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Abstract: While constructing (developing) any structure
(asset), its impact on the environment should always be assessed.
As we know, cement is a key building material that is commonly
used but also creates pollution during its manufacturing, storage
handling, transportation and usage. So, what-if this building
material can be significantly replaced by some other building
material that is far eco-friendlier. Mother Nature i.e. our planet
Earth offers us naturally existing and abundant Soil (mud) that
can be used as an alternative building material. Cement, as a
main component of construction material mix, when replaced by
naturally and locally available mineral soil (in different
proportions) will result in reduced carbon footprints which
otherwise is high for cement supply chain.

This nature’s gift in the form of mineral soil has inspired the
idea of Rammed Earth Construction. This is not an invention; it
is an innovation through traditional (well placed) wisdom.
Natural soil with additives (if required) in designed/customized
amount are compacted in layers within sturdy formwork. From
series of field experiments we conducted, the proportions for the
components like Soil, (part) Cement and Fly Ash were
determined. The proportion of these constituents mainly depends
on local availability and climatic condition in & around the
construction site. The resultant construction product mix is a
monolithic wall structure with superior thermal insulation
properties, fire resistant and most importantly eco-friendly. . The
Due to use of soil, the wall absorbs heat during day time and
slowly cools down in night time. This phenomenon results in
effective  insulation  system.  This  moderates  daily
temperaturevariations and reduces the need for HVAC systems,
which helps in attaining the green building objective.

One of the prominent features of Rammed Earth Structure is
its cost efficiency. The main component is naturally available
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mineral soil and other resources required are also available at a
comparatively low cost. A structure (say home wall) can be built
using Rammed Earth in approximately 1/5thcost than that
required for Stone wall. So, Rammed Earth based construction
projects can be linked to Government’s Low-Cost Housing
schemes like Pradhan Mantri Awas Yojana (PMAY, PMGAY).
For building Rammed Earth Structures, unskilled labors can be
easily trained and hence creates a good opportunity to employ
unemployed people including locals. In this way this project can
tangibly contribute to bring about a socioeconomic shift/change.

Keywords: Cost Efficiency, Mineral Soil, Socioeconomic,
Sustainable Home.

I. INTRODUCTION

Rammed earth has a long and continued history
throughout many regions of world. In today’s pursuit of
sustainable development, earthen structures hold a great
significance. Rammed earth walls are formed by compacting
damp soil between temporary forms. Major cities of rammed
earth construction include North Africa, Australia, Regions
of North and South America, China and Europe including
France, Germany and Spain. The Great Wall of China has
some sections built of rammed earth, still intact after 2000
years. Earthen structures are time tested, affordable, easily
procurable and more responsive to the local environmental
conditions.

This technique has been used worldwide for hundreds of
years, whether it is a monumental structure or a simple
house. But it can be found from history that the Rammed
earth technique has been used in regions having arid
climate, like Australia, China etc. Today, various
experiments are being performed to improve the properties
of Rammed earth and make its use more global.

The key feature in monolithic construction of rammed
earth wall, as it removes the use of joints and mortar,
increasing the earthquake resistance of the structure. The
process involves selection of proper soil sample. It is then
sieved and mixed with additives and appropriate amount of
water (OMC: optimum moisture content). Suitable mixture
is obtained by trial and error. Main weakness of earth is its
low resistance to water, thus different additives are used to
stabilize the earth and enhance its geotechnical properties.

The aim is to assess the relevance of rammed earth
construction in India and contribute in its field. The
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objective is to develop the relevance of rammed earth
construction in a certain region in order to bring it into
mainstream line of construction.

A. Advantages

. Ramming requires little water, which can be an
important consideration in dry climates with scarcity of
fresh water.

. They require few other resources like additives to
improve their properties.

. Earth can be recycled, is easy and agreeable to
work.

. It has good insulating properties if built with high
thermal mass especially for hot climate.

. Known fact, earth gives off no harmful emissions.

. Good for noise reduction and insulation.

. Earth doesn’t burn, so rammed earth walls are fire
proof.

. Load bearing, which reduces the need for structural
supports, therefore reducing building costs. Standard

400mm thick rammed earth walls can be used as load
bearing in construction up to 4 stories high.

. Termites and other pests are of little concern to
rammed earth walls.

B. Disadvantages

. It is labour-intensive to build.
. Some degree of carpentry skills is needed to build
the formwork.
. The ramming itself is relatively time-consuming.
1. METHODOLOGY

1)  The Steps Involved in preparation of Earth (Mud)
which is to be used.

. Excavation

. Screening

. Pulverization
. Mixing

. Casting

. Testing

2) Tests performed:
. Spray Test

. Drip Test
. Drop Test
. Compressive Strength Test

3) Designing a prototype of rammed earth structure.

4) Preparing a cost analysis for a Prototype of
Earthen Home.

5) Field Visit

1. FIELD VISIT

As our study is related to rammed earth structure, to get
more detailed information we visited Mr. Vamshi Das’s
place situated in Ravet, Pune, Maharashtra, since his house
is constructed of rammed earth structure. We could get some
idea about the requirements of material as well as the
challenges faced while constructing. The advantages and the
room for improvement were as follows:

A. Advantages
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. As compared to the outside temperature the
temperature inside the house is approximately 2-3 degree
less without any use of HVAC.

. The house is ecologically sustainable and eco-
friendly.

. Locally available material can be used for the
construction.

. The rammed earth structures are bio degradable
whereas concrete is not.

. In a way, rammed earth structures are also useful
for human health. (E.g. In modern houses, the flooring are
very smooth and it leads to joint pain in people above mid
age but the mud flooring results in acupressure effect and
reduces the joint pain.

B. Room for improvement

. PCC work in toilet and bathroom is required.

. Leakage is observed on the toilet and bathroom
walls.

C. Limitations

. Shape constraint.

. No black cotton soil should be used and the best
suited is the laterite soil and red mud.

. Convincing people.

D. Photos Related to Field Visit

.
Fig. 1.Field Visit to Mr. Das’s House

Fig. 2.Wooden Roofing
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Fig. 3.Laterite Stone Work

-

IV. TEST RESULTS AND COST ANALYSIS

A. Compression Test

Casting of test blocks was carried out using the below
mentioned four compositions. 4 blocks of each composition
were casted and tested on compression testing machine for
7th day and 28th day result.

Table I. Specimen Compositions

Specimen 1 Specimen 2 Specimen 3 Specimen 4
90

Soil | 100% | Soil |95% | Soil | 95% | Soil | %

Ceme

ot | 0% | Cement | 3% | Cement | 0% | Cement | 5%

Fly

Ash | 0% |FlyAsh| 0% | FlyAsh| 5% | FlyAsh | 5%
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Table I1. 7th day compression test result

Spect- | Weight | Density %‘::s?‘f; Load | Strength ?;:;ag%;
wa | () | Ggw) | o | Y | () | (O
LA 63 | 18672 | 18755 | 30 222 245
LB | 636 | 18837 60 267

2A | 649 [ 19235 | 19179 | 80 3.56 4

2B | 645 | 19123 100 | 4.4

JA | 615 | 18231 | 18507 | 60 267 289
3B | 634 | 18782 70 3.1l

4A | 679 | 20133 | 19845 | 120 | 533 il
4B 66 | 19556 110 | 489

The compressive strength test results after 7 days of
curing show that unsterilized soil gives less strength as
compare to the other 3 specimens with stabilized soil. At the
same time, the strength values obtained from specimen 1
and 3 are nearby, that is unsterilized soil and soil with 5%
fly ash show somewhat similar strength values. Similarly,
the trend can be seen in specimen 2 and 4 which contain
cement only and cement plus fly ash respectively. But direct
conclusion cannot be drawn from these results as these are
only after 7 days of curing. After obtaining 28 days results,
proper comparison can be done.

Table I11. 28th day compression test result

Speci- | Weight | Density Averz?ge Load | Strength Average
3 | Density ' Strength
m | ) | Ged) | oo | () | (M) | o8
LA | 633 | 18769 60 267
1868.5 2.39
LB | 628 | 18601 70 LN
2A 651 | 19297 90 4
1923.35 467
2B 647 1917 120 533
3A 621 | 18391 80 3.56
185175 3.56
3B 6.29 | 18644 80 3.56
4A | 677 | 20048 160 | 7.1
2001.7 6.67
4B 6.75 | 19986 140 6.22

The test results after 28 days of curing show that there is
no significant rise in strength of unsterilized rammed earth.
Specimen 2 and 3, i.e. cement only and fly ash only, have a
small increment in their values. But specimen 4 with both
cement plus fly ash has shown a noticeable rise in strength
value. It might be because of the cement and fly ash
increasing the bonding properties of the soil, giving it more
strength than others. It is observed that specimen 4 has
achieved highest strength of all others, both for 7 days and
28 days of curing, indicating that when cement and fly ash
are both used to stabilize the soil the results are satisfactory.
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B. Primary Cost analysis
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Fig. 5.Design of Proposed Plan

Table IV. Cost Estimation for Rammed Earth

Construction

Ttem Unit Quantity Rate Amount
Sol Cum 9 400/- 3,600
Cement Bags 30 280/- §.400/-
Steel Kg 70 50/- 3,500
Total 15,500/-

I\I;;f:n Dags 5 00- | 3500
I{Eg; Days ; S00- | 2,500
Helper Days 20 350/- 7,000/-
Total 13,000/-

Tools and Plants 30% §,550/-

Add 2% contingencies 570/-
Total 37,620/-

For 1cu.m = 37,620/10=3,762/-
So, total for 1cum is round about 3,800/-
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Table V. Cost Analysis of Mangalore Tiles Roof (600

Sq.ft)

[tem Unit Quantity Rate Amount
Principle
rafter

Cuft. 4355 | Rs 1700~ | 74,035~

lngh X5 | S '

X4
Rafter

(ength X 4" | Cuft 3408 | Rs. 1700~ | 57,936/
X4
Ribs

(engh X9 | Cuft 1764 | Rs. 1700~ | 46,988
X159

Total | 173959~

1,80,000-

Mugloe |, 600 | Rsls- | 9000
Tiles

Total | 189,000~

Add 10% labour charges 18,900

207900~

Rowd Off 210000

Table VI. Prototype Cost Estimation

[tem Unit | Quantity | Rate | Amount
. Rs.
3 5,000
Plinth Cum 15 000 75,000,
Rammed Earth Rs.
, 52.000-
Construction Cum. X0 3800/- 132000,
MangloeTle | ¢ 5 1 450 | Re 350- | 157500-
Roofing
Total | 384,500~
Add 2% Contingencies + 2% Work Establishment 15,380~
Total | 3,99.880~
400,000~

Total cost for building a 450 Sq.ft prototype with
Mangalore tile roofing is 4, 00,000/-
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Table VII. Cost Analysis of RCC Structure

Modern techniques can be included in the process

Sz e Unit | Quatity | Rae | Amouwnt pf construction of rammed earth for ease and reducing
e intense labour work.
1 | Excavation21.01) | Com 8 130~ | 10842 . Hybrid structure might have potential for building
big structures.
2 PCC MI5 (24.05) | Cum 7.9 50200~ | 39,638~ . Use of tensile reinforcement in the formwork is
another area of research.
3 R‘:C_rjﬁ g;;“ti—' Crm 29 | 5143~ | 50,918~ . The technique has its major use in low cost housing
o projects, and proper funding technical support can open a
BEC in Columns . . - very interesting dlmensmr_] to gre(_en_bundmg materials.
4 (25.03) Com | 104 | 5143~ | 353,488- . Structural analysis of existing structure.
. Checking the feasibility of this project with the
; RECC in Sl Cum . s143- | 504020 help of knowled_ge areas _of Project Management.. o
23.03) . Preparing a business plan for commercialization of
A rammed earth structure.
Eridowork " 2 soy Y oy - -
¢ {27.00) Com = el Bt . Analyzing the Business Plan.
P . Preparation of project proposal for approaching
7 _:35_.31_3?14) Sqamt | 120 g8~ | 1LB80- | various State/National agencies.
g Floosing {33.24) | Sg.mt 50 B70- | 43,500
VIl. REFERENCES
| Plemming GLOL) | Sqmt ] 120 - 8,880~ 1. Wen Pan. Prefabrication and Automation in Rammed
iy . Earth Building Construction. 2012. Retrieved from
10 HmCoEE e LS - - 50,000/ Advanced Construction and Building Technology for
Other Op=ning Society Publication 376.
11 Roofing Sqmt 540 250~ | 1,35,000- 2. Ig_nacio-Javier GiI-Cre_,\spo.Late Med_ieval Castles _Built
with Rammed Earth in Castle, Spain. 2017. Retrieved
Total 5,07, 066/- from Journal of Architectural Engineering, Volume 23.
- 3. David Easton. The Rammed Earth House. 1996.
A”r.ates are SUbJe.Cted to. DSR . Retrieved from The Rammed Earth House eBook
Adding 2% contingencies + 2% work establishment = ISBN978-1-603581-59-2.
23,883/ 4. Peter Walker. Rammed Earth: Design and Construction
Therefore Total Cost = 6, 20,950/- Guidelines.
5. D.Ciancio & C. Beckett. Rammed Earth Construction:
Cutting Edge Research on Traditional and Modern
Rammed Earth.
V. CONCLUSION 6. DaniealCiancio. Rammed earth: An overview of a
A. Comparison based on strength sustainable construction material.
If th h | d h f dard 7. MarwaDabaieh. Building with Rammed Earth-A
. the strengt_ _resu ts are compared to t a_lt O_ standar Practical experience with Martin Rauch.
brick, then stabilized rammed earth excels in it. Normal 8. B. V. Venkatarama Reddy. (2013). Sustainable Building
compressive strength of a brick is 3.5 N/mm2, and the Technologies.
strength of rammed earth stabilized with cement and fly ash, 9. Bly Windstorm and Aron Schmidt. A Report of
after 28 days curing comes to be 6.67 N/mm2, which is _Comemﬁorary Rammed Earth (?O”Sé”:ft'on and Resgglr_ch
greater than the brick. And even if fly ash is used as :gsl\’ilogo?fjlmgggca' 2013. Retrieved from Sustainability
stabilizer for soil, then also the strength results are good and 10. Vasilios Maniatidis and Walker. Structural 2008.
considerable for rammed earth. Retrieved from Journal of Materials in Civil Engineering.
B. Comparison based on Cost Volume 20
) P 11. Abhirami Suresh and K. B. Anand. Strength and
As per the above cost analysis based on the rammed earth Durability of Rammed Earth for Walling. 2017.
structure and RCC structure it can be clearly seen that the Retrieved from Retrieved from Journal of Architectural
house constructed using rammed earth technique is more " Eﬂgmeerlngt, \?O'{;IJT]‘* 23-ht WD e.DSK f 2017
cost effective. Also the rammed earth structures are more : 1§Jvernmen ot Maharashira & oryear i
feasible, environment friendly and sustainable as compared 13. 1S: 2110-1980 (Reaffirmed 2002) Indian Standard: Code
to RCC structures. This also shows that the rammed earth of Practice of Insitu construction of walls in buildings
structure is a better alternative to mass and affordable with Soil Cement.
housing systems under various Government schemes, for 14. Deb Dulal Tripura, S.M.ASCE; and Singh. Characteristic
example Pradhan Mantri Awas Yojana (PMAY) Bank For ;';C’pi”';ngOfR tC_emegtf Stab;llzed | Riml\’}l“ef _ IIEath
Agriculture and Rural Development. (NABARD). JOCKS.2ULo. Retrieved Trom Journal ot Materials in
Civil Engineering. Volume 27.
VI. SCOPE OF FURTHER WORK
. Use of naturally available materials in the rammed
earth can be studied for increasing durability and strength.
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