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RENDERING FOAMED CONCRETE WALLS
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Experimental Studies at the Central Building Research Institute

by S. K. CHOPRA and B. K. JINDAL* {/; g(

In view of the reported failures of renderings applied to foamed concrete partition walls, a study

'f'f‘ of the compatibility of different types of renderings was carried out at the Central Building Research

Institute, Roorkee.

i

2N

3 379 for 1 : 2 gypsum-sand rendering.
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2 rendering foamed concrete walls.
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adia foamed concrete ‘Vayutan’ is being manu-
ured by the prefoaming method.! Fully autoclaved
ks of unit weight about 40 1b/it® have been
liﬁgly used for building partition walls. Cracking of
nderings, however, has been a serious drawback
hout even though the specifications were modified
‘time to time. .
ing to Saretok,? failures may originate either in the
ing itself or in the carcass of a building. Since
lably dry blocks and a weak mortar (1:2:9 cement-
and) were used for walls which were built with adequate
y,® failure of the rendering was considered to be more
ole. Suitability of different types of renderings for the
| concrete backing was therefore investigated.

gement of Experiments

ﬁroperties of the foamed concrete blocks were tested

ing to British Standard 2028:1953 for Precast

te Blocks. The composition of the renderings studied
15 given in the first column of Table 2, ordinary Portland
: t conforming to IS 269 : 1951 and lime conforming to
11956 being used in their preparation. The aggre-
mponent of the renderings was a well graded natural

conforming to BS Standards 1198, 1199. The propor-.

The nature and magnitude of the movements of the renderings and backing were observed under
stmulated tropical conditions. The present study indicales that, while the movements of the renderings
were in step with those of the backing, the magnitude of the movements was related to the composition
of the renderings. The resistance of the renderings to cracking was determined from the ratio of the
lensile strenglh at rupture to the actual tensile stress imposed by the restrained shrinkage. The values
were found to be 2:00, 1-99, and 2+17 for 1 : 4, 1: 6, and 1 : 6 (air-entrained) cement-sand render-
ings, 3:17, 3-47, and 4:29 for 1:1:6, 1:2:9, and 1:3: 12 cemeni-lime-sand renderings, and

Weak cement-lime-sand mixes such as 1:2:9 and 1': 3 :12 are therefore recommended for

tioning of the mixes was done on a weight basis. For deter-
mining the physical and strength characteristics of the
renderings, the mixes were brought to a workable consistency
by the addition of a quantity of water such as to give a
flow of 100 to 115 when tested according to ASTM Designa-
tion C109—54T. The rendering based on gypsum as a binder
was brought to a standard consistency in accordance with
specifications given in ASTM Designation C 26-54.

In respect of curing, the following schedule was followed.
The specimens of all the mixes, with the exception of 1 : 2
gypsum-sand, were cured at a relative humidity of not less
than 90 per cent for the first 24 hours, under water (at
27 4= 2°C) for a further period of 6 days, and finally at a
relative humidity of 50 4 5 per cent for 21 days. In the case
of the 1:2 gypsum-sand mix, the specimens were cured for
the first seven days at a relative humidity of not less than
90 per cent, and subsequently at 50 4 5 per cent humidity
till the weight of the specimens showed negligible loss.

The testing of specimens for strength was done according
to normal procedures. The dynamic modulus of elasticity
was determined by finding the resonant frequency of prisma-
tic specimens (10 in X 2 in X 2 in) excited in the flexural
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i TABLE |. Test conditions for the exposure of the rendered foamed concrete blocks
| Serial i Total time elapsed
| 3 Test condition since plastering Remarks
In moist closet of not less than 90 per cent 8 hours Only measurement of the movement of the blocks, was
i relative humidity possible at this stage, the rendering being too weak,
*“ Rendered surface in continuous contact 24 hours The first reading of the rendering was taken and hence-
= with water forth movements in the blocks as well as in the rendering
3 were recorded.
' i As above 7 days Movements were recorded after every 24 hours.
: ‘ Rendered blocks exposed to relative 28 days Movements were recorded at an interval of 3 days.
3 humidity of 50 4 5 per cent, temp.
27 4. 2°C
Rendered blocks dried at 40 - 2°C and Till such time that there was no further dimensional
¥ a relative humidity of 17 per cent change.
-
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TABLE 2, Properties of the renderings

B
* Bond
Compressive strength Flexural strength Tensile strength tensile
Sk S A
Composition of the Ibfin 1bfin’ 1b/in Sfﬁ:ﬁgzh Shrinkage
renderings (by vol) per cent
7 days 28 days 7 days 28 days 7 days 28 days 28 days
1:4 cement-sand 624 916 306 445 104 148 25:0 0-122
1:6 cement-sand 450 784 114 202 55 75 200 0-:139
1:6 cement-sand (air-en- 230 448 103 190 51 71 11-0 0112
trained)
1:1:6 cement-hydrated lime- 405 660 100 176 80 114 18-0 0-159
sand
1:2:9 cement-hydrated lime- 107 186 42 73 29 43 15:0 0-139
sand
1:3:12 cement-hydrated lime- 37 53 10 21 20 27 13-0 0-128
sand
1:2 gypsum-sand 159 1656 | i 77 26-8 26-3 29:0 0:052 (expansion

mode. ¢ The adhesive strength of the renderings to the foamed
concrete backing was determined by casting disc specimens
of 2 in dia and 1 in thickness on the backing and pulling
them apart from the backing after 28 days of curing, the
first 7 days at 99 per cent relative humidity and the subse-
quent 21 days at 50 - 5 per cent humidity.

To study the relative movements of the various renderings,
they could either be applied to individual blocks or to a
panel constructed of them. The former was preferred because
of the better control of the test conditions. Menzel also has
indicated his preference for individual blocks in a similar
type of investigation.® For testing the renderings, each one
was brought to the standard workability (flow of 100 to 115)
and then applied immediately to the face of at least three
blocks after cleaning and wetting the faces with an adequate
quantity of water which was found by trials to be 3 per cent
of the weight of the block. Each rendering was applied in a
single coat to an average thickness of § in. The movements
in the renderings as well as on the faces of the rendered blocks
were recorded with the aid of a Huggenborger deformeter
of 10 in gauge length and a reading accuracy of 0-0001 in.
The value of each movement reported in the paper is an
average of at least nine values.
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The movements were measured under various test con
tions (Table 1) which were formulated with a view to simul
ing not only the practical conditions of the setting, curi
and final drying but also the prevailing atmospheric con
tions. While curing in the field is done by sprinkling wa
on the rendering for seven days, in the laboratory it y
done by bringing the rendered surface in contact W
water as the former method lacks reproducibility. Simila
though renderings in the field undergo a variety of tempe
ture and humidity conditions, in the laboratory the Ind
standard temperature of 27 4+ 2°C was chosen. For de
mining ultimate shrinkage, the blocks were dried at
temperature of 40 4 2°C and a humidity of 17 per cent
simulate the extreme conditions of the hot summer mont

Results and discussion

For a rendering to be durable under a particular set
climatic conditions, it is desirable that it is compatible ¥
the backing, .., a good degree of adhesion is obtainal
that its strength bears some relation to that of the backi
and finally its movements are in step with those of
backing.? The experiments were designed to obtain inforl
tion on these points.

Properties. The physical and strength characteris
of all the renderings studied are reported in Table 2 and
results are self-explanatory.

Melegan A, manufactured by Imperial Chemical Indust
Ltd, India was used for entraining air in the 1: 6 cenx
sand mix. The amount of air entrained was found to be
per cent when determined as per ASTM Designation Cl
55T. The foamed concrete blocks were tested as per sp
fications given in BS 2028 : 1953 for type C blocks.
average compressive strength was found to be 238 1b
and the transverse strength test carried out on 2-in th
blocks gave the average breaking load of 139 Ib. The val
of the moisture movement and drying shrinkage were {0
to be 0:08 to 0:11 per cent and 0:10 to 0-14 per ¢
respectively, when determined according to the

_procedure prescribed in the abovementioned standard.

values are rather high.

The expansion of the faces of the blocks on wetting
found to be 0-041 to 0:065 per cent depending upon
initial moisture content of the blocks which absorbed 10-
per cent water by volume in 24 hours. When the bl
were exposed to 99 per cent humidity, the moisture absf
tion was 6-2 per cent and the corresponding expan
as 0:026 per cent. Since the absorption of moisture by
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TABLE 4. Relative resistance of the renderings to cracking
Unit !
Unrestrained | Restrained | shrinkage I%idutl.u?t ot Stress, Utltlm_?te
Rendering shrinkage, e, | shrinkage, e, | prevented, (sii'ff y P Stensn teil
per cent per cent é—e) [pline s 100 Ib fin® HEnsLl,
%€ 10-9 fin? X 10 fin p’, lb/in
1:4 cement-sand 0:0730 0-0680 0-0050 2-79 139-5 280-0
1:6 cement-sand 0-0723 0-0676 0-0048 1-78 85-4 170-0
1:6 cement-sand (air-entrained) 0-0765 0-0723 0-0042 1-67 69-3 151-0
1:1:6 cement-hydrated lime-sand 0-0660 0:0607 0-00563 1-20 63-6 202-0
1:2:9 cement-hydrated lime-sand 00460 0:0420 0:0040 0-:72 29-0 100-5 47
1:3:12 cement-hydrated lime-sand 0-0445 0-0406 0:0039 0-66 21-5 92-2 .
1:2 gypsum-sand 0:0400 0-0370 0-0030 1:16 34-8 1320 . i
—

Table 2). The actual tensile stress imposed was calculated
by multiplying the unit shrinkage prevented by the backing
with the corresponding values of the modulus of elasticity.

The resistance to cracking or the factor of safety has
been determined in the past from the ratio of the extensi-
bility (or ultimate breaking strain) of the mix and its maxi-
mum shrinkage subsequent to hardening.l® In the light of
the findings of the present study, this method is perhaps
not realistic as it does not take into account the influence
of the backing and the conditions prevailing in the field.

The two specifications which have been followed mostly
for rendering foamed concrete walls in actual construction
are 1:5 or 1:6 cement-sand over hecked cement washed
surface, or an undercoat of 0-12 in (3 mm) thick 1 : 6 cement-
sand and a finishing coat of 1:1:6 cement-lime-sand.
Though such specifications have been recommended by one
manufacturer,’! the present study indicates the value of
R as about 2 for cement-sand compositions, If the curing
of the cement renderings in the field is not done sufficiently
and carefully, the rate in gain in strength may not be
sufficient to withstand the ever increasing shrinkage stresses
and this may ultimately lead to the appearance of cracks.
This may explain why cement-sand renderings did not show
a good performance under practical conditions.

Of the various cement-lime-sand renderings, any of them
may be used; however, 1:2:9 or 1:3:12 are to be
preferred. Foamed concrete panels (4 ft X 6 ft) plastered
with 1:2:9 and 1:3: 12 renderings have not shown any
cracks for the last one year. The 1 : 2 gypsum-sand rendering
requires a finishing coat and as such may not be economical.
Also the use of gypsum plaster under tropical conditions is
not recommended.!?

Conclusions

In the case of walls constructed with lightweight concrete
blocks of relatively low strength, the choice of the right type’
of rendering is important and an estimation of the relative
resistance of various types of renderings to cracking has been
found helpful in making a selection. In general, weak render-

ings such as 1:2:9 and 1:3:12 cement-lime-sand ;
recommended for the foamed concrete ‘Vayutan’.
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