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The paper describes the trearmeni 0/ roo/sections used by the construction agencies in different parts 0/ 
India/or low income group and tconomically weaker sections o/the society. The thermal performance 
ofroo/s should be improved/or alleviating indoor thennal conditions and minimising the effect o/solar 
IIeat in buildings. The evaluation 0/ various roo/ sections reveals that the low cost materials like '11 

mudphllska and lime concrete with thickness varying from 12cm to Hcm can be used with advantage to 
improve the thermal behaviow' o/buildings. Alternative roo/sections using/oam concrete and I/aemtocole 
insulation and effect 0/ white wash on roo/ have also been compared. 

Introduction 
It is common 10 fmd that walls and windows are care fuJJ Y 

planned in relatioo to the sun but that little is done 10 min.im ise 
II"c effect of the sun on the roof. which is di.rectly exposed 10 
solar beat for most of the day. Uncootrollcd beat gains and 
I~ses through roofs have a prooouIlC(d innueoce on indoor 
thermal conditions. There is little doubt IhaI these problems 
CiII be overcome by careful design by puviding thennal 
insulation in some fann or the other. 

Steady heat flow depends only on thermal cooductivily of the 
materials but onsteady stale beat flow whicb ocrurs in variable 
cooditions depends on difTusity of me material used in the 
building construction. In vie wofthe very signifk:3Ilt influence 
of mass on thenna.I pecfonnaoce or Illy building clemen( 
under conditions of large daily varialioos in outdoor air 
\empera1ure and solar radiation. distinction would be made 
between light weight, medium weigh( and heavy weight roofs. 
The use of insulating mat.erials which ~ resisti ve. resistive
upactive or refloctive in nature can p-evtnt flow of heat 10 a 
Jft3leXt.etlL Depending upoo thennophysical properties and 
CCOIlOOlics of the construCtion. IlUCb malCrials can be suitably 
utilised for the roof. 

Thermal perf[)(man<:e of roo( sec Lions COO\mooI y wed by 
Housing Boards and various other Coostructioo Agencies in 
India along w ilh allcmaLi ve trea1menlS have beaI pr-esent.ed in 
this JXIper. 

I: 
Roof C lassification 

The heat storing capac ity of the roof also pia ysa vital role and 
there is a marked diffeJroce between the thermal performance 
of light weight rod, medium weight rooC. and beavy weight 
roof. Since the insulation minim ises the &emperallJRi range 
and mass increases the delay in the heal now. the judicious use 
of these lwo phenomena can be made willl advanlage in 
lhenna.I design of roof. 

The light weighl roofs are mainJy asbestos cemenl sheet, 
galvanisro iroo shed and thin coocretc !hells. 1bcse roofrogs 
have low lhenna1 resistance and heal capacity and need hlgh 
insulative trealmenllO minimise excess heat gains in sununer 
and hea1losses in winter. A layer of insulating rna.teria.I like 
fibre gl.as~, mineraI wool, thermocole and/or renecLive 
lreaUnenl may be used for this category. 

The rock panel. concrele slab of modei1u.e rhicknes.s, core 
Wlit and D.C. tile roofmgs may be \enned as medium weight 
roofs. These roofs ha ve medium lhama.I resi.sunc:e and fair 1 y 
bigh heat capacity. In this case though the peak heat gain is 
high but the iocoming heat flow is delayed considerabIy . 
These roofs can be treated with insulative - apacitive 
materials I ike foam coocre te. mud phuska and Lime coocrelC. 

The heavy weight roofs consist of lllick brick panels and 
thick COOCrel.e slabs. For these roofs, trea.tmenl5 such as thin 
layer of mud phusb and brick tiles i.~ JuOicient from thc.nnaJ 
coruidenti()f1. 
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• ; VIIU!)CU l( uul ~cclions 
The UN ronrcrcoce 00 IIwnsn Sculcmcnlll) In June 1976. 

amongsl Its various 00Icr rorommcnd:llions hOO suggeslod 

. Ih:II crTiCiC1lI utilL<:ation of encrt). should be given special 

coosidCll1tion in Ihc: choke of dcsigl\5 and technologies for 

humnn St'ltlcmenlS. HOW1:ver.lhc options in &:sign for energy 

coosidCll1tion wiU vary. depending upon the ccooomics of 

cooslI\Jction. This study deals ",i!ll dc lCrmination of !lIermal 

pcrlonnan~ of roor sections used in dwellings. ra- low 

income group and ccoo omically weaker sections of !lie sociely. 

by the following agencies. 

I. 	 Delhi Developmenl Authority. Cily planning W1ilS. 
(DDAP). New Delhi 

2 . 	 CenlTal Public; Works Dcp:uunenl (CPWD). Madras 

3. 	 :rami! Nadu Housing Board (IN HB). Madras 

4. 	 Delhi Developmenl Authorily Housing Wing (DDAH). 
New Delhi I 

5. 	 National Building ConslIOCtion Corporatioo (NBCC). 
New Delhi 

6. 	 Shellcons. Madras 

7. 	 Matinee Building Organisation. (NBO). New Delhi 

8. 	 CenlIal Building Research lnstitUIe (CBRl). Roorkee 

9. 	 Hindustan Housing FacIOI)'. (HHF). Ne~ Delhi 

10. Rajasthan Housing Board (RHB). Jaipur 

The various roof sections. used by these agencies are shown 

in Table 1. and are l1'UIIked by an aslerisL The basic elements 

in !lIese sections are channel W1il, double curved precasl 

shells. foam concrete slab. precasl RCC slab; reinf(Ic;ed 

wcon panels. reinforced brick slab. hollow clay, blocks and 

stone slab. The various Irea1mcnLS 10 achieve !lie standard 

thermal conclitions as derIDed by Indian Code of PractiCe 

1.5.:3792 -1978 (2/ have been worked out wi!ll the help of B 


computer program 'TJ{P" in Fortran Language. on SN-73 

compUl.el'_ 

Thermal Performance Index 
Te m perature of the OIIt.ooor air in COIlLac I wi!ll the exposed 

surface or a building which would give !be same rate of heat 
1l1in5ft7 and the same temperature distn1>uoon through thai 
rnaIerial as exists wi th the actually outdoor air lempenlture and " 
incidenl solar radiation upon the sunlil surface is lermed as sol
air tempaature. The radiation resulting inlO high sol-air 
tempera1ure of !lie componen1S.lik.e wall and roof. contributes 
signir1Ca1111y 10 discomfOlt- It is, Iberefere, obv ious that the 
crileria based on inside surface tempcnture of building 
components would be belpful in evaluating the Ihennal 
pafOflJllUlCe of these compooenlS. Howevt7, in case of 
cooclitiooed buildings heal flow is important. since il detmnines 
the cooling a- heating loads. An index 13] called thennaI 
pafo= index (1Pl) was deHMd lxlsed 00 peak inside . 
surface lem perature for unconditioned buildi.ngs such that the 
nui.ng 100 ronespoods to s-c CltCCSS 0( peak inside surface 
temperature (8.) above 3O"C i.e_ TPI .. (8. - 30) x 12-5 

Here. TPI of composile roof sections. has beat detemtincd 
by considering the equi valent homogeneous roof ronSVUCtion 
[4] which give the same contribution 10 the beating and 
cooling load at !lie same Lime as does !lie composile 
col\5lI\Jction. For a multilayer composile construction 

da: rem enl 1-..'tcr (d.) and phL'lr Ia& 0, or the equiy' 
homogcnoous ronstnJction are given by 

d." exr· [nlln4)A'B)1/J 

0," 1r.I(nlln4)A2B).... 

Where. A E 1 (llK), 

1 "' i,m 1.m2..0 

B .. 1.1 [~~ j (KPC) dhl 0 (KPCI.] 
A 

+ (~) 0 [(~ • _ O.I(~ I • 0 . 1 {~ Inl" ,, ] 

Where. " is the outer moSllBycr. I Is inner most layer,mI. 
m2 are mediwn layers. When sccood term Is negative. his 
taken as z.ero. To de temline indoor surface tempcnllurt Iht 
following relalioo has been employed. 

To SimulalC the outdoor climatic rondilions.1hc: average d/} 
bulb lemperatures for !lie honesl period of ten days. in. yea 
OVt7 a period of Len years. and sol-aiJ IemperaturtS ru 
absa-plion coerrIC ient foc Iighl and darlr. Clt posed surface 1S0.1 
and 0.3 respectively have been taken, 

TS = TE + UIh, (SOLTAM - TE) + lUI, . A, Cos (nwt - Y, -GI,l! 

n a 	 1.2.3 I~) 

Where. TE .. Tempel'1l1Ul'e of enclosure 

1'5 "' Inside surface temperature 

SOLTM '" Mean sol-air temperature 

U '" Ovt7Bl1 thermal transmi uance value 

A. '" (a"l + b ,> III 
l 

2.
1. [ f(l) Cos nwl !It]
Il 	 J0 

1. IJ 2. f(l) Sin owl dl]
Il 0 

f(t) r fWlCtion of temperature 

y. .. tan -'(bN 

To simulate the outdoor climactic conditions, thC average 
dry bulb temperatures foc !be hottest period of ten days. in. 
year OVel a period of \ell years..1Ild sol-air temperauuu for 
absupUons coefficienl foc lighl illd dark exposed s~ as 
0.7 and 03 respectively have bcaI\aken, 

Thermal Performance of Roof Sections 
Several ways soch as insulations. surface colour and shading 

can be adopted (S) to reduce solar beat gain through roor 
sections. In residential building1 the various consb'UCtioo 
agencies have mostly used medium weight roof for which 
materials like mud ~uska. lime COOC1ele. foam concrete IX' 
themoc.ole depending upoo the ecooomics can be Il$cd 10 
mitigate the flow ofbcaJ... The l.ndiaI Code luggests maximum 
TPI value of 100 for roo/' 5eCtions in boc-dry clirruue. The 
thickness of layt7S to aclUe ve:rncommended lhennal sundards 
have been worked ou I fa- allllJe four malCrials listed above. II 
may be soen that where a large thickness of mud phusb IX' 

lime concrele is needed 10 salisf Y the req uired stan<larth. a coat 
or white wash 00 the roof lOp may be IIPPl.icd to reduce the 
solar absorptivily or the surface rorm 0.110 0.3. whereby it 
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Tablr J 
11lcnnnJ Performance I~ of Various Roof Sect.ions 

51 Rocommcndcd btcmal Elements 
No. Basic Element 

Mudphusla· 
Th TPI 

lime concrete 
Th TPI 

Foam concrete 
Th TPI 

Thernlocole 
111 TPI 

2 3 4 S 6 
Dtlhi D(vdop~nJ AUllwriry. (Ciry PlaIlning) and NaJioNJl BlliJdUtg Organisalion. Ncw Delhi 

1(8) 13 cm channel unit S 150 7.5 102 S.O 99 
1 (b) -do- S'" 84 
I(c) -do 17.5 108 

llinduslan Housing Fac/ory. Ntw Delhi 
2(s) 13 em channel unit 

and 4cm cement conc. 0 198 7.5 104 5.0 98 
2(b) -do 12.5 112 
3(a) .7.5 em Lime fly ash 

cellular slab ~ 185 10 149 7.5 112 S 112 
3(b) -do 15.0 108 JOw 83 
4(a) Foam concrete 20 101 

HindusIIJJI Housing Facc/ory. NO! Dt/hi and CtnJra! Building Rtuarch IrUli/Ult. Roorlu 
5(8) 5 em precast RCC slab S 152 7.S 98 S 102 
5(b) -do- S"" 87 
5(c) -do 17.5 108 

(tn/rat Pub/jc Worb Dtpar/~n/. Ntw Dt/hi 
6(a) 3 cm D.C. tiles 2.5 195 15 195 7.5 110 
6(b) -do lO 143 17.5'" 108 
6(c) -do lO" 80 
7(a) 7.5 em RCC 5 138 7.5'" 88 10 105 S.O 105 
7(b) -do- S" 72 
7(c) -do 15 114 

Tamil Nadu Housing BO<JTd. Madras 
8(s) 8 cm ce1con panel 4 140 7.5 143 S.O 110 
8(b) -do 4" 74 7.5'" 86 
8(c) -do 15 113 

Ncuional BlliJdillg CorutTuction Corporlllion. NO! DtllU 
9(a) 4 em D.C. Tiles ~ 257 IS 106 10 100 7.5 103 
9(b) -do 7.5" 87 
9(c) -do 17.5 121 

Dtlhi Dtvdop~nJ Awlwriry (Housing Wing). New Dt/hi 
10(8) 7.5 RD. slab S 139 7.5 114 S.o 111 
1O(b) -do- IS iOi 

SMllco". Madras I 

11(1) 
11 (b) 

13 em H.eI block 
-do-

S
10 

h9 
JI1 

10 
SO' 

123 
76 

7.5 105 S 108 

Rajasthart Housing Board. Joipur 
12(8) 7.5 em stone slab 5 137 
11(b) -do- S 172 ~ lSI 10 109 5.0 109 
12(c) -do- IS 113 9'" - 83 

B 5 cm brick tiles over mild phusla is layed as D.C. - Doubly curved 
water-proormg course Rei HoUo..... clay 

w Roof lOp is white washed Th 1b.ickness in em 
Original speciflC81ions IL5Cd by the agency 
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minimises thC' heal now. It may be socn that.. in gcocral. a:lS 
pcrccnt reduction in TPI value Is obtained In case where 
surface is "..hiU' ", ·a~. Funhcr since the dar\. surf~ 
absCo'b more heat. the rcsult.ing inside surface ICmpcraturcsart 
high as is c\car form higher TPI values for soction 1.8[31 and 

1.b [ 3 I in Table I. It is SICCl1 that 00I our or e"pos<'d surf8C e can 
p lay an Un porumt rok in dctcrm inatioo of Ihcmul pc rfOnlWlCC 

of roof sections which can be improved b)' p{'(widing a lighl 
sh3dc rtnish. The absorption co-drlCicnt fOf solar radiatioo 
fOf surfaces of dilTCTellt colours are given in Table 2. 
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Table 2 
Absorption Coemcicnt of Surfxcs Due 10 Colour 

Surface colour 	 AbSOfl'tion coc fficicnI 

(for solar rad iation) , 


Black 
Red 
G rey 
A luminium paint 
Green 
White , 

1\ can be socn from Table I lhat sections used by various 
construction agencies, mostJy need some thermal insulatioo 
for providing acceptable thermal cooditions. However, in 
order 10 bring them 10 acceptable range a layer of capacitive 
insulation such as Lime COOCrele and mud phuska in 1210 15cm 
thickness may be used . 

In the case of insulating materials like foam concrete and 
thermocole a minimum thid:ness of 5cm and 2.5cm 
respccti vely may be used. It can also be seen that effectiveness 
ofthc lre<ltmenlSdepen<ison the type and thickness of the basic 
structural element and the nature of the surlacee .g .,in the case 
of channel unit and D.C. tiles (Table I, Sections I.c13] and 
6 .cI3] a thickness of 17.5cm and IOcm of mud pllUska, 
respectively, is required 10 achieve the desired TPI values, 
with surface as while washed in laler case. The daLa given in 
this paper has been wOl'ked out for OOI-dry climate, but it can 
be extended 10 other climatic regions of the country. 

Conclusion 
The class ification of dat.a based on thermal performance 

index enables the designers to make a quick assessment of 
relali ve performance of these roof sa: tion. 

The sections used by the various construction agencies, in 
general, do not satisfy the thermal performance standards. 
However, they can be improved by addition of capacitive and 
insulative layers. 1lle thickness of insulalive layer depend on 
the basic structural elemenL . 

Mud phuskB and Lime concrete with thickness of 12cm to 
15cm can be used 10 improve the thennal perlormance of roof 
seclions. Further, by white washing !he roof lOp, the thickness 
of the materials may be rW uced. II also prov~ an average 
rWuction of 38 pet cent in TPI value for !he same section. 

In order to improve the thermal performBllCC, light fmish 
J1'lay be applied on exposed surface. If cost pennilS foam 

I 
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0.90 
0.74 
0.70 
0 .40 
0.40 
0.30 

concrete (5cm) Of lhcrmocolc (2.5cm) can also be used ~ 
Improve the thcrm:ll pcrlonnnnce. 
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Appendix 
d. - Decrement factor of equivalent homogenoouscoo· 

structioo 

". - Phase lag of equivaJen t homogeneous construction 

L - Thickness of the materia1 

k - ThennaI coodoctiviiYof the material 

P - Density of the material 

c - Spec i fie beat of the material 

9..  lnside peak surface temperature 

w - Angular frequency (2xIT is time period) 

n - Number of Harmonics 

hi - Inside falm heat lnUlSfer coefficient 
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