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Fig. 1.
Abs!iract

Glass has been so far the most preferred and
commonly used material, but in actual practice
glass transmits 80% solar radiation causing greater
thermal discomfort inside. A study, to measure
the heat transmission properties of reinforced
plastics, has been conducted in C.B.R.I, Roorkee.
It is found that the reduction in heat transmission
through reinforced plastics is better than plain
glass sheeis. Secondly, on wealhering heat trans-
mission characteristics of reinforced plastics further
improve, which seems to be a promising alterna-
tive to glass.

Introduction

As an element in an exterior wall, a window
must also control heat flow. All radiant energy,
both visible and invisible, produce heat when
absorbed. Solar radiations account for visible 43%
of the total energy, ultraviolet upto 30% and

infrared upto 54%.

The materials at present in vogue for side light-
ing are glass and plastics'®,  For its high trans-
mittance and transparency; glass has been so far
the most preferred and commonly used material,
but in actual practice glass transmits 80% solar
radiation causing great thermal discomfort inside.
The vulnerability of glass to shocks impacts and

consequently its frequent  replacement s also
problem in many cases. From these consideration
the glass fibre reinforced plastics (G.R.P.) seem
he promising alternative to glass reinforced plasti
are, however, liable to show poor weathering per-
formance’ when in  exposed situations such b
in roof lighting and window applications.

A study of the heat transmission characteristics
of reinforced plaslics in relation to its comp
tional variables and influence of weathering should”
be of help in the pre-assessment of the heat trans
mission indoors when these shee's are used for si_ﬂ ;
lighting. :

This paper presents the data to show the suitabi
lity of these sheeis of diflerent compositio l_
details from the point of view of their heat @
light transmission both. Study has been carrie
out on reinforced sheets of different compositiont
details such as with different types of resins; differen
types of glass fibres, moulding and curing co“di A
tions and surface trea‘ments by subjecting them
natural weatheririg exposure at Roorkee for t
years. 3

=

Light  transmission  of Reinforced P‘l‘
decreases on weathering', Heat transmission
these sheets may be expected to decrease as

result of weathering. But the sheets which are &



eat transmission point of view may show
Hdl orioration in Jight  transmission.  There-

omly those grades are to be taken as best whose
]
Ismi“mu decreases lo 1 minimum ex'ent

ting Procedure: Two mat and four mat
were prepared in the laboraiory by the
nd lay up precess. Required number of
mats impregnated with resin were laid
the other. Air bubbles were squeezed
ng a  squeczing roller in all lamina‘es
air en'rapped laminates. Temperature
idity conditions were kept constant during
ng of laminates. Laminates were prepared
two glass plates and kept at room tempera-

red laminates were not given any post
d left at room temperature till exposure.
in cured laminates, paraffin solution was
to resin to check air inhibi'ion and
of mould left open to air to achieve a
resin-poor surface. A gel-coat resin was
give a gel-coat layer on both sides of
Fine glass tissue mat was used as a
mat lo attain  resin rich surface in some
. Thickness of surface treated laminates
4 3 m.m. whereas other laminates were
m.m. thick. Four mat laminates which as

Table 1:

denoted by a letier T after their identification
mark, were 4,55 0 0.4 num. and 3,75 - 0.4 mum
thick in case of surfaco treated and other laminates,
respectively,

2.2 Marerial Deluils

Chopped Strand mats of A and E type glass
fibres of texture 450 gm/m?® were used for produc-
ing laminates. A type glass fibre contains alkali
as Na20 and K20 (o the extent of 14% and E type
glass fibre less than 1%. Polyvinyl acetate was
present as binder and glass surface contained a
silane keying agent suitable for bonding with
polyesier resins. Total organic content of the mats
was found to be 4.5 and 6.2% in E and A glass
mals, respec'ively.

Three types of lay up resins and a gel-coat resin
were used in the study. Their main characteristics
are described in Table I and some other details are
given below.

A general purpose resin (G.P.) suitable for pro-
ducing glass fibre reinforced polyester roof light
sheets chemically a propylene maleat phthalate
polyester in syrene monomer containing a gmall
proportion of methyl metha crylate (M.M.A.) mono-
mer and a UV absorber. A gel coat resin (0.C))
is similar to G.P. except that it contains no MMA
and no UV absorber but contains a thixotropic
agent,

Calalyst used is a solution® of methyl ethyl
Ketone peroxide in dimethyl phthalate plasticizer

(Characteristics of Resins)

Characteristics General  Fire-resis- Isophthalic ~ Gel-coat
purpose tance based Tixotro-
pic
 Viscosity at 25°C (CST) 200 850 600
Specific gravity 1.11 1.11 1.12 111
Acid value (mg KOH/gm) 25 15 12 13
Volatiles (%) 36 36 40 36
. Water absorption of cast resin 0.13 0.12 0.10 0.12
- at 25°C in 24 his, (%) !
- Temperature of deflection 75 60 100 75

under 18.5 kg/cm?




and accelerator is solution of cobalt soap in low
boiling white spirit. Eleven different types of lami-
rates were prepared including all the above mention-
ed variables. A detailed statement about these lami-
nates is given in Table 2 along with glass/resin ratio
in each case.

2.3. Exposure

Samples were mounted on fixed racks facing south
at an angle of 45° with the horizon at Roorkee.
Range of monthly average of maximum temperature
during the period of exposure was 20.6-39.3°C,
minimum  temperature  5.6-25.2°C and relative
humidily 25.4-79.5%. Total rainfall in a year was
1361.7 m.m. and total sunshine hours 2960.5.

3.0. Measurement on heat transmission
characteristics

Transmittance for normal incidence was de‘er-
mined with the help of the multijunclion radio-
meter and a caliberated infrared lamp in the labora-
tory.

In this apparatus, a parallel collimator beam of
radiation from a infrared lamp operated at a cons-
tant voltage is made incident normal to the sample
which is mounted in front of the radiometer. The
radiomeler is fixed at 90° to the beam, It is pro-
perly screened from any direct light from the
sample. The transmittance is determined by taking
the reading of the radiometer with and without the

sample. The photograph of the apparatus is shown
in Fig. (1).

4.0. Results and Discussions

That transmission values of Reinforced plastics
of different compositions originally after 2 years
and 8 years of natural weathering and Dercentage
reduction in heat transmission on weathering have
been shown in Table 3. It js evident from this
table that Jaminates with E type glass fibres poses
high heat transmission values in the range of 0.52
to 0.62 in unweathered samples whereas laminates
with A type glass fibres possesses heat transmission
values in the range of 0.27-0.38 which is about
50% lower than E type laminates. This is a desir-
able criteria in favour of A type laminates for their
use as a glazing material in  roof lighting. It is

interesting to note that A type laminates DOSsegs
high diffusing factor compared to E type laml'nates
(A: 0.518-0.572, E: 0.024-0.095) as seen in 4 work
reported earlier and this is the reason for lower
heat transmission shown by A type laminates, Out
of E-fibre laminates only parafin cured laminates
show lower heat transmission and this js becaugg
of high diffusion factor (0.620) of this laminate due
to "uneven surface obtained as a result of paraffin
curing,

No appreciable difference in heat transmissjoy
values has been found in samples due to variation
in type of resin, manufacturing variables and sur-
face treatments except paraflin cured sample which
has been mentioned above.

On weathering heat transmission of all samples
decreases and ‘it lies in the range of 0.24-0.37 for
laminates with I type glass fibre. On an average
there is a reduction of more than 40% in the heat
transmission values barring a few cases. By in-
creasing thickness of laminates as in the case of 4 mat
laminates, heat transmission has been found to be
about 20% less compared to two mat laminate in
all cases. On weathering, there is a further redue:
tion in heat transmission similar to the trend seen
earlier in the case of two mat laminates. Thus, on
weathering, reinforced plas'ics show reduced heat
transmission which is a plus point in favour of use
of these sheets as glazing materials.  Paraffin cured
laminate and fire-retardant laminate show reduction
in heat transmission on weathering to the extent of
80 and 60 per cent, respectively. However, although
these sheets possess good heat transmission charac-
teristics, originally, and also improve it further on
weathering, all grades of sheets cannot be recom-
mended for use based on their heat transmission
characteristics alone.  Reinforced plastics  have
erosion of resin, efc.,, which may be responsible
for greater diffusion and thereby reduction of heat
transmission; it is important to consider other
charac'eristics such as light transmission of these
laminates on weathering in  order to be able t0
select suitable grades of sheets. The property of
some of the glasses is also shown (in Table 9)
which shows higher thermal transmission as com-
pared to plastics, except in the case of heat absorbs

ing glass.




Table 2: (Compositional details of luminates)

] IS0 IS S o i

deviggan id du

ample No. Manulueturhyg T'ypes of Type of Class conlents

yariable swiace resin glass fibre %
trealments

e zed

26.5

N VT B PR B = i T T S PRSI Y

- 011 normal General purpose I
111 ~ undercured 5 E 26.5
211 air entrapped 5 E 28.55
311 paraffin cured 3 Jens 24.1
411 surface mat ; o I 98.65
511 gel-coat ¥ E 21.80
012 normal i A 29.30
412 surface mat 5 A 34.8
512 gel-coat i A - 26.6
121 undercured® Fire resistant 5 24.4
031 normal Isophthalic based iy —
041 - normal Biophenol based I —
¢ colour change on curing,
Table 3: (Heat Transmission properties of plastics
and glass materials)
-5 L SR b e LI b 4 B i e
Heat Transmission { Perccﬁ:{g&?;ﬁg&tslﬁ;;lm
0. | @ ;s After 2 years | Afte ars Afer 2 years After 3 years
hf"i ple Original \ weathe?iﬁ\g Jéal;l?cﬁ: l waathc?ing weatheiing
! _______________d__—~—————____,______——,_4_a
0.62 , 045 0.40 . 27 36
0.58 0.28 0.24 51 58
0.55 036 = 033 ' 34 40
0.32 0.07 0.05 80 84
0.52 0.28 0.24 47 + 54
0.53 0.30 0.26 43 50
0.58 0.24 0.20 ' 60 65
0.54 0.24 0.20 55 63
0.54 0.37 0.33 : 31 45
0.27 0.18 0.15 33.3 52
0.38 0.17 0.13 55 65
ol 0.34 0.21 0.18 40 47
0. 012T 0.41 0.30 0.26 27 36
lT - 0.51 0.30 . 025 41 , 50
SLIT 040 0.30 0.26 25 34
0. 0121 0.45 0.13 0.10 71 79
[+ Perspex 0.58 =t — TG il
18, _lain glass 0.77 MRS dal i L E
sheet
Wired glass 0.59 — — o T

Heat Absorbing
- glass 0.15 = == = g




In “T'able 4 values of % reduction of light trans-
mission of different grades of sheet in  one year
weathering  has  been given. Light transmission
was measured for ‘mnormal incidence in accordance
with the method and details described in an earlier
publicalion, The data in Table 4 shows that
sample No, 511, 012, 412, 512, 011, 111, 211 and
411 show reduction in light transmission less than
10% whereas all other samples possess
higher than 10%. Therefore these

. best both from heat as well
point of view,
the basis of one
should  be
exposure.

a value
samples are
as light transmission
However, this has been found on
year natural weathering data and
checked for prolonged weathering

Table 4: (Light Transmission Properties)

S.No. Sample % reduction in light
transmission on one
year natural
weathering

1. 011 8.5
% 111 6.1
3. 211 9.0
4. 311 53.5
5. 411 7.2
6. 511 2.3
7. 121 38.8
8. 031 25.0
9. 012 2.9
10. 412 5.5
11. 512 3.0
Conclusion

1. Heat fransmission of plastic sheets is much
less compared to glass sheats (except heat absorb-
. ing glass), and hence they are more suitable for
glazing application and will create more favourable
thermal conditions inside,

2. Reinforced plastics with » type gla
possesses lower heat transmission ‘than sheg
E type glass fibre,

3. There is no difference in the heat tra -‘.
characteristics of reinforced plastics with
types of resins and manufacturing variabeg
the paraffin cured and fire resistant grade la
for the reasons discussed earlier, '

4. Sheets with higher rate of weatherj
tion show less and less heat transfer
ing proceeds.

5. On weathering, heat transmission charac
tics of reinforced plastics further improve,

Although reduction in heat transfer
noticed to the extent of 80% on ing
some grades, but such sheets are not suitable
use as they, on the other hand, deterioratg |
faster in light transmission characteristics,

Ounly those sheets which have fairly good
tance towards weathering should be used fo
ing application,
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