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US FOAM ING AG ENT FOR LOW DENSITY 

FOAMED CONCRET E @

by G. W. KAPSE ,* S. K. C H OPRA* and N . K. PATWARDHAN* 

l II II·I ,·!· i., produced by incorporating a 
lil l( uf air or gas bubbles in concrete. 

Indi.l ll "('~ foam cd cOllcre tc . she has to 
1llIl'lrt,· u proprietary foaming agents for its 

un"HIPI 1111' 1l indigenous fu aming agent. This article 

( . ''1 11 ' ntly the Ccntral Building Research 
t'o'l kcc. Ilndertook research work with the 

~
' lh"d of preparation of the foaming agent, 

ill d i1 racteristics as compared with pro
IUlt • allli also its suitability in the making of 

I lr II 1Il:!('n ts found suitable for mechanical 
I.'riw d f!(J1ll wood resins were chosen for 

111\ . ligation. V~lI-ious grades of rosin , ranging 
' II ' til tli( pn.ler grades were tried, and the' N' 

, ,I " f!lll Ul.l , uitablc. '1 'grade rosin wn.s saponi
'II' \l il O; 'i tabilizcd by emulsifying it in animal 
f 111\ 1,;111l''i having a particubr jclly strellgtll 

'1111' product was prl;parcd, packed in a n air
1111 r .LIlt! "to led in a cool place. The various 

foamin g n.gcnts, namely A, 13, C, D , E, F & H described 
herein, vary only in the ratio of rosin to stabilizer and in the 
concen trations of the latter. 

The proportions of the materials , the condition of mixing, 
etc for prcparing the indigenous foaming agent 'H' are 
covered under 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, 
s tability alld effect on setting and hardening of cement. 

The stability of foam s was measured by using the appara
tus basl'n on thc prillciple of Foulk and Miller.' A 0·5 per 
cent solution of pure saponin was used to calibrate the 
apparat\1s . Stability of c1ifierent concentrations of the foam
ing agent was determined by noting the height of the foam 
at reg ular intervals on passing a steady current of air through 
the liquid at the recommended conditions of temperature 
n.nd prcssure.' 

• Ceotm l 13u ildi ng Hesearch Institute, Roorkee. 

t Manufa c tured by Indian Rosin and Turpentine Factory, Bar eilly . 
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TABLE I. Relationsh ip be t ween expansion fact or and concentration o f the foaming solutions 
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buckets and poured into the moulds for cash 
purposes; 

(ix ) the m oulds were removed after 2,,1, hours and the calt .l1)li"",,,,,,:1 ..1 
specimens wcre cured in an au to-clave a t a )JrcsSUlt 
of 140 to lGO lb / in ' fllr Ghours; and .DII."I4I,C:.&.I1 

(x) the autoclaved specimens were a llowed 
s tored a t room tem perat ure till tested. 

Testing of foamed concrete 
The proper ties of foamed. concre te such a s bulk de mit)", 1I1u1liolli• 

moistUl'e abso r ption , compressive st rength uncler variOiIl IIIA1"Ully 
conditions, d imcns ional changes, ane! other proper ties w t'J'( 

dete rmined. according to the established procedures,' .,.reflCt! 

Results 
The results, which are given in Table 1, s how that cvm' 111....11«:11 

foaming solution has an opti mum concentrati on at which 
the expans ion facto r is maxim um, For commercial foaming 
age nts X and Y this optimum concentration is 1 and 3 pcr 
cen t rrspect ivdy. Saponin shows maximum expansion at 
2 per cent whilst for :If,ents A and C it is [) per cent and 
for the remainder it is 4 I:'rf ce nt. 

The values o f stability of foams of the different foaming 
agents an' reported in Tables 2 and 3. Th e stability :> f foam 
is re lated to th e concentration of the solution, For ex runpl~ 
the s tability of the various concentrations tried. in the case 
of commerci al fo am ing agent' X' (Taole 3) the stabi lity i ~ 
maximum for a so lution of O' 5 per cent concentration. In 
the case of com me rci a l age nt ' Y' th e st abi lity and expansion 

TABLE 3. Comparative stability of foams 
commercial foami ng agents 

Hr:::lGIIT OF FOAM (e M) W ITH I)fFFEREST AGENTS 

AND STRE NG THS OF SOLUT ION 

Time Saponin Commercial X Commercial Y(m inu tcs) 

0 '5 % 0' 5 % 2% 3 % 4 01 
10 3 % 4 OJ 

10 

-- - - - - - ----- I 

10 2·8 4,·5 :1, 3 3,4 3 ,3 4.·8 2'!) 

20 5 4 7'5 6·0 G· 4 G,3 7,4 G·f> 

:3 0 8· 2 10,5 8·8 g. 2 8, 1 0·4 6·7 

I 
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40 11·1 I:J·5 11, 2 II · 7 9,9 9'5 8,2 rop rties Or foamed ( 

5U 14, 0 I G· 3 14 · 7 14, 3 11 · 7 9·5 8·2 
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TABL E 2. C ompara tive stabi lity of foams generated from various foa ming agents 

HEIGHT OF FOA" (01) FOR VA RIO US F OAM ING A GENTS WIT H D' H E R " ,,,, STR ENGTII S O F SO LUTION 
T ime 

(m inu ,\ l! c 
te ,) 

5· 8 4 · :l 4. '0 4. ·3 5· ~ .~ . 5 
~() 6· 2 6 · 8 (3 0 G·G S .[ 7, :J 
:]1) G· 0 8·0 U· Ii S· I I II 0 g. I 
I I) G· 0 8'11 fl· ;j 1\'4 1\ . I II) ' 

Ii· 0 8'0 ti· 5 8· { I:! · 4 II .;)GO 

l a borator y preparation of foamed concrete 
T he efllc acy of the foaming agen ts was further tested. l.Jy 

using the foam :' gen<:ratcd from their ,;u llltions in making 
f": lIned cOllcretc of 10\V dcn;;itiC -l (14 to:W lbjft' ). 

The raw m ate ri a ls u sed in th e makillg of foamed concrete 
we re: 

(i) Pu rthlHl ceUlcnt o r rap id haruenillg cement , a nd 
(ii) 	] \lI11 IEl or Sola n; sand (grou nd to pass 170 me''''1 

BS "ievc v,it l! a maximum res id ue of 10 per ce nt ). 
' oamed cuncre tt' o[ various uellsi ti(·, \Va s prc pa red by a 

jud iciu us selection anu propor tioning uf the above materials 
ill a 2 ft u ialll ctc r Winget mixer. 

Fo r the prepara tion of foam "d concrete of low d ensity 
(20 Ib Jf( 3) in thc Wingd llIixl'l', th e matt-rials req uited a llCl 
the proporti on to be adop ted a re given bdow : 

Portland cement 2G lb 
'ftlu nd sa ncl 25 lb 

'Fo alll ing so luti o n 4 litrl:'; (to be added In tllree 
(-1 jlt' r cent solu tion l ot~). 
of foallling a r;e ll l ill 
\\',ltn) . 

1\5 a result of a number of tri:iI , the fol lowing sequcllce 
of operat ions was found effic ient: 

(i ) th e mi xer was s tarted an d 23 lb o[ wa ter pomed in 
its mi x ing pan ; 

(il) 	2;; lb of po rtland ce m en t was gradually adu"d to the 
wa te r ill the pan o [ the running mixer so as to give 
a c ment \\'a~h ; 

(iii) 	2C, III of ground sand was then added gradu a ll y to the 
cement wash and the COil tents of th e pan thoroughly 
m i:-:cd to g i ve a ho mogell eous s lurry ; 

(i,,) ) · ~ 5 lilI es of the foam ing solution were tllen c harged 
in to t he top pre-foa mer which ge nera ted fo aIn [rom 
the so lu t ion; 

(v) \ \ 'h"ll the pre-roa mer was full with foam to its ca pa
city, th e foam was delivered into the pan under
Il L::ltll; 

(vi) 	 wh ile the foam was get ting mixed with the cement
sa n I sl urry in tile pa n, the pre-foamer was clIargeu 
a g,Iin \V i til an o th er lot o f foaming so lution ( 1·2G 
lit re), an d. when th e pre-foamer was ,lgai ll full of loam, 
the la ttcr \\,0., delivered into the pan; 

(vii) 	 the a ddition of I ·G litres o f loarnin g solution to the 
pre-foame r and the foam to the material in the pan 
was repcated once more to make th e final mix of the 
u csircd d ensi ty; 

(viii) a<; soon :IS the fln al cha rge of foam was well mixed 
and th e prouuct of d es ired d ensity \\'as obtained, 
the foamecl concre te slurry was u ischarged into 
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Dulds for casting 

\Ol1rs a.nd the cast 
la ve at a p ressure 

)wed to cool, alld 
cd. 

I as bulk d ensity, 
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TABLE 4. Values of dy /dx 

H(~ I.\liun betw een (oalH 

Iu:igh t and time, wh e re x Value of 
It y dellole time and dy/dx 

height r c.;spcc livcly. 

11' ,1 10)' = 28'0 x - :1 2 85 

y = H·(I o 0 
Y -, "7·:l o U 

v - (j.f) 1).(1 

·1'11 
:\'11 

)' ,= 8 ..\ (I'll 

.~\' ;: 1·:2 x -J- fi"11
f,·jl ·85 

) = :'!.;"j x + J·:! 5 

} = I· H!i x + :1 8 

y=2·:!r,x+~ 

~ " 
1 ·11 

:111 \' :1, ' Ii x +2·[ 20 
I . II Y =~ 2· (j x -I I · 0 2 . 

,I,,, y - :I':I:lx - ll·jj:1 :1:1 
1·11 )' _ :1':1:1 x - IU :1:1 

II· :, V ~ :1 x -I· I'!i :3 U 
,I, II III)' = IS, () x -I- ~ 7 [ . 8 

.1 II v ~ II 
~ II I il l' ~~ I Ii x -I- I ~'II I . ~ 

I lillli f" r ,I <t,lble [oal1l is lhe lil1l' ~tr relationship 
tI (,. III lH'i~ht with tilllP. The gracli e l1t dvidx 

..........·"',.[111" d";':Il'" ,I f s la hilily; ti, ' f,;rcal('r the valli,' of 

I. Iii ~' n' ;Jler is lh.' sLtl,ilily . Calcuhtl'll v,d'!l;s 

It '\\'1' 11 In Table 4, Froll1 ti"S', it is found tkl.t 
II " t labk of all lh" foaIlling agents, anrl is 

I 	 10 ' Ih the ""ll1lllt'rci~1l s; lIl1plr~s . 

I I i f till' val\les fflr ,'xpansiull factor and clrgreeI 

It 1.1, ',," 1. it is :, '(' 11 that foaming agent s D, Eo F, 
1I1'1'rill [ ill (l" r!ofJnancc in the asccnding order. 

1, .Int i' lll of' fl' can lJe tared in darkness for 
f I , I" ;;i1 daVli \\itllout dc,tcrioratioll. 
\I tlt, (l, ·dnnll:lllcc of th" various foamillg' agents 
llli l I,r, 'p; ra t ion of Ill\\, density foamed cOllcre te 

j \11 Mli\'l'd at are: 
IIIUnt! ;1~"lIt · ' II',' Ii', and 'C' wer" not sufficiently 
11 \" riw' a. s" lisfaclory foamed concrete; 

It ' /I ', althollgh sufEcicntIy s table, was not found 
I 111 111411 to yield a low density product, namely 
, lit II J ; 

01 '1" , ' F' alld 'fl' arc suitable for making 
rn I ,uncrc te of 211 Ib/ft'. With the agent' H' 
III. d , uller ' l , of still iuwer density, i.c. 1 <1 to 1(j 

It , • "\lId a.l~o be prepared showing thereby the 
I rlpril\ ')( this agent ove r the others; besides, 
, • IlL rohowI'd no deleterious effect on the setting 
n I Ii Ird" Iu lig of ccmcn t. 

'r li l', " I tile fuailied COllcrete prepared in the 
U IIW til., indigenous foaming agent 'H' are' 

TAB LE 5. Propert ies offoamed concrete 

COMPRESSIVE STREN GTH (Ib/in') 
DiInen-

I sionalWale r A(ter changeAuto- Autoabsorp A(terDull< in satu2R clays clavingc1avingtio n b y auto- rationDeJl ~ il y cunng (ollowed followedvo lume within ~IU c la vi ng(I b i ll ' ) by satu·(pe r byat 14G waterper cent rationdryingcent) humi (perIb/in' at 10GoC in wa.ter
dity cent) 

1:1'(1 2:;· 17 77 · 0 !J2'4 64·4- + 0·106 
81· 214· iJ 24·5 \JS'O 020 + 0·106-

20 · 0 22'4 80·8 II !l'027 87 92 ' 4 + O· 068 
:11) · 2 18;"024· I 210·0 190·020· 71 + 0·08 

,I:.!' 1 Ifi[)' ()77 · 0 2fi~·0 214·0~8 02 + 0·078 
;)\j 40R·{) ~j 2'0~1 218 · 0 ~1!10' 02Ci 77 + O· 06S 

.\ 7:)2·01\4· : 004·02~ · u::; 508·021G'O + O'OGO 
I OICi· 0 10G<) '078· " ~7'1)1) :178' 0 1771 'U + 0·050 

RI· r.; ~~40'0 1082·0:!:l 47 700·0 1760'lI -
4074 . U 41 :JD'I) :1,,84 ·0IIiR 2!3·11-1 I r"U' f) -H I 

report ed in T able 5. The bulk den sity of the foamed concrete 
may be tak n as an index of the efficacy of the foaming 
agen t. 

The values of the bulk density and the compressive 
s trengths ill Table 5 show that all increase in den sity results 
in an incrcase in s trength and the general trend of the 
rclationship between the two is in agreement with the 
pre vious finding s.· 

The results of the compressive strengths reported in 
colulllns 3, 4, 5 and G of Table 5 show the influence of the 
curing conditions 011 the strellgth of the final product. 

011 cOlllp:Hing the strength results amongst themselves , 
it is evident that drying of the foam ed concrete, after au t o
claving, resu1t~ in the highest s trengths . That normal curing 
conditions an! IIOt proper and that the sat uration of foam 
concrete with water after autoclaving lowers the ultimate 
strellgtll arc also bornc out by the strength results in Table 5. 

The values in the last column s how that comp'ired to 
dense concrete, foamed concrete, in general, is prone to 
greater dimensional changes . 

Thc rl'~\llh of tllc pn'sCllt invl'stigati(,)1l show that tllc new 
in<iig"IHll1S fn :lIlling agent lil'vL"iopcd at th c Central Building 
E(~search In st itut(', Roorkee, is su itable for making foamed 
concrd,' evell of low dCllsity (Z() Ib /f t'). Thi s Itas also been 
cOIlErmccl by successful full-scale trials conductecl at the 
Hindus tall Housing J7actory, Delhi. 

The coefficients of thermal cOl1ductivity of two samples 
of foamed concrete having densities of 20.0 and 4-2 . 1 Ib / ft' 
w('rc foul1d to be O.3(J5 and 0.,,29 BTU/ hr/ft '/"F /i n res
pectively (vide Report No . CT-f,R-3fl of the Government 
Tl' ,; t House, Aliporc). The corresronding va lues of the 
cocfli cicl1t of SOUIlc! ab~orption \HTC 0,25 and 0.23 at a 
frC'lIl (' II CY of :,011 cycles /sec and II.:V~ and 0.26 at 1000 
cycles/sec. 
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