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Paper presents coo ling load comparison of building wi th waterproof insu lated roof secti on and the building with moist and 
conventional sections. Influence of moisture on overall thermal performance, heat gain factors and indoor ai r temperature of the 
envelop have also been dealt with. The study is based on the work done at Central Building Research Institu te (CBR I), Roorkcc. 
which gi ves a simple alternate method to compute indoor air temperature of the envelop. It requires to compute total heat gain 
through all it s components of the building. Net heat gain averaged over the entire surface of a building is correlated with indoor 
air temperature. A single storied residential building comprising two rooms and a kitchen arc taken into consideration. In high 
humidity prevailing condition the absorbed moisture in building secti ons increases and as a result there is a change in thennophysica l 
propert ies of the materi al. Therefore. thermal transfer functi ons and indoor environment change accordingly. 

Introduction 

S tudi es on e ne rgy pl annin g and m ode llin g ha ve 

become a very active area of research because energy 
supply has become scarce, expensive and unre liabl e. In 

Indi a, energy consumption is g iven as 52 per cent (of 
energy) in the indu strial sec tor, 23 per cent o f it in 

transportation and II per cent in domestic sec tor. Out of 
II per cent energy consumption in domestic sec tor, mos t 
of it is consumed for achie ving comfort in bui ldings. In 

terms of energy sav ings in the res idential sector, coo ling 

load plays an important role for both conditi oned and 

unconditioned buildings. If cooling load of an e nc losure 
inc reases the energy consumpti on a lso inc reases and by 

utili z ing water proof insulation , coo ling load may be 
reduced which will he lp to reduce energy consumpti on 
in buildings. Thermal des ign of res iden tial buildin gs is 
important , for prov iding suitable the rma l conditio ns 
without artificial means of cooling, both for day and night 
occupancy, due to common prac tice of s leeping indoors 

for unconditioned res idents. A suitable method 1 has been 
evolved to evaluate the indoor thermal cond iti ons of a 
building by which building design can be evaluated with 
respect to the rmal comfort in given conditions. The 

method deals with the net heat ga in averaged over the 
entire surface area. The ratio of the net heat ga in to the 

*Author for corrcspondancc 

bu ilding surface area is termed as Bu ild in g Index (Bl) . 

The BI has been corre lated with ac tua l ind oo r air 

te mperature of a room . From thi s indoor air temperature, 

a ir veloc ity and re lati ve humidity of the place the indoor 
the rmal comfort condition can be determ ined at a g iven 
place. 

The research work lacks in compa rison to moisture 
influence on the rmal comfort in an enve lop and other 

area of the rmal desi gn of buildi ngs. The objective of 

build in g design is to make indoor comfo rt at minimum 
energy consumpti on. For hot-dry and hot-humid regions, 

heat flow into the building is impo rtant. Heat flow 

de pends upon the ex tent of the va ri at io n o f outdoor 
environment and thennophys ica l properti es, k, and C of 
the mate rial s which are used in the struc ture. Thermal 
conductivity (k) is a characte ri sti c prope rty of a mate ria l 
which de pe nd s on dens ity () and on the amount of 
moisture present in the sample at the time of computati on 
of cooling load. Thus, total the rma l tran smittance of a 
building section is to be dete rmined by the k-values of 

the material s at an appropriate mo istu re content. The 
mo isture leve ls in masonry wall s are like ly to va ry 
conside rably depending on facto rs I ike indoor and 

outdoor climate the type of masonry and construction. 
S ince it is not feasib le to ta ke a ll su c h fac tors into 
co n s id e rati o n whil e calcula t in g th e th e rmal 



VERMA eta!. : THERMAL DESIGN OF RESIDENTIAL BUILDING 807 

transmittance, it is convenient to assign a so-called 
standard moisture content. In hilly and hot-humid areas 
moisture contents vary from 3 to 5 per cent by volume. 
Similar views were expressed by Cammerer1 stating that 
the magnitude of the moisture content depends on many 
factors such as climate, season, location , and height of 
the building as well as quality of the building material. 
He assumed that the moisture content was greater for a 
material facing outside than for one fac ing inside and 
ex plained that the moisture in organic materi als, owing 
to th eir hygroscopic qualiti es, is entirely or partl y 
absorbed by the fibres where insulating properti es are 
thereby reduced . The air space, on the other hand , which 
takes the most active parts, remains intact. In one of the 
study', changes in specific heat and density of porous 
material take place along with an increase in moi sture 
content. On th e bas is of th ese changes in basic 
thermophysical properties the variation in response factor 
of phase lag, decrement factor, etc. has been studied. 

Theoretical Background 

The energy balance equation in a thin layer of moist 
materi al may be ex pressed as Eq. ( I ) . 

dQ CdT dWI" I __ O -+ p -+--. } 
dx dt dt 

111 ... ( I ) 

and heat flow caused by moisture content may be 
added to the conduction heat tran sfer described by 
Fourrier's law giving total heat flow as Eq. (2). 

dT k d 2T 
-=-- .--1 + gl//.h/11 .. . (2) 
dt p.C dx-

Now by assuming the moisture to be distributed 
uniforml y in the medium, i.e. by taking moisture grad ient 
as zero, we have the resultant heat tlow equati on as given 
by: 

dT 

dt 

k
111 

d 2T 

P C · dx 2 
111' Ill 

... (3) 

where, k , p and C are the weighted values of k, p and 
Ill Ill Ill 

C, respectively caused by uni fo rmly distributed moisture. 

The weighted values of thennophysica l ~ properties 

P and C are computed as given in Eq. (4) . 
Ill Ill 

P =p(l +O.O l*p) kg/m', 
m 

. .. (4) 

and 

C = (p/CIP) + 1000 + Vlp ) Jlk g"C, .. . (5) 

where pis percentage of moisture present in the material 
and overall thermal transmittance value ( U) is computed 
as shown in Eq. (6) . 

I L I 
V=-+ L, -+-

h0 K h, 
... . (6) 

From Eq. (6), if k is changed to k"' for different 
moisture content of the building component, the U-value 
changes to Um and is given by Eq. (7). 

. .. (7) 

Computational Procedure 

To determine indoor air temperature the correlation 
has been establi shed between building index Bl and 
indoor air temperature of envelopes. The correlation has 
been verified for several res identi al buildings for hot­
dry and hot-humid climate of Indian condition. 

BI can be computed by the expression deri ved in 
Eq. (8). 

II 

I U ;A; c~~OI . - Tia) 
B/=2.15* ...:_i=....:.l ____ __ _ ... (8) 

where, n is the number of building components, wa ll s, 
roof, windows, doors and intermediate wall s (wherever 
available), T.~oL is sol air temperature and is given by 
Eq. (9). 

T - T + ai I 
SOL - OA - -- . 

h
0 

h
0 

... (9) 

Here, T;" = Indoor base temperature = 26.7 °C for a 
given climatic zone in Indian conditi on has been taken, 

A =Surface area of i'h component, and 
I 

V =Overall transmittance va lue of i'11 component. 
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Figu re !-Block diagram o f a LIG house 

From Eq. (8), BI for 24 h can be computed for an 
envelop but only max imum, minimum and mean values 
of BI are suffic ient to elaborate the comfort inside a 
building. Corresponding maximum, minimum and mean 
values of indoor air temperature can be determined by 
the BI values whi ch indicates th e indoor comfort 
condition . The correlation between B1 and indoor air 
temperature T;" is given by Chandra eta/. 4 

Application to Residential Building 
Thermal performance of a single storied house for 

low income 'group has been illustrated. BI for dry and 
different moisture content have been computed. Later 
indoor a ir temperatures have been determined and 
comparison for different ranges of moisture content in 
building components have been made with dry building 
section and with waterproof insuiated roof for the same 
building. The plan and specification of the building are 
shown in Figure !.The house consis ts of two rooms and 
a kitchen. The various dimensions are also shown in 
Figure 1 and detail spec ifications are given in Table I. 
All components except window and unex posed surface 
may not conta in moisture and there may have not been 
an influence of moisture. But other components have 
different U-value with different moisture content. These 
values are given in Table 2. It is found that BI value less 

Table 1- Rooms specificalio n of a LIG house 

Room I Room 2 

Wall 22.5 ern brick wilh cement pl aster on both sides 

East and West North and South 2.7 x 3.0 m 2.7 x 3.0 m 

3.6 x 3.0 m 2.7 x 3.0 rn 

Roof 
(i) 11 .25 e rn RCC + 7.5 ern MP + 5.0 ern BT with li ght surface finish 

Kitchen 

2.7 x 3.0 m 

2.1 x 3.0 m 

(ii) 11 .25 ern RCC + 5.0 em therrnocole + 6 em BT +waterproofing treatment with bitumen 

Dimension 3.6 ern x 2.7 m 2.7 em X 2.7 m 

Window 3.0 ern g lass pan 

Door 5.0 ern wooden 

Height 3m 3 m 

Tab le 2-U-val ue of building components for different moisture content s 

Moi sture Roof Wall 
content 
Per cent (i) Sec ti on Per cent (i i) Section roof Per cent U-value 

ordinary roof Increase with waterproof increase in 
in U- insulation U-value 
value 

Dry 2.35 () 0.54 Nil 2.12 
I 2.72 16 0 .54 Ni l 2.49 
2 2.93 9 0 .54 Nil 2.74 
5 3. 13 8 0 .54 Nil 2.1:!7 

2.7 X 2. 1 m 

3 1:1 

Per ce nt 
increase 

0 
17 
12 
6 
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Tab le 3- Step by step computation of heat ga in for kitchen of the house 

Elements Shading or Surface Exposed Computed I-IGF Totaii-IGF HG F. 
with surface area (m2

) area (m2
) Avg. 

orienta-tion (KW ) 

Max. Min. Max. Min 

Wall N Unshadcd 6.3 6.3 37.6 23.9 236.9 150.6 191.5 

S(i) Unshaded 4.5 2.25 35.5 22.3 88 .7 55.7 72.2 

S(ii ) Shaded 2.25 37.2 22.4 93 .0 56.0 74.7 

E Unshaded 8. 1 5.94 41.0 24.4 243.5 144.9 201.9 

w 8. 1 NIL 

Door Shaded- 1.8 26.7 26.7 

Window Unshaded 2.1 6 179. 1 179. 1 386.7 386.7 386.7 

Roof Unshaded 5.67 5.67 4 1.2 15.4 233.6 87.3 154,.2 

Tab le 4- Building Index value with different moisture content in building sections 

Moisture Room I 
content 
per cent Max . Min. Av. Max. 

0 66.1 43.0 53.6 73.8 
I 74.3 47.3 59.7 82.8 
2 79.6 50.2 63.7 88.8 
5 83.4 52.3 66.6 93.2 

than 50 gives comfortable temperature. The waterproof 

in sulation on roof has been treated with bitumen and 2.5 
em polyurethane foam which g ives minimum BI value. 

The detail ed procedure ca lculation o f th e rm a l 

performance for kitchen of the hou se is illustrated which 
will be he lpful to the users to compute and compare the 
performance of houses. When building components are 
exposed and wet, the mois ture is absorbed and influence 
the heat fl ow through it. The illustration contai ns the 
heat flow and BI value due to different ranges of moi sture 
content by the components . These va lues of hea t ga in 
factor, heat flow and BI fo r diffe rent moisture content 
are g iven in Table 3 and 4. respective ly. 

The cooling load for dry and with moi sture content 
of I , 2, 3 and I 0 per cent has been computed and show n 
as histogram in Figure 2 . S imil arly heat gai n pe r square 
mete r has been shown for diffe rent moi sture content s by 

Room 2 

0 
<( 
0 

Min. 
50.4 
55.6 
59.0 
61.9 

.J 2 

"' ::: 
.J 
0 
0 
u 

ORY 

Av. 
61.5 
68.5 
73.1 
76 .6 

COOLING LOAD 

MAXIMUM 

MEAN 

MINIMUM 

1 °/o 

Kitchen 

Max. Min . Av. 
78.7 55 .0 66.9 
88 .2 60.5 74.3 
94 .4 63.6 79.2 
98.6 66.6 82.6 

2 °/o 3 °/o 

f<i gurc 2- Cooling load fo r different moi sture content or 
components of room lo. 2 

building components in Figure 3. There is an ev ident 
increase in cooling load and hea t ga in/sqm of the building 
su rface. 
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Tabl e 5- Effect o f wat erproof in sulati on on indoor air temperature. "C 

S. no. 
0 

Room No. I 
Mean :l2 .4 
Maximum 33.6 
Minimum 3 1.0 
Room No.2 

Mean 33 .2 
Ma ximum 33 .7 
Minimum 32 .0 
Kit chen 

Mean 33.7 
Max imum 343 
Minimum 330 

Moisture Influ ence on Indoor Air Temperature 

The meth od for findin g the BI has been described 
ab ove. With thi s Bl value , a corre lation has bee n 
developed between indoor air temperature and BI value. 
Thi s correlation was deve loped on the basis of actual 
measurement of indoor air temperature and B I value for 
many houses at different temperatures. In the present 
stud y, ind oo r air temperatures are co mputed by thi s 
method for different moisture cont ent s for the material 
used in building components. Compari sons arc made of 
waterproofing insulati on with these values (Table 5). 
Such types of moist building sec ti ons may be treat ed 
with moist proo f insulati on from outside. 13 y using this 
type of moi st proof in sulati on as 2.5 em PUF + 
Bitumen + Aluminum foil, building performan ce has 
been predicted in terms of indoor air temperature. The 
simple way to miti gate heat inco ming into the building 
is white washing on top most surface of roof and out er 
surface of walls . But for moist building sec tion, its impact 
is marginal. ln both the methods discussed here, indoor 
temperatures for treated with moist proof in sulati on ha ve 
been predicted and co mpari sons arc shown in Fi gure 4. 

One of the studi es5 reveal s that insul ati on can be 
placed at any side of the building sec ti on without any 
change of co mfort level. Sometimes it is obse rved, for 
short durati on th at there is hot air wave fl ow ing whic h 
affects co mfo rt environment inside the bu ilding. By 
mo isture proof insul ation thi s efTce t can be minimi sed. 
These results arc shown in Table 5 and Figure 4 together. 

Table 5 shows the mean, maximum. an d mini111um 
indoor air temperatures or rooms of the hui !ding. 

Per cent Moisture by Volume 
I 

33.2 
34.2 
3 1.6 

33 .3 
34 .6 
33.1 

34.3 
35 .2 
335 

E 
.......... 
i ~0 

2 5 

33.4 3.7 
34. 7 34.9 
32 .0 32.4 

34.1 34.3 
34.CJ 35.4 
33 .5 33.6 

34.5 34 9 
35.5 35 .K 
:n.R 34.0 

MOIST URE 

10 "/o 

5 °/o 

2 "/o 

1 "/o 

DRY 

0~-L--L-------~---L--------~~------
MIN MEAN MAX 

f-i gure 3-Cooling lo:1d per squ:1rc meter fnr different moi,t ure 
cont.: nt or room I. room :2 :l!ld kitchen 

Discussion 

The study has bee n perfo rmed by takin g an examp le 
of low inco me group of house ha ving two bedrooms with 
a kitchen. Figure I g tves the des ign. The specifi ca ti ons 
of bui ld ing co mponents arc given in Table I. Ove rall 
thermal performance va lue of build ing sec ti on changes 
and these values of t he sec ti on ;trc g iven in Table :2. From 
Table 2. it is ev ident tha t as mo isture come nt increases . 
U-valu e a lso inc reases. but th is ra te of in c rca~e is 
mi nimu m for higher pe rcentage of moisture content. The 
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ENVELOPE WITH 
37 
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27 
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Time(h) 

Figure 4-Computed indoor air temperature fo r room No. 2 

performance of building is studi ed here in terms of BI 
which is based on total heat gain of the room . The 
procedure to compute heat gain per unit area of the 
kitchen , is detailed in Table 3. The va lue of BI for 
different percentage of moisture contents are given in 
Table 4. The values of indoor air temperature for different 
percentages of moisture content are given in Table 5. 
The increasing trend of BI with moisture contents is 
similar to U-values . The performance of these bed rooms 
and kitchen is discussed in terms of room air temperature, 
cooling load, and heat gain per unit surface area. There 
are three values of heat gain/m2 and cooling load of the 
room is given as mean, maximum, and minimum value. 
From Figure 2 and 3, it is observed that once moisture is 
absorbed by building sections, heat flow increases fast. 
This happens because thermal conductivity valuer'·7 for 
lower percentage of moisture increases rapidly, after that 
this increase becomes slow, as observed in the case of 
cooling load and heat gain factors shown in Figure 2 
and 3, respectively. 

To avoid this trend and mitigate the heat flow, 
moisture proof insulation is required. By treating with 
moist proof insulation , building sections became dry with 
lower U-value. Hence, indoor air temperature of bui I ding 
with dry sections during 24 his also lower than a building 
with moi st sections. Now, if a building is treated with 
moist proof insu lation and coated wi th white paint then 
its performance further improves. Effect of coatin g has 
been studied' and it is found to give about 30 per cent 
reduction in incoming heat fl ow. From Figure 4, it is 
found that reduction in indoor air temperature is higher 

during morning hours which goes on reducing afterwards. 
But according to thi s exerci se, it is found th at the 
difference between moist and dry building is of the order 
of 3°C. By reducing 3°C of peak indoor air temperature, 
the large amount of cooling load of the room reduces . rr 
th e building is moist and treated with moist proof 
insulati on, the reduction of coo ling load is observed as 
0.45 kW, which is quite encouraging. 

Conclusion 

The study reveals the importance of moist proof 
insulation. From the results, it is concluded that more 
than one-fourth cooling load can be reduced by treatment 
of building sections. Similarly, indoor air temperature 
may be reduced by 211C, on an average . Initiall y, from 
zero to I or 2 per cent moisture content the rate of increase 
in heat flow form outside to inside of a building is high. 
Later thi s increas ing trend of incoming heat is lowered 
for higher percentage of moisture content in buildi ng 
section . 

We already know th at comfort inside buil di ng 
depends upon humidity, air temperature and air motion. 
Comfort condition become uncomfortable although there 
is minimum ri se in room air temperature and humidity 
because of higher moisture content in building sections. 
To overcome thi s type of problem, proper th ermal 
designing of building is required. The required treatment 
could be carried out, based on the present study. The 
method to predict indoor air temperature and effect of 
moisture, and its miti gation is suggested here and is 
simplified . 

References 

Verma V V & Ag;mval K N, Evaluation of Thermal Design or 
Residenti al Buildings, Tire Indian Arclr, ( 1987) 1-6. 

2 Cammerer, a report, Moi sture content and heat industry 
properties of building materials by G Hoboh m. Translation in .I 
Tlrerm Insula! Build Env, 21 ( 1948) 8- 14. 

3 Standard U- values , The Building Research Estab lishment. BRD 
No.l08 Watford, UK, 1984. 

4 Chandra P, Agarwal K N & Verma V V, Building Research Note 
17 (Central Building Research Institute, Roorkee), 1985. 

5 Suman B M & Saxena 13 K. Role of roof trea tment thermal 
design of buildings, Arch Sci l?ev Aust , 35 ( 1992) 11 3-11 4. 

6 Verma V V & Agarwal K . Effect of moisture on therm al 
condlictiv ity of building materials. Ene1g Mwwg e, 22 ( 1997) 
27-32. 

7 Suman B M, Agarwa l K N & Gupta D C, Effect of moisture on 
heat ll ow th rough homogeneous and composite building section, 

Indian 1 Eng Mater Sci, 3 ( 1996) 239-242. 


