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PREAMBLE 

I give glory, honour and adoration to the LORD GOD 
Almighty for the grace given me to inform this August body of 
some of my research works before (Brunel Experience) and after I 
joined the OAU (OAU Experience). The topic for this Inaugural 
metamorphosed from the lecture titled - Low cost building 
materials as a recipe for affordable housing in Nigeria - delivered 
at the NSE, Ile-Ife, Branch Lecture Series in 2008. 

INTRODUCTION 
The issues in providing decent and affordable housing is a 

global blight with frustrating influences to be dealt with to combat 
the problems of homelessness, inadequate shelter, unsafe 
neighbourhoods, deteriorated environments, unsanitary conditions, 
increasing population growths, limited resources, governmental 

189-7848 bureaucracy and political commitment. The issue of designing and 
constructing affordable housing or shelter may be difficult but it is 
not an insurmountable task for a defined indigenous region and 
culture. The matter goes much further than planning, designing, 
and constructing human shelter. There are problems with what is 
acceptable by various cultures and how to mobilize finances with 
other resources, cooperation, understanding and actions by the 
populous natives and governing bodies of those nations. The issues 
are more different among developed, under-developed, and 
undeveloped countries. 

The design of houses at moderate affordable costs is known 
to be more difficult for the given financial return from that effort. 
One of America's renowned architects, Frank Lloyd Wright, 
stated, "The house of moderate cost is not only America's major 

ed by architectural problem but the most difficult for her major 
architects" (Thompson, 2002). 

1 university Press Having a safe place to live in, is one of the fundamental 

Wgeria elements for human dignity, physical and mental health, overall 
quality of life and enhanced human development. As a result, 
adequate housing has received a wide recognition as a fundamental 
human right in a number of national laws, regional and 
international instruments and declaration. Generally, housing has 
been acknowledged as the third most important basic need of man 
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after food and clothing (Adedokun et al., 2011). Housing is the 
essential element of every human settlement and holds singular 
importance in the general strategy of development. 

In recognition of the central place of housing in human 
development, several international bodies including the United 
Nations have made declarations on its place among other issues. 
Article 25(1) of the United Nations declaration on Human Rights 
says that "Everyone has the right to a standard of living, adequate 
for the health and well-being of himself and of his family, 
including food, clothing, housing,. . . (UNCHS, 1996) 

In spite of the central role of housing in development and 
declarations on housing by the United Nations and other 
international bodies, homelessness and squatter settlement 
dwellings continue to be very prominent features in the landscape 
of many Third World Countries. 

What is housing? 
Housing is defined as the process of providing a large 

number of residential buildings on a permanent basis with 
adequate physical infrastructure and social services in decent, safe 
and sanitary neighborhoods to meet the basic and special needs of 
the population. Housing is more than shelter (Wahab, 1983) and 
not household facilities alone, it comprises a number of facilities, 
services and utilities which link individuals and his family to the 
community in which it evolves. The term 'housing' also connotes 
the infrastructural facilities provided; the environmental condition 
of the building; the .social services and other qualities of the 
environment (Federal Republic of Nigeria National Housing 
Policy, 1991; Olusola and Adesanya, 2002). From the above 
therefore, we can safely say housing is, not just a commodity, but 
also a combination of goods and services that facilitate and 
enhance good living. Hence, environmental amenities such as 
waste disposal, water supply; lighting, ventilation, air conditioning, 
heating, lifts, and communication systems, neighborhood roads and 
location, health and recreation are all parts of the package of 
services designated as 'housing'. Housing is one of the most 
important elements in our lives and in our communities, be it 
socially, physically or economically. While housing begins as 



i!iun et al., 201 1). HousinS is the shelter, in today's parlance, it is an environment. Slums, which are 
settlement and holds singular neighborhoods and areas of poor housing, have long been 

I\' of development. associated with crime, social disorders and other social problems. 
r n t ~ l  place of housing in human The campaign for better housing and for the elimination of slums 
!rial bodies including the United was among the earliest moves towards city planning. Poor housing 1 on its place among other issues. was one of the factors that led to the adoption of zoning, 
ions declaration on Human Rights subdivision controls and other building regulations now accepted 1: to a standard of living, adequate as basic responsibilities of Local and State Governments (~su ide ,  
I of himself and of his family, 2004). F . .  . . (UNCHS, 1996) 

of housing in development and Global View of Housing 
[he United Nations and other In many developing countries, such as Nigeria, South 
isness and squatter settlement Africa and Ghana, considerable deficit in housing delivery exists 
r~minent features in the landscape and is increasing at an alarming rate as the national population 

grows. The governments in these countries duly recognize that 
adequate and decent housing constitutes an indispensable part of 
the infrastructure of a productive society. However, with very high 

he process of providing a large competing demands from other sectors of the national economy on 
? on a permanent basis with the central government finances, the governments can only meet a 

social services in decent, safe fraction of the financial requirements for the national housing 
eet the basic and special needs of needs. 

than shelter (Wahab, 1983) and In recent years, governments in many developing countries 
comprises a number of facilities, have accepted that housing needs can be best attained by the 
individuals and his family to the government shifting from the construction of housing units to a 
The t e n  'housing' also connotes supporting role to facilitate housing delivery. It is now widely 
ded; the environmental condition recognized that adequate provision of housing on the national scale 
'ices and other qualities of the should be tackled by promoting the use of available local resources 
of Nigeria National Housing to achieve affordable shelter improvements for the largest number 

sanya, 2002). From the above 1 of the people. Such initiative should in essence support up-grading 
Ing is, not just a commodity, but and slum- improvement programmes, as well as increased support 
n d  services that facilitate and for community. 
lv~Kmmental amenities such as 
in:, ventilation, air conditioning, Housing Problems 
;Ystems, neighborhood roads and Over a considerable period, inadequate housing has 
re 311 parts of the package of remained one of the constraints towards efforts at improving the 

Housing is one of the most living standards of the people. The housing demand pressure is 
and in our communities, be it particularly high in the urban areas as a result of rural-urban 
1 1 1 ~ .  While housing begins as migration in search of better employment opportunities, which is 
............................. . . 
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characteristic of most third-world economies. Consequently; the 
viability of the delivery systems to meet effective demand over the 
years has created strains on existing infrastructure, especially in the 
urban areas. 

In the rural areas, however, the housing problem is more of 
a qualitative nature, and the rate of required improvement, 
replacement and new additions to the existing housing stock have 
fallen to insignificant levels. As a result of the constraints in the 
housing delivery systems, many settlements are characterised by 
elements which indicate overcrowding, poor environmental 
conditions and the attendant physical deterioration of exiting 
housing facilities. 

The key constraints to housing delivery have been 
identified as follow 

inadequate and expensive access to secured tenure housing 
land; 
expensive construction and mortgage finance; 
excessive design and construction standards and 
specifications with little regard to material economy; 
low utilization of local building materials and 
overdependence on imported materials and technology; 
Government policy. 

Housing Policy 
The ultimate goal of housing policy should be to provide 

adequate and affordable housing with infrastmctural facilities to 
satisfy the needs of the people. The foundation to the achievement 
of this goal lies in the creation of a solid basis for the stimulation 
and encouragement of private enterprise in house building 
activities, since the government cannot satisfy the effective 
housing demand. One of the key strategies for achieving this goal 
is by intensifying and encouraging the development and use of the 
country's local building materials through research and pilot 
studies. Housing policy document makes the observation that 
many building materials used in housing have high import content, 
with the attendant. strain on the nation's scarce foreign exchange 
resource. This trend has persisted principally because current 
- p p p p p p p p p p - - - - - - - - -  
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trends in construction inhibit the increased use of available and 
low-value-rated on-site materials to the maximum advantage. 

There is also employment generation and poverty 
alleviation in the employment of skilled and unskilled labourers in 
housing construction. In cities, higher income housing is being 
built with expensive materials, but large number of people in 
squatter colonies and slums are building their homes with whatever 
building materials and waste products they find, (Santosh Ghosh, 
2002). 

The National Housing Policy in India adopted in 1994 
mentioned that in 1991 housing shortage was 10.4 million in urban 
areas and about same amount of shortage was estimated to be in 
the next five years. The globalization of economy has created an 
elite society, a class with money power, the gap between the rich 
and poor has widened despite the growth of economy. Most of the 
large cities are located in Asia and there are two faces of the cities. 
The high- rise towers and slums, side by side. The UN Habitat 
Agenda, Istanbul recommendations and other resolutions are yet to 
influence member nations of the developing world to adopt a 
proper housing plan. A new approach, new ideas, new innovations 
and new concepts are needed. 

Asia is becoming a continent of megacities. The rapid 
urbanization has made the infrastructural, housing and community 
facilities scarce and these are under severe stress and strain. Except 
island cities of Singapore and Hong Kong, majority of urban 
population live in one or two cities and most countries in Asia has 
low level of urbanization. A large city is an oasis in the desert of 
rural poverty. There are two faces of such cities. The high rise 
towers and one storey slums side by side, the rich people live in 
well-guarded housing estates and poor people in shanties both in 
constant fear, typified of Nigerian situation -Maroko, Ajegunle and 
Lekki experience. The middle class live in dilapidated housing 
with environmental problems in central city or in suburban sprawl. 
For upper income group the Government Housing Boards, private 
developers and landowners build housing but the poor build their 
own houses, sometimes on encroached land. There are legal and 
illegal cities but conventional town planning is applicable only on 
legal city; building rules, zoning laws are for this, the illegal city 



which accommodates 'informal sector of economy is without 
planning, without land, poor people do not have housing demand 
in conventional telm. In such situation globalization has come. 

One of the main components of the National Urban Policy 
in South Africa is the 'mass delivery of free housing' (Pillay, 2008). 
Despite delivering 1.8 million houses between 1994 and 2005, the 
Department of Housing reported that the housing backlog had 
increased to more than 1.84 million units. Estimates of the housing 
backlog vary. The families that had not been provided with houses 
reflected a growing backlog of people who were registered on 
waiting lists maintained by the municipalities responsible for 
developing the housing. Demographic changes due to reduced 
household size and migration to urban areas have placed increasing 
pressure on the number of families registered on the waiting lists 
(Pillay, 2008). However, in addition to housing provision meeting 
demand, the question of housing quality is vital. Residents of 
houses that have been built are experiencing problems due to their 
location far from places of work, poor quality of construction and 
unsuitable design. The problems experienced by residents of 
existing houses have caused them to sell their homes and move to 
other areas or back into informal settlements (Goebel, 2007). 

Emerging economies of developing countries usually 
imitate the new technological innovations of developed countries 
especially in the area of housing development without adequate 
consideration paid to their National Gross Domestic Product, 
which in most cases could not offer adequate necessary financial 
support to such development. United-Nations Housing experts 
have reported at several forums that the poorest nations of the 
world with low per capital income are concentrated in the African 
continent. Yet the propensity to imitate the developmental status of 
developed countries is on the increase. 

Housing Policies in Nigeria. 
One of the most significant direct attempt by the Federal 

Government of Nigeria in housing was in 1971 when the National 
Council on Housing was established. This step led to the launching 
of a National Housing Programme, within the second National 
Development Plan(1970- 19.74) that programme made provision for 
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59000 dwelling units with 15000 in Lagos and 4000 units each 
other eleven State capitals. The Federal Housing Authority (FP 
was later established in 1973 to co-ordinate the implementatior 
the housing progamme nationwide. In the Third National 
Development Plan (1975-1980), a total sum of N2.6 billion was 
earmarked in the plan for various prqjects including the provision 
of 202,000 dwelling units. In this instance,the low income groups 
were specifically to bc treated. The objective of the housing 
programme as noted in  the plan was " .... a housing situation in 
which the average urban worker would not be required to pay 
more than 20% of his monthly income as rent". Sadly however, 
only 15% of the targeted number of houses was achieved at the end 
of the planned period. 

The Fourth National Development Plan (1980-1985). the 
Gove~nment earmarked the sum of N1.9b for the housing sector. 
Although about N60O million was expended on projects under the 
National Low Cost Housing Programme, there was negligible 
impact on the overall housing situation because of the undesired 
politlcisation of the programme.In 1980, within the National 
Developrncnt Progamme period, a rather elaborate National 
Housing Programme was launched with affordability and citizens' 
participation ostensibly as the basic concept. The target of this 
particular programme was to construct 2000 units annually in each 
State capital and Abuja, thus making a total of 40000 units 
annually across the country, 80000 of the units were to be for low 
income group. Again, by mid 1983, only 32000 units had been 
constructed instead of 140,000, representing only a dismal 20% 
achievement. Around the same time, the Federal Housing 
Authority (FHA) embarked on commercial housing programme for 
medium/high income groups, in which some 350 units were to be 
built in each State and Abuja, but, as usual, the programme 
suffered problems associated with political considerations between 
the Central Gove~nment and the State Governments. Most of the 
sites given by State Governments were remote from large 
settlement areas. The partial success and monumental failures 
recorded in all these housing progammes wel-e largely due to the 
fact that they were ambitious and oblivious of the prevailing 
executive capacities and capabilities at various stages. 

------- - - - - - - - - ------ 



A new National Housing Policy emerged in 1991 as the 
brain-child of a committee which comprised Professional Bodies, 
Housing Institutions and Housing Delivery Agencies. The well 
thought-out policy considered institutional framework, 
restructuring of existing public institutions on housing, reviewing 
existing laws and regulations and improving the finance and 
mobilizing the private sector participation. Mention was also made 
on the goals and objectives of the policy as well as strategies for 
achieving them, the roles of the three tiers of Government,the FHA 
and the Federal Mortgage Bank of Nigeria in the implementation 
of the policy were fully considered. Land and Settlement 
Development Policy, Housing Finance, Building Materials and 
Construction Costs, Low Income Housing and Monitoring and 
Evaluation were also discussed at the Policy outlay. 

Other Housing policies in 1993 and 1994 performed 
woefully as others before them for obvious reasons analysed 
earlier. A total of 121,000 housing units were earmarked for 
distribution among the States and Abuja based on perceived 
demand. A total of N2.14 billion was collected from State 
Governments, organizations and individuals, but only 1136 units 
were completed and commissioned while 17,792 were at various 
stages of construction throughout the country, leaving a balance of 
102,072 units based on the programme target. The story has 
remained the same till now (Gumel, 2000). 

Housing Situation in Nigeria 
It was in recognition of the magnitude.of housing needs in 

developing countries that made the United Nations in 1976 
estimate an annual construction rate of between 8 and 10 dwelling 
units per a thousand population, as against the present low level of 
annual production which for example, in Nigeria, is estimated at 
between 2 and 3 dwelling units per a thousand population 
(Abiodun, 1985). To corroborate this fact, Nigeria with an 
approximated population of over 140 million by Year 2001; had a 
housing shortage to the magnitude of about 10 million housing 
units in the urban regions alone as contained in the National 
Housing Policy. It is assumed that if importation of expensive 
building construction materials could be substantially reduced, 
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especially in regions where there are acceptable locally availabl 
alternatives that are based on appropriate technology, such 
measure could reduce cost of construction and possibly increa,, 
housing stock effectively. The construction of such buildings must 

- 

be backed up by appropriate technology that can easily be 
implemented and sustained. (Arayela, 2002). Wahab(1984) 
concluded that the main forces militating against appropriate 
housing programme in Nigeria include-an extended family system 
which encourages over-crowding and insanitary conditions, 
unprecedented urban migration which causes serious congestion in 
the cities, incompetent and corrupt building contractors, shortage 
of well-trained building professionals, short-sighted and 
extravagant housing policies resulting in such types of 
accommodation that majority of our people cannot afford, high 
cost of building materials and the adoption of foreign and 
inappropriate technology. 

However, housing has till date remained a national problem 
in Nigeria. The Nigerian Vice President, Namadi Sambo has called 
on stakeholders in the housing sector to assist the Federal 
Government in reducing the huge housing deficit in the country. 
According to him, the Federal Government cannot solely provide 
adequate resources needed to rapidly transform the sector, 
stressing that there was a need for active engagement of all 
relevant stakeholders in achieving this. The country required about 
18 million homes to adequately provide housing for all. Sambo 
spoke at the National Housing and Slum Summit organized by the 
Federal Ministry of Lands, Housing and Rural .Development in 
Abuja on 21St October, 2013. He said, "while the human 
settlements sector requires a quick turnaround, the resources 
required to ensure its rapid transformation cannot be solely 
provided by the government. This explains the paradigm shift in 
the policy thrust of housing provision in favour of more effective 
participation of the private sector. "The housing deficit remains 
huge. It will only be gradually reduced over a period of time 
through the active engagement of key stakeholders." 

The vice-president affirmed that funding the housing sector 
required holistic- approach as well as effective policies and - - 
stratecries to address the situation comprehensively. He then urged 
-->------------------- 



the ministry to partner stake holders to develop cities that would 
satisfy the nation's housing need.Sambo observed that affordable 
ho~~sing could be provided by creating dynamic policies in the 
National Housing Policy, National Urban Development Policy, the 
Revised National Building Code as well as the National Integrated 
Jnfrastructural Master Plans. (The Punch 22nd October, 2013). 

Mr. Vice Chancellor Sir, My research focuses on recipe for 
affordable housing from building service angle and provides long- 
term solutions for all stakeholders. 

THE BUILDING PROGRAMME AT OAU 
In October 1977, Senate of the University of Ife approved the 

expansion of the Departments of Estate Management (established 
in 1970 - (carved out of the Department of Economics) in the 
Faculty of Technology to include Architecture and Building). The 
43 students originally admitted into Estate Management that year 
were split into the three programmes. In 1981, first set of students 
graduated with B.Sc. Building. The new Faculty of Environmental 
Design and Management was fonnally inaugurated on 6Ih April 
1982. The Building Department later expanded and had the 
following options: 

Building Structures, which deals with structural stability of 
buildings. 
Building Materials Research-Development of new building 
materials. 
Building Technology- involves assembly,buildability/ 
building techniques. 
Building Economics, deals with cost effectiveness. 
Construction Management is concerned with the techniques 
of optimizing use of resources and construction processes 
and building production management. 
Building Finance, involves raising of funds, management 
of cash flow and accounting and prediction of uncertain 
future cost trends. 
Building Maintenance, deals with the maintainability of 
structures and facilities management in order to prolong 
their lives and refitting of existing structures. 
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Building Service, deals with the thermal comfort within 
buildings. Heating, ventilation and air-conditioning, 
elccttical services, drainagelsewage, water supply and 
distributions, lifts and escalators, communication within the 
building, fire alarm systems, energy auditing, security 
systems and environmental sustainability. 
Building Services is, in a nut shell, "the blood that flows 

through the veins of living/functional building". All other 
components of a building are static and limited,-once supplied 
always stay these, whereas, Building Services flow like the blood 
in human body and needs continuous supply: Electricity, water, 
wastewater, lifts, communication systems, etc must flow within 
buildings if  they must be functional. It isalso defined as electrical 
and mechanical services hence often rcfen-ed to as M & E but it 
goes beyond this. A Building Services Engineer is someone who 
specializes in the rudiment of mechanical and electrical services as 
i t  relates to buildings. Unfortunately, we don't have many of them 
in  this country. From the above, it is evident that therc can't be 
housing without building services. In order to achieve the success 
required on any project, the builder with the architect, quantity 
surveyor, engineer, estate manager, urban and regional personnel 
and the surveyor- surveying and geoinfomatics (unfortunately the 
latter programme could not take off in my faculty till now because 
of internal politics, in fact the personnel who was supposed to 
anchor it had to move to a sister faculty). However, the client 
should be weary of any of these professionals trying to do the job 
of another. He or she can never be effective and will surely 
increase the cost of construction. Under no circumstances should a 
construction project be designed and constructed by the architect 
or engineer or constructed by a builder without adequate site 
investigation. Topographic silrvey is essential to determine the 
levels. A cursory visit to the site noting the vegetation, the state of 
the site (whethcr water-logged or not, and the topography) is 
essential. Please don't purchase your land in dry season and don't 
buy a land that is very close to a river- all these are recipe for 
escalated cost of construction and maintenance. Other hints to 
reduce cost of housing would be given later in this lecture. 



Building Services in buildings are becoming more 
sophisticated as the standards required by occupants are very high 
and demanding. Therefore, the cost of building services can range 
between twenty and thirty percent (20-30%) of the total cost of the 
buildings for bungalow and for high rise/ specialized buildings, it 
could be as high as fifty percent (50%). 

Many authors have identified cost of labour, accessibility to 
land, cost and availability of building materials, accessibility to 
housing finance, hindrances posed by Govelnment policies, 
regulations and bye laws, poor infrastructural provision, inflation 
during the life of the project, corruption etc. as factors influencing 
housing affordability (Essel 1997, Gumel 2000, Adeyemi et a1 
2004, Osunde 2004, Jay and Bowen 2011, Olayiwola 2013). 
Availability of service infrastructure such as roads, drainage, 
sewage, piped water, provision for sanitation among others can add 
up to the total cost of housing supply. Where these housing 
infrastructures are provided, housing production is stimulated but 
where they are lacking or inadequate, housing is supplied at higher 
cost and at a slower rate. 

Mr. Vice Chancellor Sir, my research focus and that of my 
department will provide a great relief for intending house owners 
in this country and beyond. Since construction materials including 
materials for building services account for about seventy percent 
(70%) of total cost of building construction, the development of 
traditional building materials and appropriate technology are the 
major research areas of my department. 

Water, Drainage, and Sewage 
Mr. Vice Chancellor sir, the thrust of my research (The 

Brunel Experience) began when I started the M.Phil programme 
and joined the Drainage Research Group at the Brunel University, 
Uxbridge, Middlesex, England in 1978, working on drainage 
projects sponsored by the Ministry of Health and Environment. My 
own research was also sponsored by the Sanitary Appliances 
Manufacturers in Europe. I had grants from the Science Research 
Council. The Science and Engineering Research Council 
sponsored my PhD in Building Services Engineering in the 
Department of Mechanical Engineering. My group was to solve the 
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problem of blockages in drainage pipes in hospitals due to flushing 
of wastes such as sanitary towels in W.Cs and to determine the 
factors responsible for self and induced syphonage from basins and 
sinks and come up w ~ t h  designs to solve the problems in order to 
reduce the initial and maintenance costs of building services. The 
Building Research Establishment (in Garston then) collaborated 
with us in this research. Basins, sinks and water closets were 
generously donated by Annitage Shanks, Twyfords, Royal 
Doulton Ltd and other manufacturers in Great Britain and Europe. 
I will look at housing from my rich background as- 

Building Services Engineer (C. Engr) - dealing with 
water, drainage, sewage, energy conservation, heat 
transfer and thermal comfort in buildings; 
Registered Civil and Structural Engineer (COREN) - 
strength of materials and structural design) and 
Registered Builder (Reg. Builder, CORBON) - 

building construction, productivity, project 
procurement, building maintenance, buildability and 
maintainability etc. 

Definitions 

Back pressure: The positive pressure created within the stack as a 
result of the deviation of flow of air and waste down the stack, 
notably at the base of the stack; resulting in the ejection of the 
water seal and hence the ingress of foul air into the building. 
Induced syphonage: The suction associated with air and water 
flow down the discharge stack which will reduce the depth of the 
water seal in the trap of any sanitary appliance connected to the 
stack in the vicinity of the pressure fluctuations. 
Locally induced syphonage: identifies suction caused locally 
within the horizontal/inclined waste pipe and trap as a result of 
discharge from another appliance resulting in trap seal loss. 
Self-syphonage: Identifies pressure fluctuations in trap and waste 
pipes connected to a discharging appliance as a result of full-bore 
or partial full-bore flows at some points in the pipe-work and 
subsequent seal loss in the trap connected to the discharging 
appliance. 



Self-induced syphonage: Pressure effect in the trap seal of the 
discharging appliance: - 
External factors: Trap seal loss by evaporation or wind induced 
pressure fluctuations within vel-tical stacks, resulting in oscillations 
of the trap seal and the subsequent loss of seal. 
Unventilated waste pipe systems serving wash basins have always 
been subjected to strict design limitations due to problems 
associated with self syphonage and locally induced syphonage. 
The latter term, with regards to the work reported, defines 
syphonage caused by the discharge from other wash basins 
connected to the same main waste branch. Due to the provision and 
sitting of single wash basins and ranges of wash basins which often 
require relatively long waste pipe systems, the limitations 
stipulated in BI-itish Standard BS 55721978 (as amended) often 
demand that wash basin waste pipes are ventilated. The essential 
requirement is to protect trap seals from excessive pressure 
fluctuations that would otherwise reduce them to unsafe levels 
with regards to the prevention of access of foul air into the 
building. Minimum trap seal retention of 25 mm has been adopted 
by the British Standard. The main purpose of providing traps and 
trap seals, and if required, of venting the drainage systems, is to 
prevent the entry of sewer gases into the buildings. Sewer gas is a 
foetic organic vapour, composed of sulphuretted hydrogen, 
carburetted hydrogen, carbonic acid or carbonic anhydride and 
some ammoniacal compounds. It is essential that these are 
prevented from contaminating the air we breathe. The gas is not 
merely an offensive nuisance, but also a risk to health. 

The fundamental aim of drainage codes, standards and 
regulations has been to prevent the development of an insalubrious 
environment. This is partly achieved by the imposition of various 
limitations regarding the design and positioning of appliances and 
the sizes and gradients of soil and waste pipes. The water seal of a 
sanitary appliance could be rendered ineffective against the 
intrusion of sewer gases by back syphonage; back pressure in the 
induced syphonage, locally induced syphonage, self syphonage 
and external factors. It is generally believed that a bowl- shaped 
appliance with a narrow base such as a basin is particularly prone 
to self syphonage. An appliance with a "flat" base such as a sink or 



7: effect in  the trap seal of the bath is not too prone to this action. This is because the flat base 
reduces the discharge rate considerably prior to cessation of flow 
and hence ensures trap reseal by the trail and film discharges 
(Wise, 1973). 

The basic parameters influencing basin trap seal loss due to 
self and locally induced syphonage are the basin shape, the grid 
design, pipe diameter and waste fitting type, including overflow 
provision at the outlet of the basin, the type of trap, the length, 
gradient, diameter degree of ventilation, and pipe-work fittings of 
the waste pipe system (Wakelin and Adesanya, 1979). 
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Drainage - Self and Induced syphonage 
,A  support rig (Platel) was designed and built to support a 

range of four Armitage Shanks wash basins, the latter complying 
with BS 1188 and BS 5506, with the adaptable facility to 
incorporate any available type of trap, "horizontal" branch waste 
pipe lengths up to 0.5m, vertical branch waste pipe lengths up to 
0.7m and variable diameter and gradient main waste pipe lengths 
up to 5.5m. A water level versus time monitored recirculation 
discharge collection tank was positioned beneath the vertical stack 
fitted to the end of the main waste pipe. Transparent acrylic waste 
pipes and standard Osma plastic waste pipe fittings were used with 
the following traps, complying with BS 3943 were investigated: 
76mm seal McAlpine tubular P-traps, 162 ml trap volume, 76 mm 
seal'McAlpine bottle P-traps, 250 ml trap volume, 76 mm seal 
Osma bottle P-traps, 250 ml trap volume, 76 rnm seal McAlpine 
tubular S-traps, 152 ml trap volume, 76 mm seal McAlpine anti- 
siphon "silentrap" P-traps, 76 mm seal McAlpine anti-siphon 
"silentrap" S-traps, 76 mm seal Marley resealing "monitor" P- 
traps, 76 mm seal Marley resealing "monitor" S-traps, 85 mm seal 
Bart01 resealing "Barvac" P-traps(P1ate 2). 

1 ns a basin is particularly prone 
U1uY~t'Ybase_suc!~ 3$ &Sink or- - - - 



The bases of all traps were fitted with small bore 
manometer tubes in order to monitor trap seal fluctuations and 
final trap seal loss. BS: 3380 Part 1 stipulates that the grating of a 
waste outlet fitting should not restrict the total cross sectional area 
of the bore of the waste outlet by more than 40%. Although this 
stipulation will generally provide a more than adequate rate of 
discharge, the latter is also a function of both the shape and size of 
orifices and the discharge pipe-work system, the flow area should 
not, therefore, be stipulated in isolation. As an initial investigation 
of the effect of discharge rate, five waste gratings with different 
diameter orifices were made and tested on both single basin and a 
range of four basins. Each test was generally repeated 6-15 times, 
depending on the repeatability of the results. 

Plate 1 : Experimental support rig. Plate 2: Barvac traps 
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Plate 2: Barvac traps 

Fig. 1: Average depth of trap sen1 re- Fig. 2: Average depth of trap seal re Fig. 3: Average depth of trap seal 
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11100 

The essential parameter recorded for each test was the trap 
seal loss, with subjective note on basin and waste pipe flow 
conditions and noise. In the case of multiple discharge basin tests 
on a range of four basins, up to 13 discharge combinations were 
tested, the only permutations not tested being simultaneous 
discharge of three basins not all adjacent to each other. Limited 
testing -was carried out with 38.5- mm and 50.8 mm internal 
diameter waste pipes, but the majority of the tests were with 32 
mm internal diameter waste pipes. Unless noted to the contrary, all 
waste pipe diameters were 32 mm. 

Extensive testing was canied out to determine the effect of 
trap-type on flow characteristics from a single basin and a range of 
basins, .with each of the four conventional types of trap. Figures 1 
and 2 show typical single basin results for waste pipe gradients of 
1/60 and 11100 respectively for lengths of the main- waste pipe 
between 1.35m and 5.5m. Figures 3 and 4 confirm the generally 
accepted view that S-traps are more prone to self syphonage than 
P-traps. The results showed further that for main waste pipe 
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lengths in excess of 2.0m, the P and S-traps displayed very similar 
performance characteristics. The advantage of bottle traps over 
tubular traps is partly due to the larger trap volume of 250 ml 
compared to 162 ml respectively, and also to the non-uniform flow 
cross section, greater head loss characteristic, and hence resistance 
to pressure fluctuations of the bottle trap.The division between the 
inlet and outlet of the Osma bottle trap is formed by a plane vane, 
whereas that of the more conventional McAlpine bottle trap is 
formed by a dip tube. The McAlpine bottle trap exhibited a better 
trap seal retention throughout the tests compared with the Osma 
bottle trap, due to this difference in design. Another significant 
advantage of bottle traps over tubular traps is the relative ease of 
trap base removal and replacement for cleaning. 

Figure 4 shows average trap seal losses for McAlpine 
tubular P and S-traps for the generally worst affected 3rd and 4th 
traps of a range of four basins that is, the two traps furthest from 
the vertical stack, for various basin discharge combinations, due to 
self and locally induced syphonage. The results again indicate a 
slight advantage of the P-trap over the S-trap. It should be noted 
that the length of the "horizontal" and vertical branch waste pipes 
of the P and S-traps respectively were adopted as being 
representative of practical installations, and imply the universal 
advantage of P-traps over S-traps. Figure 5 includes the results for 
McAlpine bottle P-traps under similar test conditions except that 
the branch waste pipe length was 455 mm as opposed to 270 mrn. 
Despite the increased branch waste pipe length, which is conducive 
to increasing trap seal loss, the increased relative performance of 
bottle traps with regards reduced trap seal loss compared to tubular 
traps is obvious.The effect of increasing the main waste pipe 
diameter for single basin tests indicated that a 38.5 mm diameter 
pipe eliminated all trap seal loss for the tubular P-trap, but 
provided no significant advantage for the tubular S-trap, although a 
50 mm diameter main waste pipe eliminated all trap seal loss for 
both types of trap. The effect of increasing the main waste pipe 
diameter from 32 mm to 50.8 mm for a range of four basins with 
otherwise similar test conditions virtually eliminated all trap seal 
losses and provided design tool for Building Services Engineers 
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Further investigation (Adesanya; 1991) was conducted to 
determine the effect of waste grating area on flow characteristics 
and syphonage. Results indicated that,for tubular and bottle P- 
traps, trap seal loss was totally eliminated for single basin and a 
range of four basins, discharging via a main waste pipe length of 
3.5 m at 1/40. Using Disc No.2 and Disc No.3 prevented any trap 
seal loss in the case of a single basin fitted with either a tubular or 
bottle P-trap, for a main waste pipe length of 3.5 m at a gradient of 
1/40. In the case of a single basin fitted with a tubular S-trap and 
main waste pipe length of 3.35 m at 1/40, Disc No.1 totally 
eliminated trap seal loss, and Disc No.2 reduced the trap seal loss 
to 34 mm, compared to 51mm with the normal grating.It is 
therefore apparent that trap seal loss can be controlled by reducing 
the discharge rate using a reduced area of grating, although it is 
appreciated that this could cause inconvenience to the user. 
However, this method of preventing self syphonage could provide 
a simple remedy in the event of problems occurring after waste 
system installation. 

The effect of using Resealing and Anti-Syphon traps were 
also studied. The anti-syphon and resealing traps were designed to 
combat syphonage but were subje.ct to peculiar problem with long 
usage. The terms resealing and anti-siphon, although often used 
synonymously, have been differentiated for the purposes of this 
research. Resealing refers to those traps which are hydraulically 
designed to enable air to be sucked through but sufficient water to 
be retained in the trap to reseal it on the attainment of pressure 
equilibrium across the trap. Anti-siphon refers to those traps fitted 
with an air valve positioned immediately downstream of the trap 
and which operates at a certain pressure difference to allow air to 
enter the waste pipe but not to be released. 
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Fig. 6: Average trap seal loss versus waste pipe 
gradient, for a variety of traps for single basin dis- 
charge via a main waste pipe of 32rnm diameter 
and length of 5.5m 
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Fig. 8: Average depth of trap seal remaining, after 
single basin discharge via a variety of traps, versus 
length of 32mm diameter waste pipe, at a 
gradient of 11100, indicating the effect of flattening 
the bottom of the basin 

Neither type of trap has any specially increased resistance 
to positive pressure within the branch waste pipe.The resealing and 
anti-siphon traps were tested (Adesanya,1979,1991) under a 
variety of conditions, including single basin, a range of four basins, 
main waste pipe lengths up to 5.5 m and at gradients between 1/40 
and 1/200. The maximum trap seal loss recorded was 25 mm and 
generally trap seal losses were approximately half this figure. 
These traps therefore met their design claims, but it was noted that 
resealing traps, due to their design, were noisy in operation, 
whereas the anti-siphon traps warranted their trade name of "silent 
trap", the only sound being a rapid click due to the valve seating. 

Figure 6shows typical results for the various resealing and 
anti-siphon traps tested and compared with ordinary traps. The 
resealing traps gave very similar results. However, the results for 
the two anti-siphon traps were significantly different, apparently 
due to the rate of pressure variation, this being greater in the case 
of the S-trap waste pipe configuration. The resealing and anti- 
siphon S-traps exhibited almost identical characteristics, and also 
indicated that the greater efficiency of the anti-siphon trap 
compared with the resealing trap, in P-trap waste pipe 
configurations, is not maintained in the case of S-trap 
------------ 

------ 
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configurati0ns.A further series of tests were carried out on a range 
of four basins fitted with ordinary McAlpine bottle P-traps, with 
the exception of the 4th basin (i.e. the basin furthest from the 
vertical stack), which was fitted with a McAlpine anti-siphon 
bottle p-trap. Previous testing had indicated that the 4th basin trap 
generally suffered the highest trap seal loss. Figure 7 includes 
some typical results from these tests, and indicates that this sole 
anti-siphon trap generally considerably reduced the seal losses of 
the 3rd and 4th traps, as also to a lesser extent of the 1st and 2nd 
traps. This was particularly true in the cases of highest seal loss 
recorded when this anti-siphon trap was replaced with an ordinary 
McAlpine bottle P-trap. It is therefore feasible for a single anti- 
siphon trap to considerably reduce the trap seal losses of all basins 
within a range of basins. This would reduce the cost of materials, 
installation and regular maintenance which is often presented as an 
argument against the use of anti-siphon traps. 

This author also studied the effect of flattening the bottom 
of the basin on self syphonage. The base of a normal basin was 
flattened by pouring in a 20 mm thickness of liquid Silcoset 105 
which then solidified. Tests were carried out on a single basin with 
a range of ordinary traps and main waste pipe lengths up to 5.5 m 
at gradients between 1140 and 11200. It was observed that the 
benefit of the end-trail discharge was substantial and reduced trap 
seal loss to 5mm but the possible problem of increased dirt and 
scum retention on the basin surface must be addressed in practice 
by regular cleaning. A re-design of wash hand basin was proposed 
to eliminate the effect of syphonage.The benefit of a flattened 
basin profile could be greater than that indicated by Figure 7. 
Investigations into the effect of initial depth of water in a basin 
have- indicated that this is critical in the establishment of certain 
flow conditions within the waste pipe-work. All testing involved 
filling the basins to above overflow level and just below the brim, 
with the basin overflow sealed off to simulate the worst practical1 
most critical condition. Whilst it is feasible that this situation could 
occur in normal usage, it is obviously unlikely. In addition, the 
method of basin re-profiling or shape factor adopted does not 
reduce the total potential head for the development of syphonage 
within the waste pipe system, whereas a conventionally 
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manufactured flattened profile basin would reduce this head by 
approximately the depth of relative profiling.The results on Figure 
8 indicate that there is considerable scope for designing basin 
waste pipe systems, which although beyond the guide-lines 
imposed by BS 5572-7B, and many other regulatory codes, would 
maintain basin trap seals to safe and acceptable depths. Results 
have also indicated that in the case of sub-standard design or 
installation of basin waste pipe systems, there are a variety of 
solutions available to prevent excessive trap seal loss, in addition 
to the possibly uneconomical provision of ventilating pipe-work. 

An additional topic of the continuing research programmes 
involved investigation into existing drainage systems and included I 

the effects of viscosity and surface tension, the monitoring of 
waste pipe work deposits including scale formation, long term use 
of anti-syphon and resealing traps, surface deposition of dirt on 
basins, deposition of solid matter in traps, and the effect of these 
on waste pipe discharge performance. Systematic and analytical 
study of the influence of various parameters such as the shape, pipe 
lengths, sizes and gradients plus the appliance shape factor and 
their relationship with self syphonage were conducted 
(Adesanya,l991).Most problems in fluid dynamics demand 
experimental investigation in order to establish or verify the 
functional relationship of various parameters. For most liquids, the 
surface tension decreases as the temperature rises, and, the addition 
of organic solutes such as soap or detergent tends to reduce the 
surface tension of water considerably. 

Little was known about the effects of hot water or hot water 
plus soap on the trap retention. A survey of literature revealed that 
although viscosity and surface tension have been suggested as 
possible areas for further research (French and Eaton, 1951 and 
Wise, 1954) neither subject had been thoroughly 
investigated.Wise1s publications(l973, 1979, 1989) on self- 
syphonage were based on tests carried out on a standard 559 x 406 
mm wash hand-basin. The analytical solutions he offered paved the 
way for a better understanding of the problem and for further 
investigations. Jain et al. "Daggett and Keulegan (1978) and 
Anwar et al. (1978) studied the effects of viscosity and surface 
tension on vortex formation. 'Jain (1978) investigated vortex 
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formation at vertical pipe intakes and analyzed the varying 
viscosities and surface tensions of different 1iquids.These 
experiments and numerous others on vertical flows of various 
types are of restricted importance and application since none of 
them dealt with either the flow from complex or geometrically 
poorly defined appliances such as wash basins, or with the flow 
through a combination of orifices and a trap. In addition, none is 
totally related to self syphonage or locally induced syphonage. The 
Conference on Water and Drainage CIB- W62(1979) also failed to 
address this subject.Mathematica1 analysis of flow or discharge 
from a basin or a sink into the discharge stack via a waste grating, 
trap, pipe, junctions and main stack is highly complex due to the 
diversity and interdependence of the parameters involved. Thus it 
is necessary to adopt the method of dimensional 
analysis.Continuous emptying of the basin is analyzed using a 
modified quasi-steady equation. 

The non-linear second-order differential equation was 
solved with computer using numerical integration. 
Stringent analysis demands variations of f (friction factor) 
with H and Vp but a constant f value may be assumed for 
an approximate solution. 
The experimental procedure comprised of determining the 
water temperature and choice of soap, appliances, and 
fittings. It also involved setting up an experimental rig. 
Experiments were camed out on a specially designed and 
built test rig which catered for tests on a single appliance 
with a straight pipe connection, and on one or more 
appliances with branch waste pipe connections. The 
appliances were discharged by means of an automatic 
device controlled by a two-way compressed air ram. The 
automatic system provided a standard and repeatable 
method of discharging the water from the appliance. 

The choice of soap and hot water temperature was based on a 
general study of human habits in Europe. This revealed that most 
people generally prefer to wash in hot. water, of an average 
temperature of 45°C. The choice of cold water temperature was 
determined by the average cold water temperature of 10°C from 

: the taps.'Barr soap and liquid detergent were used to represent both 
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domestic and industrial situations. The soap and water were mixed 
thoroughly by hand to ensure representative homo-geneity 
resulting in a concentration of between 0.1 19% and 0.426%. Table 
2 shows the viscosity and surface tension of each mixture. 
A 559 x 406 mm vitreous china basin with a sealed ovefflow and a 
762 x 460 mm stainless steel sink, representing the most 
commonly used types, were selected. Tubular 'P' and 'S' traps 
which have been proved to be most susceptible to self- and locally 
induced syphonage were chosen for investigation. A 3.0 m length 
of transparent acrylic waste pipe was tested at gradients of 11100, 
1/60, 1/40 and 1/20. The transparent pipes and traps which were 
generously donated by some manufacturers enhanced the 
understanding of the characteristics of fluid within the trap and 
pipe at various gradients. Video recordings also facilitated detailed 
analysis. All the appliances, waste grating, traps and pipe used 
comply with appropriate British Standards.0bservations were 
made of the timing of the vortex formations, air entrainment, water 
plug movements and oscillatory period. Initially, the vortex formed 
a dimple without any air-core. As the initial head of water in the 
basin, H,(t = 0), approached 0.5 Ho(t), the vortex air core 
entrained air intermittently as Ho(t)tended to zero, resulting in 
erratic discharge rates. The last stage of discharge was 
accompanied by continuous air entrainment which produced 
audible sucking noises and appreciable seal loss in the trap. The 
suctional actions and drain-hole vortex formation at various stages 
of the discharge often negated any advantage arising from the foam 
formation accompanying the final film discharge. The pressures 
were monitored at the bottom and crown of the trap, PT and PI 
respectively and at 0.5m downstream of the waste pipe, P. Figures 
9 - 11 show the monitored pressures during various discharges of 
cold and hot water, and hot water plus soap. The timing of vortex 
formation and air entrainment were erratic in all cases. All efforts 
were made to ensure repeatability of experimental conditions since 
vortex formation is extremely sensitive to small disturbance. 
The vertical phenomena towards the end of discharge led to 
turbulent flow, the subsequent fluid oscillation within the trap and 
the pipe which are time dependent, while external factors such as 
discharge'from other appliances often limited a precise theoretical 
------------------- 
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analysis. During vortex formation, air is carried through the trap 
and waste pipe in the form of bubbles by the discharge, resulting in 
air and water discharge. Complex mathematical analysis-is needed 
to consider fluid compressibility. The pressure profiles on Figures 
12 - 13 show clear similarities regarding the values of negative 
pressure at the crown of the trap, PI and the timing of air 
entrainment and vortex action which is indicated by drastic 
changes inPl and P2. The simultaneous change in P2 was due to 
the effect of inertia head acting within the trap and waste pipe, and 
the resulting pumping and oscillatory motions. Since the trap seal 
losses,X,, for the three conditions were nearly the same, it could be 
deduced that surface tension and viscosity have no significant 
effects on the trap seal losses, flow characteristics and pressures 
developed within the trap and pipe. Observations made during 
experimentation and a review of the recorded flow characteristics 
within the trap and pipe indicated that the length of the oscillatory 
period and its timing were inadequate guidelines for predicting the 
precise values of trap seal retention,X,,, since such timing and 
length fluctuated frequently. These observations and results are in 
close agreement with Wise's findings for cold water discharges via 
a bowl-shaped appliance. 

The rate of change of head of fluid in the appliance at any 
dH* time, -, for each case investigated revealed that within the range 
dt 

Re = 1.56 x 104  - 3.36 x 104 surface tension and viscosity were 
insignificant factors for predicting flow characteristics and self- 
syphonage analysis. Deduced nonlinear differential equations for 
discharges out of the appliance, trap and pipe were solved by 
computer using Runge-Kutta integration, with a time step of 0.001 
second. Figures 14 and 15 show comparisons between theoretical 
predictions and experimental results. These results indicate that 
there is close agreement between the two. The discharges for the 
three conditions can be predicted mathematically with accurate 
precision. Within the limitation of these experiments, it can also be 
deduced that trap efficiency, jrt is independent of surface tension 
and viscosity.Theoretically, a fluid with a lower kinematic 
viscosity such as hot water should have a higher flow rate and 
hence low trap seal retention if all other parameters are kept 
constant. The ~esultshowever~ndicatebthat within _the-range-of 

- - - -  

26 



on, air is camed through the trap 1.56 x lo4 and 3.357 x 104(for vortex flow through orifices), 
bbles by the discharge, resulting in viscous effects become unimportant for Qldp 2.5 x lo4* 
:X mathematical analysis is needed Table 2: Effect ofviscosities and surface tensions on the 
I. The pressure profiles on Figures seal loss (x,) of an MPT trap, in an experiment using RDB4 
1 regarding the values of negative appliance connected to a pipe of a length (Lp) 3m 
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Fig. 9: Pressure profiles for RDB4 discharged via Fig. 10: Graph of pressure versus time for hot 

MFT for permutation 2, 2.2, 3 MPT at a gradient water discharge via RDB4, MPT, 32mm dia- 

of 1/20 meter fittings and 3m discharge pipe length 
at ,mdient 1/20 
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Fig. 13: Graph of pressure versus time for hot 
water with 0.427% soap concentration dis- 
charged via RDB4, MPT and 32mm diameter 
fittings and 3 m discharge pipe length at 
gradlent 1/20 

Fig. 14: Graph of hot water flow mte Q versus dis- Fig. 15: Graph of flow rate Q of h a  water 
charge time t showing comparison between theore- and soap versus discharge time t showing 
cal and experimental results for RDB4 discharged 

' 

comparison between theoretical and experi- 
via 2 , 2 , 2 , 3  MPT at gradient 1/20 mental results for RDB4 discharged via 2.2.2, 

3 MPT 3s gradient 1/20 



Fip. 11: Gnph of pressure versus time for 
hot water with 0.427% soap concentration 
discharged via RDB4, MPT and 32mm 
diameter fittings and 3m discharge pipe 
leneth at ,pdient 1/20 

Fig. 13: Graph of pressure versus time for hot 
1/20 \rrster with 0.4276 soap concentration dis- 

charped via RDB4, MPT and 32mm diameter 
fittings and 3 m discharge pipe lenfth at 
gr~dlent 1/20 

Fip. 15: Gmph of flow rate Q of hot water 
md soap versus discharge time t showing 
compxison between theoretical and experi- 
mental results for RDB4 discharged via 2, 2,2. 
3 MPT 3 gradient 1/20 

Surface tension has no significant effect on vortex formation and 
trap seal retention within the range of 7.48 x Nm-I and 2.677 x 

Nm-'. There is a close agreement between the theoretical and 
experimental discharges from the appliances. 

The risk of a self-syphonage in a water closet is generally 
regarded as very low due to the small depth of flow generated in 
the relatively large diameter soil pipe. Swaffield and Bridge (1983) 
demonstrated the wave attenuation in partially filled pipe flow 
from discharges from water closet (WC) while Kalinske et a1 
(1943) used dimensional analysis to analyze entrainment of air in 
flowing water in closed conduit. The latter concluded however that 
the formation of a hydraulic jump in a pipe is an important method 
by which air can be removed. Since vortex formation is a 
significant phenomenon in self and locally induced syphonage, 
Denny (1978) observed that when the water depth above the intake 
is small, strong vortices are formed and these may lead to air 
entrainment. When such vortices entrain air, considerable 
reduction in fluid flow rate, appreciable loss of efficiency and 
other undesirable effects are experienced. However, Anwar et al. 
(1978) opined that flow conditions in an air-entraining vortex is 
not affected by surface tension and viscosity of the test fluid when 
the radial Reynolds number, and the Weber number are larger than 
3 x 10' and 10'. 

Most problems in fluid dynamics demand experimental 
investigations in order to establish the fundamental relationship 
between various parameters. The solutions so obtained can usually 
be converted into .quantitative results, determining any unknown 
coefficients experimentally. Adesanya, 1993 considered 
dimensional analysis as valuable for investigating self-syphonage 
problems after considering the complexity of the problem and the 
number of dependent and independent variables affecting the 
phenomenon. The knowledge of the form of relation of 
dimensionless grouping is valuable, not only in interpreting 
experimental results, but also in suggesting the pattern which a 
series of experiments could most usefully take (Adesanya, 1991; 
Mahajan et al., 1981; Anwar et al., 1978; Pink, 1973). The major 
handicap expected to be encountered in using many of the 
groupings 0btaine.d might be due to the limitation in the range of 



sizes of drainage pipe and fittings available commercially and the 
design criteria of the appliance. 

The parameters regarded as significantly affecting the 
discharge from the appliance investigated are listed below. 
Parameters such as either the final seal loss XL or trap seal 
retention (XT)are end products and do not influence the discharge. 
Parameter such as the "mean length" of the trap (LT) is considered 
to be definable by the combination of the parameters listed. 

Towards the end of discharge, the pipe seldom flows full- 
bore; therefore the flow at this stage becomes open channel flow. 
The Chezy or Darcy- Weisbach formulae apply.Pressure variations 
within the trap and pipe were monitored using pressure transducers 
which were connected directly to pen-recorders. A float switch 
device plus a solenoid valve was adapted to measure the rate of 
flow from the appliance, trap and pipe (Plate 3). 

Eight different types and sizes of wash basins (courtesy of 
Messrs Armitage Shanks Ltd. and Royal Doulton Ltd., based in the 
U.K.) representing the range of commercially available types wer.e 
tested in order to determine the effects of appliance shape factor 
n,, on self syphonage. Since Q is a function of time and head, 
i.e.Q = f (t) =f(Ho) = the effects of the initial head of fluid in the 
appliance, Ho, and its relationship on the flow characteristics out of 
the appliance and self-syphonage were investigated by varying the 
initial head of fluid in the appliance. The rate of change in Ho at 

d  
any time, - ( H o )  was investigated by varying*hence Q(t). Other 

d t  dp2 

dimensional groups were also investigated. The three main types of 
commonly available trap types - Tubular Bottle traps, Tubular P- 
trap and Tubular S-traps from various manufacturers in Britain 
were tested. The pipe sizes ranged between 32mm and 50.8mm 
while the length was between l m  and 4m at gradients of 11200, 
1/100, 1/80, 1/60, 1/40 and 1/20. The overflow of the tested 
appliance was blocked at certain stages in order to simulate the 

. practical situation where they are often blocked by debris and also 



79s available commercially and the 

led as significantly affecting the 
e investigated are listed below. - final seal loss X L  or trap seal 
and do not influence the discharge. 
nsth" of the trap ( L T )  is considered 
!on of the parameters listed. 

d,; v,; x,; rel; rc,; f,; Lp; d p ;  L; 

charge, the pipe seldom flows full- 
stase becomes open channel flow. 

I formulae apply.Pressure variations 
~onitored using pressure transducers 
y to pen-recorders. A float switch 
bras adapted to measure the rate of 
id pipe (Plate 3). 
d sizes of wash basins (courtesy of 
nd Royal Doulton Ltd., based in the 
' commercially available types were 
ie effects of appliance shape factor 
Q is a function of time and head, 
:ts of the initial head of fluid in the 
lip on the flow characteristics out of 
ge were investigated by varying the 
iance. The rate of change in Ho at 

ted by varyingkhence Q (t). Other 
dp2 

~vestigated. The three main types of 
- Tubular Bottle traps, Tubular P- 

1 various manufacturers in Britain 
nged between 32mm and 50.8mm 
lm and 4m at gradients of 11200, 
1/20. The overflow of the tested 
 in stages in order to simulate the 
re often blocked by debris and also 

to simulate the worst flow conditions for self syphonage. The 
appliances were filled with a known quantity of water and 
discharged by automatic devices in order to reduce the margin of 
error. 

The experimental results indicate the relationships between 
Q, self syphonage and the dimensionless groups. Fig. 16-20 
inclusive, indicate that the constant Q and trap shape factor, T,, the 
trap efficiency, rlrt defined as the ratio of the residual seal depth, 
x,, to thc initial seal depth, Xs decreases with increase in pipe 
length, and gradient.q,,is a function of T,- the trap efficiency 
determines the degree of resistance against syphonage; hence it can 
be used as a measure of syphonage. Both the British and American 
codes require a minimum of 33% trap efficiency or 25mm traps 
minimum trap seal retention for protection against the ingress of 
sewer gas or foul air. In other words, the design must also be able 
to withstand a pressure of k375Nm2 which is the design pressure 
for drainage installation. For the 32mm diameter waste fitting, trap 
and pipe, trap efficiency decreases with increased pipe length and 
gradient. This was due to the effect of full-bore flow and 
subsequent increase in pressure and Q resulting in pumping and 
oscillatory suctions within the trap seal. In such cases, the end of 
discharge was accompanied by drain-hole vortex formation and air 
entrainment; culminating in water lair flows plus gulping actions 
and the subsequent unsealing of the trap. These could be attributed 
to over/ under pressure within the systems. Fig 2land 22 showed 
that q,,is a function of Ho (t = 0)and T. For all traps, trap 
efficiency decreased as the initial head of fluid in the appliance 
increased. 

The results (Figs.16-20) also indicated that tubular P- and 
S-traps (with vertical drop of 530mm) are highly prone to self- 
syphonage because of their shape (Fig.20) and the initial volume of 
fluid in the trap seal. If the suctional force within the pipe, Fs is 
greater than the resistance provided by the trap and seal, FRT, the 
trap seal would be unsealed. The mathematical analysis of trap 
designs and their efficiency were also considered. The flow 
characteristics within the vertical drop of the tubular S-trap are 
analogous to annular flow (air /water) in a vertical drainage 
stack.The air flow rate (at the initial and latter stages of any 



discharge) down the vertical stackldrop could be determined from 
the water flow rate and pressure gradient below the region where 
the water is accelerating. The analysis breaks down, however, 
because of the effects of the junction at the end of the short drop. 
This accelerates the accumulation of fluid at the junctionlbend or 
change in direction of flow, resulting in full-bore and pulsating 
flows in the vertical drop. Subsequently, pressure fluctuations and 
gulping actions result, culminating in trap seal reduction or 
maximum trap inefficiency, irrespective of Q, L or G.  In this case 
Fs, is much greater than the trap resistance, FRT, i.e. F, >>FRT and 
the probability of trap reseal via reverse water plug movement is 
zero. 

Reducing the value of the dimensional group*by 
dp  

increasing the pipe size and hence ensuring laminar flow within the 
pipe results in high or full trap efficiency. These results in Fig. 24 
show that 100% efficiency was recorded for dJdp of 0.842, 0.748 

A 
and 0.64. The effect of-(t) is negligible as long as it is much 

ABT 
greater than d p .  The appliance shape is an unimportant criterion 
for self syphonage as long as the inner base slopes towards the 
outlet to enhance proper drainage or discharge of the fluid within it 

(Fig. 23). The results obtained for,dimensional group %f 0.64, 
d,  

0.749, 0.842 and 1.0 show that there is no linear relationship 
between the dimensional group and fifi but maximum trap 

d t  efficiency would be obtained for -value between 0.64 and 0.840 
dp 

(Fig. 24) 
After a detailed analysis of the results, a new design tool 

has evolved which is shown to be discriminatory, easy to use and 
would assist building services designers (Adesanya, 1993). Trap 

L 
efficiency,qrtwas plotted against G ~ / ~  2, to provide a logical and 

dp  
coherent order to the fundamental variables of drainage design. 
The designer could use Figure 25 by adopting a minimum or 
higher value of trap efficiency, depending on the limitations of the 
codes and standards in use. Using the dimensionless graph plot, 
choose a design permutation or a suitable trap design and then 
establish the required gradient fo r_ thqar t idarp iped iamete .  
- - - -  
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Alternatively, the graph plot could be used-as a check for the 
suitability of a particular trap type for a particular designed 
installation, irrespective of the shape of basin or sink envisaged. 

Usage of Graph as a Design Tool 
Choose the required qrt 

Determine the corresponding ~ '1 '  k, value from the graph, 
d ,  

depending on the choice of trap or the design permutation 
From the chosen value, calculate the unknown parameter, 
i.e. L,, d, or  G. 

Usage of Graph as a Design Check 
Apart from using the graph as a design tool, it could also 

serve as a design check when and if a designer intends to check the 
feasibility or limitations of a proposed design, regarding the choice 
of any identified parameter. 

In the case of an existing installation which is prone to self- 
syphonage problems, the graph could be used by choosing the trap 
type most suitable for the required efficiency, depending on the 
design permutation adopted in the existing installation, or, 
depending on the accessibility, the designer might opt for a 
different design permutation, based on the graph. 

These results show that there is no significant relationship 
between the appliance shape factor and trap efficiency. Within the 
limitations of the study, it is shown that qrt is a function of the 

d t initial head of fluid in the appliance and that -must not exceed 
d ~  

0.84 if self-syphonage is to be eliminated. Trap efficiency 

decreased with increase in IS'/' and it is a function of trap shape 
d ,  

factor. The results also showed that P- and S-traps are highly prone 
to syphonage. A new design tool has now been evolved which is 
shown to be discriminatory, easy to use and would assist building 
services designers in solving self-syphonage problems. 



Fig. 19: Graph of trap efficiency versus discharge Fig. 20: Graph of trap efficiency versus 
pipe length for ASB discharge via various trap gradient for various tnps  
types and design permutations at gradient of 1/20 
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Fig. 17: Graph of trap efficiency versus discharge Fig. 18: Graph of trap efficiency versus 
pipe length for ASB discharged via various trap discharge pipe length for ASB discharge via 
types and design permutations at gndient of 1/200 various tmp types and design permutations 

at gndient of 1/60 

Fig. 21: Graph of n, versus Ho ( 1 s )  showing the effects Fig. 23: Effects of appliance shape factor (Bi,,) 

of variable heads on residual trap seal forBBT trap type on trap efticiency 
Fig. 22: Graph of n, versus Ho ( 1 s )  showing the effects 
d ~fmLableh2ads on residual trap seal for various trap types 
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Fig. 24: Relationship between n, and dtldp Fig. 25: Graph of trap efficiency. nrt, versus 
dimensionless group, ~ ~ ' ~ p f d p  for wash 
basins and sinks 

Water 
Water is essential for every biological function and the 

convenience of obtaining a steady supply of drinking water from 
municipal supplies is accepted without question in civilized 
communities. Perhaps the greater danger associated with drinlung 
water is contamination by human excrement. If such excrement 
contains pathogenic organisms, then consumers of the water may 
become infected by the diseases caused by the pathogens. The 
presence of faecal coliform bacteria in water sample indicates that 
intestinal pathogens may likely be present, although perhaps in a 
much fewer number.- The water is considered free of pollution 
when it contains less than one and ten coliform bacteria per 100 ml 
of water for treatedfpiped and untreated potable water respectively. 
Natural waters which flow in rivers and streams and settle in wells 
and lakes contain a distinctive flora and fauna, and characteristic 
dissolved inorganic and organic matter. Some components of the 
microflora, are potential pathogens and, therefore, hazardous to the 
health of the community. The WH0(2000)recommends that when 
it is economically impossible to supply water to the consumers 
through a piped distribution network and where reliance has to be 
placed on individual wells, bores and springs, pollution of the 
water must be prevented by removal of obvious sources of 
contamination. This can be achieved by paying attention to the 
coping lining and covering etc. The coliform count of the water 
from even a shallow well should be reduced to less than 10 per 
lOOml and persistent failure to achieve this should, as a general 
rule, lead to condemnation of the supply. In view of the above, 



urgent measures must be taken to purify the potable water in these 
rural areas if serious outbreak of diseaseslepidemics is to be 
prevented. Adesanya,l997 studied the adequacy of water schemes 
in Kwara State by carrying out field survey, obtaining and 
analyzing data on the capacity of each water scheme, the 
consumption per head per day and population figure. The results of 
physical analysis indicated that the turbidity values for all the 
samples, ranging between 15.5 and 62.0 were much higher than the 
WHO recommendation of 5.0. The TS for six of the samples were 
also higher than the value of 500 recommended. 

The results also showed that the water supply schemes in 
the State were grossly inadequate. Less than forty percent of the 
populace is supplied with potable water and water schemeslpotable 
water delivery is heavily urban based. Only 30.6 percent of the 
households in the state capital have in-house pipe-borne water 
supply. Experimental result of physical, chemical and 
bacteriological tests showed that potable water in the rural area 
analyzed were unsafe for drinking. Coliform counts per lOOml was 
far above the accepted international standards (WHO, 2000 as 
amended) in all cases except one; hence,an out-break of water- 
borne diseaseslepidemic may be eminent in the rural areas of the 
state unless immediate steps are taken by the appropriate 
authorities to redress the situation (Tablel). 

It was recommended that potable water supply to the rural 
areas should be improved. Where wells, bores and springs are the 
main sources of water supply, pollution of such water must be 
prevented by removal of obvious sources of contamination. The 
governmental primary health care agencies must intensify the 
education of local people in the areas of water-bornelwater based 
diseases and basic or local water treatment methods. 

There is need to review its policy on water supply. The 
situation where the urban centres with only 32% of the total 
population consume about 68% of the total water supply is 
unjustified and unhealthy. 

The government and private agencies should continue to 
subsidize the cost of water supply to households, especially the 
low income group. In order to make it affordable to this class of 
people, it is highly recommended that public water taps should be 
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provided to cater for the needs of the low income group. Funding 
should be sourced from international donors (soft loans) to 
improve water supply within the state. This will ensure adequate 
potable water supply for all by the year 2020. 

SEWAGE TREATMENT 
The type of sewage treatment plant designed and developed 

for use in temperate climate is not appropriate for use in tropical 
countries such as Nigeria. The conventional plant is designed 
principally for the removal of biochemical oxygen demand (BOD) 
whereas in the tropics the destruction of faecal pathogens is 
considered to be more important. These conventional designs call 
for the use of sophisticated electrical equipment and the 
maintenance slulls required are often not available. Furthermore, as 
the machinery and equipment needed had to be imported, it 
became a costly demand on often scarce foreign exchange 
resources both in terms of the initial capital outlay and the running 
costs. Therefore, most third world countries are now opting for any 
of the following sewage treatment methods - waste stabilization 
ponds, oxidation ponds and carousel ditches which do not require 
sophisticated machinery and equipment and which are almost 
maintenance free (Metcal and Eddy, 1986; American Public Health 
Association, 2000 as amended). 

The World Health Organization (WHO) and other 
international bodies have set minimum standards for operational 
efficiency and the quality of effluent discharges from these ponds. 
Adesanya (2001) investigated the performance efficiency of the 
oxidation ponds which serve as the treatment plant for the waste 
water generated at the Obafemi Awolowo University, 1Ie-lfe to 
determine the pollutional tendencies on the receiving stream and 
the probable health implications. 

Oxidation ponds serve as one of the cheapest and the most 
appropriate methods of waste water treatment in 
tropical/developing countries like Nigeria where there is abundant 
sunshine which is needed for its operation. It is one of the cheapest 
ways of providing infrastructures for affordable housing. 
Adesanya, (1997, 2005) investigated the two ponds which were 
commissioned in 1967 to treat the generated wastewater for a 
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projected students and staff population of 30,000 at the University 
of Ife (now Obafemi Awolowo University). The effluent 
discharges into Defacing stream which is a tributary of Opal River 
dammed upstream to provide water supply to the University 
community. The communities living in the villages located 
downstream (outside the University) depend solely on the 
receiving stream for their water supply. 

These ponds were designed in 1965 to be loaded with 160 
liters per capital per day for a minimum population of 
approximately 8,000 of which between 70-90% runs as 
wastewater. They were made up of two aerobic stabilization ponds 
(Fig. 26 and plates 5 and 6) each approximately 0.5 has average 
area and about 1.2 - 1.5m deep at the deepest points. These ponds 
serve for both primary and secondary treatment. However, each of 
the ponds may be operated independently or in parallel whenever 
necessary. According to the design guideline, the ponds' contents 
are to be detained for a period of between 21-30 days prior to 
discharge through the 400mm out-fall sewer, but the investigation 
revealed that this has hardly been the case as the operator uses the 
ponds at his convenience. Since the commissioning of the ponds in 
1967, dislodging operations have been canied out only once in 
19S0 until recently. The maintenance has been limited to 
occasional (about once in two or three years) cutting of the weeds 
and the application of insecticides to reduce the breeding of 
mosquitoes, flies and other pets. The surface of the ponds were 
covered with scum and other floating matters which prevent 
exposure. to sunshine and surface re-aeration both of which are 
vital to the satisfactory performance of the ponds (plate 7) 

As a result of the outcry of the communities living in 
villages located downstream Adefalun stream and Opa river about 
the pollution of their stream which sometimes include floating 
feaces, bad odours and taste from the water and the pollution of 
their underground water, this investigation was expanded to 
determine the pollutional tendencies of the effluent from the 
oxidation ponds and the health implications. A number of 
researchers have conducted investigations on the performance 
efficiency of the ponds. Sangonuga noted in 1981 that the 
operation and maintenance services of the ponds have been limited 
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jx~lation of -70,000 at the University only to weed cutting and mosquito control. He noted then that no 
r)lo\vo University). The effluent scum removal or dislodging has ever been done since its 
n \vhich is a tributary of Opal River commissioning in 1967, causing sludge to build up and thus 
-. water supply to the University reducing the performance efficiency of the ponds. 
r.; li\rins in the villages located Adesanya (1997) also concluded that the average 
.liversity) depend solely on the operational efficiencies were below the minimum values 
,- supply. recommended by local and International Organizations (WHO, 
pned in 1965 to be loaded with 160 1989,2000, FEPA, 1991, Bamers and Wilson, 1987). 

for a minimum population of Figure 26 and 27 illustrate the study area and the relative 
Iirch between 70-90% runs as positions of the sampling points along the stream course, up to 
111 of tnro aerobic stabilization ponds where Adefakin stream merges with and along opa stream. Six (6) 
r:~ch approximately 0.5 has average points were chosen along the stream and at a point of 1.5km 
! at the deepest points. These ponds downstream of Opa river or 2.5km from the ponds. Pond A was in 
ondary treatment. However, each of operation throughout the study period of four months (September 
:iependently or in parallel whenever to December) between the hours of 10.OOa.m. and 2.00 p.m. under 
eiy guideline, the ponds' contents 1 varying weather conditions. 
!d of between 21-30 days prior to Samples were collected from eight different locations 
out-fall sewer, but the investigation 1 (Figure 28) in accordance with the StandardMethods for the 
'err the case as the operator uses the 

I Examination of Water and Wastewater. Tests include, physical 
e the commissioning of the ponds in analysis, Temperature, pH, Turbidity, Total Solid (TS) and 
inre been carried out only once in Suspended Solids (SS), five chemical analysis Dissolved Oxygen 
iaintenance has been limited to (DO), Biological Oxygen Demand @0D5,20), Chemical Oxygen 
or three years) cutting of the weeds Demand (COD) and conductivity while the coliform tests were the 
ticides to reduce the breeding of only biological analysis carried out because of its relevance. The 
!ts. The surface of the ponds were equipment, apparatus, re-agents and procedure for the tests were in 
:r floating matters which prevent compliance with APHA ~~ecifi'cations and guidelines. 
face re-aeration both of which are 
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Table 4: Table showing high recorded COD at both influent and 
effluent points 

Dates of Measurement 

Plate 5 :  Oxidation pond A 

Influent 

i Plate 7: Surface of pond covered with scum 
and floating matters 

Effluent 
(pt. 3) 

The investigations revealed that the discharges of effluent 
from ponds into Adefakin stream and Opa tributary have polluted 
these streams heavily and constitute serious health hazards which 
required immediate action in order to prevent a serious outbreak of 
epidemic among the people who depend on the stream for 
drinking, domestic activities and agricultural purposes. High 
conductivity values (ranging between 500 and 710 p-ohdcm) 
which are known to cause large quantities of aquatic deaths and 
poor photosynthetic activity were recorded. The study showed that 
the ponds have very low removal efficiency compared with 90% 
specified by WHO and FEPA, in terms of Total Solids (TS - 

14.04%), Suspended Solids (SS -26.62), Turbidity (14.04), 
Dissolved Oxygen (0.0%), BOD (0.0%) and COD (32.09%). 

The results of bacteriological examinations indicate that the 
stream is heavily polluted, right from the mixture point to a 
distance of 2.5km downstream. Escherichia Coli (E-Coli) typical 
colonies were heavily present.Table 4 shows that high COD values 
were recorded for the pond at the influent and effluent points 
respectively ranging from 92mglL to 157.6mgL (with a mean of 
124.8); 54.4-114.2 m&(with a mean of 84.4). Based on these 
values, the COD removal efficiency was calculated as 32.09% 
which is far below 90% recommended and thus indicating that the 
effluent is a source of stream pollutant since adequate oxygen is 
not provided to oxidize both organic and inorganic compounds in 
the wastewater. High degree of pollution was recorded after 
discharging wastewater into the stream which had an initial COD 
value of 12.8mgIL and a mean COD pollutional percentage of 
3 3 7 S w a s  recorded. The results indicate the presence of 
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compounds that are toxic to biological life. The heavily polluted 
stream which has a high proportion of both organic solids that 
require high proportion of oxygen to oxide the wastes in the 
absence of macro-organisms, recovered partially downstream as 
indicated in the table. 

Bacteriological examination of wastewater is essential in 
order, to prevent possible-outbreak of epidemics such as cholera, 
typhoid fever, enteric fever, shigellosis (bacillary dysentery) and 
other water-borne diseases. For the bacteriological examination of 
the water and wastewater samples, the tests carried out include - 
presumption test for the determination of the most probable 
number of coli-cells-per lOOml of samples at 3 5 ' ~ ;  Confirmatory 
test to indicate typical colonies of Eschericha coli at 35 '~ ;  
Completed test on the samples for the production of Escherichia 
coli at 3 5 ' ~  and 4 4 ' ~ .  At the end of the 8th set of tests, the results 
showed that the values obtained for coliform most probable 
number (MPN) were less than 1100 per lOOmg of sample in all 
cases; thus confirming that the water in the stream was not polluted 
prior to effluent discharge. However, the values obtained for the 
influent, effluent and other points downstream were much higher 
than 1100, thus, confirming that the effluent is the source of stream 

.. pollutant. 
.. confirmatory tests show that feacal coliforms in the form 

of Escherichia coli were absent in the stream, but at other points 
however, especially the influent, effluent and mixture points. 
Escherichia coli typical colonies were heavily present. E. coli was 
also present at all the points up to 2.5krn from the mixture point 
downstream. 

Public Heath Implication 
Based on the analysis of these results, it is evident that the 

streams are heavily polluted and neither Adefakin nor Opa stream 
should be used for drinking, domestic, irrigation or industrial 
purposes since they would constitute health hazard. These polluted 
streams are potentially hazardous as far as public health is 
concerned. 

Any coliform counts of 1,000 organisms per lOOml are 
considered a menace to health. A survey conducted amongst the 
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people who depend on the streams for living revealed that they 
could be subjected to occurrence/outbreak of water-borne diseases 
such as typhoid fever, bacillary dysentery, asiatic cholera and 
infective hepatitis in the villages located downstream of Opa and 
Adefalun. The frequent outbreak of cholera in Bangladesh was 
related to the ability of vibrio cholera to survive for a fairly long 
time in and around polluted stream.In addition to water-borne 
diseases, improper water pollution such as this led to a serious 
increase in the spread of filariasis (the mosquito vector which 
breed in ditches and puddles that are heavily contaminated with 
wastewater) and schistosomiasis. A survey carried out in Bauchi in 
1981 revealed that more than 90% of the school children were 
infected with schistosomiasis due to contact with streams polluted 
with wastewater. 

These research findings showed that most of the people 
living in the villages'downstream fish within the heavily polluted 
stream and many members of the University staff buy such fishes. 
The health hazards involved in the consumption of fish and shell 
fishes caught in polluted waters cannot be over looked. It has been 
shown that shell-fish are particularly efficient contractors and 
carriers of pathogenic bacteria and viruses which cause vibrio 
parahaemolyticks, cholera, salmomellosis etc. It was also observed 
during this research that many'farmers depend on the stream for 
agricultural purposes - especially for watering1 irrigating their 
(crops) vegetables, tomatoes etc. The re-use of wastewater for 
irrigation should be given serious consideration in view of its 
health implications (Bemers and Wilson, 1987; W.H.0, 2000 and . 
UNEP, 1987). Public health should be protected by restricting 
irrigation with wastewater (water from heavily polluted streams) to 
certain crops. It should not be used for crops that are eaten raw or 
parboiled. 

Observation revealed that the palm-wine tappers diluted 
their palm wine with the polluted water and sold same to the public 
- (both the University communities and the inhabitants of the 
town). This action (if not stopped) could pose a serious health 
problem since a direct consumption of water with heavy faecal 
pollution could cause an outbreak of epidemics. The results of this 
investigation showed further that lack of maintenance has resulted 

I .  A survey conducted amongst the 



into poor removal efficiency of the pond and that the effluent 
discharged into the stream constitutes a serious health hazard to the 
University communities and the people who depend on the 
polluted stream for drinking and agricultural purposes. The ponds 

performance efficiency ranged between 0.0 and 32.09 percent 
'instead of the.90-95 percent stipulated by the WHO and FEPA. 
Other findings revealed that: 

An outbreak of epidemics could be imminent among these 
people. 
The re-use of wastewater for imgational purposes should 
be given serious considerations in view of its health 
implications. 
The University authorities should stop discharging polluted 
effluent into this receiving stream until they adhere strictly 
to WHO and FEPA guidelines. 
It should be noted however that the oxidation ponds are the 
cheapest method of sewage treatment for affordable 
housing in the tropical regions. 
Mr. Vice Chancellor Sir, a committee headed by Prof. 

Sangonuga was set up by the then V.C in 1986 to look into the 
state of dam and the oxidation ponds, I was the secretary. We came 
up with an impressive report and the dam was given priority. 
Another committee was set up in 2002 by Prof. Roger Makanjuola 
to look into the rehabilitation of the oxidation ponds and the 
general sewage problems on campus. This committee was headed 
by me. The committee did an extensive work including details of 
how to eliminate the obnoxious gas at the ground floor of the 
Senate building, identified locations of the leakages, and 
proposed comprehensive designs for upgrading the system on 
campus and how to connect some of the existing hostels to the 
sewers. We got a beautiful letter of commendation and were 
invited to a meeting where we were informed that an award would 
be made soonest because the University considered the report as 
being comprehensive and the proposed rehabilitation work would 
be a priority. However, the state of the ponds has not changed 
much and the odour at the Senate building and other parts of 
campus continues to pollute our environment. 
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THERMAL COMFORT IN BUILDINGS AND ENERGY 
DEMAND 

Mr. Vice-Chancellor Sir,in order to provide affordable 
housing for all Nigerians in rural and urban areas.1 studied the 
effect of the building concepts on thermal comfort and energy 
demand within buildings (Adesanya,l987, 1988,2000). 

The traditional building concepts in most hot climates and 
especially in the third world countries have always been to achieve 
privacy, the integration of the extended family system with strong 
interaction between communities, security and ventilation. The 
latter is still being achieved by trial and error. Most of the early 
building designs were in terms of environmental conformity, 
economic and climatic considerations, using local materials and 
techniques for any particular environment. Building concepts in 
any area could be as a result of a highly complex set of design 
criteria which incorporates differences in  ways of life, rituals, 
culture and social organizations as well as climates and landscapes, 
materials and available technology. 

Climate remains a fundamental and one of the most important 
ingredients determining the essential character of a building while 
building technology is largely dictated by the nature of available 
materials. The way in which these materials are prepared for 
construction depends upon how labour is distributed and this in 
turn, depends upon the organization of the community. In most 
cases, there is a close affinity between the preparation of building 
components and the production of local handicrafts such as 
pottery, in hot, dry regions where earth is .the basic material and 
mat weaving in humid area where bountiful rain facilitates lush 
vegetation, providing a rich source of organic materials. 

Minimum volumes of openings in the direction of the 
courtyard are provided for security, day lighting, thermal 
comfort/ventilation and religious considerations. In extreme cases, 
buildings are devoid of window openings while the low and 
narrow doorway would necessitate bending before gaining access 
into such buildings.The thick mud wall (with minimum openings) 
with high heat storage capacity plus the choice of roofing 
materials, building orientation, close grouping of houses to ensure 
adequate shading effects and the compact design concept ensure 



adequate thermal comfort within the building. Roof tops are 
sometimes used for sleeping at the early hours of the night; 
indigenous mud houses have the major advantages of being very 
cool during the dry season and warmer in the harmattan due to the 
heat storage capacity of the materials and wall thickness. 

Two major design concepts, the court yard and the 
compound system generally referred to as "AGBOLE" in Yoruba 
areas or "UFOK in Calabar characterized the pre-colonial era. A 
typical Yoruba compound is depicted in Figure 29. For centuries 
the heart of the Nigerian family community has been the 
compound. A wise planner should recognize this and accept it as 
the cornerstone of newly planned communities, whether these are 
located in villages, towns or cities. Everything happens in the 
compound, being the play-room, kitchen, dining room, living 
room, garden, patio - all together in one flexible space - the family 
social centre. 

Rectilinear or rectangular plan forms are predominant in 
the warm humid zone and the buildings are designed with 
verandahs which open into the courtyard or compound. Another 
design is that in which row of rooms of a bungalow open into a 
common corridor. Toilets, kitchens and storage areas are located 
outside the main buildings. The number of houses constituting a 
compound is dependent on the family size, the degree of success as 
a farmer or fisherman or the livestock rancher or trading. 
Lightweight materials are used because of the warm weather. The 
construction materials which consists of thin walls were either 
made of wattle and clayllaterite consisting of two rows of sticks 
dug into the ground around which thin branches were laced as in 
filling panels to form a grid to receive the clay or made of timber 
or mud similar to the adopted systems in the hot dry zone. These 
thin walls are only required for privacy and security, and small 
openings are provided since they hardly stay indoors at day time. 
Some of these buildings are inadequately ventilated and poorly lit. 
Pitched roofs with large over-hang eaves protect the mud walls 
against rain, provide necessary shade for the verandah and 
maximize rain water collection. The roof members could be tree 
branches, bamboos, raffia or palm fronds covered with thatch 
could either be grass or raffia mats woven from palm leaves, piled 
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Fig. 29: Typical Yoruba Compound Fig. 30: P . 
lsic thatched roof consmction 

The Islamic religion had tremend,us impact on the form, 
scale, proportion and aesthetic quai it^ @ 

ths local architecture in 
the north to such a? extent that the simG rectilinear or curvilinear 
form gave Way to the Islamic traditic of ingeniously combining 
the rectangle or square with the 'jrcl% the dome, characteristic 
Middle East c o n c e ~ t s / c u ~ ~ ~ ~ ~ -  The lropean colonialists brought 
with them new life styles, materials and construction 
techniques which brought abc!rt ' lain of change in the building 
concepts of the This w?v,f change was followed by the 
introduction of the Brazilian b'ling*concepts by the returning 
freed slaves who have acquirenew skills from Brazil. It may 
suffice to classify them as th'Euro-Brazilian and the Islamic 
eras".. Odumosu (19g6) arguehat these "colonialists" set out to 
distort and obliterate the veroundation on which the culture of 
our people was based, nameihe polygamous life which gave rise 
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our major cities such as A b ~ ~ j a ,  exported and imported foreign 
models withou~ due regard for our level of technology and 
affordability. Since mechanical means were relied upon for 
thermal comfort, it became apparent that the inhabitants would be 
subjected to prolonged thermal discomfort whenever the regular 
power failure occurred. 

Most of the building programmes were abandoned during 
the economic recession when it became apparent that the 
depression in world economy had brought out oil based economy 
to a halt and the country was no longer credit worthy. The 
government emphasis ought to have shifted to the use of local 
materials and the need for new source of and the conservation of 
energy. The use of mud, stabilized laterite, red bricks, 
sandcrete/soilcrete blocks, treated bamboos, stabilized soils and 
other should have been advocated by the Federal Govemment. The 
need for energy consciousness in design has become the theme of 
the day. Various design concepts are being developed along this 
line in the two principal zones of the country. 279mm, 330mm, and 
up to 400mm thick cavity walls are being introduced in the hot-dry 
zones in order to achieve the much desired thermal comfort, and 
the planners are becoming more conscious of the environment 
being designed for. 

Adesanya (2000 ) concluded that even though the building 
concepts in the country had witnessed three major phases, the main 
design concepts had remained the same, viz privacy, secunty. 
socio-cultural - political settings and climate, the latter being the 
dominant single factor. An attempt to import foreign concepts 
without regard for the culture and climate of the people and the 
reliance on mechanical ventilation have proved a failure since the 
masses who were supposed to dwell in them neither have the 
financial resources to purchase the sophisticated gadgets nor the 
technological "know-how" to maintain them. In general, there is a 
need for designers to place emphasis on natural ventilation plus 
other passive control systems and the use of local materials. In 
order to achieve a construction technology suited for local 
conditions, imported ultra-modem technology should be used 
cautiously with careful adaptation to embrace the local appropriate 
technology and to relate to our culture and climate. As mud and 
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our major cities such as Abuja, exported and imported foreign 
models without due regard for our level of technology and 
affordability. Since mechanical means were relied upon for 
thelmal comfort, it became apparent that thc inhabitants would be 
subjected to prolonged thermal discomfort whenever the regular 
power failure occurred. 

Most of the building programmes were abandoned during 
the economic recession when it became apparent that the 
depression in world economy had brought out oil based economy 
to a halt and the country was no longer credit worthy. The 
government emphasis ought to have shifted to the use of local 
materials and the need for new source of and the conservation of 
energy. The use of mud, stabilized laterite, red bricks, 
sandcrete/soilcrete blocks, treated bamboos, stabilized soils and 
other should have been advocated by the Federal Government. The 
need for energy consciousness in design has become the theme of 
the day. Various design concepts are being developed along this 
line in the two principal zones of the country. 279mm, 330mm, and 
up to 400mm thick cavity walls are being introduced in the hot4ry 
zones in order to achieve the much desired thermal co~nfort, and 
the planners are becoming more conscious of the environment 
being designed for. 

Adesanya (2000 ) concluded that even though the building 
concepts in the country had witnessed three major phases, the main 
design concepts had remained the same, viz privacy, security. 
socio-cultural - political settings and climate, the latter being the 
dominant single factor. An attempt to import foreign concepts 
without regard for the culture and climate of the people and the 
reliance on mechanical ventilation have proved a failure since the 
masses who were supposed to dwell in them neither have the 
financial resources to purchase the sophisticated gadgets nor the 
technological "know-how" to maintain them. In general, there is a 
need for designers to place emphasis on natural ventilation plus 
other passive control systems and the use of local materials. In 
order to achieve a construction technology suited for local 
conditions, imported ultra-modem technology should be used 
cautiously with careful adaptation to embrace the local appropriate 
technology and t o  relate to our culture and climate. As mud and 



thatch go out of favour in the cities, the new traditional local 
materials and modem technologies should be harnessed to serve 
our traditions. 

Ventilation, air movement and the air quality in buildings 
are mostly controlled mechanically in the western world where 
advanced technology is at its peak. Considering the present 
economic situation in many third world countries which are 
plagued with acute shortage of houses, foreign exchange and 
balance of payment problems, it should have dawned on them that 
the days of unrestricted importation are over and that the use of 
natural controls and the application of intermediate technology 
where appropriate are the ideal solution for affordable housing. 

The chief goal of housing is to provide healthy, 
comfortable and quality sleeping environment for the occupant. 
Sleep is an important factor that affects a person's health and 
performance. Thus, the quality of sleep is very important in order 
to perform well at work. A good and quality night sleep is 
commonly accepted as a significant factor in allowing adequate 
daytime functioning such as concentration, alertness, attention, and 
comprehension as well as learning level in classrooms teaching. 
Thermal discomfort in housing can affect the quality of sleeping 
environment and subsequently the performance of daytime 
functions. In addition, room temperature that is too hot or too cold 
can be disruptive to one's sleep. This can be distracting for the 
occupants and is likely to have some negative effects and reduce 
the level of their productivity and performance. In extreme cases, a 
poor thermal environment results in. sickness such as headache, 
stress and can also be an important source of undesired 
physiological strain on the body. It has been noted that people 
performance decreased, building energy consumption increased as 
well as its sustainability will be affected in environment where 
thermal comfort parameters were not met. On the other hand, a 
comfortable micro-climate in housing will help in stabilizing mood 
and assisting in making occupants healthy, both physical and 
psychologically and this will positively influence their intellectual 
capability and development since it will provide conducive indoor 
environment to them to achieve their primary objectives. 
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Thermal comfort is comple\ r ~ d  partly subjective. It 
depends on six thermal "quantitative ' \:.:-iables: air temperature, 
relative humidity, air movement, mean radiant temperature, the 
metabolic rate and the level of clothing. However, the range of 
conditions considered comfortable by occupants, is often affected 
by other factors including systems of ventilation. 

Our study (Olanipekun et al.2011) revealed that most of the 
existing hostel blocks at Obafemi Awolowo University, Ile-Ife are 
naturally ventilated and relied on east-west sustainable design 
strategy to provide thermal comfort for the occupants. In warm 
humid climate, natural ventilation is an essential passive strategy in 
order to maintain thermal comfort inside buildings and it can also 
be used as an energy-conserving design strategy to reduce building 
cooling loads by removing heat stored in the buildings' thermal 
mass. Nicol and Humphrey (2004) and Wagner et al. (2007) 
submitted that natural ventilatioa (NV) increases indoor air speed 
and can be comfortable all over the year if they are well designed. 
However, Haase and Amato (2009) noted that in the hottest season 
it seems to be difficult to apply natural ventilation system and the 
potential for comfort is rather small. Dhaka et al. (2011) added that 
creating thermally comfortable environment in NV buildings is a 
crucial matter; this is because thermal comfort in unconditioned 
buildings results from a complex set of physical conditions 
occupant sensation and behavioral control. Schellinget al. 
(20lO)found that these lunds of thermal environments can cause 
thermal discomfort. Nigeria with its climatic condition of warm 
and humid conditions. throughout the year, these climatic 
conditions might have a considerable effect on the occupants' 
thermal sensation. Besides, the massive solar heat gained in the 
building during warm and humid months in Nigeria could lead to a 
reduction in thermal comfort for the occupants of naturally 
ventilated student housing, affecting the performance of students in 
learning. Furthermore, in Nigeria, where a large proportion of the 
population in cities live in densely populated rooms (ten in a 
room), adequate ventilation using natural ventilation system for 
living comfort becomes a concern for the 
occupants(Adesanya,1988,2000). Recent trends also indicate heavy 
usage of mechanical ventilation devices for effective distribution 



of air in secuiing thermal comfort. It is appropriate to carry out 
investigation on the adequacy of natural ventilation in providin~ 
effective thermal comfol-t for the occupants. 

Analysis of Factors Affecting Ventilation and Air Movements 
Adequatc building ventilation is primarily dependent on 

building design, choice of mate~ials, topography/morphology and 
climatology. The additional factors which may play limited role in 
the adequacy of building ventilation are the building types, density 
and the dilution of COz concentration.Air movement through a 
building shell is a combination of viscous and turbulent flows 
through openings and cracks. The former is proport~onal to the 
pressure difference over the envelope whereas the latter often 
varies with the square root of the pressure difference. Hence the 
different mechanics that are primarily responsible for the natural 
air-flow in the building are the wind pressure, buoyant forces and a 
combination of these two factors. 

Energy Demand - Building Planning 
Building orientation and its relationship to sitc planning 

and building design have substantial influence on the end-use 
energy consumption of building, and our study revealed that the 
commercial buildings in most Nigerian cities have their 
windows/openings orientated towards the streets without 
considering the energy implications. If only the planning 
authorities are energy conscious in the planning of our streets, 
roads and other facilities, they should have taken cognizance of the . 
energy implication of their layouts. Basic decisions are being taken 
in landscape planning and designs that demonstrate lack of 
consciousness of the implications of energy consumption in the 
initial construction and the continuous maintenance of landscape 
projects. Proper orientation of our buildings is one of the most 
effective ways to lower energy use. Our research revealed that 
naturally-lit, naturally - ventilated office has a primary energy 
consumption almost one-third less than the air conditioned, 
artificially-lit office. Most measures which conserve energy 
consume other scarce resources with the possible exception of 

bc~kchusbandry.  If'the optimum use of all resources is to be made, 
----------------- 



rmfort. It is appropriate to carry out 
v of natural ventilation in providing 
rhe occupants. 

g I'entilation and Air Movements 
snti lation is primarily dependent on 
~atelials, topography/morphology and 
hctoss which may play limited role in 
tilation are the building types, density 
ncentration.Air movement through a 
tion of viscous and turbulent flows 
s. The former is proportional to the 
E envelope whereas the latter often 
of the pressure difference. Hence the 
primarily responsible for the natural 

le wind pressure, buoyant forces and a 
toss. 

, Planning 
and its relationship to site plannins 
substantial influence on the end-use 
ding, and our study revealed that the 
most Nigerian cities have their 

ed towards the streets without 
mplications. If only the planning 
cious in the planning of our streets, 
y should have taken cognizance of the 
~youts. Basic decisions are being taken 
I designs that demonstrate lack of 
.ations of energy consumption in the 
continuous maintenance of landscape 
of our buildings is one of the most 
ergy use. Our research revealed that 
ntilated office has a primary energy 
hird less than the air conditioned, 

measures which conserve energy 
urces with the possible exception of 
num use of all resources is to be made, 

resources devoted to energy conservatio?: must be cost-effectively 
applied while the principles of cost-effc~ri~~eness analysis for such 
decisions in the public and private sectors must be well established 

Traditional Design Concept 
One of the major advantages of our traditional building 

concepts is that the courtyards are modifiers of micro-climate 
which help to maintain air circulation through convective currents. 
At night, cool damp air would be formed at ground level and 
slowly sweeping into the rooms, thus making them cool enough to 
be comfortable for a good part of the next day. The courtyards also 
act as a buffer against the noise from the streets, keep dust and 
sand out of habitable rooms, reduce direct solar radiation on wall 
and provide shade. The courtyard design promotes better air 
movement and enhances better natural lighting within the building. 
Thermal and air flow behaviour are conceptualized in traditional 
internal courtyard design. In double courtyards, building 
morphology and orientation further affect the heating and cooling - 
of surfaces with consequential effect on airflow patterns while 
external courtyards aimed at privacy, do not effect thermal 
regulation in the core of the building. The orientation of site and 
buildings are crucial parameters while the choice and thickness of 
materials with the types of painting will affect the radiation 
performance and hence the quality and volume of air in motion. 
The plan to height ratio of the courtyard is also a significant 
parameter in determining the quality of cold air entrapped in the 
courtyard. In Zone A, (Figure 31) the planted treesfshrubs provide 
a valuable cooling effect through provision of shade, absorption of 
part of the incident solar energy in the photosynthesis process, 
reflection of part of the incident solar energy and evaporative 
cooling through transpiration. Their "cooling mechanism" 
becomes more active with the increase in solar intensity while 
disregarding the use of plants often leads to increasing air 
temperature at micro and macro scales. Temperature above 
unprotected hard surface materials is significantly higher than 
temperature above planted areas. The cumulative effect of heat 
absorbed especially in the city centres - generally referred to as 
"the heat island effect" . . - must be fully analyzed if the minimum 



thermal comfort level is to be achieved. They are also used for 
further environmental effects such as screening and purifying the 
polluted air (Adesanya,2004). 

Fig. 3 1: Building in Zone A (Northern Nigeria) with planted trees and shrubs 

In view of the favourable climatic - conditions which 
encourage outdoor living in Zone B (Southern Nigeria), the open- 
staggered layout adopted enhances adequate air circulation and 
cross ventilation. Thermal and airflow behaviour are 
conceptualized in traditional openlsemi-open courtyard design and 
their use maximizes and remains a constant source of cooling.The 
thick mud walls having a thermal conductance ranging from 
0 . 5 ~ l r n O ~  to 0.8w/m0c depending on ihickness, degree of 
compaction, grain size and the source of the earth; have high heat 
storage capacity which ensures that the building remains cool 
during the hottest part of the day and retains heat during the wet 
season. The result of typical measurements carried out during our 
study of traditional mud buildings in zones A and B indicate that 
the thick walls absorbed the daily solar heat loads rather than 
immediately transmitting them to the interior of the building. The 
stored heat is later released to both the interior and the exterior of 
the building during the cool night hours; hence the walls could be 
regarded as insulators and reservoirs of heat. Since the rate of 
coolnkss which can be stored and retrieved in the building structure 
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depends on the properties of storage materials such as density, 
thickness, specific heat and thermal conductivity, convective heat 
transfer, area to the volume of the thermal storage element, the 
thick and heavy earth walls used in these dwellings (Zone A) have 
the capacity to store coolness for several days. The small openings 

1 on walls are located at high levels to reduce the amount of dust and 
heat gain into the building. These openings which sometimes open 
into the courtyard are hardly needed by the occupants except for I 

I occasional lighting and ventilation. The small openings which 
characterize the design features in the two zones, undoubtedly for 
security reasons, are responsible for poor lighting and ventilation 
and might be a source of health hazard during an out-break of 

I epidemics. 
The results of our investigation showed that the thermal 

performance of the mud roof is better than the mud walls because 
of the high insulating values of the wild grass, the thermal mass of 
such roofs, acting as a thermal control, undoubtedly contribute to 
the control of heat transmittance. Other roof designs incorporate 
manually operated openings which are operated only at night when 
the outside temperature is lower than that inside. Such a device 
aids quick heat emission. The design of the conical thatched roof 
reduces the total surface area exposed to solar radiation while the 
air pockets in the woven reeds .reduce the thermal conductivity. 
These raffia and grasses have longitudinal fibres; the grass has a 
tough outer skin layer and a soft or hollow interior, however, along 
the centre-line of the raffia blade,there is a thick tough wood eeb; 
hence, these materials are both heterogenous and anisotropic and 
they passively produce comfortably conditioned residential spaces 
- being cool in hot weather and warm in cold weather. The thermal 
conductivity of dry elephant grass cross-grain was recorded as 
being between 0.1 1 5w/m0c-0. 163w/rn0~ while that of dry raffia 
palm cross grain is between 0.124w/rn0~ - 0.207w/m0~. These 
analyses indicate that the traditional building materials have low 
thermal conductivities and hence provide adequate thermal 
comfort level indoor and are a good recipe for affordable housing. 

In Zone B however, light building materials used to emit 
heat quickly. This combined with high ventilation rate; ensures the 
required thermal comfort level. The two extreme designs in these 



zones confirm the objectives of thermal controls in buildings such 
as- "To prevent heat gain and maximize heat loss in hot conditions 
and to even out temperature variations in warm conditions". These 
objectives were achieved by natural devices rather than mechanical 
controls.The choice of design, plan-form and material depend on 
the function of the building such as residential, industrial and 
commercial, private or public. Basically, most of the residential 
plan-forms in all the zones are a reflection of the cultural, religion 
and other factors enumerated earlier. The commercial buildings in 
the principal cities are a close replica of the western ideas. 
Courtyard designs, planted with shrubs are adopted in some 
governmental buildings (because there are no land restrictions) 
with a view to achieving cross-ventilation and vegetative cooling 
but the objectives are hardly achieved because the windows and 
doors are hardly kept open to enhance air movements and cross 
ventilation. Private developers whose main objective is to 
maximize their returns often disregard the use of plants and this 
has negative effects on the micro and macro scales. The 
conventional buildings in Zone B are staggered like the traditional 
design to enhance maximum ventilation where this could be 
achieved but those in Zone A are hardly grouped together for 
mutual shading. The current energy conscious design in the latter 
zone is such that the kitchens, stores, pantries, etc. are located near 
external walls to reduce the heat gains into the core of the building 
where the bedrooms are located. A North- East and East- West 
building orientations are favoured for residential buildings in 
Zones A and B respectively while a North- West orientation is 
often adopted for commercial buildings. In many cases, various 
forms of solar shadings are used to reduce heat gains via solar 
insulation as depicted in Figure 32-typified of OAU building 
design. 
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The results of our study showed further that traditional 
materials used for housing in the two zones have capacity to store 
coolness. Traditional building materials have low thermal 
conductivities and hence provide better comfort level indoors. The 
thermal comfort zone lies between 2 5 ' ~  and 2 9 ' ~  and depends on 
the relative humidity and air movement. While diurnal temperature 
ranges between 1 5 ' ~  and 7 ' ~  in Zones A and B respectively. The 
courtyard design acts as a modifier of the environment and should 
form the basis for modem building designs. Structural controls 
built into the buildings system reduce the amount of eneEy 
consumed and the total reliance on mechanical controls. 
Residential buildings should be orientated in the N.E and E.W 
directions in zones A and B respectively for maximumtadequate 
natural cooling. Energy consumption in buildings can be reduced 
appreciably by careful planninglplan-form and choice of local 
building materials. Adequate shading devices should be introduced 
in commercial building design in order to reduce solar gains and 
hence the cooling load. Energy optimization can be achieved 
through landscape architecture. There is an urgent need for 
recommended environment conservation measures that will 
contribute - - - significantly ---- to energy conservation. The builders, 

----- -- ------ 



architects and government should recommend and probably 
enforce the use of proven local building materials. The government 
should take the lead by ensuring that local building materials are 
used for housing projects in order to reduce cost and create 
jobs/employment. This should be enshrined in the new National 
Building Code. 

DEBATING THE FUTURE OF COMFORT: 
ENVIRONMENTAL SUSTAINABILITY, ENERGY 
CONSUMPTION AND THE INDOOR ENVIRONMENT 

Vast quantities of energy are consumed in heating and 
cooling to provide what are now regarded as acceptable standards 
of thermal comfort. In the UK, as in a number of other countries, 
there is a real danger 'that responses in anticipation of global 
warming and climate change - including growing reliance on air- 
conditioning - will increase energy demand and COz emissions 
even further. Those involved in constructing and specifying 
buildings are today faced with the challenge of anticipating and 
designing for uncertain, perhaps rapidly changing, climatic 
conditions. From an environmental point of view, one of the main 
risks is that air conditioning systems will be installed in 
anticipation of global warming - a strategy that would itself 
contribute to energy consumption and associated emissions of 
carbon dioxide. Anticipating the worst, designers might also be 
tempted to construct 'climatic fortresses' capable of coping with 
extreme and unpredictable weather patterns, whatever the cost. 
The UK government, along with professional organizations like 
the Royal Institute of British Architects (RIBA) and the Chartered 
Institute of Building Services Engineers (CIBSE), is paying serious 
attention to the question of what climate change might mean for 
the built environment and those who inhabit it (Smith, 2001; 
Department of Trade and Industry, 2003; Chartered Institute of 
Building Services Engineers, 2004). The implications are 
potentially far reaching. Technologies and design features 
considered efficient today may not be so if the climate changes. 
Likewise, currently comfortable buildings may be entirely unsuited 
to the conditions of the future (Pretlove and Reszczyn, 1998). 
Much depends upon the rate and extent of change, and economic 
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and environmental modelers are already exploring a range of 
possible scenarios (Hulme and Jenkins, 1998; Cullen, 2001). In 
practice, much also depends upon the weather and how people's 
understandings of comfort evolve. Nigeria should brace up for 
climate change and design for central heating in the houses for the 
future. 

ENERGY-EFFICIENCY INTERVENTIONS IN HOUSING: 
LEARNING FROM THE INHABITANTS 

Current estimates in UK suggest that 75% of the present 
UK housing stock will still exist in 2050, and around 33% of the 
2050 housing stock has yet to be built (Wright, 2008). Therefore, if 
a significant reduction in domestic energy consumption is to occur 
in the UK, it will be necessary to improve the fabric of the current 
and future housing stocks within domestic properties (Beddington, 
2008; Sustainable Cities Institute, 2009). 

Energy-efficiency interventions designed to improve the 
fabric of housing stock and/or the energy-consuming services 
within domestic properties fall into three categories: the 
refurbishment of existing stock, the building of energy-efficient 
domestic buildings and their energy-consuming system 
( ~ o a r d m a i ,  2005). 

THERMAL PERFORMANCE OF TRADITIONAL AND 
SANDCRETE BUILDINGS 

Adesanya (1986) revealed that the mud or traditional 
building has a better thermal performance than the sandcrete 
building which would require mechanical ventilation/cooling in 
order to maintain the minimum thermal comfort 1evel.An estimate 
of energy demand in the future is a necessary pre-requisite for 
identifying supply options that need to be put in place to meet 
anticipated demand. A number of analytical methodologies and 
models have been developed for estimating household (residential) 
energy demand (IEA1984;Adegbulugbe and Dayo, 1985). In many 
developing countries, a significant fraction of household energy 
demand is satisfied by the "non-commercial" fuels (wood, animal 
dung, agricultural wastes, etc.) and reliable data on quantity and 
price of the two types of fuels, whenever they are traded, are 



usually not available in most developing countries. For many 
developing countries, the non-commercial energy constitutes a 
large share of fuel consumed within the household especially the 
rural area. Even though the rural households do not pay money for 
non-commercial fuels, they actually pay in terms of time allocation 
which they could have used for more productive activities. 
Commercial fuels are mostly consumed in the urban areas of 
developing countries but the quantities and type consumed depend 
on household income and the price of various fuels. Hence, the 
upper income group often consumes more of commercial fuel, 
especially electricity, because of higher stock of appliances (air 
conditioners, refrigerators, etc.) penetration in this group. 
Therefore, the household energy demand in developing countries 
  as not lent itself easily to standard analytical techniques often 
used in energy systems analysis in more developed nations. The 
high cost of energy consumption in buildings has reached an 
alarming proportion and the privatization of NEPA plus the 
proposed government removal of oil subsidy will further escalate 
cost of energy. Studies on the energy consumption from the mid- 
seventies showed that most of the industrialized countries squander 
a large amount on precious energy (oil, gas, coal) for low-grade 
thermal processes. Up to fifty percent of the electricity production 
is used for i-esidential buildings. Over half of energy consumption 
in the building sector is consumed in space cooling in the urban 
and semi-urban centres where the imported western buildings 
designs are energy intensive. The space cooling is caused by losses 
or gains due to heat transfer and by air movement due to 
infiltration andfor controlled ventilation. As houses were made 
tighter to reduce losses, especially in the hot arid region, the 
maintenance of acceptable indoor air quality begins to be an issue 
of concern. In view of the government's emphasis on rural 
development, the use of local building materials plus the ever 
dwindling foreign reserves and purchasing power of the masses, 
the need for detailed study of the thermal performances of our 
local materials becomes pertinent in order to reduce the energy 
consumption - the full cost of which they cannot afford to pay. 

The rate of coolness which can be stored and retrieved in 
the building structure depends on the density, specific heat and 
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thermal conductivity of the material, convective heat transfer 
coefficient and the ratio of the heat transfer area to the volume of 
the thermal storage element. In practice, the selection of the 
building materials and dimensions are based -primarily on the 
structural and space utilization considerations and not solely on the 
thermal storage needs for passive cooling. This concept must 
change if buildings are to be affordable. In view of the space 
allocation and the relative humidity of the air flowing into the 
building in the hot afternoon weather which could be a source of 
discomfort to the occupants, the convective heat transfer 
coefficient with respect to the internal surfaces is often limited. 
The amount of coolness or thermal energy which can be stored and 
retrieved in the building mass of many conventional building 
designs on a daily cycle is limited while experience in the old 
traditional buildings in the hot regions indicates that walls made of 
local lateritic materials play the role of regular storage of coolness 
(Adesanya, 1988.2000).1 evaluated the thermal comfort level in 
selected traditional and modern/conventional sandcrete buildings 
to theoretically determine the energy consumption from the 
obtained data. A typical data on the two buildings is shown on 
Table 5. Environmental parameters such as the air velocity, solar 
radiation, in-door and out-door temperatures, external and internal 
roof and wall temperatures and other parameters were measured 
over a 12 month period but the indoor temperatures were measured 
in an east facing room in each building. 
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Table 5: Basic Data on Building Types A and B of thermal comfort 
E 

t 
c 

c 

Roof 

Asbestos 
cement 
sheets and 
13mm 
timber 
boarding 

Corrugated 
iron sheets 
and Raffia 
palm 
ceiling 

Type 

A 

B 

Ventilation 

Cross 
ventilation 
when 
windows 
are opened. 
Air- 
conditioning 
available 

Cross 
ventilation 
when 
windows 
are opened 

Walls 
and 

Finishes 
225mm 
thick 
sandcrete 
wall, 
plastered 
and 
painted 
internally 
and 
externally 
300mm 
thick 
mud- 
wall. Not 
plastered 
nor 
painted 
internally 
and 
externally 

levels 
Room 

size 
(m) 

6.0 x 
3.3 x 
3.0 

5.7 x 
3.3 x 
3.0 

Window 
size (m) 

1.50 x 
1.20 

0.7 x 0.4 



=. Types A and B of thermal comfort 

)r Fizure 34: Effective temperature nomo- 
r a m s  for persons wearing normal business 
clothing in "Type B" Building 

Ventilation 

Cross 
\lentilation 
when 
\vindows 
are opened. 
Air- 
conditioning 
available 

Cross 
ventilation 
\i hen 
windows 
are opened 

The comfort zone lies between 2 2 ' ~  and 2 7 ' ~  C.E.T and 
an air velocity of 0.1 and 1 .5ds .  The thermal comfort level on a 
two hourly basis plotted serially from one to thirteen (Figure 33) 
showed that the thermal condition in sandcrete building was 
comfortable between OOOh and 0800h and uncomfortable between 
lOOOh and 2400h. The analysis of the questionnaire filled by the 
residents of this building agreed with the theoretical analysis. The 
results plotted on (Figure 34) shows that the mud building was 
comfortable throughout the twenty four hour period and the 
occupants of the building confirmed the acceptability of the result 
in the questionnaire analysis on post occupancy evaluation (POE) 

In view of these results which showed that thermal comfort 
b level could only be maintained in the sandcrete building if 

mechanical ventilation or air conditioners (active cooling) are 
provided, detailed theoretical analysis was carried out using the 
data collected on site and assumed data based on the equation 
deduced. The energy conservation of mud building has been 
highlighted and it is hoped that the designers, architects, 
government and other decision making bodies will take advantage 
of the thermal properties of our local materials during their design 
specifications for domestic urban and rural housing more so when 
it is now evident that an average Nigerian can hardly pay for the 
cost of energy consumed for domestic purposes. 

Olanipekun et al. (2012) also investigated effectiveness of 
natural ventilation system in providing thermal comfort at a 
student's hostel block constructed with sandcrete blocks within 
Obafemi Awolowo University, Ile-Ife, Nigeria using both 
subjective and objective measurements. Data revealed that the 
indoor air temperature ranged between 28 .1 '~  and 3 4 ' ~  with 
relative humidity reading between 30.8% and 75.5%. The indoor 
air temperature and air velocity did not fall within the ASHRAE 
standard 55 and IS0 7730 summer boundaries, while 95.5% of 
measured relative humidity data fell within the comfort range. The 
results of subjective votes showed that more than 80% sensed their 
thermal environment comfortable and expressed satisfaction with 
indoor climatic conditions outside of the boundaries set by the 
standards comfort zone. They also accepted their indoor 
environmental condition. Occupants of the selected hostel block 

Walls 
and 

Finishes 
225mm 
thick 
sandcrete 
wall, 
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and 
painted 
internally 
and 
externally 
300mm 
thick 
mud- 
wall. Not 
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and 
externally 

Roof 

Asbestos 
cement 
sheets and 
13mm 
timber 
boarding 

Corrugated 
iron sheets 
and Raffia 
palm 
ceiling 



preferred to be cooler and wazted no change and more air 
movemcnt, which is in accordance w ~ t h  the adaptive theory 
(McIntyre, 1980). Comparison of occupants' perception and 
measured thermal comfort parameters showed that except for 
relative humidity, there was no agreement between correspondence 
between the "objective" and subjcctive" approach. While 
occupants gauged their thermal comfort cclmfortable and 
acceptable, none of the measured physical data except relative 
humid data fell within the recommended range, thus confirming 
Heather Chappells and Shords (2005) findings that comfort 
standards are "social construction" which reflects the beliefs, 
values, expectations and aspirations and that there is more to 
comfort than temperature that it's a matter of culture and 
conventions. 

The respondents to the study of 0-4U hostels were 
comfortable with a range of microclimate values that is higher than 
a fully conditioned indoor environment. The results further 
reinforced some doubt of the ability of the thermal comfort indices 
to predict the thermal sensation of occupants in warm humid 
tropical climate. Our results led to the conclusion that in warm 
humid tropical climate natural ventilation system may not be 
totally adequate in providing thermal comfort in student housing 
(the case study) during hot season because of the official and 
unofficial number of students without assistance from mechanical 
ventilation system. Focusing on future Nigerian standards, these 
results suggested the necessity of more experiments related to the 
conditions of thermal comfort parameters requirements for 
naturally ventilated environment in order to reduce the financial 
cost of housing. 

The study concluded that when the temperature is over 
3 2 ' ~ ,  it is reasonable to use air-conditioners to maintain the 
temperature between 2 8 ' ~  and 32'C, and then use the electric fan 
as supplementary tool. At 3 4 ' ~ ,  about half of the occupants 
required other cooling methods and occupants would rather prefer 
to kcep a higher thermal sensation than to use fans at higher speeds 
because a higher air speed would carlse discomfort such as the 
unwanted feeling of wind blowing andlor noise. All subjects 
accepted fans as the only cooling method needed when i t  was 
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between 2 8 ' ~  and 3 0 ' ~ .  As the temperature increased above 
30°~,more occupants began to feel that the use of fan alone was no 
longer sufficient. The .results call for post occupancy evaluation 
(POE) of our buildings. 

Evaluating Housing Performance in Relation to Human 
Behaviour: New Challenges 

Building performance evaluation (BPE), in which POE 
plays a significant role, appears to be more established, with 
governments and their agencies recognizing the inlportance of 
finding out how well their building investments have performed. 
New schools, prisons, and hospitals are now being evaluated. 

L 

Government offices are measured annually in order to benchmark 
and improve performance year on year, which is a growins 
achievement of information on the performance of public and 
commercial buildings. 

There has been relatively little published POE of housing 
compared with other sectors. There are many reasons for this, not 
the least of which is the difficulty of gaining a representative 
sample to benchmark in any particular housing development. 
Simply gaining access to people's homes, which are private by 
their nature, can present a real barrier. Traditionally, the evaluation 
of housing performance has consisted of either physical monitoring 
or occupancy satisfaction questionnaires, but quantitative and 
qualitative feedback are rarely related to each other as they span 
across the disciplines of building science and social science. The 
evaluation of user perceptions and behaviours in relation to 
building performance in housing is therefore an emerging research 
area. 

Nigeria should focus on how to explore the developing 
understanding of housing occupancy feedback in terms of 
occupants' expectations, perceptions, experiences and subsequent 
behavior. We should particular!)t be concerned with the research 
policy and management implications of housing occupancy 
feedback as a multidisciplinary practice addressing climate change. 
Investigations, would determine how occupancy feedback helps to 
produce better housing. 



New Directions for Housing Evaluation 
Housing developers and their design teams are urged to 

explore how to integrate the lessons learnt from housing evaluation 
into their knowledge management systems. The traditionally 
informal communication that takes place between customer 
services, maintenance and development departments need to be 
more articulated and recorded for reference so that mistakes 
identified from the evaluation are not repeated elsewhere. 

Key Lessons for Housing Performance 
People use energy, not buildings (Janda, 2009). It is often 

the human element that confounds the energy predictions. This can 
be due to a lack of training or an inability to use the control 
systems on offer, or simply choosing to live a different lifestyle to 
that assumed by the model.When one allows for human attitudes, 
perceptions and motivations, human behavior becomes a 
challenging area of investigation for building performance 
evaluation(BPE), and one that is often over-looked for this reason. 
Some of the key points include design affordances in housing need 
to be tested, evaluated and improved in order to empower the user 
to take control of their environment and reduce energy use in a 
manner appropriate to their needs. Housing management is a 
dimension that needs to be evaluated as part of POE. Management 
practices should be engaging more with the inhabitants and 
involving them more directly within the decision-making processes 
about resource use when possible. 

We camed out research (Olanipekun, 2011) to assess the . 
physical and locational characteristics of office buildings designed . 
and constructed in east-west design model in order to evaluate the 
effect of design concept and materials of construction on the 
Indoor Environmental Quality (IEQ), determine the degree of 
thermal comfort, examine factors affecting energy use and the 
relationship between design intention and actual performance. 
(Building Performance Evaluation (BPE)/ Post Occupancy 
Evaluation (POE) these were with a view to providing empirical 
data for buildings with east-west orientation model. 

The study adopted a multiple case-study design approach 
with a mixed method of data collection to investigate the 
------- 
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performance characteristics of office b!'i!dings in east-west design 
model. Two Universities: Obafemi Awolowo University, Ile-Ife 
where sandcrete block were used and Bells University of 
Technology, Sango -0ta) using red bricks were purposively 
selected for the study. Sixteen buildings consisting of three storey, 
single and double volume office buildings were also purposively 
selected. The study employed physical measurements, 
questionnaire survey and observation to determine IEQ parameters 
which include (air temperature, relative humidity, air velocity). 
Four office rooms of sizes 7.0 x 3.2 x 3.0m, with one exterior wall 
and window dimensions 2.7 x 1.86m facing north or south were 
selected in each building for the IEQ parameters monitoring. Field 
measurements were recorded on hourly intervals for a period of 
one year using multi-data acquisition dataloggers, GT 331 Aerosol 
Mass Monitor and EXTECH digital sound level meter model RS 
232 installed in the selected rooms. Fifty percent (50%) of the 
occupants in the selected office buildings were sampled. The 
performance characteristics were predicted using predicted mean 
vote (PMV). Percentage people dissatisfied (PPD), neutral 
temperature (T,) and comfort range temperature (Ter). The data 
obtained were analyzed using descriptive and inferential statistics. 

The results showed that the design model had equal and 
fairly high performance in all the areas of IEQ parameters as 
82.3%, 85.3% and 100% of the occupants were satisfied with the 
level of indoor air quality, air movement and indoor daylight 
penetration respectively. Furthermore, subjective assessments of 
air temperature showed that between 60.5% and 72.4% of 
respondents voted within the central three categories of 7-point 
ASHRAE scale showing that all seven buildings were not in 
thermal acceptable conditions. The results also on air temperature 
ranged from 23.05'~ to 34.7'~; relative humidity ranged from 41- 
94.8%; indoor air velocity varied between O.llm/s and 1.4m/s and 
daylight penetration level ranged between 590 and 678 lux. The 
Particulate Matter (PM10) values which ranged from 31.0 d m 3  to 
46.17 d m 3  were within the recommended guidelines of 150-260 
dm3. The PMV values ranged from -1.3 to +1.7 with the 
minimum occurring in the morning and night while, maximum 
occurred in the afternoon. The corresponding PPD indices ranged 



from 6.5 -62%. The Neutral Temperature (Tn) values were 2 6 . 8 ' ~  
and 2 9 . 2 ' ~  \\,hilt cornfort temperature (Tcr) ranged between 
26. 1 ' ~  and 3 1 . 2 ' ~ .  Thc annual electricity use per unit gross floor 
area ranged between 119.5 and 238.6kwh/m2. The performance 
across different buildings showed that the design model on the 
average was delivering around 65%) IEQ parameters. In all cases, 
the results for buildings with red brick infill panels were better 
than sandcretc walls thus corroborating Adesanya (2000) findings. 
The study concluded that the design model performed well in the 
area of daylight penetration, IAQ and air movement. 

Retrofitting Existing Housing 
The topic of retrofitting existinp houses to reduce energy 

demand and COz cmissions is currently attracting much attention 
in the UK.It has been estimated that if the savings through 
insulation and he,.-ting efficiency improvements from 1970 
onwards had not been made, then energy consumption in UK 
homes would be around twice the current levels (ONS, 2011). In 
general, measures have included loft insulation, double-glazing 
and more efficicnt boilers, measures that can be regarded as easy 
tasks (often colloquially referred to as 'low hanging fruit') and 
natural replacement. These are measures where occupants can 
generally see cost-effective real benefits, not only in greater energy 
efficiency, but also in increased thermal comfort. 

Benefits of Energy Efficiency Retrofit 
Thc benefits of energy-efficiency .retrofit for existing 

buildings are attractive. They reduce C02 emissions and increase 
home comfort. But costs, and to some extent the uncertainty of 
outcomes from installing energy - saving measures, together with 
disruption factors, can be a major barrier to wide-scale take-up by 
existing householders (Phil Jones et al., 2013). 

Retrofit programmes have the potential to significantly 
reduce COz emissions whilst having other positive impacts such as 
improving health and quality of life. With the increase of 
retrofitting programmes, costs are expected to decrease and indeed 
energy prices are likely to continue to rise. driving the need to 
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Saving Electrical Energy in Building of an Institution of 
Learning using Technological Initiative 
The use of electrical energy in Obafemi Awolowo University, Ile- 
Ife, Nigeria has steadily increased over the years due to the use of 
non-efficient energy-consuming facilities and the growth of the 
campus population. Our survey estimated that there are 5,836 T12 
fluorescent and incandescent light fixtures in the students' halls of 

, 6  residence, which typ~cally remained for 24 hours daily.We 
therefore carried out detailed study to determine the electrical 

,4 energy savings that could be achieved by retrofitting the existing 
lamps with technological based energy efficient lamps 
(Ulanipekrr:~, et al). 

A total of nine students' halls of residence comprising 80 
blocks of between one to three storeys were surveyed to audit the 
electrical characteristics of existing lamps. The results of 
comparative analysis between the manufacturers manual and field 
data on existing lamps using equipment XLS and project Kale 
energy based statistical tools showed that retrofitting existing 
lamps with energy efficient lamps would save between (72kwh - 
220kwh) of electricity per lamp per year. The results indicated also 
that the return on investment is between (17% - 37%), payback 
period of between 1-6 years. Net present value of one million, 
eight hundred and fifty six thousand, eight hundred and forty five 
naira (N1,856,845) and profitability index of between (0.50 - 3.00) 

'. respectively could be achieved. 
The study therefore evaluated electrical energy savings that 

could be achieved by retrofitting the existing lamps with 
technological based energy efficient lamps. Field survey involving 
lamp audit and examination of electrical characteristics of existing 
lamps plus comparative analysis were carried out and the results 
revealed further that: 

Lamp retrofit is an effective measure in reducing 
electrical load for lighting 
The T8 lamp among other versions is the most 
economical viable option for existing lamps while 



compact fluorescent with integral ballast is a suitable 
replacement for incandescent lamps. 

Table 6: Result of analysis for fluorescent lamps 



: with integral ballast is a suitable 
.ndescent lamps. 

luorescent lamps 

Sources: (1) Lighting Research Centre, Rensselaer Polytechnic Institute, 
New York (2) National Electric Power Authority (NEPA). 

Retrofitting with T8 lamp would save 458 MWH of 
electrical energy with a net savings of N3,892,352 
annually in these halls only resulting in a simple 
payback period of about three years. 
A total sum of N23,352,558 and N5,812,521 would be 
saved by T8 and compact fluorescent lamps 
respectively within their useful life. 

Profitability 
index 
Observed 
life (YR) 

25 

118 

6 

0.5 

6 

0.66 

6 

18 
0.9 

6 



I Lamp type / 40w lncandescent I 20W Compact I 

Table 7: Result of Analysis for Incandescent Lamps 
Option Proposed lighting 

scheme for OAU 

CRI 

I Rated Initial Light I 820 I 1180 1 

Existing Lamp 

CCT (K) I 1200 
 lam^ efficacv ( L W )  I 13 

Lamp 
9 5 

3500 
50 

Fluorescent 
8 2 

Output 
Average rated life (HR) 750 I 10000 
Assumed operation 
HourIYear 
(HR) 

I Watt Consumed/Yr I 526 I 175.32 I 

Active power (W) 
Watt SavedILamu (W) 

8766(24hrs) 

HRSIDAY 

8755(24 hrs) 

DAY 
60 

Ballast Cost (N) 
Cosflixture (N) 

1 Savings in Consumers 1 0 I 2980.78 I 

20 
40 

Annual 
Cost of Electricitv 

NA 
50 

2244 

35 1 

8.5 

Incremental Cost/Lamp 1 0 

NA 
2994 

(N) 
Electricity Savingyear 
(KWH) 
Price of Electricity 
(N)/KWH 

0 

8.5 

Payback period (YR) 
Return on Investment 
(%) 
Net Present Value 
Profitabilitv Index 

0 
0 

I Observed Life (Yr) . 0.9 

1 
99 

-3000 

4 

4189984 
3 
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DEVELOPMENT OF LOCAL BUILDING MATERIALS 
In view of the foregoing research findings, we decided to 

investigate the possibility of producing local building materials to 
ensure thermal comfort within buildings and reduce the cost of 
buildings matel-ials thereby making housing affordable to an 
average Nigerian. The need to develop local building materials to 
reduce high cost of housing has been advocated by many authors. 
The predominance of lateritic soils as a low-cost of walling 
material in many African countries has been demonstrated by the 
fact that over 70% of rural dwellings are earth buildings. The earth 
in its crude form has low compressive strength, permeability and 
subject to shrinkage and cracks which necessitate the research into 
stabilized earth (Ola 1985, Lasisi and Osunade 2004, Hogan 1997). 

Fluorescent 
S 2 

3500 
50 

LOW COST BUILDING MATERIALS AS A RECIPE FOR 
AFFORDABLE HOUSING IN NIGERIA 
Definition of terms: 
Local Bzcildirzg Moiericrls: These are components manufactured 
or assembled in the c .untry as opposed to imported building 
materials i.e. either in finished form or semi finished form. 
Converztional Buildir~g Materials: These are the widely or 
commonly used building materials by local construction industry 
which can be locally manufactured/or assembled or imported e.g. 
sandcrete block, galvanized iron sheet, cement, iron rods. 
Traditiorzal Bzcildirtg Materials;. These are building materials 
which are wholly sourced and developed locally using technology 
and techniques that have evolved over time. Such materials include 
laterite, timber, thatch grass etc. 

> 

Alternative Building Materials: It is a term adopted for 
materials used as a substitute forlor in place of another that is 
normally and widely used. Alternative building materials from 
locally available raw materials have been developed in Nigeria 
through research -and development activities. 

It is clear from the definitions that whether a building 
material is conventional or alternative has nothing to do with its 
cost, imported or locally fabricated. Table 8 classifies available 
building materials into conventional or alternative and shows 
where the building component can be used. 

1180 



Luterite and stabilized Luterite 
The st'abilization of lateritic soils with cement, lime, steel 

slag and black liquor has been found to be an effective way of 
improving its engineering properties for both road construction and 
low cost housing. The need to develop locally produced building 
materials for low cost housing in the urban and rural areas of third 
world developing countries has increased because of the ever 
declining economic fortunes. My research was camed out to 
explore the possibilities of producing building materials from 
agricultural waste such as corn-husk, corn-cob, corn-cob ash 
blended cement and corn husk fibre reinforced /stabilized earth. 

Corn Husk/Corn Husk Fibre 
Corn husk, which is the waste of corn, is readily available 

in all corn producing countries. It is classified as fibre of 
moncolyledonous plant. From physical examination, it has a tough 
texture and does not decompose easily. An analysis of the 
chemical composition of the husk indicated that the high 
percentage of silica is highly responsible for these properties. The 
mechanical and physical properties of fibre reinforced composites 
are dependent on the property of fibre, property of matrix, amount 
of fibre in the composite, fibre orientation with respect to applied 
load and the length of the fibres(Adesanya,l990). 

Tests were also conducted on stabilized laterite cube 
, specimens to determine the effects of varying percentages of fibres 
and mix ratios on compressive strength, thermal conductivity and 
water absorption. The optimal water-cement ratio and stage corn 
husk fibre were also determined. An analysis of water absorption 

. and permeability results on Table 9 shows that the obtained water 
absorption values were very low for all the specimens and that the 
roofing and ceiling sheets are impermeable. Table 10 shows 
summary of mix proportions and specimen densities. The thickness 
and weight of these specimens are about half of what Iyagba 
(1985) recorded for his research findings. It is note-worthy also 
that the breaking loads and bending strength on Table 11 are also 
superior to Iyagba's results and the quoted value of 1 6 ~ / m ~  for 
super seven. These values are functions of the weight or density of 
.the specimen for a design mix. It was observed that corn-fibre in 
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the matrix limited the crack propagation in the specimen and 
served as crack arresters before the breaking load. This is in 
agreement with Brontman and Krock's proposal. Durability test 
results of experimental specimens and commercially available 
'Light Weight Super Asbestos Roofing' sheets is tabulated on 
Table 12. The percentage loss in weight for the super seven, 
corrugated and flat roofing sheets were 4.3% 6.26 and 6.08% 
respectively. These results indicate that the percentage loss in 
weight in experimental specimens were slightly higher than that 
for "Super" corrugated roofing sheet probably due to the degree of 
compaction as indicated by preliminary investigation. The . 
fabricated roofing and ceiling sheets are depicted on Figure 35 and 
36. 

The results on Figures 36-41 have shown that the properties 
of stabilized earth could be improved by reinforcing with corn- 
husk fibre - the optimum being 2%. Thermal conductivity 
improves with percentage of fibre and degree of compacting effort 
but these are also functions of the lateritic soil properties. An 
equation was derived to determine the water-cement ratio which is 
a function of fibre percentage. Corn husk contains 40.5% fibre and 
the chemical composition has been determined. 

Table 9: Water absorption and permeability test results for 
corrugated and flat roofing sheets 

I Specimen Type I % Water I Impermeability 

A 
Corrugated 10.52 
Flat 7.85 

Not permeable 
Not permeable 

I Ceiling 13.79 Not permeable 

Corrugated 11.50 Not permeable 
Flat 10.71 Not permeable 
Flat 10.71 Not permeable 
Ceiling 9.10 Not permeable 

. * I 



Table 10: Proportion of Material Mixture and Density of 

Specimen 
Type 

A 
corrugated 

sheet 
Flat 

Roofing 
sheet 

Ceiling 
Sheet 

A 
corrugated 

roofing 
sheet 
Flat 

roofing 
sheet 

Ceiling 
.sheet 

Water 
(g) 

347 

308 

Fibre 

180 

Table 11: Specimen Bending Strength Results for Corrugated and 

Dry 
wt. 

Density 
Kg/1n3) 

Flat Roofing Sheets plus Ceiling Sheets 
Specimen 

A 
Corrugated 
Flat 
Ceiling 
B 
Cormgated 
Flat 
Ceiling 

Breaking 
Load 
(Kg) 

39.50 
45.80 

36 40 
47 80 
19 40 

Bending 
Strength 
~ l m m '  

29.90 
32.45 

25 71 
33 76 
27.96 

Classified 
Index 
N/M 

'774.99 
882.90 

714.17 
937.84 
380.63 

WeighffSheet 
F~/M" 

19.44 
24.40 

13.87 
22.22 
13.89 



teriai Mixture and Density of Table 12: Durability test results for different types of roofing 
sheets 

~ z t h  Results for Corrugated and 
Ceilinq Sheets 

N/M 

14-ater 1 
Super I Corrugated 1 Flat 

Fig. 35: Roofing sheet produced from corn husk Fibre Fig.36: Ceiling sheets produced from corn husk 
reinforced stabilized laterite fibre reinforced stabilized laterite 

Fibre Dry 
wt. 

Density 
~g/rn')  



Fig. 36b: Compressive strength vs curing age for 
various % of treated fibre reinforcement in 1 :4 
cement-lsterite mix 

Fig 37: Compressive strength vs curing age for 
various % of treated fibre reinforcement in 1 :6 
cement-laterite mix 

Fig. 38: Compressive strength vs curing age for Fig 39: 28th day compressive strength VS. 8 
various B of treated fibre reinforcement in 1:6 corn husk fibre for different corn husk conditions 
cement-laterite mix for cement-laterite reinforcement mix raio 1:l 



Fie 37: Compressive strength vs curing age for 
various 5% of trated fibre reinforcement in 1 :6 
cement-laterite mix 

Fig 39: 28th day compressive strength vs. 5% 
corn husk fibre for different corn husk conditions 
for cement-laterite reinforcement mix raio 1:l 

Fig. 40: 28th day compressive strenzth vs. 96 Fig 41: Percentage corn husk fibre 
corn husk fibre reinforcement for different cement 
-laterite mix 

New roofing and ceiling materials have been developed 
using local materials. They have low water absorption, high 
impermeability, high durability, light weight and of low thermal 
conductivity. These roofing sheets could be produced either locally 
or in small-scale factories and are ideal for low cost housing in 
rural and urban centres. With an optimal 2% corn-husk fibre 
reinforcement, the cement-laterite mix ratio could vary between 
1: 1 and 1:8, depending on the nature of the housing programme. 

. Mr. Vice Chancellor Sir, inadequate housing provision is a 
common phenomenon in many developing countries of the world. 
Nigeria with a population of over 150 million people is known for 
its rapid urbanization, leading to population growth in the urban 
centres. While the population densities in the urban centers 
continue to surge astronomically, the rate of increase in housing 
delivery by government (Local, State and Federal) and private 
developers individuals lag behind demand. 

A wide range of problems contributing to the near collapse 
of housing programmes in the country have been identified by 
various researchers from different viewpoints and backgrounds. 
Some of these views include inconsistency in government policy, 
lack of adequate data relating to house and non-implementation of 
habitat recommendation, non-consideration of gender issues in 

' 

housing programmes, inadequate housing finance market, 
inappropriate project management practices, scarcity to high cost 
building matedals and non-development - of traditional 



construction materials to reduce cost [Wahab, 1985, Osuide, 2004, 
Iyagba, 2005, Olayiwoia, 20111. Research efforts into traditional 
construction materials suggest that they are cheaper and hence 
serve as good replacement for the more expensive conventional 
materials. It is against this background that we highlight the 
various alternative local building materials and technology 
developed, their economics, use, scope and constraint in order to 
provide recipe for affordable housing in Nigeria using low-cost 
building materials. 

Adesanya, 1993 canied out a laboratory study to evaluate 
the effects of particle sizes and resin levels at 5, 10, 15 and 20% on 
the properties of resin-bonded-corn-cob particle boards and 
potential of corn-cob particle board usage as local building 
material. The result show that physical and mechanical properties 
of the fabricated boards increased with particle sizes and resin 
content. Medium density boards produced with mixed particles 
were superior to those from 2, 3 and 4mm particle sizes. A 
comparison made between the fabricated boards and those 
specified by BS1142 show that the resin bonded corncob particle 
boards are satisfactory for both commercial and non-commercial 
usage as both particle boards and insulating boards. Within the 
scope of the research on the effects of particle sizelgeometry and 
resin content on resin-bonded corncob particle board production, 
the following conclusions can be drawn: 

(1) It is feasible to produce resin-bonded corncob particle 
boards and insulating boards from mixed and 2, 3,4mm 
particle sizes. 

(2) MOE, MOR and IB of the fabricated particle boards 
improved with increment in resin percentage and 
particle size. 

(3) For constant resin content, strength is a function of 
particle size. Physical and mechanical properties of 
boards improved with increase in particle size. 

(4) Particle boards fabricated with mixed particle sizes are 
stronger, stiffer and more dimensionally stable than 
those fabricated with 2 ,3  and 4mm particle sizes. 

(5) For non-commercial production, particle boards made 
from 3mm or 2mm particle size with 14% resin content 
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or mixed particle boards from 10, 15 or 20 percent resin 
content will meet the BS 1142, specifications. 

(6) For commercial production, particle boards made from 
4mm particle size and mixed particle boards with either 
15% to 20% resin content will satisfy BS 1142 
specifications. 

(7) Obtained K values for all particle sizes and resin 
contents are within the range specified for particle 
boards and insulating boards. 

THE CHARACTERISTICS OF LATERITE BRICKS AND 
BLOCKS STABILIZED WITH CORN-COB FILLERS 

In furtherance to our earlier research efforts to produce 
local building materials that will ensure thermal comfort within the 
building and reduce the cost of housing, Adesanya (2000) 
investigated characteristics of laterite bricks and blocks stabilized 
with corn-cob fillers. Filler can be used to extend a material and 
hence reduce its cost without lowering the material characteristics 
below acceptable levels. Corn-cobs could satisfy this requirement 
as filler in a cement matrix. Experiments were carried out in the 
laboratory and practical applications conducted in the 
field.Laboratory experiments carried out to determine the physical 
and mechanical properties of the materials produced from different 
corn-cob particle sizes and percentages two laterite soil types and 
mix-ratios of cement:laterite:corn-cob and cement:sand:corn-cob. 
The results revealed that the properties of cement:laterite:corn-cob 
specimens are functions of source and type of laterite, corn-cob 
size and percentage,and compacting efforts. Compressive strength 
and conductivity improved with corn-cob fillers from 1.64- 
5.5Nlmm2 and 0.248wlmC for 0% and 3.0% respectively. The 
minimum 2gth day compressive strength of 3.05Nlmm2 was 
recorded for the cement:sand:corn-cob. The optimum corn-cob 
percentage is 3.0 while the optimum particle sizes are 1.18 and 
1.70mm for cement:laterite:corn-cob and cement :sand:corn-cob 
respectively. For practical application, the percentage of corn-cob 
fillers should not exceed 3.0% by weight of cement for external 
walls and 5.8% for internal non-load-bearing walls. Building 



blocks could be produced locally and cheaply from these materials 
and used for urban/rural low- costfaffordable housing programmes. 

The cobs used for the cement-corn cob-laterite 
experiments were obtained locally, crushed and sieved into particle 
sizes of 450mm, 6OOum, 850um,1.18mm, and 1.70mm in 
accordance with BS 410, (1969) guidelines and the initial moisture 
content of 15% was reduced to 4% (mantel, 1979; Laforge, 1965; 
Sweeney and Harford, 1955). Particle sizes greater than 1.79mm 
were used as coarse aggregates in light-weight concrete (Mantell, 
1979; Laforge, 1965). Since Lasisi and Osunade (1985) and Ola, 
(1985) have shown that the strength behaviour of lateritic soils is 
influenced by many parameters including source and land use, the 
samples used for this study were from two randomly selected 
locations of a fully developed site (where different activities have 
taken place in recent years) and a virgin land in Ile-Ife. The 
lateritic soils from sites 1 and 2 are henceforth referred to as type 1 
soil and type 2 soil respectively. The wet sieve analysis was 
adopted instead of the dry sieve because in the latter, the clay 
particles in laterite soil bind other soil particles together and hence 
dry sieve analysis does not give a true representative of particles 
size distribution. Other tests carried out include natural water 
content determination, grain size analysis, hydrometer test, specific 
gravity, liquid and plastic limits and compaction test. In order to 
exclude the use of gravels, only laterite which has passed through 
4.75mm sieve was used for the experiment. 

Cement - Corn-cob Laterite 
The analysis of results on figures 42 to 45 inclusive and 

Table 13, and 14 shows that for a constant water-cement ratio, the 
properties of the specimens are affected by the degree of 
compaction, the type and source of lateritic soils, corn-cob particle 
size and the percentage of corn-cob mix. Within the limitations of 
this study, the results on Table 13 indicates that the density 
increases with compacting effort while it decreased with increased 
in corncob percentage. The results also show that there is 
significant difference between the densities of the two lateritic 
soils even though in view of Ola's finding (Ola, 19883, 1985) 

--- 

appreciable difference in density was anticipated since the source 
----- 

------------ 
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and land use were different. It is likely also that they have similar 
mineralogical properties. 

Table 14 shows also that water absorption and 
efflorescence decreased with compacting effort but increased with 
corncob percentage. Efflorescence was classified as slight and 
serious for 3% and 5.8% corncob fillers respectively for the range 
of compacting efforts (Adams, 1979, BS392.1, 1974). Figures 42 to 
44 show that the strength is a function of curing age, percentage 
and size of corncob fillers and cement. The 2gth day compressive 
strength results for the two mix ratios (Table 14) also reveal that 
compressive strength improved with compacting effort, being 
4 . 5 ~ 1 m m ~  and 5.5N/mm2 for 18 and 54 blows respectively. Figure 
46 shows that for any selected compacting effort, the strength is a 
function of the corn-cob particles size, the soil type (geotechnical 
properties of the lateritic soil) and the mix ratio. For the 3:32:1 mix 
(type 1 soil), the obtained compressive strength values exceeded 
the recommended minimum values by BS 2028, BS 3921,Standard 
Organization of Nigeria (SON) and the Nigerian Federal Ministry 
of Works. An analysis of the results on Table 15 shows that 
coefficient of thermal conductivity (k) values decrease with an 
increase in compacting effort and the percentage of corncob fillers. 
For this mix ratio, the coefficient of thermal conductivity values 
decreased from 0.361 to 0.240W/m0~ for 18 and 54 blows 
respectively and from 0 .551W/m0~ to 0.279w/m0c for 0% and 
5.8% corncob fillers respectively at 18 blows. 

Cement - Corncob sand mix 
Figures 47,48 and 49 showed that the compressive strength 

is a function of the particle size and mix ratio and it increased with 
age. It can be deduced that for the two mix ratios, particle size 
1.18mm gave acceptable results of 3.05N/mm2 and 2 . 7 ~ / m m ~  for 
mix ratios 3:32: 1 and 1: 16: 1 respectively. Water absorption values 
increased with an increase in corncob percentage but minimal for 
particle size 1.18mm for both mixes as shown on Figure 50. 
Efflorescence, was classified as slight on the basis of Adam's 
classification, hence it is unlikely that the material would either 
encourage condensation or deteriorate through exposure to 
inclement weather conditions. The incorporation of corncobs as 
--- ------- ------- ---- 
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fillers into the mix im roved the thermal conductivity of the 8 specimen from 1.25Wlm C to 0.73w/m0c. 
A detailed analysis of cement laterite-corncobs and cement 

sand-corncobs results reveal that the optimal mix ratio is 3:32:1 
with water - cement ratio of 1:2. The results of physical and 
mechanical properties of cement-laterite corn-cobs specimens 
were superior to those obtained for cement-sand corncobs. Figure 
51 shows a comparison of 28th day compressive strength for the 
two specimen types. The results indicate that apart from the 
corncob fillers, the lateritic soil has the inherent properties to 
reduce the heat flow, hence the material developed is capable of 
reducing heat gains into the building and by implication, ensure 
thermal comfort therein. . 
Table 13: Effect of compaction on cube density (Cement- 
laterite corncob mix) 

CORNCOB 
(%) 

0 
3.0 
5.8 

A -Type 1 Soil B - Type 2 Soil 

AVERAGE CUBE DENSITU (KG/M~) NO. OF 
BLOWS 

18 
A 

620 
1480 
1093 

B 
1618 
1434 
1082 

3 6 
A 

1637 
1605 
1117 

54 
B 

1637 
1589 
1120 

A 
1645 
1620 
1135 

B 
1600 
1550 
1120 
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Table 14: Effects of Compacting Effort and percentage of 
corncob on water absorption, compressive strength and 
efflorescence (Corncob particle size - 1.70MM) 

( ~ / r n m ~ )  
Mix 1 I Mix 2 

Cement-Laterite-Corncob Mix 
Efflorescence 

SLIGHT 

SLIGHT 

SERIOUS 

Table 15: Effect of Compacting on Thermal Conductivity 

Corncob 
% 

(Cement-Laterite-Corncob Mix) 
I No. of Blows I Corncob K Value 

Water 
Absorption 

No. of 
Blows 

0.551 
18 (Normal) 0.361 

0.279 1 3 6 '  1 5i3 1 0.287 1 
54 0.248 

28Ih Day 
Compressive 

Strength 



Fig. 42: Compressive strength vs C of corncob filler Fig. 43: Compressive strength \.s curing for 1 2 8  
for types one and two stabilized lateritic soils cement stabilization of type 1 and 2 lateritic soils 

Fig. M: Strength development with age for different Fig. 45: Strength development with age for differe. 
corncob particle size (mix ratio 1:16:1) nt corncob particle size (mix ratio 3:32:1) 



Fi:. 13: Compressive strength r s  curing for 12% 
cemnt stabilization of type 1 and 2 lateritic soils 

Fig. 46: Effect of corncob percentage and curing on Fig. 47: Compressive strength vs '31 of corncob fill- 
compressive strenzth er  for types one and two stabilized lateritic soils 

fig. 45: Strength development with age for differe- 
nt corncob panicle size (mix ntio 3:32:1) 

Fig. 48: Strength development with age for diff- Fig. 49: Strength developmnt wiLh age for differ. 
erent corncob particle size (mix ratio 1:16:1) ent corncob particle size (mix ratio 3:32:1) 



Fig. 50: Effect of corncob percenmp and curing Fig. 51: Comparison of 28 day compressive strength 
on compressive strength for cement-sand-corncob and a laterite-corncoh mix 

ratio 3:32:1 

EVALUATION OF BLENDED CEMENT MORTAR, 
CONCRETE AND STABILIZED EARTH MADE FROM 

. ORDINARY PORTLAND CEMENT AND CORN COB ASH 
Adesanya (1996) conductedan experimental study to 

determine the effect of using corn cob ash (CCA) (pozzolanic 
waste by-product of corn cobs) as a cost reducing additive in 
blended cement. Research into pozzolanic materialshlended 
cement abound in Europe,Asia and African countries (Folagbade, 
20 12, 2013, Folagbade and ~ewlands ,  2013). Various percentages 
of produced blended cement were used to stabilize laterite and 
clay. The effects of the blended cement in various concrete mixes, 
mortar and roofing sheets were also analyzed. The results showed 
that replacing 50.0% and 20.0% respectively of ordinary Portland 
cement (OPC) by volume with CCA produced stabilized clay and 
laterite exhibiting greater strength, lower thermal conductivity and 
lower water absorption than plain cement stabilized earth. The 
results also indicated that replacing 20.0% of cement with CCA in 
concrete mix and mortar improves water absorption and durability 
of the specimens while there is no significant difference between 
the strength of concrete produced with 0.0% and 20.0% CCA, 
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Roofing sheets of high quality which comply with BS 690 
specifications have been fabricated from clay and laterite stabilized 
with the blended cement and corn cob fibre (CCF). The roofing 
sheets are superior to asbestos roofing sheets which are 
commercially available in the Nigerian market. 

The need to develop local building materials and to set up 
local materials industries in the developing countries is stressed by 
the United Nations. We present results of further investigation on 
the effects of using corncob ash (CCA) as a pozzolana in blended 
cement. The benefits of using pozzolanic materials are both 
economic and technical. Replacing a portion of cement with a 
pozzolana reduces the cost of the mix and for mixtures deficient in 
fine materials, may serve as a corrective in fresh concrete. 
Pozzolanas, especially fly ash, have been used as additives in 
blended cements and have been studied in depth. The micro 
structural effects of using fly ash have been the subject of recent 
investigation. Portland - limestone cements, previously termed 
filler cements, have been developed in France over the last two 
decades. It was opined hat the oil crisis of the early 70s prompted 
the French government to review energy consumption with the 
result that the cement industry came under pressure to utilize a 
greater proportion of secondary materials as replacement for the 
energy intensive Portland cement clinker'. The French cement 
industry turned to limestone as an alternative supplementary 
material and has successfully developed cements which 
incorporate up to 35.0% of finely ground specially selected fillers. 
In the evaluation of blended cement, mortar, and concrete 
specimens made from type3 cement and Kin dust were tested by 
Wang and Ramakrishnan (1990). They found that there was no 
significant difference in the compressive strength and weights of 
blended mortar and plain cement mortar specimens and that most 
of the blended cement mortar strengths fell within +1.4% of the 
strength of plain cement mortar. In analyzing the strength 
characteristics of Portland - limestone cements. Livesey (1991) 
stated that the BREJBCA research programme has confirmed the 
earlier work which showed that compressive strength can be taken 
as a general guide for resistance to permeability and carbonation. 
Lumley (1993) also opined that partial replacement of OPC by slag 



delayed both the onset and completion of expansion and improves 
compressive strength and workability. 

Further study was undertaken to determine the optimum 
replacement of OPC with CCA for earth stabilization, its use for 
various concrete mixes and mortar production. It was also aimed at 
using blended cement for the fabrication of roofing sheets from 
stabilized earth with a view to reducing cost and improving quality 
of building materials, and by implication, reducing the cost of 
construction without compromising standards and achieving the 
UN objective. The prices of cement and cement based products 
have increased by between 1700 and 1800 folds within the last 10 
years and these products have gone beyond the reach of the 
average Nigerian. Hence, there is an urgent need to look for 
substitutes or ways to reduce total dependence on OPC. Using 
waste -products in the manufacture of construction materials has a 
two-fold benefit. The cost of the material is reduced and the burden 
of the disposal of the waste is decreased. The ready availability of 
corn cobs and local technology developed for CCA production 
make it an attractive solution for solving the problem of high cost 
building and construction materials. This study is a follow - up to 
a pilot study which showed the potential of corncob fibre (CCF) 
and CCA. 

Preliminary investigations were carried out to determine 
the properties of the two types of soil, laterite and clay which were 
obtained within Ile-Ife city in south-west Nigeria. They were tested 
in accordance with BSI specifications to determine the natural 
water content, uniformity coefficient, coefficient of curvature, 
specific gravity, liquid limit, plastic limit, plastic index and bulk 
density. The CCA and CCF were prepared in accordance with the 
author's specifications. The main experiment involved the 
replacement of 0.0, 3.0, 6.0, 9.0, 12.0, 15.0 20.2, 30.3, 40.4 and 
50.0% of OPC with CCA in earth stabilization experiments. 
Twenty percent OPC replacement was adopted for the fabrication 
of roofing sheets, concrete and mortar based on preliminary 
findings. The concrete mix ratios were 1:1.5:3, 1:2:4, 1:2.5:5 and 
1:3:6 while water cement ratios of 0.4, 0.5, 0.6, 0.7 and 0.8 were 
used in the experiment. Three mix ratios of 1:1, 1:3 and 1:6 were 
investigated for mortar analysis. All tests on aggregates, concrete, 
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mortar, stabilized earth and roofing sheets were in accordance with 
BS812, BS1881, ASTM C109 and 403 and BS690 respectively. 
The water cement ratio for the stabilized earth was based on 
regression equation. 

If the newly developed materials are adopted for 
construction projects, they will reduce the quantity and cost of 
cement and cement based materials needed by up to 20.0% or 
50.0%. It is highly likely'that the total cost of a 
building/construction project would be reduced appreciably. Hence 
any effort to reduce the total dependence on OPC would be a 
welcome development. Further research into the long term effect 
of weather and acid on the properties of CCA blended cement is in 
progress. 

Ordinary Portland cement can be blended with up to 50.0% 
of CCA for the stabilization of clay and 20.0% for lateritic soil 
stabilization without compromising on standards. Compressive 
strength improved by 4.9% and 16.7% when 20.0% and 50.0% if 
OPC were replaced with CCA for clay and lateritic soil 
stabilization respectively - representing the optimum CCA 
replacements. 

A CCA - OPC containing 20.0% of CCA has been shown 
to produce concrete compressive strengths similar to those of plain 
cement, but the durability and permeability of the blended cement 
are better than OPC produced roofing sheets. Replacement of 
20.0% of OPC with CCA produced blended cement which can be 
used to produce mortar and concrete with good serviceable 
properties for most applications. The strength of 1:3 and 1:6 mortar 
mixes improved by 19.8% and 15.13% respectively when the 
blended cement was used.High quality roofing sheets have been 
fabricated from soils stabilized with 20.0% CCA - OPC and those 
reinforced with 3.0% CCF. They comply with BS690 and are 
superior to the asbestos sheets which are available in the Nigerian 
market. The production of the blended cement can be done 
locally.It is evident that the quantity of cement can be reduced by 
up to 50.0% and by implication, the cost of cement based building 
materials will be reduced. 



THE EFFECTS OF THERMAL CONDUCTIVITY AND 
CHEMICAL ATTACK ON CORN COR ASH BLENDED 
CEMENT 

Sequel to an earlier research findings (Adesanya, 1996, 
2000) which showed that up to -fifty per cent (50.0%) of corncob 
ash (CCA) could be used in blended cements as a cost reducing 
additive in cement without compromising standard, we studied the 
effects of chemical attack and thermal conductivity on the CCA - 
OPC blended cement. The results revealed that the thermal 
conductivity of concrete decreased with an increase in CCA 
percentage while the optimum resistance to sulphate attack and 
water absorption was obtained at ten percent (10.0%) CCA 
substitution in blended cement. These results therefore demonstrate 
the insulating and resistance properties of CCA - OPC blended 
cement and its potentials both in energy conservation and when 
used for concreting in areas subject to sulphate/chemical attacks. 
Research is on-going on its use on road projects. 

It has also been proven that the benefits of using pozzolonic 
materials are both economical and technical and that replacing a 
portion of cement with pozzolan reduces the cost of mix and for 
mixtures deficient in fine materials, may serve as a corrective in 
fresh concrete (Malhotra 1987). Some authors (Matha1983, 
Tenoutasse and Marion, 1976) reported that the micro-structural 
and chemical effects of cement additives are not easily directly 
investigated and therefore, only recently have researchers begun to 
report the chemical processes and micro-structural effects of using 
fly ash. It was opined that the presence of fine particles may 
influence the flocculation behaviour of the system and thus the 
packing properties, affecting the pore size distribution and the pore 
inter-connectivity. The binding agent may act as preferential sites 
for the nucleation of cement hydration products. Even though a 
wealth of information is available on the reaction of pozzolanic 
materials to chemical attack, none is available on CCA. Prior to the 
use of this agricultural waste by-product either in the manufacture 
of construction material or in blended cement, extensive tests must 
be conducted to ensure its serviceability. 

Sulphate attack on concrete is a known phenomenon and 
----------- the thermal conductivity of any building material is an important ----------- 
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parameter especially in the tropics because of its impact on the 
total cooling load and hence energy conservation. In hot climates, 
the thickness of the walls sometimes must be increased to reduce 
the passage of heat. A study of the thermal conductivity of the 
materials used for these walls is also essential in order to relate the 
strength qualities of these walls to the corresponding thermal 
comfort (Adesanya, 1994). The chemical reaction between ground 
soils and concrete foundations is basically that of sulphate attack 
upon the concrete. The problems of sulphate attack are well known 
in nolmal buildings and civil engineering practices. Such attacks 
have also occurred in dams and associated works in areas where 
sulphides are present in the ground, these can oxide to form 
tetraoxosulphate (vi) acid while the gas emanating from uncleared 
vegetation rooting in the reservoirs and combines with water in 
damp areas to form tetraoxosulphate (vi) acid (Adesanya,l996). 
The chemical reaction depends on the permeability of the concrete, 
amount and nature of the sulphate salts present in the ground soils, 
the amount and the quality of the concrete in the foundation. 

Development of Corn Cob Ash Blended Cement 
The need for affordable building materials cannot be over 

emphasized in the provision of adequate housing for the teaming 
populace of the world, especially those in third world countries. 
The cost of building materials continues to increase as the majority 
of the population continues to fall below the poverty line. As prices 
increase sharply, there is the need to search for local materials as 
alternatives for the construction of functional but low-cost 
buildings in both the rural and urban areas. Astronomical price 
increase of conventional building materials have been identified as 
one of the constraints to effective housing delivery in Nigeria. 
Since materials cost accounted for two-third of the building 
production cost, a reduction in its cost would definitely bring about 
a huge saving in the overall building production cost. This study 
focuses on Portland cement, which is one of the most widely used 
building materials. 

Portland cement as an ingredient in concrete is one of the 
main construction materials widely used, especially in developing 
countries. The current cement production rate of the world is 



approximately 1.2 billion tonslyear. This is expected to grow to 
about 3.5 billion tonslyear by 2015. This increasing demand for 
cement is expected to be met by partial cement replacement. The 
search for alternative binder or cement replacement materials led 
to the discovery of the potentials of using industrial by-products 
and agricultural wastes as cementitious materials. If these fillers 
have pozzolanic properties, they impact technical advantage to the 
resulting concrete and also enable larger quantities of cement 
replacement to be achieved (Hossain, 2003). This research focused 
on the use of agricultural wastes as cementitious materials. 

The use of agricultural waste product in cement production 
is an environmental friendly method of disposal of large quantities 
of materials that would otherwise pollute land, water and air. The 
waste products which possess pozzolanic properties and which 
have been studied for use in blended cement are Rice husk ash, 
Saw dust ash, Waste burnt clay and Corn cob ash. The waste 
product that is of concern in this study is corn cob ash (CCA). 

Corn cob is the waste product obtained from maize or corn, 
which is the most important cereal crop in sub-Saharan Africa. 
According to Food and Agriculture Organization (FAO) data, 589 
million tons of maize was produced worldwide in the year 2000 
(F.A.0, 2002). The United States was the largest maize producer 
having 43% of world production while Africa produced 7% of the 
world's maize. Nigeria was the second largest producer of maize in 
Africa in the year 2001 with 4.62 million tone and South Africa 
had the highest production of 8.04 million tonnes (Raheem,2006). 

My research efforts on the use of corn cob ash (CCA) as a 
pozzolan (Adesanya (1996, 2000, 2001) did not consider the 
chemical composition of CCA, which makes it suitable for use as a 
pozzolan. Also, the previous research efforts involved mixing of 
the CCA with Ordinary Portland Cement at the point of need. The 
CCA were produced locally by individuals, thus saving cost of 
construction. We attempted to produce CCA blended cement in the 
controlled environment of a cement factory as it is being done for 
Ordinary Portland Cement (Adesanya and Raheem, 2007). In order 
to convert waste product into useful material for: the construction 
industry, this research considered the use of corn cob ash (CCA) as 
a pozzolan in cement production. The study investigated the 
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chemical composition of CCA. Factory production of the CCA - 
blended cement was carried out by replacing 0%, 2%, 4%, 6%, 
8%, lo%, 15%, 20% and 25% by weight of Ordinary Portland 
Cement clinker with CCA. The 0% replacement served as the 
control. The results showed that CCA is a suitable material for the 
use as a pozzolan as it satisfied the minimum requirement of 
combined Si02 and A1203 of more than 70%, which a good 
pozzolan for manufacture of blended cement should meet. The 
blended cements produced also satisfied both NIS 439:2000 and 
ASTMC 150 requirements especially at lower levels (<15%) of 
CCA percentage replacement. Based on the test results, it was 
concluded that CCA could be suitably used in blended cement 
production. 

The study also determined the physical and chemical 
properties of the blended cement produced by inter-grinding CCA 
with Portland cement clinker at varying percentage replacement 
during the cement manufacturing process.The CCA used was 
produced by grinding dried corn cobs to about 4.00mm diameter to 
enhance adequate combustion and to reduce the carbon content 
which affects the pozzolanic properties of the CCA. Ground cobs 
were burnt in open air using a local blacksmith furnace that used 
charcoal as fuel. The burning was continuous, with temperature 
increasing to 6 5 0 ' ~  in about eight hours, when the corn cobs 
turned to ashes.The analysis of the ash was carried out using X- 
Ray Fluorescence Analyzer (Model QX 1279). The chemical 
composition of the CCA is presented in Table 16. The clinker used 
for.producing the blended cements was obtained from West Africa 
Portland Cement Company (WAPCO), Sagamu Plant in Ogun 
State, Nigeria. This is the clinker used by the company to produce 
Ordinary Portland Cement (OPC). Table 17 shows the chemical 
composition of the clinker. 

Eight series of mixtures and one reference mixture were 
prepared for the cement milling. The milling involves the 
replacement of 0%, 2%, 4%, 6%, 8%, lo%, 15%, 20% and 25% by 
weight of Ordinary Portland Cement clinkers with corn cob ash 
(CCA) during the manufacturing process. The 0% replacement 
serves as the reference specimen. As it is the practice in WAPCO 
Sagamu work, 5% gypsium was added to the mix. 



The physical characteristics of the blended cements 
produced considered are fineness, consistency, soundness, initial 
and final setting times, and residue on 45 um sieve while chemical 
composition, loss on ignition (LOI), free lime, and insoluble 
residue (IR) were considered for chemical characteristics (Tables 
16-19). All the tests were carried out in accordance with the 
practice at WAPCO Sagamu works. The standards applied for all 
the tests in the study are NIS 439: 2000, BS 12:1991 and ASTM 
C 150: 1994. 

Chemical Composition of CCA and Clinker 

The followiizg coizclusio~zs were drawit: 

Corn cob ash (CCA) is a suitable material for use as a 
pozzolan, since it satisfied the requirement for such a material by 
having a combined Si02 and A1203 of more than 70%. The 
addition of CCA as pozzolan in blended cements marginally 
decreases the oxide composition of Si02, Fe203 and A1203slightly 
than that of CaO, in line with previous findings. The CCA - 
blended cements satisfied BS 12: 1991, ASTMC 150: 1994 and NIS 
439:2000 requirements especially at lower levels (€1 5%) of CCA 
substitution. All the CCA blended cements have higher setting 
times. than the control, thus, they are most applicable where low 
rate of heat development is required such as in mass concreting. 
This shows that CCA blended cement is good as low heat cement. 

The authors acknowledge the management of West Africa 
Portland Cement Company (WAPCO) Sagamu Works, Ogun 
State, Nigeria; for the opportunity given to perform the various 
laboratory tests using their facilities. 
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Table 16: Chemical Com~osition of Corn Cob Ash (CCA) 
Chemical 
constituents 

Percentage Composition (%) 
Sample 1 I Sample 2 1 Sample 3 1 Average 

Fe203 
CaO 

MgO 
SO3 

Table 17: Chemical Com~osition of the Clinker Used 

3.74 
10.29 

Total S102 
+ A1203 

1.82 
1.11 

5.61 
12.89 

74.67 

Chemical 
constituents 

2.33 
1.10 

Percentage Composition (%) 
S a m ~ l e  1 1 Samole 2 I Sam~le  3 I Average 

Fe203 
CaO 

3.97 
11.53 

74.53 

LSF 
SR 

4.44 
11.57 

2.02 
1.01 

3.11 
66.36 

AR 
FREE LIME 

2.06 
1.07 

72.38 

93.84 
2.84 

73.86 

2.90 
66.54 

1.27 
0.95 

93.99 
2.98 

3.10 
66.7 1 

1.55 
0.84 

3.04 
66.54 

94.30 
2.90 

94.04 
2.91 

1.60 
0.92 

1.47 
0.90 



Table 18: Mix&;ro~ortion for Charging Ball Mill 
Percentage Percentage Weight Weight Weight of 
CCA of Clinker of of CCA Gypsum 
Replacement (%I Clinker (g) (g) 

1 25 70 1 3500 1 1250 1 250 
Notes: (i) Gypsum is 5% of total weight throughout 

(ii) Total weight charged per batch is 5000g 

Table 19: Chemical Composition of CCA - Blended Cement 
Percentage Composition (5) 

Constituents I 0% 1 2% 1 4% 1 6% I 8% 1 10% 1 1570 1 20% 1 25% 
CCA CCA CCA CCA CCA CCA CCA CCA CCA 

Si02  21.48 21.53 21.64 21.72 21.93 22.15 22.45 22.67 23.69 

LIME 
IR 1 0.59 1 0.77 ( 0.96 1 1.31 ( 1.67 1 1.94 1 3.02 1 4.19 1 5.28 

Provided for Non-Commercial Research and Education Use. Not 
for Reproduction, Distribution or Commercial Use. 

Adesanya and Raheem (2008) investigated the workability 
and compressive strength characteristics of corn cob ash (CCA) 
blended cement'concrete. This study involved the use of CCA - 
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blended cement produced in the controlled environment of a 
factory as reported by Raheem (2006), to produce concrete 
specimens, which are now compared with. Ordinary Portland 
cement concrete. Nine classes of CCA - blended cements were 
employed with the CCA content ranging from 0% to 25%. The 0% 
CCA replacement involved the use of normal Ordinary Portland 
Cement and it served as the control. The mix proportions of 
cement: sand: granite used were 1: 1'/2:3, 1:2:4 and 1:3:6 with 0.5, 
0.6 and 0.7 water - to-cement ratios, respectively. The concrete 
cubes were tested at the curing ages of 3, 7, 28, 60, 120, and 180 
days. Slump and compacting factor tests were carried out to check 
the effect of CCA on the workability of concrete. The results on 
Figures 51-54 showed that the concrete slump and compacting 
factor decreased as the CCA content increased indicating that 
concrete becomes less workable (stiff) as the CCA percentage 
increases. The compressive strength of CCA - blended cement 
concrete was lower than the control at early ages, but improves 
significantly and outperforms the control at later ages (120 days 
and above). The optimum compressive strength of 57.10N/w12, 
40.30N/mm2 and 28.07N/mm2 for 1:1.5:3, 1:2:4 and 1:3:6 mix 
proportions respectively at 180 days were obtained at 8% CCA 
replacement level. It was concluded' that up to 8% CCA 
substitution is adequate where the blended cement is to be used for 
structural concrete and early strength is required. The result is 
similar to those obtained for blended cement(Adesanya, 1996, 
2000, 2001) and could be a recipe for low cost and affordable 
housing 

Table 20: Slump and compacting factor values of CCA-blended cement concrete 
(mix proportion 1 : 1 %:3) 

Percentage replacement 
(%I 

0 
2 
4 
6 
8 
10 
15 
20 
25 

Slump (mm) 

35 
25 
28 
26 
22 
22 
20 
15 

W/C ratio is 0.5 optimum 
12 

Compacting factor 

0.89 
0.83 
0.85 
0.84 
0.76 
0.78 
0.70 
0.68 
0.67 



Table 21: Slump and compacting factor values of CCA-blended 
cement concrete (mix proportion 1:2:4) 

Table 22: Slump and' compacting factor values of CCA-blended 

Percentage 
replacement (%) 
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cement concrete (mix vro~ortion 1:3:6) 
I Percentage I Slump (mm) I Compacting I 

Slump (mm) 

45 

W/C ratio is 0.5 optimum. 

30 
27 
25 
24 
26 
20 
15 
10 

re lacement (%) 

Compacting factor 

0.93 
0.82 
0.80 
0.80 
0.78 
0.80 
0.72 
0.70 
0.68 
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A Study of the Permeability and Acid Attack of Corn Cob Ash 
Blended Cements 

The durability of concrete made with corn cob ash (CCA) 
blended cement was investigated by Adesanya and Raheem 
(2010). Permeability and chemical attack involving &So4 and 
HCl were the key parameters considered. Nine classes of CCA 
blended cements were employed with the CCA content ranging 
from 0% to 25%. The 0% CCA replacement involved the use of 
normal Ordinary Portland Cement and it served as the control. The 
water absorption of blended cement concrete was performed using 

factor 
0.96 

25 
WIC ratio is 0.7 optimum 

15 0.7 1 
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lOOmm cube specimens of mix proportions 1:1% :3, 1:2:4 and 
1:3:6 with 0.5, 0.6 and 0.7 water-to-binder ratios, respectively. The 
chemical attack test was camed out using 5Ox50x15mm mortar 
specimens of mix proportions 1:1, 1:2 and 1:3 with water-to-binder 
ratio ranging between 0.26 and 0.29. The results indicate that the 
use of CCA blended cement reduces the water absorption of 
concrete specimens. Optimal reduction occurred at 10% CCA 
replacement for 1:1'/2:3 and 1:2:4 mix proportions and at 15% 
CCA replacement for 1:3:6 mix proportion. The resistance to 
chemical attack was improved as the addition of CCA up to 15% 
replacement level, caused a decrease in permeability and reduction 
in weight loss due to reaction of the specimens with HCI and 
H2S04 acid water. 

It is essential that every concrete structure should continue 
to perform its intended functions through the expected service life, 
irrespective of its exposure condition. The ability of concrete to 
withstand the environmental condition to which it is exposed is 
called durability. Inadequate durability manifests itself by 
deterioration, which can be caused by external factors or internal 
forces within the concrete. The external factors could be due to 
chemical attack or mechanical damage caused by impact, abrasion, 
erosion or cavitations, while the internal forces result from 
chemical reactions involving the concrete constituents as well as 
the permeability of the concrete. Chemical attack of concrete 
occurs by way of decomposition of the products of hydration and 
formation of new compounds, which if soluble may be leached out 
and if not soluble may be disruptive in situ. The most vulnerable 
cement hydrate is Ca(OH)2. However, the calcium silicate hydrate 
(C-S-H) can also be attacked (Neville, 2000). The attack, 
according to Bakker (1999) could be from sulphates, chlorides and 
alkali-silica reaction (ASR). 

Sulphate attack emanates particularly from sulphates of 
sodium, calcium, and magnesium which occur in soil or in ground 
water, sodium sulphate attacks Ca(OH)2 resulting in part of the 
SO3 being deposited as gypsum. Calcium sulphate attacks calcium 
aluminate hydrate, forming calcium sulfoaluminate, known as 
ettringite. On the other hand magnesium sulphate attacks calcium 
silicate hydrate (C-S-H) as well as Ca(OH)2 and calcium aluminate 



hydrate. The attack by magnesium sulphate is most severe, 
resulting in the destruction of the C-S-H gel (Al-Amoudi, 
Maslehuddi, and Saadil995).Chloride attack is of particular 
importance due to its primary action of corrosion of steel 
reinforcement, which subsequently leads to the damage of the 
surrounding concrete. Chlorides can be introduced to concrete by 
being incorporated in the mix through the use of contaminated 
aggregates or seawater or admixtures containing chlorides (Brown 
and Doerr, 2000). It may also be present when chloride ions 
ingress from outside through de-icing salts or from seawater in 
contact with concrete. Alkali-Silica reaction (ASR) involves 
reaction between the active silica constituents of the aggregate and 
the alkalis in cement, resulting in the formation of alkali-silicate 
gel, which destroys the bond between the aggregate and the 
surrounding hydrate cement paste. The alkali-silica reaction is very 
slow, and its consequences may not be noticed until after many 
years (Smaoul, et al. 2005). Only the effects of sulphate and 
chloride attacks were evaluated in this study.Chemica1 attack is 
aided by the permeability of the concrete which is the ease with 
which fluid can pass through the concrete. In fact, the durability of 
concrete is intimately related to its permeability. This led Long et 
a1. (2001) to conclude that the permeability of concrete to the 
macro-environment during its service life can be used as a measure 
of its durability. 

The use of blended cements which incorporate pozzolanas 
such as silica fume, ground granulated blast furnace slag, and rice 
husk ash has been shown to be beneficial in improving the 
durability of concrete structures by reducing the ingress of 
aggressive substances. The pozzolanic action uses up the Ca(OH)2, 
which is usually the most vulnerable product of hydration of 
cement as far as acid attack is concerned (Lee et al., 2005).Com 
cob ash (CCA) has been shown to be a suitable material for its use 
as a pozzolan, since it satisfied the requirement for such a material 
by having a combination of SiOz and A1203 of more than 70% 
(Adesanya and Raheem (2007). The present study investigated the 
durability of concrete produced using blended cement, which 
incorporates corn cob ash (CCA) as a pozzolan. It is an attempt to 
convert waste product into useful material for the construction 
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industry, impart some technical advantages to the resulting 
concrete and reduce the cost of building materials. 

A Study of Thermal Conductivity of Corn Cob Ash Blended 
Cement Mortar 

Adesanya and Raheem (2011) investigated the thermal 
conductivity of corn cob ash (CCA) blended cement mortar.This 
study involved the use of CCA blended cement produced in the 
controlled environment of a factory as reported by Adesanya and 
Raheem (2009a). While some research efforts had been made in 
the area of compressive strength of concrete with CCA as partial 
replacement in cement (Adesanya, 1996, 2001; Adesanya and 
Raheem, 2009a, 2009b), the effect of thermal conductivity is 
scarce in the literature. The thermal conductivity of concrete is of 
interest due to its relevance to the development of temperature 
gradients, thermal strains and cracking in the very early life of 
concrete, as well as the thermal insulation provided by concrete 
during its service life. The major cause of the temperature 
differential in a concrete element is the generation of heat by the 
hydration of cement. It is possible to reduce this heat by choosing a 
Portland cement with a chemical composition that leads to a low 
rate of heat development. Blended cements have been known to 
possess this trait depending on the particular type of pozzolan 
incorporated (Fu and Chung, 1999; Neville, 2000; Demirboga, 
2003). Nine classes of CCA blended cements were employed with 
the CCA content ranging from 0% to 25%. The 0% CCA 
replacement involved the use of normal ordinary Portland cement . 

and it served as the control. The mix proportions of cementsharp 
sand used were 1: 1, 1:2, and 1:3 with water-to-binder ratio ranging 
between 0.26 and 0.29. Thermal conductivity test was performed 
using 50 x 50 x 15mortar cube specimens cast in wooden moulds 
in pairs. The steady state heating method involving the use of three 
- blocks of brass for conducting the test with a heater made of 
nichrome wire wound round a ceramic rod. The final temperature 
difference obtained over a period of continuous heating for eight 
hours was used in determining the thermal conductivity. The 
thermal conductivity of CCA blended cement specimens decreased 
steadily as the CCA percentage increased. For 1: l  mix proportion; 



the thermal conductivity decreases from 1.80w/m0~ to 
0.69w/m0c when the CCA percentage replacement increases from 
2% to 25% as against the control value of 2.40w/m0~. Similar 
trend was observed for 1:2 and 1:3 mix proportions. It was 
concluded that CCA blended cement enhances the insulation 
potential of the mortar. The incorporation of CCA in blended 
cement mortar cubes decreases thermal conductivity and improves 
the insulation properties of the specimens. The implication of this 
is that the use of CCA - blended cement in mortar used for 
plastering and floor screeding, would improve the thermal comfort 
in buildings thereby reducing the cost of energy required for 
cooling thus, leading to energy conservation and, by 
implication,the housing cost. 

The Effects of Applied Stress on the Modulus of Elasticity and 
Modulus of Deformability of Laterised Concrete 

The use of lateritic soils for building seems to be restricted 
to rural areas. This may not be unconnected with the fact that there 
have not been accepted standards design parameters for the 
effective structural applications of laterite in laterised concrete. 
Although the use of laterite as a substitute for sand as fine 
aggregate' in concrete has been studied by many, not much is 
known about the elastic properties of laterised 
concrete.Determination of the elastic modulus of concrete is 
necessary for stress analysis associated with environmental effects 
and for computation of the design stresses, deformation and 
deflections under load in concrete and reinforced .concrete 
structures (Abadjieva, 1998).Results of investigation presented are 
parts of the authors' effort aimed at developing design parameter 
for the effective structural application of lateritic soils in concrete. 
Most studies reported in the literature focused on the stabilization 
and utilization of laterite and lateritic soils with the addition of 
lime, cement or bentonite (Kumar, 2002). The first published work 
on laterized concrete according to Osunade (2002) appears to have 
been by Adepegba in 1975 - a study in which the strength 
properties of normal concrete were compared with those of 
laterized concrete. The conclusion of that study was that a concrete 
in which laterite fines are used instead of sand, can be used as a 
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structural material in place of normal concrete. In another study 
Balogun and Adepegba (1982) discovered that the most suitable 
mix of laterised concrete for structural purposes is (1:1%:3) with a 
waterlcement ratio of 0.65, provided that the laterite content is kept 
below 50 percent. 

While studying the effect of mix proportion and 
reinforcement size on the anchorage bond stress of laterized 
concrete, Osunade and Babalola (1991) established that both mix 
proportion and the size of reinforcement have a significant effect 
on the anchorage bond stress of laterized concrete specimens. The 
richer, in terms of cement content, the mix proportion, the higher 
the anchorage bond stress of laterized concrete.0sunade (1994) in 
another study found that increase in shear and tensile strengths of 
laterized concrete was obtained as grain size ranges and curing 
ages increased. Also, greater values of shear and tensile strengths 
were obtained for rectangular specimens than those obtained for 
cylinders. Neville (1995 submitted that laterite could rarely 
produce concrete stronger than 1OMPa. However, Osunade (2002), 
Ata (2003) and Olusola (2005) proved this assertion to be wrong 
and went further to establish that laterite could produce concrete of 
higher grades. 

In a recent study by Ataet al. (2005), it was found that 
Poisson's ratio of laterized concrete ranges between 0.25 and 0.35 
and increases with age at a decreasing rate. Methods of curing, 
compaction method and waterlcement ratio have little influence on 
the Poisson's ratio. Poisson's ratio of laterized concrete increases 
as the mix becomes less rich.Laterite, granite and ordinary 
Portland cement are the major materials used in this research work. 
Though all the materials were sourced from within Ile-Ife in Ife 
Central Local Government Area of Osun State, Nigeria, the cement 
was manufactured by West Africa Portland Cement at Sagamu and 
conformed with the requirements of BS12 (1991). The washed 
gravel used as coarse aggregate had an almost uniform size of 
20mm while the laterite line aggregate was of maximum size of 
2.36mm. 

Ata and Adesanya (2007) assessed the effects of applied 
stress on the modulus of elasticity and modulus of deformability of 
laterised concrete; laterized cubes of size 150 x 150 x 150mm were 



prepared as test samples. Three mix ratios of (1:1%:3), (1:2:4) and 
(1:3:6) were used. The specimens were tested at curing ages of 7 to 
28 days. The results have shown that increase in the level of 
applied stress brings about decrease in modulus of elasticity and 
modulus of deformability. Modulus of elasticity of laterized 
concrete is always less than the corresponding modulus of 
deformability but both increases with an increase in strength. 

The implication of this is that laterite can be used for your 
concreting instead of fine aggregates, thus improving quality and 
reducing cost of construction. 

Public Acceptability and Evaluation of Local Building 
Materials for Housing Construction in Nigeria 

Olusola and Adesanya(2004) investigated the public 
acceptability and evaluation of local building materials for housing 
construction in Nigeria. The basic factors affecting housing 
provision are basically economic and technological in nature. The 
economic factors revolved round low earning capacity of a greater 
proportion of the populace and high cost of land and conventional 
building materials. The major technological factors have to do with 
issues such as inappropriate technologies, inadequate low-cost and 
affordable housing construction equipment, inadequate information 
on the properties and suitability of local building materials. The 
populaces are generally not familiar with most of the local 
materials and this consequently affects their preference for their 
use. The study further reveals that improvement of local building 
materials at the technical level (including development of 
appropriate techniques and affordable construction equipment) and 
re-orientation of the end users would go a long way to develop in 
them a positive attitude towards the use of local building materials. 

Our research revealed that there is an urgent need to 
address the economic and socio-technological factors affecting 
housing in Nigeria, especially in relation to the development and 
use of local building material. It recommends that government at 
various levels should take bold and positive steps to improve the 
income or earning capacity of the populace thus empowering an 
average Nigerian through mortgage schemes which are easily 
accessible to people in order enable them own their homes. 
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Sufficient information on the structural and other desirable 
properties of local building materials is not readily available to the 
average Nigerian, even those who are well read. Thus it becomes 
important that research innovations have to be translated into 
marketable products. This calls for effective coordination of 
research works across the country by a National Building Research 
Centre to be established by the Federal government having detailed 
database on structural properties and the performance of local 
building materials whose construction potentials are no more in 
doubt. Besides, researchers should be encouraged by patenting and 
mass producing the developed materials and given research grants 
for further research.Govemment at various levels should patronize 
and make use of these materials for their various housing projects. 
It is believed that these steps, if seriously given proper attention, 
will go a long way in translating research innovations on local 
building material into marketable products widely accepted by the 
populace as its being done by Intellectual Properties unit at OAU. 

ACCURACY O F  COST ESTIMATES OF ELECTRICAL 
AND MECHANICAL SERVICES (M & E) 

The quest for mankind to increase 'quality of life' has 
impacted on the way we live and constnict buildings today. Never 
have buildings been constructed with such a high level of electrical 
services incorporated into the design from advancements in mains 
installation and special services to telecommunications and 
information technology. The cost significance of these elements is 
constantly increasing and the cost estimates for electrical services 
have not been satisfactory (Ellis and Turner, 1986; Davis, 1990 
and Swaffield and Pasquire, 1996). The current methods of using 
historical cost data for electrical services cost estimating has been 
found to be inappropriate and cost ineffective (Swaffield and 
Pasqire 1996 and Mok et al, 1997). The effects of non-availability 
of design drawings, lack of expertise on the part of the quantity 
surveyors and production of inaccurate estimates for electrical 
services are becoming increasingly significant as building 
engineering services assume a greater proportion of building costs 
and often involve. the largest subcontracts (Darke, 2002).Cost 
estimating is of great importance to construction contract tendering 



because it provides a basis for establishing the likely cost of 
resource elements for construction works. Hicks (1992) opined that 
without an accurate cost estimate, nothing short of an act of God 
can be done to prevent a loss, regardless of management 
competence, financial strength of the contractor and technical 
knowhow. 

Inaccurate cost estimating has a significant impact on 
contracting business. Overestimated costs result in a high tender 
price being submitted by the contractor, which could lead to 
increase in the cost of construction or housing and the tender being 
unacceptable to the client. A survey carried out by Anderson and 
Tucker (1994) revealed that about one-third (113) of cost estimates 
for engineering services miss cost targets. With the financial value 
of the electrical contents in building rising, this is an area where 
the estimator's weakness needs to be rectified as there is obviously 
a need for tighter cost control in the engineering field (Davis, 
1990). More so that Bame and Paulson (1992) observed that the 
cost of engineering services has a high level of influence on project 
costs. 

The increase in the quality and standard of living has 
affected the way and method buildings are being designed and 
constructed all over the world. Consequently, the design of 
electrical services in building projects is becoming more complex 
thereby creating large cost management gap in the overall pricing 
of electrical works. The cost significance of this element is 
constantly increasing and the cost estimates produced for electrical 
services have not been satisfactory. Babalola and Adesanya (2007) 
examined the method used for the production of cost estimates for 
electrical engineering works in Nigeria and determined the level of 
accuracy. Questionnaires were administered to 225 electrical 
engineering estimators in contracting and consultancy firms, out of 
which 158 questionnaires were retrieved. Consultants' cost 
estimates and tender sums submitted by contractors for the same 
projects constructed in Lagos and Abuja between 1993 and 2003 
were also collected for 89 projects out of which 80 were 
appropriate for analysis. Relative Importance Index (RII) and 
Coefficient of Variation (CV) were used to analyze the data 
collected. The results showed that the most frequently used method 
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of estimating was the superficial area method and that the 
estimators sourced their cost data through market survey, use of 
cost data files and priced Bill of Quantities of similar projects. The 
results also revealed that the mean CV for electrical engineering 
works was 16.70% which was not within the range of 5% - 9% 
specified as acceptable. We concluded that the method of 
estimating used for the production of cost estimates for electrical 
works was inappropriate, the estimates produced were inaccurate 
and could increase the cost of construction and by implication, cost 
of housing. There is need to train more Building Services 
engineers and QS who specialize in Building Services in Nigeria to 
stem the current trend (Table 23). 

Research works had been mainly on other areas such as 
procurement and management of building services work, risk 
injuries and safety issues and labour efficiency, but Swaffield and 
Pasquire (1996) evaluated methods used for the production of 
budget estimates for mechanical and electrical services by 
examining the availability and suitability of historic cost data for 
mechanical and electrical (M&E) services. They argued that 
current methods of budget estimating for building structure and 
fabric works are inappropriate for use with the M&E services 
elements and concluded that the formal and detail of the cost data 
published by the Building Cost Information Service (BCIS) is 
inadequate for the production of budget estimates for M&E 
services and that a method of collecting more appropriate 
information is required.Mok et al. (1997) studied practices, 
barriers and benefits of risk management processes in building 
services cost estimation and noted that the traditional deterministic 
cost estimation method (that is, use of cost per square metre of 
historic cost data) which is often cost ineffective and reactionary in 
nature, was still being adopted by the majority of building services 
engineers in preparing cost estimates. They also observed that Risk 
Management Process (RMP) has not been widely adopted by the 
building services industry in Hong Kong. Swaffield and Pasquire 
(2000) noted that the existing early cost estimating method 
generally used floor area as the main basis for M & E estimates 
which are based on historic cost data. 



Common finding in the practice of estimating is that a 
detailed estimate prepared from complete plans and specifications 
should be within +I- 5% to +I- 10% of cost (Lorenzoni, 1986).In 
summary, analysis of researchers' findings (Skitmore, 1986, 
Runeson, 1988, Ogunlana, 1989 and Gunner and Betts, 1990) 
regarding the accuracy of contractors' estimates indicates that 
accuracy of between 5% and 9% coefficient of variation (CV) is 
achievable. 

Table 24 to 25 reveals that 61% and 19% of the 
respondents engaged quantity surveyors and electrical engineers to 
estimate for electrical engineering services respectively. Fifty one 
percent (51%) of these estimators were HND holders while 49% 
were B.Sc holders. Fifty four percent (54%) of the estimators were 
not professionally qualified. It is disturbing, however, to note that 
14.6% of the respondents employed mechanical engineers for the 
production of electrical services cost estimates. 

Table 23: Electrical Engineering Services Estimator 

[ d. 1 Electrical engineer 30 18.99 

Estimator 
a. I Ouantitv survevor 
b. 
c. 

Table 24: Academic Qualification of Electrical Services Estimator 
I Academic Oualification I Freauencv 1 Percentage I 

Frequency 
97 

Builder 
Mechanical engineer 

e. 

Percentage 
61.39 

8 
23 

Civil engineer 
Total 

b. 
c. 

5.06 
14.56 

0 
158 

B.Sc. 
HND 

0.00 7 

100.00 

77 48.73 
8 1 5 1.27 
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Table 25: Professional Qualification of Electrical Services 
Estimator 

1 Professional Oualification I Freauencv 1 Percentage I 
a. 
b. 
c. 
d. 

From the obtained results, it can be concluded that 

ANIQS 
MNIOB 

I Total 

traditionally in Nigeria, the estimates for electrical services are 
usually arrived at on the basis of a rough cost per square metre 
taken from a similar previous project. The electrical services cost 
estimating firms in Nigeria use superficial floor area method to 
produce cost estimates for electrical services and source their cost 

MNSE 
None of the above 

data through market survey, use of cost data files and priced Bill of 
Quantities (BOQ) of similar projects. Building cost indices are 
used by the estimating firms to update historical cost data. The 
factors that influence the choice of the estimating method used are 
the time available, purpose of estimate and the cost data available. 

24 
8 

158 

None of the estimating firms in Nigeria use cost estimating 
software for the production of electrical services cost as the 
analysis of responses on estimating software used for electrical 
services gave a zero Table which cannot be included in the main 
text.In addition, the firms still employ non-qualified quantity 
surveyors and use the traditional estimating method, which 

15.19 
5.06 

40 
86 

100.00 

researchers had proved ineffective, for the of electrical 

25.32 
54.43 

services cost estimates. Consequently, the cost estimates produced 
by these firms for electrical services installations are inaccurate 
and fall short of the acceptable standard thus increasing the cost of 
housing. 

An Appraisal of the Factors Affecting Production of Cost 
Estimate for Electrical Services in Nigeria 

Since electrical services contribute a substantial percentage 
of total construction cost of any particular project,it is essential for 
estimators to have a detailed knowledge of the factors that affect 
the incorporation of electrical services cost into the overall 

110 
111 



building project cost. Babalola and Adesanya (2008) investigated 
the factors that influence cost estimating of electrical services 
projects. The results showed that the factors affecting production 
of cost estimate for electrical services could be grouped into four 
principal factors: the most important factor grouping being 
estimator competence followed by project technicality, economic 
requirements and contract requirements. 

Many factors are considered by practitioners in the 
preparation of cost estimate for electrical work in construction 
project development. The authors have listed about 23 factors that 
are relevant. However, we have shown that four principal factors 
need to be considered as they explain 64 percent of the factors 
affecting cost estimate production for building projects electrical 
services works. 

The results of the analysis revealed that the coefficients of 
correlation between pairs of the variables were small when the 
effects of the other variables were eliminated. This implies that 
factor analysis assumptions are met. The values of the MSA were 
between 0.505 and 0.814 which were reasonably high, implying 
that there is no need to eliminate any variable from the analysis. 
Also, the value of the Barlett's test of sphericity was 896.98 which 
was large compared with the associated significance level; p = 
0.00. This implies that the correlation matrix produced was an 
identity matrix. The value of the KMO statistic that measures 
sampling accuracy was 0.638. This figure was satisfactory for 
factor analysis (Kaiser, 1974; cited in Cureton and D'Agostino, 
1983). 

Estimator's competence comprises of extent of completion 
of pre-contract design, complexity of design, scale and scope of 
installation, estimator's expertise, quality of information and 
estimating method used. Project technicality comprises of type of 
structure, method of installation and location of site. Economic 
requirement comprises of market condition and firm's workload 
while contract requirement consists of form of procurement and 
type of client. 

It is considered that project complexity affects contract 
duration and consequently construction cost (Akintoye, 2000). 
Likewise, scale..and scope of installation. is synonymous with size 
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of a task and a study varied by Bennett and Fine (1980; cited in 
Akintoye, 2000) found that the size of a task affects project work 
breakdown units costs. 

The second factor grouping is project technicality, 
comprising of type of structure, method of installation and location 
of site, has direct influence on cost estimates produced for 
electrical services. Each method of installation has its own cost 
attributes and these vary from one method to another. The 
technical know-how of the cost of each method by the estimator 
helps in the production of accurate cost estimate for electrical 
services. In like manner, the location of the site is influenceif by 
the proximity and availability of plant, labour (skilled and 
unskilled) and materials to the site. Where these resources are not 
readily available, it creates problem for the estimator in 
ascertaining accurate estimate. 

The third grouping is economic requirement and comprises 
of market condition and firm's workload. The prevailing market 
condition in the project location affects the prices of material, 
labour cost and plant rates. 

The last factor grouping, contract requirements, consists of 
type of client and form of procurement. The form of procurement 
of electrical services subcontract is either through nomination by 
the project manager and/or client group or directly through the 
contractor. An electrical service subcontractor engaged by a 
project manager is more concerned about the type of client 
whereas the electrical subcontractor engaged by the contractor is 
concerned about the type of client and the main contractor that is 
engaging him. 

Babalola and Adesanya(2008) also investigated the factors 
influencing Mechanical service cost estimates in Nigeria in order 
to provide consultant quantity surveyors,building services 
engineers and clients with data to enhance the accuracy of their 
cost estimates, thus giving the client value for money invested. 

There appears to be a dearth of literature relating to the 
factors affecting the accuracy of mechanical cost estimates and 
since mechanical service items are priced by specialists' building 
services engineers and/or quantity surveyors that specialize in 
mechanical engineering service as distinct from general 
- -- -- -- -- -- -- -- -- -- -- 
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construction works, it becomes necessary to study the factors that 
influence cost estimates produced for this service.Consequently, an 
overview of the factors that affect the estimating systems 
employed by the building services engineer, consultant quantity 
surveyors and contractors' quantity surveyors is provided by 
Babalola and Adesanya (2008). 

Registered firms Total Lagos Percentage 
State (%I 

Quantity surveying firms 157 88 56 
Construction companies 140 108 77 
Mechanical service 35 29 83 
contracting firms 
Total 332 225 6 8 

The results showed that estimating requirement factor 
grouping is made up of estimating method, the purpose of estimate 
and quality of information. The effect of these three factors is 
reflected in the level of the accuracy of estimates produced by 
respondent firms. They used superficial floor area (traditional) 
method which researchers had proved to produce inaccurate cost 
estimates for mechanical service (Swaffield and Pasquire, 1996; 
Mok et al, 1997 and Babalola and Adesanya, 2007). 

The third factor grouping, project complexity comprises of 
complexity of design and installation, tender period, historical cost 
data and scale and scope of installation. 

We concluded that the major factors -influencing the level 
of accuracy of cost estimates produced for mechanical service are 
estimating requirement which includes the estimating method used 
and the purpose of the estimate being produced, firm's 
requirements which consists of project duration, estimator's 
expertise, competitiveness and the firm's workload. Other factors 
are project complexity which includes complexity of design and 
construction, tender period, historical cost data and scale and scope 
of installation and market requirement consisting of availability of 
resources and market condition. The last factor is contract 
requirement which includes location of site and form of 
procurement. 
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In view of the fore-going results, Babalola and Adesanya 
(2009) examined the method used for mechanical engineering 
service cost estimating in Nigeria with the view of determining the 
level of accuracy of the estimates produced. The results of the 
analysis showed that the most frequently used method of 
estimating was the Superficial Area method and that the estimators 
sourced their cost data through market survey and priced Bill of 
Quantities of similar projects. 

Research works on building services engineering had been 
on such areas as procurement and management of engineering 
services work, risk injuries and safety issues and labour efficiency 
(Babalola and Adesanya, 2007). 

PRODUCTIVITY 
Productivity remains an intriguing subject and a dominant 

issue in the construction sector, promising cost savings and 
efficient usage of resources. Productivity is one of the most 
important issues in both developed and developing countries. The 
developed countries are aware of the importance of economic 
growth and social welfare. The developing countries which face 
unemployment problems, inflation and resource scarcity seek to 
utilize resources and in such a way to achieve economic growth 
and improve citizens' live.There is no doubt that construction is a 
key activity within any economy; it influences and is influenced 
by, the nation's gross domestic product (GDP) (Cox et al., 1998, 
cited in Madi, 2003). Given the uncertainties, management has to 
deal with the construction industry as a risky one. While these risks 
may be derived from either external or internal factors, external 
factors have a greater influence on construction industry than the 
internal ones (Zhi, 1995). 

Lagos 
State 
8 8 
108 
29 

225 

Factors influencing the Productivity of Concrete Placing by 
Wheel Barrows in Nigeria. , 

Concreting is a 'major operation on construction sites 
throughout the world. However, there is a shortage of data and 
information on its overall demand and production as well as the 
factors that affect its overall productivity in Nigeria. Consequently, 
this study was conducted to determine the. productivity rates and 

Percentage 
(%) 
5 6 
77 
83 

6 8 



examine the factors affecting the concreting productivity of wheel 
barrows which is the most popular placing technique in the Nigeria 
construction industry. Fifty - eight (58) concrete pours placed by 
wheelbarrows were randomly picked from 25 construction sites in 
Lagos State. Data collected on each of the concreting operations 
included the locationltype of concrete pour, the quantity of 
concrete placed, the overall pour time, the number of operatives 
engaged during the actual duration of concreting, the distance to 
pour location, the weather and delay time. These data were 
analyzed using descriptive and inferential statistics to compute the 
operational productivity rates and parameters. The results showed 
that the only factor significantly affecting the productivity of 
barrowed pours was pour size and that for every extra 10m3 of 
pour volume, concreting productivity increased by 1.4m3/hr. This 
is however subject to the limitation that the pour duration is not 
long enough to lead to labour fatigue for the workers. These 
findings will assist construction personnel to monitor productivity 
rate and reduce time and cost overrun and by implication, the cost 
of housing in Nigeria. 

Assessing the Impact of Delays on the Productivity of Concrete 
Placement by Cranes in Nigeria' 

Infrastructural construction investment in Nigeria is 
currently estimated at US$5bn annually and of the key trades in the 
industry, concreting makes up about 15% of the total frequency of 
operations. One of the most dominant concrete - placement 
methods in Nigeria is by crane and skip and it has been established 
that fractional delay (delay time expressed as a fraction of pour 
duration) is the most significant factor affecting its productivity. 
Based on the findings above, Olaoluwa et al. (2011) focused on 
evaluating the extent of delays on craned concrete placement in 
Nigeria and determining their effects on concreting productivity. 

Based on our earlierfindings on factors influencing the 
productivity of concrete placing by wheel barrows and the impact 
of delays on productivity of concrete placement by cranes in 
Nigeria (Olaoluwa et al., 2011(a) and (b)) we further researched 

. into the effect of pour size on concrete placing productivity. Pour 
size as one of the site factors affecting concreting was examined to 
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determine its effects on concreting productivity. A total of 167 
separate concrete pours were observed on 25 building construction 
sites in Lagos, Nigeria, comprising 35 pours placed by crane and 
skip; 26 pours placed by dumper; 58 pours placed by wheelbarrow; 
37 pours placed by head pan; and 11 pours placed jointly by pump, 
wheelbarrow and head pan. Data collected from the daily concrete 
pours were analyzed to determine operational productivity rates. 
The relationship between concreting productivity and pour size 
was examined using regression analyses to develop a model 
relating productivity to pour size. The results showed that 
irrespective of placing method, productivity generally increased by 
l.lm3/h for every l0m3 increase in pour size. It was recommended 
that the obtained index of productivity increase per pour size be 
standardized for use in improving on-site productivity in the 
Nigerian construction industry and thus reducing the cost of 
construction, and by implication, housing cost. 

Further research into Optimization of Craned in-Situ 
Concreting Operations in Nigeria examined the input and output 
processes of craned in-situ concreting operations in Nigeria and 
developed a computer based model that represented the concreting 
process. The model was simulated and validated with a view to 
optimizing the resource inputs and the duration of concreting 
processes in the country. 

We further researched into optimization of craned in-situ 
concreting operations in Nigeria (Olaoluwa, 2013). This proved the 
power and capability of the in-situ craned concreting production 
systems. To confront the complexity, uncertainty and variability 
within the crane in-situ concreting production and delivery 
processed, we adopted the PLS structural equation modeling 
(SEM) technique to describe the relationships between observed 
and latent types of variables and to construct a model expressing 
the relationship among the latent variables/constructs. The 
determination coefficients andfor predictive power (R2) of the 
endogenous constructs were estimated while simulation and 
optimization experiments were conducted on the different 
concreting scenarios to obtain the optimal operating conditions 
whcn the total operation time and the utilization inefficiencies of 
the two types of plant-crane and mixer - are minimized. The 



simulation model was tested and validated on one day circle of real 
concreting operations at two sites in Lagos by comparing the 
simulation model outputs with the actual site records in the light of 
the performance measure of "Total Operation Inefficiency" and the 
scatter plot relating the simulation and optimization scenarios. 
Based on the validated simulation model, optimization analyses 
were carried out for nine concrete pours on the two project sites to 
provide practical information about the performance of actual 
concreting operations on project sites. We concluded that 
concreting can be automated using our models to reduce cost of 
housing especially storey buildings. 

Construction Equipment Policy for Indigenous and Foreign 
Contractors in Nigeria 

An earlier research effort (Odeyinka eta1.1999) on 
construction equipment policy foe indigenous and foreign 
contractors revealed that plant acquisition policy adopted by large- 
sized indigenous and foreign contracting firms is that of outright 
purchase, hiring, leasing or a combination of the options depending 
on the prevailing circumstances. While many foreign firms can 
afford outright purchase as the need arises, only very few 
indigenous firms can as many take recourse in hiring or leasing. 
Equipment replacement policy was non-existent in many 
indigenous construction firms as items of plant were used beyond 
their useful life. In foreign contracting firms where equipment 
replacement policy was adopted, the Taylorite's approach of 

. minimum equivalent annual cost model was in place. . 
Amu and Adesanya (2007) studied delay factors in failed 

construction projects in Southwestern Nigeria. The study was 
conducted in Lagos, Ogun,Oyo,Osun,Ondo and Ekiti states with a 
view of determining and analyzing them showing the contribution 
of each to failed construction projects. The results of analysed data 
showed a large number of delayed andtabandoned projects in the 
region. Only 24 projects were completed without delay out of 3407 
projects handled in the preceding 10 years. Funding and payment 
factors were the most ranked factor causing delay, followed by 
administration, design faults and equipment. Project delay in 
southwestern states of Nigeria is generally caused by fund related 
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factors. It is then recommended that projects should not be started 
unless there is adequate funding and appropriate clause of the 
contract document be evoked where necessary. 

Amu and Adesanya (2011) then developed mathematical 
framework for explaining civil engineering project delays in 
Southwestern Nigeria with the aim of finding solution for their 
reduction. The models can explain project delays in Southwestern 
Nigeria and help to reduce time and cost overrun on projects. 

Fagbenle and Adesanya(2002)also examined the effect of 
non-monetary incentive schemes on the productivity of carpenters 
in South-Western Nigeria with the primary objective of finding a 
relationship, if any, between the productivity of these construction 
operatives and the application of non-monetary incentives. The 
study employed the use of questionnaires and personal interview 
conducted on both the management and the carpenters that were 
drawn from large, medium and small sized construction firms 
within the study area. One hundred and seventy questionnaires 
each were distributed to the management and operatives, 103 and 
118 were duly completed/returned by the management and the 
operatives respectively. On -site investigation and measurements 
were also embarked upon to study the activities of carpenters on 
forty (40) construction sites using six of the identified variables of 
non-monetary incentive schemes found to be relevant in this 
respect. The results indicated that the applied non-monetary 
incentives had significant effect on carpenters' productivity and 
that these incentive schemes accounted for between 6% and 25% 
of the variation in percentage productive time to these trades' 
men.As analyzed by Olomolaiye and Ogunlana (1989), workers' 
enthusiasm to produce and achieve are undoubtedly affected by 
their working environment. Based on these Olomolaiye (1990) 
enumerated the various non-financial motivational variables as 
good relations with mates, good safety programme, the work itself, 
recognition on the job, accurate description of work, participation 
in decision making, good supervision, promotion, more 
responsibility, challenging task, job security and choosing mates, 
among others. 

High productivity reduces cost and time, hence the total 
cost of construction ensures long term survival of firms. In 



Nigeria's labour intensive construction industry, firms are 
currently applying various non-financial incentive schemes aimed 
at improving operatives' productivity. Fagbenle et al. (2004) 
conducted a study to determine the impact of non-financial 
incentive on bricklayers' productivity. The survey was 
complemented with on-site observation and measurement of 
bricklayers output to determine the impact of non-financial 
incentives schemes on productivity. Comparative analysis of sites 
with and without incentives showed that non-financial incentive 
schemes significantly improved bricklayers' productive time and 
these schemes accounted for 6% to 26% of the variations in output 
between the two sets of sites on block laying and concreting 
activities measured. 

Babalola and Adesanya (2003) also measured the 
effectiveness of welfare packages in improving productivity of 
Nigerian construction workers. We administered questionnaires to 
eighty (80) construction companies listed with the Federation of 
construction industry. Personal interviews were conducted at 
construction sites and offices. The results revealed that welfare 
packages were not operated fully in most companies while 
standard methods of measurement of productivity rate were not 
employed by the Nigerian Construction companies. The research 
revealed further that the productivity of workers improves 
significantly (8.25%) when incentives were introduced but this was 
not sustained over a long period. The welfare packages given to 
construction workers in the offices were different from those on 
sites because of the peculiarity-of their jobs. 

Project management activities in the construction industry 
are compared with that in the computer industry. It is observed that 
the two activities are similar and have a common platform. 
Babalola and Adesanya(2003) thus argued for a synergy between 
the built environment and information and communication 
technology (ICT) for enhanced sustainability and improved 
productivity. 

Productivity Improvement Measures on Construction 
Construction labour productivity is of great interest to 

practitioners and researchers because it affects cost and time 
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overrun. The construction industry in Nigeria has experienced 
productivity problems like many other countries in the world such 
as Malaysia, Thailand, Singapore, America, and Germany. In 
Nigeria, research in many areas of productivity had been on the top 
gear since 1982. For the period 1998 - 2003, Malaysia's economy 
posted a productivity growth of 2.3 percent. This growth surpassed 
that of several major countries such as U.S (2.2%), U.K (1.3%), 
Japan (1.2%), Canada (1. I%), France (1.0%), Germany (0.9%) and 
Italy (0.1%). 

The productivity of craftsmen/artisans, bricklayers, 
carpenters, iron benders, and electricians were studied for many 
years in Nigeria with a view of determining the factors that affect 
productivity. The role of various types of incentives in productivity 
was also studied and the findings revealed that cash incentives 
have little influence on productivity since productivity hardly 
improved significantly. Non-cash incentives such as paid holidays, 
insurance, opportunity for part-time study with pay and elevation 
were the most preferred by workers (Adesanya, 2012). 

In order to face the challenges of the 21'' century, 
particularly in the building construction industry, novel methods of 
construction for improving productivity and reducing the amount 
of.site labour involved in the building operations have to be 
developed through continuous productivity improvement, more 
value added operations and enhanced product quality. The 
identification of projects delay factors will assist the country to 
solve its construction productivity problems. The housing sector 
has a multi-dimensional problem and there are many issues related 
to the reason for and the solution to the problem. Table 26 provides 
data on the critical factor influencing the construction industry. 

~ductivity is of great interest to - 
)ecause it affects cost and time 
--  ----- ---- 



Table 26: Critical Factors Influencing the Construction Industry 
1 Rank I Factors I Influence ranked score I Potential ranked score I Total I R1I I 



luencing the Construction Industry 
tl score i Potential ranked score I Total 1 RI1 1 

THE WAY FORWARD 
In-order to achieve housing for all, I strongly advocate for 

the use of Green Buildings. Buildings are to be looked in terms of 
its life cycle. This life cycle analysis (LCA) is an increasingly used 
methods of quantifying environment impacts of materials and 
products-maximum use of renewable and recycled resources 
minimum or non-renewable materials least environmental impacts. 
Application of such low cost building materials require new 
specifications and in some cities new building regulation. These 
can be utilised with new type of architectural design. Experience 
has shown that utilisation of low cost building materials requires 
education and training for architects, engineers, masons and other 
workers. Being labour intensive, utilisation of low cost building 
materials are essential for construction in sustainable environment. 
Environmental protection, job opportunity and lower cost are some 
benefits. 

The government should set up an inter-ministerial apex 
organisation the building materials and technology promotion 
council (BMTPC) under the Ministry of Science and Technology 
or strengthen NIBRRI which is poorly funded presently. Its main 
focus is on: 

Appropriate building designs based on local materials and cost 
effective innovative a materials technologies. 
Development, promotion and enhanced utilisation of building 
materials components, products and systems based on 
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indigenous raw materials, agro-industrial wastes, and cost anC 
energy efficient productive technologies. 
Improvement in quality and reduction in cost of building 
materials and construction works through standardisation, 
performance evaluation and certification, revised building 
regulations and codes and adoption of modem information and 
management systems. 
Enhancing production and marketability of new materials and 
components by facilitating suitable technical, financial, fiscal 
and other supports. 

In order to increase housing stock in Nigeria, create a more 
conducive living, as well as working environment while the 
following action should be embraced: 

1. Deliberate effort must be made on the part of the various 
governments to effectively control the population via 
policies educational enlightenment. 

2. Concerted efforts should be made to continuously increase 
the economic base and judiciously use income generated to 
meet the needs of the people while corruption is fought to 
stand-still. 

3. Formulation and implementation of housing policies and 
programmes have always been the exclusive preserve of 
state and central governments at the exclusion of 
government at local levels. There is a need now to reach 
out and effectively involve governments at grassroots 
levels in the formulation of housing policies. 

4. Since the traditional method of building a house is by direct 
labour in which the service of friends, relatives and local 
builders may be employed, federal government of Nigeria 
must encourage formulation of cooperative housing that 
will have direct access to loans for building construction 
works. 

Strategies for the promotion of local building materials 
Notwithstanding the acceptable engineering performance of 

local building materials some strategies need to be pursued to 
facilitate the wide spread of adoption of local building materials 
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Perceptible demonstration of interest and support of 
federal, state and local government in the technology. 

Public awareness programmes 
One of the key constraints to the increased use of local 

materials for house construction in Nigeria is the poor awareness 
of house owners, artisans and local authorities on the proven 
suitability of these materials, as well as the skills required to use 
them. With particular reference to the application of local building 
materials in Nigeria, the following strategies are recommended to 
upgrade public awareness of the materials as a satisfactory 
building materials: 

Organising public lecture at community level by technical 
personnel to explain and respond to the concerns and 
perceptions of the community with respect to the 
satisfactory engineering performance of the material: 
Construction of the demonstration houses and communal 
facilities using local materials in selected rural locations; 
Revision of the curriculum of technical courses in the 
junior and secondary schools, polytechnics and universities 
to reflect the significance of the production and application 
of local building materials; 
Training programs at the local level for CCA producers and 
construction artisans and foremen on 

(a) Improved methods of CCA production; and (b) techniques 
of soil stabilisation and quality control methods for making 
and using stabilised soil blocks. 

STRUCTURAL CHALLENGES AND MY SERVICE 
Mr. Vice Chancellor Sir, it is important to know that I 

worked with  l lander Waddel and Partners,. Wembley, Middlesex, 



England and H. L. Waterman and Patners, 47, Blackfriars Road, 
London, as a structural engineer for some years before returning to 
Nigeria in 1984. I was involved with the design and execution of 
many projects. I was the chairman of NSE, Ile-Ife Branch for about 
nine (9) years and member of the National Council of NSE for 
same period. I was also the chief examiner (Ile-Ife centre) for eight 
(8) years coordinating NSE examinations for Ife, Osogbo, and 
Ilesa etc.1 was involved with the Dental Faculty structural problem 
when the then Vice Chancellor, Prof. Wale Omole called on the 
NSE, Ile-Ife to come to the rescue of the structural failure. We 
submitted the initial detailed report - under pressure to doctor it 
because of its implications - but I personally resisted the pressure - 
though some succumbed. It might interest you, Sir that the project 
was camed out without adequate investigation. The problem was 
that of differential settlement. Building 'A' located near the stream 
was pulling Building "B". At this stage, let me advice that the 
University should never embark on any construction project 
without adequate site investigation and exploration. It leads to cost 
escalation due to variation as a result of re- design and project 
abandonment. Let me remind you Sir that the Faculty of 
Environment Design and Management construction project 
suffered the same fate of abandonment and we refuse to learn. In 
fact, this is why my Faculty has no purposely built buildings till 
date. The long building (Football Pitch) behind Pharmacy is about 
a quarter of the initial design. 

After the submission of our report, the next Vice 
Chancellor, Prof. Makanjuola invited me on behalf of NSE to . 

provide detailed design to execute the project. I personally 
designed and supervised the underpinning of the building. The 
problems discovered, were: 

Building 'B' was pulling 'A' 
Columns and beams were separating 
Excavation revealed that there were palm trees and logs 
of wood standing below the building. 
The debris removed ( topsoil, wood, etc.,) removed 
during the construction of Health Sciences .buildings 
were piled on the Dental site 
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Procedure for under-pinning 
The two buildings were supported by racking shores 
and jacks. 
The bridge linking the two buildings was severed, thus 
separating the two buildings. 
The floors were supported by dead shores 
The walls were supported by flying shores 
The soil below the building was excavated in stages - 
up to 3.5m below the building. 
The building was suspended/supported and resting on 
jacks 
Short piles and other new foundations were constructed 
to support the building, Prof. Makanjuola walked freely 
under the building. 
The supports were removed later after the concrete had 
cured. 
We could not solve all the problems because we were 
advised not to remove the dental chairs because experts 
from abroad -would need to come to refix them. Hence 
the cracks on dwarf walls. 

Our investigation revealed that, this was the first time 
underpinning was being done at such level in Nigeria. I was also 
invited by the OAUTHC to solve the foundation problems at the 
Haematology building, Ilesa emergency building, doctors housing, 
Imesi-Ile etc. 

NECOM BUILDING, LAGOS 
The first professional job I was challenged with as soon as I 

got to Ife was the burnt NECOM building in Lagos. I think the 
consultancy was awarded to UNIFECS but Prof. Fola Lasisi was 
the head of structural stability and entire team. I was in charge of 
building services to determine the cause of fire and future 
remedies. Our investigation was very thorough and detailed and it 
was obvious that electrical fault was responsible for the fire. The 
cables flying from one room to another aided fire-spread and 
growth. Fully developed fire was as a result of the fuel and oxygen 
plus the poor arrangement. We gave them the recipe to prevent 



future occurrence. Our report was acclaimed as highly professional 
though we were not involved with the implementation. 

PUBLIC PROCUREMENT 
I have writtenldelivered more than 50 papers at workshops 

and seminars on public procurement organized by the Nigerian 
Society of Engineers and the Nigerian Institution of Civil 
Engineers. The lectures were held in various parts of the country 
for engineers, architects, builders, Quantity Surveyor and 
accountants and those involved in public procurement. I was the 
head of the NSE team reviewing the Public Procurement Act as 
mandated by the Presidency. It's hoped that the amendment 
recommended will be effected. My team recommended changes in 
various areas o f  the present Act; the new Act should be out 
soonest. 

The current unprofessional ethics which include but not 
limited to the following should be stopped: 

Splitting of contract 
Awarding contracts without complete drawings 
The internal team involved in leaking bidding 
information to contractors. For example, the higher you 
pay, the closer your estimate to official estimate. 
Internal staff colluding with contractor to escalate cost 
of contract. The internal consultant becoming the agent 
of the contractor. 
Lack of integrity in internal mechanism. The same 
person advising, implementing and supervising - no 
checks and balances. 
Internal staff in project unit competing with those 
outsiders under various guises. 
Project time and cost overrun for failure to prepare and 
honour certificates as at when due - probably because 
the contractor fails to play ball. 
Contract not awarded to the most responsive bidder 
because of personal interest of those in authority. 
There's need to revisit-the quality of project delivery on 
Campus in the last ten years with a view of getting 
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value for money invested. Many of the recently 
completed projects fail to meet "Ife Standard". 

CONSTRUCTION OF BUILDING WITH STABILISED 
EARTH 

Sir, in an attempt to demonstrate the optimal thermal 
comfort in building constructed with stabilized earth, I discussed 
with a Redeemed Pastor and we agreed to construct their office at 
the Ibadan Road new site using same. By the time the project was 
completed, they didn't need to use the fans or air conditioners 
during very hot weather in the afternoon. This encouraged the 
minister to use stabilized bricks for the construction of the 
magnificent structure - the Temple which is the Headquarter of the 
Redeemed church of God in Ile-Ife. More than fifteen people came 
to us during the construction and we assisted them, using stabilized 
blocks. In fact one of the former Vice-Chancellors used the 
material for his beautiful edifice in Paralun. Many more are using 
these materials for affordable housing. 

RECIPE FOR AFROKDABLE BUILDING - THE DON'TS 
(1) Don't send money home for anyone to build for you. Those 

abroad should beware. They may build two houses for 
themselves before they build one for you. 

(2) Don't buy a land that it's too sloppy - you may spend a lot of 
money on excavations and back-filling, it increases the cost 
of foundation significantly and hence cost of 
constn~ction/building. 

(3) Don't buy your land during dry season. The site may be 
water-logged and it will cost you a fortune to construct and 
maintain later. It may lead to an abandoned project and you 
may be forced to abandon the completed building due to 
flooding. 

(4) Visit your site before purchasing the land and check the 
topography. 

( 5 )  Carry out site investigation - no matter how little scaled. 
Look out for (i) type of vegetation (ii) cracks in building 
around your site. Cracks show you a sign of stress in the 



building and your building would likely have problems in 
future - settlement and failure. 

(6) Employ an Architect to design for you and insist helshe visits 
the site before designing. Failure to do so is a recipe for 
disaster. 

(7) See a Quantity Surveyor to do the costing - probably 
material schedule telling you how many bags of cement, 
blocks, etc. That wil! give you an idea of the cost of your 
building. 

(8) Build your house in stages; you will be surprised that it will 
be completed sooner than you thought. 

(9) Let the Builder determine the Buildability and 
Maintainability of your structure before commencing your 
construction. 

(10) Don't use sub-standard cables. Your house may be gutted by 
fire. Please use Conduit system for your electrical 
installation. It reduces the risk of fire spread. 

(11) Please don't be penny wise and pound foolish by not 
employing professionals. Note, you can always negotiate the 
fee; - there are few jobs outside there. 

(12) Don't build a house with many rooms. It will become a 
burden to you when the children are grown up and away from 
home. It may turn into a museum. 

(13) Build a bungalow instead of a storey building if you are 
above 40, you are likely to end up in the guests room 
downstairs at old age. 

(14) Use "labour only?' method of procurement but use qualified 
Builders to supervise your building. Build wisely, employ a 
registered Builder. 

(15) Use locally made building materials it will save you up to 
30% of total cost. You can produce corn cob ash on your site. 
All you need to do is to bum the cobs until grey smoke starts 
coming out and then grind. Come to building department and 
avail yourself access to many alternate building materials. 

(16) Use stabilized earth for your construction. It is cheaper, 
stronger and has high thermal comfort. You don't need 
mechanical ventilation. 
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(17) Orientation of building to be in East - West direction for 
adequate natural ventilation. 

(1s) Try the above, and you will be happy you did. 
(19) Use oxidation pond for your sewage treatment 
(20) Above all, opt for Green Buildings 

MY SERVICE 
Mr. Vice Chancellor Sir, I joined the service of this 

University on October 2nd 1984 as a Lecturer I1 after a long sojourn 
in England. I was offered Lecturer1 in UNILAG some months 
earlier but I decided to leave UNILAG because of the beautiful 
environment at Obafemi Awolowo University (OAU) which was 
close to what I had at home (England). Profs. Wahab, Adegbola, 
Sanni and Osinowo also convinced me to stay in spite of the fact 
that I was given Lecturer 11. Let me confess that OAU was the first 
place I was asked for my certificates. It's not so in England and 
UNILAG, they already knew my worth and wanted me to start 
immediately and prosecute some projects. I have never regretted 
coming to Ife, though they never gave me accommodation on 
Campus when I needed it most. However, it became a blessing in 
disguise. I became acting head of Department, Vice Dean and 
Dean of my Faculty, I was also Dean of Environmental Sciences 
and Dean of Engineering at Bells University of Technology, Ota, 
where I was on sabbatical and leave. In fact, I was Chairman of 
about fifteen (15) University statutory Committees including the 
Business Committee of Senate and Project Monitoring Committee. 
Thank God for the training received at Ife. There's no better 
University in Nigeria. Obafemi Awolowo University (OAU), I am 
proud of you! ! ! 

I have served my professional bodies both locally and 
nationally and I am still in hot demand. The records are there for 
anyone to peruse. Sir, I have trained many Ph.Ds here at OAU 
and as external supervisor for Bradford University England. I am 
still training some in Nigeria and abroad. Some of them are present 
at this inaugural Lecture.When many people were complaining that 
students were not finishing their PG programmes on time in Ife, I 
decided to take on four Ph.D students as models. Mr. Vice 
Chancellor Sir,-l wanted to prove that people can finish in Ife 



within the minimum time. The four of them finished in record time 
and convocated same day, one from Quantity Surveying, two from 
Civil Engineering (OAU and LAUTECH) and one from Building 
(Polytechnic,Esa-Oke-now at Covenant University). One is now a 
Professor; two are being assessed for full professorship while the 
fourth is a Reader. In fact, the one in Quantity Surveying is the 
first and the only one in Nigeria in Quantity Surveying with Ph.D, 
specializing in Building Services. Many other students have so 
graduated with Ph.D under my supervision while some are striving 
to finish. Great Ife, I love you!!! We train our students to fit into 
the industry and from the reports available from the employers, 
they are the best. 

CONCLUSION 
Mr. Vice Chancellor Sir, I glorify the name of the LORD 

who has given me the grace to be alive to see this wonderful day; 
the wisdom and understanding to be what I am. May His name be 

I praised forever. I appreciate my wonderful and special wife, Mrs. 
Nike Adesanya. I bless the day I found her! God Himself revealed 
to me who I should marry and I have never regretted. To my 
children:-Olubunmi, Ayotunde and Adebambo, you are gifts from 
God and you were also revealed to me before you were born. You 
are everything that is good. My mentor, Prof. K. A. Wahab, I will 
never forget your advice -"Biodun, spend 2 hours daily writing 
papers. Lock your door and if I call you during this period, don't 
answer. I will understand. It has worked magic for me and I have 
transferred same to my younger colleagues. I am very grateful to 
my colleagues, Prof. Olayiwola who was there for me when I 
started writing, may God bless you richly. To my friends in the 
Department, everyone, we are just one family. My Department is 
the best on this campus because we are our brothers' keepers. 
God's own Department. I bless God on behalf of my friends in 
NSE, and at Bells University of Technology Otta you are 
wonderful. Finally I say a very big thank to the president Nigerian 
Institute of Building (Builder Tunde Lasabi) for gracing this 
occasion. 

Dear listeners, my research findings will provide recipe for 
affordable housing in Nigeria and affordable buildings for you. 
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You may decide to pay me consultancy when you complete your 
building projects. 

Finally, Mr. Vice Chancellor Sir, I am indebted to the 
University for providing the enabling environment for me to do all 
the research. I am grateful indeed. I have contributed my best to 
teaching, research and development. 

"Now to Him who is able to do immeasurably more than all 
we ask or imagine, according to His power that is at work within 
us, to Him be glory in the church and in Christ Jesus throughout all 
generations, for ever and ever! AMEN." 

Thank you all for listening. 
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