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INTRODUCTICN.

The consideration of the problems of econimic in-
sulation against temperature variation has only come to
the fore In recent years. The outstanding developments
in methods of central heating which have grown up with
thé XXth Century have brought with them a desire to ine-
vestigate the manner in which heat losses occur in 4if-
Terent types of buildings.

After the Great War, shortage of capital, lack of
fuel, and the general want of suitable material for
building caused a demand for general coastruction on
much cheaper lines and with the use of much lighter ma-
teriale

One difficulty of this new method of bullding was,

that very little data on the insuleting properiies of
the meterials chosan for use was avallable, and what
little data thers vas, was largely incorrect,

The consumption of fuel reculred to heat buildings |
during the winter moitths reached enormous proportions
because of this, and it was quitve impossible to lower
the consunption without discomfort,

In éircet contrast, during the summer months, the
rays of the sun peunetrated to such an extent that ade-
suate cooling became an even more urgent proﬁlem.

In certain countries ia which lon:s bright cold
nlzhts are a feature of the winter clinmate, walls and
especially flat roofs of buildings radiate heat rays
contiauously into the atiwospherse for 24 hours every day.
The atmosphere being of canparatively iufinite propor-
tions absorbs these heat rays, providing only short pe-
riods of sun radiation in exchauge. In faot in nid
winter in extrume latltudes ths sun only shines for
such & short period out of the £4 hours that the heat
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loss radinted from bulldings reaches serious proportions,

Progress during the last few. years hes however gra-
duelly brought with it inereasing appreciation of the
importance of insuleting walls, floors and roofs,
Agaipst tenperature changes, noise, dreughts and damn-
ness.

It is necegrary to refer to these four similta~
neously becauge they have so meny factors in common
that they are virtually inseparable,

For instance, any bullding which will absoz’o wa-
ter must obviously be unprotected from temperature
changes. A hunidity of 100% in the elr is aufficlent
to reduce insulating properties by 309 in building ma-
terials and temperaturs changes, of such e neture es
to produce condensation reduce them still furthor.

This difficulty has alrcady been found in S.Africa,
especlally on the high-veldt where sudden cold follo-
wing upon heavy rein causes the relative humidity of the
alr to rise above the ncrmel figure of 60% - 80% giving
rise to condensation.

Apein - maberials which allow tho passage of alr
through them oannot pessibly be sound proof, Onc has
t0 pay pertlicular atteniion to this f£ict when chosing
so~called modorn windows and doors built in light me-
terlales Well-fitting doors and windows are to a
carteln extent sell insulating becausc they‘tend te
prevent tho passage of alr, sound and water,

Any neterlel must subscribe to a certain spoci-
ficatlion 1l i% 1s to have adeguate insulating proper-
tlag.

It 1e extremelyr difficult to fird materials which
are ncn-hreroscopic and the vsual practise therefore is
t0 ‘rest normal mater.als with one or two waterproof
Jayars In the form of a protective coverlng,
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The property of wheother or not any material will
allow tho passage of alr is one of the most importent
factors 2n finding the rerfeet insulation material for
bhoth hoating or ventllating problens.

When consliering cxternal walls, it somctimes hape
pens that too much importance is paid to temperaturc
and noise insulation whilst %oo 1ittle is paid %o in~
sulation from dempness.

In recent yoaras reinforced concrete has come into
general use in S.African building %rads. Scarcely a
building oxists to -dayvhlch has no reinforced concrcte
in 1%, Simplification in the mothods of construe~
tion brought about by the use of re-inforeed conercte
has resulted in a big incrcasc In the uses to which
it is put, without sclentific devclopment keoping
nace with all the factors arising from these new usc8.
As a result defuets cccur in constructlonal work
which sometiuics have serious conseyuciuius.

Frecucntly the cause of there defeets lies in the
systom of preparation of the matcrlals.

For oxample:=

Tho reinforced conorete Engincor in conjunction
with tho contractor hes designed and pleccd in posie
tion respectively the reinforcing stool,. They are
followed by the ganoral Contractor who pours in the
surrounding concrete. During this procedure it is
possible for curcless workmen, generally nativos, to
move the reinforcing steel, with the result that it
no longer occuples the position intended by the dee
signers This igc very often the caso with cantilc-
ver deslens,.

Frecquently too, the cause of defects can be tra-
ced t0 a poor mixture, which has not been kept up to

the composition standand called for by the designer -
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or is not sufficlently well mixed.

In this country however, stresses set up by fluow
tuatlons of temperature as well as by supex imposed
loads eare more impoitant causes of cracks than the
tachnicul ervors mentioned above. It is as a gene~
ral, rule the caleulations appertaining to super inpo~
sed load astresscs wiilch are accurately checked, whilst
those set up by tenperature changes, becauae they are
more complicated, are fre@uently neglected altogether,

It can be said therefore, that the reinforced con-
crete Sftructure hag on the whole not been fully adap~
ted to meet the physical conditions of S,Africa.

Ixpansion joints and insulation egainst tempera-
ture extremes have not bheen taken into account.

In the case of eracks actually caused by tempe-
roature wveriatlon it has often heppened ihat el ther bad
s0il or poor foundations have bzen blamed,

Every building is subjected to perilodic heating
and cooling,

Divers circunstances control this fact.

For exemple:~

Most houses eare heated inside ia the winter whilst
being simultancously cooled outslde by the wintry air.

hgain~ there s a tremendous difference bhetween
winter and swwier temperetires and often an even grea~
ter difference between day end night tenweratures cape-
clelly in winter.

For instance the outer surfoce of any building
expoged to direct rays frai the sun of fen reaches a
tomperature of 70%- 745°C hawving absorbod heat from the
sun whilst at nisht, temperatures arc down only a few

degrecs,
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TUPERATURE COUMITICNS IN SOUTH ATRICA

5 tre danocor te bulldings from feme
8 e _ >

et xactly s
9

perat a4 oGl b Lol

Only two causcs will be dealt with hores.

v

A, That the tempernture of the entire bullding will

risc and fall with the surrounding atr.

In other words winter and sumer alr tenporaturcs
will be winter and sumer bullding temperaturcs and in
each casc maxinuwa summer and minimum winter tempera-
tures have t0 bco talen into account. It is alrcaedy
known that in S.africe the temperoture difforence bew
tween doy end night, cspecially in winter, is fairly
large. This big teaneretvre difference has to be ta=-
ken into consideration vhen matorisls are belng used
which have wvery little or no hoat accumulation capaci-
trry as for instance corrugated iron, The only way to
componsate for this Ls to male use of materiels with
great conaci by fou the accunmulation of heste. For
gxamp. ¢~ To build hoovier walls, to apply proper
insvlatling, ote,

The sclection of uulidine metorials with the pro-
persiae of preet hont acewanlatica factors on the one
hand and of cold rosighing fectors on the other play
an inportent past L the nreeautionary measures which
have t0o boe ilaken against thermal cxpansion and contrace
tlon~ proveatlon of cond.ucation and the erention of
geononis hoatin: nnd cooling conditions.

The, snotual acentnys of heoat aceunmulation and ab-
sorption eid cold rosicting or cold mccumulating me-
toerdals will b disousscd Laber in the poaper.

The: svepraeG terporatuccs shroughous tho year in
Johmmeniars ascording o date conplicd by the Unlon

Oboervntorr over tu oot 84 geers are s follows:w

e
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Yean Mex. Mc:ar} Min,.

Januery 25° °C 15.5°¢C
February R4.5% ! 13.0°C
March 23 °¢ l2.5°¢C
April 281 °C , 10 ‘¢
May 18 =»C 7e5° 0
June le" ¢ 5 *O
July 15,56° 0 4,80
August 18.4°% 7 6.5 (1
Saptonbor RLe5* ¢ 9 ¢
Qctoboy 23.5°C 1l °g
Novembor 24 °C 12 °*G
Deeomber 24.5°C 15 *C

(The thormoncter usod in tho determination of the
above figurcs was mounted in e Stophenson Screcn).

The maxinmun difforencc botween mean max. and moan
min. in the last 34 vears ia .Tohannosburg.can b socn
feom the above 4o be 25°C - 4.5°C=20,5°C.

The highost tumperature over to be recorded since
1904 was on ths 2lst Deccmber, 07 rnd was 34*°C, Tho
lowest vas on the 23rd July,l926 vhen 1t stood at
7.5°C.  The waximum diffcercncc wver rocorded ls thoro-
fore 41.,5°C,

Othor criticel tomporatures in thoe Tnion of S,
Africa are as fullows:-

Jnhanncsburg, Obzervatory Maxe 31°C, min, =2°C

, Other suburbs  Mex. 81/32°C, Min. ~2/-3°0
Protoria, drcndia and ’
e Sunnyside Maxe 33/34°C, Min -5/-8*C
Middolburg( Tyl , Moxe B2/33°C, Min. =8°C

. and once in June 1905 v w380
Barbenton. Max. B5/36°C.
Bothals Mex. 31/32°C
Klerksdorp. laxe. abovwe 38°Ce

A glonco at some of the temperatures quoted abave
is sufficient to show that it is not nut of place to take
8 working firurc of 25-30°C into any calculations on thor-
nel expansion, and for insulating problems, the figure
of 85*¢ mnx, and 0°C wmin. should prove ecceptable.

It 18 extremoly dmportant, when doetornmining the tone
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perature of solids, fluids or gosos, to onsurc that
thero is a heat balance ketween th: thormomotor end tho
spaesinen wndor tost,.

The transfer of heat brings with it probloams of
hoat conductivity eand hoat radiation.

Thi.s mcang thot not only tho tomperaturc of the
thormomoter and the specimon must be the seme but also
conductivity and radietion of hcat must bo mutually
equal 1f a truo hcet balance is to bo maintainod.

The oxchangs of hoat botween the thormometer and
the spoecimen wnder test 1s influcnocq by the extornal
heat sonductivity of the thoermomstor. This in turn
is affocted by the size, shape, surfacu and the mate«
rial of which the thermometer is manufacturcd and also
by heat capeacity, thcrmal conductivity, ventiletlon and
donsoncss. |

The temperaturc shown on any thermomcter (ty] is al-
ways more or loss bhelow iho cffectiva teuparature (te)
of tho spocimon and this is sygatcst whon its intornal
heat conductivity s wry Lighs

The lusrtia of the thdrmonctor; ocan ba wrlthen
Thug = netgwby =4 4ty
' %

& being the cocificient of Inentia of the thermomoter.

dtr
and v the jemperaturc fluctuation of thw thermonctor

poxr minuta.
te bolng assumed cousbant then by intogrotion:w
L

ty=tpe 074 (Lo =t
tTm belng the tumperature of thr thermomotor at the
boginning.

The rapidity of vrehanse of tumperaturce bebweer the
thomometer and i soccinmen wunder tost san be inercas
god In throo wayse .

Ls By enmlarsing the surfacce of tho thormoncter (A).

8e¢ By wcduelng its heat capacity ().
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v

Be By inevonsiing lto oxbornal hoat conduetivity (1),

,.:

Thua i, = =t
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After a cortoln powiod has clapscd a system whioh
has beon perfvetly ocalod thermelly is fairly well ba-
lanced ia thermodyamaical ftexis. It is however, pos-
siblc in the duvurs that an oven bettoer balance wiil be
obteincd by mothods not vet sencrelly avallable,

In tekiny the ftemmoroture of tho atmosphers corw-
taln great sifview tics erisc since the rosult is ine

fluencod by dizees ar

s
£
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t radiation as woll as
ber the colouvr <na swrfact of the thermomcter used.

The advarae Lalincace of these fretors can be

offsat by cnclosing the therpomcter in a form of cy-
linder with - acublo walls doeeently n so-called scrcen
has olno bee vsad {Irvenbed 70 vears awgo by Stovonson
and generadls Lnown an the "Bnaglich Sexoon® or "Stevone
gon Sercon!) wliich o onel es climiunton ell kinds of
radiation.

The tunpe ature of the ale is whcrcfore by this
means roduced B0 oo rostlon of meesurdng the kinetic
Lnergy of the adry molcoules olonc,

Thore are v lows noethods of mounting a thernomew
tor for +thoe purruose of takine alr tcmporatures wilthout
redletion. None oy then erce obasnlubcly cxaot.

ID the scrocn Lo crposed vo ‘ntens: radiation the
thormonctcr will woad hishcr than 1t should.

If the sescon Lo owypesed to intoness cold ths thermo-
moter will wreoad loverr than 16 should,

Oalr in eciondy or windy vweothosr aroe whe flgurcs
sivon by the thcwonster sufficiontly accurate to be ac-

copted as oxuela
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B, THE ToMPZR4SURE INCRIASES ON ONLY ONT LIIE OF "H3

structurc.

On eccount of the more or lessfinsulating gapacie
ty of the yaterial used and the relatively short hea-
ting period,heat is not traasferred from one side of
the structure to the other, This means what oae side
renains 8% 8 relatlvely lower temperature whilst the
other is overhesated. The sun may easily cause this
effect but it is also possible to create it artificiale
1y by tbe cloge proximity of boller rooms, cold stora=-
ges etc.

In one case the temperature of an overheated conw
¢rete slab was taken by the writer when in Hungary.
This slab was cxposed to the sun on one side and showed
66*C on the surface., The amblent eir temperature was
25°C .nd on the reverse side of the slab the temperature
was only 28°C, {Soe Fig.l).

The hish surface temperature was due to the heat
ebgorptlion of the concrets, The smount of heat which
penetrates below the surface deponds on the insulating
capaclty.

Heet Energy v+ iiated by the sun -~ =0 called "Solar
Constant" is piven as c.a. 1,200 gr. cole per &q. centi-
netre pae minute.s The Soler Constant ls defined as the
emount of Solar Energy which would fall on 1 sq. centi=-
metre in one minute whon placed at right angles to the
rays of the sun just above the Larths surfoces It is
not strictly constant in velue and thers are allght vee-
riations »f this fi_ure in actucl practise.

All instruments for measuring the Bolar Congtant
worl: on the same prineinle.

A hellow body s used with one very small cpening

which allows ontry of the sun's rays to the measuring

G- /j.nﬁtrum.(*nto IR



instrument. There arec various different arrangements
of this schenc,

One consigts of na cavity with an absolutely black
surface inside. This black surface absorbs all the
rays vhich reach it through the opening. All the ab=-
sorbed heat 1s taken up by a fluld of known specifie
heet, (See Fige2.).

Care has to be taken to maintain a uniform inecrease
ln the temperature of the tluld cnd this is done by con-
stantly stirring it. Fron the teaperature df the fluid
at the beginning of the experinent and the temperaturs
at the end, as wmll as from the known Constants of the
instrunent 1% is pos&iblé to determine the invensity of
thoe roadiated enersy.

Another method 1o to use a hollow boly with a very
large heet cepaclty.

Ingide this 13 a snmall plate absolutely black with
a very small heat capacitys This plate 1sa exposed to
the rays of the sun. (See Fig. 3).

The determinetion of the intensity of radiation
I+ then ecleu’ated from the +enperature of the black
plate and frorm the other constants of the apparatus.

The cholce of a sultable opening for the entrance of the
reys of the sun ls en important fsetor in thls picce of
epparatus - tco big an opening or unsasisfacuvory insu-
lation will canse Jn=s of heatv and so nust be avolded,

The Solar Constant has aclso recently been measurad
by meens of so -~ celled Pyrheliometers, The carliest
Enown fora of thls lastrument was dvo to Poulllet,

It conglsted of a bLlackened s'.allow cylindrical Galori-
moter, contalning vater, with o thermomcter in it.

The sun's rewvs are nornally allowed to fell on tho flat
base of the calorimeter. Imowing the thormel capacity
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of the salorimoter and iltao eont2ass 1% 1g possible to
saleulato tho hecat recsivid per wnit area and pop sew

cond.
In Angstreons instrunent theors erc two strips of

blaciioned platinum. Onc strip iz expoaed to the roys
of the sun and the second strin 1s heatod to oxaetly
the same Sempereature clectrisally - under theso condiwe
tlons the clectirioal enorgy discipated by it sceond
strip is cqual to that rcecived by the first.
As mentioncd clacwhere *hac Jolexr Constant 1s not
o trucs constant but is subjoct to slight fluctuations.
Ivs averegoe value for crers month 1n the yeer 1s
~3 Tollows:~
Jenuary 2,008 or. cale per it ooz miqe

Tobruary 1.969 ore cal. por ~omern oo

lnroh 14960 1w oal. new em® non nitits
Aprit 1.929 gr. onle won o nor nin,
ey 1,899 . cale por em? oon mide
Junc 16837 zre cole porm on? oy nmin,
July L1857 iire cle nor ez’ por min.

August 1,394 sre cale por en® on mina
Suptenbor 1,918 gr. cale nor em®* per min.

Octobor L0900 »re eal, Zor on? oo ninb.

»

Noverher L1.930 e cals por om® mor mine
Dceonber 24001 5re cole ez cit® per min.
Obegcrvotions by the Ilodlcnl School, Johannue shurg

geve the fl-upcs of L.84 ~ 2.08 7. col. ol cm?® per

minute,. Thene Cionrcs egree foirly well with thonn
obtoined in Posodan (Soimwury) boetwooun 1207 - 1923,

Tho int.onity of rediation 1o woalivucd in 1ts
nasenss Thronsh vhe st da of alr suwrrounding the
anothe

Mot onl:s in $hc intensdts wodnaecd conglderebls but

the eonpositlon of e, prdlation clue chanprse  Hent

-
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rays of cortain wavclongths arc absorbcd by vapour ang
carbonlc aclds., Thc radiation is also broken up by the
presenec of gos moleculcs and dust in the air,

Bffoetivo heat by radiation from the sun on a flat
surface placed at right engles to the dirccetion of the
rays depends oh e _

1, The position of tho sune Thoe ncarer thoe sun

to the ﬂorizon; the thickercach stratum of air

through which the radietion has to passe
2o The proportion of dust and smokc in the air,

3¢ The a;titudedof the sitz chogson fer the test
‘above sca level, )

4e The hunidity ° the air.

The effecctive hont cnergy at risht angles to the
rays of ihe sun htis been measurcd in Johaniv: sburg during
the winter and on the 1l2th July at 1 p.me the valuc wes
found {0 be 4062 gre cal. por em? per minute. L.c. about
one guarter of the solar constants This figurc is in
closc egreoment with figures obtaincd in Fotsdam (Gore
many) also in winter wherc 463 gr. cal. per em? por )
ninute was obteincd with the sun 10°* over the horizou,

The higher the sun, the morc intonsce does its of-
foctive rediation bucomc. In S.hfrica the offcetive
heat onergy is groator in cdinter than in summer boceausc
of the low hunidity of the alr. Johanie sburyg reccives
an zspcelally intense readiation beecausc of lis altitude,

The actual radiation can be measured by Photomotry,
Celorincter Phovonctric Mothods and Sun Radiation Autow
graphas lloasuronients by Photamotry incorporate the a~
mount of hrat absorbud Topciher with otisy oficets,
bringing in the iuntensity of radiation in terms of the
wevelensth ol the roeelvod rovs,

Sinply cupleincd, Photonctry is a mocans of neesuring

the effeet of radiation in the forn of its 'lisht' valuc.
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This tlightt vedue is ofton Gormcd the 'Brightncss?
which depuntds Jor the groator nart on tlho vavelength.
Light tself occuples only o short ange in the wevelongth
speetrum.

«apart fronm the 'Srightrnoss' of cqual importancc
ig the Chenical cetion and tie cloetvical cffcet of tho
radiation.

Both noethods of reosuroncnt dbring in ths Ulsre Vio-
let Rayva. Thac terms woed in Photomctry such ag o0nn-
Gles, foot rrndles, lunen, lux, 5., cannot be dlscus-
scd her: for 1nelr of snace Coon mot wemite An intone
sivoe stud; con be nods b owoferune. to Tlisadhueh der
Hetonrolonioton Luotrunents™ hr B.Jlslaccinliat, Berlin,

It 1g worti whilec Lo nenvion sl misso cleetrie
cifeets of rodlntion, vadeh will cauwy elactirar~ to be
reloosed fron the pavenh wtbon andt onzbles vacnl to ge-
nerate winute cloctariced curroant on hell ovma

The surface 2f ¢ building is wiry rarely dircetly
at right wngles to thc eys ol the gun - on those rare
occasglons whon it iz at »ighs angeles 4t in only for o
very short period of time deily. The intonsity of radin-
tion on any surfacc of o bulléinz ls therefore subjectd
to tide veriations. It nlso varics with the zons ~
with thoe geographicrl latituds and lonsitude - with the
nonth of the woay end wlth the howwr of the day.

Tho surfacc of any bullding risos in tomperature, «
dﬁé'té/absorption of radiated hent cnorgy.so a largor
or smellor oxtont, for above vho ambilont eir tenperaturc.
& tomporeture of 30°t0 60°0 is more thon surficlent to
ovaer heat a woll or e ool with & low capaolty for ccou~-
muleting ntote

Toota made a% the Unlon Observasory have shown that
vory adsgh supdace bemporaturcs oceur through rediation
frar the gun,
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The rosults of tosts mede in 1904/5 wipe ns foll v, -

golour, Surfaece Tuaporatinu.
Bleck Swer up to 60°C
Winter up to 45°C
Bright Swaer up to 36°C
. Wintoer up to 21C
Ditfe Swmor up to £3°¢C
Wistor up to 41°¢C

Despite the intonsive winter readiation the lovom
surfeoc temperaturc is cxplained by tho foet thet {h=we
is a nueh shorter poriod of sun redlatlon during the cay
and a much greater reflcetion from the surface into the
golder surroundings.

The influcnce of eolour on the cucstion is show
by ftuats made in Gormany by K.Schropp ond J.3.0ammerer
Tho differconec bobwoon the surface tomporoturc oid iibe
tomporature of the surrowndings {over - tommornturc)

acoording 60 JeSe Camnerer o follows:w

lnximun Blacl:
Colour. Over Tompereturc In comnarise:n wilh
Black 54 100%
Whitc and Bright 21 B8
Rod 30 B5%
Yellcw 27 5055
Groon 31, 57%
Blue 38 705
Bright aluniniun 20 37%

Mcasras.Sohropp and Carmcrcer also dotermined the o
siblo moximum overetompornturcg with surfoccs placed at
right angles to the rays of the sun and tho surroun~
dings.,

The list ebove shows that whive surfaccs absorb on-
17 405 of the guantity of .heat abmorbod by black surfo-
ec9e  Whito has thorcfore & good cffeet bub the cxmtond

of lfe cifootive value depends on tho guantity of mioko
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and qust ctc., which accumuletc on tho surfacc after o
ocrtaln peried of timc,

Thore 1s a small influenco on the surface tompara~
ture which 1s ocauscd by tho tomperaturc on the opposite
glde of the materiel and this depends on the insulatbing
capaclty of tho material itself, but it is so small
that 1t is not worth montioning.

A dark surface ebsorbs about 90% of the total ro-
dlated heat which falls upon it., The final temperaturc
ig far abowve tho temperature which mey ponetrate thao
wall from an adjoining room. The over heatcd surfaco ro-
radiantes a certain portion of the heat absorbed, back in-
to tho surroundings.

Only 5-25% of the heat absorbed actvally penctrates
into the material but cven this is sufficlent *n rause
e rise of temporaturs in the whole struetur: which mey
havo serious consequences.

Surfacs ovor-heating ls an important fector in the
consideration of thermal expansion in buildings.

Surfaco tomperature depends upon;e

le Intonsity of radiation brought about by at-

mospherlce conditions, X
¢ Insulating Capacity of the bullding as a whole,
3+ Heat absorption Capacity of the surfeco.

4s Amblent Air Temperaturc and air movement Ekn

the irmodiate nelghbourhood of the surfaces.

Any form of building with a low insulating capa=
olty will be overheated in .no 'time, vide — Corru-
gated iron roof., Building meterials of high insulating
capaclty can thomselves be a dangor if subjectad to one
sided heating.

Loss of heat Ly re-radiation into the cool atmos-
phere at night has disadvantages beoeause it introduces
ono slded oooling which is orually dangerous,
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On the othex hand if cooling Aavrm of walla and rosfs
s expedited oo many difficuliies earize through the fact

that heatlng conditions in the winter nonths become unw-

. economical. (See section on "heat accumulationt),

3o

L0o8g§ OF HEAT BY NIGHTLY RADIATION.

Not meny experts are engaszsd in research work devoted
b0 :loss of heat by re-radlation into the atmosphers,

This problem is more important than bné‘wouldjfhink 85De=
clally in countries where bright cold nights are expe-
rienced and particularly on the high veldt with its dry
continental climate with big veriations beiwesn day and
night temperatures.

the walls of wuildings and particularly flab roofs
are re~cadleting heat all night into the cold and infi-
nitesimally large atmosphere; its temperature being theo-
retically ~273°0; without receiving any direct radiation
frem the sun in exchange.

The extent of the radiation may be judged from the
difference between early morning and noon temperatures.
In desert areas the fluctuation in deily temperature Ls
ag rueh as 20 ~ 40°C. .

Plat rocfu give up more heat than walls overnight.
Thoe re-radlation from walls is balanced by re-rediation
from gurrounding buildings. In the troples it is usual
t0 slesp eltlhizy om or under a flat roof simply because the
temperature is at least bearable owing to the nightly
cooling.

Viewad from the technical angle there arc many ar-
gunents for and aga'nst the use of flat roofs on the con-
tinent,

It is possible to OTLs0T the incidence of night re~
radiation by using materiels with very larpe heat accumu-
lating capacity or even by insulating the strueture with

ginilar materials,
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Wehen Assignlap heoatlane ootibliciownts 14 19 ncceaon-
ry o caleulate Tor o biggor margin of safety. Tn oitles,
dus to protection from surrouvnding bulldings 0% extra io
advi:_aable whilst in the open cowlitoyr 209 op more 18 necon-
80XYe

The heat cnergy wadlated into the atoosiherc TDonl 50-
lids can be detormined by simple enleulatlan nnes the Yo
perature equivalent ol the re-raiintion Lo known.

The terponature couivolent is that %Lﬁrcra%uﬁ) winlen
has to roploco the unlversol figure o ~575°0 in tho fone

-

nule taking into asccount wtmognhzrlc ewuditlons such an

the pregence oF clouds 9. Talune Com o thlo cquitolont

tegts by Dinez, Angotoers ant oo, el 30 o IOLLovi e

. - - E Na T o H
Brioght wontior « fror =200 G 23070,

LN CLLx

AN 2

Cloudy wonthon 1 oun Lo+ 0.

Gepnerally snoaleing, whoso o

than in sumoen on coacomt of o Loty vmlalia
Suppose thy swednse Somsoctare of o YTt macd Lo
15°C and the tempuroinze 'Gﬁﬁi’{&l‘ﬂfr“- WIIMG ey the nriine
ho® heat coorgy WALl bho
r / K ] .
AL v fgo 4 .
Whore C=Cociliclont of rnctebtion.

end -273*0 = thoe ahgolnte tomrembure FATH.5°0 Lo b
oxact) e

Abgolute temperature s the ohoolube noero fempersitwe s
conselvoed by amacind -~ 14 e Selns ab whilel mahemincl
pexrtloloes havo o wobtica at alle

B the bemperature of the vLalt ocla

Ty w tho terporature aquivilonte

Tho roadinted oacegr is poopoetional o thu founedh
povror of the sboolute temperaburs [Dar of Dhefan -

Boltizmann) .
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The quantity of heat lost by radiation always incrcao=
scg as the tomperature rises although tho dlrference bo=
twoen the surface hemperoturce of the rool and the tomporos-
turce oquivelcent way remein the sane. .

Por oxamplc 24-14=15

B4 ~2h A5
44 -34=175 and so on,

The rodiating surface being warmer durins the dey than
during the nlght it standsto rcason that the re-rediated _
heat ecaergy will also be more in the daybtine than ot nizht.
The quantity of heat reccived from the sun is always morc

than that given back in ro-radiation which is the reason

- why surfeces do not ¢ool down during the dey.

e

HEAT AND COLD ACCUMULATION,

Tho hoat accumulation capaclty of a building as alroaw-

dy mentioned, plays an importent part in the amount by which
any bullding may be over-heatcd or over-cooled as woll &as
in the cconomic heating and coollng of such a building.

The wprk of heat :nd cold accumulation in any building
islthc’éaﬁeAééléha work done by the flywheel of an cngine.
The f£lywhuel - duo to the kinetic cnergy stored in 1%, helps
the engine over the dead centre position. Heal acoumue
lation or storage of heat holps a bullding through tho
porlod when winter heating is being stoppgd,aﬁd“thc 1N
side hou to be kopt cold during the swmer. Bulldings
with walls and roof of great heat and cold accuniulation
capaclty will bc'céld in suwimer and pleasently warm in
winter. The roome in this type of building will not
cool down quickly after heating has boen stopped.

Conversely it will teke a long time to werm up the rooms
in this type of bullding once thuy have boun cooled down.
Thie is o disadvanieze which has to be iteken into conslde-
ration vhen using so-called liszht insulating materials in

buildings with a minimm heat accumnulotion capaclty.
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Two matorlels having the same insulating cepacity
vory coften have quite different hont accumulation capaw
clitlics.

Light insulating materiels mey often bo cgqual to hoa-
vier matcrinls as rogerds lnsulating capaclty when sube-
Jootod to continuous heoating but they will cool dowa very
much quicker when subjectcd to periodic heating.

In summer tho nights pass so qulekly, that buildings
with great heat accunulation capacity aroc reheatcd byt the
sunshine the following norning bc@ore they heve fully -
coolcd Aown from the previous day. The lost hcat cncrgy
1s then made good again by heat absorption and retaincd
by heat accumulation. Tho position is reversed in winter
whoen with the long nights, sunshine falls on the bullding
Tor such a short poriod thet itnever &ots a chance to -
cover from tho cold condlitlons,

The influcnce of temperature fluctuations during the
day or night on differcnt heat accumulating materials is
not worth mentioning.

Heat accumulation capaclty of a body is defincd as
its specific heat multiplied by its own weight. The
rosult is multiplied by the difforenco between its own
temperature and that of its surroundings.

6ege HWS.0e (ta-tp)

The wolghts and speclfiic heats oi most of the impor-
tent buliding meterials can be found in the following list.

Nane., Avoregs welght Specific Heat

- 0 ¢ ~100C
Aluminium 2700 ‘ 0.22
Zino 7100 0,094
Coppex 8900 0,094
Iron 7850 0,115
Consrote 2200 0.21
Bitumon 1000 002

Qe
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Gypsum 1000 0.20

Sand 1600 0428

Slegs 750 0.18

Brick 1600 0,22

Clay 1900 Co22

Wood 400 - 800 0,57 )
3tone 1600 ~ 2700 0,20 =~ 03;-3.5
Kleselguh» 300 = 600 0,21 =~ 0.2~
Tarred Cork 180 -~ 300 0,81 - 0.36
Water 10092 1.00

Tee 900 0,80
Engine 0il 900 Qo0 ~ 7,40
Alr flue gas L1e3 D B4
Suporheatcd stean - 047 = 0,55

Tho heat accumulation capacity has to he consli mcd
from tho following wview polnta,

Lle Its influoncc upon heating and coolins condi.
tiong in érder to oreat? aconomical winter avi~
tine end swmer coolivm,

Re Condensation.

B ﬁkikh an eye to the provention of oo lares a Mluc-
tratien botween day ral night heoponaiwr. or San
whole buillding.

o T TRANSIERENCE OF HEAT.

The temperature of a room which hag been warmed ic
higher than the surface temporaturc of tho surrouwnding
walls, Onoso tho heating has been stopred, asswins thnt
the temperaturc outside tho walls is lower, then the wpoom
tempe?ature will drop to the surfacc temperaturc o tho
walla, .

The elr and:surfaco temperature will also sraducliy
drop proportionately until they rench the outslde terno-
rature,when hoating ls started the nams proceddure ooor:
only 1% is revorsesd and for drop of temporaturc rend i
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of tomperaturc in the above paragraphs,

Tho surfacc tomperaturc of a wall undcr the influencc
of sunshine will bo highcr than the temperature of the
surrounding air - If the tomperature on onc glde wf a
wall is higher than on the othor, thun heat will be trans-
forcd from the warmer side to the coolur.

With no hoat accunmulation matcrials in usc, omec

s o
hoating has stoppcd, or I1f a sudden drop in tenmperature ;f

oceurs, condensation will tekce placce " ,

ﬁ%l bulldngs are periodleally heated and coolod dovina
This céﬁlbe done from tho inside (es in winter) O fron
tho outside (as in swwmer). In the first instanoc o
portion of tho hoat will be cccumulated by the surroun-
ding walls, floors and roof, and the balence will sra-
dually saep through to the outer atmosphere.  After
somc btime a stoeady flow of heat will be roached, whon all ‘
the heat vill scep throush and no more will be accumulatod.

In the sceond instance, there is o continvous supply
of heat from outside the bullding. The quantity of hoot
absorbed will depund on tho insuleating cepacity and the
hcat accumulation of the bullding, essunlng a constant
surface temperature outside (sue also radlation, surfacc
temperature cto).

When studying ceonomic heating and cooling probleme
throc periods have to bo consldercd,

The Tirst period is the hcating of the room and its
surroundingss.

The second period covers fthe room at constant tempe-
rature and all superfluous icat suoplus through walls.

The third period is the cooling of the soom, walls,
floors and roof to the outslde Lomporaturc.

If n start is mado by eoolling the »oom (such as in
cold storacc) thun the roversc position takes rlacc. The
Alfforence 15 in the socecond purlod when cold will be cone-

™
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sumod by the surroundings and all suporfluous cold will
scup through the walls.

The scecond poriod will hcrc'be vakon first for cone
gidcration boeausc this roproscnts stationary condltions
in thoe flow of hoat. ftorwards the first and third
poriods will bo discussed.

A+ Stoady Flow of Hoate

Tn tho casc of two Tooms with temporature of & o
which arc soparated by a wall with surface temperaturoes
£, &ty hoat will bo transfored from the hotter to the
coldcr roome

Tho prssoge of the heat throug!. walls with parallel facos
occurs in threo weys. )

1. By conveetion.

2¢ By conduotion.

3e By radiation.
le In heat trensfer by Coavection the body whieh carrics
tho heat also moves from onc place to the othecr. Becausc
thore i. moverient of the infinitesinnlly sucll pertlcles
of fluilds or gascs so0 huat will be transferrecd. Trans-
for of hoas by conveetion is natural when tho lody carry-
ing heat 1s belng moved by tomporaturc fluctuation, Next
to a warm wall, air will rise piving place to cold air
which in turn will take heat fron the walle Next 0 a
cold wall the alyr will drop and =0 in its eireulsar route
the air is continually taking new heat onergy from the
warm wall.

Conveetion i3 tormed artificial when the heet car-
rying body Is givenmovoment by some outside egoney such
asg a fan.

When heat Le pasaing throush a wall the eonvection
conditions on both sides of the wall arc of gront inmpor-
tanoe. Due to convection it bocomes posnible that;
when passing heat through a wall; the surface tumporaturoc
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of the wall on the werm sido is eoolor and on thc cold
sidc is wormer, than the adjolning air temporaturs. |
{Scn riged).

The coofficiont of insulation of & brick wall is

L3

72.6% and tho rosistanc: t0 convection in the most un-

favourable casc only 27.4% of the total rcsistancc to tho

passago of heat. If a wall of glass is uscd tho cocf- | -
ficlont of insulation is only 2.2% amd the rcsistance
by convoetion 97%, i
The lifting power which suts the air in motion in~ %
orcasos with tho tompcrature andalso with the height of i
tho wall along which it moves (as an example take the ;
lifting powor in a tall fectory chimmoy). It also dsponds J
on the matcrial of which the wall is built. The frietion 1
18 loss if walls aro smooth and under those conditionc |
the flow of air is morc intonse, the loss of heat is alun
lowar bacausc there is loss eonteot with rough surfocos.
Tho definition of the coefficient of convection iso
that quantity of hoat cxprossed in kilogram ~ calo..en /[N,,"’?
which is takon by 1 sq. motre surfaco emk of a wall o J.
its surroundings whon the tomperature difference is 1°C. g
Tho flow of hcat being taken to be steady. | '
Radiation is already expresscd in this definition
of tho coofficicnt of conveetion and its wvalue denends
on the absolutc temperature and tho coefficient of rndin-
tion.
The formula complled by Lorentz = Nusscli ;ives
somo very uacrul‘\ veluos, but thesc are based on mbso-
lutely etill alr conditions. .
d "'04'2,34 -t ror vertiocal self supporting walls.
d '0+3.8m for horizontal construction.
whore C= the coeffiolent of radiation of the wall in gques-

tione
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lﬂ‘: tho tomperature of Lis surroupdingsq
t = the tomperaturc of its surfaces
and aaj‘-‘; rosistance a@o.iné-b conveetiona

‘I‘hgso figuros do not agrec with figures obtalnca i
practiffg ' Still adr is very seoldom mot with in prectico.

The smellost motion of the air tonds to inereasc.
convection and reduce its resistanco to heet transfera

In channol scotions and in openings for insulatin:
purposes which arc not morc than 1 - 2 c.ns. in cextont
and which aroc surroundecd by rough matcrials; frietion ...
inereascd; circulation and thorcfore convcetion, in o=
ducod far below tho values given by the Lorcnz - Mucoclt
formule.

" It is perhaps boat therefore to sot aside forauliacs

in dealing with this type of problem wnl to dopeound oo ,

soclontific testss For thopurpor: of ccleulntion 2o lrors
of hcet and cold by convecetion th. fol-lowing noroxin. e
velucs may be uscd, These erc the practical valucs b=
tained by scientific tests.

For loss of heat through czternal walls and £locro
aseuning the possible prescnee of wiad,

d*25  or as 0,04, ,
For intornal walls with no likelihood of wind.

dr7 or as=0.14,
For horizoatel congtructlon with tho flow of heat from
the bottom upwerds,

9 or a= 0.1l
In corners of walle.

dur 5 or a= 020

In order fo make cxact caleulations, wencelally - o
the temberature is very high, tho quantity of beat loot
by conduction, cireculation and radiation has O be eounle

derad as well as the cocfficlont of convecotion.
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Tho following lists will be found very uscful for ihis
DUTPOSC,

Coofficionts of convection botwoon solids end alr =

Radistion being nocgloeted along vortioal walls.

Veloelity of the Alonz smooth Along rough (Junsens)
wind M/so0 surfacns. gurfaccsy.,
040 4fé B0
0,5 7,0 745
1,0 8,7 9.2
2,0 11.9 1247
340 14,3 1542
4,0 17,8 1940
540 2L1.8 23l
10,0 3740 B394
2%5.0 7640 80.7

Valucs (o') proportional o the radiation = (Cigmercr!.

for ¢ = 4,0 (oxidised mctals oxeept aluminium).

for 6 » 4.6 (building natoriels).

Surfacc temporature TPERATURS OF TIDN &770
00 20°C 40°C
0440 04,6 C'4,0 04,6 04,0 rr18
0'c 3.2 Bo7 - - - -
20° ¢ Se8 442 4.0 4.6 - -
40°C 4.0 446 4e4 5.1 4e0 a7
60 C 445 B2 %49 Be7  Gat SuR
&0~-¢ 5.0 B8} 5.4 D43 5.0 C.H
100*¢ 545 843 8.0 649 GeB 7D
150°C 7.0 8ol 748 847 Beit Dok
2Q0°¢C Be9 1c.2 9.5 1049 100 1N F

Thusg d’-&*c, snd tho totgl reglstance ag ‘1; v

proprgetion of heat by saonveetion,
A i
R N T

For exemplo:~

What would be +the rosistanco o thoe transfor of Jwuad

-2,5— /bf,}tVf\;C-llo ooy
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botweon plastercd brickwork with a surface of tomperaturoc
of 40°0 and alr ot a tcmporature of 0°C ~ ycloclty = tho
wind boing 5 M sce™ €

A |
T R T

= 0,036

Thoro is vory littlo resigtance to tho transfor of
hoat botwoon running wator and saturated stcem and for in-
sulating caloulations thoy nay bo nogleated.

* In the casc of superhcatod steam = cxcopt wion cone
donsation cnters into the questlon - the resistance is much
morc; but on aceount of the wclocity of the flow of hoat
1t i1s still inconsidcrablc as compercd with the insulating
ocapaclty. Tho resistance to the passage of heat by cone
voetion in fluc gas is 25% morc than the rcsistance of air
under the sanc conditions.
¢ In hcat transfor by Conduction the hoat pacsscs from
fhc hotter to the colder pert of the system without any
rolativoe movemont between tho two parts. This is there-
Toro only a question of transport of ene  gy. Conduetion
deponds purcly on tho neaturc of the substance in ugo,in‘
othor words upon its specifle thermal conductivitys Tho
dofinition of thoermal conductivity is thet quantlity of hoat,
oxprossed in kilogramne calorics whiech can be passcd in
an hour through a cross scction of 1 sqe motre of a wall
of 1 motor thickncss and a tomporature Aiffercenee |, of
1*C botweonfaces,

Tno fundemonteal formule rclative to hout movement in

a homogencous: body Ls -iven by Fourder as:-
ot
CL()""i(C{/? 2’*
whero Cl- sho heat trensferred in kge ocal,
K * thomaal condnetivity _
A" The oross scetlon at right anglos to tho transfcr,.

T * the tomporature of an infinitesinmally smell

wi Be
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narticle of tho body.

X = The distence betwsen such two points

4, = the point of time for which the temperature is
t*C.

By using this formuls it is possible to determine the
quantity of heap transferred sither by & constant or e
changeable flow,

The difrerential eruation far the heat transfer is:-

Eﬁf o aat
a @z ox* Yyt v

%, % v being the three coordinates of the direction

in which hecat 1s being transferred.

In technical calculations'the lateral movement of
heat may be neglected.

The formula for heat itransfer in one direction (x)

will be ;= A, Ot a*t
o 0% a.x

This is the case when heat is passing through walls,
floors and roofls ctee
If the surface temperaturs on hoth sides of an Infiw-
nitely lerge wall is constant then the differential eque=-
tion will be =
'c)“t

E¥L 0

By integration theni-
tr WX +U

This means that assumiig & steady flow of heat the
drop of pemperature will be directly proportional to the
thickness of the walls (8) (Sec fig. 5),

The value of the constants (W andl) ocan be determined
from the initiel and limiting values,

Limiting values: Given the surface temperature on
both sides of tha walle. J being equal %o Q.

Then t=xU = 1y
and for L= §



tw W $+t; = ta
or W=ty - t
The amount of heat (AdQ) passed through the area (44)

in a unit of time will now be in accordance wlth the funda-

mental ecuatlon of Fourier

dq= -é-dﬂ (t.“tx)

Should the wall be congtruclted of several layers with

a different coefficient of conduction of heat then the

Tlow of heat at right angles to the layers will be :-
(See Fig.ﬁ).

by eddition
x' x:, Am)
dQ( éz LI I R '3':‘ =(t|‘t1)d‘A
¢~
or CLCQ - 'i“g"ﬁ'CLA
27
which ¢an be reduced to the following form.

dQ- = dA(t-t.)

&nbsing the total thlckness of the wall .
meeing the average coefflcient of conduction of heat,

)
Am= 5%
A

The average coefficlent of conductlon parallel to the

layer 1s ~ (62)

Be

Rm =

('ﬁ‘\

In Rediation the passege of heat from one hody to

another occurs without the corperation of the matter be-

tween them, The huat rays are electro magnetic rays

enitted from any solid bodys

Tn the form of light, only & very small poritilon of

the electro megnetic rays can be observed by the human

eyes

Actuelly it is only those rays whose wavelenhgths
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lie between A 0.365/4. and 0.'7/5A~,- Jyu. being equal to
«001 rm. ]
The process of heat radiation is termed "Emissio@‘.
the radlation of heat is really a form of energye
Emlssion always tekes place at the cost of cther
forms of energye l.e. 1t creates a loss of calories or
chemical or electrical eaergy.
The propagation of heat rays takes place at the same
speed as the propegation of light rays, nemely, 300,000
kilometres per second.

v d e
Heat radiation is subject to geometrical laws just as

they aéZ'Qé;a in optlos,

The propagation of. heat alonz a straight line can be
subjected to reflection and refraction and the heat rays
can be focussed by means of a lens. (ovjective),

Mention of the radlation oi heat should immedlately ';77' “
infer the presence of very high temperaturcs. |

It can be proved that radiation i3 in existence all
the time, even at very low ‘temperatures and that it is in-
dependant of ths vody carrying the heet, such as air.

It has been proved by Stefan and Boltzmenn thet heat ra-
dintion depends to a very large cxtent on the exlsting tem~
perature and that the onergy radlated is proportionel to
the fourth power of the absolute temperature,

This law is only valid for the radiatlon from completo-
1y bleck hodies whioh absorb theoretically all the heat
which strikes thelr surface,

In thelr proof the) uged a complotely evacuated holw
low cylinder with a frictionless piston [itted into it.

The bottom of the cylinder had a temperature (T) and was
completely black, The walls of the oylinder and the Pl
ston were srranged to slve complete refloctlon, The pl=
ston rereining still and the tempornture (T) constant, 1t

followed that the rediation was the samo in all Alrecetlons,
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In accordence with Boltzmann's kinetle theory of gos~
808 the pressure caused by rodintion was the same along
each of ths coordinates of the system and in any ono di-
Teotion would vo n= "/3a

With thoe addition of & wvery little heat (43) to the
botton of the cylinder the piston began to0 move.

The first law of thermodynemies says that heet and
work ere equlwvalent, Conseauently 4Q = QM + pdaN.
aM being the intornal and pdN the oxternal work.

The ohange of Entropy (4Z) caused by e pressure of

prx v/3and by internal work of M=uN is,

dQ dﬁﬂHde) N du +4M
4o~ = _‘ e dT dH.

‘Entropy is the thermal ability which any substanco

may have to transform its heat into neochanioal enoersy.

The squation for th. change of Eutropy should be an

exact differontial viz:

d5- () dT+(33), dn

DTN
whioh is 3 ) y
'&5) JNde gna (£3)p7 2

Differcntiating the rirst equetion in terms of N
and the second in %erms of T the result will be.

LN AT
du 4y o T TH
dT T ’

The rosult L8 the law of Stefan end Boltzmenn which was
determined .y Stefan by practioal experiment in 1879 end
confirmed by Boltzmenn by theoretloal mathemetics in 1a84,

The total Radiation of an arca (4) will be.

R= A & 0 _

(% being the coefficient of radiation.

This low may de applied to other bodies having a
30 [ omallorseses
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smallor coeffleient of sadintion as well but the resulis arc
only approximute.

G is only a wery smell figure i.c. 5,709 x ldﬂ ergs
ber 8q¢e. cm per sceand, whilst the fourth power of tho ab-
golute temporature is obviously a very large figure,.

It le thercforo adyis&ble to put the above ecuntion
into the following form.

ur-
3

Rx i @ 109 N )A whore o= G,10°

R+ &G (- Vv E, _

C being a new coefficicnt of Rndiation.

E being the rediation capacity of the material,

It is known that somc substances arc more and others
loss transparent tc visible rrys. Tac same is fruc in
the cese of hoat redietion,

Substancca whiech transnit heat rays without relsing
thelr temperaturc are known as diathermies, *hosc whieh do
not transmlt but absorb sro kuown es adiathermics,

If two adiathermic vodies (1 & 1l) are placed with
frces parallel to esch other (See Fige7) and separated by
a diathermlic substance (for instence:- air) what is the
ameunt of heat exchanged by redietion?

The backs of both the vodles are capable of total
reflection so that any radiation Which might influence
any of the substonces is kept out.

The capacities of radiation arc respectively E, & E,

The coefficicnt of absorption are respectively 0y &0,

The absolubte tempsraturcs are Ty & T,.

The cosfficients of radintion per unit arvea arc G, & Ty

The amount of heat radlated by substance Nol.l lsi-

R0, Tf = i, (Law of Stefon & Boltzmann)

Substanes 1L will absorb an amount of B,0, & 3, (1-0,)
will be rerflected back to Nuel uubstance.

The lattor will once agaln absordb an smount siven
by @, (L=0y),0,0f this & iy, (L= 3). (1~ 04}
will bo refleciod boel to NolJll substance.

Bl /Sub st NCtenanse
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Subastonce No.ll will again rofleet to NoJl the amount
of Eq(1=0y) (1=0).(1~0y) ~nd No,l will absorb.
By {d=0p) 04 (2%0,) (Le0,) of this,

Replacing the factor (1.0,). (1=.Qy) by q> then the
amount of heat absorbed by substance No.l from 1ts own raw-

dlation (G)) mssuming a steady flow of heat, will beim

Q. =E(1-00)0, [1+q + of's AR L |

‘ g <.
2 !

o+ 4 3 . M - ———

L AL T A A e

. Eq("‘O:)OI

“'(‘"‘OJ““‘O;)

It 1s also possible to epply the law of Kirchoff 'viich

and Q:'

states that, ,

The ratlo hetween thermal emlssion and thermal ab-
sorption is for all substances, a function of the wavelength
(}L) and of the abasclute temperature (T) tals rz_'.tio..is;i'the same
for oXl subst-ames hrving wn equel-'wive lenegthe

Ze O %.0,5 TF =G,
and  Eq Ogoy~.0g6Ty = G, 1,
Replacing B, & 2, by the above walues in the equation

for Q|

Toen G‘.Tl‘("‘%")%
' l—(c-‘él(ugg.)

The same equation cen be drawn up for substance No.ll
Assuning stationary conditions then substance No.l

will redeive from suhstance No.ll by radiaticn an amount

of heat given by
Q“‘ CSZTI4 '%1 at

t ("(f~§!)(|-6'3

g’ G

and tho total amount o® heat cxchansed will be

4.TA
G.'@q"Q:"@: ar :‘%.:L*T‘L“

. @'—f@z -%.,

1™ /SUDL0SC a0 v

w



Supposs now that substance No.l is completely enclosed
by & lergor substonco No.ll and that the two arc exchanw
ging hoat by radlation {Soc Figed).

Then assuming that hoth surfaces A, & L3 are'cdmplete;
ly black ond that they heve no angles of re~ontry, then the
hoat cnergy radlatced by substanco No.,l is.

Q= GThA, |

Bub tho radintion of gubstance No,1ll wiil only strike
a certain portion of substarnce No.l and it will be totally
obsorbod fthero,

850, :l = GTQ_L‘?Q.HQ
1s oallod by Mollier the rates of the two angles
end is introduced on the following grounds,

One elomontary body in a flat surface Will rediete in
ell directions in tho shapc of a hemiaphere, These roys
will only strike a limited portion of any othor body ple=
ced with its facc to the clementary body (8Sco Flge?). )

This limitod portion will form the base of a cone,

9 Tho ratlio botween tho come ond the hemisphorc is called

The produet of the surface (A) of a certaln body and
the avernge value of the ratio of the angles {P) ocaloulated
for cach surfacc oloment will g;ve the total wvalue of rays
vedlatod towards any othoxr body. .

Tf the rates of thou snglos of specimon No.l arc ploaw
cod opposito thosc of specimen No.ll then it is clear that

‘RA|"“?1A9.

Sinoce the smaller surfece has the blgger ratio of anw
glos.

4s in tho prosont ceso ell the rays enltted by spools
men No.L rosoh spocimon No.ll. thoreforc *-?.M y 8nd oongo- “
cupntly A,"*fzﬂ;.

Tho total asount of hoat passed from spuelmen 1 to spo-
otnen 11 Wil bo Q= Q@) = A, (TATF)

The same definition is ulso valid Tor two bodies with

B % e Jasrrercntaes.
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different radiation capncitios. 4 is only dcpondant upon
the form of the radiating body and is indcpondant of t* .
material.
Should the veluo of G bo vory small,

_ond C= 10%8 ¢, = 10%G, , ¢, » 10%G},
-khgn the amount of hoat supplicd by radiation by spocimen
Noel (constants being A, T,C) to specimen 11 (constants
boing A,T,C.) will bo

Al m\ (=)

+

C. Cz %5
Ci & Cq erc the coofficient of radiation of the two bodics
placed face to facc and C le the coofficicnt of rediation
of a completcly black body.

Thoe velua of ¢ is glven by Kurlbaum as =
6'1.28.10':.,‘ grom cal ome ~ mee ! {°C)rA
G 4,61 Cal unit m™> n¥ (+0)4"

4, Passago of heoite  VWhon heat 1ls passing through a wall

1t is nocessary to teke into account all thrce mcthods of
heat transfcer =~ vize. convection, conduction and radlation.

Buppose ‘that the surface arce of a wall bullt from
hom e genoous material is A aq. metres, and the tonmperatura
of tho air on oither sidc of thc wall is Q” and };. .

Azsuning n"‘ >l9';thon There will be a transferenco of
hoet through tho well fron the hottor to the coldexr sldo,
(Sec fige 10},

Tho suprfaco tomporatures of the wall bolng & > t,
then tho wall will tnko over heat by radlation and convec=
sion from the wormor air reproscnted by

Qxdo A (T %)
Thig is the cocfficicnt of heat transmission and indilcates
the emount of hoat rcocived by a surfaec of 1 sqe. mutre
per hour from a temperature of 1°C ineluding convoection

and radiation. (ibue fuliufzg). .
~84) JThOveseass
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Tho samc amount of heat will be trensforrod from thu
hottcr to tho rolder side of the wall by conduction.
G * '&'g(t;“tz\
where R is tho o thermal conductivity of the natorial
(Sec folio 26)
and 8 the thiekness of the well in metros,
On the cppositc sidc heet will also pass from the wall
into the colder atmosphorc by redlation end convactlon,
and Q= &4 (t,~4)
o being the cocffiecicnt of heat transmission again.
By combiunlng tho thrcee ccountions
Q*ﬂ(nﬁ-ﬂ%)j{::‘,’r:r -k A(-of)

d R Td,

| S
FrntAT I,
b is defined as tho eepeclty for ternmipsion of hwet which |
is the amount of heat por sq. motre which will peoss in an
hour undcr steady flow conditlons through e wmll 1 meotre
thick, the tcmperature difforence belng 1°C on both sldos.

The above equetion indlcates that by an inercesc in
conveetion and thormal conduetivisy or s roductlon in the
thickness of the wnll, the veluce of & will lnercasc nccors=
dinglye

In order to meke the celeulation of the rceeiprocal in
the above cquations vanicr Prof. Jucob & Dr. Hollor introf
duccd into their version of the equations the heat Insulaw

ting coufficlient %-%- and thoe rosistencoe agninst convection

i-which roesults in

an=
S UAMi-t5) | (k-1
Qz Q,+&T+q, T‘W

Wi 2o FR the sotal recistance to heat transference or in
other words, the insnlating canacliy.

In the case of a wall built up Jrom layers of &
dirrerent insulantin, capaaity (viz: a conecrete wall with

i35 /surfecesses
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surfeee insulation) the totval insulating cepacity caquals
the sum of the insulating capacity of the single layors.

O.nd R = 9.1"' 2 6,1', + 521’2 o---octaoo|¢+8mrm+ag_

If the wall is constructed in such & way that therc
arc also laycrs of air in botween (viz: o wall of hollow
blocks) it is nceessrry to follow the theory of Floncky and
vo work out an insulating figure cquivalent to the insu- !
lating capacity of the air spacc. . 2 ‘

This figure mustAincludo the convection, conduction
and radiation of the air.

,2==X°ﬁ*,&C +'é;C(:k
where _Xu= the thermal conduetivity of the alr under still
conditions.

Xw « a coefficiunt: deducted from the conveetion,

('S.Ce.(?k\.» = d:i.ito , deducted from the radiation.
5 in.fhis case reproscnts the thickness of the air, (ud
Cﬂf the cocfficicent of the mutuel rrndiation,
C = is o fector dependant on the temporeturc.

5, Thermal conducthiviiy.

The knowloedgs Sf the correcet coefficlent of thermal
conductivity A is of great importence in thormal
caleulations.

Most bnilding waterials erc morc or less porous.

The passag. of heat through porous mrterials brines
undor eonstderation four diffcerent wmoibods of heat trans-
Tereneu:

1. Conduction duc to tho particles being in con-
tact with oach othur,

a2, Conduction duc to the alr in the porus,

3. Rediation botwenn the walls from thoe noras and in
i nuighbqurhood 6 birsor porcs.

4, Conv.chlons

The iusulating eapaceity of non-cryntulline bodics

ig about the soace in normal temperaturcs = bosts chow

B0~ /,;hﬂ.tt X
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that the imsulating capacity of a compact limostonc for
instancc 1s 955 at 0°C and .938 at 100°C.

Tho insulating capacity of gold is oxactly the same
from 0*C to 20QeC,

The insulating capacity of crystalline bodics on the
othor hand doecs change with tomperaturc, This is to be
cxpcetod frum their structurc which is on the principle
of micro-larinetions and the action of thormal expansion
tonds to loosen the contact botwoen the laminations.

Tho following tablos give the cooflicients of heat
conduction end insulatinn of orystales. (Taken from Eﬁcken).

Temperaturg ~100°C 0% +100°C
A ol A a| A o

Sodium Chloride Crystals 10.6 <09 6.0 J17 4,2 «24
Quartz crystal (parallel i ) ) _ i
o G.Xi!) . 19.0 05 1l.7 09 7.7 W13

Quartz Crystal (at 90° . o o
to axis) 10.0 .10 6e2 18 4.8 ,21
Limcstone Crystal {atb ‘ o
90° to axis) 5.8 171 B¢7 427 | 3.1 032

From this 1t 1s scen that tho insulating oepacity of
crystals inecrcases with tomperature. There arc crystal-
lino rocks alsq which have the ssmc property.

Nelson,exéiadtodwthe followlng figures for tho coufw-
ficicnt of heat conduction of white marbdle having a wolght
of 2710 kg per cublc metro.

at 50°C A= 4455
100°C A» ,490
1500 Ay (595

This shows that 1t 1s incorrect to believe that the
insulating capacity of metorial is proportieonal to its

wolght per unlt volume.
The coofficlent of heat canductlon of a quartz nry-

stal is throe timos as much as that of limstone having the

3 T /'Uamel-oooq
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sare weight per unit volumc.

The insulating ecapacity of tho porss can not in any
cas¢ be taken as having a constant valuc,

It changos with the toupereture, sizc and form of the
porcs as well as with the humidity of the matorial.

The heat oncrgy radiatcd from the warmer side of the
porcs to tho eocolcr wall amounts to {scc also page 34-38)

Q= Ac (T2 ) - (23]
oo o
whore C  the cooffielent of radiation = 4.5 the valid fi-
gurs for porous matecrials.

The amount of hcat radlated incroascs with thc tempe-
raturac,

The difforcnec in tcmperature of two porous walls
placcd face to facc will inercesc with a & ~ *  ftcmpera=-
turc if the porosity is inercased,

At the same timc friction botwecn the alr and the
walls of tho porcs docercascs with the rosult that transe
forcnee of hoat by radlation ~nd conveetion incrcascse

Tho insulating cepeclty of porous watorials dooroas-

sus =68 tho pores arc cnlargud.

The coofficicnt of thurmal conductivity of alr un-
closcd in pores emounts to :~ (from CarmoTror ) e
Avorago tomporaiurce ) ‘Dieme of porcs in rm.
0 ol 5 10 2.0 560
00 0803 L0207 L0221 ,0RBB L0273 0878
100 © (0263 40272 40307 L0351 ,0439 L0704
300 ¢ 00368 404 +0530 L0391 L1018 1983
500 © 460 J054 L0860 L1255 4205 «4435

Continuous lavers of air rcducc the insulating onpa-
city of tho materinl on & blg seale; (hollow bricks utc)
espeelnlly where thore is e aifferone. of atmespherie
progsurc botwoen the wo sideus of the wall.

Prossure conses ~lr eirculetion in the hollows ru=-

sulting in conv.etion.
=58 /Auoooo



g

A test in $ti1l nir by Dr.Moller in Budnpost on &
given netorial gave tho insulating capocity as M=12,5.
With o wind velocity of 10°Y motres it dropped to = 4.2
boing 68% lower.

Insulrting capecity is nlso docromscd by the prog-
surc of solid perticles in the materisl such as fibre
in wood ete,

dinece tho thormel conduoctivity of wnter is 25 timcs
thet of air it follows thrt the thormal conductivity of
porous metorials 1s inercascd by the proscence of molsturo
which ontors the porcs through caplllary attractions

A vory smell cmount of water roducus thoe insuleting
supacity on quitc h'iargé seales

Insulnting figurcs obtoalaed in levoratorics with the
&id of the Poonsgon Lomellon Sct cannot be used in prace-
tiscq

Tt is also wrong to intreasc such figures by 25%
and to imaginc thrnt reality hes boon roached by doing s0.

In the Tirst instonce there 1s alrcady a dirfferenco
of 20 -~ 25% botween the samples sent for approval and the
material actually uscd in vhe bullding.

Many Manufecturors send fawl.tless samples to bs tos=
ted rnd take special care with the monufecture of tust
spocimens, Camcror investigeted tho insulation of stoen
pipos unier absolutcly dry conditions and found 105 = 19%
rad somotimes ovon 28% lowor figures than those obteined
in laboratory tcsts. ‘

All porous materi&lrabsarb{1noisturc from the air,
evon efter the material hes dricd therc will still be a
small molsturc comtunt in the porcss

A woll burncd brick mey dry out after o certaln po-
riod 4f it ocontains no salts capadbluc of sbsorbing watcr's

Thore arc however many bullding matceials which con-
toin water abtsowbing oolloids, those belong to the go-

wiQw Jealledeseee
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callcd hydrophil gel (i.c conercte, chalky sandstonc -
sendstone mortar - pumico gravel concrote o.nd %wo0d ) .
These materials will never dry out completely iu the

open airs

They can be dried out ingtemperature of over a 100°C,

[T

but will inmedietely absorb mcisture again in the open eir.

There is a considerable difference in the properties
of water absorption and watér retention of various bulle
ding meterials.

A well burned hard hollow brick with a low insulaw
ting capacity may be more satisfactory in practise than =
light pumice gravel concrete stone with o greater humidi«
tye The same thing may apply in the use of special insu=
lating materials,

One cork slab for instence may absarb 15% moisture
whilst another will only absorb 5%.

Every metoerial must be judged separately on its me-
rits and only by carefully checking its behaviour undex
practical conditions can its {true value be determined.

Messrs, Schinidt & Grossmen made a series of tests
with the object of proving the points mentioned above.
They determined the insulating capacity of a brick wall
28 cms thick, plastered on both sides. The humidity
varied during the tests from 5% to 5%

The results obtained according to the "FPorschungsheim
A0 Munchen were as followsi~ '

Heat conduotivity of brickwork.

s gt ke e
0 Months 25 % 1.2 83
445 Honths Betb 84 1.9
644 Honths 149% 74 L35
91 ifontha 1.0% » 85 1.54
12.5 lMonths 5% 6 1467
artificlally dried | 058 2463
wdiOh /Conf ornatione .,
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Confdrmetion of theso figures has boen obtained by
DrHofbauer who investigeted the insulating oampacity of
oxtornal and internel walls in a building 50 years old.

Dr Hofbeucr's figures for tho internel wolls geve 7 as
le4 and for the extornal walls o as 2.6.

It 1is incorreet to inercase figures for insulation
obtained in the laboratory by 20% in order to obtain fiw
guros for practical work. In reality thore is always 1 «
2% of humidity in brickwork which will reduce the" insd-
lating capacity by as nuch as 95 « 70%. .

The samt thing eppirics in the caesc of conercte.
Poonsgen & Grober found for dry concrote & thermal condue-
tivisy of A*046 400,85,

The concrete spplied to most bulldings in this coun-
try is, on account of its hunidity, twice as good as &
oconducter of heat as it would be in absolutely dry con-
diltiona,. It is therefore not en exagreration to usc
A®1.2 and Ax 0,83 for conercte.

8. Tosting insulating materials.

Therc aro many diffcerent mcthods and ideas about what
concerns correct tosting of matoriels and dotermination
of thermal conductivity, All of them have however the
same leading thoughte

Ono sido of the tust pilcce has %o be suppliod with
a cortain amount of heat eleciriecally generated.

Tho actual quantity of heat can be checksd by moea=
suring the voltage and current intensity of the source

of supplye.
Tho surfaeco tcuperaturos arc measurod when tho flow

of hoat is stationaxys
The first known mothod of tosting is due to Nussclt
who uscd o spherlcal hellow body fillod with tho material

under toate ‘
In ‘tho contre was an olectrically hoated clement.

i) /The.-..
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The thormal conductivity was obteincd by chooking
the amount of hoat supplicd cnd meesuring the temperaturcs
at diffcreont points in the material.

Grober did the semec thing but uscd two platce shaped
tosilng piccos one on top of the other, and of the samo
thickness. A hoating olement of the same shope wes pla-
ecd betwoon the two piecos and tho outside cooled by run-
ning water.

The surface tcmporcturcs wero measured by soldered
wires on the thermo-clectric prineiple.

The only difficulty in this oxperiment was the la=-
teral loss of hoa from the platos,.

Poensgon improved o the schome by covoring in tho
sidss with a frame of the same meterial as thet under
toste

This covoring frams was thun kept at the samo tempes
reture as tho meterial undcr tost. {Scu Fige Nolllj.

In this way the test pleces are not influcnecd by
igsothermal curves which find a path in the covering frame,

The supply of hoat and cooling water in this erporl-
mont has to bo controlled in such a way that tho tcmporne
turcs romain constant (i.c. t°C on tho warmor side and
%3°C on the cooler romain *the same).

The emount of hoat supplied being { the equation for

the oonduetion of heat hoeomes,.

Q/ e KA(E,"ta)_
~ 5
whoro &  the oxaot aroe of the test ploces
and & their thickness,
The usual method of controlling tho covling weter
is to arrangc for tho vatcr flowlng away from olther sur-
f£oce 40 have tho same tomperaturs, LD this is done thon

the amount of heat passing through the two szlabs is the

BN,
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The cocffieiunt of thermel conductivity will bo
Av oxb

LU s M Yo SVt

SR (t~t,)

Any plceto shaped or annuler subjeet cen bo tostod
in this way, and it is possible to dctcrmine tho thormal
conductivity ot eny temperiinre as the tust depends only
on tho heat and watcr supply limitations,

Thero is only onc disadvantage in this and that is,
that spoecial tosting ploccs only ean bo cxamined,

Actually of coursc tho motorial under tost drics out
during the process nnd the figurcs obteined do not cover
reality conditions,.

Tho Forschungshoim filr Wérmesechutz cndoavourcd %o
got closcr to xroality.

Tho walls betweon twe rooms formed the subjoet of
their tests and thost walls were actually part of the tese
ting cquipmont. Tho rooms conecerncd were warm and cold
rospoetively and the wall dimensions wore le5 x 1.0 metrcss
Tho maximum tomporaturs normal to continental climates
wes usod - nancly +20°C on onc side nnd 0°C on thc othor.
alr was kept at o difforont humidity in these rooms duw
ring the tusts in order to evold drying up the walls.

The writcr built up test apparatus in Hollend for
the WeV.Betondak (Coneroto Roof ILtd; im Gorinchom whieh
supplicd insulating data which proved falrly useful in
proctisce

Pigs No.l2 shows the souplete couipmont. Tomts are
earricd out oncc a stationsry flow of hoat hag boun ronchod.

This}ghcckad oy means of reeording distance thermo-
meters which show air ~nd surfecc temperaturvs on both
sidcs of the tsst pluces It s agsuncd thet the tompoe
raturs of the room in wileh the test is condustod will
also romnin constants

The Tirst portion of tho oxporiment is to Uetermine

tho less of heat in tho upper box which is honutud by an
"'43"" /Gl Betric TEEED
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vleetrlie curront, Tho amount of hoot gupplicd 1s
G \WE/hour = (x0,86 watt.

Ir the tempercture in the bottom bo ig¢ kept the
snme o8 1t 1s in the upper box,'the.loss of heat through
the test plece is avoided os all the surplus hent will i
venish through the walls of the upper box. 3

The amount of heat lost per hour through the wells i
of the hox is clso QWEwQ, .36 wotte “

It the temperature of the bottom boxr is now cooled i
down to the temperature of the room ond the upper Yox ;
is hected ogrin until o stationcry flow of hent is rea- ;
ched beotwsen the two boxes, then the cmount of heat sup-
plied will be QRWE/hour.

The amount of heat pasgsed through the test =lab is

ond the coefficient of heat conduction 1ls
GHE ~§~ A (%, = ty)

80 A,R%WE(! vhers t & t are the surfrnce
VT ~tg,
temperatures,

The sam2 test can be carried out if heat is passing
from the lower to the upper compunent. }

The cdvantege of th's arrangement ls, thet it is
possible to determine insulating coerficlents at lowex
temperatures with no danger ( &t any rate in the begine-
ning) of the moterial drying out guickly.

Furtherrmors, if the temperctures of the air are mea-
sured on both sides it is possible to determine the coef-
fioients of heat transmission on both sldes.

sinee @ = O".A{f:"ﬂ’i) and Q‘d'zﬁ(df.“ﬁ,)

This coofficient of heat trensmission, as already
mentioned, consists of & factor of convestion (&) and
of the facters proportioncl to the sadiotion (C) with re~
gord to a certaln temperebure in one of the boxes ond the

area of lts wallse
Y. . /Aoun-o
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4 hellow bloek f£loor built into the obove equipment
gnve the rollowing resulta,
Y=ty = B2%C,  QVE w210 x 0486 Q,WE = Q,WE = 103,23 Cal
LB = 330 x 0,86
The thicknegs of the floor was 0,21 metres nnd the

rree 1 sq. metre,

80 7. 203.2 X 0,21 = 0.68
B2

This figure is very low due to the foct thet the
temperature on one side had to be raised to 48°C in order
Yo get n difference of 32¢C between the two sides. This
meent thot the floor, especially on the one side where
the pumice gravel insuleting blocks were built in, wos
dried out to a greater extent.

It is of grent importvance in meking these tes%g/gﬁgt
the thermocouples nre properly fixed %o the surface of
the test pieces. Fixing has to be done in such a woy
that the presence of the couple does not disturd the nore
mnl distribution of temperatures in the test plece it-
gelfs

Pige No.l3 ghows the correct and incorrect medvhods
of fixing,

When testing powdered matsrial a box made of a now
terinl such e sheet metel, the heat conductivity of which
18 well known, is used &s a con¥riner.

The dimensions cnd shape of the box being the some
a8 those of one of the testing pleces,

The sliplest form in which testing apparatus can be
mede 1s the "Cone of Nusselt" (See fige No.14).

The main advantage of this apparatus in testing
powdered material is that all the heat produced by the
herter in the centre of the cons has to poss right through
the nrterial ond nope is lost,

Toss of heat can be measured In practise in quite a

difforent wny - Honeky developod & primitive method which
il B //involvedes s
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involved fixing an auwxiliary slab, with o wellknown
thormel conductivity (cork slab) ageinat é;giwall to be
tested once the steady flow of heat condition has been
roached, the emount of hent passed through the copke
sleb (B) is the some as thet possed through the wall (A).

The constants for the wall ere 1,6, and for the
euxiliory slab ‘Zué, (See Fige No.l3),

Then § = (t.-t,):';— . (t,—t_,‘)?s.;‘.
t, and t; being the air temperature on both sides of tho
wall, and t, the common temperature of the wall and tesw

ting sloh,

£, -
and th'% fz”éfs

If the tomperature difference between the two surfe~
ces of the wall undor test is Af then the emount of hoat
passing through the well will be

a2 At A..&

This is a cumbersame nmethod of testing materials as,
on account of the possivility of wind on elther wide of
the well, 1t sometimce tekes deys bofore the statlionary
flow of heat condition is recached.

4 method of checking lieat flow through flat walls,
pipes otc., Nas been developsd by I Schaldt in Danzig
ond 18 called the “Heat Flow Meter®. It ls an improve-
ment on the scheme suguestad aboves

Tn his agperatus a 60 x 6 om rubber mat, 3m/m thicik,
was Lsed. When this is fixed egeinst the wall undnz
togt there 1ls a small tomperature difference betwcen
tho “wo faces of the rubher mat (ta-ts)e This tempe-
rature difference is measured whth the aid of built in
thermocouplcs

clamps of the heat flow metor 1s & neasuroncnt of the
This hoat flow mater ls

The thermo clectrio tonsion on the

aeat passed through the welle

wd o /"USGdQ Y
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used with e galvenometer sealsd in kg cal/sq metre per
hour, in order to avoid complicated -nlculations when
taking readings.

A rubver freme is placed round the heat flow meter
in order to avold lateral loss of heat in the same way as
wes described for the Poensgen Apparct is.

The reol purpose for which Schmidt prepared this
heat flow meter wes o control loss of heat in pipes and
in pipe insuletion which involves loss of heat %o the
extent of S0 up bto some hundreds of kg cal/sag M/hour,

The loss of heat through walls is vsually mueh lower
than this.

The coefficiant of heat transmission of externel
hrickwork 38 cms thick is 133 kg eal/sqg MJhour /“C
80 thet the amount of heat lost with a aifference in tem-
perature of 10°C would be 13.3 kg cal/sq M/hour. The
heat £low meter in ite original foxm is not sensitive
enough to reasure such o small .juentity of heat.

Hoffbouser increased ths sensitivity of the appe=-
ratus by using vhermo 6. ctric elements consisting of
1000 soldered joints.  Such elerents consist of iron and
constanten wire crossing over at 1000 points each ot
whioh}goldered tonether (See Fig. No.16)s  Whea vsing
copper and constantan wires the sensitivity can be ine
creaged up to Ce05%C.

Tn the Peenszen Apparatus the heat flow meter 1tselt
rorns with one tewting slab a coiplete unlt, vhiciy ene=

*leg the nsoter to be properly calibrated.

b, Cooling.
and ocooling it is of conslderable importeance to find out

Fran the view point of oconomic heating

tho Zoiriowing factsiv

Qe e auount of hsai which is lost by perlodical

heating.

De The tiume taken 1o cool down afver heoting has

cco.gcde )
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¢s  The influence of hunt nccumulation

ds  The time tnkon to wernm un the svstom to the

correet temporoture,

axpericnce ghows that in meny coses the stgtionary
stete is renched, during tho heating up process,

It cen bo assuwmed thet cooling starts at tho moment
heetling stops and that this is the stationary stato.

The quentity of heat given out %0 the surroundings
while any systei is cooling depsnds on the insulation
and the heat accumuletion capacity, sothese two points
can never be nsglected.

Cooling does not toake place in the entirc systom |
simultaneously o.ce heeting has stoppeds The passtge
of heat through awell with a limited heat conduction and
heot accumuletion capecity requires timo.

As on exemple Teake a building which has extornal
walls only, and vhich has after a ccriain period already
reached the stotionary statce.

It is not nocessary to consider the influsnco of
corners of walls,windows etc., for the present purpose.

‘On the insidéfghrfacc tempereturo of the wall is in
the stationary stato bing, st

The coefficient of heat transmission on the outside
of the wall is Ovoutsh rnd its velue in relation %o the
thermal conductivity, infinitely large.

The temperature on the outside is arrenged to bho
equal to zero, thon, wien the zero point of the co-ore~
dinate system is inside tie well the stationary state

can be represented by the following equation. (Sea fig. Noel?)«

b ‘tin'i;.sjjx'. rv
tﬂt' ‘t inb‘. 3tl H‘k.é ) Lx

and the flow of heat vhen it is in stationary state
Qet ™ % ting, 8%
The heating system in this oxample conslsts of . werm

current of Alre The roonm 1is ehsolutely enpty and any

_4:8— /n\"at.nnti



heat content of the

nir can thorofor: be negloeted.

Once henting has boon stopncd inside, all the hent
waich ronchos the outside must bo teken from the ACCuMU-
latod heat in the wall,

Heating has becn stopped at the moment <* O, Up
%o this moment the scmc amount of hent hes boen flowing
through cach part of the well - aftor this no morc hoat
will bo added to the air inside.

Imagine thnt the wall is divided into eccual layers
le24B4.0e 50 that tho heat given out by layer 2 passcs
into layor 3 and was in the first instancae tokon from
layer 1, (Q,-M‘:AZ )e

Layor 1 will thercfore cool down by this amount
since no more heoat is flowlng to the inside surface of the
wnil the drop in temperaturc which should cause transfe-
rence of heat is ecual %o zoro, and the cooling curve will
have a moximum valus at this point (Scc Fige Noel8).

The meximum drop of temperature must be always on the
outside of the wall, and the stationary state always exists
there for the longest periode A gradually increasing a
portion of the wall gradually partlcipates in the cooling 4
processs

Lastly, no portion of the wall is sntirsly free from
coolinge The temperature of the wall will be reduced .
continuelly as shewn in £igeNo.19, where the curves have
been drawn in accordence with the laws relating to cooling
(thmidt); The speed at which the temperature will drop
depends on the he&t conductivity of the wall and on its
heat contentse ,

hs the flow of heat is more intunse et the beglining,.
it ig netural to expect that cooling will also be auicker
This is the case in practise but as the tompera-~

thenes

‘ong tho 8D T eonll
tupre drops sO foes L apeed of couling.

anofl Qo /CﬂI‘VGS-ooau
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Curves of temperature and flow of hoat approach
Zero in an asymtote Tormation,

Flge No.20 shows?hovr flow of heat depends on time 4n
grophical form,
The anount of heat ~iven out (2%) by the system up

to the time Z 1s equal to the integral
F 4
J QI
Q
What is the cooling curve for a wall with parallcl
faces?

The eguation for tic flow of hent through a wall in

the dircetion of & hos already been mentioned (Scc page ©6.)

Lo9t o3
& 91 [

The only solution of the cruation which is taken

into consideration is
~¢NM31

)
t= LHC +2 A {c.os o d 4 Pu &N fmy J) e

e
The constants b & ¢ arc found fren the conditions apw

plying to the state at the end oﬁ the procrss (at Z= 0
we the infinite scrics disenpear).

If o srstem heppens to be cooled down in such a way
that ne over-terperature is left, as ageinst atmospheric
tonpercturo, in other words, so that the two temperaturcs
arce both zoro then Hhe equavion can be pur in the follo=-

wing forma

- 2 - 3 -
i‘? AMUvMQ BTy A|‘Me amizy Az“ze
Ma|

-------

Where thoe solutlon of‘uq.rcsults in a sinec and cosine

fanction for a atrnight wall.

re

' ' o o
U,M*(COS mm X+ PMSin M, ‘x) ‘ b
Goolin; starts fxo $he nonent the statlonary state ?

is roached cpd fhe drop of ftemporaturc comicness onoie

weroor elde of the walls  The tomperaturs dirference be-

twoon the Lwo feees o tho vall being nt a meczlinum at the

busianing 1t stands fo reeson that cooling will be ot lts

w30 [rostestesses
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fostest iu this states  Thoe olapsed timbquﬁWCGn the stee
tlonary stote and the moment when all the ports of the well
participate in the cooling proccss is Z .

The drop of fempcynturc during furthcr cooling will
be in cccordoncs with the cquation.

- A‘u,d"““"xz”i‘s

L. sprescnts o cosine curve which is at o tangont
to thoe st.aight lino of the stationery state at §. (8ec
FigaNo.Bl) .

The moximum veluc is on the warmor side of the waell
at 1. * Q.
Ay My & Dy BTC constents of threc iafinlitu sorics.
M, & Dw 8r¢ calculatod fram She progeribed limit
conditions for the wall or its insulations
A 38 doterinined by the initial condition - namely
that, nt the start of the cooling proccss (Z= Q) tho
cquation of t has to reprosent a defined terpoerature dls~
tribution.
Suppossu that the heat contents Wg of e svaten at the
vino Zwe ond the stote Au, ore ruguiredy
Then gssuning thet tho intunsity of heating currents on
the outside of the well romein stetionary up to tho timo
Z , it is irmociately possiblc to actermine Zgy from the
giffercnec between thoe hoat contents &t the boginning

(Wet, ) and thosc at the time 2 o (Scc fige NOe 21l )

qat

¢. Heating of wells®,
The process of neoting o well is the exact opposito

of cooling. Tnstund of & 4rop i1 tercrature thore is

s risc &ad the snitviel s ate 15 in this ecasc thu finel

or ztationary state, mepehicd in Lheory after an infinito-

1y long puriode
‘ wBHlm /Vﬂlat\:v&ru evae
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Whntover has beon said of tho cooling proccss is nlso
valid ror the hoating proccss..

The movement of heat sterts whore tho conditions of
o systom have bocn changed and the heet will graduslly
sprund over tho wholce systome /

Onee the whole system partieipatcs in thoe heating pro=
coss thewe ls no further change in the cheroctor of the
hoating curve.  This procoss is deseribed mothematically
on page 47. atce

The atvationnyy stafe is ruached aftor an unlimited
time zeprescnted by 2 =00,

The infinito sorics disappoar at this moment and tho
temporeture at this stetc is ruprescntod by o straight

linc.
tst = bxr +C

m,’;z

t > ‘hstmg A,,,UME-:G
Lk |

Thufﬁéffin wileh the stetionary statc is rcachcd de=
ponds on tho mauuier in which the hoat ig supblicd during
the hocting period, and from fthe conditions of the supply
of hoat the constants A mi, 6nd Py arc deteimincd.

A eoproxinete uethod of enleulating the cooling of
g systom freil the svavionary atete end thoe heating up of a
gystort Tror tho stationery gtate of heat flow has boin
wortced only by DreWeEsacre ‘

The primary racht, on vhich hig mothod is bascd, ls
shat the motion of heat starts only nt tho point where
temporature condltions chanGe

Tho huat only sproads over the vnblee syston aftor
a corbein poriod Drelsscr considars that therc is a cor=
tain cividing line boforc s, scparating ona arce in
4 and anothur arca which has

whieh hoat hes alrondy sprod

not ot boun cfruoted by The rlow of heat (sec Figs Noe22) s

The cuxves which roproacat o diatribution of fumpe-

reture in strright welis vofore Luw stationary steto hos

"'53"' /bC"Jn.oa.
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beun reached arc sine rnd cosine curvas, as olroady mon-
tloncds (In the casc of pivcs they aro Bossol curvvs);

At the dividing line those curves arc at a vangont
to the stroight line indicaving the statlionary statcs

vhon the movement of tumperature roaches thue cooler
sldc of the system (in this ensu a well) 1% will bo ro=
prosuated by a cosine curve at a tangent to the stralght
linc reproscnting the stationory stote ot X=& o This
curve docs not change its charncter again during further
ocolinge The state known as a froc moverient cf hoat has
bocn reacheds  The rapidity with which cooling takos
placc bevond this point dopends only on the flow of huet
and the heat conteuts of the systcm.

At the bugluning of this statc the flow of heot 1s Poe
prgscntud by 4ot and the hoat contonks of the system Ly
We JDreBssur has introducud ot this point & coufficlunt
which whon multiplicd by, Wst ruosults in o (WcmlP.Wst)‘

The time repuired $o reach thls state is

:Zu,‘(]’q))%ggi

With the location of‘p and thc valucs of the statlona-
ry statc known; +he wholc heeting and cooling systom may
be dotermincde

¢ has certain geomctrical proportions but is mathe-
metlcally dcteraincde

The valuus Qro giwen in the 2nd part of the handbook
i tton by DreWeissor and Dr.C.Kirschor (German)e

Tao simplificd theory given abovo can elso bo cnlargod |
and corperod with test'rgsults mado in actual practiso by
refurcnee to $his bonke ' o

Por all thormanl culeulations in connection with buil-
dings the Pormule for the s tationary flow of heat can bo

nscd with safety, it is no® intended &;%u’ to diuscuss the

co Licated probloms of huot transfer under chanping ine
Yesaity of huatb flowe

DB /Allonocc




411 caleulations for cooling cnd heating of walls
arc conplicatoed mathematical problens ee ihey ero based

on the invostlgation of conditions in infinitely large

wallse In practisc these caleulations do not glve much

satisfection. Desnite this the theorcitical and experimen=-
tal rosults have 0 be composed in order to cvplain the dif-
forenee bobwoen the houet content of waells with and without
latcrel loss of huate

A well with a supfeoco of 10 sqe metros and 30 om thick
ey have & cross scciion of 4 sge nmotres in which lateral
losa of hoat cen ocour. The position of tho well is also
of wpoat inportancce in cooling probloms. Cooling tho cx=
ternal well of o multi-storey building is slower bocausc
noighbouring rooms provent the loss of latcral hoati
Ceoling the wells of o -ornor roomn will of coursc bc quhe

ckers In snall housas wherds cach room has ot lecast two
RN

P
&t
op threc oxtoraal walls cosling is very uncconoriicale

The following woasong axplain whyr thi$ 1s s0. Tirstly
the size and nuver of windows (K # 6.0 = 8.0 for capa=
city of hoet conduction for slass in atecl window frome).
Sceondly thu hoadb cceunulation of the walls, furniturc
cnd internel wallse Thirdly the systom of neating and
fourthly e boriconsure of adinccnt rooiisS.

T s SeSorancrol 5& touts in vhleh hoe uscd brick and
chalky sradston. Bl cn thick, found thatb in 8 hours the
Alfferoncu bolvoun lngide and outsidu surfecc temperatures
vies ruduced 97 704 Whet 1s $he position of thu tumporas-

£y
{
sure of o room giiuated behind e well which is buing coovlcds

Dupling tho suoply of heat in the roui the poon bumpu-

poture L say 6°C anove tho termorature of the shurroun=

dine wnlls (oubslds buapuraiues supposud to bu £040, in-

side #20°C)e  s8 gnon as honting has coanud, the alw,

having no hurt cocanlatlon ceproity worth nentiondng,

will cool dowm ana bl 6°C syeeesaee will soon alsopiears

Yl /‘j(-(;oolvc.
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(Sco £1geNoeR3)e  hs showm in the dlogran tho tcmporaturc
of tho room will drop in a fow minutes to that of tho sumwe
rounding walls, and this will also dron as alrcndy discuse
sodse  Tho drop in surfrec tompereture on tho insido of tho
wall wes in thls pnrticuler sase 7%C in 8 hours, Thesc
tosts worc earriod ort with oloctric hontors having no ape
prooinblo hoat neoumulation capnoity. If stovos possossing
& varying emount of hoat acoumulation capaoity had Boon
ugod, tho tompor-<wrc of bvoth the room and its surroundings
would havc boon considorably highor after 8 houras

In tho casc of S.African buildings the accoptod thick-
ness of walls is 25 o (9v) and the usc of an adjustablo
hoeter with varieble hoat accunulation ecapaclty is to bo
rooommondod,

Housoa built of so called light buildin- natcrials
warr: up in & vory short poriod and covon slow heating stovoes
with groat heet acoumulation ocapscity will not offect thise. .
Whon hoating ieg stoppod however thoy will of courso ocool
down vory quiokly, and for this rcason it is asvisablo to
uge stovos with s vory high heat acouwauletion cape.citye

Fig. Nog24 shows tho hoating puriods required by walls
bullt ;méﬁ dirforont_gntorials with the seme insulating oca-
pacity but 4iffopont heat accumulation capacitys Thogse

;blﬁa wore madc by Schmidt in Gormany. Tho importence '

of protucting buildings from over peating emnnot bo ovor
omphesiscd. As alroady montionod, the surfuco of & wall
or roof oxposed to the sun cen rench an over tomperaiuroe
of 50%~ 80°C apurox. Fhe high tomperature penotratos tho
metorial and makcs the house insidc unboarables

Tha highest fomperaturos are usually roachad in the

afternoon espocinlly in housod built of materials with low

hoet aceumulation cepaclty and heving large unprotected wine

dows, .
wSBm /Inﬁidﬂ veee



Inolde housco

with a groat hoet accumulatinn oapacié
ty however this state is only reached quring the night as~
sualng there s no ventilation in the houso. Houses oAn

be protceted from over hoeating cithor by mcans of a ventila-
ted loft over the house, or by nightly ventilation of the
rooms or by windows protected with blinds, or oy inslde
insuletlon with maturiels heving o large heat accumulation
capacitya sbout 90% of the rays of thy sun rediastcd through
glonss windows are rotaincd inside the housc and act as a

heater,

6o CONDLINSLTION,

The Insulating capacity of any matcrial is influenccd
0 a very large oxtent by its hygroscopic gualities. Lb=
rolutely dry maturial can only boe found in the laboratory
as under nommel testing processes most meterials losc
vhatever molsture they originally possesscd.

The insulating capacity of a wall is often roduccd
hy a half or ecven more due to the absorption of molsture.

Walls can be becone permencntly humld in verlous ways T
Ll Hyzroscopic absorption of moisturc from the atmosphorc.
2. Neavy showors on tho outslde surfacus. _
7. Molstu. . rotalnud from the construction period.
4, Moistur: purmeating into them from the ground.
5, Condenantion on ' .o insilde surfaccesd.

Hvoposeople absorption of moisturc roprasents as a
oule: tho minimum soures from whieh insulatir i cepaclty 1s
effueted. The quantity of moisture absorbea ‘epends on

the humldity of the surrounding atmosphere and on the troat-~

ment of the surfece tho naterinle
Hymroscople molsture contunt is roughly 3% of tho

~ef . . 3
volums in soucrote and 0.3% of the volume in bricks

Thooe filoneons apedn confirm that the so-called hydro-

phile pols (eomeruto, ecnondb, ctel) absorb more molsturc

/fI‘Om-.- e
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from tho atmosphoro than bricks which are more porous;

The quantlty of water which ponotrates into tho mew
torial during hoavy showers is dopondant on tho porous nae
ture of tho matoriel and on tho troatmont of its surfaee;

A surfeoco which 1s completoly waterproof is howovor
nov & solution to this problem and ocannot bo recormcnded
bocause, whilst it provonts tho ontry of water it also
provents the matorial from drying out inside,

Quito useful protoction against hoavy showers can ho
obtaincd from slates, tilos and watorproof layors with opo-~
nings which allow evaporation to teke plece inside.

A metorlal which is wory porous naturally absorbs moro
rain water but on the other hend it drics out nuch nore
quiokly. K

Buildings construoted with conoreto or built in a si-
miler manner tocnd to rotain more molsture from the psriod
of construction than those built from stomo or bricks.

Thoy arc in ennseguence loss favourablo from the point of
view of insulation.

Hollow blocks, especlally in tho case of materials ha~
ving lergs holes inside dry%uf quickee, .

In gonoral it may bo seid that wmost walls, floors, etc.,
1080 their moisture within ono yoar end only in the case of
very heavy walls is this period excucdods

Materials of o hollow naturc with large holes such as
pumice gravel conoroto oto., aro hettor than closcd matorials
when it is a quostion of provention of absurpiion of mols-~
tupo from tho ground, In any casc today this quostion is
of 1ittle import as it is only in the caso of improporly

insulatod foundations that eny moisturo can find its way

into the suporstruohuros

0f ruch greator {mportancc 18 condensation on tho

inside surfacas of walls, the origin of whlch is olosely

connootod with insulating probl unse _
""57"' /Dampwllonn
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Damp walls arc obviously inpracticablc on the grounds
of L1l hcalth,.

Paintings - wall paper = furniturc end clothes all
suffor if condensation tekes placc;

In factorics and stores cspocially in textilc induse
wrios provision storos, grain silos, salt magezincs, cold
storoge promiscs ote., condensation can ceusc e tromendous
amount of daxmegc.

In the air water vapour is always prcsent in clther a
smallor or grcator dogrece The actunl contont is constante
ly changing but it nover execcds a occrtein maxinum valuc.

The maximum valuo depends on tho temporasure and is
callcd tho absolute humidity of the alwr.

It is cxprosscd in grarmcs of wetor vapour por cubie
metre of alr.

If tho terperaturc falls to such an extent that the
air orn no longor rotain its watur vapour contont, thon
the vapour coadenses end forms into drops of watelse

4n every dey lllustration of this charact.ristic can
%e secn when the eir is cooled down in the neishbourhood
of a glass o” cold water and drops of goistura in the form
of a mist a : formud outside the glasse

Jt higher t.aperaturss air cen absorb more watcTa

Th  ratio of the aebsoluts hunidi ty to the meximun

possi’ L wa oI vapour atut o oo econditions of satu-
ration st the sere TembDUIE:L Wi ‘s ealled the reletive hu-
mi ity

T+ ' . uguvally expr.sged an a perecntagt.

Aol uXemrtle e
1 C.bic atre of dr st atnosphol Lo prossura

and = 4 morature of 2a°C wi:1 couatain a maxinum of 1743

rrame of watr van: ul's

T 1 is Tound that th same quartity »f air only cone

sadng 10 «vowg oo waber 1R vel: vive hundidity is:-

BB ,’13/l'r.5......



15/17,3 x 100 = 756

Dew point occurs at the temperaturc ot which air is
getrurated with wmter vepour, and so o ninioum drop in tore
peraturce will causc condensation to bogine  Tho higher
the relative huaidity, and the closcr to the saturation
point of alr, tho less cooling is roquired to ercatc con-
dcnsations In the following teble, figurcs are given
for the maxinum hunidity of the air at various temperatur. .

end for dew points at tcmperaturcs whioh ogour froquently

in practisc,

Wator Vapour Ceptent  and Dow Pojnt of tho stmosphorcs

Torpo- Water ves Relative humiditye.
returc. pour cone

font in -

groirios 40 50 60 70 80 90
, por qubis . —

HOtRCe

Dew point in @&,

- . T L) w L4 P

"5 5027 "'1.5?8 "'1502 -ll.2 -9.4 ‘7’7 -6?3

0 4.84 ~1le3 = Be7 = 745 =48 =249  =led
2 5¢5@ = 9¢7 = 7e0 = 4.8 =2.8 =1e0  =0e5
4 6436 = 8ol # 53 =~ 3ol =l.l 0.8 Re5
6 7426 = 645 = BoT = L1y0 0,7 2e7 4ot
8 8427 - 449 = Rl = 0e4 2.6 4.6 Bed
10 9440 = By3 = 0sd 242 45 65 843
15 12.82 0.8 4,0 Pe4  9¢3  1le4 13,2
20 17;29 5e3 8¢5 1le5 14.0 16.2 1841
25 25;10 947 13,1 16,2 18,8 2l.1l 23,1
30 50;40 1401 17,7 2049 23,5 2549 28,0
35 59;40 loed 2245 2504 2842 30.6 33,0
40 50;70 22,8 0648 BO,L 33,0 85,6 3749
45 64;50 27.8 Blad B4.8 8747 4044 42,9
50 2430 51,6 360 5945 42,5  45.3 478

The tabls above shows nuite nlecrly thet e very small

drop in temperelurc calt aauge condensabtion as the higher teme

perrturcs aud praeter relative hunidities.

e 55 GJow /Ascocc
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Suppose air is present with a relative hunidi ty of 80%

at o tompereture of 25°C. 4 drop of only 3,9°C will ceusc

condensation,

As a gonerel rule, the rolative humidity of the air iics
botwoon 60 and 80% and the drop in daily tomperaturc 6 to 10°C
partieularly in the carly swmor,

When this condition is provnlent, condensation commens
ces on the outside of buildings, and is ebsorbed through the
pores of the building materieal (plaster, bricks ete) to be
evaporated again later,

This is the reason why condensation on the outside of
bulldings is rerely noticeable,

Changes in the percentage of molstuie present couses
corrosion of bullding materials such as plaster paint etce
Buildinz materials which are preactically non-porous such as
Basalt, smocth concrete, glazed tiles ete., are unable to
absorb moisture nnd so when condensation occurs they bhecome
wete

Condensation will oocur inside a building on surroun- i
ding walls, floors und roofs, if their rospoetive tempore=-
tures happen to be lower thon the dew point of the alr inside
the building.

Example Ts it necessary in S.Africa to teke precau~
tionary measures ajninst condensation if a house 1s builv
of 26 cm well thickness constructed from bricks and plaste-
red on both sides?  Agsume the outside tenperature to be
+0eq nnd the inside temperature 25*C (& warmed xoom in winter)

with o strong wind blowing outsides
The temperature diiference petween the inglde rnd out=

gside o the houge 1ie 25%C.,

The totnl resistance aszalnst heat condnctlon will be

GonvectionAoutside » 0,04

Briekwork .283:1.55: 0,38

B0~ /Convectionssave
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Convection insige = 0.14

R = 0,56

The drop of tempercture on the inside of the wolls will
be -

oo
A {'3 = 5:-’5?-6 X 25 - 6‘2506

The surfeoce temperature of the inside of the wnlls will
bei=  Tpm#25 ~ 6,25 x 18,75°C .

For 60% relative humidity the dew point is only 11.5 C
80 no condensation is lilely to occur inside the building.
Outside A%, _E_g% x 25 = l.8°C i .

The surface temeproture is 0+ 1.8°C £ 11,54

There will therefore be c. densation outside the buile
ding which is absorbed by the plaster or good bricks.

{These insulating figures and coefficlents are token from '
Dredoller - Csiszar, on 'Isolatie' published in the Nether=-
lands).

4 very slight movement of the eir is sufficient to raise
the swrfoce temperature‘on the werm side by 1°C or drop it
on the co?2 side by 1*C. '

In the samo way one will obsurve thot o 44" (12cm) bricke
work is sutficicnt under South ifricon conditions to prevent
condens~tion inside the buildings

Ls the motion of the alr acceleretes the evaporation
of any moisture formed by condensation, it is possible by
air circulation cnd oOr ventilation to prevent condensetlion
up to a certain limite.

The surface tempersature of a wall d=pends on its total
insulating capacity as well as on fthe rotio of the inside
convection to the total insulating copaclty.

Convection inside the building ecen be taken as Tolrly
constanx; Hencky has provided o formula for ths calculn~
tion of moximum heat conduction capacity (k) without the

pceurrence of condensations _ ’
=61~ /Theooaooo
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o emeree

The emount of hut passing throush L sqe metre per hour

dady (f-t) 2 x (f- g
and k*&.ﬂ:i
“71“6’}.
where t, is the dew point of the air, at a temperature of dﬁ
and relative humidity me

Telues for k have peen workad out by Dr.iloller ~ Csiszar
and are as follows.

e -

Relative humidity k.Capac¢ity for heat conduction
cal/sq. /h/C,

Quiside tenps «10°C | Ountside temp. 0¢C
Inside tempe +20°0 | Inside temp. +20°C

90% 0,350 04525

80% 04748 1,12

70% 1.4 2.l

60% 1,93 De9

50% 2464 3495

405 %406 44538

Tremple t=

What is permissable minimum thickness for brickwark,
both sides of which are plasiersd and where X*CLVS with no
condensation prosent vet on the outside? I-szide temperature
4+25°C, Outside 0°C,dew point 16.7 at 60¢% relative humidity.

fp- 7 % 2021802 = 245 = 9, izt

2
K J’ ./.. A - N
F & trtant 2577 togsti

§ = 0.165 M = 16.5 e

For the above typleal S,African conditions a minimun
thickness of briciwork of 16.5 cms (6%7) is required to avoid
{insids condensatlole |

7 minimun insulation is to be anplied to avoid condensa-
tlon ihen k for iaternal walls of brick with both nides plaw
gtered should be 268 for 5.40rican conditions in ncrmal caw
sos the relative hwt ity o the alr being betweon 40 and 730s

“Gh“ /The.l..‘
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The average humidity of the air in Johonnesburg was;

—"
for the past 16 rears, according to the records of the
Unjion Observatory as follows:-

Menthe Hudaity Month Humidi. 1:;[; '
January 71% July 46%
Fehruary 73% Au-ush 455
March 71% S tember 4.6%
April 6155 October 54%
May 55% Novenber 82%
June 50% December 68%

The rumidity of the air is much higher in buildings vhlch
have not dried out properly, in rooms crowded with people,
in kitchens, bathrooms and winter gardens,

In some textile industries i1t is necessary for the alr
to have a constant humidity of 80 - 85%.

In uhese lnstences condensation is avolded by ‘the ap~
plication of adequate insulation.

Weter conduits, cold water tanks and refrigerating
chambers all have to be insulated in order to avoid condenw
setion. When the humidity of the alr is even higher than
this it is not possible to find adequate insulation and in -
such instances 1t is necessary tc rescrt o air circulation
and ventilatione A very good but nevertheless expvensive
solution of the problem is the construction of double flocrs,
with warm eir circulating betwsen them.

So called pancl Lecating which is bwllt into cellings
and walls represents anothor adequate protection egainat
condensation; Tn ordere t0 ocuver all the possible‘causcs
of eonlensation it 14 nececsary, to know the temperaiure
of %he air and to measvre 1%s humidity and dew polnt,

The mothod of taking tho temperature has already becn
referred 4o on page B €tCe

Ore: of the gimplest ways i1 vhich the huwidity of the
pir nan be measwred is 0 PASS air through e tubc which is

w5 /fill”dinnco.
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£illed with & hygroscopic substance.

alr passed is then measured,.

The volume of the
The hygroscoplc substanse
can be cilther caleium chloride or concentreted Sulphurie
hcide  The tube has %o be accurately weighed in 1/100th
rarts of a grammus belfore and after pascing the alr.
After the experimont, the quantity of air passed is known,
and the differcnce in volume (weight of moisture absorbed)
is alsc known,s80 the humldity can be exprezsed as a porcche
tage.

Another primitive method is to measure ths pressure
of the air in a closed vessel before end after the absorp=
tion of moisturc by a hygroscopic substance placed in 1t.

The modern method of measuring the humidity of air

glves dircct readings in % and the instrument uscd is known

a3 a hygroncters

Wet and dry bulb hygrometers congist of two thermomciers

voth ¢f which are identicals The bulb of onc of these
+thermometere is wrepped in e damp clothe The water evas
poratcs fron this cloth and the buib cools down withe ‘
dreving heat from the theruometurs The greater the sgtura-
tion of %he air, the less cveporation and consequently,
the less the conlings  “ho difference in tho readings of
the two thermoscters givos the absolute humiditye Thorc
is on: ALCTie 1y in this mothod of measurement and that
ia that the air in the immediete ncishbourhood of the wot
bulb socn boeomss saturatcd booause of the evaporations
The result is thoreforc a very hish absolute humiditye.
Tn ordcr b0 provonb this happoning, the ol noar the hy-
gromuboy 1o wopth o inoe continuous state of motion.

another pyn. of hysromcter cuployes o stretehed human
hair onbirely Toov fpom prcasee  LRu hair bucomoeg longer
in moiab air; G ond of the baim 13 fixed and the othur

cpd Lo wound rowae @ pol
my pealo aLubs ghich the pointer moves in colinvatad
AN AV [ 75 W I A Ve LARAS A ! :

i /empi,r;lcally. vod

»

Ater which moves an the bhalr xtunise
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cmpirieally and indicatos tho absolute humidity of the air
in %.  The prineiplec of the dew point hygromctor is that
one part of the instrumont is cooled down until moisture
condenses on it, end tho temperature is then meesured,

the
Thij is of courso tho dew point so thatl Lemporature taken
a
is direct mcasuremont,

7«  THERVAL EXPANSION,

It is well known that whon e solid body is heated,
tho resulting ineroasc of voluuwe takos place in all dirce-
tions simultaneously.

The so-callod isotropic bodies oxpand in the same ratlo
in all directions; whilst crystaline structurcs ofton
expand in ono dircetion more than anothoX.

Isotyopic bodics howcver will only bo considercd in
this case.

Making allowance for thc fact that all buildings and
structural orcctions consist of oblong or red shapod bo-
dios, such as becams, slabs, columns che: 1t ;s proposcd
to doal oyly with oxpension in onc dircection, namely linoar
oxpension.

The do¥finition of the coeffieicat of lincar ¢xpansion
(p) of a golid body is taken to bo the ratio of 1ts ;ncrcasc

in leangth per dogreo_(Cenﬁigrado)rise in temporaturc, %o
al

1t longth at 0°C (Lecafos 7 whore L ir the length of the bod

at 0°C .
4 vod of lomgth 1 will thorofore oxpand by an amount
of ! fﬁ' for 14C risc in fomporature or hﬂﬁt' tfor a riso
to t9C. )
The averall lengih of the rod would then ve &+ Upt,
an an cramplo takc & rod of Longth P, et 0°C whlch would
cxyand ta £y at t<Ce

mon  bpw Bo (2+PE)e
In oracr b0 do bevrriane the thormal uxpension of con=

3 g com made in various countrivs.
crote nany ¥ nba havo boen mnade

w5 /Tholo ne s
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Tho "Konigliche laterialprufungsemt zw Borlin Lichtere
velds = Wostw (Gormary) cerricd out somc VOry accuri.tc tosts
on a concrets prism in air and in wator and in both.

Puring tho tcsvs the prism was heated whilst .n alr and °
wator and also cooled to bolow froczing point in both instan-

CCSe A continual chick being kept on cxpanslon and cone-

traction,

.

Tbc followin: fects cmorged from the tostsa
l, No changc of dimcnsions worth meationing woerc noe
tleed 24 hours after the shuttering hed boen row
movcde
2« VWhilst the hardoening wes boking place undur we=
for the conerote cxpandgcd, but whilst hardoning
in the open alr the concrcte contractude
Durin: tho first fow days of the hardening pro-
cess under water it was notlcud that the cxpandion
was soriowhat groeter than thc.contraction noticed
vndsy the opan air condltiondge
Aftor six menths however therce was no notiecbls change
in the dimensionse
The contraction during herdening in the open alr had
thorefore heen influenced by the tampereature and humidity
of the susroundinrg air wnd also by the moti.  of the ailr
over bhoe surfnce of the sonerotce ‘
S Aftor hardening in the open i1 tho spoeimen
under tont was Lnmersed in water and it vms notlecd
+hat it oncu again cxpanded to its orlgincl length
as measurod at the time of roiwval of vhe shut-
teringe
Tt was found however thet the older the sonercto
$he cuickur the wine recuired to cxpande
on the otlicy hand thu speelmen had boon hardoned
sn wabor was nov cxposud Lo the opon ade cud in

1he cour sy of the cnurectlon witleh took nlacu

we Q5w

/i’ttnout
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1% was found that the froshor the comercte the quicker the

contraction,

Herc again contraction ccased as soon as the

original dimensions wore ruachcd and in no casc aid it

continua to thg dimcnsiops ropchod by the speeimen first
hardened in the open air,

4e

Expansion duc to hoat and contract. on through

cold conditions inerceso with tho age of conercice
Both arc influcnced by the humidity of tho econcrcto
and by dolay or antioipation of thclhardcning
proccss caused by warming or sooling. Rosul;tagr
from the numercus tosts the assumption was nedo
that the coafficient of thermal oxpension is
folrly proportional to tomperaturc risc.

Tho aseepted figure for the coefficient of lincar
thermal cxpension of conerctc vhether the hardened
in air or under watcy has bocn pivon as (b «00001.
This means that the incrcase in lcngth of a

1 metre conercte rod will be 00001 metres por

degrec contigrado, -

It has boon stated in Hollend that for conercte tho gi»

gurc should be 0000095 under the condition uf threc dayss

getting under water ghd 28 deys in tho oven elr. -

During tho poriod howevor the specimen was heated from

15°C +o 42¢C in tho alr and teking proparbional expansion

into aacount the above was an Avoragoe yaluee

Locording to tests made DY tho Gorman Cammercr thu eocls

fielont of thermal oxpansion of rawinfareing sﬂogl should

Le taken as 0000094 the cxpansion rlzo buing propostional

to temporature lnereadcs
These fisures hold good for normal tomporaliees, laoa

not in accass of e
In practifo, &s tho T
ary “rartiaaW‘v nhu samc,

0,0000L ox lAlO

500¢ or holow «20"C,
{ures for stoul end eonerdie
n/,

1t Lo safc bo tolea Plpure nf

foT gnlewlastions L in both materials

. fendacven

ko
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and herodn lics the scerct of the continucd usc of steol
as o reinforeing factor in all forms of conmerctc construce
tionsa

As alrcady montioned, thore erc two coscs for consie '
doration :

le Uniform and simultencous incrcasc in temperature

throughout the ontize building. \ Gl e

2+ Onc sidod heating or cooling of a building. T
Lo Tho ealculation of thermel cxpansion due to simulta=-
neous and wnlform incrcasc of tcemperature throughout tho
wholc structurce is the most eimple and the most customarye.

Meny structural Engincers aro satisficd with a cheek
o strousses causcd by thermal oxpansion undor maxinum and
nininum temporature conditions only. This is quite sa=
tisfactory if therc is no danger of ovor heating the e
fedc from sun offcctse This mothod of calculatien however
is rcstricted to figurcs covering tomperaturcs at the CXm
tromes of wintor .nd sumcr conditions.

The oypansion and contraction figurcs for winter and
swier arc howovcr far more ~im.portant, capcaielly in tho
casc of very large buildingse

Taking into account a maxinunm pogusible temporature
difTfercneo of 30°C tho chengo in length of a building with
e 50 aectre Troubags would be '

LAt = 50 x (0000L x 30 = 04015 motres or 1.5 em 6’:" )

An oxpension ov contractlon of Len is cuite snffi-
silent o break a column o imily conneeted O a 50 metre

boart or slab, ov even to move a brick pillay from its place

aupporting such a hesie

e chanpe of lungthin.st:nctural sbeol work ndzht bo
Al s R TR

5 e ceones Lperative $o pro=
as 1ueh as 206 mory SO thav 1t D p s

vide prop.r fasulabion in wucil CASu3e

Whn duelormatlon 1g wroventad 1t olves risce to streoous

41 tho sioteturde Micss o&dl gemetines bo uxeessively highe
3 G [t

w3 JIepnnsicnecnes
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Expansion and contraction rive risc in horizonial
slabs and boomas to comprossion or tensilc strosscs.
The mothed of coleulating thuse strosscs is as followsi-

A prismetlic wod is fixed in such a manncr that both
onda arc immovablo. (8co Fi,g.Nd.BS). ‘

The length botwoeen the two cnds B & C at a glven tempores
ture ig L nmotros.

The change of longth aftor the tomperature has.bocomo
t°C = L Lt

This altcretion in lougth couses cithor comprossion
or tcnsilc strosscs to bo st up acting frecly all along
the longltudinal eaxis of the rode

Frum statie onginccring prineiples it i1s alrcady known
that the spocific change of length of a bar influencoed by

normal strossos 18 6_@; B
T &

end thoe tovel oxpansion (4 ) of a longth L will bo
Lpt -z
E

Thcroforeipfz% and »P-EA(Q,-L

The eomp: 5sion or tonsile stress por unit of cross
scetion will then Boe e % - MAL . Efb":. \/

wpom this 1t will bc scon the strossssot up are undo- ;
pendant of length and of the arca of The OTOES soctions ;H

The gbresscs get up in A stocul atructure arising from
toaperasure fluctuations por squarc 1, and por dogreec ocn- ‘

vigrade would be obtained as followd.

1
=
E = 2,1504000 kg/om B%.000

G's 541504000 X HS&WG o5 ¥g/em per * Ce
at 30°C this vould be 30 x 25 750 kg/em

Fpom this 1t is socon tmat o change of bemperature of
30°¢ is quite gufficient to ralsa th: strosscs in a stoeel

structure DY Cefs 5050
Although all saleulation on gtructurcs arc mede with

wfi§ /dUOoa e
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duo m.gard for cortaln safuty factors and lov strusser lald
down by law it ig

s oobvious that strosscs sueh as thos. Che

ohasia e o
phasised abuve cennot be negleeted unloss Ghe dusign of thu

hullding is such that rreedpm of moveaent can be wbiained
without danger to stability.

Io there iu no frocdon of movemcnt then horizontal
forccs sot up in horlzontel portions of the structurc will

PUSOLVE hoisclves cowerially end will sot up transwversc

roreos ia the loasitudinel cois of the suppcrbing coLNs e
This will cauge o acdition to thc bonding norsnt

of the supports «nd an ccoentrle prosswre 02 the foundo-

y
sions ~nd buaring soll will bo tho vesult.
!
1 #' " I the cxpansion or contrac: 4on of tho horlzontnl
g
! ')[ ’ portions of the structuxu =L then the vertieal porbtlons

of tho structurc (Suc Fig.Ho.26) will suffox from the

influence of tac lorec P and an slestie dciormabion widl

~ ocour % el

. or P w.f' 3EL

{ b

: Whoro ( « tho Troc longth of tho vurtioenl strueturo

%5 and 90 + the cxpaaslon or contraction of tho horizontal

gtruoture which in turn ia cqual to thoe CiS}_)lc cement of tho
noint O undur tho infiucnec of tho force T ~
4 1Rt . ng; L Lulng tho longth of tho horizontal
structuro.v

and p, LM&;E:& M= P L. },ﬁ%&

Beams consisting of 4 single slab arc very g ldom
met with in proinforecd conercte strueturuse The customary
arrangunent 1s in the form of & fremo whoroe slaps, boems
. ad solurns axu 1% Joined O A atiff Treme worke IV 18 |
in those solld Juiats whiol go to weiks up the stiff framo- |

work of the strebure, oBpe eially in the Jjoints bhatweon

bogria rad COLULIY shet, bonding ~oments  of oront {upertencc |
[ 51 01E B 4 h

Lhw??

ﬂVO“ /ﬂ!O--...
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Ge 8ot up oo Well oo compruscive rnd tuaslle stresses by \

corpaaision aal controction.

The expension is redueud by coluwws Tixcd tightly to °
beame cnd shorefore oflesi: - rosigtoncc, 2och onc takes
up roeuriedn bonding momentse H (hopizontal) rnd V (vorti-
eal) in the form of o forec acting on the top of wach cow
Jumn ot the point vhore it is fixed., To sinylify thoe
eose Bele on ciawple of the top of e frans structurce with
thu Adstenec botvien eolurmes the sano.  This is usunlly tho
cesc in o well duenignad strueture whore tho diffcroncu
rarely accucds 10 ~ 15pe The inside structurc dous not
ehange its tonporeturce to any cxtont worth wmontiloning,
as nogt buildings are internally heeted during wintor.
Tn su mcr however the tummerature is fairly coustant inside,
and is protected firon overheatlng by tho external strue-
turce  (8ue Figelloe27)e

The constents of the structurc vhiel now hawve to ho coOn=

sidorcd arc o8 followdiw

Tenperature foetor C - E_.'e;fi.f_ = “6_[

The clasticity nodulus of the naterial B ks/cmz.

The coefficicnt of cxpansion @

The incrtia modulus of all the scetions X .

The assumption is medc that tho frenework is abaolutce
1y stiff end theu thore are no loose jointse

The fresie bDoing gyometrical 1% will expond equally j.n
both éircctions. It 15 therefora gufficicnt to inveoti-

gate only onc half of thu structurce

Thore is onc portion of thu structurc which is stati- P

5

cally unde torrined nancly the boan A=De
This buom 18 influcnecd by throo stanchcons at the

points B,C & e T inslucnec Lo cxprossud in throc hoe
- Al ] o

rizontal foreus (1yHe & H,) end in throu vortieal foreus

(V,)V, &Vy) as well as throo supning morents et the points

B, 0 & D denotud W7 (11, T g firig)e

u":'l-' /Thﬂovuo.
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dfeploeniont foon the offoetvs of thermal expansion at

the polats B,C & D respectively will be as follows:-

B/ Horlzontal displacement A, = (’3 Ly
Vertdleal displacemont ’ V., =0
Lngular displecement duc to turning moment m, = dq
¢/ Horizontal displacement A, = (3 o bt
Vortical displaccmuent Vo= O
inguler displaccment due to turning moment m, = %2
D/ Horizonial displacement A, (3 4
Vertical displacement Va =0

Anrular displaccment duc to turning moment mg =o{,3
Fig., 11,28 ghows all the momonts'which have to bo con=
slderade. R '
The equation referring to thu points of torsion sct up
by the moments m, me & m, can be written from the following
considerations.

The angle of torsion on the onc side at any glven point
of & continuous beam fixed at onc cnd is equal to the
Llechralcal sum of all the "forccs" acting on the bemm vp tO
that point from tho fixed ende L

Under the ncading of wporcest acting on onc part of the
boam it is to be undcerstood that thue volume of the arca
under the moment diagram belonging to that portion must Lo
divided by *es product of stiffness (EIL).

, 3 IQ- o p2
1. Then ETdw, = (M47p475) b v 1t -8/2v, L -5/2v
[ ! =2, 0ty P
2, and EI‘:l\.z = (m|+ 2my+ 23313) "%V. -2V L ~&Vs
(‘2 o [1 ) ,'2
3 EI;}.} » (M4 21 t Bmz) | v, =37, ~9/2v, J
(SCU Fig.NO.ZS).

Tt is now nscussary to writc up the equations for the

vorbical displacenent of points B,C,& D Tuspul LLvuly.

The dlsplaccmont in any dircetion of any riven point oi

the one sidi of & continuous bua which is Tfixed at onc cnd

~71o- /iﬂ..-oc
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1s cqual %o the Algebraical sum of the static moments of

the'forces' acting from the fixed ond up to that point.

The meaning of 'forces' being the same as defined above.

4. Then EIV, = % ( m +m, 4 m,)'t -1/3v, 0~ 5/6v, r -4/5'!,”'0

5. and EIVy = #(8m+ 4my+ tmy) L =5/6v, 1} w8/5v, I* <24/5v, Peo

8o and EIV,»~%(5m,+ 8ny+ om, ) L% a/3v, ) 4 14/3v, Ut ovd} = 0
It 18 next necegsary to consider the three stancheons v

supporting the continuous beam B,C.& D, (Sez Fig.No.30).
These stancheons are fixed into the ground floor frame

al the bottom end,

At the point B.C.& D, they are attached by mH,7, &
my Hy Vo &nd myHyV, o.lljlacting in the opposite direction to
thoge on the beanm E(See FigeNoe30 )e |

The displacements at the points B.C. & Ds will be as
follows:=
B/ Horizontal displacement 4,1“1:

Vertical clsplacement V= O

Anguler displacement caused by the moment m, =,
¢/ forizontal dlsplacemont dq=pelt

Vertical displacement Va3 =0

Angular displacement caused by the moment my =<).g :
D/ Horizontal displacement A,:ﬂslt

Verticel displacement Vi = O

Angular displacement caused by the moment my» Gl,

All the displacemonts are in the same direction as
bafores.

Arplying the previous theorems the displaccment cquam
tions are
7. mad, = 35l
6. ELde = AH Lemal
Qe Elfl; = %Hz,l""mat
10, ELA, =178 -m b = mrplt
11, ELAs* 176H<dny 0t emip s
12, ElAz."l’/"’tﬂ&sF’«éﬂna11"’5"31(3"3

=72 /In.....



In order to oliminote the anglOSaL,,£7&&3nnd 80 lanve
nine wowblons with nine unkmowns tho valucs of EI arve
roplecud an follows:w

4Ldy from cquation (7) into ccuation (1)

ZIdy, fron cguction (8) inmto wquation (2)

EI‘LBfTOH cquntion {9) iato couation (3)
vith the following rosulta.
1ne (et my o+ my )-8 42 o, 0 <8/2v, 02 -5/2v, s O
3% (1) 4 i, -&-‘z,zma‘)?-ﬁH.Llz ALY 02 -2V2£! ~4v, P 0
St (i, 4 2my + 4y) | By 1 v, 12 env, B ~o/2v, ' % 0

Thus ceuntions 1,35,3,7,8, & 9 aro now replaccd by
le,20,& 30, ~nnd thcoac form with ¢4,95,6,10,11,& 12 the nine
cguntions with ninc unknowns,

Bither ' or olcm bec tekan out of all those ogquotions
by dlvision cnd in owder 1o sinplify tho fectors ond ro=-
ducc he cocffielcnts to complote numbers, the following
tr-nsposition hagy to be nado.

mo<xy | om ey | wlb ez,

M, » Xg He = iy | Vol « 24

my =%, H { = 35 | LA

Thoe tomporature factorfﬁl@i»rc also hes to be inw

(
troduccd.
By substitution:-
Bx, + 0%, 43Xy = 32%,= Bly~ 843 = O 1
Ox, + 12%p # 12X, = 5%,-162,-28%Z, = 0 11
15x, + 24% 4 +27% g = BZ,~282y-04% g x O 111

-5x, + 24, = 0o 1v

3%, + Biezr 12¢ v
bl ‘J| ol Z‘ - 5::12" 523'0 Vil

ax, & 6xy b Ay = a By " 47,~8220  V1LL
- 4749w 1x

Ay, 4 9%y + iy

Zx. +- 4:‘(’.@,—{- 8:{:3 "\33"' (4N

Sountions V1L, V111 and 1X oen be nultinlicd by 2

nnd added to cquerions v, V and V3 reapechively leaving

P

’,"{‘,“..0

-
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6 ..cun tiong vith o .
JAR Y 0N Vi) © 0 1'.:10 I - e o . .
1 Wn.o (.tc. J.»é )x.sf'-ﬂ.u. iy g ZQ G <1y )

<id the result is

thet a4 0K, « Ua, - 27, B2, =34, = 0 L.

and  9x, + LK, + L2a,y = BZ, ~16Z,~20%; =0 Re '
5%, + REK, ¢ 27X, ~ 82, =584 <544, 0 3.
Sy dmg 4+ 4Ky - RZ, - 04,-10Z, = 6¢ 4o

A%, + 9, + 8Ky = 2%, - 62,~162, » 12¢ 5,
4%, 4 B, 4 18X, ~ R, ~ 82,-18Z; <1% 6.

! The valuss of the unknown will be as follows:-
X, = C 4t %" C 9a6 Zyw =0 045
Xy« C 947 Ha C20.5 Zy = =CLO.2
Zg= O 946 rjs * 02344 Zq = +0L6.8
{Sc. Fig.Noe3Ll)s

ﬂTSz:. moronts causcd by tumperaiure fluehvations Hver
the ontire beam nnd stencheons w7ill bu as foilows:i~

My » My » X, = ¢Je60

Mz » My = v,f. * =650

Mcg = Moot 5z =+ 3e20

g, = Moy “(Vy4 Ty}l = =2a80

lipg = Mg+ 3y © +le6iC

Mg = Mgy ={V3t Vo, J{+=048¢

M « mjy =Hyl » ~18.8¢

The ealoulation of the unknown moncits at tho ;jumt:@on
points in more conplicated gtatically u:;.dumrmincd struce
turcs 18 based on tho oauations of Mohr. These cover thoe
rlk donc in doformation as woll as upon virtual dleplatem

WO

nente e cquations ought to b built up in such & Wiy

that it 1s pogsiblc to control the influcnce of cach glrdce

' and stile soparatulye
’ o mepnitades of thu statically undotermined forecs

the rioments of Lhe sirders ond

*

at -ach junchion point ar.

thoroiors WweTo puat bo ax aany o tionss

sy et 5 st Do aiptingulshed frod sach obinr 1

) the s proliluilds
"r;é.. /l..'l.l.
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If the points of junetion botween . irders and stiles

3 1 - ) i .
arc lanovable (most reinforecd concrctc structurcs)

the number of noints of Junction of the girder  are
cqual to the degrec of static undetermi ationa
2/ If tho points o2 junction and so the wholc freme can

be moved horizontally., Tho undctormined statife for-

c¢os belng onc logs than the number of junetions, tho
wholc structurc bocomes unstable and in order %9
sinplify the calculations they have to be mode statie-
eally dotermincd.
Tho moments at the pointa of junction cen be put in
the following plain fomge

I Boig

where B = tho tomperaturce factor T EE!{&T

o

!
-gg is the reduetion factvor, S being cqual o l or Ldapon-

ding on whether it conccruns a girder or a stile eix is w
constant for the structurc and in freme strueturcs wherc
gtilcs aro all of the sare length it only concerns the glre
ders (R).

Tho ok = R= G5
% » % v tho roaction from the volume of the arca of thu
momont dlaprem which is applicd as a 'farce! and bclongs
to the pirder in questlon.
9€ = the stiffncss coofficient of the apao girdur its value

beling Ic S
[ S¢

The clastlcelty conation is sct up as follows =
xlcxl +X'2 zg"'....-.,,-...."‘k’ucylm = cr)lo
Ay C{;r'{'\’(a SoaF coeeennn-- +~Xm(?am Jzo

- -
. ma e -t e e W -
[ e '~ -

£, CYM, 4+ Sz P A S T * JM‘,
where X, = Ma Ha=May | X3 Moo Jarme.
and the solution will be

Xl = (_(:‘, m, + ‘zam,, e Sn:n Mgy

' - TR
Sy 5+ o M2 * $20 Maz™ -mvmoo Suo Maa

o o m a4
[ Lt - P
P — . e awe = wm W

" - - .,—u—e-«-~w—+ [ m
\XM - Soo (Mm S;"';sfdam * /'Th(Jom-‘oao "
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The plus or minus slgns of the moments arc givon
automatically in the theory of their detormination by tho
condition that the megnitudes of cach influence ‘-k*—z'-
ought to bo a positive number .

A list of tho magnitudes can be mede up as follows:~

:‘\" My, My e e Mgy

AN .

M 2 m"‘ Maz BN P W @ MM‘-
13 May My .. eee oo Man

My, My m Mam oreenee. - Mapm

M 1s thoe magnitude of the influence orcated from the
arce af the momont diegram eoting as a 'Foreco' on tha
glrder 1t concerns.

Z and N arc compound stiffness coefficlouts formed
from tho simple stiffncss coufficionts K, X,.... My and ¥
3&...9(, Compund megnitudos of influcnoe can be formod in
e similer way from tho simple magnitudes (4 for stilos and
? for girders).

This mothod of calculation is a very crmplicatod one
and 1s not altogother ncecssary.

If proceutionary measuwremonts {(expansion joints =
insulating otc); which ars discussed later in this paper;
are teken into consideration then the caleulation of there
mal oxpansion at uniformity and also s@.multaneously inee

ercase of teaperature may bo ncgluetcde »

2/ The tempureturc inersuse on onc side of the struetwro

Wb et e

onlye One sidod hoating is of great importance in reinfor--_
oed conercte structures ospecially in the casc of flat roofs,

cenopics, baloonius ctee In South africa the averago daily

sunishine which lg 8.7 hours, has to be reckon:d withe
The meximum sunshine period ogeurs in August {949 hrs)
ond the minimum in Jenuary (7.2 hrs),  Thic data has been
supplied by the Union Observatory = Johamncsuirge
5 strusses sut up by ono sided hoating can bo very

dagaerous in structurcse That tcmperature fluctuations
age f :

'] Bwe /canoa-c
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can causc vory high_strusscs is proved by the numerous
cracks iu bulldings. The weel roason for all Those eracks
ls vory revely thought about.

One sided heating is & problem which froguontly ariscs
in respoct of wells and roofs of boiler rooms and roofs

oxposcd to sunshine. It ls also 0 bo blamoed for craciks

in conercte chimneys, smoke tubus end boiler lagging.

Cracks arc somotimcs %o he found in roinforccd conorcto
floor slabs, cspeclally aftor a scverc winter whon on the .
one side of the floor the adjoining room hes boun woll hoom
tod.

In making calculations for oneo sidcu heating or cooling
1t is nocomsary to ossume that heat conduction in homogce=
ncous naterial is reetilinear. The fundemontal formula
has to be drovm upifor a slab through which a stozady flow
of heat is roassinga

+% the somporature of the one surface is %, ~nd of
the other ty then the tempercture ot any point on the sled

13 (sco Fig.no,32)

”. fl“tj_é

Ty X+ Te

Ly

"me flow of hoot through wells ond floors 1s fairly
constent under the irfluonec of orc sided over honting,
tho olements of n slnb cxpand uncvenly with tho rosult that
the slab will “ond if it ls froc from ctornel forcos. J

The convox side of the sleb will elweys bo on the slde
oxposcd to tho higher temporature nnd the redius of cur~
veture will be the s overall (Sec FigeNol%d). .

Thure will however be no atrcesos,raimscd in the slab,
and o ten the dufnrm&té;n the radius of curvaturc wlll be

N=57

. v s tho an.rPiclent of cspansion of the mterdel.
wiope oo fya e eouiblolt

/
AE /THCe v s



. T N ——AT A T

The thicker the slab the lcss the eurvnturc,  Any inercesc

of t or f§ will incrcasc the curvoturc.,

& i8 foirly constont for reinforeced conercte, and

thoerefore cuy deformation is entiroly depondont on the thicke

ncegs of the slab cnd tho tomporature dlffcrcnec, v

If the slah is divided along o linc parnllel with

its focos into two or more loyuers tho rcvbio% romaing the

somc and R will also be the same, Therc arc also no

gtressce sot up in the slab undor thuse conditions.

The same remarke apply cqually to boems or othoer
sections of structurc provided the temperaturc conditions
arc the some end that therc arce no cxternal forees to feke

into eaccount,

Most rcinforcced conc;cte gtructurcs arc not however

freo from oxternal forces.

3leba orc fixed into becams and beems into columns
or wnlls and so On.

To rcoch the truc situation in such cascs 1t is nceos~
ssery to bond boek the sleb or beem so far, thet 1t will
comply with all fthe conditlons (Soc Fig.No.34)s The
conditions arc of coursc imposcd by the fixing points of
the slabs or boams.

Tn the course of bending beck, strossos will be sct
up dctormined by the momonts acting on the cdges of tho
slebs or bcams, tupding to rosurn thoem to tholr original

straight positions.
Tho moment M can be found from tho following cguation

S LR
R Bl

where B = tho modulus of that portion of the struc ture

inriucnced by Mo
The bonding strussus oan be dobtermined from tho follo=

wing eomsiderationsa
Suppose tho fompuroture On ono side of the glrder 1s

640 nhove thab on bhe othor side on that the drep of

G /eipereturde e oo
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temperature is vectllinuar;
The tewperature at the top and bottom of the girder

will then be+ 4t and -3t respectively (Sce Fig.No.3E).
The girder will therefore tend te oxpend at the b

ané contrzect aiong the bottom or in othor wordes ¥ wlll

tend.

The radius of euwrvature ig R and from Flgddlo.36

the sngle covered by & tangent to the bvent girder and the
original horizontal position will dbe i~

Le '129 0
e % = 73
In fig. Nb.és is a small element taken from the

glrder shown in fig. No .36 d.~?
d\? - tdtl ond E_.
3 a3
B /

- l

2. also R-

from equation Nos 1 &nd Nb»a <¥ X (5%
t

P
what is the position of a alal or beam subjected to a

gemperature fluctuation of ~*0 17 not able to expand or
contract on account of cxtornal moments ecting on the
cdges?

The moment will be = 4 ¥y =

ptl - ﬁlﬁ henee Elfﬁf -/
28  JE] 1= hd

&
Sirmax. = E‘(“? 'T'“'é ;E(&.,}: ;

A4s an example tako e continuous beem with 3 supports

mgan 4‘?“\! Jal mt

6 El 3B ZEI'

(sce fige Noe37)s .
The distences betwoeen the supports are Q,and Px.
The modulus of inertia for No.l oirder is I, end for
Girder Nos2- In ¥ 17 the modulus of clastlclty.
o the bomm 1s cudb fhrough over the centre SUPPOT T

then the andles formed through defornation caused by thormal

expansion of the two beams willl be:

“'79"' /Bsréiuupn




8y applying momsnts M, e ang Ny over the threc supports
the girder will automutieally close egaln at the centre
support. At both wnds of beam No.l the eeting moments
ﬂ\ end 1y will ecauss angles 47, and ﬂ and the cquation for
thesc anglc. is woll Loown from the statics,

b M,
4%65,' * 3EI

and M‘%(,Z szz
<):‘P2 GE I FGE!z

The englos 10. and -f)z should be cqual to ), and g,thcre-

foro
M.!f_' M. (7, \\Qs{}z M, ‘J? Qﬂ_‘_ (H: 03
F oo b ol e s B
6El  3E1, GEl, 3l 20, 28

If the dimonsions of the sections of all the beams
are the seme thon this cguatlon can be put in the follow
wing fowa

06+ 200 (B ) b e 3‘5.'5& (et
and if o1l :irders arc the same length

M‘+4Mz+m3=.l.?.é~_@i |

As a further oxarplec take a ;lrder supported by 5 cow
lumng, the columns being squally spaceds The modulus_of_
inertia of the girder is the geamc throughout. (Scu figeNo.38)

I the modulus of inertia of the ond columns is wvory
gnell in comparison with the modnlus of incrtia of tho gire
dor tho moments over the cud supporhs may be nogicetod.

The equation will be =

GgEIfRL EIpt
0+ 4M, 4+ Mz =~ SQ— henee *‘éi‘“"'
FEIAt

and m. +4Mz+ M' h 5,

/‘M‘-i-Mz"C':

9 .. . G
oM, ¢ 4Mg6e  PUMOC M, = ”7*6'; P 76'.

and

P mawdam stresoon seboup DY tonpsrature fluetuations
w 7 8§ /245

Obeoomax.” Ty

wifI(es /Orn-.u
T — T




o 5“(. ma.y, = % E.p‘{

This shows that strosscs set up by tomperature fluce
tuntions mre indcpundant of the eross scetion and length
f olrders.

It is not an oxageoration to sey that a tomm.raturo
fluetuatlon nf 25*C causing onc sidcd overheating can set
up a compressivo stress of 50 kg/em® in a roinforeed con

210000 X 10% X 100 25
crcto structurc O

=43'750.
100000 X 10 X 12

Sinec if £ = 210,000 ke/om® and /—341 100 000
Me9/7 .0 = 56250 kg.om and Str.mex = W’ = 55 kg/om®

This proves that one sided over hoating can cause nany
eracks in roinforecd coneretec structurcs cspeelally whore
the structurs is oxpossd to the reys of the sun.

In such casges it is wise not to noglect wollapplicd
insuletion as e pyoventutivo against demagc from tompera=
turc fluctuations.
8a CONTROL OF THERAL CONDITIONS IN SUILDINGS.

Tho follow.ug points of view havo %o he borne in mind
whais tne_insulating problems of bulldings are under congle=
deration.

L To orecete a pleasant and bearable temperature

for thosc who arc going to inhabit the buildings,
to orcetc tho right tempereture in faetorios, cold
gporaged ote., during both suimer and wintor.

2; To keup the alr dry (food gtoros wte:) and to
ercoto the right hunidity vhere oquired (for
instenoo in silk woaving industries)s Goenoral-
1y to glve satisfactory cficct to the numorous
prescriptions oxisting for industriel bulldings.

5; To provent pcondonsation which only scousca COrro=-

s gion and the rormation of mould CT0e,. Humidi=-
ty will also poduce the insulating capacity of
walls, Tloors, roofs and insulating materlalse

w3 - /Thb‘g-.o
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The thermal conditions in bulldings cen bo influcnced
in throc differont ways,

l. By insulation and ventilations
2» Hoat and oold accumulation.
3. Bxpansion joints.

The first and slso the most importeni prucautionary
mcasures which have to be taken arc proper insulatinon and
propor ventilation., Attention to this major point can
glve propor rogulation of temporaturc and provent over hoa-
ting and condcnsation in buildings. 4 diffcrcat kind
of insulation has to bc applicd when buildings erc heated
or coolcd permencntly or even btemporarelye. In such spocial
cascs as churchus or halls for particular purposcs, where
use is only made of such buildings for perhaps a fow hours
daily or a fow days weckly, thc designer has to consider
lighter insulating materiels with e higher insulating ca-
pacity. ’

In this way the heating of the room can be accclieras
ted and so the poriodic use of fuel is morc economicals

On the other hand buildings which must be proteciad
against heating, have %o be insulated with heavy materials
with grecat heat accumulation capacity.

The differcnec between insulating matorials of low and
great heat accunulation gapacity hes already been referred
to in eerlier poragrephse.

Hsat accunulation does not comc into tho question when
continuous heating or cooling arc under conslderation,

In any cesc Insulation of buildings dous not prevent loss
of heat, it morely postpones the cooling period.

A reinforced conorete or other type of bnildaing with
cyuippsd in such a way thet over hea-

proper insulation is

ting frow thu sul is postponui long vnough for tho nisht

i i > & o i S (o)
$o cormc ooaine  wWhen woums arc heated, ooXrecs insulation

; aoriod wntil hoating commences afeln.
pogtpones sy cooling noriod .

“82; /Th(édo-o..
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Re use of good insulating matorinls is not im itsclf

satisfactory as much depends on the greatust carc being te-

ken with the avpliention,

As alrcady montioncd, humidity can roducc imsulating
cepaclty (in many cescs by morc than 505).

In such cascs tho insulating matexrial must be protoc-
tod aghinst wator ponctration.

Bulldings uxposed to temporaturc fiuctuations have to
be lasulated if‘cracks arc to be avoidud through cxpansion
and contraction, furthcr thoy heve to be provided with ox-
pansion joints, proporly designed cnd cxccuted. .

hgain th  insulating matcrial must bo madc watorproof.

Insuletion is at its minimum just before condensatlion
starts. The vaole problem of insulation can bc illustre-
ted by two cxamplos tekon from practlsc.

1. Iron Roofs. (No insulation & no healb accunulntion).

In a factory in Budapest (Hungery) which was providcd
with big windows and an iron yoof cxposcd to the rays of
the sun all the workmon suddenly becamo 11l on account of
the intolerablc hcat insilde the f£actory.

The outside temperature was 20 - 22°0 end the inside
temporature had wison to 335°C.

The total resistence of tho roof to tho passasc of
hoat wosi~ .

Iron shcots 0,00

0.2 cm layecr of air botween the iron shout and

the boarding found %o be at a temporaturc of

50°C ».002 x 12 ' 0,024

2 e rool hoarding (wood) @ #02 % 843 0,186
2 om rocd uat, with plaster, forming tho _
‘ 0408

coiling 1 4,03 X 245
R = 0424
rme convuebion insido could be put at 0,14
oo

{3 /Rocc-uc




R = 32,63
The surfaco tomperaturc of tho roof outside was + 60°C

(oxidisod bleck motal shocts) and in tho boginning tho in-

sldu tomporaturs was + 2040,

Assuning & stoady flow of hect, the supply of heat
was i- Q= 2483 X (60 - 20) = 105 cal/m¥hr.

Tho amount of hoat supplicd beeamo graduelly smallor
a8 tho room bcoame hottor otherwisc a eritical situation

would have ariscn cerlicr,

What could bo donc in a casc liko tuis with inprovos
ment in insulation?

With the epplication of two loyors of oxp. cork ceach
2 ems thiek undcer the roof end with /1 layor of air of 2 ums

in botwcon the inercase in insv' ting capacity will bo :-

R 0.04 X 25 + 0.0 X 7.1 + 0.0L X Bod = 1.176
W Vet Vit P W"——"
Cork ‘Air i .PIdStOr

jk = &a+R+R = 0,14+ C.24+1.176 = 1.558

k = 0,600 .

0,643
2 = 5 -t
% = 105 Wi

= 25,7 cal/m%h

It cen be sald theroforc thet tals frgatmcnt would
roduce the original hcet oupply by 1/ 4 ¢é

Taking into account the faet that tho hoat acoumuln=
tion cepacity of cork and plastor 1s not a fixed figwro
and by troating tho surfacc of tho roof with alumindium
paint to prevont heat absorption, tho hoat supply can he
out down %o 1/8 of tho original supply. .

All this, combined with an adcoqunte gystem of vontllew
$1on will improvo conditions in the factory to such an.

oxtont that thoy would be normal.
Without air circulation however the air inside would

st111 be unbonrable, bccaugo‘only 5 cuble ratres (4.2 kel
of air are prcsontind egeinst: 1M syg motre of roof surfaco.
Tho spocific heat of elr boing 31 Lt would roquire 1.3
cal, only to ralso the pemperaturs of % cuble metrin of alr

=T, / Dlsess
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by 1°C. Taking into considcration the insulating schome

elrcady mentioncd tho temperaturc in the room would risc
by R 57
{

=19.8°C in an hour,

To this has to be asdoed the supply of hoet from the
bodics of th werkmen (80 cal/ hr) and on the other hand the
hoat which exudes from walls and floors can be deductods

If tho air is changed 4 timcs per hour the inecreasc
of tempcrature would drop to i%f§= 4495°C per hour.
Thls 1s no longer an unbearable inercasc in tempernturc.
Gveporatlon from the human bodics is accelerated by the
air circulatvion and the skin is pleasantly coolod down.
The guestion of heat accumulation can now be investigo~
t0d a2nd possible improvements surgosted.

The heat accumulation capecity of tho roof por sg
motro wasti~ ) )

% kg sheot motal a el2 3 0.6 col

12 kg roof boarding and rccd

m&‘b a 06 Al 7,2 c&l )
24 kg« Dplastoer a .28 © 5,28 cal.
13.08 cel.

The poof tomperature outside was +60°C :ad inside
+40%C, Thig means an averago tomporature of + 50°Ce
Tt requires 13 X 30 = 390 cal to warm up the roof from
4+ 20°C to +50°C cnad this can hc radiated by the sun in
1 hour; The roof can be improved by changing the read
mat and plaster for a 10 em conercte slab with 6 cm fossil
moal slab and o 065 om layer of bitumcn as insulation.
Th heat accumulation capaclty will bos-
7 kee bitumen 8 072
30 kg Tossll meal a 04228

240 ks conerotv a O.58

[

203 kpe X Va3 % 60.06 cel.

This nonils hat 1.0 Bires as auech heat is now reaonired
[ oo B
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tTo warm up tho building to thc semc temporoturc as befors.
Before this high temperature can be reached the su
w;ll be past its peak eng will be on the wane.

Re sE£S§E9;~FTeaﬁcd;ygghgggpgg;ggg“gpncrotc roof by

£ne_sided heatine,

The following exemple which has Baéh(supplied by
Theophlle Schasrer Esq,, fn Architect of Johannesburg has
been investigated by the writer, (Thanks are due to Mr.
Scheerer for this opportunity).

The problem was that of cracks in the slabs as well i
as the beams in the reinforced concrete roof ol a factory.

The general situation is shown in Pig,39.

The roof was not loaded in this case nor was there
any insuletion for protection against damage from the rays
of the sune. The problem was therefore to investigete
the structure from the angle of one sided over-heating from
the reys of the sun. Suspicions were first of all aroused
by the fact that the Northern portion of *he building. on
which the rays of the sun would naturally rest longest,
showed the most damage. The thickness of sleb in the roof
wee 12 cms (B5")e The avorage dimensions of the beams
showing demage (5 & Sa) were 84 X 23 oms (33 % 91),

The roof was covered with bltuminous waterproof layers
which owing to tholr dark colour have a very high heat
absorption capacity.

The assumption can be made that over~tomperature on the
outside surface of the roof reachcd 30°0 as agalnst the air
temporeture of 20°Cs  Tho actual surface temperature of
tho roof can ba taken ths B0°C 4 20°C ™ 5C'C

The cormencing tonporature inside the factory was
say 10'0; Tn +he first instance the conerute slabe worc
{nveatigatod (See flge No.30). The woakost scetion of tho
alabs 16 at right anglos to boams 5 & De bocausc distri-

bution barg of only 1/4% {dta.) were usod, most of tha
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nf Hk&’ 1‘(’1"’:!)‘ Yy o .
' o Corprussive strestos sub up by overhenting

0. o al 'c o 1S s
Leonlde shonld tharofopo lie at <he bottom and tensile

atresses at the ton of the slabe - ° 0 - to-
The total rosistonce of the roof to heat tronsfer isi=-
R» 0,12 X 1,22 + 0,005 X 8,33 = ,147 + ,0422,189
T— . | O ——— v
Conorete water proofing
Convectlon insids the building (See chapter 5/1).

4
Smamaih l
A= = = = 0,105,
.4.6+ 419.

l . . X .
< ¢ 2l054,189+,204 kaB.4  Q 5,4x(50~10) = 136 Cal/por houre.
This heat supply is very high, but, because the room

beneath was high and also had intense ventilation, 1t was

not troublesome.

Vhet was the possible surface temperature of the

concrete? i
By convection 100 g;%’z? = 35,8%
Conerete 100% x 50%
Watarproof layer 100 %‘:%-g% » 14,2%

100%

The rise in temperature through the roof from bottom
to top i8i= . .
By convection 40 X 0858 =14.32°C

[}

Through the concrete )
slab 40 X B RO 20

Throuzh waterproofling 40 X.,142 5G.68°C

s amsdaneand

40 °¢C
Temperature of the conorete slebe

Underneath 10 4 14,220 = 24,32 C

On top 24,320 + 20°C = 44,32 C

Temperature Jifference between

top and bottom » 20.~ *C

Boroy, ¢ the roof waa covered with waterproof layers

4 "~ ‘ R - *
the temperature gifferance was & nuch ag 5 = 30°C,
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ho rnaximum shresses ereated by this temperature sre

as Tollowsa, (Sse Clige M0 40),
AL+ M, = se
M, + 4A,+ M, 6o
M, + 4, w Go
where My = 1,270.¢
M ‘

(]

= 0,925.C
H, + 1,040 ¢
C = 43780 kpoem (Sce chap Ler 7/8)
M max = 1427 X 43750 = 355500 kgem
Otmax = 5443 ku/em? waich is
a very nigh fLure. 4
Whet is the position in the beeams?
derc the temperavure dlfference betwsen top and bottom
on occount of lesy conveetion (gr uter thickness and lo-
wor bottom temperaturse mcan less convection) was C;Q_: Cs )
¢oELBt_ . 310,000 X 04° X 25450
° 13 i 1004000 X 84

-

= 350,000 kg, om

M=1.27 3 850,000 = 1,080,000 kg oms

: 2 X 1080000
Stre mAX. = = Cotie B0 Xg cmse

7L X 26,7 X 23

The mas-imm atditional teasile stress ia chus 50 ke/
emfon the top of the beams over ihe supports end this means
that thae stoel has Lo earry twrice as much as the original
calculations nede for dead rnd moving loeds. ;

Tt is however much i opse along the top ;;-ej_nforcm(mti‘.
Hepe only 2 bars 5/€7 diameler have %o carry the stresses
set up by oue sided over heatings In fact moct of the
cracks oenured L/0th fron thoe SUPDOTES WILEDC tie heavy |
top melnforcousit ias een stoppeds  The surfoee recches
g very higsh Fumoerature dring the doy end the ulehtly
po-pndiation will thopeloze be jutenses  This will bring
shneture especinlly during
he winbur montlis, TR
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intense for shorter Periods than the re-radintion ovornight.
The heat fccumulation of tho roof igiw

270 kg conerste slap X +2)1 = 56,00 cal.
3 kg. water nrodfing X .22 0.68 col

56466 cal
The average tompernture of the rocf was 24+ 50 x

v

To hoat the roof from 20¢C up %o 37°0,56,68 X 17-960
calories are rcquired.

In Johannesburg the radiation is on 04462 gremme
onl/sq om/ minute which 1s 277 cal/sq M/hour.

It thorefore takes 34 hours to hoat up tho roof Irom
20°C to 37*C which is fairly fast,

Tho one slded over heating and the high additvional
gtresses caused thero by can be provented by putting 15 om
(6") of sleg conoreto over the comerote roof but under
the water proof layer. (See fig,No.4l).

The total reslstance of the roof to heat through will

now be. . . . . . . .
Re0,12 X l 22+ 0. lo 2,0 40,008 X 8,3 = 04147+0,340,042~0,48¢
\m—.—/ Wa—n——” \.A..--—-..V.-—-_»'

Conercte slag concrete wotorproofing

Y = 0,105 + 0, 480 = 0.094 /e.l 68
and 4 = 1468 X {BC = 10) = 8742 cal/por hours

Tho posaiblo surface temrarature boeones

0,108 '
by Conveotion 1005y = 177

ST | o4.6%

Conorete 100 s 5594
Insulation
0.3 ’
(Slag concreto) 1005352 - 7 %
100 %

and the Tise of temperaturc from bottom Ho top becomos

B /bY.otca
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By couvection 40 X 0,277 = 7,100
through concrete slad 40 L 0,348 = 9,9°C
through nlab comercte 40 X 0.505 = 20,2C

through waverproefing 40 X 0.07 = 2.8°C

40¢C
- this case tho temperature differenco between the
two sldes of the concrete slab has been reduccd by more
than holf, end conscquontly the strosses arc roduccd os
wella
The inproved heat ncoumulation of tho roof will be:i-
270 ke concré ¢ slab X 0,281l = 56 cal
190 kg aslag L u,2 w 58 cal

5 ke wvaterproofing X 0.22 =  0.66 cal

0%.60 cal
. 17 4%
Average temperature of the 200f s w 33,5°C

In order to heat the »ool from 30°C up to 33.5%C
04,66 X 13.5 =~ 1300 cel is requized,
If 4 oms of exne cozie wero used for insulation in=-

stead of breer concrete tlhe neat required to warm up the

roof would be ca 1900 cal.

In this cnse 7 hours intense radiatlon would be necesgw
sary to warnl up the roof, not to mention that the Sbf?&cg
temperature of the conercte is also reduced considerably.

Whant in the difference between the application of heat
acounulating and insulating matorial on the cold as oppo=
sed 1o the wermer side (Lece £17zeN0e42) .

T tho first case 1L the insulaiion io placed oun the
warner side the heet acomrulation will be lower and the roof
The diffewsnoe between the

vwill be warmed up ¢ Leker.

surface temperaturcs of the conemcte structure will be Lo-

wer howover and over hoating of the surface will b nrevenw

terde .
‘ e /thn s e
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The sccond casc is more favoureble from the point of
view of the heating of the entire roof.

Heating nnd cooling will take longer, but the strucs
tare is not protectod against over heating.

Whore there is no fear of surfacc over hoating from the
sun, 1t is morc economical to keocp the temperature constant
by putting the insulation on tho cooler sidc of the roof
or wall. In the case of cold storages it is more economi-
cal %o put insulation inside the ccld chambors,

Y (7% SRS I P

From tho angle of onc sided over heating or over coo= |
|

|

ling 1t is best %o apply the insulation on the side whero }@
either the onc or the other 1s most to bc feared. |

If hollow blocks were usecd for insulation an even
bigger reduction could be made,

Tn tho New Hospital at Middelburg Transvaal (for which
writor was appointed reinforced conercte cngincer by the
Architect MR,Gl.Moerdyk) tho woof ngﬁwﬁééﬁ insulated with
brouz conerctue and hollow bhlocks as wells

This was donc in order to prevent apny possibility
o' cracks, which might'nonnally be expectod as a result
of the bright sunshine.

Turthermore the wholeﬁof thoe concroto frame structure

I
pas been insulated with 1l.5 cm (4%") brickwork which is

sufficient for vertical wells wiiich are not struck at

right anglea by tho sune
9 IEXFaNSION JOINTS.

As woll as tho preeautionary measuros mentionod be=
foro, carc must be taken in large huildings to oxamine
the problem of controction and oxpansion caused by teupe-
rature dlffcrcico botweon swimer and wrinter. As elroeady
montioned, if thore are oxpanaion jointa atl the. riehb
placcs and those are propes Ly carricd out, then there is no

dengor Trom this causo.
Tt 1o not only noecnsary to melko cxpansion Joints at

""91"‘ /“tihO....
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the polnta whewe cxpansion ond contraction duc to thernal

conditio re Like
lons arc likely to cauac changes in coleulated dimone

slons hut ~lso vhore portions of tho bullding arc construc=
tod from two aAlfforent rnterinls which Jjoin cach other and
vhoro o new bullding adjoins an old ono (due to difi.rent
boaring soil prcssures).

1t 13 also advisable whorce a high building joins a

lowcr onc.
These cxpansicn joints have to go right through the

wholc bullding. In ordinary circumstanccs oxpansion joints
cen be nede at an evorage distance of 30 metres where
greetor tomporature veriations are to bo uxpoeted howaver
this distancce should bo out dowm to 15 metres. )

This is valld for unprotceted flat conerute rooly, un~
protected haleonics, verandahs ctc.

In Middolburg Trensvasl oxpansion joints at 15 - 20
metros wore made by the writor.

Theso joints go right through the building from %op
to bottom cxocnt in the foundations which arc tairly doop
and oro ?hcrcfore alroedy protceted fra tomperature flucw-
tuations.

Tn high builldings it is always bost to inorease tho
numbor of oxpansion joints in tho upper £loors.

Additional Joints should bo put into oenoplos, bale
conios and flet roofas Expansion joints must go right '
through the struoture, thet isi- »ight through ‘he brick-
work, plastor cte: and Bao¥ ghould be shown on tho eleve-
tione

Tn ordor to cover thu epacks in tho covering nlaster
18 advisable to make decp Jointn

at tho oxpansion joints 1t

in +tho plestor st thesc nleccs.  In thie wey the ereclt

wi i be straipht  nd thoreforu hiddon. (Hcu L0 43)

Plonty of ©of 1 should bu allowed for joints vo wnoblo

tho atrueturo o MOV and elso in casu of firee AY
& w

At )
1idaclburg Hospltal ¥he sbacc is 13 n/m (55 ) e
~Ol- /Cc-ntilcvcl‘:s» soen
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Cratbilovers . .
crs ot the joinbe have to bo eorruchly cnleus

Inted in ovdor .
{ ovdor t0 avold defluetion.,  Vhcwe heavily londed

beoms 2o srnt i ove

ams 2eutoon enntilover con.slos, overy cffort has to bo
- :.‘ . S = . .
made b0 ellow movauont ot the joints, oye joints cie.
(Sue 2ig.llnd4),

In flot coucrcetec roofs ciposcd to o great quantity
Nord: ~ N - it 1
of huat, numecrous cnd heavy “istribution beors have to be

altod g £y
eoplict in order to corry tho strosses causcd by thormal

- e

crpension cnd contrnction and by shrinkage of the conerote
due to aqulck arving out,

Tige do. 48 shows varlous mcthods of carrying out
c:::pz:msim; iolnts in dificrent structurcs,

s

Tiaeh chows double boems with ond roating on the ¢o=

ey bhaelt ~nd o tha otheor looss onon coranle hoelensing
e BROUTCTIN LUV PRI Tt B o Kotwoeon the two boams thore is &
prover Joint cnabling tho two nnets of $he bullding 0 nOVe.

Mig. D chow the solution in BMiddelbure fransvasl

where the ,‘.njnts g delrt through the now Bospital bullding.
< s (% 1]

TS . t

Tmal o rhewrs o solution with Jouble columns cnd ¢ouble
LIRS 7 oponing botwoen tho adjoining oarte has to
bo PA1%od v

o T AG chown several aifferent solutions of thige

w da Oy
Tn tho Liiddulburd Hoapltal ordinnry demp cowrst hes

hocn clood an chowm in Uupehe  Thip domp coursc poss throug

e

tho comnerete And brickworks  Tho f41ling can consist of
hisimen or lodila The oponing can b covored by clther

am ipon or eopoer oED (TleaB) s

Comselo berirss st bho strons cnough to carry any

; ot sondnl movaiont of the hodtms which rest on thum.
Tp the TiLddolburd Mospliol thesn aXe boams whieh do

not ne bt ly went on the consoluna  They oy an vxeoptilon

(o e ame rotdleves poama (e PLrelioedS) e
M,y g on ol aonce botvn.un pansdl oo and con
¢ b Lt SALL ey C
TR TR s N A Siled with 8 Low layens of domp courfice
(RIS UL G N PR T B S RY) . A . L
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Onec egedin erpo

wells (Figad?)

has o be faken whore fleors join
« shows the solution a4 Liddolburg,. The
decd floors erc able to move undep tho fioor plinths,

Cere nust also be trken whon watorproofing roofs over
czpension ‘foints. It Ls bottor to put ono cxtre layor
over the joints ond best of all to make & spoeinl moveablc
eover out of Zinc or copper vhich ean take up cxpanaion
or contractions (Sce £ig.No.40).

Lack of specc provents further discoursc on this
mattoer, Ireh must be treatoud soparctely and therc ere no
spucin; rcgulations concorning the oxceution of expansion
Jjoints,

he vicws held by the designor play the major part
In the schonce TP first prineiples arc talcn into congle
deretion by tho designer on the lincs of thosc diseussed
in this thesis, o solution suiteblc to the particuler clr-
cumstonecs always prescents ltscif, In sueh ingtanccs
thore is no likclihood oanny danage from erecks causcd
b thormel cxpansion and contraction due to uniform or si-
rmultancous inecrcescs in temperaturca

10, SXPANSION & CONTRACITON B HUILDITY.

Finnlly the stross couscd by gxpansion and ooatragtion
undor the influcnce of hunidity must not be overlookud,

Theso stroeosces arc simlilar to thosc sot up by tomporaturu

fluctuoations.
Defomntion of botius under the influcneu of hunidlty,

1g ¢iffercnt from defomation caugcd by temporature fluo-

tuntions. Thu pessage of heat for instonec thiough colle

ercte ia gradual but therc is quite & sharp scvparation butween

the dry ond the nolst portions of ite

The drop of terperature may be gredual, but fthora is
no cucstion of praducl chaunge of humidlty in conorcto during
tho sotting procusste

T pt the boginning of the sotting pcrilod a conercte

wot outor coating will be exposod sure

G4 = [=roundingeess T
—-—— L]y

glgb is out through &
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rounding wot cownc,

The stresson 5% W aro the some as when cooling o

slab on both surfoces, In the corc compression is sct up

whilst outzide o tensile stress woauson cxnansions
If the oross scetlon of the outer zont snd the coro

are whe s thon the stross will also bu the sams.

&% the boplaning of the sotting procoss, thet is whon

the deoving, of thoe surfaccs Cfirst sterts, o maximum tonsilo

| b

gtress 1s set wp vhich will cauac eracks due to contractlon.
This 15 the reason why it is so importaat to proteet tho
outer surrnces from drying too cuickly, cithexr by kocping
then wot, or by zoopipg them covercd =5 & mroteetion fron
the reornoof thic sun, Tt 4y nlso wverr uselal to plocc
eontractieon notovine in tle conerute ag nLow an noneible

Lo thn SUTfnce. W gonetimes thils Lo not poaslilio {eonerate

ernected ¢ il e voinfercoment) and thon tho only wer to

sten eracks Lo wo movent tho conercio fron Anving un oo
auwd ekl fwclag the sebting poriod, Thero Lo no formule

e thy calanlation of etresscs set wy in eonoreto by ke

pangion ~nd contractinn cruascd by Tl ityre (nly the

. ] 1

chane of lenzth fon dry And wot conditlons is Lnown (aco
- . 1y o IS dal il e ) "
clse ehootor 7) whish AMOUNLS TO o0 = &0 Do¥ metre (for

noatpreLlon o spnnsion) -

Leerivy dhet Bo= 20,000 e/ ond tor contrretion.
B 30 pad b daew %1 * M -
~y 0= 80400 kg/on? Sor cxpanslone

. [Py 2 ant o + thoe oY1=
the rooult ALY Do atroecs of 40 U5/ Cn act wo 1 the ¢

cL ,‘,b
'i —iu A ‘"H*'t fia} bh - j"‘c“[' thﬂ"b i ‘h (o] ‘t’"l‘\ﬁ}wo 'b~
IS P ] L Ao e 4 Ko - (o ISR TA LN ) can 19

rict

coas e 4 Al e 31 o ounteide
cot v b shanos o humildity (mulek dryidy on the ouwtside)
191} RS o b 1

i eguro Pluctuntion dn matulored enacyate
oo well on Ly conoepature flu

ahrue LU

eLoarly shovn therofore thats romovel

Th hao ol

i s @it affor A Tew hours; romovel of
af ghutboring W05 @ L
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CIosuruetion L brisght swnlight with intensc

WA ALATLAL e ol Ty plocod conercte ecan erusc

L T SO .
Qoo oL Al 3.:»,:“*\» [

meosont nohurc. Thuse conditions being

- - LA - -
onctionlanly

applicabl, 0 South Africec it can bo sald
that vhe root causs of mar eracks in roinforcced conercte
bullidings e be trneld to uxpansion and contrection sob

up by denpseatwre fluctuntion and changing hunidlty.

w3




R TEMFERATURE COWDITONS IN S0UTH AFRIQA.¢..-.,........;;;

b The fumporature of the entire bullding will

. Tlse and fall with the surrounding air............;

Be The tvemperature increascs on only one side of
. the shructure.................................;..;:
B¢ LOST OF HEAT BY NIGHTLY RoDIATTON oeven-vvrriaennnerense
4o HEAT AND COLD LCCTMULATION 4 evvennnoannssrsrarovevecosns
S« THE TRANSFERENCE OF HELT eveveuiserrareraases st aaas
b+ Steady flow of hoat .................;...........;...;
1. Convection ......‘.‘..........................:e;..

2o Conductlon eesevevecassassnnsrne

sheerrsanannebicus
atlon T Y LR

_ caafe O NCBT saversriianinincaisiirrsirsiassaans
S,TmMmlcmmmﬁxmyg%=r.u.”n;u.““.“.“u

6. Togting of insulating materials seversvecscacovoreas

By COOLLNG seure nnoacasatnsssssonssorsassotorecnancnsocs

Co He&ting OF WOLlS evsovssccssnsosrravacsscesrssssrunerdes
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1, The calculations of thermsl expansion duc to simule
tancous. and uniform increase of temPePatULe sevasnnses
s, The temperatur» increases on one gids of the
BULLALNE ONLY seeraacrsssocssratrantnonsronausssroneds
8; CONTROL OF THEAMAL CONDITION: IN BUILDINGS svsvcerocsros

1. Iromn roofs (Mo insulation end no heat accumulation)...
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CHAPTTR Moy L,  =emmmmm
CIALPTER Moo 24

t'r * temperaturo shown on any thormometer,

te =«

temperature of a specimen.

j;t ¢ lnecrtia of the thermometer; .
T " tomperaturoe fluctuation of the thermometor p.m.
é'?"a = bomporaturce of the tormometer at the beginning.
7 r time required to take tho temperature.

A = surface of the thermometor.

/Cé » heat; capacliy of the thermomoter.

extornal heat conductivity of the thermometor.
CHLPTER Nea 3

=2 m3e0 . absolute temperature,

( = coefficlent of radiation.

f = gurfoce temperature of a spooimon,

f x ™ _temperatu:ce equivalent replacing the absolute
:\'.LH:&"L.PTER N'Oq ‘:;o‘

tqmparature o
“ » heat acoumulation capaclty of bodye.
C =+ specific heat of a bodye |
S = weilght per unit of volume.
‘ Z‘a + avarago temperature of a body. )
f(’l - -tmperature of the surroundings of a bodyrs

g_IFUxPTER Nne 5

z{ b torpenature sonoral
ZI, and ]f? » gurfece temperatures
"% and ﬂ% «omperatures of gurroundings.
4 L/ . omperature differcnce batween two surfacaes,
CJ,’ & f; = uoeffic:ient of radiation= Cff,los and_Gz 10°%
' . walucs proportional to tho radiation.
R~  otinl rediation (for_radiation).

=L E, . capeelty nf radiation.

\-)0 - rnlito of angles (rudiation).
TR T, . whnolute benperaTurode
Mo = total md%g\,}mon of an absolutely black body.

_ LB
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thickness of a partition between two rooms.

’ ém. =  {otal thickneoss of a compound wall,
A *  sactional area cf a body at right angles to
the heat transfer, .
‘Xl"a &y, coordinates - distances.
=  u/3 prossure caused by radiation in any
direcction, )
@ = amount of heat transferred.
d., g &\,;: coesficients of convection between ailr and soll
TG ° resistance against convection.
+ thermal coductivity. .
D) & D2+ coetficionts of heat absorption,
k = capacity of heat transmission.
“;‘4 S " s resistance against heat transmission.
= totel resistance to heat transforences,
- *  a glven time. /Passa?t’ af hm")
U dw, g’ La . integral constants.

<
<= entropy.

M- internal work equivalent to heat.
M- ocxhernal work cquivalent to heat.
1 CHAPTER Nou B,  =-=m=ww

, CHLPTER_Noa 7.
5 = coefficiont of thermal cxpansion.

L&¢ = given Longthe

ad ¢ cxpansion p.uuit length.
’E » pise of tomperaturc.
/a = length at 0°Cs
/z" = laength at %Ce
E‘ = coefficient of expansion under the influence
of a force.
\}‘ H g P forcuie .
E » modulus of ulagﬂ;i,eity.
A = acetional arcis
G X Gf, =« stressoss
ar % ™M - mearnhSe

\%. = def'leation.
<7~ Lo

!
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C = Yemporature factors = E.L.p.t = z[-
I = modulus of Inertia,
W =

J\. * angle of turning (due to thormal conditions)
y = dito

modulus of section,

(due to extornal forces)
h = lenguh of a stilo,

R * radius of curvaturc,
CH. PTER No, 8,
CHAPTER No. 9.,
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CYAPTIR No. 10,
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