouwxioun 1o shifted
tosurds bi hor viluss of L with tao
LncioLuo of faut.

Jor u _dven 2, DL will doercu.c with
tho incrouss of i wnd Jor a given .. it

fangrousas vith thoe incirouwso of ..Le

Ze 2 \O é;;gl)

1)

2)

3)

Tho augnitulo of Ao ineroscos, with the
Inerouso of 2, for 4 pivon &, vhilo 1t
doeroudes with “ho incrouse of W for a
sdven .

FYor largo voiluos of . ull tho curvos for
JAffureat voluas of (.8, tond Lo CONVOPLO.
Pe docro.sol, ulth the inewouso of L,
for a pivan v, whilo it incroavos with

tho inerouso of Lo for a given .
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s 23 ¢

!
3. A /[P
! /
“he veriction of A1 wnd D1 uvith 2 und

w ore Similor to that of Ao und Po. 7The valus
! ’

of A1 45 lovsor than o, vhile P4 are hichor

thun ¢o, for g given € wnd i,

ﬁmgwfwm_mm& pfflcionts
2 Shepiwnl ayaton

It 12 &n ucesnHtoes procoiuro to acsouno tho
surfuce hout trunsfor coofficionty (h, wnl hy) uso
con.tont in tho ecoomtations of poriciie hast flov.

In tho «bovo stulles tho outildo wnd 1asido lurfaco
host troncfor coofficlionts uore wusumed to O conutunt
of vulucs 3«56 wnd 1.5 Jtu/vy.ft./10/9°, rcupactivoly.
Howover, 1 pructico theio wro not ctrietly conctant
ond coxootinos vury vithin wido 1i0its, conczially ths
oatsido .urfuec coofisciont (hy). Honeo for moro
prociso gonnutations 4t 1z required to know quuntitie
tivoly tho offoct of tho vardutions of 'h,' und ‘hy
on ¢hose thornol uyrctem funetions. Johason (74) has
chalysed this problcen nuthonatically taking A4 [~P1,
uos o function of tirud Jdimconilan looc oodulil. Douavdr,
ho did not otudy (ho cffoct of thouo curfuco heut
gronsfor coufffcicats on tho driving point Juncticno.
Thove havo no¥ buon invostipgutod for all tho throo

sots of thorasl ¢ryoten funetions, wu o unction of
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D (values runging froa 0.1 to 20) wnd ¢ (valuss
raaging froa .1 to 830) for a rangoe of curfaso
coofficionts of pructical lmportgnce (varying froo

0.5 to 10}, 4s thogse form u lar{o nuadbor of fomily

of curves only a fov typieal curvou have beon prasentod
horoe TShoso ineludo two valuos of 4l viz., 1.0, und 20
for vuluos of L varying from 0.1 to 20. In one gcet thy!
vas kopb conutunt ut 3.5 and ‘hy' varied (0.5, 1.5 und
6+0) anl in anothor set *hy' vas fixed us 1.5 wnd 'hy,!’
varicd (1.7, 8.5 and 12). 7ho rosulto of thocc sta.los
are presented pruphically in 2igs. (G.13 throush G.21).
Thougk thooo soto of curves cloorly bring out tho offout
of curf{uco recist nee wnd on thormnl functions, the

broul conclusione urwimn ouro suurorizcl boloit.

1) iho iaflucnce of ourfaco hoat troncfor
coafficicnts, on tho theroal oyston funce
ticns do3zznds upon thoe 8 uni | valugo of
o plven bullding olcocnt. ooctiono with
onall Lo unl L aro uffoctod to g proutor
oxtont than tho.e of with lurgoe .0 und i,
Por difforont bulldin; soctions having tho
same vy but of sifforont o tho offocet of
hy und hy will bo Jdifforent. Tholr
Influonco on thernul Lyston functions, is

not significunt for sootions with l.rgo *u'.
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wxeopt for thin scoctions (which huve osmulld

aC ue woll wu Ad) the influonece of the varlice
tion of 'hy' on £i /[ ¥iund of 'hy' on PP
is not cijnificant. A, L% uro influonced
groutly by *h,' while Y. /% are influcncod
'hy* considerably.

For thin gections incrouse of hg incrouzos No
wn:d Y‘-’ and docerowses P ani \P,_-' s Wil .us
tho incrouwe of 'hy' decreuses Ao, B and W/
and incrocsas \Q' .

For any .iven valua of 1.0 (.mall or lur _e)
bothh "hg' «nl *hy* hoave con.i’serublo alfect
on the tr n:fer functisns ( A /=P ).
Inereass of ‘hg' increasss AL ani decro.cos
&b, whersus inorcasc of 'hy' losro.scs A
us well us PDi .

Vor buildin; zeutions with larys 4 unld osven
vith c@aull o, viz., insulasting naterials,

'ho! wnd *hy* havo no significont offcect on

~thoraal systoz functions,.

P'or o building scction with o givon o and
a given 'hy' and *hy', Aiwill bo paximen

for o purticul.r rovduvtinesc. Tor aithor an
increaso or decroass of tho rosiotunce from
this optimum Aiwill docereasc. %This opti-

oum resistoance doponds upon tho 4T valuc.



-

)

i'or highecr vylues of 1S, this 1 will also
be hi_bor, Jor o iven 2, tho occurunge
of murlium of A( shifts towards the lower
roslctunco with the 1lncrsacce of 'hg' s

woll uu ‘hyts’
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THOHHAL OYolol (Wasiduiud AHD DRIVING POINT)
FUOGLTIdNG OF COHPOLIIG CONLTRUCTIONG
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Antroduction

In the provious chaptor (G) thormul
functiono for holopenoous <constructions wero doult
with, [owovop, structurdal olononts woed in ooot of
the preseat Gny buildings aro conngsite (multi-
layored). Those compositc congstructions nay consist
of two or noro layors of homoypcnocas natoriqls in
porfoct thormal contuet, Thoro cun wlso be u lar;o
nunbor of conbinotions of luyors nudo of difforont
typoos of mutoriuls wnl thicinouscos. In orior to
prodict tho thormul bohuviour of gsuch structural
olemonts, thoe thoragl functiono of g wido rango of
composito congtructions that are cozmonly mot with

in building practices aro roquirod.

itho typo and thicknoos of ouch layor and
tho ordor of arrangenent affoet tho thormal bshavicur
of coanooito cloncnts undor porlodic hout flov condiw
tiong. Iicneco to nulo tho nost officiont usc of tho
noy a5 wall oo convontional n.toriclo, individuclly or

in cexbinction, tho influcnca of tho typo and locution
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of the inliviiuul luysrs, on tho ovorull thormzl

functions is Lo boe known.

fnalytical methods developed by Hackey ond
wright (78) ure complex uvon for homogeneous materials
wnd become nmuch more so for composite constructions.
Jthor muthemutical msthods aloo doveloped by ukhlover
(23) durnet (27), no doubt, lesson the muthenutieal

burdent, but still sre unwieldy. The motrix method (24)
1o moro convenient, but whon tho number of layers is
sore th.n two, munual computation becomes impractical
und a digital computor will be rejuired, oopuelally
when the decrement fuctors of individuul layors are
alco requirel to bo Jdetermined. In contrast, ths
~loctrical inulogue method requires only a faw more
msasurements of the teapsraoture smplitudes ani phuss
lug unjles at jJunction points of different layoeras. 4
typical composite constructicn and its equivalent nete
work repreventation 1o shown in Fig. (7.1). Tho junce
tion points at which teaperature wnd phose negsurements
are mulde are indlcuted therein. For the reprasonta-
tion of tho camposite celoment on tho electrical not-
vork, tho numbor of luaps employed for oach layer wore
chosen aceording to the rocomamendutions made in
Chupter 4. Tho procadure, for thao doterniniution of the
thernul transfer und driving point functions, ig the
sane as that followed for homo,eneous muterials (dose
cribed in Chapter 3).
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“he thorall doepomcnt foctors of inddvi-

auul luyurs woss obtolned froa the mogsurcaoonts of
aaplitudo ucoross theme For axample for a four layor
gonnosito olonont (choun in Pigs 7.1) tho docrczont

foetor of tho inldvidual layors ouyberritton us
—> —_

ton ' too
Ny 2 i Az = .......ta

$1 2
— 4
;\4= Y45

t3

1ho ovor wll docrcoant factor (i.0. trancfor functicon)
of tho vholco builiing clooeat 1o thon obtuined by tho
product of ull tho uoeroxent factors of individuul
layors. Gemeo A /~P1 15 givon as

A1/~P1 = (No/-PorC ArfPry( Nz f$2)Agfea)( Ae /Py
«e{1)

7roa tho principlos of voctor pultiplication, v got

M = dox Al x A2 z A3 x A4 .. (D)

oni P1 = o + P1 + P2 « Pa + Pa e (3)

Tho ovorcil tranuvfor .l driving podat
functions for o« largc nuaber of coposito conutruce
tiono wvcro Jdetecraincli for fun;umcntul <0l thooe hichor
hurooaies, cnalogloullys Those wloaguith YUY wvalucs

are givon in Azponitn (1Y) Zublos (1 to 6) uith
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1lluctrativoe diagreas.  For thoe Lulto of ganvenionco

the above daty 1g orrangel in difforent grduas in

ngeordanco uvith thoeir funetional use in a buildinn.

it is woll knowm thut surfuce heut trunse-
for coufficionts wary with ths inclinution of tho
surfeeo (L.ce vorticul ond horizontal surfucos will
havo difforent valuos), Gince no preciso Jdato on
thoso variations is avauiludlo, it 1o tho conaon
pructico to troat thom as ogual for ooot building
colculations. with this sioplifying assunption, tho
dota {in appondin IV), for a givon conotruction usod
as o voll, may bo usod, without uniuo orror oither

for roof or for walloe.

Tho curfaco hout trancfor cocfficionts
uzed in tho dotoroination of thy tharaul functions
arg s

1) Por oxtornal building clomonts
hy = 3.5 Btw/Lq.£8./Hr/Op

hy = 1.8 *¢ i L

and 11) Por intornal structural olomants
hy = 1,5 Ltuw/ug.ft./Ur/O%
hi = 1‘5 g i ] 2] t

Yor tho ground floor hgy 1o tokon au 1.5 und tho
gthor curfuce (ut o dopth of 23 4inchosn) is avouncd

to bo at a con.tunt tenporaturc. Thiv wssuastion
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ic bascd on axporiaontul ovidonco (GO).

Yor tho calecalution of thormoal roosistunce

{fi) ond thoraal cupucity (C) of individuol layors,

tho avoruge vulued of the physicul proportios of tho
motoriols listed in Tubleo 1 of fAppondix i1l wvore
unod, 40 oxmgnination of tho theraul function datu
givon in Appandm IV bringy out tho followin; point..

7\0,@ 0 e Lxtornal Oriving Doint D  or

Ao unl P o nuinly donend upon the typo
of tho oatoriul uand thickno.s of tho UPICE GO0t layeT.
I£ thic layor 1o thiel the precoding layers have no

influcnes on thono. Vhon denso natoriols hoving lergo

thornul ubooration coofficiont 'p' ( /@Gy for
1
the top lager, Ao will by looc unl Po will bo

high vailo tho poverso 10 truc for 1light woight inou-
lotin, outorials (vith snoll 'pt).

tHith tho incroaco of thicknous of tho top
leyor, Ao docrouses wni Qo ineroases {olightly),
for donso nmatoriuls, vhile Ao incrcaves ond P o
dociausces for inculuting nutorialc. For highur £ro-
queneios, Ao doerouses cnd Qo ineroases, and this
is rora for donse matoriuls thun for light volight
natordals uced az a top luyor. Tho vartations of Ao

cnd Po aro not lur o for difforont donse natoriuls
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as top layer (fundumcntal Ao vuried fron 0.8 to
0.75 and Qo waricd from 10 to 30°) whilo tho
variation botwreon donse and ingulating matoriasls is
quito lurge {fundumantal Ao varied from 0.6 to
9.95 ind Po varied from 1% to 30%). If tho
lnsuluting layor forms tho top layor, the phase lug
anglos will be vory lov (1% or loss), vhoroas, Af
ovon a thin loyer of o donso natoriol liko o plastor
{(vhich 1¢ usudlly bo tho cade) 1s placod ubove 1t,
qPo insrouton upto 12 to 15“, while thore 1ia no
approcicble chunge in Ao. Intormoliate floors and
partition wvallso otee vhero tho surface hoaot trunsfor
coafficlonts aro oqual (1.0e4y By = hij'aro of donso

nutoriuls, Ao ond Pe vuary within nurrov limits
(funitmontal Ao voried froo 0,42 to 0.45° sni Po
variod froa 26° to 309).

Tho oagnitude of AL and 49'1 15 painly
dotorninoed by theo innor moat layor {ac tho hoot flovw
dircotion ic froo insilde to outaido). Thogs are
influcnesd by the type of nmatorial oand thicknoss of
tho dnside luyor in the sario nagnor asc tho top layor
affocts Ao wnd Po. N1 1s alvuys lowor than
tho corresponding Ao und ®1 15 groator thun tho

corrasponding qba. For nost of tho convontional
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types of structural olomonts (Bricks, stonos, esnaroto
oto.) 1;¥1, variod within nurrov limito, 1.0., 2.42 to
0.52 for fundumontal. Uith inouluting layors on tho
innor side this vuried from 0.7 to 0.84, dopcnding
upon the typo of the insulating mutoricl and its

thicknoss,

For paortitions and intormodiato floors

/
AL /~P1 uill bo oqual to Mo SPo as both our-
facos aroc intorior onos und hove ogual surfoco cooffi-
clionts (110-, ho =] hi}.

S Trinsfer Funotion

a3, A1 onda P11 givoe the ovorall decro-
rmont factor ond phuse la, of tho ontire composite
olezont, those uwill dopond upon the nature of all tho
layorss It 1o furthor notod that those guantities
( AL and P1) oro affoctod, not only by ths typo of
the matorials and thicknoss of the individucl layors,
but ulso on the wrrungemont of thosc luyors (1.0., tho
ordor of tho luycrs viowo:d] in the diroction of hoat

flov) .

For the composite conutructions studiod,
tho funilomontal A4 variod from 0.3 to 0.5 for cone
vontional typon {(i,0., combinations of driek, concroto,
stone, ote. of difforont thicknosgos) and Pi vuricd
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froa 50° to 220°. Yith tho inclusion of insuluting
luyers A1 docroase considoradly (au low uz 0.009)

ovorn for suullor ovar all thichinooge

A study of all the factors, that affect
AL onda P41 and the docromont factors of indivie
dual luyers, will provide an ingicht of tho mochanion
of host flov through conposite constructions undoer
poriodic vari tions., Thooe wore chtudlod and tho
rosulte aro given in Tablos (7.1 through 7.6). 4

discussion, of tho uwbova results, follows in tho noxt

fou priosSs

In this, o study of tho offcet of locution
of a highly insuluting matorial (Thornocola) as ocubor,
niddle and innor layor ani olgo on oithior uide, in
combination with u donso autoricl (ﬁencroto) has boon
medo. %ho docremont factors of the insuluting layers
and, tho conereto luyor uro given in ?cblo (7.1),

alony with tho trunsfor und driving point funotions.

it 4¢ ooon f£raa tho toblo, that dictirie
butin: tho inculeting luyors on doth uidos of a donuo
natordul civos tho lowest AL ol Aﬁﬁaﬂphuuc lug
( P1). Dut in this coso AL will ba guits high,
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Zho naxt bost arran;oaznt 15 obtatned by placing all
the ingulation on the oxtornul cide, vhoro both AL
und ?( 1 aro sufficlontly low. Tho leust aivantge
Leous wuy of ﬁtilislng,un inculating luyer is to uoe

it a: on inglde luyor, if tho muin task ic to provont
tho ontry of oxternul hoat, inte tho onclosuro (for hot
elinatos). 91 tho othor hand, if tho main problen 1o
to muintoln hizhor indoor cir toopcroturos und provens
tion of hout lossss {for cold climates) ploein; tho
insulcting luyor on the innor sido will bo most

advontapgeous .

I the incul:ting actoricl 15 bucked by o
donse naterlal the dourcmont factor ( A ) of tho
insulctin, luayer, Jccrousos L1i ntly, uvhorous thu
phuse lag Jan le insrouses consluorpnbly. ‘hoen the
donuo mutesial 1o backed by an insuluting layor tho
decroment foetor ( A ) of the denso muterial ineroasco
considorably, but tho phusoo luy ocnglo incrococoes only
slichtly. Jor various possible urranpgoments, thoe
yroutelt dumping occurs whon lagers with cnall !
(insulating voteri ls) altornute vith luyors of largo
'p' {(Genoo aatordals). In u two layor structurs, vhen
a luyor with lurgo 'p* 15 ploced insidoe tho tr.nofor
ond intornol driving point functiond will bo lovor,
though tho oxtornil curfoco tomporatures will ko cueh

highor, than for tho revorse oridar.

W e e
W W
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7.6 ﬁgggcsrgf thq Racic Layer on_ tha locromant fgctox
of o Tnsulating Upper Laver
In thc above study it was found that
.plueing insulotion on tho exiernal sido will providse
moxinum advantago. The decraemant factor of the insu-
lating layer donands upon the typo of layer on ¢hich
v it 45 ploceds The offoect of tho backing luysr on the
docrenont fuctor of tha insuluting loyor was ctudled.
For this purposo a 2 inch thiekx Thermocole wac takon
Qs thaAoutaida luyar and the followin, wore ucel as
boeking layers -
1. dhin icbustoa coment sh.oot.
0. Jan.e materiuls - concroto oml brick,
3e Liasulating matericuls - foamed concrete and
culitun Lourd.
Tho rowculte wwe shown in Tuble (7.2). 7These Aindicute
th.t tho decreuent {uctor wnd phuse lag scro.t & top
inculatin, layor ara wousiderubly effected Dy tho typs
and thickncess ol tha backing loyess with buclking
matceriule, arco of dense type (lurge P value) the
docromont fouctor of the inculuting layor decreasas
and phase lug increuses to a largo extent. On the
othor hund with muteriols having saull p  vulue, A
incroases conul ierubly but not tho phase luy (P ).

77
mm.g&mhlwr&rmmm

Cavity wall ani sandwitch punsl éonatrucci:ns
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ulifch cnelose ulr spacos urc coalng into use in
building procticc of thi: countiry. In order to
dotornine tho effoet of the bounding; layors on tho
damping acrocs the zir space bounded by difforont
types of luyors, the decromoent factors and thormal
functiong wore detornined uvith difforent bounding
luyors. Thouo uro yiven in Table (7.3). It cun be
soon thuat tho docromont factor and phaso lag aqross
om air spoeo ura affectod to & considerablo ortont
by tho innor luyor only but not by tho outor one.

if the innor layocr is u thin shoot like, (lans pano,
golvonise. iron shoot, and plywood shaot, practically
no phasu lug 16 introlucud deross tho olr opacs. If
tho bueiing 1. yor i. of & donue muteriul 1liko brick
or concrotoj suffieicntly lurge phado iug unglos {(of
tho order of 20° to 23%) arc introduccd. If tho
insuloting oatorlels form the bucking layer, the
docrepont foctor acreas tho alr epaco is incroased

( Aaindc incroamsod) snd only small phwse log anglo

(5° or co) rosults.

Tho air spaco affocts tho docrenont factor
of tho front boundin_ layor alvorsely (L.0., A incroge
sos) but inerecscs its phuso lap (by 10 to 12%).
Effact of tho drdor of Layors on tho ihormal Functionn

It vas pointed out curlior that the
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arrungercnt of tho luyors and thoir order (in the
dirsction of heat flov) influoncoe tho overall thormul
behaviour of tho otructurul olomont. This offoct vas
studled. Tho rosults, given in Table (7.4), clearly
1llustruto thioc offcet on tho trunsfor andi driving
point Cunctiosng. If, inguluting layors groe also inclue
dod tho nuxinun Jdazning occurs whon the Jdenso natoerials
are used on the inncr side. Tho docreaocnt foctors of
tho denso wutoriuvle offcet advorcely whon thode are

usad ao tho cutar l.yors.

Inaddo ar Insiic tao outuide)

It 1c Lduo latorcsting to saov for a given
ecomgosite c¢.aviructlon, if tho diruction of tho haat
flov 1s rovorsed, how the docrezont ficetors of indivi-
dual layors and tho ovor ull thormal functions ure
uffocteds Shis hus boon stullcd for a hulf o dozen
typos of conotructions and the rosults oro glven in
Zablo (7.8)., It 30 gpparcnt that Uith tha rovarsal
of tho hoot flov dircctions (1.0., fron inpldo to cut-
c4u0) for any givon conctruction, the ovorall transfer
function will bo roduced by o rutio of by /hy ond tho
phaso wnglo 1s not altercd Just 43 in tho case of
honogcnoous olemonts. N1 40 lovor than tho corros-
ponding Ao while P& o highor thun Po. The

backing layoers h.vo conciderable influunce on tho



Y ' Toxtornal Driving 'iransfer Jintornal
Ue ! Type of ' point Function ' Function‘'iriving point
He.: Construction ! : ' function

ae le ¢" plaster + 4;" brick Xilod. 0.778 7,159 0.722
4 1AM ULl. * ;;‘". Qliﬂitﬂr -¢ Wl . 170 750 13°
2e 5}" ﬂluﬁtﬁr + 4; " hrickk Aliold. J.756 5009 Ne sg

+ 2% F.C, ‘?g‘a pluster -¢ alye aye 240 i
3. &7 plutter + 4" brick Auod. 2,783 0.047 0.022
+M4" FoCe * " Dluster -Pur,. 220 1200 220
4. " plaster + 4% bediek Aliol. 3.734 0.2855 0,922
* 19 T80, + L0 ?labt@f "¢n1’ﬂu 3"10 677 180
5. |* placter + 4" donse Alods 0.770 0,113 0.782
Coneg, + 07 ol 2D -OLTL 335° 230 140
Bs YY" nlaster + 27 denssy  Aled. 0.312 0,136 0,718
Conas + 2" ee + 70 -pur,.e W2 60° 140

B. i}ggagug Qrzﬂg

1. " nlaster + 1% F.oe + Allods ).800 0.112 0.57%
45" briea + ;" plustor -9 iye 180 340 30
Be 1% pluster + 2" Fuls v Auods 0.0 0375 0.522
4" vrick + ;" nlastor -Qurp. 129 100° 230
3. % plastor + 4" P,Ce + Aliod. 0.950 0.934 0,533
45" brick ¥ " 2lustar -purg. 7¢ 138° 270
4. 17 plastor + 1" T.Cu * ALioue 0.034 0,043 0.57Q
45" brick + 4" plastor -o.ur.. 109 Q7° 249
5. ¢" dluster » 2" F.le + Allnde 0,012 3.086 0.573
4" donse conc. + Lt g -@ur,. 14° 940 359
6. :," Qlustﬁﬁf + 2" F.oo * Aunds 7.0210 0.119 0.573
2" dongo conc. * LM 2 -ourg. 79 639 329

Sevs B doumey coacrode Uewe = chormocols p = plucter



hy, =2 3,6
hi 1.0

' *Haat flow fron osute ' I’am: flou fro:n

oo ! Yype of N d inoide sid ‘

Ho.! Lonutruction 'uxt.Jriva, Srunsfer Int.z)rlv. p.evaraa

point ' function ' point ‘Ylrounofor

:function ' :function : ‘unction
¥

LR 4

1 " p + 9" brick + Allod. 0.744 0O, 198 0.500 0.083
i p —pirg. 179 1139 26° 1130
B LT p + 45" briek +Aled. 2,737 0.047 0.322 0,020
4% Pul. v M p —ourL.e 229 1200 240 120°
3¢ " p 4" UL+ AHGd. 2770 0,113 0.782 0.048
AN AR T S SR ¢ 330 140 86°
4 1" o5 4+ A" CW0 + ALde DWW 0.048 0.570 0.021
A" brick + % 9 -o.rg. 109 oo 340 oo
De 1"-“ dawe * 3% Jax Allod. 7.934 0,23% 0,511 0.018
bourd + L0M polok -¢irg. 150 1080 24° 1060
e p
G. 6" sandsotone + 0O Allods 2.63¢ 0.047 0.433 7.020
brick & " p ~p.rge 189 1700 23 170°
7, 3" lime conc. + 4" Allod. 9,733 0,207 0.4722 0.035
ReCuls # * :}’ﬂ B "‘PJ.J."{;.» 150 730 319 73¢
8. 25" dricktilo + 3% Aliods 2.644 0.03? .430 0.037
line come. + 41" -urp. 209 1240 279 1240

brick + 0 n

p = plugstor F.C. = Foumod concrote U.o. = Uonug concrete
1eoe ® Fharcueslo d«w.e. = Lainforcod ccmznt concreto
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decrcacnt factors of tho iniividual layors whilo froat
loyers have no influonce (vicwed in tho idrcction of
heat flow)e Tho docrcaent factor of the tunmo luyor 1o
not semc for oithor dircctions of heat flou. A8 a rulo,
tho decromont faetora for tho swio luyar 1u louvop, VWaen
tho heout tlove fron insido to outsidu, tiuun for the
condition, of hoat {lov from ouwsiuc to insido, 4f ull
tho luyors aro of denso matoricls. If tho insulsting
loyers aro olse prosent thoe doeroaumt fuoetor of the
loyor locuted in front (vigved in (s .ipoction of hout
flow) will huvo highor v.lucs.

It wao notod cuellor thut o glvon layor will
huve difforent domning gropertios deponling upon ita
positiun with roupoet to othor layorse. In ordor to
obtoin a bottcor undorutanding of tho bohuviour of
difforont types of layors, ou uffocted Ly thoir loca-
tion, tho docrcmont factors uero doturwined for o fou
typos of matoriuls, with difforont locutions. Theso
urce ,ivon in Table (7.G6). It is cluar Irvom tho cbove
datu, thot the innce nout luyor or u conadlnation of
two or more luyors (in tho «.u ordor) 18 not affoctod
by tho luyors ploecd sbove thos (for koot flov froo
cutuido to ingido). 21 tho oticy h.aw, the innor

laoyurs affoct tho docrocont Loctors of tho upper layer
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to a conciderablo extont.

Por exumplo, o 4y in. brick wall wlono has
a docrement factor ( A ) of 0.447 and phuse lug wngle
of 23°, uhon it 1s plastercd inoide () inch), A\ is
docreusod to V.445 and P is inuivuccd to 35% Thusa
valucs did not chenpoe vhun additionnl plostor og other
loyers ero pluced on tho oxternul uluo. Nut when
udiitlonal inculution loyors 4o placcd on the inner
side the A for tho brick coction il inersas.d to 0,732
and ¢ 13 in:roasod to 41%. thur matefdids also

bohavad similorlys.

thouph the tewacfor and de0lving polat func-
tion dutu givon in .apondin (IV) cov.r. 03t of the
comnonly uscd compocitc constructions, tuasre c.n be
many pore coabinutions pouLsiblo. .ny no. spocific
cave vill huve to bu studivd afroch. iwreover, the
phyuicul propartics of iho nutorials usuvld in theuo
studios are average vulues only. Tho vo lutions in
their proportios .bow . olso be wecountsl for. Gaio
auy bo siomlifice by dotoralning uhe cguivalont hoao-
sencous construetiony, vhizh hur tho swre docrsnont
fector ( A4) anl phoro ey ( 1) Lh.l of the compo=

situ coactructien, tho tro hornul progzrties
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necesuary to detoraine tho equivalent homogeneous
coastruction are

1) wequivalent thermal resistunce i (eq)
and 11) eguivaleont thermal cupacitance C (eq)
“ho eguivalont resictence 1o obtulned sinply by
wiiin,, ull tho roui.tonces of tho individual layers

NzN
i.9., > he Nackey ond Uright (78) have given un

empirica11;21utian Tor the dotorainution of the ogquie-
" w.lant (kps)(eq) for poriclic ha.t flov conditions.
wteuart (738) pointed out that it is Jifrficult to
g.tublich limits for tho oapiric. 1l eguations dorived
by iuegey cnd Jright. Sucknayor (77) hid ulso darivod
equations for cquivalcat copuacity brick wall, based on
Ericciors oquutions (73) for froo cooling of ctrucs
tures (tranciont recponse). Hofbuwer (79) has derived
eyuutions for hulf velue timo for cultiluyered cons-
tructions und rcloted it with Bruckmbuyer'c oguivalont
gapucity brick wall. %ho oguivalont (RC) eg and honce

the cquivalunt {(£) eq cun bo obtuilned from theso

equutions.

The groatost auvuntego of thouo equivilent
hoitsgenoous gy and wwegq 15 that the Jume <ot of
chiorts of thormul function. proparca fou L0310 onosus
venstructions, siven 4n Jhaptor G, con Lo utiliced for
obtcining thote functiond £or uny copu.iLd constsucs

tiong, vhotover b: the nuocber, $ype an. o2 ler of the
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loyors.

Skhlover (26) quostioned tho validity of
thoso cnpirical rolutions ond doubtod the popeibility
of haoving sn oguivalent homogenoous construction which

will under oll eircumstances, hove tho osme dasping
and phugso chift.

Althou h thooo mothods yicld approxinato
valuos, thoy uro Jorth tho offort as they oneblo a
quicik cstinution of 4ll tho thormul functions und
aovile ponsral sslutions, providod th: mothods udoptod

for tho calculation of the cquivalont «Cqy oro rolicble.

nackay wnd Jrircht havo chiockod tha validity
ol :hoir caniric l rel.tions by compuring the docremont
foctors for A1 uwid P11 only with the analytical
solutiono. A8 tho puilodic hogt flov chardctoristics
of & bulliling colement orec deseribod by & sot of throo
thermal functions, the valldity of the equivalent hono-
penoous conputational sothods, should also be chocked
for the driving point functions., This chocik has booen
nzde for 10 typoc of camposito constructiong covering
layors oodo of convonticnnl snld insulciing metorialas.
“ho gguivilent n‘and I8 for thouo constructicns voro
caleulotal both by iackaey and driuﬁt and Douchnayeru
equations. Tho thoroal functions woro road fyron the

raopacetive charts (giveon in Chaptor G). Thooo varo
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comnared with the corresponding functio.s doterained
by tho analogue method. 48 a further check these
thermnal functions wore computed by datrix mothod aluo.
In the mutrix nethold tho overall trunsmiszion nutrix
i3 obtuinod by the nmatrix cultiplication of the trant-
for nutrices of the in'ividuul dloyere, in tho orier of
hout flov .ircetion. Tho trancfoir functions und tho
driving peint functions woroe oteriines viih the cguue-
tions Livon in .pponlix (ii). The roe.ulis obtained
by tho tbovae Jfour w.thods wee cazgared in Ludle (7.7).
Srea the tuble At con oo wsen that tho wnalogus und
lateixn values ouree closoly, ud oxpaclou. ilowevor,
roosults obtained by luckuy wnd YUri ht oguutions are
only unproxinueto un.: wro useful ouly uith luyers of
danso muterials. whe avvictions vuecozu tuo lurgo
espocially in phuse lug un les chun dusulating luyurs
are presont wn. the cethod boeonss uareliuble.
druciioeyers (77) cguatiove wloo Jo noe nold ool for
composite conutructions wilch incluio iasuluting
notericls. Jrom thoooe stusios 1t 1o uppuarcnt that us
pointod out by uhklover (23) it i not ulirays poocible
to obtuin cn cqulvalent hoasgonedus conztructiony which
civos tho coma thornaal cystoa functioau, of g con o=

c1to buil-ing Slexzat undoe Lll civeun.tineos.
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(Fundcontal hg = 3.3
hl = 105
¥ “ithope ! linckoy and  * Bruekayor ' [naloguo U fatriz
3o Y ypo of faal ¢ deighe t+ Jornula ¢ [lothed t  [othed
Uo.' Construetion ‘systca' Forculn J ' '
' 'fonce ' 100 ¥ ipQe f [QuUe 'iRQe O liodUe ¥ LPZ. ! LOdUe ' DQe
! ‘eiex ' lus  Yin dogf lus  'indogt lus  'in dogt lus 'in doge
1 t t ' ' ¢ ' i + 4
1» p DEO"B ¢ 0,730 5 0.710 15 0,78 17 0,733 13
¥ D 0.123 103 0.125 109 Qo123 1L 0,133 110
0,530 21 0,420 33 0.0 23 0.522 a3
2. 3" 3. + 27 adp 0,835 11 0.8 1 0,70 10 0.731 12
- 5paes ¢ 3% D 0,170 63 0.108 73 0,073 7 0.179 73
» .' 0,535 19 0.G00 10 0,533 22 0.824 20
Je 67 ocnd otono ¢ 9 0,720 16 0.600 15 0.622 13 0,343 13
brick + " slastop 0.08) 152 0,085 1% 0,017 170 2,005 163 §
0,420 3 0.430 25 0480 23 0.448 27 .
4, 37 L.C. ¢+ 4% R.D. 0,740 15 0.7 15 0,733 13 0,719 15
* 4% p 0,175 83 0,170 23 0,132 78 0,184 70
0,535 2% 0,520 24 0.489 28 0.500 23
Go % 9 * 0% 040404 + 0.850 8 0.820 8 0.83¢ 1 0,335 11
5" p 0.031 118 0.0590 125 0,035 115 0,038 114
0.670 16 0.700 16 0,838 23 0,672 a1
Go 7 p 244" B. +4Q° 3.87 7 0.910 6 0,783 22 0.735 20
R L, 0,027 186  0.085 23 0,047 127 0.040 132
0.740 15 0.8%0 1 0.82 22 0.812 20
T« 1" p ¢ 17 7.0 +4}° 0,83 7 0.840 8 0,022 10 0.933 3
Be ¢ 3% p 0,037 137 0,018 100 0.03 ¢0 0,046 37
2,733 1 0.8% 19 0.870 34 0.333 a2
8. 27 7.0, ¢ 37 2.0, 0.930 8 0,800 7 0.239 1 0.952 1
0.013 50 0008 236 0,231 69 0.034 a3
0,705 1 0.7 13 0.504 39 0,540 a9
90 2Q 30‘30 ¢ 2"1 ?OCO o 90959 G 00929 5 00%1 16 00918 1»5
a% Jyie 0.023 112 0,015 120 0,083 @5 0,041 @3
04832 8 082 10 0,738 22 0,730 31
10, .Sn 20 shost ¢ 47 Ooe 2.230 2 0.C3) 3 0.2 2 0,849 2
237 pevse 0,187 W0,136 22 0,183 21 0,193 29
0,810 4 0,7 8 0.8% 8 2,854 9

7 & plasta? peYe = plywend .0, 2 Doaco conerobe L.C. 3 Lipo coneroto Q.. = .ninforead brick
0e0s2e = Lup.nded ulug cocnerote Pu8. = foanad concroto 3. = brick e = nincrul veol
TGy = Thopooeolo  usle 3 [nbaotos ecaont.
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Caia 7T ot A

intrainction

Chaptorn 8 and 7 dogl with the tranofor and
drivin; polint functions of o lorgo nuobor of coxzon
buildin; vlemonts {(homogenoous and coarosite) vhich
provido o yuick noano of coap.ring tholr thoraal
affioicneioss Critoric for tho choleo of o building
coapanont mostly consiots of (1) Low 'U' vulues,

{(11) Lov trgnefor function ( A1) valuo, und (11i1) Low
iatornul driving point tranofor function ( A4). .uch
a choice will rocult in lowor cooling lowds for ulp
conlitioning ani bottor thaermal bohovicur of uneondi.
tionod buildings. Por o quantitative cutioution, of
tho indoor alr temporaturoe, whora duo allowancs haos ¢o
bo nede for fluctuastions of clionteo ond voriutions in

dosi n o conpututisnal mothod using tho above Jotn is

-roquired.

dathenotical nothods hovo beon Govolopod by
uneoy (25) ohizlovor (23) ani tloroott (27). iuncoy hao
shovm thut tho muthenutie .l troctcont of vun Goreun (22)

could bo axntoadoel to a conploto building. hixlover and

larcott, by applyin, tioc synbolic culeculu. tochnlguos
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hava dovolopod aotheds for tho ostioution of indoor

air tceaporatures of unconditioned bulldingzs. Dut
thoso conpututionsl procoduros are quito involved and
tioo consunmings Eloetricel onalogue tochoiques have
alco boon omployod (48, 80) for tho dotorminution of
indoor oir tomporatures. Ia theso netheds, tho roon
with all fts structural compononts, vwas sicoulated on
tho annlogue model, coupled with propor radlotive and
convactive rosiotencos ot the inner surfaccs. %ho
notwvork with all tho iaputo provided by spociully
dosi nod funetion gonorators at vurious bounlarios
bacomos complox oxpordinmentally wnd ogonemically. 2ne
such notwvork arrungozent is illustrated in Fig. (8.1).
inothor disadvontoge of this mothod ls that any cjoci-
fic vuriution in any one fuctor had to be roprosontod
on the snaloguo and studlioed separatoly. olnce one
comes across, guite o large numbor of individuol
variaotions of climate ant decipn, such a mothod of
onologuo raprosontation 15 not foosiblo to attain
generalisod solutions and sone simpler and moro

floxible mothods are t¢ bo alned at,

A computntional nothod utilising tho (nro-
tobulatod) analogue transfer and driving point func-
tions ig ;ivon horo. A8 bulldings are cudjocted to
poriodic tooporutura wnd solur pediation, ého indoor

gir toaporuture vuriations of onclosuroy aro aloo
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poriodie, Thoso can bo roprosontod by Jouricr

poricso.
oD
tin (T) = ty (mon) + 2;: Ly, n cos(wnt=2,) (1)
=0

Dotorainction of ¢, (7T) consists of tuo purts
viz., (1) dotoroin.tion of the stoady otate tonporaw
ture ( tg, (osen) ) ond (11) tho Jotorainution of

tho harmonle connonontoe

Tho stoady ctato hout £lov (. moun)

throush any butlding componcnt 'i' dus to the t 0w

- poroturo wifforcneos botwoon tho noun Solesisr tode

poraturo ( tg,(zoun) ) und tho coun indoor air
teaporoture ( ty,(cown) ) 15 culewlutod fron tho
cguution (2

Alooun) = Ui gy { t5q ymo0n) = £y (ooen)] . o(2)

vhore Uy 15 tho stoody state over oll thopmal’
trénsnisnian coofficlont of tho bullding oloaont in
Btu/wqeft./lir/%".  4; 1o tho uroa of iho oxposcd
surfoeco of tho tuilain, oleacnt in ..q.ft. Tha totul
stoedy stutc hoat flov into tho intorlor of o buil-
ding, through ull oxtorior bounding surfeecs is
obtuinad by tho cummation of il thoe individual
quontitiocs ond 10 oxprossed by
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(m2an)eae,y = ) wx Woun = > U i '{tsa k {mean)
- tia(ﬂﬂ&n)} s (3)

In order to sotisfy the steady stato h@aﬁvbalunae
conditions of tho enclozure, tho not hout guins of
tho onclosuro should bo zere 1.0., the totul heat
guins of the onclosure should be egusl to tho totul
heat lousses from it. If heat jwins throu,h ventiew
lotion und intornol sourcod ore alaalprasent. thoir
stoudy ctate components are to be uwdided to the totul
heut gains of the cnclosure. Then the eyuation (3)

bocomas
Jnmoan) = Uy ay {eaa g(noun) - t;a(maan)}
+ Jglmeun) + [y (meun) oo (4)

Aocording to the conditisng for heat balancae the

T Q (‘mean ) iz to be squutold to zoro. Thon wa et

Oy 4y -{tsa g{moan) - tia(mean}} + <gloean)
| + yylmean) = 0 ve (8)

This ives tho meun indoor ulr teaporcturc ag

t (ﬁeun) = Uk {gsa k(mﬂﬂﬂj}* G,.(moun) + Qv(mgunza
ia WA
UK o
* o« (G)
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The noxt ostep 45 to dotormino tho fundi-
montal and highsr hornonies of tho indoosr oir toze-
porature variations, vhich rosult from the hormonie
hoat flow through &ll tho bounding olements. This
can bo solved in two stops, viae, (1) caleulation
of tho hoat flux ontoring tho enclosurs through oach
olenont duc to tho sole-air toppsoraturs variutions of
tho axnoocd curfacos and (41) eulculution of tho
cmount of heat filux abgorbod by each intornul sur-
faco due to indoor oir taaparéture haraonic vorio~
tion with unit onplitudo, for the funionontosl und

highor haroonices,

1} Tho simusoidnl hcot flux transnitted into
tho oncloscl opnea through any oxposod elcemont I
cun bo enleulated, 1 tho transfor admittonco funce
tion 14; 1o known, by tho oguation
—> v —> —
o (T) = g nye - iy Zing vo (7)
vhore t,uq 10 the n th  h.rmonic componont of tho
sol-ulr tonporuture of the olezcont k.
Y4ne 40 tho trunsfor inlttunco of tho n th
harnonic for tho samo olomeont k.
Ly 1o tho oxposod surfuce urou of tho
aiaaﬂnf i 4
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Coung ond Lgpe @ro veetorial quuntities which are

axproL<ed in polur co-prdinute fora by

taan_k f“’h , Im {-;\PL“K rospoctively.

Tho total umount of hoat flux onterel into the
onclosed space through all tho oxposed clenants,
for uny harmonic, is obtained by sunaation of all
the inlividual quuantitios of heat flux L.o0., |

— —
DT = T = S e g Yy -e(8)

Bol-pir tomporatury v.riaticns will bo difforent
for differeant coanonunts of u’bnilding (1.0. raut,'
walls, door, winlows ote.) oven thouy,h tho outilde
oir tonporuturce is the same. ioncs thelr hursonic
comronants vill alco havo {fforont amplitules wnd
phases. Thue suamation of tho hout flux quantitios
in egquution (B) uro to bo cuarried out us coumplos
e«dditions. If any intornul poriciic heat uource or
hoat flow due to ventilution are prosont, the har-
monlce components of thelr hoat flux urec to bo addod
to the correupoﬂdinb harmonic heat flux ontaring
through all tho oxposed cleasnts to obtuln the over
all hoat flux ontoring the onclosure. %his may bo

upitten ao
AT = 5T T + ThCT) + el T ea(9)

i1) Shis heat {lux recolve’ in the roon,
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vill proiuce « temporuaturo vuriation of the iniloor
cir. Let tho corrcuponding hurmonic variation of
tho indoonr uir toaporaturo bo i;;;‘ This haroonie
tonporature vwriution of tho indeor oir, will in
turn induco hurmonic heat flun in all tho intorilor
uurfacod, including the purtitions, furnitura otc,
Tho gquantity of hoat {flux ubgorbod, st thse inside
surfuco by any builldin: cleonoant k  can bo culocue
1utcd€3£_tha intornul Gylving point alnittinco funce
tion Iink i5 haotm. %ho eguation rol.iing thecoo
guontitics 4s pgiven by

; '

<'T «—
e KT = tn iy gy »+(10)

Tho totul hoat flux ubsorbed by all tho intorior

surfucos of tho cnclosurc ius thon obtuincd by
sunnation of tho fcuwiviiual Quuntitiocs. This 4o

oxprosusod 08
. <

<—....
T CTY = 77 tyan & Ying e(11)
Since all thoe intorior surfucos aro in contuct vith
the samo air, tho driving temporituro t4,, vill

bo samo for nll surfoeos, wnd the eguction (11) cun

bo vritten oo
<-—I- & &
BT =t T8 Yoy .o (12)

AS tho condition for hoa: balanco should nlso bo

satiosficd for ocach harmonic, tho total uoount of
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heat flux tregncaitted into tho unclo.ure und that

| enitted by tho intornll poriodlc source, Jhould be
agual to tho totel heat flux abhsorbed by all the

intorior surfocces. This means

R (TY = (T

1406y S boank & Ynk™ g * v * Yian T dx Timk
v {13)
Thon tien 18 odtuined as

e S tan x:L Yw*mg* Es\'A (14)
- Z 4% “Ank

t46n

Thus for obtulning t4,,, trun.for awdmittence funotions
und intorn.l Jdriving ;polet uduittuence functionc wrce

roguirel. L1kc.e c.n bp obtained froa tho tr.nsfer und
driving aoint functions (amplitude dacrencut wnd phuse

lug aniles of tempeputuros) by ths followlng rel.tlons

—> —

¥y = hi N ss (15)
< N

¥ = hy Q=N ) es (18)

By combining the stoudy ntate tosperaturo und the hure
monlc conponontn, i Fourler ocguation for thoe poriocilic
indoor ulr teaperaturyn of any oneclosurc cun ho obtainoed
&8

t3,(T) 2 tyylmoun) + Sty Costont -2,,)  (17)

Thio modthod gives tho indoor air tenporie

ture vardations in “orcs of the thormul uycten functions,
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»

tU' vulues und tho sol-ulr tonpoeraturos. any chun os
in the bduilding compononts can be incorporuted in the
c.lculitions toking ito corrosponding ‘Ut VQlﬁo ond
thormul cystom functlion, while changos in elimutic and
othur . etors l1iko oriontotion, surfuce troatmonts ote.
cun ulso Do insorporgted by corroesponding chunges in
goleair tooporaturc. In this mothod tho roiiation
oxchoangoos botwoan tho 1ntor1at curfuces ore not sopie
rately considered. Tho surfuco coofficloents woro taken
at the rosualtant of radiative and coaveotivo trancier
coofficionts and tha hoat 1o lroctly trunsforrad to

tho roo3 adr, froa the intorior curfuccd,

To chock tho roliubility of this poethod, the
prodictod tomporaturcs uvors coapaured with the model
mocsuranents of luncoy (25). lluncoy had usod tweo
nodols (1) a musanry ons with hogvy structurcl oloe
monts like briek, und (i11) o tiober ono with light
structural parts. Thoto modols woro tubjocted to tho
sane oxternal oilr tomooraturo varistion. %he inaoile
uir tooporaturoes wore wousured und computed by llutrix

anothods The phycicul proportics of tho outoriocls of
th. nodol aro givon in Juble (3.1). dho '0U' values

tnd tho thorowl trunsfor .n. Jdriving peint functions

of tho mutorials uwsold dotordained by the anulosus aro
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PldoXC, Jo 2102 010003 O 3

Tl 10

. ' Haterial ' K P 8
Qs t : L

» Drick 8.0 120 0.20
. Concroto 1C.0 159 .30
. T icboyx 142 52 0.30
. JAywood 1.0 659 Q.30
. sidnoral ool 0.25 12 2,20
. Cano Fidro Jourd 0«29 30 230
. {lass 73 1G5 0.19

]

=

=

Thermul conductivity in Liu.in/ t2.1xr .0

Doneity in Lb/itS

wpoeifie heat in Btu/Lb.v.
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given in Tablo (3.2 anil 3.3) for tho tws moleols
rocpoctivolye. 49 0ll theo ¢ix oides woroe oxposcd to tho
s.n3 alr teuporasture c¢ycle, tho moon inaido oir tem-
peraoturo of tho modols will bo ogual to tho mean outsido

air tcoporature.
1.044 ty,looan) = ¢, (ooen)

The hoat £lux ontering tho model throash ocaszh oxtorior
clonont e to oxtornzl toaporuturc voriptiona, for tuo
fundanuntal uand throo hizhor hursonies wvoso enlceulatod
froz tho cquution (5) _n: _iven in colu.n. *.' of tublog
{844 und 8.5). 7Tho hout Ilux wubsorbod by coch intornul
aﬁrfsee por unit wmalitule variuetion of intueraul uir
tenporaturs for the funicountal and thros hi her hurso-
nies voro ulso culenlutc: frea *ho cquoilon (9) unld
given in coluins 'B' of tho 6imo tublos (3.4 und 3.5).
Tho suzmetisn of (11 14033, in coluzn '..! will ,ivo tho
total hoat fluxz catorin. tho nodol

ooy > %oome & Tann T &

and tho vuooatlion of 41l tho ifcnu in column *BY will
givo the totuld haat fluz ubsorbod by ull interior wure

facags of tho podel for unit amplitudo haracale varia-

tion of Insido uir tomporuturc

' 7
1.0, 3 Z&;k ij_nk = Qn

If the pasultuat indoor uie toswraturo veriution hul

sn woplitudc  &y,.. then <ho totul huut flux aboorded
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3 2
LoBbi, 8.3

Ty A FGaiG"‘&IQJu {2 U* ‘Ju&llw QF i

wididd il il

2 2.5
hg = L.

3

Us 'Compqnent R

THar-'  ironsfer ! lnternal Jriving
' mo-'___Function ' .peint i

o ‘Valuc' nietiiodulus ' arg -@; liodylus Wrie ~@
$ V AL '!&’l—gﬁﬁ." AL .!B des
1. 2" brick g 0.056 132 0.122 40
wall Do 0.013 162 0,001 38
0;?35 HB 00038 BOO 0.076 36
O, 0,005 218 0,069 34
2. 2" concrote P 0.045 130 0.100 44
roaf Bg 0.016 164 0.075 40
0,760 ﬂ3 007 208 0.062 40
By 0.004 228 0.053 38
Ja 1M timber I 0.038 124 0,333 30
floor Ky 9.034 134 0.230 ~ 32
G¢473 E3 0.314 834 01340 33
i, 0.07 3% 0.213 30
4, 3" brick F ee ’e 0.123 40
partition HQ . s 0.100 33
Wﬂll 0-595 “3 L X LX) 00030 36
BQ 'y 'y 0»073 34
8a  1/106" glass v 0.093 18 0.333 20
viriow 113 U622 H 0.3 36
260 Hy 0434 a4 0.255 46
Mg 0.336 62

0.218 64




hy = 2.8
b = 1.4
v ' TEaraT Iransfor ' Intcrnul uriving
tCoaponontt U mo- ¢ ‘ _ ‘
fo. ¢ waluowic siodulus  ° Arg-® na.lu).un arg -/
' i v Y tin dass 2in dog. .
1. /8" plywood P 0,062 320 0,600 36
+ 1" minoral Hp 0.022 168 2:422 44
wool + 1/3" 0.186 I3 0709 234 0.322 43
plywood valls Iig 0,004 204 0.274 50
2, 2% Qanc fidvro r 0,066 120 .51 a2
board roof o 0.025 162 0.422 24
0.277 Hy  0.014 224 0,378 24
Hg  2.011 248 0.356 24
3. 1/3" plywooad F Je 334 20 0.339 16
floor Hig 0,484 32 0,356 28
g  0.256 50 0.230 40
4. 14" timbex 15 0.066 140 0.366 30
frome Hp  0.021 108 0.318 30
0.424 14 0,007 224 0.272 23
13 0.004 246 0.244 26
8. 1/18" P 0.820 is 0.334 20
windou 2.900 lig Q4433 44 0.2638 46
La  0.367 52 0.218 54
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¥ill be
1
Lian > M4 Yink
To satisfy tho hoat bel.nco eguation tho sums of coluan

'a* cnd the product of ¢4, anl tho sum of the column 'B'
should %o ogual for sach haraonic.

- ™ &~ 5

vhere _:.; - Qné_—__e;, i 4;1 . ‘;1 L—___Qh"
This clvas tygn 2 4y |

A A

The tern /., will ive tho coplitude of the hammonic
toaporature veriatinoa hnd-—(é%}—égv pivor the phaco lage
Dy dividing the toted ol column ‘. by the total of
ecolurm 'DY for o.¢h h.iasnie, tho anplitude und phazce of
the indoosr uir tesporature v.riation ure obtuined. The
caplitudos «nd phutes $or the funl.montal wund higher
harmonics, obtained by the above procedure are also glven
in Tubles (8.4 and 8.5). Zhe Yourior cquations of tho

inside alr tomporaturce: for tho nodols are obtuined as

1) Hasenry loig

£, 0T) = 24,08 + 1.14 Coo(ald - 1189)

08 Cos{2ul « 100°) e (13)
J3.09 ces{(3ubt. 2100)
0.02 Zou(aub . £150)

+ 4+

11) Tiglor Medoel
t3.(T) = 24.05 + 5.8 cCos(ut - 729
0.40 Cou(aout . 889) e+(10)
.68 Coo(3Ut - 2209)
Je20 Cos(4lt -~ 2187)

i+ 4%
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8y synthesising tho abovo Pourilor cquaticns, the timo
tenporuture vorictions of the indoor tomparatures voro
obtolned ond aro eomparcd with the moosured und Matrix
calculuted viluos (luncoy) in Pigs. (8.2 and 8,3) for
Hasonry cnd Timbor bodels redspoctively. Tho cnaloguo
prodicted rocults found to bo in c¢loco ayreanont with

. the .iutrix ccleulutod values than tho neasured onogs, us
oxpocted. Lhe doviations from tho mousure! toaporaturos
ore duc to tho assunptions nudo in theory und uro leus
sl nificunt, thun what thoy upsocur to bo, in vicu of the
f.et thot the thornul propertios of the —utoriuls could
vary botwoen wide lioits. Tho alin wivaatoage of this
nethod is tho flozibility and orso of comsutuition. Zheo
affoet of lmast oy fictor ¢ by ovolunted vith a
1ittlo ciditi nnal offort. Thiu 1z po.oiblo bocuusa 1t
utilises a osot of thoranl »yutols functions, vhich huvo
baen tabulstol for o larga nusbdbor of coxivaly uced
structurcl elcacnts anl these trunsfer functions arc not
affectod dby tho oxtornul climatie variutions, au these
aro depondent only on tho froquoncy of the vave forn,
but not on tho cmplitudo. By adopting thic proecdure
thoro i3 no ncod Lo ronrosent ths Luiliin, us a4 vholo
on tho unaloguc modol und honeo the exnaricsntul part
alco 1s very ouch nimpiitici an! loss exp:naivb. This
mothod i3 particulurly suited for jonoralised dosign
probleas, vhoro 6 gquantitativo btnovlicige of tho inprovo-

pont in tho thoreool cfficiency vorsus ee-noaie factors,

as uffectel by douipn vurictizno, is of grout pructicul
Lz mptineu.
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In tho last Choptor (B) it hus been sham
that the onulogically obtuined, thoroosl syston funce
tion datn, for individual olcnoonts, cun diroctly bo
applied for tho proiiction of lndooar air tooparatureo
vith rocsonublo gocuracy. Tho tranofor and driving
paint function dota cloo provido o quick w«nl roalistic
ostin.tos of cooling locis of tho fubries for uir-
conditioncd buildings, t-king tho internul oucsas ulso

into uccounte

Tho nothod desceribod Lo highly floxiblo.
Tho offcets of muny f.uctoru, such asy tho typo of
patoriuls and their combinutions, dosign fouturos,
oricntution surf.co colour troutmonts, rogional und
soasoaul clioutie varictions, purtitions,; insulution
anlt chading of roof, wolls, winlous und ventilution
otece on thornal officioncy, for both conditionoed wnd
unconditioned buildingo cun bo evoluutod with ninioun
offorts



8.2

t 139 ¢

4 fow typleal upplications of thae trunsfor
and driving point function dutu in solving the abovo
mentionod problems aro illustruted in this chuptor.

For ovaluating tho effoct of oriontation on
tho indoor nir tonperature vuriation a room of dimone
slons 82 x 20" x 12' has boon considorcd {(Fig.9.1{(a)«
Physical proportics and constunts aro given in Tablo
9.1, Tho doors unl windows wro uluo considored to do
medo of a construction which hus tho cumoe U value ond
tronsfor ond driving point functions we that of tho
walls, Tho surfaco abuorptlon coofficlont of wall
oxtorior surfuces are t lion us 0.5 whilo for the roof
as O.le Koof bolng flot tho coleulr tomporuturcs of
tho roof will not bo uaffoctold by oricntution. Svwo
orientations ono with long wulls fuodng vast-dost und
anothor vith long walls facing ~outh-lorth huvo boen
considerod. The oxunple has boon workod out for a
pluce cituated on o lutitudo of 2990 and for a typieal
sum3or day ({{iay 16th). For thoso conditiona, tho sole
oir toaporaturogs uworo calculatod. 7Tho soleair tod-
poraturc curves obtained for roof, und wallo aro shoun
in Fig. (9.8). 7hoso wore hurnonically unilysed und

thoir ourior aquutlons cra in Tuble (0.2).
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TABLE 9.3

AI0PLIAT L OF THU Ml

PHYBIC .
TARSH I b, sealibou

5;‘ E Hatorial 2 R E e E 8
¥ L L}  {
1. Brick 640 100 0.21
2, Plastor 12.0 123 0.32
3. Teakwood 1.2 40  0.39
4. fThormocole 0.20 1 0.82
6. Deonse Concreto 8.0 120 0.21
6. I'oumed Concreto 0.75 30 Q.25
7. Lims Concreote 6.0 ‘ 108 0420
8. ° Hard Coro 7.0 110 2,20
9. woll 8.0 110 0,20
10. GOlass 6.6 160 .16

K = Thormel conductivity ia Dtu.in/it.nhr,oF
P = Donsity in Lb/Ftd
s = Specific boat in Ntu/ib,Op
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TARSH T a8y il lou

$ ) ) 1 [ [}
g;i ' Hatorial : R : e ' 8
¥ ¥ ¥ §
1. Brick G2 100 0.21
2 Plaster 12,0 1290 0.32
3. Toukwosd 1.2 0 0.3
4. Thermoacole 0,20 1 0.32
5. Donse Coansrete 8.0 120 0.21
6. Tooneld voncrets 075 30 0.25
7. Lims Concrota G.0 1378 0,20
8. Hard Core 749 110 0420
Ye woll 8.0 110 0,20
10. Glass GG 180 J.16

K = Thermol coniuctivity iz Dtu.in/rt=.Hr.0F
P = Donsity in Lb/rtS
5 = Jpacific hoat in Itu/ib.os
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ho outsiie wild insido curfoco coofficionts
ore tuion us J¢8 uad 1.6 Htu/eq.£t./00/% rospoctivoly.
sho 'U* welucos ond tho trunofer wnd driving point ud-
nittanco functions f.r tho walls, roof unid floor uro
given in Tuble (9.3). 4%ho otoady state cnd hornonic
hoat flov ratcs, throush cuch building olczunt into tho
roon snd the heot wbuorption ut ho iasildo surfucos of
all tho bouniin; oleounts of the room, and tho goun roon
alr tomporuturo wnd tho wunplitudes of tho hoerronie cone
pononts, woproe Jelarnined by tho procudure oo outlinsd
in Chupter (8). iho euricr roprosontstion of Lho
indoor uir texporaturos for tho tws oricntutions uro
given boloy
south dedentatdon
«45 Coo(18ut + 23°)
25 von(30ut + 197°)

)

2

0.07 Coc(48yt + 120°9)
0.03 Cos (Gt + 3309)

tla(T) & 88.6 +
1’
+
*

JQ 6t _Dx ign gm

ty3,(T) = 33.4 3 Cos(lButs+ 272)

2 Zos (30wt +210°)
+1G Con(484t +1189)
.06 Cou{(GOut +333°)

+ 2
+ 0
+ 9
+Q
iho hourly indoor air temporaturo vuristions obtainod
uro shomm in Pig. (0.3)., Thios orumnlo clearly demone
gtratos tho wlventyge of fucing tho long walls in

Gouth~llorth (oriontation). $ho wivenga,o of this

oricntation vill b2 moro nurked, for bulldings, with
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sloping roofs than with flot ones cuipocially for o

lurge lon,th to Lropdth ratio.

For ovaluuting tho thorasl bohaviour of
ony bullding in difforont scasons, at any purticular
georaableul looution, u singlo rooa siructure, shown
in 'ig. (0.1(b) wus considorod. Tho physicul proportios
of tho mutoriuls ore civen in Tuble (9.1). Tho 'U'
veluos and the truncsfoi functions and driving point
adatttineo of tho structural clonsnts aro glven in
Tuble (0.3). 4 typlell sundor Juy (Cay 1G6th) und o
wintor day (wcc. 2d) huve dboon tukon. Thoe oriontutien
is fizod oo iLouth, Yho vinlous woro conuidorod to bo
conplotoly shaded freo tho cun und no diroet solur radice
tion ponetrutos into tho roon. Tho surfaco abiorption
coofficicnt (1) of the roof w.s tukon us 0.7 und of tho
valls as 0.8, Tho sol-anir tomperaturog for tho roof,
wallo, doors wnl windows havo boun coaputed from tho
elinatologicul dotu and tholr TFourior cyuptions wra

cdven in 9ublo (9.2).

“ho stoudy atuio wnii havoonie hout flov 1ato
tho roea through ull oxtornul fuecin:; structural olezentys
anl tho hornonic hout sboorption ut the int.rnul curfoco
for unit wanlituio voriution of inloor hartioni¢ tunporue

ture voeedations, uni <ho Zoun ingoor alr Coaswraturo wnd
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haroonic variattons havo bson dotornined for both tho

days. Choir Fourior oquations aro glven dolow,

t;,(T) = 03.8 + 4,3 Cos(l5 ¢t + 57°)
+ 0,85 Coa(37 t ¢ 2339)
+ 2.05 Con(4as ¢ + 1209)
+ 0,03 Coa(G) t « 146°)

dintor lay g\}ac, :}'ggz

ty (T) =552+ 2.8 Uosils t + 099)
+ 0,40 2o3(3) t + 1959)
+ 0.03 Cou(eB ¢ + 63°)
< 2,00 oz (80 t + 1209)

Tho hourly indoor uir tcaporgturcs us obtoeinzd from

the cjuations uro choun in Pig. (D.4).

It 10 intorccting o kaow tho influcnce of
gurfaco colour of ¢ builiing ole-ont axposci to tho
solor reiiction on indoor alr tooporatures. oueh a
study vill provide an indicution of tho offoctivonoss
of difforont curfzco troutmeonts in iooroving tho 1adoor
thornal conditions. FPFor this surposce tho oco oinglo
roon structuro Fig. (O.1 (b) was considored for o typl-
cal wuomor duy wnd ~outh oriontuation. Four surfgeo
ubsorption coofficlonts viz., 2.1 0.5, 0.7 und 0.9, for

rouf only woro conuludorod. Tho solair teaporature wave
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forms of the roof with theao four surfuceo abgsorpntion
coofficionts are chown in Pig. (9.8). lare hoat flow
through all other bullding elements excopt the roof are,
the same as that of the summoer day, in the previous
oxamplo {2). The fourior eguations of tha indoor air
tomporotures obtained for these four varliutions of

are piven bolow.

For & = 0,1;
t,,{T)= 87.2 + 2.6 Cos(15 t + 40°)

+ 0.32 Cos(30 t +242°)
+ 0.04 Cos(45 t +1388°)
+ 0,02 Cos(B8D ¢t + 789)

For A= 0,5

ty (T)= 91.1 + 3,7 Cos(15 t + 519)
+ 0,23 Cos(30 t +2009)
+ 0,05 Cos{45 t +188°)
+ 2,07 Cou(GD t + 53°9)

For &= 0,7

t1a(T)= 8348 + 4.3 Cos(lC.t + 570)
+ 0,55 Co3(3) t +235Y)
+ 0.05 Con(45 t +1809)
+ 0.03 Cos{60 t +1469)

For A= th

t4,(T)= 84,9 + 5.0 Cos(l5 t + 599)

0.67 Cos{30 t *2367)
0.06 COS(QS t +187 )
0.07 Cos(60 t +155°)

+ 4+ 4

The hourly indoor air tonperature variutions are

caleuluted cnd compured in Pig. (9.6).

It 19 clear from this study that highly

rofloctive surfuce finishes have a murked influenece in
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roducing tho indesr uir tomperusturcs. %ho difforonces
botwvoon tyo oxtrome cusos A= 0.0 and 0.1 was noarly

10°F, vhich 1o o very significant reduction. Tho najor

port of the reduction is affoeted in the stoady stato
level (7.7°7).

Internsl mavses 1ikeo purti.ions gnd furniture,
havo thormal cuapucity und hence a purt of the hoat that
ontars into tho reoa 18 gbuorbed by thom to molify tho
indoor uir tenporaturc. 7The nmagnitude of tho reduction
in indoor air tomporaturc will dopond upon the internal
driving point aduittanco funection and croa of those
internal musaes. 4o an illustraotivo oxamplo, tho came
singlo roon structurc takion in ooarlior oxumples (Pig.
9.1(b) has boon consilored with tho ineluslon of a
portition wall of 9" brick with 1/2" plastor on oither
sido as showm by dottod linos in tho samo figure. This
boing on internal wall tho surface cecfficionts on
oithor cide con bo taken to bo thoe cunw. Tho driving
point und transfor adnittunco functions of tho partition
wall with thic surfacu cocfficlents will bo difforont
froa that of tho extornal bounding wull though of sumo
construction. Thoero will bo no chunge in thoe wwoan indoor
oir teaporuturo vith and without the partition, vhilo tho

amplitudeos of harmonie ecomponents will bo roluced, “hoseo
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have beon determined and the coerresponding Fourdoer
equation of tha indoor alr tenporaturs is given belcw.
ty, (T) = 93.8 + 3.62 Cos(l5 t + 8§6%)

+ 0.46 Cos{30 t + 3366)

+ 0,04 Cos(45 ¢t + 1907)

+ 3,03 Cos(BD t + 1469)
Tho hourly indoor uir toaperaturcos obtaninod with und
vithout thy purtition ure compored in Fig. (0.7).
Those indicate that tho rewuction in temporatures Gue
to the aldition of a purtition (internul mass) is not
very si_nificant in zaull buildings. YThis may roach
a si_nificont valuwe for lar;e bulldings with many

internsl walls und larpger surfauce areas.

wWLleat of tha 2rna of Joaf on Indoor [ir Temperaturc

In orJer to find tho uffeet of tho typs of
roof, on the indoor ulr tenporaturces of unconditioasd
bulluings, two types of inculated roofs waore conslidered
and compured with the normal roof token in the provious
ex.aplos, for tho sans room under simil .r conditions.
The two roofs considored wro (1) /2" plaster + 2¢
FPoumod concroto + 4.% icinforced brick work + 1/2"
plaster, und (411} 1" pluster + 1% thormocole + 4;"

heinforccd brick work + 1/2" plastor.

The physical proporties of the materials

and the ‘U' vulues and transfar driving point functions
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are given in Tablas (0.1, uni D.4) rospectivoly. il
hegt flow through the roof enturiny tho roem und the
raute of heat flux ubsorption at the intern.l surfaces
of those roof will be Jifferent while tha rost will be
sume as in tha cuoe of normul roof. Tho ro.ultunt
indoor air teaporutures are obt.ined, und their iourler
oouations are pivon bolouw.
’i’ziﬁ i:ﬂ

tyg (T) = OL7 + 248 Cos(l5 t + a3d)

+ 2.3 Joc(3) ¢t &?530)
+ VD4 Cou(d5 ¢ +°Dﬁo)
+ 31,00 Jos{30 ¢t +120Y)
by (T) = £0.7 % 2.2 Cou(lst + 529)
+ JeB83 (W, 1V 3D ¢ +3% )
+ 3,03 Coz(43 ¢t *216 )
* 2.23 Lou(G) £ +213%)

Tho hourly inuoor air toaperaturses for thous three
roof types are obtuined and compured in ¥ig. (9.8).
Inuuluting the building conmioncnts, espociully thoe
roof will improvo the indosr thornal conﬂ;tiona, to

guongiloreblo extent, but not as effoctive ao curfuce

treatnonte .

It 15 hnoua,lhat the indoor alr teapaerulure
of & roon,will not only depend upon tho hoat flux

rocaived through the bulluing fabrica,but wlso on

vontilution rute. Docauco o tho taeupsruturs difforinces
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that exiut botuwoen tho induor und outduvor air heat is
either supplieci tp or estrpctou from, thoe proon, by the
process of ventilation. 7The exaet guintity of heat
transfer by the vontilutlon procoss Jdopands upon the
volume of tho room wnl the roto of venillstion {(number

of air changes par hour).

Ia osdor to illusiroto the effovet of vanti.
laclon on the iuda&v atr temperaturs, the come single
roos utruacturs faiton in eurliesr ozannles (Sig. D.1(b)
hau boon conuldered. sio steady stute and the harnonic
componants of ‘he heat J1lux recoivel in the rooa Ly
veniilution, buve bLaen c&lcuiatea; for un ussuaed vonti-
lation rute of 4 voluae changes per hour. Tho indocor
alr teaperature noraonie vuriations urc deternined as
outlined in Chapter {(8). %ho Jourlaepr eguatio:s of tho
indoor oir tomnoraturos obtaine’ for Lo conllitlons of,

with and withont vaontilation ara glven balow.

tyg (T) = 02,1 + 7.138 Cos(18 ¢ + 72°)
+ 0,52 C20(30 t + 250°)
+ 0,25 vos(48 t + 375°)
+ 0,13 Jos(6) t + 123°)

9. dithout Yontdlotion
tya (T) = 03.0 +4.0 Cos(is ¢+ 70%)
“ JeB5 <0o(30 t + 2339)

+

Q»

+ 0,13 Cas(48 ¢t + 1909)
+ J.03 Cos{C) t + 146°)

iy bBourly ladoos wis teapercturs variavioos wro «l.o
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caleulated uand compursi in Fig. (92.0). It can be seen
from this, that the ventilation,will tend to roduze the
temperuture difiorences between the indoor and ocutloor
air, ant also tho timo lag in tho occuronco of tholr

fusina,

Host of tha nuthods emplosed for the estinie
tion-of fubric cooling louds do not tuke the inturnol

nusges into account. %Lhese urc approximuate methods wnd
34zouble orrors are iidely to oocur. 7.0 thormal circuit
tacrrivucs (B1) vhich do $uke thoso internal mussos into
gocount ore complex nnd involve consideruble luboure. ibe
transfor function aponrocch will simplify ths coaputetions
to « sintmum. Tho applicution of tronsfor functions for
theco conligs load cexleulutions, L0 oxplained below. For
a givon buillding, under any known climatic conditions,
the umeunt of hoat [lux ontoring tho building through all
the externnl bsunding surfaces cun bo obtained as 1lluse
trated in tho previous urumples. Lot us suproese thut

the room auir is to bo nciutnined congtunt at a telpoarc~
turo 75°T3 vo huve t> c.lculat: the .mount of hout thut
ic to be oztructou L£roa the rooxs. Tpa tteudy stato part

of tho coolin, lould is obtulned by

S Uk fy {tsak(moan) - 75"}
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The total amount of the harmonic hoat flux cntaring

tho room throuyh ull exposed buillding oclements can be
computal wvith transfor cdmittunce function _§Z in the
sume way, as dono for non olr conditioned dbulllings.

All the amount of heut flux oentering will not apncar

s tho cooling loed to tho air-coniitioning plunt. %he
fioor unl tho interior mpsues liite purtitions und
furniturs, will ubsorb o cortuin unount of the heat flux.
ikus tho cooling loud transfaorrad to the Hlunt is the
kowt vaterin; the caclosurc lous thut ubsorbed by the
inturngl wocvges. The quuntity of heut flux wbsorbad by
theuse intcraul olcuonts cun be obtulned froa the intornul

<,
driving point uinictuznce fuuction ¥4 .

LC an i1llustration, theo .o roaom tulien in
the provious ex.aplel o uncon ‘l-iomcl builiings,
(12, 9.1(b) *ith interaul partiti.m wall iz consiiered
here. ™ho guentitics o hout flov inte tho roonm, (steady
stuto a. woll o« harnonle commonents) wil the gquuntity
of hout flux aboorbel by tho floor uand partition wall
and the bulanco of tho hoat guantity to bec oxtracted by
the plunt t»o muintsin the indoor alr tuworature cons-
tant ut 75%° 4ro culoul.ited. Yho Jourior uquations for
tho cooling lo.d «ith wnl wvithout conciioring tho
intornal owisoes cro glvon bolow.

1. Udithout teking, the inturno

G (T) = 3836 + 5392 Cos (16 t + 799)
+ 788 Cos (32 t + 2529)
v 76 -os (46 t + 203%)
+ B Coa (60 t + 153%)
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1 (T) = 8335 + 3245 Cos (15 ¢ + 79°)
+ 455 Cos (30 ¢t + 2520)
4 45 Cos {45 t + 2020)
+ 29 Cos (60 t + 161%)

The heurly variutions of cooling load with and without
for o condition, considoring the intorngl mosses aro

shown in Plg. (9.10).

Incrosso of internal musses will moke this
difference proportiocnutcoly nore. Whis aothod of approuch
glves more reulistic picturc of fubric cooling loads of

builuinge for cir conuitioning ectimations.

The abovo axcomplos deal with the applications
of only two ther:aul systom functions nwmely, i) tho trunse
for udnittanes function, anl $£1) internul driving point
aumittines function. 7The usc of third function L.0.4,
externul driving poini function (tyg/tg,) is axplainad
hercve It was nmontionod vorilor thut outsidb surface
teaperatuces of buildia . clemeants are not usually avail-
abklec, .houe huve to Lo determined by uctuul mousurew
mont. Jifforent bulldla, vlezints etiuin different
(outcllo) Jurfico teapurutures when exposed to same
waathor caniizions. . kaowled, o of theoo oxtornal sure
face Lzaporaturcs, is a prayrcguislte for computing the

thordol atrasses induesd in the structursl oloments and
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the expundlang unl contructions thuatl aro likoly to
take place Jduring diurnul end scasonul variations,
The gxternul Jrdving point functions will provide the
oxternal surfueca tomperatures attained by difforent
consiructions under «ifferent clinutic oxposuros. «8
o fllusirutive omample, the cuno cuso of (£.6) has
been conaldered Lore. Yhe e for tho three types of
rocfs for the funiwauntal and throo higbor hurnonics
are piven in Tuble (C.4). IThe louriur oJuations of
the eztarnul surfice tomwrutusos obvtulned for the
thros typos ot roof. {or tbha correcponain, sol-nlr

toazurutuia ure given bolow.

tog (T) 2 1033 + 5244 wos {15 t « 207°)
0,1 Lo (3t - 209)
+ 1,0 LoB (45 t - 749)
s X2 Lo (B3t~ G9)
+ 0.37 ¢o8 (15t -~ 219)
tog (T ) = 1053 + 33.5 cCos (15 t - 2330)
+ 13,4 vo3 {30 t - 239)
v 10 COu (4‘5 t - 7503
+ 1,8 Jos (GOt - 113)
+  J.0D Cou (1ot «» 31%)
tog (T) = 10441 + 37.4 Cos (153 t - 2109)
& 11.7 Jos (30t - 239
+ 1le3 wou (40 t - 5339)
v 1.8 Cos (GO ¢t - 209)
¥ 3.33 Lso. (158 « 459)
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the oxpansisng unl contructlions that are likoely Lo
take place Juring diurnal and seasonul varlutions,
The externul Jriving point functions will provide the
oxternal gsurfuecs temperatures attained by difforent
constructions under «ifferent clinutic oxposuros. o8
uwa {llustrative oximplu, the sume cuso of (0.G6) hos
boeon ¢onsidcered hore. fhe e for tho three types of
roofs for the funiwacntal and throo higber harponies
are piven in Tuble (C.4), The Vourler ojuations of
the extornal surfice tamerutusccs obtuined for the
throe typ.s of rouofs for tho corregponcin, uLol-uir

toazoruture are given bolow.

liatinsa?l .-."
tog (T) = 103.3 + 2044 oo (15 t - 2079)
D¢l Lo (3% - 209)
+ 1.0 o8 (45 t - 74°)
£ 1. o5 (8Dt - C9)
+ 0.37 o5 (15t -~ 219)
250
tos (T) = 10549 + 33.5 Coa (15 t - 2337)
+ 132.4 co3 (30 t - 209)
+ 1.4 Cou (45 ¢t -~ 759
+ 1.8 Cos (GO0 t - 110)
+ 2,00 cou (15t - 319
Insuletol 4¥na sl 2
tos (T) = 10d.) + 37.4 Coo {15 t - 2109
& 11.7 Jos (32t - 23°)
+ 1.3 Cou (45 t - 339)
v 1.3 Cop (30t - 229
¥ 3.9 Lo. {15t - 459)
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The hourly teaperature variatlons vero caleulcted from
those equations and cozpured in Pig. (9.11). Tho insu-
latoed typo roofs will wtiiin higher temyaraturdn than
tho uninsulcted onos, whon the lnsuluting layor is on

tho too.
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| In this thosis on adogunte quuntitotive data,
on tho tronciont thormal choracteristics of bullding
coctions, and o cimplo and floxidlo eomputctionol procie
durea, vhich vill onable o designor to culeuluto tho hout
transfor cnd tooporaturos of calosures, undor _iven

gonditions, oaryg oot blishod.

wn cnalysis of tho clcetric.l unulojuo stulton
pode on the tr.onsiont thernul bohavicup of building olemento,
vith gpoedel reforenco to a) tho offoct of surfuco hoat
tronafor ceofficionts, b) tho offoct of difforcnt coabie
nutions of lajors of various gutoriclo und e¢) lunpod note
work peprocentation of tho building soetion, load to tho

follovin{ conolusiong -

Tho stocdy stato sinuooidul approuch adopted
horo gopuratos tho offoots of tho climutie factors from
the thoraal choraetoristios of building olomsnts, so thot
cach eould bo studicd indopandontly and thon combinad to
got tho thoroal bohavisur of tho fobric unioer uny climutic
cond {tiona.

A knowledjo of tranmsfor function only, is not
cufficiont to spacify tho tronsicnt thornul bohavisur of

any bullding olemcnt camaplotoly ond two more thormul cyuton



3. o)

b

¢)

ey ())

b)

functlions Viuey 4) catorn,) drivin; soint function
and 1) intornel drivin, noint fungtion are ulso
reuired,.  Jith theco throe systen functions thoe Jure
fueo teoporuturos uad hoet fluxes of tho outor wnl
innar curfuccs eLn v.cily be obiulnod for any boundory

conlition.

ino inllucnce surfuco hoot trancfor cooffi-
cfoaic oa tho th raal cyeten fanctions dopondo upon

both .\ wnd U of o glvea bulliing soction.

“he exturnnl wnl intornul surfuco heut
trunsfer coofficlents influones tholr rospective
asiving point functions for cootions with lorge JAS und
de  bPor thin coctlons (vwith cmall L wnl K) howovaor,
both cuxfaes coofficlunts affcot both driving point

functionc,

Tho trunofor functions of ony building
coetion are ufieetal by both tho wvurfaco eoafficlionts

conpdideorably.

In hot clinutos, plueing tho i{nsulition on
the canosel uilo 48 nors advuntageous than ploeing 1t

inci a »

v'or vurious nocsiblo arran;cacnts, the
greatoct Loaoing ac¢curs vhon in.uloting luyors cltore

auto vith lasers of denve maitori lo.
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c)

4)

e)

£)

u)

8 189 1

Backin,; lauyoers hove considopcble influenco
on tho docropont factors of tho front layors while tho

gonvarsce 15 not truo.

If tho hoat flov Jdirection is revepsed (1.0,
fran inclde to cutsile) the ovorall deeroment fuctor
vill bo roduced by tho rotio of tho outuldde to insldo
gurf.co heat trunsfor ecoafficiconts (hy/hy) while tho
phuso lug ic not altered,

who deorenent factor of the inlividual loyors

in a8 connosito socotion will not ba the toumo vwhon tho

dirovtion of hest flov 4o rovorsod,

1t 10 not ulv.ys nooasible to obtaln un
oguivalent honogenceus, constructions, vhich will havo
tho samo thernal systep functisnag of hoo” of g coaposito

conutruction.

Ths nunbor of luaps of T notvork roguired
for wn adoqueto rep.avontation of a bullding soction,
is proportional to tho squuro root of the thoraal timo

gonotunt (iiC) of tho section.

rhis theolo hus savoral practicul useuv. For
fustunce
Jdoforency dota on cranulent thornal churges

toriutics of buillin, coapononts comonly ugad in Inldig,



7.

8.

)

3 1G0 3

-

civen in appondicos Iil wnd IV, onublos to mulke tho

right aliodee of tho natoriuls for a jivon uitugtion.

The data givon on extornal driving noint
functions providou a basis for tho cusy ceaputation of
cutsllie surfaco tonmporaturcs attain’d by dullding conno-

ronts undor differcont climastic OEPOSULOS

Jith tho vid of the doto on the matrix
coofficicnts of tho digtributey anl ludped syotons
{(ippondix 1) it 1e pousiblo to ovulucto tho orrors duo
to luapning on any of tho thornal quuntitios of interost
(surfaco temperaturcos, hout £luxos, or tho thorzal syston

functions) for uny homogchoous loyor.

aorcovor L3 tho nothed, sut forth for tho
eoputution of indnor ulr tommeratures of enclosuros,
utilisos protobulated Jute on thornul cyston functions
and 'U' viluog, uwlpoost all typoo of conlitions that may
be oncountored in pructico cun bo cnulyosed by mouns of
the gruphs und tobles pivon horo, without eonsirueting
an analoguo for oach cude. Thus the mothol osuguated
icre offors a nuabor of civ.ntu,os ovar the wnulyticul

or ficld peasurcocnt tochnigues.
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ip By Cosh (1 +Y)0 inh () ¢ ¥ )0

Cp Dp WWB Cosh (1 «¥)B

S — . —
whoro =P ’;Eﬁh
2
s g

v
¥ = Porilod of the thornal cyclo.
€ = Total thoroal capeeity ( LPs)
i = 9otal thormal posistaonco (LK)
L e ¢nicimoss in Pt.

K = %hornal conductivity of tho natorial
in Beu/P./Lr/oF

f = Dongity in Lb/Cu.Ft.
8 = Gpocific hoat in Btu/Lb/OF
X 4 3 (A
Cosh (1 +{)0= )1~ 8 ¢ _& )+ 9-_&*..}
0= (1= e B yeileT- 55 )
L . '
Y B (SRCAR R B T
(1%8 35 83530 3 525

. 3
and (1 +%)0 utnn (1 +§)B az{ Q.g_f’é L)

Y [
‘*‘&(9 - :’:3% iiu)}
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= JNatvork

The transfer matrices for one lump and N « lumped
eircuits (Pigs. 1 & 2 respectively) are given by ie

2 Lusp Clreuls
:"r n; 7; + zg'c;gg ) R {1+ u;gg ;
=
A ariga)
{ Luazed Chrcus
1 +we (W \
hoom| Gy L (i
] |
g D e, (2 xR
L - L | QH -

vhere C = Total thermal capacitance of the building element.

R = Total thermal resistance of the building sleaent.



T- NET WORK

| -_LUMP_CIRQUIT

R/2

N- LUMPED CIRCUIT

R/Zn R/n R/n
JU 1 — —_—
C/n of/ ——C/n —1—Ch
. bgd

RI?n

FIG. 2.
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1« Hetwork
The transfaer matricos for one lump und H lumpeld

cirenits (Figs. 3 & 4 respectively) are given by t-

[N —T St . | -
A B 1+ Z&_%C_a ) R
=
Co o XWC (1 wen ) 1+ ¥wei)
— — —_
7 :
b By (2 v e ~B.
. 2 i
2
=
¢ D Yo 1+ Ywe (1 + _XWeR )
w Ly [ d ( 'qﬁa ) - /

whore © = Total thoraal cupacitence of tho bullding elemcnt.

R = Total therzal reslstance of the building element.



TT- NET WORK

| - LUMP CIRCUIT

o

o AAAAAA -9
—T1—C/2 ::Clz
@ @
FIG. 3.
N- LUMPED CIRCUIT
R/n R/n R/n % R/n R/n R/n
® P AL Tn,nhMA_,_-.- - T—JM_*P—W_‘FM_“———‘
— —t
_.—-—C/n. 1 ¢em _I—C/n T ¢ C/n C/ln C/n C/2n
. ek .

FIG.4
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L - Hetwor;

The trunsfer matricos for one luzp and I lumped
eircults (Figs. 6 x 6 respoctively) are given by te

AL BE. {1+ XCOCR ) n
P
CL DL ywe 1
y _J R -
B_Jumped Cirguit
— i
by B, (1 » {wa: > R
y (1]
-

where & = Totul thermal capacitance of the duilding element.

R = Total thernal resistance of the bullding element.



L—- NET WORK

| - LUMP_CIRCUIT

FIG.S.

N - LUMPED CIRCUIT

R/n R/n R/n R/n R/n R/n

e A S D e e Statn my

_T—C/n Cln C/n C/n C/n C/n C/n

FIG.6.
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APPLHNDIX II

QLAIVATION OF Tiu PHedllal oioT 3 FUICTIONG OF BIILDIIC
CLuiTS BY MATRIA AIaL¥uls

VYon Gorecun { 23) and Pipos ( 24} have shovn thot
a hamégenaans bullding clemont 1s analogous to & two olauent
(i & C) four torminal passive nbtworn {quodripolo) and it is
posoiblo to usoe all the matheéaticai tochniquos anployod in

cloctrical oireuit anolyses in the study of linogr heat
coaduction problona.

Innlogous to tho paspive notwori syston functions
va havo o sot of thormel syston functions, which will opoclfy
eodylotoly tho transciont behavicur of o bullding olaééxt. Tho
systen function is dofinad os a function roprosonting tho ratio
of tho Laplace trancformptions of rosponse variable to oxcitaw
tion vardoblo. In tho formation of this ratio it is pssunod
that all tho initial conditiono within the systeon aro soro.

Thore aro two typen éf systom functions of intorost,
namely (1) tho tronsfer functions and (1i) tho driving point
functions. Lsoh of theco bay have the diconsions of iopedanco,
adoittencs, in addition to tho dimonolonless quuantities. lor
a driving point functlon tho input ond output {ozmeltution and
rasponsc) cro peoasurod at tho sano pair of torminals, vhilo for
a transfor function the input anl output aro noasured ot two
differont pairu of torninals.
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The tronsfor functions are glven oo te

1) Gy

2  teopargture ratio.

11) q
——t. = hegt fluz ratio.

i11) Q
~€§ﬂ =  gtrancfor adnittoneo.

iv) t
-t troncfor inpodanceo.

Tho driving point functions aro given Qo tw

1} t
Qz 2  antornal driving point {npciunco.
1) g
-z2- = omtornul driving palnt cdoittoneo.
o

111) t!
a e fntorncl driving point inpcdanco.
i

iv)

Q.
'5;" = intoemmul apiviag point pdnittanco.
|

Tho ration of tha 1nput'to output aro culled tho roeiprocal
syoton functions. A4l1 thoso functions ars not indopendent
and only throo functions (ono trunofor and tvo driving goint)
oroe sufficiont to characcturiso o bulldin; olcaocnt. Yo oot
éf tho functions cun bo obtulnas {row thogo throo wo tady

aro intorpolotod.
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Ihs tvo linopr aguations that rolato tho input and

outpat toaioraturos gnd hoat fluzos (onolojous to tho quadri-
polo) arc given by s~

tu = it tx LA qi _ “es (1}
Qg - cti‘* in ess £(0)

vhoro &, Jy € cd D aro tho gonorsl cirouit paramotors. A&
und D gro dicsnosionloss nunbors, D and € havo dimonsions of
inpcdenes unl cdoittunce rospoctiveoly. Thoso jonoral circuit
par.notars uro tho geeiprocol systom funetions and aro pivon
by =

a = ,ng o i.0., opon circuit outpat.
. : qQ, =

o = “EE" . o l.0., Short circuit cutput.
] 1 ®
¢C o= t° | o i.0.y Opon eipcult output.
1 {4 E
Q
P B - S - B . o i.0., chort circuit output.
N4 1"'

For a oicuteoidul cneitotlon all thoso purcnoters will bo
complen quantitics,

Tho above eguutions (1) and (2) ooy uloo be

axprostcd dn tho natrix forn us i

— —
rtﬂ 8 D rtl
e c :) "ow (3)
q : q
| ° R
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Wwhere & 3
i3 the transfor matrix of the
building elemunt.

v uy
-4

The detorminont of the above matrix ip ecquul to
unity as the building olauont 18 considersd o8 a passive
noetwork. 1.8., {(AD -« BC) = 1
Por a symmetrical network A = D

in additlion to tho above matrix eguution (3)
thewe ard two othor uzaful formo of natsicus, roluting tho
iIn_ut und output guaoantitiaes nf"a notwvork nomely the iopasdanco
puiriz wni the éﬁmlttancc mutrix. Tho corrousponding matriz
oquuitlions uro siven by i~

= -1 s e - -
tﬁ ©11 hw qo
= LA & 4 {ﬁ)
t & “ 4
| .‘l.‘_L | "2l 22 | e N
= | «es (5)
4 \_121 Ton | | %]

The relutionship botweon thu coefficionts of the transfar
mutrix and the 4'c and ¥'s of the impodance and admittonco
matrices ooy be sinply derived as 1=

e L - 1

“a = =& “12 F C
; “© 1. ¥ Pt -~ ‘)
“a1 c “a2 H
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und iy, = -3 Y = = -
. 1 - &

The overall transfor mutrices ond the systom functions of
a notwork will not only depend upon the generual circuit
parameters but also on the nature of the termination. Tho
heat transfer botucen tho gmbient giyr and ths building
elcaent, takes place through the surfucs £ilu coaduotunces
(h, «nd By)s Tho roelproc.ls of thoss surface conductunces
( 3/h, @nd 3/hy) ooy B2 econsidored uo analogous to tho

gourcsds dapedonce onl lowl raagﬂctivaly in cloetrical circuits.

Zhe ovorgll thermzl systea functions, for bullding
alements in teras of general circult parcmaeters and the
surface heat trancfor cuufficlionts, for boundary conlitions
of practical faportcnea, aro dorived below e

1) Zxtornal surface subjocted to texporature voria-
tions (sinuooidgl) while tho heut flow from the inside
surfaco is prevented., 4his condition is illustrated

by Fige. 1. Tho corrasponiing matrix eguation ic given

by 3~
— 7 [ R
th A o tis
= sen {6)
Qs c D Q
L... — b e Lo —
This givasp tos A T

Qos = C %44
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Arvnofor Jimation

—_— t
>\('. = ké@ém """“%ﬂi" = 1 co‘.?)
tog -

|
S t
YO = Xa£Wog mou?-p = w = "'g"* .«.(8)
t A e
[+ 13} o 1]

1i) _ntornal surfeeo Teaporaturo Variation with o Jonstuntg
indoor Alr Tooperaturo. (Fipg. 2).

Thin condition 1o oxprassed by tho latrix oguation

i s e e T e
= v = )
]
4og ¢ ?J ' 0 1 944 C D G40
e pa e ' e —t — ., — —

vhero g5 = qy./hy

G = Qg = typE Dy

Thon wo got
tog = tyg (A B Ry

Qop © t1g5 (C + D hy)

Tranofcr Yunction is plven by i-

>\ tin
N = k~ E—?‘:ﬁ nra—— E~3 Wl . 0(10)
- ‘ tos {6+ U hy)
Tronofer canittones funstion 46 pgivon by
¥y o ¥y [~ prm —tien - o : oAby «.(11)

o - tpy (4+ D hy)
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Lriving point admittance function is given by s«
L, C+d hs} - (C + 0 gi)

—_— q
1{0 P Yo[fo 2 DB, =

«+ (12)
os tos (6 + 3 hy)
- 111) Lol-Alr temperaturs input with a constant indoor
air tomperaturs. (rig., 3).
For this condition the matrix equation takes the
fora
) [~ ’“toa — "Ttia'_ I T
toa 1 1/h, : A B ; 1l Y/hy | Q
o= 1 ' ' -.(13)
4 &
q 0 1 L I 1
Baed - I L D I | [Ma
1 Vhy tos
=
4] 1 Q58
- - o —
where tgg t1s (A + B hy)
=
qas ﬁj_s (c + l} hi)
Tharefore tsa = tig (A + 8B hi + C/ho + i hj_/ha)
Qgg = t1g ( C+ D hy)
The transfor function 4o obtained as 1«
‘;\’ tz
B 1
L E >\‘: ~J'= -] 00(14)
Lﬁ sa (4 + D hi + C/hy *» D hy/h,)

Tranosfer adnittance function 13 obtalned us 3~

—_— o q t,. x h, h
Yl = )&L‘_gd = is = is i = i
tsa tza L4+ Bhy + C/hg + D hy/hy)
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Jriving point adnlttunce function is given by :-

el

G- —_—
Xo B in/¥o= gm = - = ALG *+ D ny)

80 tau

vriving point funotion is given by s=

.
N t t,. {4+ B h,) -
}\o e k[-‘(ﬁ’t tog 2 i s = Nl * D hy)
sa

iv)

t1a

410

taa

Indoar aiy tenporuture 4o varighle and extornal
air teaporuturs s constant (hegt flov dirsction
io rovarseld) (Cig. 4).

Tho neotrix eguution for this condition 15 given byt

Thon wo got

and

whore

R TI%a[ “Faar' i S cndi
1w o o [t(L um| | o
. ! ++(15)
) L )
) ) -
S L DR A R
tos = =Goufy
“Qos = ~loa F oy % By
~ - — —_— = -
1 1 /by tis
=
- 0 1 e T
t&g = tos (D * E ho)
Qg ® too (C + A hy) - 16)

Thorefom 'ﬁig o= ‘303 ()» D bO o> C/bi * 0 h()/hi)

“Qia = %os (C + a hy)
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Tho treonsfor function 1o obtainced o8 i~

Qoam& 1

tia hoshy (A * B by ¢ C/hg + D hy/hy)

Transfor admittanco function will bo

<— .q
Yo @ ¥, [&&?& o5 o Yos*Po . b —
tia tia {4+ Bhy »C/hy+ D hy/hy

Driving point tdnittanco function s obtoinod oo

<7 -f t.. (C+ Abh,) '
¥ = {1 &L 1o = oo . , ° & )\b{c * A 239'}
tia tia

and tho driving point funotion will Yo

<T '’ ' t (D + B h,) !
Xc a Xﬂ"‘ o tis = toa hcw g No(D + B hy)
tia 1o

v) Varioblo air teoporaturo both cidos (oxtornal
ond intornal) {I'ig. G).

Tho natrix cquation for thio condition is pivon by

[ ] B T [ BN 11, ]
1 s
= ) ¥
q 4] ) 3 e Dl YO 1l Qe
| %04 | B e L A B —“u-~Uﬂ
ihon
tig ® tyq * q‘iﬂ/hi
AUs ® o
--{18)

Gog = %10 € * Qga/hy (C + D hy) - )
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In thoe abovo ogquutions 94, 10 on unknown guantity and
has to b oxprossed in torms of Lknown porgastors. 4hio

can bo obtoined fron the matrlx oquation givon bolow -

EARE ( e
ton|  |ede (C+ A by __,;_.:wish&ag_‘*euh) tia
hy ) hy hg Eé'

o
% ¢ 4 (v any U
Thio pives t5, and Qpa 08
tiﬂ Qi '
Lgn © memee (C+ ABg) # 2R (A% Bhy + C_+ D hy)
by hy “hg i PN
Qpn © tzag*ﬁ'%(v’;#‘nhg)

hy

Proo tho sgbove cguotion wo got

tan - ;t%ﬂ (C + :b hc)
O

- (a+ Dhy + G + D hy)

% £ 0n

subptituting this volue of g4, 3In tho oguation (18) ond (19) by
roarransing tho toras wo got '

- -

{
ﬁgn = tga 24 }\L > ziu & .>\r;‘

8440 *®

—n e

Qg = &g = Yy -gm;;s:{

—> <T
ﬁao = tga = 7\0 e tia it }\o
—_ -

Qao = tﬁﬂﬁgﬁ *tiaxxt?}
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Thic condition of both ocidos subjocted to variublc
air tooporaturo can bo considorod as tho gupor position of
cagson (1i1) and {iv) (1.0., outcido air tomporaturo is variadlo
wvith incido constont and vice-vorsa). DBy applying the princi-
plo of cupor pouition (vhich is pormissible for linoar circults)
vo obtain tho above rocults for tho surfaco tonperaturos and

hoat fluxco in o mich cinplor way.

vi) 4tho air tcapsraturo on both sidos is vorieblo
vith tho sarmo cnplitudo anl phaso (thip applics
for partition walls) (Iige. G).

For this opseiul cuso tho nutrix cguation boecus

- —_ —_ - — —
444 v oawmg] (a0 8] [t wmy [ty
=
4] 1 ¢ p 0 1 -
._qia_J — — J.._ — - — . .._qla._

In this cooso wo apo intorcotcd in finding sut tho “ia

1.0+, the hoat flux ontoring into tho portition fron oislor

sido. %This 45 obtuined as i1«
#T —_—
an = tiﬂ (Yi - yi)

Tho total quantity of hoat fluz ontoring tho partition 1.0.,

froa both 5ides will bo cqual to 2 g4, If tho bullding
soction 1o syonstrical vith rospoctite tho contral plano,

tho hoat flouy at thot planc of oymiotry vill bo zcoro.

Tho inter rolationship dbotucon tha tharoal oyoten

functions aro oasily ostoblighed from tho abovoe dorivations

as givan bolod 3w
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t
Nl () L
\ ‘ R |
2. XD&P"”(TE) L. = O

715 U
, :

Nolotin = Ne L2
Lrgnsfer Jlsttiangg wnctions

1. 4y Z_ﬁ)“' qsﬂ

tda z 0

Yed-a mgx Ne [:-_c&c

O
0
0
l. 10./.(4)63<q03)
' Csu tig = O

Y LY o hy (1 - 7\o[£j$b)
Q
2, ¥ /Ye e [ 28
14_ e ) ‘.

tia an = 0
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Tho abovo rolationships botween the surfaco
tonporaturos and hoat fluxes and the thormal systco fune-
tions (in terns of gonoral ecircuit paramoters and surfuco
hoat trancfey coarrigionts)uill hold good not only for
homogenocus bullding oleconts but also for composito (multi
layercd) building scetions. In tho enso of multl layored
soctions tho trensfor ouatrist coofficlionts (gonoral eircuit
parciotors Ay B, C and D) arce obtained by tho matrix rmalti-

plicution of tha trensfor mutrices of ths iniividual luyors.
Tho ovorall transfor motriz of o camposito buildins closont

i5 thoa piven by

— ] — - = I =
A D ﬁl 51 4&3 '32 fxn Bﬂ

i

e
[ v
L
[ 9
-
| »}
)
| §
L
Fye)
(%)
e
:JL



1182 ¢

ceE3 = LB E OEOTO SHT O sSST T2 oSO TEE a~g SIOFTIN TOBTICE waer ~Ox
Toses TEHTE  TIOCTO TEsTo oc=s=e*T E=4 Sk ODT S*e IoOQT TOITETD -
CLO"ETET COHDTO O3ID°0 TOTTC OTLTEE sx o CLT ooz oo ~Fe -
ces Y oLTTT Sso*o c=e=X ESL~O ca~c L=1= o S [Yoogr SO 7 -z
L 20 gty 4 CEL~Z TCO°CO et _ac\e~c LSO sv ez*x oo (D
fo=s2oagy o CEST® TSOooTO STGTT STO G ceo s o™ T COQOoCoIET (4
oBEe*T m\:h}nuo e cSoHTo Seg Y GCeoTo cE"-C oo 8T ﬁﬂMM.M <= o
coe Y TEoTE XeoTc Latcy ad ] ST oo QLT aoeBY oz3TY™ (P
foai sad o TLO~E TITOCTC scer o TITSTE =0 o= O*XT cCCSRIC CIRT (P
cgoTe cTS*E Ccsovo cCSTTOo P A Ag= tcs ad o GoT C~G orD3lc TEIT (Q
cCET T Tcoot&  TEOoTO sez0. coe" v osTC QLT ocae OMMNW.MW aﬂ.om
CEOTE TeS*2  Iceo CTTO - OBPTUE =0 oY Lo =3 3 = (&=
TEete ZST S <T=0ovo 2ETO 2BOSE = o Latoy o Lotd P «o
Ssvate LS2E  TEVOC sSeD o SeTeT cE~0 LEX B > = - Q
2T LTSS  STOTC =020 SS9D°T T2 O OCE oY ’ s =
. SIDESCT -
LB seco T E£TO0OTo =S 0. cIe*x o8O oS Peco g = P (4 ~4
L=F Rl < TESGTY TITIOTC cee=T LEGO os 0 oL oo - >
SOoLTT coa~s orTevo oesTT. S O oTO oS =SB E - <
eze"1 eIPTT BOOTC segTa osSeTo far o o ce L-F Al o] coanoHon” Foieog Adiw
ceSTT esgeT YOO STO" X FX-1c2 g e o (20t E=Ag =1 £¥F¥d> wWoe Yoo (F
2GS~ T T C£Iov0 STeT T XL O k2= o) oS ove CEY> WEDT ITOD €F
TE8" T cra*e OYITo eBST0 ST == cL o= Icnp aws (O
TESTT OSe*S GoL~ 0 ETOTS CETTO Let=ad o Les=J ETETET  COIFTITEDIOIOA popuwd (P
GEG* T TR SToTC SeE3T0 LOCT xZeo s b= S 3 £Soro popwodirs (o
sOoToYS IO  TTO~O CLO™O SLTE =0 =SS Lo g =1 XCPIXED (Q
cC2Gx eEgD*w ITO™o LGB XL2LTO xTBUQ = o8 Texo popwodnmm (W
. . COJOTITO
JIYITOoRn IYIFX -
caEoeE TLETT OO0 cSTeeo osce a3~0 F=oy 4 -8=0T o Lo
aexs~e oSz~ TeoTQ SeeETO GEGT S B0 CGSY o eT - <
cse SLL~E  DPEOO TEETC R T A < =i o OTE oC*EX P «>
et rTea*E ITeo o SECTO oo TE o osr O“OT © e
e=gca LTI § -0 L0 .N.A.Nw,... = z=~0 CEY o8 . OYOESTOD O (BTY
. ) . x
. - . - . . ag s smgRasasreas . .
S . A . ™ . 8- o g Ze WIS gRagaT, £axazabnpacs o ToF=eITI et
a - » - N BIOTL> A g ANF ORETLT, JFTUOTIOE . -




1103

eox T ovoD-2 sco e saz T ocLL*CG €D C e Tzt PoCHATT (3
SO T svo o 206~0 eesx 8 o ce o e To-x furgory cogrtg (o
oot oTe s eco~o Too 8 vae~c | S0 ot T8~C roon oyzoqaInLn (P
_ A o , (vorunmog uysor)
sex T ovET L sco-o oY soGs~0 - ZETO oo ce o pavog dyco POOr (D
STE-T coT"9 Zoc o vIE S @2x~0 sz~C X Te*c paoox omsor  (Q
cce=t Zeo~g 200~ 0O sopeg agT~C s=*0 33 com0 paccgz poowr (O
. spIoea  *1Z
o8 LET% exoro sTe~s BLI"C  BIO s s o Toon YOITSWETT (O
T ) ToI*e 2 SIoTe sER~Z osE*0 oz~c ce oT T fcon coacoanT (P
ccs -z LT E tzoe~c ocEe"IT Bec o ozo P ce o v Ycza Togs (o
evsez sSoTee 2500 ©Ze~0T ©cCo*o oz~0 o ceo CFED - «©
cx22 e SEO~ O ecs-o £ZoT70 o= o a vo-C {3) ozFTUOFCIOA (T
. BITITS ooy hal o
ccEeT zsa e eco~c eoT 2 £GT~C eEe~C Tz ez o 3Yoa =X¥IOR (O
{(SorraIq W
sToeT oI LOS O oL srE*o - VB o 2T ve~o g2¥AR) ToOon Woor (P
seE=T css~o sco-c ca 1 2cB=0 verc ot ez o o=qy¥.1 Toon (o
eso-T vesTa €co~O B ogo~o sz o s STeT ea2qys cacdio  (qQ
22T~ cTo-o 2460~ 0 GeEB o cex o sE~0 % oo Zoaoyon (o
opxcog woyzoTnOGY -eT
ceT v sY= 2 sso*o ces ez ©oo*C ze~o x - cE*o oyesouxogzr QT
ege-t Zsers SOO~C occe 8 sBI*0 - e o s £=~C DYITOYSE ESTTET LT
ece -z ooz~ CToC coco~ae sBY 0 sT-C ox coro sSoUYTe Pooues v OT
scB*T ceL-v IO C =S C wae~t se*o ca Toe>  (oumnga)xolcerd Pl (O
ore e asv s cwo o sseY0 cen e szc oTx o1 cosuna~ (P
ace 2 zos e STC* 0 ToS8 0 £OT~T ez C oz - cnsdLsn (o
cso ceove 2BO~O 280 0 sso-z es~o cTx o-e aucTon oEgE (A
zee e ceera seo o cse~o cEo~8 2z*o c=x LOTEY - muccos pwor (T
CIXCYTUES -a7T
spo-a zze~e szo~o 2o o 2.00D°T 210 ozt e*o OT¥L CITOTOVGTII DT
ota-e 2oLz sec-oc  @ee-o Goz*@  oz"0O cvx o ex sx¥IOTTAIOT  vOX
cco "z oze e »zo o esg*o vao"T oz*0 et -0 o3nzowon OET ST
ceote oosva eceo €ers o coa~ oz o orr  o*e (pozacdcon) T¥OS “Tx
E S E 3 M 3 E 3 » L 3 3 E t ]
e . © [ ®= a I .5 ., 4 <+ =un . Yopxosers - L 1o
» = 3 2 x & & £y =

L= P3O

- 4 TIEST Y



;
0
:
o
55
:
:
A
:
0

o4 = §
Cce CES*0O S3Y C20" O X% eoL~ O Mvnu Fatovalle 2
AT cTe O CoY TTO*O oT ooDTO 53 - .
=X GTLC £ BL0"0 £ SToTO X
== TS O ey eco*0 cx ecL . ok . : - €S0 = O
= nw\hml -C T STO*0O =% CSTL=O Mm esssTo - 2 - A.mmw = -
ST SO0 OTX e5E0oT0 ox cCcBo s e : = : oTE = 3
T CRL~C == LYo 2 T8O .a suon woo TooD o
= Lorave ol ol 0T 30O €Y% 2eL~O g > 1
o7 GT3*C oS FTY"O =X e~ C - Mﬂ GeE~o o
2T GO~ oL o8ST=C o COB~O 3
X% cze o Se aos~C Z o0 B
OE eLs*o o ses~o ©X cTLTO .v_” o4 - .
ST 2SS G o 3B~ T 2L =4 Py =0l v =
©X CcCES°O o= BZE-O = Pt ors by . B g .
< cCED~O ST =se o - BB~ O 3
T ceEz~o co= cSECO = 25T O Ty
oz C3IT"O 85T TIOo O ST TS O - & =coc0 «
c= Coo~C SEX SED"O 2T LS00
ez CTG~O c= GHE~O ex eSO <X :
T st axcad e osT QL0 C = LG~ 0 : Mm : ; T EBTO = ©
S ST C o=t TOT“O SY ITEO~O mww TETTO = i e =
c= SoT~ 0 =0T 2T O =X 2LEDO g - : O°S = =
ST oSO oD LEES~TO T LT O - A on 5 zo o .
= cieEro £=153 STP~O Fe—=3 LT TO . Muvm -
o= =TT~ o3 ocoBT0 xa TIS O pod =3 QLSO -
e 28T"0 oo CoOE"0 o CLID"O -
oYX oSS0 = ooETO =7 2oL X
X - CGE~O oo 2rero e= TYO 0o Www
== QT O v SETTO os LEDTO -3 CT2=~0 =
s CETO o LD O P=3 3 TXL~C €11
o coSTO t=2 3 =TT o B L0 ¥
o= cE="0o oTT 256G e o3IO . Wﬂ
e cze~o QeT =D 0 o= Sva~C NM XS C o
o= o0 o=t STIT~O e SO9"C - By
<= CeT~0 =0 TOo=B~O =X DED*C - &
™= osa=*C TTT SLO*O e cID=0 me X8O = T
e CEES"O e=E IOT"O =8 cEg~ 0 =8 LETO © - a=E =
o= CLE>O oGt SOTO = 2GS0 X o e = %
T CLT=O = STIT=O ST S 0 2~ ozozoTon -
- E>jcd sTE O coT QL O ea coTT O b , ’ .
=S OTETO =8 e=a"0 s2 ETO O mwm D ©
= aT cSE* O =D TOS* O S SXB-C
_ g% CcBC o eSO 2T CEL"O R -
g Sy oSO e OO o= cES O - Wmm -
es GES*O ev T O == CES~0O T cEaTO =2
aSY OO e oSO £T e3e"G Eyy
o QT O X |sET0O ox 8O - & .
» - - - - - - ™ B a
CODATCP. 2 /r s ODoOoOXTDOL, .J/n/ e BCOITNCE, o /ﬁ\ - - -
bl 3 Ty f 5y TOYWSOTE nu.ﬂ
L 2 o ° g * ‘ Oﬁdm * .. DY - ﬂ.nw.ﬂﬂwhw w T LT : BOECETO Y n
S YO s ~Oo— —OTIETTE 0o . -—DTar s LDuyprIag o=
Mwﬂ.hb.dn.ﬂﬂ Mﬁug UNA.MH aﬂO.NnunbiﬁuﬂnaN ) mwuuﬁhrﬂ XY ETAAICHIFETTY o a ] = - M
!rimdljmldmu‘m{ddl

H.muouhu. nnvnuhhﬂﬁn«bhvﬂv.ﬂmunwg ﬂﬂh@“rﬁa“ﬂ»ﬁbéjﬁlAﬂmﬂqaozmﬂﬂuﬂﬁnnaﬁmv
U opDTour




1854

2

2T ceDTc o1 COG o oF TIE"0 MU
ot cCoT o c=z LCD*O o TTBY0O S EET°0 13
SE VY Al v Paley 4 TZretOo s c2C"0 L
=T CEG O CZ=T CEO™0 S T3 O & )
=% CTeTOo b= Ter=d ZEXO~O T T2L*C x| cBTC = o
<= CCL"C oOox SE0C0 G ETCTC b =4 LTETC =2 €S =
T CoL=C TCY . OO0 o STTTO B Y = =
T coS o as FZLO*O =4 C2G~O & .
©. CoOIZIDBTETYY THEEL_STIOND B
T CLO"0 TIE LTO*O T Q2L 0 o ropirTEme -
oY% oTL~C 06T SILO*C S EXC~0 En cTEB*O o
©T CTL "G s X 0O Py STHO Y
tey cL=C e eSTT~0O < eLOv0 4
T CET~C e LT C oOT ceerC poa
=7 o0 <o cos0 S =T C cooeo =4
e oTL"O == 2 o s LT O Ty
<= ¥C2°C 27T 22O e 2T O pES
o= ceTC oo oYo~C ot ceo C o
= CLT”C IS8 YO0 e 2ED0 = 5 ToETo ©
o= CTO*C E==1 4 00 ©x E=L0 iy
T cT=C €O0Y STO*0 c¥T ETLO <
T oo TeY aco o o LSO Mﬂ TEeTC = ©
g CSC €S OO G oY COLE*O 54 . TE=ETO =] cE =
= CTB*O cax Sso~0 % PTLTQ Cxx €8 = ¥ -
. Gx cCTo 0 oD SEXT~O oY TIBe o &
o CPOIDTDIN =TT
£5 CoSTTG e=2x . EEOTO F s faos ol el Muvnw LoYs rorucidmss e 73
<= oaT"C S0Y STX"O X GTEO = cTTTo L S
= cogTC =8 QLE>O B oTL~O 53
T ceS~C ST cCeE=*0 oI EBE"C e
™= cevTC o cEZ"C 1534 cLo~0 > .
c= cc=*G c5 ZEE~C or PP AL o : oo o ©
sT ocs~0 e SLE*O =% C2L"C TY
F= OZS~O o= eTov0o 2 cco o &
= oSS*o vea €o0~C oE TELC Wm.u
e ocesS~C o2 |TO“C =X =T AL sCB~0 e
e oTo"0 o1 0~ C T GeLe G <y
T CEL =0 TOX SLOO o TCTE-O I3
o T8 G = ©
es CoSS~0 SLE OO C v Pt xRl e pa 4 SO =
x4 o8sS 0o ST SO0 =X €TLO [l cTscC o Cc*g = 3%
BXT CTOC ==t SLLOO IE CCSO L=
oY% ca22*0 oL SXTE*C =% LET*O & ooIDTOD
. 2oy~ TOErediTy -
e Paz=saiy] ZXE 3OO =T 2O e >y
™= OSSO OCOT STL~0 €% CTLO X ceeco o
8T OO b= oDXC X% cCo O En
TT cTLTO O 2080 2 LESC a
=T oOCT°C o LEB™O LT EoL®C WW
ST CES~C e YO=~C =X LG s ZTS=0 2
T oz C o oce o G SXO° O 5 :
o CDe*0O 2% Zce~o < e=e" 0o X
L 3 & t 3 £
» - - - E E
° CTIETN g COOIDWE » . -
- e s« TOIF COoIOW g BESTOYST e
® . =IIDFTWE o TDOEPEELT g oGiIere
- ] 2

S T =

STEe =

(T PLJI0D)y

= Farky {3 A9 518



cIc o P - GT cco-o b8

o2
e ccc o = o €X = ©is-o €5z Tes 0 ot
2T CT™ 0O cLT SOG*O 2T £eD* 0 Zn
o= SEC O ST I=00 5% 4 TLL*O a
e LTE"O =ZEE ecoc~o T jSoce il ] o .
SB - CZE~O ecs o0~ O Gz 2SO - En zTerc s*eT TS 0 = ©
28 X0 e ITO"O ox CCe~ O T ] CTLE =
<z cce~o &vx oTo=0 3 TELO = : ) C D = =
ez c=2 o sCS cEo"0 ze o T sIo¥ ST -3
cs acsC - GLX EToe~o Xz €CB~C Crr eo>ra @ G .
23 STT O TTT s2L0~0C aT TEo0 o :
a8 CCT~O €3 osST O =X L0 &
ce cTe o =YY coTro ez ces~o b3
e CEZ*O SG e3X~ O =2s s ) e osSTe . ST
28 CST o ce ceEB"0 ce= SO0 > :
<% czo~o =l oTe~o o ezzc0 LA
T cTLC e oGO S eca o ou .
=T E0L~O TOT oTO"O B cZIT™O Crr zZxt-o o
= ccooc £EX C=0* 0 ° SC3* 6 Sy :
£ ST O cs <o~ - eE3°0 - a
Vg o CTL.c O et GTOO S cE8"0 bt s .
Sx GT2L~C €01 €S0 C e cLOO s =22 ol ~ SN o o200 = ®
CT c3e~C e LG~ O 2 TTIG*0O Ery oT .=
O coBro < 00O = <IC 0o = - Ce~0 = %
S o coz~o o ToX~C o LETC iy exocIDTLD PoTToS -e
< cEZ*0 = SoL~C 2 ecu~O En 223%0C , @
o c3L O o CLE~O < TIG"O 17
< oce o X oTB~ 0 e TIG~C 3
- = osS~ 0 s cTE* 0O o ooEro g ~ .
* SGH~C ST ecz~0 s STB*0 e czoro T
e cCL~O €% co=-C = €560 Ty - -
s cce~o z cze o z €TC~ o 3
. oe= e egs SO0~ O ex eSO~ . .
ce LSO ot SLO* O T oSO € cesc . e
ze oSS o >ET PEO" O ex ceL O 1x -
&7 oTer0 oTT XED*C & coato 3
e oS o BT cBO~O o PO C B ;
a3 ogT" O 9% ZTO~C o cEP*O p = 4 GoT O o €80 = ©
2 ces~o 2T SLO~C =X L "0 S CL =
- ST oTo~ 0 ze =T 0o ox. CTCB~ G & e e = =
2 =5 ceo~o o=T 080T O st voere | Znm o3xoIDTOD Fonp oo -2
oT <oB~0 e0oT TOXL~O s 0200 = OO i"g
- ez ces~o o CSX O cx ceL~o =
ST oES~o oz oS=-0 G XTOo"O =
sa ccTro oo vEBTo ox Le2Te Sux .
= cIS*O ST TTE*O st Xxe~c S epo-o =
o% ceS~O ec TeEZ-0 xx €TL*C Erz
e S350 ST THE-C E5) coOG~O 3
[-3 E 3 » L d E J & » - *
SOOI, T « COOIDOP, e SOOITORs < = he
o=E A MRS U . Gy Ce L . . caTea s = custy : B
Y s - s TE o [DOECTITTOETT
. - . —oETT . CTEPTTTS o *Gme—
Iy 2 3

o = g = Da3TIT)




< cEETG =Y oSO . €T 0 =0 CT*O = ©
e CSETO e SO < CSEDTC T S =
= c35"C D cEoTo 14 X0 s o . c o = I -
< cTEe~o = ceD* o - TELO oz cCEGT O BT ROOII~ v ox
cz oTe~C 2 cSS~ o e CoS~ 0 < = . €zt = ©
oT CTe~ G ST BLS~C oY aRO* 0o . B T C>E =
T cez o sx OIS O ox orL o Gy TY = X _
53 CLE~O L cCTD 0O =1 CTL™OC = XE3*C . T OYETICTTIION -3
- - .. Wﬂ ) )
- & < . En wT@es ¢ ez cE*C = ©
X c3T*O cea croto Gt TEC O 53 CEY =
== ceTTo 6T 200 P 4 oCL O . : C~0C = 7
=e oTEeTO o= STo~o e OCTI O Oy | f@aaTo ToSIToAT)  TEes -
e gesc PetTs 4 cE0* O = OES~ 0 L= coTre . OX
e CEE"C OTX SLOC oY CEOTo %
ez oo G =S cSE*C 2% ooe- -] crmc o
. -2 ==
ce szs~o 2.2 c=sro T ccao o . CoE o
€ GES*G ce oI D == CES* O En ot oo s) e XS = T
c= SToC =5 CTTTO ST OTD~ O S
€% cEs~C e CETO a CLE>O = OBPTIADCOD CIFY -=x
! . a | .
e ocGeE o cTe CCOYo e oIS o et ceeTo ox =
o= cCSE"C pot=] OIG~O = 20O =4 :
o= SETT G ooY CEO~G 2% cES O a co-o o
- =
o oeE o se= £4CO"O o= LTG0 Ty - oY o=
= czZe* o sSTa2 ZTC O e coe g 5 SCoeo G e S0 = %
o= CLEOC o8t IeGTO ca QIS*O =57 i
ez CET* O oex cED 0o L% Coo"O o IoTas poras wWom -
] oez-o 13534 TEOQ O az asT~0 o : - ‘
e= coe~0o oSt STO G e oEG~0 € coorc =
e cCSC O =T LEDC = e Tz
= cESO SO CLE~G =T SeOD G X
o= aZe*o - - B 2S0°C M.um o
= SoE-C s8s coo~o =25 cosD = osCEco T ex
ce SeEO Sea SIO~0 = e=GC E
= oo oST =TOov0 2% CESTYG a
ec LB O Toe £EC~0 oz eSO b4 54 ) ]
== COE~OC e eso" 0o o= LT O 1 ECT-O - o ST~ = ©
- o= OoSe~0 LT oS00 =2 e~ 0 ey o orT =
—_ = GEC T =% oZX~OC 2T TSSO o1 C~G = 3
= o cLEO LT cTO0 ez Tt O Trey . Cuole pLoTy " OT
- ee oXEe*G S5% eSO o= GOT C y cTs*To e
cz oLe* O 22T eECL"C ce cES* 0
L2 oSO =73 cE2~G ox 200 =
w2l og=-0 3 CoE~O 5 BETO Wmm i
o cos o 26 CES~0 ez 280G T cTDYO R~
o= ooE~O g oXE~O e= €S- :
ST oSO e e~ O ST 2ED*O I
scoxDop,s - U TocaxTopy ~L . QODNM...,O.”H o~ b s * - s , :
Ly ) L2353 . CELTTD, o DBOLDWITE
g — 4 P M h - M . DEG N Tax ooz N guocTOTT .
b 3 S 3 b o« —CIUETTI s —IAITDFWY, BOIPLERS a2 TOIII™TY
HFUYAEIC ﬁﬂ.ﬂaﬂnvuwﬂwﬂ s AOFTWEEREX s uunuﬂb,ﬂhﬂu Hﬂﬂurﬁﬁwﬂuwl - - - - -

S* ¥ = ¥
S = g £ =P FTOD)




Holels

YOO
B
[} -i
00

2
N

{0y
o9
K&l
(N ]
0

QON
it
b
Y

'
Q

w
v]
6
Q

'

AL AU H v

MON O
Al o
e Q0
& ak
iy
600

¥
?‘
o
'
0

[
AN

. ngoo
Y6 6400
gumw

[ NN
000

11004
0
r
n
Q
)
[ }

i

Wy

2,

)
'

el
a
i
;
0

gg AUGY OBMG VN ¢
;
0

Qgga gg%g 8§§§ ggga 38%% Qg mmgg ﬂmﬂﬂ Qsag 6398 3&3% ngon

SIETO
Zvete
ceeETO
QLETO

oLy
¢t

Pt

o

i

A

™

v

i
A19

tﬁ@@

g nag  aag
'ﬁ’&ﬁgE bﬂﬂg ¥

)

h
=

f‘l éﬁtgg " :

1

f
ol

2R

e .8

rr

NO6Y BOAH MOAM HYON AONS NONY NOOY HOYE OO0 drdd AUNY A HAND
u@ﬁ@’uﬁgw 3

=o0eTTo
eoT e
oo O
TEL OO

CEETO

ot o
SoCTTO
TSECC
coEre

ceceTo

o -

M

cCT~O ¥
EYX
"0 =

Hﬂﬂha.ﬂﬂﬁnﬁﬂﬂ

(2}

oT -
e :
Yoy
oIQTI TTor

weto
o

"

b0
- Q

H’.

cEcc = ©
2o =

E6*Cc = I

cECor BT

co*Cc = G
e =
e*"tT = 31
Toconfta

aogLvGC = @
ST =
XE*C = I3

POOL OEICIFITLe

ogT*TC = 9
=z o=
S*Y = =&

»

=57 e .‘
SUTAT I TOMIX

- =
s SCDXTOR,

W/FI

TTXY,

E J .
s STOXTOD,

ey &3]
TCT|TITTET

AR N N

ST =

o E ==




» OTHGD Uo7  cOTOYEDET WOYs OoOmEtxry

- OYWROINVRTTOW . JC;T o

P 190

I
< CTTO ST XELEXT"O < eSO Ty 2O =1
© GIC" O SxY SLITC i CTIG*C o 2T Cr < T
e GZC~ ¢C ox LT O x TIG=O Zyy - TE =
< CSoO B SLEC T TEG"O <t -

TE*C = 3T
< C2L*C 2 oBB O x L0 vy
= CTL~O S cas o < CLTOO 13 CET O ST TIETOE XOJITECD -
e CEL"0 < oEO T L0 &3y %
< CoL"O e COT* G kS ELT*C &
2. Patoymad o) foyve S3oT O F> OGO ey ST*O = ©
< CcCooTC e COCIT*O = CESTO P23 CoT O E=3 :
< oo C e CCT~O A oSO = E TE =
e ClEB G <X CET*O s OTCS*C =
OT°C = T
© CcEL*C L= o sgEY-o = COo~0 b 51 -
= cco~C =3 CGE"O T co3"C 3 ez~ 0o x PITOT POSYY =g
& OTo~C S - cocES~o < CcCS* o =831 -
T CETC~O = cozZ o T CC3"C T
< CcT3~C e CeoTo x CTOTO T Ze*Cc = ©
x oSSO0 LT EEBGC~C ks QES~C € GTO"C T
< GESTC T TEeC*O x CcCToE~C ez - T =
< CES*O =) TEGCTO x oracc =
CBC = 3
x cT3I~C o eSo~0 < CLG e Ty -
T CcCT3TC g ceToTo < CLB~ G Mmu STOC = OYOCDCTI SN, ~pe
< CTIT*G e SSo~0 e GLS O =2 :
< cToTC x ETD~C e C2E™C &
X csSTTO = SIYT"O o CTBC ﬁ
¥ coBTe Tt SITITO x OB O Facoy e 2 4
< Peteinad el x STT O < QTS C Fyz -
. Pelstrad o4 < STI~C < T33O =
< o= ~C 23 =Znoo B TGO T EeC = =
< cCES*o 22 2O O £ SO0 En Lisaend oY L 4
- o GT3 D s8% TTOT O = T O ET e - e =
£ CS3ITO = ToO~ & < T33O =
- ESTC = X
o =SS0 S BLO*"O c TGO ¥z
o ocT3*e o= 200 = TGO €5 L= RN ol = DEITTULT T STTOI e
S o3~ O Y SO~ G < T30 2z .
< ceE3 o oY SHBOTO T TS0 &
c coa~-c TT COT"O x TESTO Wmm
= oSe o = COI O T SO0 P34 czs*0 x
T s e E=3 CSTTO < cES~O S .
T oooTo > OSIT~0O < eSO S
E=4 VeSO oD ZBO"0 [ o B3O e - T = ©
< SE3~C o o %) = TGO Ex EEC° O >
> oo~ 0O s seSo~0O < TTE~C By T =
z OIS o= =Z2eC 0o x T3 O <3
. T = 3T
= Potete il vl s TTI"O e cES . Oy
c SCR” o DT oYY O x COoTC Mnm TEoT O = CoTOYTD BOITTUOSN -
[= o8O oOx CZEL~C < e0s°C b o
< coa~o A oZTT~O < eea~C <
= cos~C k32 SCE~0 < TEG~O w
x CCB~C E=3 SCE=C x TEG*O cCeEB O <
kS CCE"O 5o cSCE~C b TEG~O 3x :
< CCB*G < cCcaTo € TES*C =
- = L 3 » * - » -
FoOOIXTOP, 7 s SOOEDICE 2 COoOOXIIT, - .
- =T . N : . . cnroal comooy

¥ - s
T —
'&Wuuw.nu. MmﬂwM‘ <

»*

. s
EIIFTATIT TOTRIOCRAWTIT

-

YT Toow
& IITDTQAX

BCETTTIELT
SSETITERIT

« B heys

R~ Pt

ST ==

g



s 100 .

. APPRUDIX IV :

(FOR LINUGOIDAL TRMPLAZIUAD ViNTLTIO0N)

In building prgetico a large nuabor of compooito
gonstructions (mado up of two or moro layors of homogcnoous
natorialo of difforont thicknoosos) aro npot withe. Tho trae
ditionul building notoriuls liko bdbrick, stono, timbor,
coneroto ctce otill form the buasic coro in thoso coenctructionu.
0f late, e lop(o vurloty of lightuoight conerctos, insulating
boards, candvitch, panosl conotructions ote. huve c¢ono into uso
and thoir uco in combinaticn with the convontional matoricls
in o vordoty of ways, aro boegning populars

In this Appondin tho thoranl uysten functions for
o nunber of ¢anpooits conotryuctions (both traditional and
nodorn) that are caployed in tho proscnt day building practico
oro clven aleong vith $ho ctondy stato thormnl trunsmissien

coofficionts (U «~ wvaluos).

For tho ocoko of coavonlcnco thoso data aro divigod

into difforcat coctieoasn, according to thoir functiongl uso
vig., valls, roofy, floors, deoors and vindows,
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WALL _SECTIONS
;u D - 4,}1! brick é_u p + o" prick "}5" + 13;1‘.:3 brick
+ };,n " + '-l;" o + ‘?g‘" D

r.b.

¥ p + 1" F.C.#H s"p+te2"F.C. Lp t 1" rJbe +
44" brick + 4" p | 44" brick + 4" p 45" brick + " p
p = plaster F.C. = Foamed concrete

reed board
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WALL SECTIONS

A" p +3"P,C. +
" p

4" p + 2" F.C. +
8" D.C. + 4" p

'{)é'" p + 4" D-Co +
2" F.C. +4" p

'q" .
4 4.9

o, ac Al

-1

B
& T
.

|

%" p + 2" r.bn +

" p

I p + 2" F.C, 4+
4" D.C, + 3" p

13" conc., + 2" jax

! board + 44" brick

+ 3" p

@

n

PO ¢

©®__

",13"" p + 2" DOC. +
2" F.C. + 3" p

3" p + 43" brick +
2" alrspace + 44"
brick + 4" p

o=
aQQQ

Foumed concrete
Dense concrete

T.b. ='r
P =P

eed board
laster




CEODIOTXCYY oL - 2O

o
I
<2 GBE* O P STe e ECO°O v GO En 2xe°0
TS G0 ce= TITO"Q = LT 0O e SOJITOYC LWBST +
co CTo”0o OLT 2T0°0 oT SO0 a ITEIA oG + CTCIT TTUT =P ~28
cz TECR*O o - ECCCO - L3 TP 0 i
ST ce3°C - o2 £Tcs°Cc - GO s el e ST cCI3*O
e €600 cc3 cCTD"0C s TC3* 0 <a =oRCOTE B/ ¢ WIFSQ
20 T30 CY 2.50°0 2% TR0 a «L3E © CUDRIC TTTY oC °CT
ov TO2°0 oTe crreo oo TCE 0 Ty _ .
ce TEECO o3 CLO®O oo CiIT 0 € B3I .
e BES°O €3Y T20°0 <= cToC0 5z ZOQUTUIC LBLT <
cE GTT0 OTE £S0°0 oz Fo=ha b+ X TOTEQ oG < ORI S OB
= cLe*c oes OoX0°C o> cogce ou
se EEE°O cae €EC°0 X4 CoA” O - €z &s38°0
€S €LE°C BOX £50° 0 &= €30°0 €313 FZCaoCOTd nOlE <
€3 £8%° 0 EATRN 2TB* 0 3 2E9* 0 a IOTER O ¢« ORI T OB
ez LETO = TOD°0 c3 cLocC bt =
o coe~o o1 eCco0”0 = XI¥S°O S84 Soze0
ze SES" O sLE ©£80°0 oD 20 Ty 2035074 o O/T
Stod coo C €OT €EO"0 BE Lo 0 a + A3UDOTO OTQUNRE LT *C8
2C eLseo oIe E=letond el 23 pars el T . :
oo ¥IC°0O GCEZ oo €= S0 Gz ToacC ogooTd
se €8Ee~C e Yo 0 es €S0 ©ry ST/« LIuoorl oTgQna
2z cZo 0o 5% €0 ox X500 2 BT - TOICTET LOAS  CE=
oo 80 coe €Co° 0 e cET*C e 1 i
ze €380 S22 200°0 o2 BYS 0 - B e2G°0 .
o £Ce~o oSE X0 0 g2 SED°0O Ca SO3CVITE LU
oz aiv o OS5 c=0*0 o3 4 GO0 = + EITDCTT ORI OY  TI8
s TLTAO Ia8x Z¥e*o e CTTTO et ‘
ce LET~O BEX EE0"0C e TES* O - B PAvS O+ Zogootd
e ICT~O ZOT SED"O e3 ooPOa Cn L eBAT - OTCDCTECUR oo
- oT zB3°0C e 800 o TEL O b IDTIA uiy - IOVTUIA BT  *CT
[ -
3 ;
v G= e38°C sC8 GoCoc O e 2000 . :
ee EEC° 0 Tex £IO"O €= ToDTO - € LTE~0 ‘
cE BLE"C OTE TEo°C o TXG°0 " ZOPCUTE BT o HG#&MGMMﬁ <~
a8 CLS°0O o3 €T0° 0O Oo% TGO a o% *68T

UOELTST °
T<on P

COE = dﬂ,...
o°c = g

(*Do2GCT)Y) K TS



WALL SECTIONS

e

1" p + 1" T.C. +
44" brick + ;" p

18" R.M., + 3"

p

"
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]
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18" RuM. + 3" p ’

15" stone + Q"
brick + 4" p

+ 3" p

p = plaster

br

3" stone + 9" brick 3" stone + 133"

ick + " p

6" stone + 9" brick

Lt
-+ "o

| N

I.C.

= Thermocole

R.i. = Rubble Masonry




co C283°0 ot ET0°0 o b s Rod vl Wn
E & TOS=G oEYT TLO0°C ce CZU°0 o cGSe O
e TTE"O enY oTT* O o2 Coee 0 Cot . So30uTd 8ST < ITOTQ
e €oU~ O e oIS~ 0 = TS0 A CPTIDETT LOTECT D -cx
23 CcIZ°0 TDT €=0° 0 c= €587 0 Loy
55e] o OE ECD°O €= CcToC Mﬂ TEDO
oS £228°0 23T E£EZE°0 = CISTO 0 =oTQ .
= TCT0 oL EER°0 =3 ' GEL°O g CRICIDTED OTICTTY T oS
ey co3*0 LY LEO°O o CETTCO ; _ _
co CEEe®"0 ED%T &0°0 €B £29°0 W CE2v 0 o mowwmw.mmwmm\m <
= 258 oa &322 = RTINS z C R8RS T ioacowd tese etz
= TCL2EB°G b3:>4 4 /O = o5z ad ¢ mﬂvmw
g £YEe" 0 eTT ecc o B Fa = o o r TCEC 0
Cc= GEEevC CEY €EZ0"0 cT D0 T IOFEIQ B <
o= SEC 0 L CLYO o% TCLL*O A covds APV o8 - QOFSQ B =
PXc coeto c=e zes*C cz TTTO MM
o= E2T°0 coT TTDTO = G0 Co R reand o U
£ CI°O ] oTOTC €3 £28°0 o 2 . ,Mm\.nﬂm ™EEq .
28 GOS0 84T 0T 0 oz TTDO 3 eSTT <+ OIFITRTIQ o= se
2€ icE*0 o o0~ 0 s QLT O e o
%24 fro-o == &to-o oz =s-a MM ccsTo XORCUTE LB/T < TOFIG
= o - g - - PE =4 -t
£z C3T~C €9T - €50°0 st =02 z SLBY + OTTITOTIQ LT °YC
> coE 0o oi2 OTC~0O c= T 24 u
g2 &8 e oo = Se5-9 & wecte HOBoUYE BT
ol : - <
o= SO0 ZeY - 360 o= Hbmm..o I IDEIC o6 <+ OTFIRUOTIQ o8 ~o=
cg ToTIe GO 8¥0°C 3 sgwro WW cemeo :
SC ce=-o b oo B coT~ G B - XOB0OTd LB <
T LSTC0 oTY OTL*O % R & IDFIQ oG + OTFINOTIQ i as
z I TeB| C Se Icoig 2B wewro jen:
-~ £ ﬂwa.,m B82S SO0 20 25070 8y  ©oB*0 IOBGTEE oSBT o OB
€3 2ETEO c=a SIO0°C e =] ABE~O g . . aYET » CEOJI0 BFEIC o8 TER
Q)OhﬁOan kKl . rnOvaﬂDﬂ» ? : oQOO.N.MO. S ” . w : y e
-~ L L L 3 2 . a a . 'y :
o0y . /\r\ - oE - /ﬁ\ - ¥ e /P\ .o » : . . “
g - s Qﬂ. - ¥ s OFTT . O.nuwﬁb. . TOEIDOT .
: X R} » s S : & - OTLECE » | § AV oy
TUEATID FOUIOIUL . IOITUTIAY L TUTLTEG TORIDITTT, s ” m e
o*C = g

CeDITDDY ¥ Sty



WALL SECTIONS

6" stone + 133"
brick + 4" p

3" p + 3" brick +
2" airspace +3" br,

é,n p :

i" B.T.
+ 3% p
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8" H. Block + 3" p

+,_1£le

+ 9" brick

3" prick + 2" air
- space + 3" brick
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p = plaster

H, Block = Hollow block

B.T. = Bricktile br. = brick
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WALL SECTIONS

4" p + 8" H.block | 9" brick + ¢! p 8" H.G. block
+ 'ﬁ’“ p
i CASAN
R A
-
$re
T
| 69 |
1/8" W.B, + 43" 4" 3yntheticwood 11" cone. + 2" air
H.G.block +1/8"4.B. panel gpace + 1li" conc.
= I TT
] % o
o 7 o [
e % 1k
il Z
. ) I
Tk Al i
49 NI @2

3/4" p + 4" r. b + | 3" m.p. + 1" D.D. {?*" m.
4" airspace ¥ %' Y ;
r.b. + 4 P

| &

p = plaster H.block = Hollow block | H.G. = Hollow gypsum
r.b. = reed board  m.p. = mud plaster b.b. = bamboo board
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WALL _SECTIONS

3" mep. + 135" S.B.| 4" p + O" brick + L' p + 4" g.5.0.+
+ 3" m.p. - " alrspace + " " p

. PewW.

"p + 8" g.s.cet LMD+ a4l c.e. +

A p

g " 1 :1‘

% Rl 1
p ) p B 4]

é’:"p + 4" F.Co + 4:{" briC)ﬂ + 2" ;;ir‘ an I‘.b. + 2" air
4z" brick + 4" p space * 4," brick = space + 2" p.b.

sfatngid

Lo TR

| |
; ) | 69
p = pl..ter, r.,b. = reed bour. m.p. mud plaster

8.B = sun dried brick p.w. = plywood c.c. = cinder conc.
8+Se.Cse = 8xpunded slag concrete. F.C. = Foamed concrete
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ROOF _SECTICHS

3" L.Co + 4" e
* P

3" L.C.

'ih ?z‘s" E.B.
in
+ 2 P
b -
a i
x 0 » Y.

et e e

2" bofo + 3" ;‘1.?.
+ 4" RCC + " p

/7//}2////7L7f//}/
11000100000 Ll

a . & a o

@

!

1

+

I

|

3" L.2. + 41" K.3. 3" L.C. + 3" R.3.
1 'n
+ a' p + o 0
" A : - " .,‘_‘~"." 46 L) .
% 7‘ Yoy X -l 1.
S "ol x w ! . TX ) 49"
3" L.C. + 2" g.s, 1" s.s, + 3" L.C.
+ 3" 5.8
(e 3 SR R WA
s - - “

WISI=RIS

| ?II I,‘.-J. + 3” f‘!ﬁ + 2, b t. + 3" L_J.
v " p 2" l1opo + 6" ;{o.;'
. N
<
.., R
e oo

TIrTT77r777 7777 77777

VAN R NIV NENNE,

. 4 " P
X LA "K" v’

®

i

L.C. = Lime concrets RCC = Reinforced cement concrete
®.B., = Relnforcod brick s.s. = sand stone ..P. .iuudphusk.
F.C. = Foamed coucrete b.t. = bricktile p = plaster
befe = bricxflat
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ROOF SECTIONS

8" Lo . + ’4'." ;“iopo 2'3" b.to + 3" L.Cl é'" p + 2" F-C- +
+ 4}" R.B. + 1" o |+ 4" RB. + 4" p |2" R.C.Co + 3" p

v ”’9 PRI
LI TR
4.," brick + 3" 3" slute + 4" air | _" w.es. + 4" alr
L.C. + 4" R.C.C. space + ;" p.w. space + " p.w.
+ '112'" P :
|
1q U];'I . -‘T B ) AT R S gt e e S Sl S e
AR I ‘ l
:u‘.."‘;d-' A ‘4'\
LRt B
aC sheet + 4" air | " Wbngalore 1" m.t. + 4" air
space + ;" o.W, tile space + " p.w,
- :!: -J' T i 3

@

- Liae concrete  .P. = dud phuska bG...=bricktile
Reinforced brick R.C.C.= Reinforeed cement concs

wood shingle pe.ow. = plywood m.t. = Hangulore tile
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o2 @A
ot



LR Yo o3

CORCCQET ==

-y € LCIOIDICT VLESIETOD PODICIWITOI] =

S e =

Ty DoUTUOATOD o—
CIDYTIL PRTODIODAITECT o

i S » 4
Rl Sk ¥4

CRADIATRDD OSTSLT O
< GOGYCTOTIRCTTIY, o2

=3 €20 oo £ >2 70 Bl o o% T/ "0 ¥ 3 SEOTC + TROIDUDD DOGOLE oS 2=
= - . SYETOTOTIIONY, %
: . > DAITADLTOD 01.»”0.3 P
T SEOT0O o3 [T azeded o x oT3To s 4 TEQ*Q < OYGTCZICWY, o % ~cD3
] . COTGCOOOICUX. -8 <
< sSc3” o o0 = SELCO & ECG=~C OJFOIDWED COBSC 0 -
- e OROITLDD COUSC o0
o TCBTO oo IEoTC o SEIY0C . 1 TED*Q » OFTODSTISQS, =5 -
ot ST 0 S vEOTQ < oEeT0 e = 3 oo fyd -
ex L2E3*C e SENO E=3 oo C gy evI~0 aT A E - OYODCICITD
S GSES~ O = CSOTC = e 0 g =T o TOTOEC XV o -
Ry GOCBO =T S3I00 = TG0 . - [JOOES TOHTT LT/SY es
FAy eTLo 0O e 2O = oC3° 0 b : - pocnAyd -
T GEeEL~0O e CHYTCO b= EO0L"0 € sTE~C .»wv\.m <« Foor ToJICUEDR
S IS~ O o= YO o TES~O Erx oE o+ oDodEoc IFO L€
o e~ 0O oY ZTLTO = £ =2 (ol =3 Wad - JSTHUD T LTS -==
P cos-0 o= cozE~o o GCST o T3
T LD 5% BCE°O £=3 Lot etaigls) €5 f = axad ) pPICOR
| > STL"O =T ecEe0 o OTC~ O S IOICTOD B + DOTAT ago
= cegTo = - GBS~ = TE3I~O & el < IOOYC "DV LT -z
GT L0 o DLONC g Team0 “ry . . :
©x TES O e ST E=4 SEH*0O Ci3 [y adat POERAYTE LT+ TOOO
T OO L OOE"D T TGO en TOICWITE L& » oOodD
= 2830 = LZOTTO = eGSO a2 =¥T B < IOCqE XD e =4
. &X eSLTO e LREO e TG O T
toe4 SEL. "0 e €eTXO b= RGO En EDB*O ToORETE LUAE <« TODO
s S TEGTO o% TETTG x RSO 1 ECIACWFPLE LT <o Ccovda
- 20 5 AT X ETE*G s CEER o e QOQQQ “I*HD  *6X
mwn“.)‘uwunumv 2 - HwODanuO.mvu 2 oOﬂO.NMw.Umur HO ‘ pe s :
— A 9 3 - = - O E- 1 E -
%\ L} A\ ° /P\ o - = .
7 - DELT 5 CHATOA o TOEJOCD ™
= S . e s Y n s ZOOFT s TOLIv
DURALFIL TOEEORLIY XOXCIITIE ghr.ﬂn.uul YOI ORRETT, - - s




ROOF SECTIONS

G.I.sheet + 3" air
space + 1" m.w, +
&.n DeWe

G.Il.sheet + 3" air
space + 2" m.w. %
;’" p W

4.C.sheet + 2" alir

space + " c.b.

—
@

A.C.sheet + 3" air
space + 1* m.,w, +
i" pow,

-~
4" pD.C, + 2" T.C.
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mineral wool p.w. = nlywood
Jense concrete

T.C.

ceb. = celotex board

= Thermocole
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DOOR & WINDOW _SECTIONS

14" Teakwood

.CE)H???O’—xyiffﬁﬂ

S

Ln

"' pPeWe + 1" air

space + 3" p.ow,

o

13" Teakwood

@

¥" h.b. + 1" air
space + 4" h.b.

i
2

p.w. + 1y8"

i‘ mew, + 'é'" PeWo

12" Teakwood

@ o e

. + 1" T.C.
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plywood h.b. = hardboard T.C. = Thermocole
mineral wool
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