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Abstract — This paper presents the study of stabilized soil bricks and the influence of stabilizer on
compressive strength of soil bricks. For the study, locally available brown colour soil is used for
production of bricks of size 230x110x75mm. This paper discusses the results of test performed on soil
like atterberg limit test, grain size analysis, specific gravity test, compaction test etc. This brownish soil
contains less than 10% of clay, therefore 5% clay is mixed before using stabilizer. In this study, OPC/PPC
cement is used as a stabilizer. 5%, 8% and 10% by weight of soil of OPC/PPC are used as stabilizer. The
bricks of stabilized soil is manufactured by hydraulic press at constant pressure. This soil has (79%)
sand fraction and (20.9%) slit & clay. The dry compressive strength of bricks were determined for 7days &

28 days.
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INTRODUCTION

Historically, earth has been the most widely known
and used building material in construction and
probably has been the most important of all building
materials (Legget, 1960). Stabilized soil bricks are cost
effective and energy efficient alternative materials to
the normal burnt clay bricks used for construction of
buildings. Actually, most developing countries are
facing a real housing deficiency (Harison & Sinha,
1995). Therefore, there is an urgent need to construct
and build houses that are more durable at a low cost.
A striking contrast between stabilized soil brick and
conventional brick is the energy consumed during the
production process and carbon emission. Stabilized
soil brick creates 22kg co2/tone compare to that of
concrete blocks (143kg co2/ton), common fired clay
bricks (200kg co2/ton) during production. In average,
cement stabilized soil bricks consumed less than 10%
of the input energy as used to manufacture similar
fired clay and concrete masonry unit. The technique to
enhance natural durability and strength of soil defined
as soil stabilization. The demand for sustainable
building material at low cost is growing as social,
economic and environmental issues evolve in today’s
society. Recent reports indicated that, about half of the
words population are still living in earth buildings (mc
henry, 1984; EBAA, Australia). From the literature the
best soil composition for soil-cement is 75% sand,
25% silt & clay, of which more than 10% is clay.

COMPRESSIVE STRENGTH

Compressive strength is the capacity of a material to
withstand axially directed pushing forces. When the
limit of compressive strength is reached, materials
are crushed.

Compressive strength = max load at failure (N)/avg.
area of bed face(mm?2)

In general, compressive strength testing procedures
for earth bricks follow those developed for fired clay
and concrete masonry units.(ASTM,1984; British
standards institution 1985; standards Australia 1997).
Individual specimens are tested in uniaxial
compressive stress in a concrete cube testing
machine or similar device. Apply load axially at a
uniform rate 14 N/mm2 per minute till failure occurs
and note maximum load at failure.

METHODOLOGY
(A) Material used

CLAY- Generally, the presence of clay in moderate
amount in a soil is desirable. Since clay has cohesive
nature, it imparts plasticity to the soil when under
moist condition. Thus the clay minerals act as natural
binding agents for the cohesion less granular fraction
of a soil (gravel, sand and silt). The soils which have
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clay content below 30% can be stabilized using
cement.

CEMENT- cement can simply be described as being a
mixture of lime and clay which is heated to about
1500c, and the resulting clinker has gypsum added
and the sum is then ground to very fine powder.
Optimum cement content for the stabilization is in the
range of 5% to 10% where addition above 10% will
affect the strength of the bricks in negative way. Opc is
obtained by adding raw materials like calcareous
materials and argillaceous materials. Ppc is obtained
by adding pozzolonic materials like flyash, pumicites,
volcanic ashes, shales, tuffs etc. in ppc waste
utilization making it more environmental friendly.

SOIL- soil is a product of nature. It possesses an
inherently variable and complex charater. Not every
soil is suitable for earth construction. Top soil and
organic soil must not be used. Suitability of the sail
depends on its constituents: sand, silt and clay
proportions.

(B)TEST PERFORMED

ATTERBERG LIMIT TEST- The atterberg limits are
abasic measure of the nature of a fine grained soil.
The atterberg limits can be used to distinguish
between silt and clay. Liquid limit is the water content
at which the soil has such a small shear strength that it
flows to close a groove of standard width. PLASTIC
LIMIT is the water content at which the soil begins to
crumble when rolled into threads of specified size.
SHRINKAGE LIMIT is the max water content at which
a reduction in water content will not cause decrease in
the volume of the soil mass. The PLASTICITY INDEX
may be calculated as the difference of liquid limit and
plastic limit.

GRAIN SIZE ANALYSIS- a quantitative determination
of the particle size distribution in a soil is made by
sieve analysis and sedimentation analysis.

HYDROMETER ANALYSIS-this method is used for
the grain size analysis of the soil passing through 75
micron |.S. sieve out of the fraction passing 4.75mm |.
S. sieve, to determine the percentage of various
sized(silt and clay) particles.

SPECIFIC GRAVITY- specific gravity of soil is the ratio
of the weight of a given volume of soil particles in air to
the weight of an equal volume of distilled water at a
temperature of 4*c.

COMPACTION TEST- the purpose of laboratory
compaction test is to determine the proper amount of
water at which the weight of soil grains in a unit
volume of the compacted soil mass is maximum. The
amount of water, thus calculated is called the
“‘optimum moisture content’(OMC) and the
corresponding density is called “maximum dry
density’(MDD).

Results of test performed on soil sample are given in
table1 and the grain size distribution of soil is shown in
figure-1.

Table-1
a | Liquid limit 19%
b | Plastic limit 17%
c | Plasticity index 2
d | Shrinkage limit 1%
e | Specific gravity 2.63
f | Optimum moisture | 10%
content
g | Max dry density 2.05
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Table-2
Sieve | Weight | %weight | Cumulative % finer
size of soil of % retained (100-
mm retained | retained cumulative)
gm soil
4.75 11 2.3 2.3 97.7
2.00 19 3.8 6.1 93.9
.850 75 15 211 78.9
.600 8 1.6 227 77.3
425 12 2.4 251 74.9
272 237 47.4 72.5 27.5
150 20 4 76.5 23.5
0.075 13 2.6 79.1 20.9

Wet sieve analysis
(C)PROCEDURE FOR MAKING BRICKS

The process of manufacture of stabilized soil bricks
involves the following five steps:

(1) ANALYSIS OF THE SOIL- soil composition
and analysis through comprehensive test in a
laboratory is very important. This will be
required to estimate amount of cement and
other missing native constituents that must be
added to the final mix. All soils are made up of
three components: sand, silt, clay.

(2) SIFTING OF SOIL- soil should be dried and
sieved 9to remove large
lumps,stones,leaves,and  other impurities)
before it can be used properly mixed with
cement and compressed into bricks. The soil
has the proper moisture content for sifting
when 1. A handful can be squeezed without
water appearing on its surface 2. The ball of
soil disintegrates without lumps as it is
released.

(3) PREPARATION OF THE MIX- once soil has
been dried and sifted, we can begin to prepare
the mix from which bricks will be pressed. The
amount of cement to be used will depend on
the composition of the soil. More tha 10% by
volume is not recommended. Mix thoroughly
all the ingredients cement, soil and special
additions such as sand or clay that may be
needed. After dry mixing of all the ingredients
water is added a little at a time until the damp
soil-cement reaches the right consistency. A
concrete mixer machine is suitable for
preparing the mix.

(4) COMPACTION OF THE BRICKS- hydraulic
operated machine is proposed for compacting
soil-cement into bricks of desired size. The
prepared mix can placed into the mould of the
machine and pressure is applied and after
compaction, the brick formed is ejected from
the mould and stacked.
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(5) CURING OF THE BRICKS- place the bricks
as soon as possible on a flat, non-absorbent
surface in a shady environment to cure. Set
each brick on edges and space the brick for
enough apart so that they do not touch each
other. After 24 hours of moulding bricks must
be thoroughly sprinkled three times a day with
the fine water spray. During the first four days
of curing ,bricks be covered with plastic.

(D) MIX PROPORTION

To find the strength of the stabilized soil bricks the soil
samples have been mixed in various proportions.
Table-3 shows the mix proportion with varying
percentage of sail, clay and cement.

TABLE -3
BRICK | SOIL | OPC | PPC | CLAY
NO.
B1 90% 5% - 5%
B2 87% 8% - 5%
B3 85% 10% - 5%
B4 90% - 5% 5%
B5 87% - 8% 5%
B6 85% - 10% 5%

RESULT AND DISCUSSION

Table-4 shows the result of compressive strength of
bricks at 7days. And Table-5 shows the result of
compressive strength of bricks at 28days.figure-4
shows the graph between compressive strength of
bricks at 28 days and cement content with varying
proportions, and figure-5 shows the graph between
compressive strength of brick at 7 days, 28 days and
opc cement content with varying proportions and
figure-6 shows the graph between compressive
strength of bricks at 7 days,28 days and ppc cement
with varying proportions.

. The bricks were unburnt and hydraulically
pressed. The soil stabilized bricks was taken
for strength determination after 7 and 28
days.

o The maximum strength of brick obtained was
3.873 N/mm2 at 98 KN load, stabilized soil
bricks i.e. mixture of [
Ppc(10%)+clay(5%)+s0il(85%) ].

. The minimum strength obtained was 0.632
N/mm2 at 16 KN load,stabilized soil brick i.e.
mixture of] Ppc(5%)+clay(5%)+s0il(90%) ].

. Use of ppc as stabilizer in place of opc gives
more strength to the bricks with the same
proportions of soil and clay and stabilizer.
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o Use of clay with soil at constant proportion 45
increase the strength of the bricks.

. Use of opc cement at constant proportion of
clay does not increase the strength of bricks
produced by ppc cement at 28 days.

2 - —4=—7 days strength

compressive strength of brick

15 ~@—28 days strength
1
Table-4 os
0 T T |
MIX PROPORTION 7DAYS LOAD 0 5 10 15
STRENGTH (KN) portland pozzolana cement with varying proportions
N/MM2
S0il(90%) +clay(5%)+OPC (5%) 0.671 17
S0il(87%)+clay(5%)+OPC (8%) 0.948 24 .
Soil(85%)+clay(5%)+OPC (10%) 1.027 26 Figure — 6
PPC (5%)+clay(5%)+s0il(90%) 0.632 16
PPC (8%)+clay(5%)+scil(87%) 0.790 20 CONCLUSION
PPC (10%)+clay(5%)+s0il (85%) 1.106 28
Table-5 . The influence of stabilizer on compressive
strength of bricks is shown in result. In this
X PROPORTION 8 DAYS TLOAD paé)er, a brief review on stabilized soil bricks
STRENGTH | (KN) IS done.
N/MM2
Soil(90%)+clay(5%)+opc(5%) 2.292 58 o Stabilization of soil block using Portland
i 0, 0, 0, .
Soil(877%)+clay(5 ) +opc(8%) 2.608 66 pozzolana cement fulfills a number of
Soil{85%)+clay(5%)+opc(10%) 3.399 86 objectives that are necessary to achieve a
Ppc(5%)+clay(5%)+s0il(90%) 2.529 64 - | )
Ppc(8%)+clay(5%)+soil(87%) 3.003 76 lasting structure from locally available soil.
Ppc(10%)+clay(5%)+s0il(85%) 3.873 98 Some of those are: better mechanical
characteristics (leading to better
a5 compressive strength), better cohesion
5 R TE between particles.
® 3.5 3399
é T T T & % ol 111 . Increase in cement content results in an
g 5 || increase in the compressive strength value
5 h of
: e o of blocks made at the same constant
5 1. stren, o C .
8 Eneep compaction pressure.
o
0 | | . The result of this paper have revealed that
0 s W B compressed stabilized soil block can be
cement content with varying proportions used as an alternative wall making material.

Figure — 4 . The amount of water content for the soil-
cement mixture needs to be carefully
controlled. there needs to be sufficient
moisture for the cement to fully hydrate but

383 no excess of water which would reduce the

3359 final density, increase porosity and reduce
final strength.
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28 days strength . Previous researches showed that stabilized
soil bricks demonstrate many advantages
compare to conventional fired bricks. This
stabilized bricks are environment friendly- no
burning of bricks required. It is cost efficient.

compressive strength of brick
=4 |-
o= N

o

0 » 2 . “d f_m & mt_ 12 The utilization of earth in housing c
P e A Properen construction is one of the oldest and most 5
Fi 5 common methods used by a larger (7]

lgure = percentage of the developing countries "é
population. oo

REFERENCES §

3

(1) T. morton, “earth masonry design and
construction guidelines”,Berkshire: 4

Vishakha Yadav' Dr. M. K. Trivedi?



Vol. IX, Issue No. XIV, November-2015, ISSN 2249-4510

- International Journal of Information Technology and Management

()

(7)

(10)

(11)

(12)

(13)

(14)

construction research communications

limited,2008.

B.V. Venkatarama Reddy, and K.S. Jagadish,
“embodied energy of common and  building
materials and technologies”, Energy and
buildings, 35 (2):p. 129-137,2003.

J.C. Morel, et al., “building houses with local
material: means to drastically reduce the
environmental impact of construction”, building
and environment,2001.

CR Aterre, “the basic of compressed earth
blocks” ,Eschborn, germany: deutsches
centrum fur Entwicklungstechnologien,1991.

A.Y. B. Anifowose,”stabilization of lateritic soils
as a row material for building blocks”, bulletin
of engineering geology and the environment,
2000.

P.J. Walker and T. stace, “properties of some
cement stabilized compressed earth blocks

and mortars”, materials and
structures/matdriaux et construction, 1996,
November 1997.

Venkatarama,R.B. V., & prasanna, k. p.

(2009).embodied energy in cement stabilized
rammed earth walls.

Tamakloe, W. (2012). Initiate Research to
promote use of local materials in building.

RICS, (2008). Compressed earth building
blocks. New York, USA.

Riza, F.V.,, Rahman, 1. A.& Zaidi,
AM.A.(2011). Preliminary study of
compressed  stabilized eath brick (CSEB).
Australian Journal of basic and Applied
Sciences,5(9).

Arumala, J.O.& gondal, T. (2002).
Compressed earth  building block for
Affordable housing,RICS publishers, London,
united kingdom.

Harper, D. (2011). Alternative methods of
stabilization for unfired mud bricks. Engineers
without borders. Newcastle University.

Compressed earth blocks: manual of design
and construction,by Hubert Guillaud, Thierry
Joffroy, pascal odul, CRATerre-EAG.

J.C. Morel, A. Pkla, and p. walker,
“compressive strenghtesting of compressed

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

earth blocks” ,
materials,2005.

construction and building

ASTM D4318 (2006), standard test method for
liquid limit,plastic limit and plasticity index of
soils, vol 04.08, American society for testing
and materials, west Conshohocken,
Pennsylvania, USA.

Deboucha s. and Hashim R (2010),A Review
on bricks and stabilized compressed earth
blocks, scientific research and essays vol.6.

Roberg C.W. (1994), the use of soil-cement
as a construction material, Msc thesis, wits
university, Johannesburg.

Keefe, L. (2005). Earth Building: Methods
and materials, repair and conservation. New
York, Taylor & Francis.

McHenry, P. G. 1984. Adobe and Rammed
Earth Buildings. New York, John Wiley &
Sons.

Minke, G. 2006. Building With Earth: Design
and Technology of a  Sustainable
Architecture. Basel, Birkhauser.

Morony, J. J. 2005. Adobe and Latent Heat;
A Critical Connection. Adobe Association of
the Southwest; Second Annual Conference
May 18-21. El Rito, NM

Grunert, B. 2008. The development of a
standard of care defining suitable testing of

geomaterials intended for unstabilized
compressed earth block construction.
Master's Thesis, University of Colorado,
Boulder.

Adam, E.F.A. (1982). Stabilised soil blocks
for low cost housing in Sudan.

Hatfield Polytechnic and Building Research
Establishment. Garston, England.

Agarwal, A. (1981). Mud, mud. The potential
of earth-based materials for Third World
Housing. International Institute for
Environment and Development(I1ED).
Earthscan Publications. London, England

Gooding, D.E.M. (1994). Improved
Processes for the Production Soil-Cement
Building Blocks.

PhD Thesis. University of Warwick. Coventry,
England. Norton, J. (1986). Building with

Vishakha Yadav' Dr. M. K. Trivedi?

Ul ‘ www.ignited.in



Study of Stabilised Soil Bricks and Its Compressive Strength [l

Earth. A Handbook. IT Publications Ltd.
London, England.

(28) Satprem maimi, production and use of
compressed stabilized earth blocks, auroville
earth institute, india,march2006.

(29) David Edward Montgomery, bynamically-
compactedcement stabilized soil blocks for
low-cost walling, university of warwick, school
of engineering, January 2002.

(30) Craig, R.F, soil mechanics,E&FN spon, 1997.

(31)  African regional standards, compressed earth
blocks standards, CDI andCRA terre-
publication,1998.

(32)  Appropriate building materials for low cost
housing African region, proceedings of a
symposium held in Nairobi Kenya from 7 to 14
November 1983, E. & F.N. spon Itd,
london1985.

(33) Satprem  Maini, modernity of earth
architecture,  presentation on  national
alternative building materials workshop Addis
Ababa, Ethiopia, feb,2006.

(34) F.O. Okafor, D.E. Ewa, the compressive
strength of obudu earth blocks stabilized with
cement kiln dust,july,2012.

(35) Earth building materials and Techniques
Select Bibliography, CRAT terre, aus der
arbeit von gate,eschborn,1991.

(36) Fitzmaurice, R., manual on stabilized soil
construction for housing. Technical assistance
program, united nations,1958.

(37)  American institute of architects. Environmental
resource guide subscription. Washington:
American institute of architects,1992.

(38) Mchenry, Paul Graham, JR. Adobe and
rammed earth buildings: design and
construction. New York: john wiley, 1984.

o) ‘ www.ignited.in

Vishakha Yadav' Dr. M. K. Trivedi?



