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ous Eroblems associated with the
thic
attempt was made to

ifferent compositions

from the basic requirements of structural safety,
and rains play an important role in the design of
s for the hot-dry regions. While designing such roofs
wing considerations are important.

" () The roof wHich forms a part of the external
. surface of a’conventional building remains more
exposed to the sun and external climate than the
~ external walls. The roof receives large proportion
of the sun’s radiation because of jis mclli]nation
with respect to solar altitude and it also cools
more during night hours. It js very difficult to
-protect roofs from radiation and; therefore, in
the case of unconditioned buildings effects of
radiation from the high ceiling are the main source
“of discomfort. For conditioned buildings, it is
mainly the design of roofs that determines the
running cost and capacity of airconditioning plant,

(#) The variation in the cost of construction
between one or another roof depends on both the
- material used and the design.

The high surface temperature of the roof
:  increases the rate of deterioration of many roofing
~ Materials. It hastens the chemical degradation of
unprotected bituminous roofing membrane and
causes the formation of blisters and bubbles as
a result of the evaporation of water which might

' have been trapped beneath poorly laid felt during
* construction. Bituminous roofing membranes can
by the low night temperatures
which make them ~brittle resulting in cracking
under stress and strain., Such failures of the roofing

over insulation.

¥) Thermal movements resulting from the extreme
~ day and night temperature are experienced in
different degree by nearly all materials of the
They cause cracks, distortion and sometimes

even failure. Severe failures have been observed in
€ case of concrete slab constructions, Fractures
along the line, where the main walls join the roof
. and the parapet walls, are common failures due to
- thermal movements in the concrete slabs. The
traditional forms of roof construction using
Materials like lime, concrete or mud-phuska with
tiles terracing for heat insulation and waterproofing,

. though basically very heavy, offer a high degree of
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A\ HEAT I Nsu AT ION .
UDevelopment of alternative - heat Insulating and
waterproofing material for roofs in tropics

tain aspects relating to protection from the direct sun,-

membrane occur more frequently when it is applied -

l:}..ﬂ. Gangopadhyay, S. P, Jain, Vinod Kumar, K. K. Asthana, R. S. Rawat and R. K. Jain

prevailing heat insulating 'and waterproofing treatments

roofs in tropics are well known. In order to find a suitable solution to these problems,

develop a rational, efficient and functional alternative treatment

ising low cost, resin bonded bloated clay aggregates. Laboratory tests on cube samples and field
on wall and roof panels were carried out to determine the performance of the new treatment,

ugh the results of the performance study are highly encouraging, further laboratory studies

. of resins and light weight aggregates and rigorous field trials on
prototype structures are necessary before actual large scale use in the field '

resistance to the external climate and to the diurnal
variation in temperatures. But these types of roofs
are highly expensive, not only due to high material
cost but also due to the additional dead load of the
Structure which increases the cost of reinforcement
and concrete in the roof slab, besides increasing
the cost of substructure.

(v) Due to alternative heating and cooling in summer
days the uppermost lime terracing layer is generally
chipped of making it ineffective for waterproofing.
Any rain water seepage in the mud-phuska roofs
can be a serious problem. T herefore, the main-
tenance cost of such roofs becomes considerable,

Objective

The hot-dry climate is characterised by its wide diurnal_
variations in temperature and high  solar radiation
intensity. These variations, which bring-about non-steady

state conditions of heat flow, make the calculations very
complex,

' The objective of the preliminary laboratory and field
experimental studies under actual weather conditions
described in this article, was to develop some suitable
alternative thermal insulating and waterproofing light
weight polymer concrete, using low cost resins from the

* indigenous sources. After complete prototype tests and

performance studies the new polymer concrete may be
advocated as an alternative material for actual use in
buildings. :

1

The article is divided in two parts. The first part
describes the development of new material, its chemical
composition, waterproofing characteristics and other
related properties, whereas in the second part the dis-
cussions are mainly confined to the heat and thermal
insulation aspects,

Material development ' o N

Lightweight plastic- aggregate concrete using expanded
polystyrene beads as aggregate has been developed and
usgd for thermal insulation and ldrge precast components
in a number of countries! 2, Work has been carried
out at the Central Buildin Research Institute (CBRI)
Roorkee, to develop tharmaFinsu]aling and waterproofing
polymer concrete, using low cost resins from indigenous
sources. The resins selected for this work were cashew
nut shell liquid (CNSL) aldehyde resin, shellac (a natural -
resin), celex (sulphonated liquids from paper industry
waste) and rubber modified CNSL resins. The resins
based on CNSL were developed in the CBRI laboratory®.

Sand and resins were mixed in different proportions
and compaction of the mix in the mould was done by
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In the present work, bloated clay aggre -
chosen for the development of light\%gig}%?teﬁl Were
insulating concrete. CNSL resins can excellem;s
bonded with bloated clay aggregate (BCA), For thisey
suitable resin/aggregate ratio was worked oy, ensilud A
this composition was found to be of the order of 0%’ of
0.8 gm/cc dnd water absorption in 24 hours ;g of to
order of 1 to 2 percent. It has been observed h
compressive  strength  of resin-aggregate

increases as the curing proceeds. This js evid
Table 2, g from‘

TABLE 2: Properties of resin-BCA Concrete

Sr. ' Curing conditions Compressive L
No. i Strenpi)
Tvntperane Hiw i
: ! ; : ! i :
| 21004100 T nyn 24
2 21°CcH 1o 90 days 100
3 70°C 18 hours 185
4 40°C 18 hours 12.0
5 100°C 18 hours 42.0 Hs
: —"*"_‘—‘—‘—‘—-—-___ I
Fig 1 Front view of thermal chambers Field study ' ;

i . ; ! Thermal chambers, Figs 1 and 2, which were dey
rodding. Curing of the specimens was carried out for earlier at the CBRI, %oorkee, and were used ff)lfptﬁd
7 days at 27°C + 1°C In a constant temperature room, and lati luati f field th [ “oarf S
in some cases at 100°C for 24 hours in an air-circulating ir:()?eﬂzg wi‘;?;:& ]l%lz)f gecti:)ens oft d?;l?r?sio!:]‘:gg?;f;%% of
oven. The results of compressive strength and water e

Z . and 60 cm x 60 c¢m respectively, were utilized for this
absorption on 25 mm cubes are reported in Table |1, study.® 567 Fios' 3 and 4 show the actual installation

It is seen from the results that compressive strength  of various polymer concrete and conventional roof panels
obtained are quite low and the maximum strength of  on the thermal chambers for testing their field thermg]
195 kg/em? is obtained in case of rubber modified CNSL  performance. In these chambers, one side of the pane]
resin sand mortar. The mortars based on these resins have _ was kept expdsed to the outside weather during the entire
to be evaluated and compared with the mortars based on  period of study to have a natural unobstructed wind and
polyester and epoxy resins, The strengths of the former  solar exposure and the other side i.e. inner side of each
ate much lower compared to the latter, Water resistance  panel was placed in the interior of these chambers. These
of mortar cubes based on these fesins was determined by  panels and their chambers were properly insulated from
immersing cubes in water for 24 hours, Water absorption  each other by using 10.0-cm thick thermocole to ayoid
of the cubes was determined for resin sand ratio of 1:4.  any transfer of heat and also to avoid any heat loss from
These cubes were cured at 100°C +1°C for 24 hours. the edges.

It may be conclud_ed from the above work that mortars Measurements

based on CNSL resins give excellent water resistance, :

Therefore, these mortars could be used for waterproofing  Temperature measurements were made by 30-SWG cali-
purposes. Since density of these mortars was quite high brated copper-constantin thermocouples, connected to
and they were unsuitable for thermal insulations, attempts  precision self balancing potentiometer through a gang
were made in the next set of experiments to replace sand  of rotary switches located in a central instrument room,
by a lightweight aggregate. Initially, three types of  The temperatures were measured up to a fraction of
aggregates namely bloated clay aggregate, cinder, and  (.15°C, Several sets of observations were made round the
expanded polystyrene bead, were used and all were  clock to record half hourly temperatures of the outdoor
found to be suitable for Preparing a lightweight concrete, air as well as outside and inside surfaces of the test

-TABLE 1: Properties of low cost resin sand mortar

Type of Curing temperature Water absorption Compressive strength, kg/em?
resin after 24 hours 2 :
immersion for resin Resin/sand ratio
sand ratio of 1:4

14 15 1:6 17
CNSL 27°C 4 1°C for 7 days i ‘ 5.5 6.5 5.0 5.5
CNSL 100°C 0.1 percent 39.0 55.5 48.8 39.5
CNSL/Celex 27°C + 1°C for 7 days — : 70 6.8 23 i
(50: 509 ”
CNSL/Celex 100°C . softened 50.0 46.7 10.9 5
(50: 50) :
Rubber modified 27°C + 1°C for 30 days - 126.0 - - o
CNSL ' $
Rubber modified 100°C 0.1 percent 195.0 - - sy %
CNSL
Shellac 100°C 8.7 percent 43.6 - 333 B
Celex 100°C disintegrates 30.0 .= - =
Celex : 27°C + 1°C for 7 days distintegrates 4.5 - - ¥l
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Fig 2 Back view of thermal chambers

nels on hot-dry, clear and calm, sunny days. The data
such a representative day has been considered for
erpreting the final results.

- In the first instance, studies were carried out for
improving the thermal performance of 11.4-cm solid brick
‘wall.® The purpose of the study was to economise the
t of construction. This could be achieved by the
‘application of lightweight and reflective 2.0-cm thick
lime-surkhi plaster on the exposed surface of 11.4-cm
thick solid brick wall so as to bring its thermal perfor-
‘mance very near to a conventional i.e. 22.9-cm thick solid
 brick wall. The following three wall panels were utilised
for this study:

() 22.9-cm thick solid brick panel with 1.3-cm thick
cement sand (1:6) plaster both sides.

(i) 11.4-cm thick solid brick panel with 1.3-cm thick
i cement sand (1:6) plaster both sides.

~ (iff) 11.4-cm thick solid brick panel with 2.5-cm resin
bonded BCA treatment at the exposed surface
and 1.3-cm thick cement sand (1:6) plaster inside.

The effect of using resin-bonded bloated clay aggregate
CA) at the exposed surface of walls gave very encourag-
ng results. But considering the difficulties in the appli-
cation of such resin bonded BCA on vertical walls and
very limited advantage of improvement in the indoor
S _them'lal conditions due to less exposure of walls to the

- sun, it was ‘considered to study its effect on the roofs to
devellop an alternative material for replacing the existing
cat insulating and waterproofing treatments such as lime
- Concrete terracing or mud phuska with tiles.

The following five roof panels were utilised for the
- Studies:
(i) 11.4-cm reinforced concrete panel.

(i) 11.4-cm reinforced concrete panel + 1.9-cm resin
bonded BCA treatment+1.3-cm cement sand
(1:4) plaster.

"MARCH 1985

(ifi) 11.4-cm reinforced concrete panel +2.5-cm resin
bonded BCA treatment+ 1.3-cm cement sand
(1:4) plaster.

(fv) 11.4-cm reinforced concrete panel +3.8-cm resin
*  bonded BCA treatment+ 1.3-cm cement sapd
\ (1: 4) plaster.
(v) 11.4-cm reinforced concrete panel + 10.2-cm lime
concrete terracing.

To avoid non-uniformity in construction, the materials,
specifications, mixes and thicknesses of the panels were
strictly the same. Similarly to avoid non-uniformity in
workmanship, same mason was employed for all con-
struction work throughout these field studies. However,
the difference between the constructional features of
various panels was properly maintained.

Results and discussion

Inside surface temperatures: The indoor thermal condi-
tions of any enclosure are basically governed by its inside
surface temperatures. For thermal comfort the panel
should ensure lower internal surface temperatures to
minimise the radiant heat loss by the occupants of an
building. Higher inside surface temperatures also contri-
bute indirectly in raising the indoor air temperatures
and vice-versa. The radiant heat gain by the human body
will assume all the more importance in summer conditions
as the body heat balance depends on the radiant heat
exchange and sweat evaporation when the ambient air
temperature goes up.

Integrated discomfort degree hours: To evaluate the
effect of any treatment, it was a common practice to
compare the changes that occur in the maxima and
minima temperatures of inside surface/indoor air. But this
alone does not provide a real basis for the comparison
of the overall thermal performance. It is now well known

_that for proper thermal rating of roof and wall sections

the integrated effect of duration and intensity forms a
traditional basis and the concept of degree hour rating
fulfils this requirement.?

Hence, degree hours above a base temperature of 30°C
are to be computed and in this calculﬂtion the inside
surface temperatures above 3J0°C at each hour are added
together leading to the integrated degree hours. Here

Installation of untreated and treated roof panels

Fig 3
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Fig 4 Installation of polymer concrete treated roof panels
\

the base temperature of 30°C is chosen,
temperatures will impair radiant heat losses from the
human body. The duration in number of hours when the
inside surface temperatures of the panel exceed 30°C
are also calculated and based on this criterion, various
panels can be compared well for their thermal behaviour.

as higher

Wall performance: Fig 5 shows the hourly variation of
inside surface temperatures on a representative hot
summer day at Roorkee. During the cool morning period
between 0000 hours to 0700 hours, 2.5-cm thick resin
bonded BCA treated panel recorded higher minima
temperature upto 1.5°C than the normal [1.4-cm thick
solid brick wall panel. It is clearly due to the higher
thermal resistance offered by the resin bonded BCA
treatment in the heat flow path from inside to outside
surface. On comparing the minima of inside surface
temperatures of the resin bonded BCA treatment with

_ tions (> 30°C) prevails for all the 24 hours in g the

. treatment the 11.4-cm thick soli

season as this treatment will not allow more hegg | k
during the cool night hours of winter. The resin bOndoss
BCA treatment keeps the indoor minima tempera, ed
a higher level, which is a basic requirement for'sbgz X
thermal performance in winter season. 168

Table 3 shows the comprehensive thermal perfo
ance data of the three wall panels, includeg 1(11:‘
integrated discomfort degree hours during day anq ni he
and also the total values for 24 hours for the insxdt
surface temperatures above a base temperature of 300Ce
It can be observed that although the discomfort copg:

three cases, there is a considerable improvement in the
overall discomfort degree hours with the use of resin
bonded BCA treatment as compared to the untreateq
I1.4-ecm thick solid brick wall dpan.:*.l. With the new
brick wall pane] has
approached very near to the 22.9-cm thick solid brick
wall in its thermal performance. -

Roof performance: Fig. 6 shows the variation of insjda
surface temperatures of various roof panels on g repre-
sentative hot summer day at Roorkee. It can be obseryed
from the curves in Fig. 6 that the effect of 3.8-cm resin
bonded BCA treatment over 11.4-cm thick reinforced
concrete roof panel with 1.3-cm thick cement-sand plaster
at the exposed surface is very close to the effect of
10.2-cm lime concrete terracing over 11.4-cm thick
reinforced concrete panel. Also there is a very little
difference between the inside surface temperatures of the
two panels when thickness of BCA treatment is reduced
from 3.8-cm to 2.5-cm. Further, by comparing the total
integrated discomfort degree hours, Table 4, it can be
observed that the effect of 3.8-cm resin bonded BCA :
treatment is very close to the effect of 10.2-om lime
concrete terracing over 11.4-cm thick reinforced concrete
panel.

With these observations it may be safely concluded
that the density of resin bonded BCA treatment can be
redesigned to have the desired thermal performance with

i | the existing heat insulating treatment in its minimum
that of the conventional 22.9-cm thick solid brick wall, it thickness. This will involve evaluation of different
can be observed that the former is slightly lower by 0.5°C compositions of resin and light-weight aggregate so as to
than the latter. Such a performance of resin bonded  optimise resin content, density and the thickness of the
BCA treatment will also serve a useful purpose in winter - polymer concrete from both cost and performance angles,

TABLE 3: Thermal performance of thres different wall panels on a hot summer day
Outdoor Inside surface temperatures Integrated Total integrated Inferiority in
Detaiss of test temperature and time discomfort discomfort degree TIDDH with
panels facing degree hours hours respecl
east direction Maximum Minimum Maxima Minima (TIDDH) in 24 to 22.9 cm
hours duration thick brick
Tempe- Time Tempe- Time  1000t0 2000 to wall
rature rature 1900 0900
°C 2C hours °C  hours hours hours . percent
H.4-cm thick solid
brick wall panel 442 236 453 1400 325 0630 1344 87.8 2222 124
with 1.3-cm cement-
sand (1: 6) plaster
both sides
11.4em thick solid
brick wall panel
with 2.5-cm resin
bonded BCA 05
treatment outside 414 1730 340 0730 101.0 97.7 198.7 :
and 1.3-cm
thick cement sand
(1:6) plaster
both sides
22.9-cm thick solid
brick panel with =
L.3-cm cement sand 41.8 1730 3.6 0730 96.8 90.9 197.7
(1:6) plaster
both sides. L
OURNAL
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O———a 114 mm thick brick wall with 25mm
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34 0———0 229mm thick brick wall with 13mm
cemenlt-sand plaster oulside
(13mm cement . sand plaster at the
inside surface of all panels)
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Fig 6 Hourly variation of inside surface temperatures of wall panels
| field trials on prototype structures are necessary so
though lhf. grescnt field studies for the development of  that all Important aspects under the tropical climatic
‘suitable alt

rnative heat insulating and waterproofing  conditions are thoroughly examined before any recom-
terial for thick roofs are preliminary, the results are  mendation for actual use of such a material is finally
highly promising. Further laboratory studies on different made. A research project on further development in this
compositions of resins and light-weight aggregates and  direction is in progress at the CBRI, Roorkee.

RITS 53-9
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Temperature

38 4N

R.C.= Reinforced concrete

N4 mm thick R.C. panel

fl4mm R.C.panel +19mm resin bonded
B.C.A.treatment + 13mm cement plaster

I1imm R.C.panel + 25mm resin bonded
8.C.A. treatment +13mm cement plaster

M&mm R.C.panel +38mm resin bonded
B.C.A. trealment + 13mm cement plaster

0——o 1l4mm R.C.panel +102mm lime terracing

30 TV 1 L oo ulimond 1 et A J 1 L. ]
0 4 8 12 16 20 " 24
Time, hr —»
Fig 8 Hourly variation of inside surface temperature of roof panels
MARCH 1945
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. TABLE 4: Thermal pPerformance of different roof panels on a hot summer day

Outdoor Inside surface temperatures Integrated Total in.regm

Details of test temperature and time discomfort discomfort degree #-1 197:'-,\‘;;”1' fn
anels —— degree hours hours “r““’"ﬂ'! o
Maximum Minimum Maxima Minima T (TIDDH) in 24 ¢ ect
e o \ hours duration thick mof- cm
Tempe- Time  Tempe- Time 1000 to 2000 10 with ,engaf'e’
rature rature 1900 0900 cing
°C o°C °C  hours °e hours hours hours 2

11.4 cm thick
reinforced concrete :
roof panel with g

10.2-cm lime- 41.5 25.0 420 1800 334 0900 830 . 958 2 178.8 o
concrete terracing

treatment

11.4-cm thick

reinforced concrete

if roof panel with

(i 3.8-cm resin .

bonded BCA 42.8 1800 333 0800 90.2 91.7 181.9
treatment with ) : : ;
1.3-cm cement sand

(1:4) plaser

11.4-cm thick

reinforced concrete |

roof panel with

2.5-cm resin bonded ‘. 434 1800 33.0 0800 95.9 92.0 : " 187.9 3 5.1
BCA treatment with !

1.3cm cement sand A

(1:4) plaster ‘

H.4-cm thick P
reinforced concrete
roof panel with
1.9-cm resin
bonded BCA
treatment with
1.3-¢ cement-
sand (1:4) plaster

H.4-cm thick

reinforced concrete 4 53.9 1600 31.0 0700 175.7 78.2 2539 420
roof panel :

I

1700 326 0800 ' 1159 99.5 2152 204
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