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STABILIZED SOIL
IN BRICKMAKING

N L. Goswaml

J.M. Bhatnagar

. at Roorkes, India, reviews experiences from several
countries in the use of stabilized soil for building,
pointing out that results from this technique in road works
could be extended to the production of bricks and blocks
made from stabilized soil. However, there are many
different kinds of soil, each requiring careful examination
before deciding on the appropriate method of stabilization.

This article from the Centra.f Building Research Institute,

Roorkee (inde) éiudie les expériences de plusieurs

pays dans l'utilisation de sols stabilisés dans le
bétiment. il souligne que les résultats de cette technique
dans les travaux routiers pourraient étre étendus a la
fabrication de briques et de blocs. Hl existe cependant de
nombreux types de sol, chacun d'eux nécessitant un
examen approfondi avant de décider du mode de '*
stabilisation a employer,
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There has been a sleep rise in the cost of modern constructiot
materials in recent times, and it has led to rethinking the use @
indigenous and local materials to provide low-cost housing. Sol
has been used in building houses for ages. It is abundant anc
possesses all the attributes of a good building material, excep
that it shows excessive drying shrinkage and complele loss ¢
strenglh when wet and gets eroded by driving rain.

The Iraditional way of building mud walls is o place Iayers of so
on lop of each other, allowing one layer to dry out before the nex
one is placed. This not only delays lhe construction but the wa
always cracks. It is not surprising, therefore, that serious effort:
have been made to work-with stabilized-soil bricks and block:
(refs 1-7).

SOIL PROPERTIES

Stabilization through heat is one of the major achievernents in thi
direction. Addition of materials such as cement, lime and aspha
has also yielded good results. The experience in the Africal
countries on soil slabilization with these additives has been quil
oencouraging, nol only on the grounds of perlormance but alsi
from economic aspecls.

The use of chemical admixtures of various lypes is the oldes
and most widely used technique. The general objective of mixin
these admixtures with soil is to improve strength, durability an
volume stability. Volume stability of soil mass can be improved b
replacing high hydrating cations like Na* with low hydratin
cations such as Ca**, Mg**, AI*** or Fe*** and binding wit
waterproofing chemicals.

Stabilization depends on the characler of lhe soil, it
mechanical and mineralogical composition and the nalure ¢
exiraneous constiluents present in it (ref. 8). Adsorbed ¢
exchangeable ions also affect the properties of the stabilized sg
mass. Alluvial and clayey soils exhibit good dry strenglh and nee
slabilizalion against waler only. Sandy, coarse and lateritic soil
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|need slabilizalion for improvement in dry strength as well as

resistance against waler erosion,
Thus, 1o evolve more elleclive methods there is aneed to review

' [the existing knowledge on the subject. Studies on soil stabilization
| [for the purpose of road and pavement conslruction have been

extensively carried out the world over (refs 8-11), and these

bricks and blocks.
Many methods for soil stabilization have been proposed. A

salisfaclory agent must provide the required qualities to the brick
and in addition must be:

* Compaltible wilh the soil malerial,

¢ Durable and able to relain ils character, &
* Easily handled and processed.

® Lowcosl.

The action of organic and inorganic slabilizers is generally
quite diflerent. Organic stabilizers are characierized by a rapid
gain in strenglh and water resislance due lo their hydrophobic
nature as compared lo inorganic stabilizers. The principles
involved in soil stabilization and lhe influence of a few important
stabilizing agenls on soils are discussed below.

COMPACTION TECHNIQUES

Soil mass consisls of clay minerals and organic matlers besides
air and water. Air is present in the voids and can be expelled
when the soil is kept in contact wilh waler. Since lhe increase in
water content lowers |he strength properties, any atlempt to check
the permealion of waler as a result of void reduction will produce a
strong and walter-resislant body (ref. 12). )

Densification or void reduction can be altained in a number of
ways, e.g. by reorienlation of clay paiticles, mechanical com-
paction, change in chemical composition ol pore water, elc.
Compaction characilerislics of soil mass are best analyzed in
terms ol clay-waler interaction as well ag by mechanical particle-
lo-parlicle interaction within lhe soil. However, lhe sludies under-
taken by soil engineers on compaction behaviour of soils do not
Cover some of the basic aspecls of soil mineralogy, chemical
composilion of pore water, nature ol absorbed or adsorbed ions
elc. (ref. 13). Itis therefore desirable that efforts 1o slabilize the soil
mass by void reduclion or compaclion should be investigated
lurther in the light of the above paramelers.

USING BITUMINOUS PRODUCTS

particles ‘and waler interface. This is best done by providing a
coaling of walerprooling agent such as asphall/bitumen over the
particles (ref. 11). The coaling provides additional cohesive
strength and reduces walter penelralion into the mass.

However, thin bitumen Coalings are advised, since a thick
coaling of bilumen produces a lubricating action, and the treated
soil mass becomes liable 1o shear when kept under the influence
of compressive forces (ref. 8). Mechanical mixing of the soil and
biluminous products is most desirable. In mechanical mixing the
ndividual soil particles are coaled with (he bitumen. It is most
mportant, therelore, to have the soil in adry condition at the lime of
nixing; the presence of a waler film on the soil particle interface
nhibits the adhesion of the bitumen coaling. The bilumen must
iIso be in liquid form, ellecled by heating at temperatures
elween 35°C and 190°C depending on the grade of bitumen
Ised. The soil is preferably kept warm in order to avoid premature
\ardening of the bitumen (rels 11-15).
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The use of hot bitumen has some obvious disadvanlagesl and
lherefore cut-back and emulsified bilumens are more ffequenuy
used. With an emulsilied bitumen, waler is aclually introduceg with
the bitumen; hence the soil need not be air-dry inilially. Mixing of
bitumen emulsion may be made easier by adding the emulsion 1o
the mixing water than by adding waler to lhe soi| and then mixip,
However, air drying is required when soil is stabilized eithgr by
cut-back or emulsified bitumen.

The requirement of mixing equipment is one of the mal‘gr'

limitations of bitumen in soil slabilization (ref. 14), Further, the entirg
process not only involves drying and mixing but also shapfng

compaction and finishing, all of which must be complateg belorg -

the mixture cools and sels to a rigid mass,

Bitumen treatment for soil stabilization has been foung quite ‘

satisfactory for sandy or sandy loams. In such soils, the inhereny
cohesion between the particles is poor. The bitumen coaling over
lhe,particles adds to the cohesive strength in addilion o the
development of walerprooling properties. Also, mixing bitumen
emulsion with sandy or loamy soils is easier and more uniform lhan
with fat clays. However, plastic clays having a liquid limit over 50
have slill been successlully stabilized with bitumen, .
Sails rich in sall and organic matter reduce the effectiveness ofa
bitumen trealment as a result of the coaling of salt and 0rganic
maller over the soijl parlicles. This inhibits adequale adhesion of

However, this delerioration in slrenglh and durability of the
stabilized soil bricks or blocks primarily depends on lhe nature
and amount of salt present. Chester (ref. 16) has reported that
even 6 per cent sodium chloride can be tolerated in certain Soils
for bitumen slabilization; beyond this level lhe Irealed sojl mass
may crumble in course of time through elflorescent action,

Elioris have been made to enhance the adhesion of bitumen
coalings by incarporating certain chemical additives such as
polyacrylamide, cetyl lrimethyl ammonium chloride, soap
emulsilier etc. These addilives fall under the category of colloidal
electrolytes or surface aclive agents. It has been reported that
soils stabilized with cut-back bilumen gain considerable strength
and waler resislance even with less than 1 percent addition of
such additives (refs 14, 15).

STABILIZING WITH PORTLAND CEMENT

A variely of soils can be effectively stabilized by cement (refs 1-3,
8. 17-19). The addition of cement in the range of 4-10 percent
greally improve the water resistance and strength properties of the
soil mass. However, for a satisfaclory hardness and durability
8-12 percent cement (by volume) addition has been found
necessary.

The key to successiul stabilization with cement lies in thorough
mixing. In fact most difficulties in producing soil cement bricks or
blocks arise from improper mixing. Pulverizalion, mixing and
compactlion all have marked effects on the qualily of soil cement
bricks/blocks produced. Therefore due allowance for these
elfecls must be given during production.

It is reporled that the cement requirement is substantially
reduced if lhe soil-cement mixture is compacled ynder pressure.
Apressureof 1.5102 N/mm? has been found to elfect a reduction
of 40 to 50 percent cement for the same strenglh of brick. Further,
moist curing produces bricks and blocks of higher strength
compared with waler curing.

The mechanism of strength development with Portland cement
has been discussed by a number of researchers. It has been
found that the addition of cement in soils rich in the group of
expanding clay minerals resulls in a nucleated structure at lower
proportions (less than 3 percent). This nu¢leation tends lo change
lo a skeletal struclure at higher cement addilions. The
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cementileous  components of cement, such as dicalcium/

(ricalcium silicate, in the presence of the soil water system form
| 1els of mono/di calcium silicate hydrate and free lime (ref. 18). The
O;mallon of insoluble calcium silicate gel and its interlocking
glfects within the soil malrix explains the development of adequate
slrangth(rera 17,18).
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SUITABLE CLAYS
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Sandylloamy or lateritic clays are more suitable than 'fat’ clays for
stabilization by cement. Fat clays appear o retain some suscept-
ibility to water softening and tendency lo swell wilh an increase in
‘moisture content. It has been found that soils conlaining up to 50
percem fraction passing 75 micron sieve and liquid limit less than
50 can be salisfactorily stabilized wilh cement 1o yield building
‘bricks and blocks of adequate durabilily and strength. The
presence of organic matter above 2 percent and soluble sulphates
(above 0.2 percenl) adversely aflects the sirenglh developmenl
" and durability of a cemenl-stabilized soil mass. It is therefore
'essential thal soil systems are properly evalualed for various
‘mineral and non-mineral and components belore they are used for
| maklng slabilized bricks or blocks.

* The method of making soil cement bricks or blocks involves dry
amixing of soil and cement, addition of the oplimum quanility of
‘water and compaction of the bricks/blocks in a suitable press
" such as Land-crele, Cinvaram or BREPAK machines (refs 19-21),
[t has been reporled Lhat a compactlion pressure up lo 10 MN/m?
‘or more can be obtained in such presses. '

~ Added advantages ol improved strength and durability of
'~ cemenl clay pozzolana have recently been reporled. Nagaraja
(ref. 22) has stated thal a lean mix of cement:clay.pozzolana
(1 32:1) can yield bricks of adequate strenglth if the mass is
. compacled at a nominal pressure of 12.5 to 37 kg/cm? and the
pressed bricks are moist-cured for a period of 2 to 4 weeks.
' Furlher, 5-10 percent addition of a mixture of lime and lly ash(1:2)
~ can also be used for the stabilization of shales by compaclion (rels
1 28-30).

- Moulding stabilized soit bricks in a Landcrete maching

STABILIZATION WITH LIME

The stabilization of soil mass by hydrated lime has. been
axlensively investigated (refs 8, 12, 22-32).

The purily of lime has been considered as one of lhe major
requirements for successlul soil stabilization. The addition of lime
(5-15 percent) lo clayey soils brings about a significant reduction
in plasticity and shrinkage. Therefore lime addition has given

beller resulls with heavy and fat clays than with sandy or lean

clays.

Numerous hypotheses have been proposed to expiain the role

of lime in soil stabilization. These include:

® The formation of calcium carbonate.
The cryslallization of calcium hydroxide.
The formation of a calcium aluminium silicate complex from
added lime and lhe free silica and alumina ol the soil system.

¢ The formation of the calcium alumina silica complex [rom lime
and silica provided by the breakdown of clay mineral as a
result of high pH.

* Flocculation as a result of decreased potential.

e Flocculation caused by proton transfer and subsequent
binding by Ca** io

It has been reported that the reactions in lime soil mixiures are
similar to lhose taking place in cement soil systems bul at a slower
rate. The lime stabilization proceeds as a resull of the attack on
clay mineral lallice to form lower calcium silicates, moslly mono
and di calcium silicatles, which on hydration gain strangth and

* bind the soil parlicles. These reactions have been represented as

follows:
NAS4H + CH— NH + CAS4H — NS -+ Degradalion products*

2CH
NH + C2SH**
where S = Si02, H = Hs0, A = Al,0s, C = CaO, N = Na,O

*As silica is progressively removed, calcium aluminate and
alumina are formed residually.
** or mono calcium silicale hydrate,

Lime stabilization of soils rich in organic malter and sandy
granular malerial is not very elfective, while clayed solls rich in the
group of expanding clay minerals develop adequale strenglth and
resistance to water erosion. As discussed earlier, the gain in
strength in lime-stabilized bricks is slow; however, Ihe surlace
erosion is considerably reduced, possibly due to carbonation of
lime, particularly at the surface of lhe brick body. Kaolinitic clays
rich in alumina content show a slow rate of strength development
by lime. The improvement in strenglh and durability of a lime-
stabilized soil mass also depends on the temperature during
curing. A warmer climate favours rapid strength development.

It has been observed thal strength and resistance to watsr of
lime-stabilized bricks can be improved by Incorporaling
pozzolanic materials (refs 5 and 22). Also a mix of waste gypsum
and lime gives betler strength than lime alone. The increase in
strenglh in gypsum-lime-stabilizalion is due to the formation of
allringite (3Ca0 . Al203.2CaS04 . 32H,0) in the system (rel. 25).

.USE OF CHEMICAL ADDITIVES

The physico-chemical alleralion in the properties of a soil mass
can be affecled by certain organic and inorganic chemicals. They

significantly modify the soil-water inleractions and/or orientation ol .

soil particles in the soil matrix. These alterations in the labric ol the
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soil are of great lechnological importance. The changes are
olten associated with improvements in lhe strength and water
resistance properlies - lhe main prerequisiles of soil slabilizalion.

The chemicals which bring aboul such changes can be broadly
grouped as: inorganic and organic.

Inorganic agents

The stabilization of soil mass can be affecled by certain acidic,
alkaline and neulral inorganic chemicals such as HyPO.,
HFNaOH, Ca(OH),, Na;COa, CaCl,, Na,SiO,, NaCl etc. Acidic
and basic chemicals essentially altack the lallice structure of clay
mineral parlicles and precipilate insoluble components which
render the soil mass resislant lo waler erosion, in addilion to
improvement in the strength properties. The neutral inorganic salls
modily the soil slructure so as tomake itmore dense and compacit.

As a result of increased compaction by chloride salls, the
shrinkage and cracking lendencies are reduced, thereby making
the soil mass more resistant to rain water penetration. In addition
these salls are known to reduce the plasticity of soil mass due to
balancing of the clay lallice charge and change in the soil fabric.
However, lhe lreatment by salls for soil stabilizalion has been
found more effective in hot and refalively humid regions.

Organic agents

Various organic chemicals, particularly organic calions, resins or
polymers, are known greally to modify the clay-water interaction
(refs 13, 28-32). Apart from mechanical lorces, the clay and ils
absorbed components, notably absorbed organic chemicals,
exert great influence upen particle arrangement or soil fabric. A
hydrophobic ellect on the clay mineral lattice usually results due to
fixation of organic cations such as those of di-akyl di-melhyl
ammonium or celyl trimelhyl ammonium. This makes the soil mass
resislant to waler erosion.

It has also been reported that water-soluble polymers increase
the mechanical strenglh more than emulsitied polymers, at least if
they become insoluble in soil (ref. 33). Water slability of soil is
further improved by increasing the molecular weighl of polymers.
However, lor polymer emulsions, molecular weight seems lo be of
liltle importance. The increase in the stability of the soil in waler is
due more to waler-soluble polymers lhan lo emulsions (rels 34,
35). Urea-formaldehyde condensation products have also recenlly
been used for altering soil properlies (ref. 36),

Polymers of calionic type carry a posilive charge which forms
strong eleclrostatic’bonds wilh negalively charged clay mineral
parlicles and line silica sand (refs 31, 32). The resultant
flocculaled clay mass develops increased resistance towaler and
shear forces. Typical polymers of this type which have been tried
are polyacylamide and producls with trade names such as
Armeen, Arquad elc., having two long carbon-chain alkyl groups.

Non-ionic polymeric addilives such as polyvinyl alcohol,
carboxy methyl cellulose and cellulose derivalives are also found
effeclive due to the presence of an active hydroxy bond formation
belween lhe surlace oxygen alom of the clay mineral and the
polymer itsell. This becomes elfective lhrough coagulation of the
soil mass. Polysaccharides have also shown their effecliveness for
soil stabilization on a similar analogy. Anionic polymers such as
sulphonates are also lypical of this mode of soil slabilization, as the
charge on the clay mineral latlice polymer is similar. These
polymers help lo lower the shear strength of the soil mass,
enhance compaclion and reduce voids.

Many investigalions on varicus organic cations for soil
stabilizalion have also been undertaken. These additives have a
marked lowering elfect on plasticily besides modilying the welting
characlerislics of clay particles. Il has been reported that the
degree of waler resistance is inlluenced by the amount and type of
clay mineral present, the amount of cation adsorbed by clay
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mineral, the amount of moisture present and the condi

: 3 lions of
ageing or curing of the treated clay mass (refs 35, 36),

Lignin, a major by-product of the paper induslry, has algg been :

exlensively used for soil slabilization (rels 35-37). Il has g |y e
and complex molecular sltructure with a number of active hvdroxy
and carboxy groups capable of forming strong chemical bondg
with silica. Chrome lignin, oblained by lrealing |ignin-containing
material with potassium or sodium dichromale, has been found
more ellective. The slrong Cr*** ion acts as abridge between the
lignin molecule and the clay particle. This method ol chrome lignin
slabilizalion is simple; lhe trealment of the soil mass can be made
by brushing or spraying in open-textured soils (rel. 18).

BRICK/BLOCK DURABILITY

; B8

The resistance lo weathering and/or erosion is one of the prime
requirements of all construction materials. In slabilized-soil brigkg
or blocks, the poor durability is olten associated with improper
selection of slabilizer, an inadequale quanlily of stabilizer used,
the presence of exlraneous maller in the soil and soluble salls
which inhibil the stabilizing aclion of cement, lime elg.

No salisfaclory lesl is available lo assess the durability of
slabilized brick/blocks in quantitalive terms. However, welling and
drying lests have been suggesled lo evaluale lhe durabilily of
cement-stabilized bricks which give an idea of the weather-
resislance properties (refs 37-38). The durabilily of slabilized
bricks can be improved by bituminous or latex sprays which
provide surface binding of parlicles as well as providing a
walerproof coat over the surface. Such Ireatments are, of course,
temporary in nature; permanent trealments are based on eilher
sealing the enlire surlace with a walerproof paint conlaining
hydrophobic cement/lime, or the use of water glass. The addilion
of a small proporlion of low-cost vegelable fibre (such as coir, or
jute) or a synthetic libre, such as nylon or polypropylene, has
yielded promising resulls in the improvement in durability of (he
slabilized soil mass.

CONCLUSIONS

From this review of the subiject il may be concluded that:

1. Soil slabilized bricks as conslruclion malerials have wide
application in house building in under-developed and
developing countries.

2. Soil slabilized bricks/blocks also have wide scope in rural
areas, as lhey can be produced on a small scale on a self-help
basis at the sile of building aclivily.

3. There is a great need for developing a simple, ellective and

cheap technique of producing soil stabilized bricks/blocks”

with adequate durabilily and strength utilizing locally available
materials and resources.

4. Efforls to slabilize lhe soil mass by void reduction, o
compaclion in conjunction with pozzolanic malerial with lime
and cemenl, require further investigation. *

5. The poor durabilily of a stabilized soil mass is usually due 10
improper or inadequale use of the stabilizing agents; these
need crilical examinalion with respect lo the soil being treated:
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