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Abstract
Bricks are known to be one of the oldest building material made from a variety of materials  
like  concrete,  fly-ash,  organic  materials  and  the  most  readily  available  material  for  
construction in Nigeria being clay. It presents numerous advantages like fire resistance, sound  
insulation and strength over other building materials. In assessing the quality of bricks and  
the determination of their suitability as walling units, a series of test like the compressive  
strength  test,  efflorescence,  water  absorption,  dimension  /tolerance,  field,  hardness,  size,  
shape, colour and sound tests were carried out on the brick samples collected from kuje area  
council  Abuja  and  equally  on  the  self-produced  brick  samples  of  dimension  21.5×10.25×  
6.5cm. The brick production involved mixing of clay-sand, cement and water with ratio14:1,  
followed by sun drying and heating to  a  temperature of  1000˚C for  a  duration of  5days.  
Results  from  the  analysis  showed  that  the  bricks  tested  from  kuje  area  council  gave  a  
compressive strength of 5.2N/mm2 and the cement-sand mix gave 7.6N/mm2 which is above  
the minimum requirements for brick strength which is 4N/mm2. Other experiments presented  
in  the  later  part  of  the report  equally  proved the suitability  of  local  bricks  as a  building  
material. Recommendations are made for the present research assessments for future work. 
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Introduction Dating back centuries ago till present day, there has been an utmost desire of man to satisfy some of their basic needs of life in the areas of provision of food, clothing and shelter. This  has prompted man to discover for themselves and invent retrofit practices decades after decades in order to develop better standard of living especially in the area of provision of shelter.  Different  technologies  and  materials  for  building  have  been  experimented  and developed while others have failed to meet certain requirements. Materials ranging from wood (timber), concrete, sandcrete blocks and bricks etc. The Nigerian building industry 
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over the years have been vast in using other materials for diverse building constructions that has outweighed the advantageous effect of using bricks and limit it only to local level.  Nearly all  of  the  houses  in  Nigeria,  are  built  from concrete  block.  This  has  left  the  big question on why brick has  been available  in  Nigeria  as a  major  building  material  long before  concrete/sandcrete  block  ever  came  into  existence  and  has  suddenly  become  a subject now restricted to localities. Some of the advantages of bricks over concrete block are that, it exhibits high strength and thermal resistance, it doesn’t fade, twist, rot or decay and there is hardly any material that shows a minimal form of ageing like the brick. Thus,  taking a further look into the collapse cases and high level of maintenance, carried out on recent buildings in Nigeria, it could be deduced that the strength and durability of some construction materials have been compromised. Ayininuola and Olalusi (2004) Identified factors contributing to building failure as including the use of substandard materials in an attempt to cut down construction cost. A second look should be given in the assessment of locally produced bricks as a construction material in comparison with other materials used for  construction.  The  various  aspects  of  assessment  should  cut  across  methods  and materials used, supervision of the construction and execution of tests to check for strength and other parameters under working load both manual and automated. Which include test for compressive strength, dimension/tolerance test, efflorescence. etc. The quality of brick manufactured,  highly  depends  and  may  vary  from  manufacturer  to  manufacturer.  This report will present assessment of bricks from different manufacturers in Kuje area council Abuja  metropolis  using  test  analysis,  and  final  comparison  with  standards  of  brick production.
Aim and objectives The aim is to conduct an investigatory assessment of local bricks quality with respect to standards of brick production in kuje metropolis. The objectives of the project are: 

 Assess the physical, chemical and mechanical properties by subjecting them to testing. 
 Produce a standard version of brick using standard parameters. 
 Compare results of self-made bricks and the locally produced bricks. 

Justification Brick is one of the oldest building materials in construction and it is the most widely used material in localities (villages). Some of the attached advantages of bricks as a construction material  will  be  reviewed  experimentally  in  this  report  by  carrying  out  tests  like  the dimension/tolerance test,  compressive  strength  of  brick,  water  absorption test  etc.  The recent rate of building collapse,  especially in cities and towns in Nigeria has left people questioning the strength of new building technologies/constructions meanwhile comparing 
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it to the long lasting quality of the brick houses in localities that have lasted decades upon decades with also low level of maintenance. The study area being kuje area council Abuja is a local government in the federal capital territory and it is a location with potential of having massive building projects implemented around its environ in the nearest future. This assessment of brick’s quality will establish the validity and efficiency of bricks as a material for construction and improve its use.
Background of study The word “brick” is used to describe a small block of burned clay of such size that it can be conveniently  held  in  one  hand  and  it  is  slightly  longer  than  twice  its  width.  A  large  percentage  of  bricks  made  today are  made  from clay  as  can  also  be  made  from other materials such as concrete, lime or sand. The brick as a construction material undergoes suitable drying, firing and handling either manual or automated. In the survey carried out on local bricks, the major method of burning clay bricks locally is the use of clamps. Over a  long period of time in Nigeria, clay bricks have lost its value in manufacturing in many parts  of the country rapidly giving way to other building materials even to the local level without taking in to cognizance the numerous advantages of bricks as a building material. According to S.C.B Samuel  Anbu Selvan (2013),  Brick manufacturing,  being complementary to the building  Industry,  plays  a  significant  role  in  the  process  of  urbanisation  and  economic development.  The  rapid  growth  of  population  and  expansion of  cities  have  resulted  in increasing  demand  for  better  housing  that  has  led  to  the  development  of  industries manufacturing  modern  building  materials  such  as  tiles,  cement,  iron,  steel,  plumbing materials, Mosaic chips and the like. Despite its development advantage, there are also a number of constraints and issues in the Brick industry, which has to be addressed if the manufacturing of bricks is to be a part/parcel of rural development.  E.g.  energy,  labour, product's standard and quality, choice of appropriate technology, market, entrepreneurial skills, etc. The following were identified as problems facing the brick industry in Nigeria using a survey carried out in kuje area council Abuja.
Literature Review
The History of Bricks and Brick making. Bricks are one of the oldest known building materials dating back to 7000BC when bricks were first identified around Jericho and southern turkey. According to Bhavikatti (2014),  stone was the first building block used by humans followed by bricks. Brick masonry has been found in the ancient ruins of Harappa and Mohenjo-Daro, dating back to around 2,500 BC.  Before  fired  bricks  were  found  to  be  more  tolerant  to  environmental  and  severe weather conditions which made them a much more reliable brick for use in permanent buildings, sun dried clay bricks were the first set of bricks to be used in brick construction and where ordinary mud bricks were found to be insufficient, fired bricks became of more 
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benefit in the construction of permanent buildings. The Brick directory (2012), described the ancient bricks to have consisted of a mix ratio 4:2:1 which made laying them easier. Bricks which had been dried by air and sun and those that were burnt in a kiln were first  distinguished by the romans who further introduced the use of mobile kilns and the stamp of  the  legion who supervised the  brick production to  the  entire  Roman Empire.  Bricks gained  awareness  in  northern  Germany  and  Italy  in  the  12th  century  and  gained  full  popularity  in  the  18th  century  when  they  realised  how  the  modern  brick  was  less susceptible to erosion than the old marble walls. These bricks differed from other ancient bricks  in  size  and  shape.  Roman  bricks  were  more  commonly  round,  square,  oblong, triangular or rectangular. 
Bricks  now:-  Bricks  are  now  made  from  a  variety  of  materials  like  calcium  silicate, concrete, fly ash (created using by-products from coal power plants and the most common is the clay bricks. Bhavikatti, (2012). A typical brickwork is 215mm long by 65mm high and 102mm wide with 10mm mortar joint. Brick work of good quality have major advantage over stone work in reliability, resistance to atmospheric effect, tolerance to acids, pollution and  fire,  bricks  are  also  economical  and  can  be  manufactured  anywhere  and  used extensively all over the world. 
Brick composition:-  Brick as a building material is a mixture of clay and sand which is mixed with water to produce the right consistency. Bechar, (2005). Materials varying from lime, fly-ash, and other organic materials are sometimes added in brick production to speed up  the  burning  process  of  the  brick.  A  good  quality  brick  must  contain  the  following constituents, silica, alumina, lime, iron oxide, and magnesia, each of them present in right proportions.  An excess in one might interfere with the quality of  the brick rendering it  brittle  or  destroying  the  cohesion.  The  most  common  form  of  clay  is  that  of  a  sandy consistency. 
Clay bricks:-  A  brick  is a block or a single unit of a kneaded clay-bearing soil, sand and lime, or concrete material, fire-hardened or air-dried, used in construction. James Steven curl,  (2000)  defined  brick  as  a  solid,  hollow,  or  indented  building  element,  usually rectangular, but also other shapes for special purposes, manufactured from clay, concrete, sand, and lime, or other materials, formed in a mould, then burnt, set, or cured. Bricks are one of  the oldest  building materials  in construction and its  production begins with the selection of raw materials at appropriate proportions, tempering and moulding to suitable shapes and sizes while in plastic state, which is then followed by sun drying and burning in  kilns to increase its strength and durability.
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FIG 2.1 types of bricks (based on form): solid, frogged and perforated 

Various Types of Bricks:-  Juan Rodriguez (2014), stated that there are various types of bricks used in masonry. Which are common burnt Clay Bricks, sand lime bricks (calcium silicate Bricks), concrete bricks, fly ash, clay bricks and engineering bricks. 
Common Burnt Clay Bricks:- These bricks are the common fired bricks. They are formed by either pressing in moulds, extrusion and wire cutting process preceding the drying and burning stage in ether kilns or clamps. Common burnt clay bricks are used in all or most  brick related work and may require plastering or rendering as they provide no exceptional  appearance. 
Sand Lime Bricks (Calcium Silicate Bricks):- Sand lime bricks are mixtures of sand and hydrated lime pressed in moulds and cured in a high-pressure steam autoclave followed by a chemical process during wet mixing. The mix is then moulded under pressure forming the brick. These bricks can offer advantages over clay bricks such as a grey colour appearance 
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instead of the regular reddish colour, uniform shape which provides a smoother finish that doesn’t require plastering or rendering and it provides excellent strength as a load bearing member.  Emmitt et al (2013),  stated that the material  from which sand lime bricks are made, can be carefully selected and accurately proportioned to ensure a uniform hardness, shape and durability that is quite impossible with the clay used for most bricks. 
Engineering  Bricks:-  Engineering  bricks  are  bricks  produced  at  extremely  high temperatures, forming a dense and strong brick, allowing the brick to limit strength and water absorption. Engineering bricks provides chemical resisting properties, excellent load bearing capacity and damp-proof characteristics. 

Concrete Bricks:- Marshall et al (2013) describes concrete bricks as materials produced by blending and compacting dense aggregate with a cementitous binder under high pressure.  Concrete bricks are mixtures of cement, sand and aggregates vibrated in moulds and steam cured. These bricks are made from solid concrete and are usually placed in facades and fences  and provides  a brilliant  aesthetic  presence and can be manufactured to provide different colours as pigmented during its production. The material for concrete bricks can be mixed with crushed stone aggregate to produce a material which mimics natural stone. 
Fly ash Clay Bricks:- Fly ash is one of the residues generated in the combustion of coal. Fly ash  includes  substantial  amounts  of  silicon  dioxide  (  SiO2)  (both  amorphous  and crystalline) and calcium oxide ( CaO) Gopi (2010). He also stated that Fly ash has been used along with clay in these bricks in house construction for since 1970’s. Fly ash is obtained from boilers of thermal power stations. Fly ash clay bricks are manufactured with clay and fly ash, at about 1,000˚C. 
Fired Clay Bricks:-  Fire  clay  is  found at  much depth below the surface  and is  usually mined.  Generally,  Fire  clays  have  more  uniform  chemical  and  physical  properties  and contain metallic oxides less than surface clays. Its durability is achieved through burning in a kiln. Modern, fired, clay bricks are formed in one of three processes – soft mud, dry press,  or extruded. 
Bricks Classification and Specification. :- Gurchanran singa, (2005) classified bricks into the following categories: 
1. First class bricks: These bricks are table-moulded and of standard shape and they are burnt in kilns. The surfaces and edges of the bricks are sharp, square, smooth and straight having tolerance in dimensions +-3% , crushing strength, not less than 
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10.7 N/mm2, Nil to efflorescence, water absorption less than 15% .These bricks are used for superior work of permanent nature. 
2. Second class bricks: These bricks are ground-moulded/ hand moulded and they are burnt  in  kilns.  The surface of  these  bricks is  somewhat  rough and shape is  also slightly irregular,  with tolerance in dimensions +-8%, high crushing strength,  not less than 7 N/mm, Water absorption less than 20%. These bricks are commonly used at places where brickwork is to be provided with a coat of plaster. 
3. Third class bricks: These bricks are ground-moulded and they are in clamps. These bricks are not hard and they have rough surfaces with irregular and distorted edges with high crushing strength, not less than 3.5N/mm2, Water absorption less than 25%. 
4. Fourth  class  bricks:  These  are  over  burnt  with  irregular  shape  and  dark  colour. These bricks are used as aggregate for concrete in foundations, floors,  roads, etc. Because of the fact that the over burnt bricks have a compact structure and hence they are sometimes found to be stronger that even the first class bricks. 

MATERIALS USED IN BRICK PRODUCTION 
CLAY :- Clay is defined by Reeves et al (2006) as a material of no genetic significance and a product  of  insitu  alteration  e.g.  by  weathering,  hydrothermal  action,  or  alternatively deposited as a sediment during erosional cycle or developed insitu as an authigenic clay deposit.  ”clay” can be used as a rock term or also as a particle size term in mechanical analysis of sedimentary rocks. Guggenheim et al (1995) also described clay as a naturally occurring material composed primarily of fine-grained minerals, which is generally plastic at appropriate water contents and will harden when dried or fired. Although clay usually contains phyllosilicates, it may contain other materials that impart plasticity and harden when dried or fired. Associated phases in clay may include materials that do not impart plasticity  and  organic  matter  In  brick-making  terms,  clay  covers  a  range  of  naturally occurring raw materials which are used to make a product. The clays vary considerably in physical  properties,  colour,  hardness  etc.,  and mineralogical  content.  They do,  however, have certain properties in common. They have the ability to be crushed and mixed with water to form a plastic material which can be moulded into various shapes. This can then be fired to a high temperature during which process it attains a hard, weather resistant characteristic. 
Origin of clay :- Brick clay can be found in clay seams all over the world and is part of the earth’s fabric. Heeney (2003) describes clay as entirely inorganic and began forming when water first started eroding rock. The minerals that make up clay have particles loosely held together in sheets: as a result clay is slimy and slippery. Its flexibility and durability, and its  connection with the earth itself have given it many ancient and mythological associations.  According to the bible man and woman were first created from clay. 
Constituents of clay :- Brick clays are composed mainly of silica and alumina (which gives them an elastic  and  tensile  strength)  and amounts  of  iron,  lime,  manganese and other 
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materials. The two main ingredients which give clay its wide range of colours are iron and free lime. 
Water:-  Water (chemical  formula:  H2O) is  a  transparent  fluid  which forms the  world's streams, lakes, oceans and rain. Kumar et al (2015) describes Water as one of the most  important elements in construction but which people still ignore the quality aspect of this element. The water is required for preparation of mortar, mixing of cement concrete and for curing work etc. during construction work. The quality and quantity of water has much effect on the strength of mortar, cement concrete, sand clay mixture in construction work. Oyebode et al (2015) also stated that the water used for mixing and curing should be clean and  free  from  injurious  quantities  of  alkalis,  acid,  oils,  salt,  sugar,  organic  materials, vegetable growth and other substances that may be deleterious to bricks, stone, concrete or steel. Potable water is generally considered satisfactory for mixing. The pH value of water should be not less than 6. 
Cement:-  Gooch  (2011)  defined  cement  as  a  mixture  of  materials  (without  aggregate) which, when in a plastic state, possesses adhesive and cohesive properties and hardens in  place.  Frequently,  the  term  is  used  incorrectly  for  concrete,  e.g.,  a  “cement”  block  for concrete  block.  The  following  are  varieties  of  cement  as  described  by  Bechar  (2005). Ordinary Portland cement, rapid hardening, quick setting, high alumina cement, low heat white cement etc. 

1. Ordinary  Portland  cement  (O.P.C)  It  is  manufactured  by  fusing  together  a  mixture  of limestone and clay in correct preparations at high temperatures. The resulting product is grinded finely with a small quantity of gypsum to delay the setting action. Its initial setting time is  not less than 30minutes and final  setting time is  not more than 10 hours.  This cement is used for construction of road, pavements, R.C.C structures, water tanks, culverts,  water pipes and also those structures where heat of hydration does not cause any serious defects.
Chemical constituents in brick. Bricks are the most commonly used construction material, they are prepared by moulding clay in rectangular blocks of uniform size and then drying and burning these blocks.  In  order to get a good quality brick, the brick earth should contain the following constituents.  Bechar (2005). 

 Silica 
 Alumina 
 Lime 
 Iron oxide 
 Magnesia 

1. Silica :- A brick earth should contain about 50% of silica, its presence prevents cracking,  shrinking and warping of  raw bricks and affects  its  durability.  The presence of  silica in excess makes the brick brittle and destroys the cohesion between particles. 
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2. Alumina:- Good brick earth contains about 20% to 30% of alumina and it is responsible for plasticity characteristic of earth which aids the moulding operation. If alumina is present in excess, it causes the raw brick to shrink and warp during drying.  
3. Lime:- The percentage of lime should be in the range of 5% to 10% in a good brick earth. It  causes silica in clay to melt on burning and thus helps to bind it. It prevents shrinkage of bricks on drying. Excess of lime causes the brick to melt and brick loses its shape. 
4. Iron  oxide:-  A  good  brick  earth  should  contain  about  5%  to  7%  of  iron  oxide.  It  is responsible  for  the  red  colour  in  bricks,  iron  oxide  makes  the  brick  impermeable  and durable,  increases its strength and provides a degree of hardness.  The presence of iron oxide in excess presents the brick dark blue or blackish in colour and if in limited quantity, the brick becomes yellowish in colour. 
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5. Magnesia:- It is a key constituent in brick earth and should be available in a very small  quantity of about 1%. Magnesia is responsible for shrinkage reduction and imparts a yellow tint in the colour of brick and if present in excess, it leads to the  decay of bricks. Physical properties of bricks. 
6. Table 2.1: Properties of clay bricks

PROPERTIES DESCRIPTION Aesthetic Bricks offer natural variety of colours including various textures. Strength Bricks offer high compressive strength Porosity The porosity of Bricks is attributed to its fine capillaries. The ability to regulate temperatures and humidity inside structures. Fire Resistance A well prepared brick structure can give a fire protection maximum rating of 6hours. Sound insulation The brick sound insulation is normally 45 decibels for a 4.5 inches brick thickness and 50 decibels for a nine inch thick brick. Insulation Bricks help to regulate and maintain a constant interior temperature of a structure and saves more than 30% of energy. Wear Bricks are so strong, that its molecular composition provides excellent wear resistance. 
Local Method Of Clay Bricks Preparation/ Manufacturing Bricks manufactured on a local level can be described in four major processes 
1. Clay preparation 
2. Moulding 

 Hand moulding
 Machine moulding- 

3. Drying. 
4. Burning. 

Clay Preparation 
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 Removal of top soil: The top layer of the soil, about 200mm in depth, is taken out and thrown away. The clay in top soil is full of impure materials and hence it is to be rejected for the purpose of preparing bricks. 
 Digging:  The  clay  is  then dug out  from the ground.  It  is  spread  on the  levelled ground, just a little deeper than the general level. The height of heaps of clay is about 600mm to 1200mm. 
 Cleaning:  upon  conclusion  of  the  digging  process  the  soil  generated  should  be cleaned of stones, pebbles, vegetable matters. If these particles are in excess, the clay is to be washed and screened. Such a process naturally will prove to be troublesome and expensive. 

Moulding There are two methods of moulding after which the clay preparation is completed 
 Hand mould- Ground and table moulding. 
 Machine mould 

Hand moulding:- In hand moulding, the hand is the major tool in moulding i.e.  manually. Areas adopted in which the force of workers available is relatively low and is promptly available  for  the  manufacturing  process  of  bricks  on  a  small  scale.  Survey  carried  out showed that most of the moulds used are usually rectangular boxes which are open at top and bottom. They may be of wood or steel and should be prepared from well-seasoned wood. The longer sides are kept slightly projecting to serve as handles.
Ground moulded bricks: The ground is first made level and fine sand is sprinkled over it. The mould is dipped in water and placed over the ground. The lump of tempered clay is  taken and is dashed in the mould. The clay is pressed in the mould in such a way that it fills  all the corners of mould. The surplus clay is removed by wooden strike or framed with wire. A strike is a piece of wood or metal with a sharp edge. It is to be dipped in water every time. The mould is then lifted up and raw brick is left on the ground. The mould is dipped in  water and it is placed just near the previous brick to prepare another brick. The process is repeated till the ground is covered with bricks
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Plate 2.1: ground moulding process of clay brick in kuje, Abuja.
Table Moulded Bricks:- The process of moulding of bricks is just similar as above. But in this case, the mould stands near a table size 2m x 1m. The bricks are moulded on the table and send for further process of drying. However the efficiency of the person manning the mould gradually decreases because of standing at some place for a longer duration. The cost of brick is also increases when table moulding is adopted. 
Machine Moulding:-  This type of moulding is carried out by two processes: Plastic clay machine  and  Dry  clay  machine  Plastic  Clay  Moulding:  Such  machine  consists  of  a rectangular opening having length and width is equal to an ordinary bricks. The pugged clay is placed in the machine and it comes out through the rectangular opening. These are cut into strips by the wire fixed at the frame. The arrangement is made in such a way that the strips thickness is equal to that of the bricks obtained. So it is also called wire cut bricks.  Dry clay machine: In these machines, the strong clay is finally converted in to powdered form. A small quantity of water is then added to form a stiff plastic paste. Such paste is  placed in mould and pressed by machine to form dry and well-shaped bricks. They do not require the process of drying. 
Machine-extruded  wire-cut  bricks:-  Standard  machine-extruded  wire  cut  bricks  are manufactured by forcing firm clay through a rectangular die plate of specific dimensions, as the lengths of clay are forced through the extruder a set of taught wires spaced at certain  lengths apart are forced down from above, automatically cutting the clay into blocks. The pace between the wires can be altered to change the size of the brick. Drying:- The bricks are dried for as long as the manufacturer desires before been carried out for drying operation. A survey carried out in Kuje area council showed that the bricks  are left out to dry in the open year for as long as 2weeks. The bricks are allowed to dry until  the bricks are become leather hard of moisture content of about 2%. 
Burning  and  Cooling:-  Bricks  are  burned  at  high  temperature  to  gain  the  strength, durability, density and red colour appearance. Bricks are not burnt above this temperature because it will result in the melting of the bricks and will result in a distorted shape and a very hard mass when cooled which will not be workable while brickwork. Bricks can be burnt using either clamp or kiln burning: 
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Clamp  Burning:-  The  shape  of  a  clamp  is  usually  trapezoidal  and  the  brick  wall  is  constructed  on the  short  end and a  layer  of  fuel  is  placed  on the  prepared  floor.  Gopi  (2010). The fuels generally used are rice husk, cow dung, litter, wood, coal etc. clamp is the most basic type of kiln since no permanent kiln structure is built. It is generally constructed over the ground with a height of about 4 to 6 metres. Tunnels are made through the base of  the pile in order to feed the fuel. The top surface is covered with the mud so as to preserve  the heat. Once Fire is ignited at the bottom, the fire started is kept under fire by itself for  weeks and same time period is needed for the cooling of the bricks. 
Kiln Burning:- Kiln is a large oven used for the burning of bricks. Generally coal and other locally available materials like wood, cow dung etc. can be used as fuel. Kilns are of two types: Intermittent and Continuous Kilns. 

Pictorial view of a kiln used in burning of clay bricks.
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Picture of a clamp at kuje area council.
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Picture of a clamp in kuje area council. Table 2.2 shows a comparison between clamp burning and a kiln burning
Item Clamp burning Kiln burningStructure Temporary PermanentInitial cost Very low HighSupervision Not required Continuous-skilledManufacture 4-6months 12-15days
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capacity 20,000-100,000 bricks at a 25,000 bricks per day time
Materials and MethodThe following are the tests carried out on bricks of different kinds and to also test their strength, suitability, durability and other properties under working load and as a building material using the British and ASTM standards. 
Material selected for the testing and production of clay bricks 
Table 3.1: List of equipment/apparatus for tests on clay bricks
S/N NAME OF EQUIPMENT/APPARATUS NUMBER 

REQUIRED 
OTHER 
SPECIFICATIONS 1 Compression testing machine 12 Weighing Balance 13 Drying oven 1 1000˚c 4 Water bath/evaporating dish 15 Measuring tape 1 100meter steel tape 6 Veneer calliper 1

Field test for brick earth A survey and field test  of  the brick earth deposit  is  always necessary to determine the suitability of the soil for brick making by testing the consistency, moulding, deformation on burning and strength of the soil. 
 A sample of the soil to be tested was ground from the previously collected brick and a sufficient quantity was mixed with water until a plastic mass is obtained. The aim was to check for the consistency. Small balls of about 8cm was moulded with hands and  allowed  to  dry  in  a  shaded  place  for  4  days.  After  the  drying  process  is completed, their size, shape and appearance of cracks was observed.
 Burning test identifies the presence of fluxes in greater or lesser proportion. The brick was burned properly in the oven for 3 days. The shape, colour and appearance was then observed and recorded.
 The moulding properties of the soil was also tested by rolling a portion of the soil and making thin threads by rolling between the palms of two hands.  The test is carried out to prove the good plastic nature of the soil on rolling to a thin thread. 



Book of Proceedings/Abstract and Programme: the 10th Academic Conference of Hummingbird Publications and  
Research International on Challenge and Prospects Vol.11 No.1 on 4th August, 2016- Conference Hall,  

Administrative Complex, Osun State University, Osogbo, Osun State, Nigeria

Dimension/ Tolerance test on bricks. Bricks may be made of burnt clay or mixture of sand and lime or of Portland cement. The standard  size  of  bricks  should  be  6×10.25×21.5cm  according  to  British  standard  with dimension tolerance of ±2.05mm, ±5.0mm and ±8 to 10mm for the height (h), breadth (b), and length (l) respectively. 10 bricks were randomly taken out of the test lot removing any loose particles of clay or blisters. The bricks were then arranged in a smooth level surface  in a straight series in such a way that the adjoining surfaces was in contact with each other.  The bricks were then laid length wise for length test, width wise for width test and for the height test bricks were also laid on the sides so that the height faced the observer. The overall  length was measured in each case within the specified limits for each classes of bricks. 
Efflorescence test on BrickThis is a laboratory test carried out to determine the efflorescence rating of brick samples. Efflorescence is a common disfiguring and deteriorating process of bricks in hot and humid climates salts precipitated during efflorescence are sulphates of calcium, Mg, Na, and k. A drying  oven maintaining  a  temperature  of  110±5˚c,  shallow dish,  sample  of  bricks  and distilled water were also required for testing. A shallow flat bottom dish containing distilled water to completely saturate the specimen was used for the test. The bricks were partially immersed in the dish, with a depth of immersion of 2.5cm. The whole arrangement was kept in a warm ventilated room till the water in the dish was completely evaporated by the samples. A similar quantity of fresh water was placed in the dish and allowed to evaporate  as before. The bricks were examined for efflorescence after the second evaporation at the end  of  seventh  (7)  day  and  dried  for  three  (3)  days.  The  liability  of  efflorescence  are reported as Nil- when there is no perceptible deposit of efflorescence. (Class A-B) Slight- 10% of the exposed area of the brick is covered with thin deposits of salt. (Class A-B) Moderate- Covering up to 50% of exposed area. (Class C-D) Heavy- ≥ 50% of heavy deposits of salts accompanied with powdering or flaking on the surface. (Class C-D) 
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Efflorescence appearance in clay bricks. 
Compressive strength test on Brick The Compressive strength test is a method of testing for clay bricks, it was carried out in  the geotechnics laboratory with the use of an equipment known as the compression testing machine. The aim of this test was to determine the compressive strength of bricks. The test was carried out by first measuring the dimensions of the brick to aid in computation of  results  owing  to  the  fact  that  the  compressive  strength  test  is  a  destructive  test.  The samples to be tested were then placed on the machine in a position that the load applied was in the same direction as in service and centralized between the pressure surfaces. The compressive  force  was  increased  at  a  rate  of  0.5N/mm2  .21.5×10.25×  6.5cm  until  the sample ruptured. Finally the maximum load at rupture was recorded. 
Minimum compressive strength of bricks

CLASS AVERAGE OF FIVE BRICKS (Mpa) INDIVIDUAL BRICK(Mpa) 

A 20 17.5 
B 15 12.5 
C 10 7.5 
D 7.5 5.0 

Water absorption test (24-hrs submersion test) Absorption of brick is the capacity to absorb water to saturation. The water absorption test is  to determine the absorption capacity of  bricks.  The test consisted of  half  pieces of  5 
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specimen with the length equal to the width± 1in. The specimen was dried in the oven at 110± 5˚c for not less than 24hrs till it attained a constant mass. The sample was left to cool  and the weight, recorded as (w1). The sample was then immersed in clean water at 15-30 ±2˚c for 24hours. The specimen was taken out of water and wiped with a damp cloth and weighed as (w2) within 5min of removal from the water bath. Percentage absorption is  calculated as
% Absorption= ��  2-  ��  1  ×100

         ��1
Where w1= weight of oven dried brick. w2= weight of saturated brick after 24hours immersion in cold water. 
Sound test The sound test was carried out by taking two samples of bricks randomly picked out of the  test lot and striking them together to produce a clear ringing metallic sound which the result obtained was recorded. 
Hardness test In  this  test,  a  scratch  was  made  on  brick  surface  with  the  help  of  a  finger  nail.  The observation of no impression being left on the surface, showed that brick is treated to be sufficiently hard. 
Size, Shape and Colour Test:

 20 bricks were staked along lengthwise, width wise and height wise and then there were measured to know the variation of sizes as per standard. 
 The bricks were closely examined to check if its edges are sharp and straight and uniform in shape. 

Result and Discussion
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This chapter deals with the analysis of data obtained from the various tests carried out in accordance to the methodology explained in chapter 3. 
Field test on brick earth 

 Consistency test- No deformation in shape,  size and no cracks in the bricks were observed.
 Moulding properties- thread of about 3mm-4mm was rolled to a small thickness and no significant break was observed. 
 Deformation on brick burning- The brick shape, size and good size was maintained after burning in the oven for 3days. 

Dimension/tolerance Test The following results in the table below show the dimension analysis of bricks taken from different brick industries in kuje area council Abuja. They were arranged lengthwise, width wise and height wise. They were also measured to determine if the bricks are of required dimension as discussed in the methodology.
Dimension/Tolerance test -Length 
Table 4.1Dimension test-length
INDUSTRY TEST SAMPLES INITIAL 

LENGTH 
FINAL 
LENGTH(20TEST 
SAMPLES) 

DIMENSION 
TOLERANCE 
VALUES 

Christopher bricks 
3 Bricks 

75.5cm 

10×75.5=251.67c� � 
  3

8± 

Nimrod. k. bricks 2 Bricks 51.5cm 

10×51.5=257.5��� �
  2

±8 

Peter Bricks 76.6cm 10×76.6=255.33 
 3

±8 
3 Bricks 



Book of Proceedings/Abstract and Programme: the 10th Academic Conference of Hummingbird Publications and  
Research International on Challenge and Prospects Vol.11 No.1 on 4th August, 2016- Conference Hall,  

Administrative Complex, Osun State University, Osogbo, Osun State, Nigeria

Sunday Bricks 3 Bricks 76.5cm 

10×76.5=255��� � 
 3

±8 

Gowon Bricks 3bricks 74.5cm 

10×74.5=248.33��� � 
  3

±8 

Olise Bricks 4 bricks 103.5cm 

10×103.5=258.75��� � 
  4

±8 

Dimension/Tolerance test- Width 
Table 4.2Dimension/tolerance test-width
INDUSTRY TEST 

SAMPLES 
INITIAL WIDTH FINAL WIDTH (20 

test samples) 
DIMENSION/ 
TOLERANCE VALUES 

Christopher Bricks 3 bricks 42cm

10×42=105��� �
 3 

±4

Nimrod Bricks 2 bricks 28cm

10×28=140��� � 
 2

±4

 Peter Bricks 3 bricks 41.5cm
 

10×41.5=138.33��� � ±4
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 3

Sunday Bricks 3bricks 42.5cm

10×42.5=141.66��� � 
3          

±4

 
Gowon Bricks

3bricks 41.5cm

10×41.5=138.33��� � 
 3

±4

 
Olise Bricks 

4 bricks 57. cm

10×57.5=143.75��
 4

±4

Dimension/Tolerance Test-Height 
Table 4.3Dimension/Tolerance –Height

INDUSTRY TEST 
SAMPLES 

INITIAL 
HEIGHT 

FINAL HEIGHT (10 
test samples) 

DIMENSIO/ 
TOLERANCE 
VALUES 

 Christopher Bricks 3 bricks 34.5cm 

10×34.5=115��� �
 3 

±4 

Nimrod Bricks 2 bricks 21cm

10×21=105��� �
 2

±4 
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Peter Bricks 3 bricks 34cm 

10×34=113.33��� �
 3 

±4 

Sunday Bricks 3 bricks 30cm 

10×30=100��� � 
 3

±4 

Gowon Bricks 3 bricks 35.7cm 

10×35.7=119��� �
 3 

±4 

Olise Bricks 4 bricks 42.5cm 

10×42.5=106.25��� �
 4 

±4 

The following dimension/tolerance results analyzed shows that the bricks in the length, width and height category fall under the second class of bricks which has slightly uneven edges with tolerance in dimension of not greater than ±8% and not less than ±3%.
Efflorescence Test Number of bricks- 18 (A minimum of 2 bricks from each industry) Depth- 2.5cm Duration- 7days 
Observation DAY 1- Water level reduction- absorbed by the bricks to 1cm water level DAY 2- Water level reduction- minimal absorption by the bricks to a water level of about 2cm. DAY3-7- stable water level. 
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After 3 days oven drying the following results of all faces of specimen were observed in classes A, B, C, D. 
Table 4.4Efflorescence test results
Industry Class A-B (nil-

slight) 
Class C-D (moderate, heavy, 
serious) effloresced Christopher bricks Slightly efflorescedNimrod kuche bricks Effloresced (moderate) Peter bricks Effloresced ( heavy) Sunday bricks Effloresced ( heavy) Gowon bricks Slightly efflorescedOlise bricks Slightly effloresced

Class A-B= 10% of the exposed area covered with thin deposits of salt Class C-D=≥50% of the brick surface area covered by powdering/flaking of the surface. The result of the efflorescence test after 24hrs shows that industries- Christopher, Gowon and Olise  had 10% of the  brick surface  area covered with thin deposits  of  soluble salt  deposited on the surface up on evaporation of water which falls in the category of class A-B.  While Industries- Nimrod, Peter, Sunday with up to 50% of soluble salt on the surface of the brick is classified under category C-D. The bricks within category A-B is classified suitable of as walling units without disfiguring and deteriorating which is a common defect in bricks
Absorption Test (24-hrs submersion test) 
Table 4.5: water absorption test results
INDUSTRY NAME Weight before 24hours 

immersion (W1) (g) 
Half 1 

Weight after 24hours 
immersion (W2)(g) 
Half 1 Christopher bricks 2414.5 2517.9 Nimrod. k. bricks 3061.5 3154.1 Peter bricks 3403.0 3506.3 Gowon bricks 3563.0 4230.7 Sunday bricks 2527.5 3167.9 Olise bricks 3067.5 3074.0 
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% Absorption= ��  2-  ��  1  ×100
         ��1

INDUSTRY NAME 

%Absorption=� ���−� ���� ���
×������ 

%Absorption 

Christopher bricks 2517.9−2414.5×100     2414.5 4.28 Nimrod.k. bricks 3154.1−3061.5×100       3061.5 3.02 Peter bricks 3506.3−3403.0×100       3403.0 3.03 Gowon bricks 4230.7−3563.0×100        3563.0 18.73 Sunday bricks 3167.9−2527.5×100       2527.5 25.33 Olise bricks 3074.0−3067.5×100      3067.5 0.21 
The results derived from the water absorption test showed that the brick did not absorb water more than 20% of the dry weight and the average % Absorption of all 6 test lot gave a value of 9.1%. Which made the bricks suitable for construction because if the brick absorbs water too quickly, it results in poor adhesion between the brick and the mortar. 
Compressive Strength 
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Table 4.6 Compressive strength test results
INDUSTRY 
NAME

DIMENSION AREA 
LXW

FAILURE
LOAD (KN)

COMPRESSIVE 
STRENGTH

L W HChristopher 25.1 14 11.5 351.4 59.9 5MpaNimrod.k. 25.8 14 10.5 361.2 65.6 6MpaPeter 25.5 13.8 11.3 351.9 45.0 4MpaSunday 25.5 14.2 10.0 362.1 53.6 5MpaGowon 24.8 13.8 11.9 342.2 58.3 5MpaOlise 25.8 14.4 10.6 371.5 64.1 6MpaMEAN= 5.2 Mpa
According to BS 3921 on compressive strength of  bricks the  minimum strength of  clay bricks is 5N/mm2 and it can be as high as 180N/mm2. As the compressive strength varies from manufacturer to manufacturer, the brick industry- Peter has compressive strength of 4N/mm2 which is low comparing to required specification. The values derived from the test proves that all processes from the mix ratio to drying and firing process of production  affects the strength of the bricks. 
Sound Test Two bricks were picked at random from each manufacturer and were hit against each other.  A  clear  ringing  sound  was  produced  which was  not  dull.  This  proves  that  the  brick  is suitable for use in construction.
Hardness Test The test was carried out by scratching the surface of a brick picked at random with a nail  from each manufacturer. The test carried out showed no impression left on the surface of the brick, implying that the brick is sufficiently hard. 
Size, Shape and colour test 

 20 bricks were stacked from the sample lot was stacked lengthwise, width wise and height wise. The variation in each category was of 8% variation covering classes B-D
 The edges of the bricks were not uniform, sharp and straight after close observation. 
 The bricks had a bright uniform colour. The observation and result of the test shows that  the bricks were manufactured out of manual and local materials which altered the shape and size of the brick. The bricks shape  non-uniformity was due to lack of standard equipment from the moulding of the bricks to removing from the clamp. 
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Clay-Cement Brick Tests The production of the clay-cement brick comprised of a mix ratio of 1:14⁄ in production of 23 brick samples and the same test on were carried out on the bricks. 
Field test of brick earth 

 Consistency test- No deformation in shape, size and no cracks were observed. 
 Moulding properties- thread of about 3mm-4mm was rolled to a small thickness and after close observation no significant break was identified. 
 Deformation on brick burning- The brick shape, size and good size was maintained after burning in the oven for 3days. The test proves the quality of the brick earth and the brick for production and construction as no warping swelling occurred during burning.

Dimension/Tolerance Test 
Table 4.7: dimension/tolerance test results
NO OF TEST SAMPLES LENGTH (CM) WIDTH (CM) HEIGHT (CM) 10 bricks 204 96 88 
The analysis above on dimension/tolerance of the clay-cement bricks of 10 brick samples has length (l), width (b) and height (h) to have a tolerance of ±8mm, ±3mm, and ±4mm respectively with dimensions 21.5×10.25×6.5 have dimension/tolerance not exceeding the specified standard of clay bricks having ±2.5mm, ±5.0mm and ±8 to 10mm for the height (h), breadth (b), and length (l) respectively.
Table 4.8: Efflorescence Test Results 
Efflorescence test
Sample Number A-B ( Nil-slight) C-D (heavy, moderate, serious)B1 Slightly effloresced B2 Slightly effloresced B3 Slightly effloresced B4 Slightly efflorescedB5 Slightly effloresced 
Class A-B= 10% of the exposed area covered with thin deposits of salt The result of the efflorescence test shows that only 10% of the brick surface area is covered with thin deposits  of  soluble salt  deposited on the surface up on evaporation of  water  
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which falls in the category of class A-B. This proves the suitability of the bricks as walling units without disfiguring and deteriorating which is a common defect in bricks.

Efflorescence on cement-clay bricks

Compressive Strength Test 
Table 4.9: compressive strength test resultSAMPLE NUMBER DIMENSION AREA 

LXW
FAILURE
LOAD (KN)

COMPRESSIVE 
STRENGTH

L W HB1 22.1 10.25 7 226.53 81.6 7Mpa B2 21.7 11.0 7 238.7 93.4 8Mpa B3 22.3 11.0 7.1 245.3 78.2 7Mpa B4 21.7 11.2 6.9 243.0 82.2 8Mpa B5 21.5 10.30 7.0 221.5 91.4 8Mpa B1 22.1 10.25 7 226.53 81.6 7Mpa MEAN= 7.6 MpaAverage of 5 bricks =7.6N/mm2 .According to BS 3921 on compressive strength of bricks the minimum strength of clay bricks is 5N/mm2 and it can be as high as 180N/mm2.the minimum strength achieved on the bricks is 7.6N/mm2 which is a higher value compared to the strength of the locally produced bricks. This also implies that the addition of cement in the mix resulted in the slight increase in the strength of the bricks.
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Water Absorption Test 
Table 4.10: water absorption test resultsSAMPLE NUMBER Weight before 24hours immersion (W1) (g) Half 1 Weight after 24hours immersion (W2) (g) Half 1 B1 1102.3 1286.5 B2 1071.5 1418.0 B3 1361.0 1529.0 B4 1195.0 1607.5 B5 1095.0 1552.5
SAMPLE NUMBER % Absorption= ��  2-  ��  1  ×100

         ��1

% Absorption 

B1 1286.5−1102.3×100          1102.3 16.71 B2 1418.0−1071.5×100         1071.5 32.33 B3 1529.0−1361.0×100         1361.0 12.34 B4 1607.5−1195.0×100           1195.0 34.5 B5 1552.5−1095.0×100          1095.0 41.78 
Average  %  Absorption  of  all  5  test  lot  =27.53%.  The  results  derived  from  the  water  absorption test showed that  the brick did not absorb water more than 20% of the dry weight and the average % Absorption of all 5 test lot gave a value of 27.53%. This made the bricks suitable for construction because if the brick absorbs water too quickly, it results in poor adhesion between the brick and the mortar.
Sound Test Two bricks were picked at random from each manufacturer and were hit against each other.  A clear ringing sound was produced which was not dull. 
Hardness Test 
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The test was carried out by scratching the surface with a nail of a brick picked at random from each manufacturer. The test carried out showed no impression left on the surface of the brick, implying that the brick is sufficiently hard. 
Size, Shape and Colour Test 
 20 bricks were stacked from the sample lot was stacked lengthwise, width wise and height wise. The variation in each category was of 8% variation covering classes B-D

 The edges of the bricks were of uniform shape, relatively sharp and straight after  close observation. 
 The bricks had a uniform colour. 

Conclusions and RecommendationsThe aim of the study was to look significantly into the building material clay bricks on a local  level  and assess  its  several  properties,  qualities  and characteristics  of  clay bricks. Nigeria  as  an  emerging  country  has  many  challenges  involving  the  construction  and building  industry.  Some  of  these  complications  arise  from  the  issue  of  poor  industrial  development  of  the  country  and  small  scale  industries,  especially  brick  industries  in localities as they rely heavily on the importation of other building material  rather than using it as a means to develop local communities. Hence, there is a need to look into other building  that  can  be  produced  within  the  country  and  can  serve  as  an  appropriate replacement for the imported building materials. Clay bricks is a building material that can serve this  purpose.  The raw material  required for the production of  clay bricks  can be found in abundance locally and there is also a large demand for the building material in localities. Clay bricks can be used as walling units, partitions etc. although the raw material for this production is available in abundance, Nigeria has been unable to maximise/make good use of the materials. The tests/experiments carried out on the local bricks collected from kuje area council Abuja shows that the bricks passed most of the laboratory tests and had  a  compressive  strength  of  5.2N/mm2  which  is  above  the  minimum  compressive strength of bricks 4Nmm2 therefore proving it suitability as walling units. 
RecommendationIn  a  nation  with  high  importation  of  building  material  like  glass,  steel  etc.  which  are outstanding building materials.Clay Brick is an appropriate replacement of the imported building material  as it  fully gets its raw material  directly from the local  and immediate environment and will  still  match up to those that  are been imported.  Locally produced bricks has proved to be a durable building material that can be used for building purposes as it offers numerous advantages in cost, fire resistance etc. compared to other building materials. They can be produced locally from raw material gotten easily and cheaply at no cost in Nigeria, increasing employment opportunities in localities. Hence, massive attention 
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of the government needs to be paid in getting adequate machineries and equipment for the  better production of the clay brick in localities. This will increase the quality of bricks in  locality and not restrict  them to localities  alone but to a larger scale.  The suitability of bricks as waling units and quality of the material has been assessed proving to be a durable building material for construction.
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