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Abstract— In order to minimize the environmental impacts 

caused by over exploitation of natural resources for the 

production of building material, the possibility of using 

cement stabilized rammed earth for load-bearing walls has 

been assessed. In this paper, we discuss about the 

characteristics strength of rammed earth materials i.e. vertical 

load carrying capacity by compressive strength test, tensile 

strength inside a compaction layer by splitting test and bend 

strength by flexural strength test with three commonly 

available soil types in Yeola. We also used cement as 

stabilizer material for increasing strength. At the end of study, 

we concluded that soil sample 3 (Reddish brown soil) gave 

better results in all characteristics strength properties.  
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I. INTRODUCTION 

The rammed earth technique is an ancient construction 

technique to build soil structure by compressing soil mixtures 

consisting of clay and/or sand and other materials such as 

lime or cement. The soil mixture is tamped by a rod in a 

mould after adjusting soil mixtures water content. The 

prevailing scarcity of conventional building material based on 

natural resources indicates the importance of developing 

alternative building materials. The continuous use of burnt 

clay bricks and cement sand blocks as walling materials has 

lid to the over exploitation of many natural resources with the 

associated environmental problems. Due to the scarcity of 

conventional building materials, the awareness and interest 

on earth as building material has grown very much all over 

the world. The compressive strength of rammed earth is a 

maximum of 4.3 Mpa (620 psi).[1] This is less than that 

of concrete but more than sufficiently strong for domestic 

edifices. Indeed, properly constructed rammed earth endures 

for thousands of years, as many ancient structures that are still 

standing around the world demonstrate.[5] This technique, 

which was used in Yellow River Valley, China around B.C. 

2000 in Asia (Onitsuka et al., 2007), is still used for walls of 

traditional houses in several places of the world (Minke, 

2006). For example, Rendell and Jauberthie (2009) reported 

that some rammed earth housings and agricultural housings 

that are in excess of 100 years old in east Brittany, France, 

were generally in a good state of repair. The provision of good 

quality housing is recognized as an important responsibility 

for the welfare of people in any country. For this, building 

materials based on natural resources are often used. Some 

examples are the use of clay for making bricks and river sand 

for making cement sand blocks. The commercial exploitation 

of these resources often leads to various environmental 

problems. If clay mines are not properly filled up, they can 

collect water and allow mosquitoes to breed. Extensive sand 

mining can lower the river beds and allow salt water intrusion 

inland. Therefore, the development of as many alternative 

walling materials as possible will be of immense benefit to 

minimize the impact on the environment. In this study, in 

order to evaluate the characteristics compressive strength, 

flexural strength and split tensile strength properties of 

rammed earth structures, all three tests as mentioned above 

are conducted on four kinds of compacted rammed earth 

materials specimens, which are soils with/without sand with 

lime or cement. The possible effects of several test condition 

revealed are also based on the results of a series of tests. In 

addition, a suitable test method to evaluate strength of 

rammed earth wall is proposed based on these test results. 

1) Compressive strength is the capacity of a material or 

structure to withstand loads tending to reduce size, as 

opposed to tensile strength, which withstands loads 

tending to elongate. 

2) Flexural strength, also known as modulus of rupture, 

or bend strength, or transverse rupture strength is a 

material property, defined as the stress in a material just 

before it yields in a flexure test. The transverse bending 

test is most frequently employed, in which a specimen 

having either a circular or rectangular cross-section is 

bent until fracture or yielding using a three point flexural 

test technique. The flexural strength represents the 

highest stress experienced within the material at its 

moment of yield. It is measured in terms of stress. 

3) The tensile strength of concrete is one of the basic and 

important properties. Splitting tensile strength test on 

concrete cylinder is a method to determine the tensile 

strength of concrete. As concrete cylinders were tested, 

soil specimens also tested. 

II. OBJECTIVES 

1) Selection of suitable soil types from different localities 

that can be used for rammed earth construction. 

2) Determination of strength characteristics of cement 

stabilized rammed earth walls. 

3) Within less economy to achieve good aesthetic view as 

well as good strength also. 

III. METHODOLOGY 

In order to achieve the objectives, a number of specimens 

were cast with selected three types of soils which were tested 

under compression, flexure & split tensile test. 

The results of all three soil samples were compared 

with each other to determine the suitability of soil available 

in Yeola for rammed earth construction. 

These are three soil sample select for comparative study. 

https://en.wikipedia.org/wiki/Compressive_strength
https://en.wikipedia.org/wiki/Concrete
https://en.wikipedia.org/wiki/Rammed_earth#cite_note-four-5
https://en.wikipedia.org/wiki/Ultimate_tensile_strength
https://en.wikipedia.org/wiki/Stress_(mechanics)
https://en.wikipedia.org/wiki/Yield_(engineering)
https://en.wikipedia.org/wiki/Three_point_flexural_test
https://en.wikipedia.org/wiki/Three_point_flexural_test
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Fig. 1: Sample 1 (Black Cotton Soil) 

 
Fig. 2: Sample 2 (Gray Soil) 

 
Fig. 3: Sample 3 (Reddish Brown Soil) 

These are some geotechnical tests conducted with 

reference of IS 2720 for finalizing water content and cement 

content (as a stabilizer). 

A. Sieve Analysis 

A sieve analysis is a practice or procedure used to assess 

the particle size distribution (also called gradation) of a 

granular material. 

Percent retained on each sieve= 
Weight of retained sample in each sieve 

Total weight of sample
 

B. Standard Proctor Test 

The Proctor compaction test is a laboratory method of 

experimentally determining the optimal moisture content at 

which a given soil type will become most dense and achieve 

its maximum dry density. 

Bulk Density (ρb gm/cm3)= 
M

V
 

Dry Density (ρd gm/cm3)= 
ρb

1+W
 

Where, 

M= Mass of wet Soil (gm) 

V= Volume of Core Cutter (cm3) 

W= Water content (%) 

 
Fig. 1: Standard Proctor Test 

IV. LITERATURE REVIEW 

C. Jayasinghe et.al.[1](2006), discusses the Compressive 

strength characteristics of cement stabilized rammed earth 

walls for their ability to be used as a regular construction 

material to achieve economy in Sri Lanka. The results 

indicate the possibility of using rammed earth for single 

storey houses which may also be extended to two storey 

houses. The load deformation characteristics were used to 

determine the suitable partial safety factors for the structural 

design. 

Quoc Bao Bui et.al.[2](2013), described the 

influence of moisture content on the mechanical 

characteristics of rammed-earth has been studied. Samples 

from different soils (sandy, clayey, stabilized) were 

manufactured and tested in unconfined compression at 

several moisture contents. Compressive strength, elastic 

modulus and Poisson’s ratio were determined. A simplified 

method to measure the suction within rammed earth samples 

has been developed and validated. 

Piotr Leon Narloch et.al.[3](2015), analyzes the 

possibility of using rammed earth stabilized by Portland 

cement as the sole construction material of bearing walls that 

contain communication openings. Due to the lack of 

standards regarding research about the flexural tensile 

strength of earth and determining the design value of strength, 

the research and the tension simulations of lintels in a typical 

low rise residential building were performed based on the 

European standards regarding concrete. 

Hiroyuki Arki et.al.[4](2016), In this study, tensile 

strength properties of rammed earth materials and effects of 

test conditions are evaluated by conducting direct tension 

tests and splitting tests on several specimens. It is inferred 

from the result of these test that the direct tension test should 

be used to evaluate tensile strength of a layer interface, while 

the splitting test might evaluate the strength related to the 

tensile strength inside a compaction layer. 

R. A. Silva et.al.[5](2016), analyzed the presence of 

cracks debilitates the structural performance of rammed 

earth. Grout injection is a repair solution put forward recently, 

https://en.wikipedia.org/wiki/Particle_size_distribution
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where compatibility issues demand using mud grouts. Little 

is known on this topic, whereby an experimental program on 

the mechanical effectiveness of grout injection for repairing 

cracks in rammed earth was performed. 

Mehmt Emin Arslan et.al.[6](2016), behaviors of 

stabilized and non-stabilized rammed earth walls were 

investigated comparatively with masonry brick and aerated 

concrete walls. For this purpose, non-stabilized, 10% cement 

stabilized, 10% cement stabilized with 1% glass fibers and 

5% cement stabilized with 5% blast furnace slag mixtures 

were produced in dimensions of 20 cm x 150 cm x 150 cm 

rammed earth walls. 

V. TEST RESULT 

A. Sieve Analysis 

 
Graph 1: Grading Curve 

From the Graph, Grading of Soil is given below- 

 Sample 1 Sample 2 Sample 3 

Cu (Coefficient 

of Uniformity) 
3.48 4.0 6.67 

Cc (Coefficient of 

Curvature) 
1.77 1.33 0.52 

Classification 

Group 

Coarse 

Graded 

Soil 

Coarse 

Graded 

Soil 

Coarse 

Graded 

Soil 

Table 1: Grading of Soil 

B. Standard Proctor Test 

 
Graph 2: Relationships between OMC & MDD 

From graph, we obtain Optimum Moisture Content & Dry 

Density 

 
Sample 

1 

Sample 

2 

Sample 

3 

Optimum Moisture 

Content (%) 
26.5 12.5 14 

Dry Density (gm/cm³) 1.37 1.46 1.98 

Table 2: Optimum Moisture Content & Dry Density 

From above all Result, 

1) We take Optimum Moisture Content for mixing of soil 

and cement. 

2) Cement content is finalized on the basis of soil 

classification. For all three soil samples we take 7 % 

cement by weight of soil. 

3) After finalizing the Water Content and Cement Content, 

we were casted some specimens for checking strength of 

soil. 

After finalizing water content and cement content, 

we cast some specimens like cube having size 150 x 150 x 

150 mm, beam having size 150 x 150 x 700 mm and cylinder 

having size 300 mm length and 150 mm diameter. 

Note: We are unable to perform further test on 

Sample 1 which is black cotton soil. After curing period, 

cracks were observed on these soil specimens. Therefore we 

cannot perform characteristics strength tests on sample 1. 

After casting, specimens were put for curing in air itself. 

Characteristics strength tests were conducted after 7, 14 and 

28 days curing period. 

1) Compressive Strength Test: 

With Reference of IS 516- 1959 as per concrete we perform 

test on rammed earth specimen. 

Compressive strength (N/mm2) = 
P

Ap
 

Where 

Ap= Plan area of cube mould, (mm2) 

=150 x 150 

= 22500 mm2 

 
Fig. 4: Cube testing on CTM 

Specim

en No. 
 

Curin

g 

Period 

(Days) 

Loa

d in 

KN 

(P) 

Strength 

(N/mm2

) 

Avg. 

Strength 

(N/mm2

) 

1 

 

 

 

 

Sample 

2 

 

7 40 1.777 
 

2.044 
2 7 50 2.222 

3 7 48 2.133 

4 14 55 2.449 
 

2.459 
5 14 50 2.222 

6 14 61 2.711 

7 28 71 3.155 
 

3.096 
8 28 70 3.111 

9 28 68 3.022 

Table 3: Compressive strength Results 
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Specim

en No. 
 

Curin

g 

Period 

(Days) 

Loa

d in 

KN 

(P) 

Strength 

(N/mm2

) 

Avg. 

Strength 

(N/mm2

) 

1 

 

 

 

 

Sample 

3 

 

7 95 4.222 
 

4.207 
2 7 88 3.911 

3 7 101 4.488 

4 14 118 5.244 
 

5.169 
5 14 121 5.377 

6 14 110 4.888 

7 28 173 7.688 
 

7.392 
8 28 178 7.911 

9 28 148 6.577 

From these reading, graph was plotted between strength 

(N/mm2) and curing period. 

 
Graph 3: Relationships between Curing Period and Comp. 

Strength 

2) Flexural Strength Test: 

With Reference of IS 516- 1959 as per concrete, test was 

performing on rammed earth beam specimens. The Flexural 

Strength or modulus of rupture (fb N/mm2) is given by 

fb =
3PL

2bd2 

Where, 

b = width of specimen (mm) 

d = failure point depth (mm) 

L = supported length (mm) 

P = max. Load (N) 

 
Fig. 5: Beam testing on UTM 

 Sample 2 Sample 3 

Max. 

Load 

(KN) 

7.10 6.77 6.87 8.05 7.89 9.78 

Flexural 

Strength 

(N/mm2) 

1.294 1.233 1.251 1.549 1.437 1.781 

Avg.- 1.259 Avg.- 1.589 

Table 4: Flexural Strength Result 

 
Graph 4: Flexural Strength graph 

3) Spilt Tensile strength Test: 

With Reference of IS 516 – 1959, we perform Flexural test 

also. 

The splitting tensile strength of the specimen as follows: 

T =
2P

πLD
 

Where, 

T = Splitting tensile strength 

P = Maximum applied load (KN) 

L = Length (mm) 

D = Diameter (mm) 

 
Fig. 6: Cylinder testing on CTM 

Specim

en No. 
 

Curin

g 

Perio

d 

(Days

) 

Water 

Conten

t (%) 

Strengt

h 

(N/mm2

) 

Avg. 

Strengt

h 

(N/mm2

) 

1 
 

 

 

Sample 

2 

14 12.5 0.0565 
 

0.0659 
2 14 12.5 0.0565 

3 14 12.5 0.0848 

4 28 12.5 0.113 
 

0.150 
5 28 12.5 0.155 

6 28 12.5 0.183 

1 
 

 

 

Sample 

3 

14 14 0.169 
 

0.188 
2 14 14 0.212 

3 14 14 0.183 

4 28 14 0.381  

0.353 

 

5 28 14 0.325 

6 28 14 0.353 

Table 5: Split Test Result 
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From above table graph is plotted between curing period and 

strength. 

 
Graph 5: Relationships between Curing Period and Split 

Tensile Strength 

VI. CONCLUSION 

The continuous use of natural resource based building 

materials has led to many environmental problems. 

Therefore, it is essential to develop alternative building 

materials that can give a comparable performance with 

respect to appearance, structural properties and durability. 

This detailed study on the characteristics strength of cement 

stabilized rammed earth specimens has indicated the 

following: 

1) For sample 3, we get maximum compressive strength 

after 28 days curing period i.e. 7.392 N/mm2 which is 

equal to M5 Concrete grade. 

2) For Sample 3 also we get maximum flexural strength and 

split tensile strength i.e.  1.589 N/mm2 and 0.353 N/mm2 

respectively. 

3) Hence we can say that, Reddish Brown Soil give better 

strength than other two soil samples. 

4) At optimum moisture content and maximum dry density, 

we acquired maximum strength. 
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