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Abstract— Building materials are always regarded as
essential components for constructing living spaces which
would help in good habitation of human beings. One of the
most commonly used materials is brick that is used to
construct any area. The cost & nature friendly is considered
as one of the factors to decide the efficiency of the material
along with other properties that contributes to the strength &
durability of the whole structure. From ancient times our one
of the major concern is related to housing and we have used
many methods to build our homes using various materials &
in that process the brick has also gone under a revolution of
changes making it commercially more accessible along with
making it more productive in terms of fulfilling the
requirements. The concept of Adobe bricks came in the early
days when there was little technological advancement took
place though the quality of mud, made the prospect of using
these type of bricks very famous for construction of houses
which could be seen even in the present time especially
regions of Sahara desert & areas which are less likely to be
get any moisture trouble. The durability & its degradation in
quality coming in contact with moisture posed a serious
concern-over the-maintenance of the structure resulting in the
decreasing value of Adobe bricks & at present the
conventional brick we use for general construction work are
considered far superior in terms moisture absorption & cost
effective nature. With mud being the primary material for
producing Adobe bricks it is seen that with addition to mud if
the composition is altered by adding chemicals mainly fiber
components would result in enhancing the ability of the brick
to sustain the effects of moist climatic regions.
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I. INTRODUCTION

Mud being available in abundance it is always seen as a
welcoming sign when an eco-friendly material is used in
construction work. The use of Adobe bricks is an old and
tested material for building houses which are designed for
limited size structures without exceeding a certain level of
height. In developing nations because of the challenges
imposed by lack of industrialization leading to less
availability of materials especially in rural areas construction
of houses is seen as a difficult task to accomplish along with
that the investment in construction is another factor that limits
the thought of building a place of comfort satisfying all our
requirements.

The role of any material used to be more friendly
towards nature contributing to the balance between us & our
surroundings is also considered an essential factor for
manufacturing and usability of a product therefore the clay
bricks or Adobe brick credibility to set this balance is much
more likely than any other type of brick. The most beneficial
part of using adobe is that its cost effective nature with its
easy availability almost anywhere in the world makes it an
ideal component for building mid size structures which could

be used for small scale housing which people could utilize
them for storage & spending a more authentic life close to the
nature.

Thermal abilities of soil is the strongest reason for
anyone to consider a green living space which would give the
presence of calm relaxing atmosphere leading to less power
consumption that directly sends a positive feedback to nature
& represents practicing of healthy living.

A. Constraints with the use of simple soil

The availability of soil though is a promising sign for its use
in construction, its lack of durability in sustaining heavy
rainfall resulting in appearance of cracks along with that
getting washed away in the rain is very common which could
seen as one of the biggest drawbacks. Another concern with
the walls made with adobe bricks is the absorption of water
& moisture during heavy porous conditions because of rain
and after that when evaporation occurs with the increase in
atmospheric temperature- it starts drying, this impacts the
brick’s mechanical properties.

Il. METHODOLOGY

A. Enhancements in the quality

In many studies conducted by different institutes in the past
with the goal of improving the properties of Adobe bricks
have found that addition of raw material which could be in
acceptance with the soil is one of the ways to bring these
particular changes.

If we check the basic material required for

producing adobe bricks then these are the following materials
—earth as a mixture of dung or straw along with other organic
materials and water makes the initial composition of adobe
type bricks.
In order to increase the strength, durability & reduce the
adversity against moisture the addition of materials which is
found in nature and its availability is in fair amount was
required which led to the introduction of natural fibers in soil
blocks. The naturally obtained fibers nowadays are seen as a
second best in comparison to the artificially produced
synthetic fibers which possesses a greater ability to resist
heavy wear & tear including a much more robust nature to
sustain heavy loads. Therefore with the help of these natural
materials which are now commercially neglected could help
in revival of soil blocks usage. It is found in a recent study
conducted in India that a fiber named Grewia Optiva
(bhimal)- which is a common tree found near the agricultural
fields, hilly areas is seen as a good option to be used in soil
blocks.

Grewia Optiva or bhimal is a plant which is used to
make traditional daily essential like ropes of measurable
quality based on its strength and durabity. It is also used as a
medicinal plant but nowadays product made of this not
holding the earlier demand in the general public.
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I1l. OBJECTIVE OF COMMERCIAL VIABILITY

When we use any material which is made with some form of
soil then generally people tend to think it is only for rural
applications & not going to fulfill the modern day
requirements so they move away from using that product
which is a concern for anyone related with this particular
industry as its main sources of producing these bricks are very
common & involves large amount of soil usage. Therefore
with a clear vision for making soil made structures
commercially more appealing& viable, the further research
on adobe bricks history & its origin, it is found that ancient
manmade structures namely the Great Wall of China was
prepared using rammed Earth which is similar to Adobe but
with greater durability & better appearance.

A. Use of Rammed earth

Traditionally it is a process of using water, clay rich soil and
a natural stabilizer like plant fibers or bitumen to provide
solidity which is quite synonymous to the case of Adobe
bricks. The best feature of this construction technique that the
structures made with this process are aesthetically more
sound, pleasing on the eyes & could take the atrocities of
weather & time to work efficiently. The resulting structure is
said to have a strength around 2.4 -3.0 Megapascals which is
about 0.1 times the compressive strength of modern bricks
which is fairly low according to the current demand.

B. Earlier Method to make rammed earth structure safe

Due to lack of compressive strength, the building is provided
embedded timber beams or bamboo grid is used along with
architectural features so that it gets protected from rain and
wind. The historical presence of these buildings could be seen
in countries like India, Middle East, China, South America &
North Africa.

C. Recent Developments & need for ecofriendly housing

In the present time the requirement for a house to become
more exposed to nature so that it sets a balance living
environment without harming the nature pushing the demand
of sustainable housing is getting bigger which has resulted in
the revival of Rammed Earth structures specially because of
its energy efficient, green living atmosphere that it creates
without much of investment in the labor work & materials has
given it a commercial hope.

In the last few years, a fresh version of rammed earth
has gained its popularity in certain areas which could very
well be taken as an alternative for using adobe type bricks in
urban localities. The process of Cement-stabilised rammed
earth is a mixture of low clay soil, water and cement. From
the observation made in the site, it is compacted inside
temporary formworks and left to dry. This process makes the
structure more resistive against the compressive force that is
near about 40 megapascals which proves similar to the
strength and durability of a concrete structure. With this new
amendment, the building doesn’t require any special support
to protect itself against rain or any adversity to wind.

D. The building process of rammed earth structure

The building criteria for constructing a structure with rammed
earth is relatively easier compared structure as it involves less
skilled labor and could be achieved with minimal manpower.

The wooden cage made for filling up and preparation of every
block which is placed one above other to create the whole
structure of a wall. The connection of all the walls results in
the close private building. In this procedural requirement for
the rammed earth blocks to be desirable needs raw materials
like earth to be stable with addition of cement which is a
modern rammed earth technique as mentioned earlier. Here
we will discuss about Soil stabilization and how it could
influence the whole structure.

IV. RESULTS

The compressive strength results were the significant results
obtained from our work. The 4 weeks Strength was at its
optimum value for the mixture containing more percentage of
cement. Results can be noticed from the table 3. For the
mixture containing lime the results of compressive strength
after 4 weeks are less and are thought to be more after 3
months (Table 1 and Table 2).

Wet Dry Initial
sampl Cor_npress compress Rate of_ Water
A ive ive Absorpti | Absorption
Strength strength on (%)
(MPa) (MPa) (g9/ min)
1 1.44 2.42 0.840 18.23
2 1.6 2.6 0.948 18.14
A‘égra 152 251 | 0894 18.18
Table -1(a): 10% Lime (4 weeks)
Wet Dry Initial
Sampl Compressi | compressi | Rate of_ Water _
o ve ve Absorpti | Absorpti
Strength strength on on (%)
(MPa) MPa) (9/ min)
L 2.2 35 0.39 9.52
2 2.35 3.76 0.498 9.05
A‘g’gra 2.275 3.63 0.45 9.285

Table -1(b): 10% Lime with Fibre(4 weeks)

Some comparison study graph based on wet
strength, dry strength and water absorption attributes of the
material (10% lime)
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Graph-1- Representing the wet compressive strength in
Mpa( Y-AXxis)
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Wet Dry Initial
¢ S I Compress | compress | Rate of Water
BT amp ive ive Absorpti | Absorption
P € Strength | strength on (%)
25 HDRY COMP STRENGTH (MPa) (MPa) (g9/ min)
21" 1 6.8875 9.1265 0.487 18.405
15 ¢ N ey STRENCTH FIBRE 2 6.4175 | 91215 | 0.551 18.223
2T A‘ézra 66525 | 9124 | 0519 | 18314
0 ¥~ . Table -3(b): 3% Lime with fibre and 8% cement (4 weeks)
1 2 AVG Wet Dry Initial
Graph-2-Representing the dry compressive strength after 28 Sampl Compress | compress | Rate Of_ Water
days in Mpa(Y-Axis) e ive ive Absorpti | Absorption
Strength | strength on (%)
. (MPa) (MPa) (g9/ min)
35 4 1 3.015 4.52 0.378 13.65
N 2 3.104 4.42 0.462 13.91
25 {7 B WATER ABS. (NORMAL) A;Zra 3.12 4.45 0.470 13.94
27 Table -4(a): 10% Lime and 5% cement (4 weeks)
15 4 B WATER ABS.(NORMAL +
. FIBRE) Wet Dry Initial
| Specim Compress compressi Rate of Water
651 P ive P Absorpti | Absorpti
0 en Strength ve h on on (%)
1 2 AVG (MPa) Szlr\‘jlg%t) (g/ min)
Graph—3-Re\p,)\;Zfentmg thelz:)vr\?ter absolrnnggln% (Y-Axis) 1 4575 63725 05905 50525
Sampl Compressi | compressi | Rate of Water Ave23ra 4.6§4 6.3625 0.6295 19.935
e ve ve Absorpti Absoorpti o g 4.6195 6.3675 0.61 19.935
S(t;ﬁgg‘;h szlr\elr;%t)h (g/omnin) on (%) Table -4(b): 10% Lime with Fibre and 5% cement (4 weeks)
1 1.72 2.56 0.164 16.9
2 1.93 2.67 0.288 | 16.67 V. DS
Avera With addition of stabilizer in the form of natural fiber in
ge 1.85 2.17 0.232 16.87 Adobe and cement in Rammed earth, it is observed that the
Table -2(a): 12% Lime (4 weeks) properties got more precise in consideration with the
Wet Dry Initial Water requirements of b_undlng moder_n houses and also supporting
Compress | compressi | Rate of . the implementation of sustainable development in our
Sample ive ve Absorpti Absorpti surroundings. The materials used are found on a level of
Strength strength on ‘3“ abundance in terms of its availability and with respect to its
(MPa) (MPa) (g/ min) (%) cost is more affordable, which is a boon for the projects with
1 261 387 0.2875 24.85 a low budget and demands good quality. The adobe form
2 2 8275 4.065 0.4105 2515 bricks because of its much lower capital requirement could
Avgera potentially become a choice for rural areas with the fiber
ge 2.71875 3.9675 0.349 25 manipulated material holding the capability to resist decent
Table -2(b): 12% Lime with fibre (4 weeks) compressive for_ce and its pr(_)perty to be_mixed with soil
28 days — being an organic product without releasing any harmful
Wet Dry Initial Water substance during the time of demolition compliments its role
Sampl Compressi compressi Rate of_ Absorpti to pe more productive. T_he rammed earth technique
o ve ve Absorpti on requirement is a result of the high demand of structures which
Strength strength on (%) are made of earth material with a life span of many years and
(MPa) (MPa) (9/ min) having an aesthetically more pleasing view. The addition of
1 776 6.58 0338 23 concrete in_ the older versiqn of this method has _made a
> 12 6.85 0374 1274 notlc_eable impact by nL_JI_Ilfylng the role of any arc_hltectu_ral
Avera . . . . requirements extra stability to the structure which is a major
ge 4.35 6.83 0.365 12.53 factor for it to be way to go for future constructions projects

Table -3(a): 3% Lime and 8% cement (4 weeks)

taking place in urban areas and with good public awareness
about its benefits as a building house concept, more number
of rammed earth houses could seen in the developing nations
like India.
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VI. CONCLUSION

Structures made with other forms of earth creation, adobe
bricks are solid though they are made of decomposed
organisms, non-toxic waste building material which provides
sufficient thermal mass to buildings to ensure excellent
thermal performance. Other benefits include minimal sound
transmission levels through walls and a general feeling
of rigidity and safety. The minimum compressive strength
required for a building block to be used as a masonry unit as
per IS n1905 is 3 Mpa. So the compressive strength obtained
for adobe block is significantly higher for all the work and
observations where the strength is directly dependent on time.
And also the energy stored in these blocks almost negligible
making them very efficient in temperature control. Also they
are found it to be cost effective. The small adobe units provide
great workability in the design and creation of earth building.
Adobe bricks can be easily separated or divided for fitting and
can be provided with spacing for reinforcements and services.
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