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Abstract— This paper is a review of the state of study of 

stabilized mud block and burnt clay brick masonry and 

stabilized rammed earth walls. We offer an overview of the 

world general building using clay bricks or stabilized 

compressed earth blocks compiled from various research 

organizations, modern projects which have been carried out 

and reports from existing manufacturing of clay bricks or 

stabilized compressed earth blocks. Although, stabilized 

compressed earth blocks as construction materials are highly 

unknown to most people, its advantages are seen in terms of 

rescuing the heritage and also as rediscovered 

environmentally friendly building materials. 
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I. INTRODUCTION 

Providing affordable housing is a challenge around the 

world, especially in developing countries. The impediments 

to solving the housing problem are scarcity and high cost of 

building materials. Ideally, low-cost housing must rely on 

locally available raw materials. Furthermore, such materials 

must be abundantly available and be renewable in nature. 

Local soil has always been the most widely used material 

for earthen construction in India.  

Mud walls have been used for the buildings since 

ancient times. Mud wall buildings can be seen throughout 

the world and mud construction techniques are still in vogue 

in many parts of the world. Cob wall, adobe, rammed earth, 

and wattle and daub are some of the common techniques of 

building mud walls. Using mud for wall construction has 

distinct advantages. Mud is readily available locally, low 

cost, recyclable and environment friendly and it provides 

better thermal comfort than other materials. Major 

drawbacks of mud walls are larger wall thickness, loss of 

strength on saturation and erosion due to rain impact. These 

drawbacks can be minimized or eliminated by using soil 

stabilization techniques.  

Stabilized mud blocks are produced via soil 

stabilization processes. Stabilized mud blocks can be 

prepared by compacting a moist mixture of soil and cement 

in a machine. It is also called compressed earth blocks or 

soil-cement blocks when only cement is used as a binder. 

Stabilized mud blocks have been used for masonry 

construction in Australia, France, India, Columbia, Chile, 

Algeria, Brazil, Thailand and many other countries. 

Understanding the strength of stabilized mud block masonry 

is essential for a satisfactory use of the new building 

material. At present, there is hardly any organized 

information on the properties of masonry using stabilized 

mud blocks. It is to be noted here that the information 

available on the strength of brick masonry may not be useful 

for understanding stabilized mud block masonry. There is 

hence a clear need for systematic study of various 

parameters affecting the strength of stabilized mud block 

masonry. The present investigation attempts to study the 

effect of mortar properties on the strength of stabilized mud 

block masonry.  

Stabilized mud blocks (SMBS) are manufactured 

by compacting a wetted mixture of soil, sand and stabilizer 

in a machine into a high-density block. Such blocks are used 

for the construction of load bearing masonry. This paper 

focuses on some issues pertaining to strength of stabilized 

mud block masonry, both dry and wet, the effect of the 

strength of five cement mortar mixes and two soil-cement 

mortars mixes using stack-bonded prisms. A systematic 

experimental investigation was undertaken to know the 

parameters affecting the strength of masonry in cement 

mortar of different proportions and soil-cement mortar.  

II. LITERATURE REVIEW 

Walker, (1995) investigated soil characteristics and cement 

content on dry density, compressive strength, flexural 

strength, durability and drying shrinkage of stabilized 

compressed earth blocks. He suggested an empirical 

relationship between flexural strength and compressive 

strength which was recorded as, Flexural Strength = (1/6) x 

Compression Strength  

Gooding and Thomas et.al (1995) conducted some 

research on dynamic methods of compaction, utilizing 

impact blows and found that impact blows are also capable 

of producing high density blocks. Such blocks were noted to 

have a more uniform distribution of density and require 

lower levels of applied energy than slowly pressed blocks. 

Moreover the improved density distribution seen with 

impact compaction was found to equate to a 24% increase in 

compressive strength for a given mean density. In 

combination these factors result in a 50-75% overall saving 

in the energy required to achieve a given compressive 

strength. Walker (1995) in his studies revealed that 

compressed stabilized earth blocks created 22 kg carbon 

dioxide/ton compared to that of concrete blocks (143kg 

carbon dioxide /ton), common fired clay bricks (200 kg 

carbon dioxide /ton) and aerated concrete blocks (280-375 

kg carbon dioxide /ton) during production  

Venkatarama Reddy, Jagadish et.al (1997) 

discussed the spray erosion test using a standardized shower 

spray. Spray erosion behavior of pressed soil blocks made 

out of five different soils were presented. It was found that 

the spray erosion test, based on a water spray from a shower 

rose at 0.07 MPa can be used as a conservative indicator of 

rain erosion resistance of pressed soil blocks. The Pressed 

soil blocks made from red soils having more than 5 % clay 

content was found to possess good erosion resistance. The 

erosion ratio decreased rapidly with increase in density of 

the soil blocks. The pressed soil blocks (using red soil) 

having dry densities of the order of 1.9g/cc provided 
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satisfactory erosion resistance. Finally the research revealed 

that well-stabilized soil blocks (soil-cement and soil-lime 

blocks) generally possess good erosion resistance and walls 

made of such blocks normally do not require any extra 

protection such as plastering or water-proof coatings, 

against rain erosion content on wet strength of the blocks 

were studied. Steam curing of lime stabilized blocks at 80°C 

for about 20 hrs at atmospheric pressure lead to considerably 

higher strengths when compared with curing under wet cloth 

under ambient temperature. It was also found out that 

addition of small quantities of industrial waste products 

greatly improved the strength of lime stabilized steam cured 

blocks.  

Guettala, Houari, Mezghiche and Chebili et al 

(2002) carried out research to improve the behavior of 

stabilized blocks of earth blocks against water attacks. The 

results showed the influence of the different manufacturing 

parameters such as compacting intensity, sand content and 

lime content on the behavior of stabilized blocks with 

respect to water attacks, the weight loss and the absorption. 

It was also observed that improving the compactive stress 

from 5 to 20MPa and the lime content 3 to 12% improved 

the compressive strength in dry as well as wet state and the 

water strength coefficient.  

Venkatrama Reddy B.V and Gupta A. et.al (2004) 

studied the various characteristics of soil cement blocks 

through an experimental investigation. The results indicated 

that there was 2.5 times increase in compressive strength 

when the cement content was doubled from 6%. Pore size 

deceased with the increase in cement content whereas 

surface porosity was independent of cement content. The 

compressive strength of soil cement blocks varied between 

2000- 6000MPa and elastic modulus increased by 2.5 % 

when the cement content was increased from 6 to 8%  

Walker (2004) in his investigations on pressed 

earth block masonry reported that unit dry compressive 

strength improved as clay content increased and wet block 

compressive strength was found to be consistently lower 

than dry strength for identical specimens. Soil blocks 

containing active clay minerals, were found to deteriorate 

more with cycles of shrinkage and swelling. Flexural testing 

of blocks provided a simple alternative method to 

compression testing as a means of assessing quality. The 

masonry compressive strength varied between 34% and 96% 

of unconfined block strength. The tangent modulus was 

found to be 25–50% of equivalent strength fired clay 

brickwork and peak strains were found to be 200–400% 

higher. It was also found that erosion resistance improved as 

the cement content of blocks increased  

Ing. Jan Ruzicka (2005) in his experimental 

investigations made unburned bricks of the size 296x140x70 

mm at 3 levels of the working pressure (2.0; 4.0; 8.0 

N/mm2) and using 3 ways of stabilization (only by pressure, 

with admixture of lime 5% and cement 5%) . Stabilization 

by 5% of cement seems to be the best admixture for these 

basic components. The bending tension strength was tested 

on specimens of unburned bricks of the size297x140x70 

mm. The results indicated negative impacts in case of the 

use of admixtures which have plasticizing effects. The wet 

compressive strength results showed that specimens without 

admixture indicate a significant drop of the compressive 

strength under the influence of moisture. 

Venkatarama Reddy,Richardson Lal and Nanjunda 

Rao et.al (2009 ) conducted experimental investigations to 

understand the influence of mortar bed joints thickness on 

compressive strength of stack bonded stabilized compressed 

earth masonry prism. The study revealed that the Poisson’s 

Ratio of SCB and the cement soil mortar was sensitive to the 

stress intensity and it increased linearly with increase in 

stress strength ratio. The other findings were the lateral 

tensile stress developed in the masonry unit were sensitive 

to Eb /Em ratio and the Poisson’s ration of mortar and the 

masonry unit Fettra Venny Riza,Ismail Abdul rahman and 

Ahmad Mujahid  

Ahmad Zaidi et al (2010) in their research work on 

compressed stabilized earth block noted that the use of 

compressed earth block promoted healthier living for the 

building dwellers. Data from related works showed that an 

average saturated compressive strength of compressed 

stabilized earth block is 35% less than the average dry 

compressive strength Also it was shown that it demonstrated 

comparable durability with that of normal fired clay bricks. 

III. MATERIALS AND METHODS 

A. Stabilized Mud Block 

Stabilized mud blocks can be prepared by compacting a 

moist mixture of soil and cement in a machine. A number of 

studies are available on the properties and use of soil cement 

blocks for building construction9.A manually operated 

machine called AURAM 240 was used to make blocks for 

the present study. Locally available soil was used. The grain 

size distribution of the soil is shown in fig- 1. The liquid 

limit and plastic limit of the soil are 30.6 and 16 

respectively. The block making process consists of mixing 

the cement and screened soil  

1) Mortar Properties 

In general low strength mortars are used for masonry 

construction. Cement mortar proportions of 1:6 (cement: 

sand) and 1:8 are very common. Masons normally use rather 

high water –cement ratios for satisfactory workability, 

leading to low strengths. In this investigation five different 

cement mortar proportions and soil cement mortar 

proportions were used with rather high water cement ratios. 

The strength of 50mm cubes tested at different periods is 

given in table II. The higher the sand content ratio the 

greater was the water requirement. A soil cement mortar 

with 5% cement by weightis also attempted. The 50mm 

cubes tested for strength were cast using the mortar from the 

same mix as used in the masonry prism casting. It is clear 

from table II that lean cement mortars with high water-

cement ratios and soil-cement mortar can lead to low 

strengths. The increase in mortar strength from 7 days to 28 

days varies between 75% to 102% for different mortar 

proportions. 

2) Strength of Stabilized Mud Block Masonry 

Masonry Specimens the compressive strength of stabilized 

mud block masonry was determined by testing the masonry 

prisms. Five block high stack bonded masonry prisms (block 

size 240mm x 240mm x 90mm and prism size 240mm x 

240mm x 510mm) were used. A mortar joint thickness of 

10mm was maintained for all the prisms. The height to 

thickness ratio of the prism= 2.13. The prisms were cured 

for 28 days under wet burlap. Dry strength was determined 
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after drying in air in sunlight for 35 days after curing. In 

case of wet strength, the prisms were saturated by sprinkling 

with water before testing. A minimum of 6 prisms were 

tested in each case. 

B. Stabilized Compressed Earth Blocks 

The new technology focuses on stabilized earth masonry 

brick development incorporating an industrial by-product 

material, which is vital for the future of construction. The 

stabilized earth masonry brick technology relies on the use 

of an activated industrial by-product (Ground Granulated 

Blast-furnace Slag – GGBS) and natural earth. Due to the 

use of a by-product material in the formulation, it is 

anticipated that the final pricing of the stabilized earth 

masonry building brick will be reduced. The added 

environmental advantage of utilizing industrial by-products 

available in the country will further improve the 

sustainability profile of masonry brick production.  

C. Stabilized Rammed Earth Walls 

In the ideal situation sufficient quantities of soil suitable for 

rammed earth construction will be sourced from the spoil 

material arising from foundation excavations and other 

groundworks and/or a suitable borrow pit on site. The ideal 

soil will require no further treatment (screening or blending) 

and will be at its optimum moisture content for the chosen 

method of compaction. Not surprisingly this situation is the 

exception rather than the rule for rammed earth construction. 

In-situ soils are likely to require some processing, such as 

drying or screening, following excavation. In the absence of 

a suitable in-situ material soil will require transport from a 

remote source and possible storage on site prior to ramming. 

Soil homogeneity is of course important in rammed earth 

construction both for structural integrity and architectural 

finish. Therefore, it is important that once the soil has been 

excavated and prior to placing it into the formwork, 

variations in soil quality, including most importantly 

moisture content, are minimized. Pre-processing of soils for 

rammed earth construction depends on the type of soil, but 

broadly speaking consists of excavation, screening and 

mixing thoroughly to correct moisture content. 

IV. EXPERIMENTAL PROGRAMME 

Testing of individual materials and design mix Individual 

materials were first sieved and then blended in appropriate 

proportions to yield a good soil. Typically, the good soil 

consists of 15 percent gravel, 50 percent sand and 35 percent 

silt and clay together.  

The various physical properties of the blended soil 

used for investigation were:  

 Grain size distribution:- Gravel (stone chips) 14.23%, 

coarse sand 1.88%, medium sand 33.89%, fine sand 

14.96%, silt & clay 35.04%  

 Atterberg limit – Liquid limit 41.3%, Plastic limit 

25.7%, P.I =15.6  

 Standard proctor test: OMC 16.0%, MDD 1.85gm/cc.  

 Specific gravity - 2.67 Ordinary Portland cement is 

used and the full process is done in light compaction.  

A. Experimental Procedure 

The soil, sand, clay and stone grits were first air dried by 

spreading them in an open space and then, the required 

quantities of samples were weighed and mixed. Next, the 

blended soil was mixed with the required quantity of cement 

(5 percent; 7.5 percent, 10 percent by weight of dry soil) 9, 

10 till the soil cement blend attained a uniform colour. The 

required quantity of water were weighed i.e. equal to the 

quantity of water corresponding to OMC of the soil by 

weight of blended soil plus the quantity of water 

corresponding to a water-cement ratio of 0.5. The total 

quantity of water to be added to the mix was decided 

through trials by varying Experimental investigation and 

feasibility study on stabilized compacted earth block using 

local resources. water content in the mix to attain maximum 

dry density (MDD) of blocks when compacted in a mould. 

The water was then gradually added by sprinkling it over the 

mix. The mixing was done manually and continued until a 

homogeneous mix was obtained. The soil-cement mix was 

then transferred to the block mould and compacted into 

three layers with the 2.6 kg Standard Proctor Density 

Hammer. The number of blows required was standardized 

by trial method to get above 95 percent compaction to it's 

maximum dry density. 

V. CONCLUSION 

Based on the review of both experimental and filed 

investigation on clay bricks and stabilized compressed earth 

blocks, the following concluding remarks can be drawn:  

1) Major usage in the world for construction is clay 

bricks; many researchers are presently looking for 

newer options because they need low cost materials, 

which are also environmentally friendly. The process 

of manufacturing clay bricks also requires high energy 

to burn due to the emission of CO2 gas from this 

process.  

2) Stabilized compressed earth blocks include; uniformed 

building component sizes, use of locally available 

materials and reduction of transportation. Uniformly, 

sized building components can result in less waste, 

faster construction and the possibility of using other 

pre-made components or modular manufactured 

building elements. Such modular elements as sheet 

metal roofing which can be easily integrated into a 

CEB structure.  

3) The use of natural, locally-available materials makes 

good housing available to more people, and keeps 

money in the local economy rather than spending it on 

imported materials, fuel and replacement parts.  

4) The earth used is generally subsoil, leaving topsoil for 

agriculture. Building with local materials can provide 

employment for local people, and definitely considered 

more sustainable in times of civil economic 

difficulties.  

5) People can often continue to build good shelters for 

themselves regardless of the political situation of the 

country.  

6) The reduction of transportation time, cost and attendant 

pollution can also make CEB more environmentally 

friendly than other materials.  
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