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ABSTRACT
This research determined the effect of lateritic soil modified with rice husk powdered and  
ash with a view to obtaining a cheaper and effective replacement for the conventional  
soil stabilizers. Preliminary tests were performed on the sample, for identification and  
classification purposes. Compressive strength was investigated after 7, 14 and 28 days of  
curing. Each of the two stabilizers (rice husk powdered and ash) were added in varying  
proportions of 2%,  4%, 6% and 8% by weight of the lateritic soil for producing the  
bricks. Compressive strength test conducted revealed that the cement stabilized bricks for  
rice  husk  ash  and  powdered  developed  a  rapid  increase  in  strength  from 0.76  to 
3.38kN/m2 and 0.76 to 3.76kN/m2 respectively. Rice husk powdered and ash was therefore  
found  as  an  effective  stabilizer  for  lateritic  soils. In  all,  the  compressive  strength  
increased with increasing proportion of the stabilizers

INTRODUCTION 
 Soil stabilization may be defined as any process aimed at improving the performance of 
a soil as a construction material. Bell (1993), referred to soil stabilization as the process 
of mixing additives with soil to improve its volume stability, strength, permeability and 
durability. The soil that is of concern in this study is laterite. Laterite is a red tropical soil 
that is rich in iron oxide and usually derived from wide variety of rock weathering under 
strongly oxidizing and leaching conditions. It forms in tropical and sub-tropical regions 
where the climate is humid (Raheem et al; 2010).   Replacement of Portland cement is a 
promising  application  not  only  in  the  field  of  concrete  but  also  in  the  field  of  soil 
improvement, and effect of calcium silicate hydrate is expected to be similar within soil 
grains.  Research on this application of rice husk ash has been carried out more often 
recently and all of them share the same observation that in cooperation with lime, the 
mixture  can  help  to  considerably  improve  the  strength,  permeability,  durability  and 
volume stability of different types of soft soil. The main advantage of the lime-rice husk 
ash cement compared with the Portland cement is that it can save much energy. Detail 
calculation of comparison between the two systems by a simple Life cycle inventory 
analysis in the Appendix 1 shows that the electricity used by the system of lime and rice 
husk ash is only one fifteenth of the amount of the case of Portland cement.



The common sense for rice husk ash producing is the more active ash the more efficient 
reaction, so almost all the experiments for soil improvement were implemented with the 
ash which is supposed to be active by burning at an appropriate temperature and duration. 
However, exothermic property of the burning rice husk makes the inner temperature of 
the burning mass uncontrollable. Consequently the quality of the rice husk ash can be 
largely various even the burning condition is  set  up at  the  optimum, accordingly  the 
overall positive effect of the additives might come not only from the good quality of the 
ash. There was also research about soil improvement effect with uncontrolled burnt ash 
and it also showed a good result(Vinh Pham, 2012).      Rice husk ash (RHA) is a poor  
nutrition material and it is rarely used for agricultural purposes such as animal food or 
fertilizer.  The  feature  property  of  the  rice  husk  is  that  its  combustion  heat  is 
approximately 13.4 MJ/kg, which is a high average calorific value [16]. The inorganic 
component lying in the collected ash after burning is dominated by silica.  The ash is 
about 20% of weight of the rice husk, and silica amount can reach to 96% of the ash by 
appropriate burning condition. Consequently, the main perspectives of utilizing rice husk 
are for energy purpose and silica resource.
In terms of energy, comparison to coal whose combustion heat is about 30 MJ/kg [17] 
shows that a ton of rice husk is equivalent to 0.4 ton of coal. Besides, being plants means 
that this source of energy is CO2 neutral as CO2 released from pyro-processing is equal 
to  the  consumed  amount  during  its  life  [18].  The  needs  for  adequate  provisions  of 
building facilities  are enormously increasing with increase in population and also the 
maintenance of the existing one. Engineers are faced with the problems of providing very 
suitable  materials  for  the  Building  construction.  Owning  to  this  fact,  continuous 
researches  have  been  carried  and  still  being  carried  out  by  individual,  firms  and 
institutions on ways to improve the engineering properties of soils. The most available 
soils  do  not  have  adequate  engineering  properties  to  really  bear  the  load.  So 
improvisations have to be made to make these soils better.  These lead to the concept 
called  soil  stabilization  which  is  any  treatment  (including,  technically,  compaction) 
applied to a soil to improve its strength and reduce its vulnerability to water, if the treated 
soil is able to withstand the stresses imposed on it  by all  weather conditions without 
excessive  deformation,  then  it  is  generally  regarded  as  stable.  Several  buildings  and 
pavement in Nigeria roads are failing due to lack of use of soil with adequate Engineering 
strength. So the need for improvement of the engineering properties of soil has been a 
paramount concern to the building and transportation engineers. The ability to blend the 
naturally abundant lateritic soil with some chemical reagent to give it better engineering 
properties in both strength and water proofing has been of paramount importance. In bid 
to improve the engineering properties of soil to make it suitable for building construction, 
several researches on soils Stabilization have been carried out. Rice husk is a major by 
product  in  the  manufacturing  of  rice  in  the  rice  industries.  Proper  disposal  of  waste 
product has been a global concern. In order to make rice husk a useful material, several 
researches have been conducted. Some of the researches show that rice husk powdered 
and ash contains a high amount of silicon oxide making it highly pozzolanic. The aim of 



this study is to determine the effect of rice husk ash and powdered stabilization with 
lateritic soil.

Lateritic Soil and Stabilization:
The word Laterite describes no material with reasonable constant properties. To those in 
the temperate countries, it could be described as a red friable clay surface. To those in the 
hilly  tropical  countries,  it  could  be  described  as  a  very  hard  homogenous  vescular 
massive  clinker  –  like  materials  with  a  framework  of  red  hydrated  ferric  oxides  of 
vescular  infill of soft aluminium oxides of yellowish colour and in less hilly country, it  
could exist as a very hard, or soft coarse angular red. Lateritic soils as a group rather than 
well-defined materials are most commonly found in a leached soils of humid tropics. 
Laterite is a surface formation in hot and wet tropical areas which is enriched in iron and 
aluminium and  develops  by  intensive  and  long  lasting  weathering  of  the  underlying 
parent rock (Wikipedia, 2007). In order to fully appreciate the usefulness of lateritic soil, 
its  problems  (in  both  field  and  laboratory)  would  have  to  be  identified  and  useful 
solutions applied. The mechanical instability, which may manifest in form of remoulding 
and manipulation, results in the breakdown of cementation and structure. The engineering 
properties affected by this mechanical instability include particle size, Atterberg’s limits, 
and  moisture-density  distribution.  Thermal  instability  is  shown through  sensitivity  to 
drying to be described as potential self-stabilization. The affected engineering parameters 
are Atterberg’s limits, particle size distribution. The effects of these problems therefore 
affect the strength of the material. Soil stabilization is any treatment applied to a soil to 
improve  its  strength  and  reduce  vulnerability  to  water,  if  the  treated  soil  is  able  to 
withstand  the  stresses  imposed  on  it  by  traffic  under  all  weather  conditions  without 
deformation, then it is generally regarded as stable.

 RICE HUSH ASH
% KN/m2 7 14 21 28

0 0.76 0.82 1.3 2.16 3.12
2 0.89 1.03 1.4 2.52 3.35
4 1.00 1.16 1.5 2.65 3.57
6 1.31 1.74 1.95 3.26 4.08
8 1.28 1.54 1.6 2.94 3.76

RICE HUSK 
% KN/m2 7 14 21 28

0 0.76 0.82 1.3 2.16 3.12
2 0.67 0.84 1.27 2.12 3.18
4 0.80 0.89 1.30 2.35 3.29
6 1.23 1.36 1.65 2.70 3.67
8 0.98 1.14 1.37 2.44 3.38



Materials and Preparation  The lateritic soil sample used for the study was collected 
from  a  construction  site  in  Bukuru  Plateau  State,  Nigeria. Materials  were  mixed 
thoroughly to achieve a homogeneous mixture using shovel and masonry trowel. After 
thorough mixing of the constituent materials, the mould box of the CINVA-Ram machine 
was greased with oil to allow easy removal of bricks. Mixed samples were fed into the 
mould box and covered. It  was then compressed by a hand operated toggle level and 
piston system, which exerted a minimum compacting pressure of about 2 MN/m2. After 
compression, the cover was removed while the mould box was jacked upward to remove 
the  brick.  Fig.  2  shows  a  produced  brick.  A total  of  ninety  bricks  were  moulded, 
comprising of nine bricks produced for each proportion of the stabilisers used and also 
nine for the unstabilised bricks.

 



DISCUSSION
The Atterberg limits are significantly altered with lime and rice husk ash combinations. 
Muntohar (2000) and Mtallib, M.O. A (2011) found out that the liquid limit reduces and 
plastic  limit  increases  with  increasing  lime  and  rice  husk  ash  combinations.  This  is 
attributed  to  the  fact  that  the  rice  husk  ash  pozzolanic  reaction  with  the  lime  form 
compounds possessing cementitious properties with soil particles. Their results also show 
decrease in the plasticity index at all lime and rice husk ash contents which makes the 
stabilized soils  better for use as construction materials.   Research on the potential  of 
using rice husk ash, reveals that some of its physical properties are responsible for the 
role that rice husk ash plays in improving the material properties and durability of its 
composite. Some of these physical properties are larger specific surface area, fine particle 
size. (Safiuddin, 1990, cited in  Obam and Iorliam, 2011) Table 2 shows some physical 
properties of RHA as published by Narayan ( Obam and  Iorliam, 2011)

[1] Conclusion 
[2] According to experimental results, the unstabilized brick sample (sample F) exhibits 

compressive strength value of 0.9 N/mm2. But when admixed with lime and RHA 
combinations at varying percentages, considerable improvement can be seen in the 
compressive strength values. Specifically, the compressive strength was 4 N/mm2 at 
12.5% Lime and 12.5% RHA combination. In general 10 % lime and 2.5% of RHA 
combination (compressive strength of 3.9 N/mm2) can be taken as the economical 
dosage to stabilize the soil bricks. 

[3] According to the BS 3921 the compressive strength of a brick should not be less than 
5  N/mm2.  However  in  practice,  typical  compressive  strengths  for  stabilized  soil 
bricks are less than 4 N/mm2. Local bricks presently in use have compressive strength 
within the range of 0.5 N/mm2 to 1.75N/mm2 which is much below the standards 
(Bogahawatta V.T.L). Where the buildings loads are small, in the case of single storey 
constructions  a  compressive strength of  1-  4  N/mm2 is  sufficient.  Many building 
authorities around the world recommend values within this range. These stabilized 
bricks are also suitable to be used for non load bearing partition walls where high 
compressive strength is not essential. 

[4] Density of stabilized soil bricks are not very high (< 1900 kg/m3) and within the 
range  of  normal  fired  clay  bricks  density  (1300  –  2200  kg/m3).  This  may  be 
considered  as  an  advantage,  when  the  bricks  have  to  be  transported  over  long 
distances. 



[5] In comparison with water absorption of different types of clay bricks available in Sri 
Lanka, lime- rice husk ash stabilized soil bricks exhibit low water absorption value. 
( < 20 % ) 

Stabilized blocks can be produced on site itself or nearby area using excavated soil for 
construction.  Thus,  it  will  save  the  transportation  cost  and  time.  Since  they  can  be 
manufactured by semi skilled labour, local economy will flourish. The use of natural, 
locally-available waste materials such as rice husk ash directs to sustainable construction. 
Since energy consumption and air  pollution is  much less than fired bricks,  stabilized 
blocks can be labelled more eco friendly. If demand of RHA increases, rice mill owners 
can  adopt  technologically  advanced  furnaces  to  incinerate  rice  husks  at  controlled 
conditions. It will also create a positive impact on the air quality.
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