DS

PERFORMANCE OF HALF BRICK WALL MASONRY
IN HOT DRY CLIMATES

by
S. ', JAIN & P. K. GANGOPADHYAY

Central Building Research Institute, Roorkee

Reprinted from [April 1978 issue of
THE INDIAN HITECT

A-15 Pamposh Enclave, New Delhi-48.

ST |

o



THERMAL PERFORMANCE OF HALF BRICK WALL
MASONRY IN HOT ‘DRY CLIMATES

by
S. P. JAIN and PX. GANGOPADHYAY,
C,B.R.I, ROORKEE,

Abstract: In order to economise the cost of con-
struction, the practising architects and engineers
strongly emphasize the need to reduce the wall

“thickness to half that of 23.0 cm thick conventional

solid brick wall, TField tests were therefore con-

_ducted on 11.5 and 23.0 em' thick solid brick wall
s enclosures, to compare their thermal behaviour
“under “different ‘exposure conditions, Results clearly

show ‘their" rélative thermal performance in quanti-
tative terms under different exposure conditions.
115 em thick - solid brick wall in exposed west
direction contributes maximum "'discomfott‘ indoors:

Introduction: —The challenge befoie building engi-
neers is to evolve ways and means of economising
in housing construction so that the maximum num.
ber of houses can be built from the available
resources. In conventional building, both external
and internal walls upto roof level are built with
250 cm brick masonry. From strength considera-
tions, use of 25.0 cm thick brick wall upto two
storey building is unnecessary and results in wastage
of building material and also involves greater expen-
diture on the sub-structure. In frame structures
even brick-on-edge may be utilised without any
structural problems. In view of all this the practis-
ing architects and engineers strongly feel the need
to reduce the thickness of conventional wall to a
bare minimum value without much detriment to
the indoor thermal environment,

A preliminary study () to indicate the effect of
thickness on thermal performance of solid brick
wall panels has already been published recently but
it is not enough to illustrate the effect on indoor
thermal conditions due to a complex convective
and radiative exchange phenomenon between the
various elements of an enclosure.
study showed clearly that thermal perfermance of
a 7.6 cm thick solid brick wall is exceptionally pcor
as compared to a 23.0 cm solid brick wall; therefore

However, this .

it was decided to obtain comprehensive the, 1
performance data for a 115 cm thick solig bll-?l
wall enclosure ag compared to that of 4 23,0 :
thick brick wall enclosure under different expgsj:n
conditions, E

5

Experimental procedure ;

The study was conducted in two specially de.
signed  full size (35 x 2.9 3.2 m) test' rooms
Photo (1) 18 metres apart in the felds $0 as to haye
unobstructed wind and  solar exposure. The test
rooms and the experimental get up were described
in detail in the earlier thermal studies(*) carrjed
out at this institute. However it would be relevant
to describe the specific design feature of the test
rooms used for this study. The test rooms had
similar roofs (105 em R.C.C. slab with 1.3 em
cement plaster inside) but with walls of different
thicknesses. In each of these two test rooms the
three exposed walls towards east, west and south
were constructed with 11.5.and 23.0 cm solid brick
wall masonry, respectively, with .common 1.3 om
thick cement plaster inside and cement pointing
outside, These rcoms were mot provided with any
window or ventilator so as to exclusively ‘examine
the effect of only the materials and to exclude the
effect of any other agency like ventilation etc. which
might interact with the two thicknesses differently.
These tests were conducted as per LS. guide (/)
for Heat Insulation of Non-Industrial Buildings.

In order to maintain a high order of similarity,
these walls were constructed in two thicknesses with
similar bricks and cement mortar within the same
ime period. This was done to avoid any possible
difference due to non-uniformity of materials, con:
struction technique ete. :

AEST CONDITIONS: — In the frst set of observa:

tion, the study was conducted to see the effect Of




"ckness under the worst exposure condition
en all the three sunlit walls were fully ex-
| to outside weather. The second and third
sbservations  were taken by exposing two
wull respectively  at o Ume to study
: situations. ‘This has been achieved by
i dii walls Photo {2) with lheavy tarpauling to
ure absence of solar radiation and unrestricted
o ovement over the wall. Although such an
ment did not simulate actual shading but
relative study, the discrepancy remained
. ' to both the test cases,

] (1) gives the exposure conditions in the

ts. of observations

Table 1:

Exposure Conditions
All the Three walls (east, south and
west) exposed.
T walls (East and South) Exposed.
{West wall shaded)
One wall (South) Exposed (East and
West wall shaded)

T 'perature measurements were made by 380
alibrated copper-constantan thermocouples
ted ‘to a precision self-balancing potentio-
rough-a gang of rotatory switches, located
ntral instrument room. The temperatures
are correct to 0.15°C. Half howly observations
“external and internal surface temperature of
ind roofs and of the inside air {dry bulb, wet
and globe thermometers) were recorded on
lyscalm dry and clear sunny days in the
r°of 1977. Outside dry and wet bulb tem-
res were also recorded in the Stevensen
‘Each set of observation was repeated to
the reproducibility of result. Half hourly
lings were plotted and wsed to determine tem-
res at any desired instant and
(2) shows the outdoor dry bulb temperature
a and minima) on hot days for the three

ts and Discussion :

| tropics much stress is laid on summer condi-
1005 while designing buildings and’ so this™ study

‘concentrated on summer conditions only. Fur-

location. .

ther the critical period ¢f optimum indoor discoms
fort lies during the day time when windows and

~doors have to be mecessarily kept closed to prevent

hot air entering from outside. Also the usage period
(day, night or both) of a building dictates for consi-
dering the period of performance, [Therefore it
becomes essential to examine the performance dur-

~ ing periods of usage or at the time of critical indoor

thermal conditions, as the case may be. Therefore,
the results of this study have been mainly discuss-
ed on the basis of discomfort in the critical periods;
however, discomfort position for any other usage
periods can also be obtained from the various curves
of round the clock observations given in} this paper.

Inside Surface Temperatures :
The first parameter which. governs the indoor
thermal conditions of an enclosure is the variation of
inside surface temperatures of building components.
For thermal comfort the corresponding section
should ensure lower internal surface temperatures
to minimise the radiation heat load to the occupants.
Higher inside surface temperatures also contribute
indirectly in raising the indoor air temperatures.

TABLE 2 vy
Outdoor Dry Bulb Temperatures on Hot Days of
Three Tests :
(East South’ (East & - (South)
& West South) One wall
Three Wall - Two walls . Bxposed
Exposed exposed (East and West
T (West wall wall shaded)
shaded) Dt ‘
Maxima 436°C T 4L1°C 419°C
Minima 22.6*’0 23.1_°C Wi} 23.9"0

Flgures 1, 2 and 8 show compatison of inside Sur-
face temperatures variation under the thres test
conditions of exposure ~at different hours of hot
summer days for 115 cm and 23.0 cm solid brick
wall enclosures. . The difference in thermal capac:ty

of two walls accounts for lower temperatures dur-

ing mght and higher temperatures during day time
for 115 cm thick wall as compared to the 23.0 cm

solid brick wall, but the temperature difference bet-

ween the two walls during the heatmg penod is
more than that during the cooling one. * These
differences in tempelatures for the. three. test.condi-

tions gradually decrease as, the number of. exp()sed.

walls decreases, -.
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Discomfort Degree Hour Rating (5):  Based on
the outside and inside surface maximum and mini-
Mmum temperatures, thermal damping is often used
to compare the overall thermal performance of build-
ing sections and enclosures, but it does not exclu-
sively indicate the performance for such critical
periods of the day when protective measures from
severe heat stress inside a building are essentially
required. The concept of Degree‘Hour-Rating gives
a more realistic comparison of the intensity and dura-
tion of discomfort conditions inside during the, cri-
tical or usage period. For this integrated effect of
duration and intensity of peak temperatures is com-
puted from the observed data and in this calcula-
tion the peak temperatures above 80°C at each hour’
are added together leading to the integrated dis-
comfort degree hours, g

Table (3) gives the comparison of integrated dis-
comfort degree hours during 1000 to 1900 hours on
a hot summer day for the two solid brick wall en-
closures of 11.5 and 23.0.cm thickness under the
three test exposure conditions. It can be observed
that the intensity of integrated discomfort for the
inside surface temperatures of the two thicknesses
of wall, differs from 66 to 98% when all the three
walls were exposed, but when: two or one wall were

TABLE 3 B
Comparison of -Integrated Discomfort Degree Hours during 1000 to 1900 Hours on a Hot Summer

(East, South & West) i
Three walls exposed i

23.0cm.

(East & South)
Two walls exposed
. (w-wall shaded)

exposed the corresponding differenceg were re,
to (57 to 70%) and (43 to 56%, respectively,
-mal discomfort in both the cases in the thyes
posure coudi«tipns was found to prevail fo, 24 2
on hot summer days, ie, the temperatures yop,

ed above 80 degrees centigrade throughoyt the |
and night,

TrOpioal Summer Index (1.5.1)

TS.I. has also been recently developed(') tﬁ";'
relate the thermal sensations of humap being
the environmental Pparameters and jt can bg
culated from the measured values of et ),
globe temperatures and wind speed indooys,
speed indoors ig considered here as Zero. Fig.
shows the comparison of hourly variation of T
on hot summer days under the three test conditig
of exposure for the two thicknesses of walls,
diﬂ:erence,upto the order of 23, 14 and 08°C
be observed between the two cases in the thr
test conditions respectively, On  comparing ¢
integrated discomfort degree hours of T.§J. above |
30°C it was observed that the values differed by

37, 28 and 15% respectively in the three test co
tions. '

(South) Lt
One wall exposed L
(E & W walls shaded) K.

11.5e¢m Diff l?;iﬂ'. 230cm. Il.5¢cm. Dif Diff  23.0cm. 11.5cm. l‘:!iﬁ' ) Dlﬁ'
solid solid” inper-  solid | solid in per- solid solid
brick brick - cent brick brick cent  brick brick perce|
wall wall - 3 wall - wall wall wall
ot wall 716 1186 470 6 6is 1016° 388 g 551 810 25.9
inside : ' ;
surface iy i .
Scuth wall  44.6 797 851 79 ' 444 75.4 3.0 70 45.7 72.7 26.0 56
inside il i : ;
1 surface i : :
| West wall " 508 996 93 8 45 708 or8 4
yinside :
-surface i et s g
‘TSI at' 12 613 - - 838 ° 225 87 580 742 162
- meter .above - s o !

© uoor centre ¥

e T

- Note:

18 em thick cement- plaster was applied at the inside surface of all the walls,
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dry climates another fundamental and im-
sarameter for thin sections is the time lag
ing indoor temperature maxima with res-
the outdoor temperature maxima. Time
nds mainly on the heat storage capacity
tructure. When indoor maxima reaches
e time of opening of windows and ventila-
e evening hours it considerably enhances
ss to the occupants. It is always desirable
: temperature maxima reach late in the
so that the windows and ventilators can be
n for hkmg advantage of natural ventila-
I :.( 3 it-can be observed that the inside maxima
5 em tluck wal reaches earlier tlmn that of

er.t_heuml cap'lcuty Fig, (1) shows a difter-
£:4.5, 2.0 and 2.5 hours between the occur-
of inside maxima for the two cases facing
th and west directions respectively. On
the west wall only, ie., by exposing east
_uth awalls it can be observed from Fig. (2)
he corresponding differences were reduced to
and 1.5 hours. Further by shading the east
s0, i.e., by exposing south wall only, fig. (3)
that the corresponding differences are further
to 2.0, 10 and 1.0 hours respectwely; This

the vauously \mented surfaces under differ-
osure condnt:ons Finally this. has resulted
difference of 8.0, 20 “and 1.0 hours (Fig. 4)
een the occurrence . time of inside T.S.IL

ure conditionis, This clearly shows that the
maxima will always reach earlier in = the
of 11.5 cm brick wall even under one wall
ure condition. ! L | !

e | o i . i |
perfoxmance ‘of 115 cm thxck soh,d
resultant enclosure - pe1f01mance differs by
b, 28%, and 15% under-- the. . three. respective
osme COl'ldlthlls when three, two and one wall
ime” werg v:\[m-.c-d to oatside aveather, How-
in causing .this resultant difference and radi-
heat " stress the east, south and west oriented
Is contribute upto 68%, 79% and 98% respec-

tively and as such in no case it should be advised
to use exposed 11.5 em thick solid brick wall
towards the west dxrectmn in normal buildings.
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