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ENOUS FOAMING AGENT FOR LOW DENSITY
FOAMED CONCRETE

by G. W. KAPSE,* S, K. CHOPRA* and N. K. PATWARDHAN* \ P

foaming agents, namely A, B, C, D, , F & H described
hercin, vary only in the ratio of rosin to stabilizer and in the
concentrations of the latter.

The proportions of the materials, the condition of mixing,
etc for preparing the indigenous foaming agent "H’ are
covered undcer Indian patent No. 58909.

Testing of foaming agent

The evaluation of the different foaming agents, A, B, C,
D, E, F & H was carried out on the basis of their expansion,
stability and effect on setting and hardening of cement.

The stability of foams was measured by using the appara-
tus bascd on the principle of Foulk and Miller.® A 0-5 per
cent solntion of pure saponin was used to calibrate the
apparatus. Stability of different concentrations of the foam-
ing agent was determined by noting the height of the foam -
at regular intervals on passing a steady current of air through
the liquid at the recommended conditions of temperature
and pressure.*

* Ceatral Building Research Institute, Roorkee.
t+ Manufactured by Indian Rosin and Turpentine Factory, Bareilly,
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Fig 1 Stability of foams,
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TABLE |.

Relationship between expansion factor and concentration of the foaming solutions

Concentration of FoAMING AGENTS y 3
the solution — - - - Commercial Saponin Comumerei
{pet cent) A B i s D E [ r H
1-0 4-00 3-61 —_— — — 1-36 64 3-72 3-50 o
ATk 441 | 4-62 2272 3-00 2:89 2568 2:90 380 360 3:22
3.0 440 472 382 REE! 376 308 376 4-36 3-44 408
4-0 4-45 4-80 422 430 388 430 420 516 — 3:72
5:0 443 472 4-32 4-12 3-56 4-24 4-04 464 — —
TABLE 2. Comparative stability of foams generated from various foaming agents
Ti HEIGHT OF Foast (cM) FOR VARIOUS FOAMING AGENTS WITH DIFFERENT STRENGTHS OF SOLUTION |
ime | - 3
[min- A B B & D | 10 13 H b |
Lles o - T —F = ki = i
e 1 3% | 4% | 3% | 4% | 3% | 4% | 3% | 4% | 3% | 4% | 3% | 4% | 3% | 44M
1 | 58 1:3 4-0 4-3 58 45 40 40 45 4.5 45 4-5 5-9 60 |
20 62 | 68 6-0 | 65 8- 73 G- 1 65 74 75 7-5 7-0 8:6 90
30 6-0 80 6-5 I 81 10-0 9-1 8-5 00 Y-5 10-2 10-0 96 110 12:0
40 6-0 80 68 | 84 -t 10-7 113 -0 -5 12-5 123 125 14-0 15:0
50 6-0 8-0 6-5 | 84 12-4 ‘ -3 133 128 13-1 14-1 14-7 15-0 17-0 18:0
|
|

Laboratory preparation of foamed concrete

The eflicacy of the foaming agents was further tested by
using the foams generated from their solutions in making
foamed concrete of low densities (14 to 20 [b/ft?).

The raw materials used in the making of foamed concrete
were

(/) Portland cewment or rapid hardening cement, and

(1) Jumna ov Solant sand (ground to pass 170 inesh

BS sieve with a maximum residue of 10 per cent).

Foamed concrete of various densities was prepared by a
judicious sekection and proportioning of the above malerials
m a 2 {t diameter Winget mixer.

Tor the preparation of foamed concrete of low density
(20 Ib/ftY) in the Winget mixer, the materials requited and
the proportion to be adopted arc given below :

Portland cement 25 b

ground sand 25 1b

Foaming solution ¢4 litres (to be added in three
(4 per cent solution lot=).

of foaming agentin
water).

As a result of a number of trinls the following sequence

of operations was found efficient :
(i} the mixer was started and 23 b of water poured in

its mixing pan ;
25 1b of portland cement was gradually added to the
water in the pan of the running mixer so as to give
a cement wash ;
25 1L of ground sand was then added gradually to the
cement wash and the contents of the pan thoroughly
mixed to give a homogencous slurry ;
1-25 litres of the foaming solution were tlhen charged
into the top pre-foamer which gencrated foam from
the solution
i when the pre-foamer was full with foam to its capa-
city, the foam was delivered into the pan under-
neath ;
while the foam was getting mixed with the cement-
sand slurry in the pan, the pre-foamer was charged
again with another lot of foaming solution (1-25
litre), and when the pre-foamer was again full of foan,
the latter was delivered into the pan ;
the addition of 1-5 litres of foaming solution to the
pre-foamer and the foam to the matcrial in the pan
was repeated once more to make the final mix of the
desired density ;
as soon as the final charge of foam was well mixed
ancd the product of desired density was obtained,
the foamed concrete slurry was discharged into

=
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buckets and poured into the moulds for castin
purposes ;

the moulds were removed after 24 hours and the ca
specimens were cured in an auto-clave at a pressur
of 140 to 150 Ib/in® for 6 hours ; and :
the autoclaved specimens were allowed to cool, 2
stored at room temperature till tested.

(%)

Testing of foamed concrete

The properties of foamed concrete such as bulk densi
moisturc absorption, compressive strength under variom
condlitions, dimcnsional changes, and other properties wes
determined according to the established procedures.®

Results

The results, which are given in Tabdle 1, show that ey i
foaming solution has an optimum concentration at which
the expansion factor is maximum. For commercial foaming
agents X and Y this optiinum concentration is 4 and 3 per
cent respectively. Saponin shows maximum expansion
2 per cent whilst for agents 4 and C it is 5 per cent and
for the remainder 1t is 4 per cent.

The values of stability of foams of the different foaming
agents are reported in Tables 2 and 3. The stability of foan
is related to the concentration of the solution. For example,
the stability of the various concentrations tried in the case
of commercial foaming agent ‘X’ (T'able 3) the stability is
maximum for a solution of 0-5 per cent concentration, In
the casc of cominercial agent ‘Y’ the stability and expansion

TABLE 3. Comparative stability of foams generated from
commercial foaming agents
HEIGUT OF FOAM (CM) WITII DIFFERENT AGENTS
AND STRENGTHS OF SOLUTION

(11;]{:1?11(?@5) Saponin Commercial X Commercial ¥
0:6% 10°5%| 2% | 3% | 4% | 3% | 4%
10 2-8 45| 33 3-4 | 33| 4-8| 2-9
20 5-4 76| 60| 6-4 6:3| 74| B5-b
30 8:2 10:5| 88| 02| 81 0-4 | 67
40 T 136 | 11-2 | 11-7 9-9 9-5 8-2
50 140 16-3 | 14-7 | 14-3 | 11-7 9-5 8-




4. Values of dy/dx

Relation between ioaml

| height and time, where x | Value of
and y denote time and dy/dx

height respectively.

0y =28-6x — 3 2-85
y =80 n-0
=73 00
y =65 00
y =84 0-0
y=12x 45 ]2
y = 1:86x 4 3-8 -85
y=2'6x 4 1-:25 2:5
¥ =295 % 4 2 2-25
y=2:2x 49 2.9
Y239 x 4 3.0 2-32
Y= Re0x 4271 2.6
y=26x+41-9 2.6
y =983 x —11-63 3-33
Y= dtx — 10 3

Y =% 15 3-0
Oy =180x 4 2-7 1R

=0 ‘
10y = 18 x 4 120 -8

i5 better than that of the 4 per cent
{haming agent 'E’ the expansion and
the 4 per eent solution are better than
of 3 per cent. There is hardly any
‘ﬂity ol 3 and 4 per cent solutions of
v A

¢ 4 per cent solutions (Tables 2 and 3) are
from which it is obvious that foaming

a stable [oam is the linear relationship
e Wl:(‘.'l ht with time. The gradient dv/dx
of stability ; the greater the value of
‘ ter is the stability. Calculated valnes
s in Table 4. From these, it is found that
mtﬂe of all the fummng agents, and is
comiuercial samples.

hie values for expansion factor and degree
it is seen that foaming agents D, [, F,
in performance in the ascending order.
s ol ‘I’ can be stored in darkness for
days without deterioration,

formance of the various foaming agents
ation of low density foamed concrete
at are:

L84’ "B’ and ‘C” were not sufficiently
ve i salisfactory foamed concretc ;

* although sufficiently stable, was not found
wgh to yield a low density product, namely

L ‘I and ‘I’ are suitable for making
.,mmte of 20 Ib/ft*. With the agent ‘H’
concrele of still Iowm density, 7.e. 14 to 15
| also be prepared showing thereby the
of this agent over the others; besides,
showed no deleterious effect on the setting
ing of cement,

foamed concrete
of the foamed concrete prepared in the

the indigenous foaming agent ‘H' are:

TABLE 5. Properties of foamed concrete
CoMPRESSIVE STRENGTH (lbfin?) .
= Dimen-
! sional
Walter
) After change
Bulk rtx_bs-orbp~ 28 days | After cll::zti(r))- c{;}:ﬁ?" in satu-
Density | (00 2Y curing auto- ¥ g g ration
st | valume | Y : followed| followed :
(Ib/fL?) in 40 | claving with
(per s by by satu-
percent | at 145 1¢s - water
cent) i ibfin? dry ”415(_‘, _ration (per
ditsg at 105°C| in water cerit)
13:0 25~17 — 77-0 92-4 64-4 | 4+ 0-100
45 24-5 = 8)-2 U8:0 62-0 | +0-108
20-0 27-817 224 86-8 1190 92-4 | 4 0-068
241 2974 392 2100 190-0 185-0 | +-0-08
$3 -1 2802 EEl) 1650 264-0 214-0 | 4 0-078
HHER] 2577 218-0 408-0 4420 390-0 | 4 0-058
G4-3 2265 215-0 568-0 732-0 634-0 | 4 0-068
782 27-90 378-0 | 1771-0 | 1916-0 | 1654-0 +0~OGG
81:5 2247 700:0 | 17600 | 2240:0 | 1682-0
INg-8 25:64 | 1640-0 | 4074-0 | 4139-0 | 3584-0 —

reported in T'able 5. The bulk density of the foamed concrete
may be taken as an index of the efficacy of the foaming
agent.

The values of the bulk density and the compressive
strengths in T'able 5 show that an increase in density results
in an increase in strength and the general trend of the
relationship between the two is in agreement with the
previous findings.®

The results of the compressive strengths reported in
columns 3, 4, 5 and 6 of Table § show the influence of the
curing conditions on the strength of the final product.

On comparing the strength results amongst themselves,
it is evident that drying of the foamed concrete, after auto-
claving, results in the highest strengths. That normal curing
conditions are not proper and that the saturation of foam
concrete with water after autoclaving lowers the ultimate
strength are also borne out by the strength results in Table 5.

The values in the last column show that compared to
dense concrete, foamed concrete, in general, is prone to
greater dimensional changes.

The results of the present investigation show that the new
indigenous fouming agent developed at the Central Building
Researeh Institute, Roorkee, is suitable for making foamed
concrete even of low density (20 1b/ft?). This has also been
confirmed by successful full-scale trials conducted at the
Hindustan Housing Factory, Delhi.

The coefficients of thermal conductivity of two samples
of foamed concrete having densities of 20.0 and 42.1 Ib/ft?
were found to be 0.305 and 0.529 B'I"U'hr/ft2 "“F/in res-
pectively (vide Report No. CT-58-36 of the (Jovemment
Test House, Alipore). The corresponding values of the
cocthicient of sound absorption were 0.25 and 0.23 at a
frequency of H00 cycles/sec and 0.32 and 0.26 at 1000
cycles/sec.
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