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FOREWORD

A big welcome to everparticipantat thisWABER 2012 @nference. Our first three
conferences200911, took placen Accra, Ghana. Nigeria is hosting the WABER Conference
for the first time, 2426 July 2012, and it is a delight to be in this beautiful city of AbTifeank
you for coming and we hope you enjoy the evahce.

Time really flies!l still have a vivid recollection of our first event in Accra o8 dune 2009

So soon we are having a 4th WABER Conference alredglyery credit for the rapid

development of the WABER Conferenicethe last four years shoutdally goto thoseof you

who have participated in the past as well as those attending the conference this year. In the past
four years, many of us have become friends through WAB#&ny young academics and
researchers have also been helped to develop their researcingakills through WABER and
thereby found an opportunity to move their careers and ideas forward. The story of WABER just
goes to show that we are stronger when we come together and there is nothing we cannot achieve
when wework together and support eaather With most of the countries in Africa pushing for
developmentthe WABER Conferenceprovides an essentiahannefor bringingbuilt

environment academics, researchers and practititogether fothe generation of knowledge,
interaction and leadshipon the key issuethat we need to tackla orderto addresour

challenges and opportunitiesthe 22" certury particularly in relation to the construction sector

and built environment.

Since 2009, WABER has brought together more than 500 builoement academics,

researchers and practitioners to work together towards the development of the built environment
field in Africa. We strive to: support young built environment researchers in West Africa (WA)
especiallyto develop their research workdaskills through constructive fade-face interaction

with their peers and experienced international academics; supply a platform for more senior
academics to network and share ideas on their current research work; and serve as a vehicle for
developing tk built environment field in Africa.

In addition to the 500+ people involved in WABERe alsohaveabout60 institutions in the

WABER Conference network, comprising mainly of universities and polytechnics. This network

of people has enabledustodevedop new t ext book on AConstruction
be launched at this conference in Abuja. The WABER Book was writteeniazademicof

West African originbased in six different countrie§hiscontributionis another example of what

we can cdectively achieve when we work together and combine our ideas. A big thank you to all
authors and our partners who have supported ubelpdd to pubfhthe book.

We have engaged in some outreach activities within the pastiydanuary 2011, some

menbers of our team visitelouilt environment degrtments irsix polytechnics and two

universities in Ghana to interact with lecturers and postgraduate students agdrdséarch
workshops We also donated textbooks to some departmental libraries ana ofisaipporting
students and teaching and learning activitieaugust 2011, visits to six universities in Nigeria
enabled us to interact directly with staff and students in built environment departments. These
visits continue to foster closer interaxtiwith our friends in variougstitutions | would like to
express our sincere thanks to colleaguedlimstitutions visited for your warm hospitality.

This year 6s conf er e nbpaperp Wanitabygeddivadgasd saeenm@$8 st o f
abstractswith the help of our Scientific Committed82full paperswere eventually submitted

and each went throughpaer review processThus, the papers accepted for publication represent
around &% of full papers receivedWe congratulate the authapapers that made it into the
proceedings for a job well doné/e also thank the 56 members of our Scientific Committee and

84 members of our ReviewaRelfor your expertise and input into the quality of this conference.

The published papers cover a widrray of topics including: Building services, Construction
design and technology, Construction economics, Construction finance, Contract law, Contracting,
Contract administration, Decision support systems, Economic development, Engineering, Energy,



Environment, Facilities Management, Health and safety, Housing, Human resources and skills,
Information technology, Materials science, Procurement, Project management, Quantity
surveying, Real estate and planning, Risk management, Supply chain managemeémabfista
technologies, Urban development. As such they reflect various areas eésonmmic

development aspirations of countries in West Afrid&ith most countries in Africa pushing for
development, some of the research findings here can play an intgof&in helping to realize

the development asptians of African economies

An important and impressive statistidlimtthe 32aut hor s of t he papers in tfF
conference proceedings come frotdsfferent institutions and 10 different countries. This

providesplenty of scope for crogsoundary learningt also provides for a rich intellectual,

international and multicultural blend and platform for networking and developing new knowledge

and longeiterm collaborations. We hope that all delegate¢kiatconference will make good use

of this opportunityGoing forward into the future WABER witlevelopstrategidnitiatives for

helping more people to develop their work and achieve their potéttaMicheletti & Co Ltd

Prize for Best Masters ResehrDissertation is scheme toecognise and encourageunger

researchers

On that note, w wish to record our thanks and gratitude to a number of individuals and
organizations who have supported us in various ways: Vector Morrison GhanaKedy A
Consuts Limited (Ghana); Oladele Construction Ltd (Nigeria); K+H Limited (Ghankp Htd
(Ghana); Laurus Development Partners; PPMC Ltd (GhafiahelettiandCo. Ltd Mr. Michael
Kwadwo Frimpong (President of the Africa Association of Quantity Surveyors @Mr.
Afolabi Abdulsalam Dania (University of Reading, UK); Professor Kabir Bala (Ahmadu Bello
University, Nigeria); Professor Stella Zuhaand a number of our colleagues in Nigeria

A common tradition at academic conferences is to have keynotecspedle are blessed this
yearto havesome reallyexperienced international academics who will be speaking to us
Professor Roger Flanagan (University of Reading,;UX)Roine Leiringer (University of Hong
Kong, Hong Kong; Dr Chris Harty (University of Bading, UK); Professor Stella Zubairu
(Federal University of Technology, Minna, Nigeria) and Professor Will Hughes (University of
Reading, UK). It is great to haveeseacademics contributing keynoteo the conference

| wish toexpress appreciation fr Sena Agyepong, our Regior@iganising Director, and
members of our LOC particularMr Oladele Ishador your hardwork andcapable management
of local organising arrangement#bove all,many thanks tall thoseof youwho have come to
take part irthis conference. Enjoy Abuja arthve a safe journey babkme

Dr Samuel Laryea

School of Construction Management and Engineering
University of Reading, UK

July 2012
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INDUSTRY FOCUS

A-KON CONSULTS CELEBRATES ITS 10" ANNIVERSARY

A-Kon Consults Ltd is today one ofdheading Chartered Quantity Surveying (QS) firms
in Ghana and West Africa. Internationally, the firm is accredited by both the Royal
Institution of Chartered Surveyors (RICS) and the Chartered Institute of Building (CIOB).

Our success in the past ten yehas been mainly driven by our commitment to delivering
exceptional valué by using the most modern, sophisticated tools and techniques,
providing dedicated focus to clients and executing with excellence. We are involved in
virtually every facet of theanstruction industry. We conduct cost management, assessing
life cycle costs at all project stages; project management, planning, organising,
controlling and forecasting for projects; construction management, professional handling
of new buildings and refbishment, and consultancy services to support clients and
projects.

AOQur firm is about
quality of work we do andhe services we
provide to satisf

Mr Samuel Asaré&Konadu, Foundeand Managing
Director, A-Kon Consults Ltd

HUMBLE BEGINNINGS

A-Kon Consults Ltd opened its doors for business GhCxtober, 2002. After starting

the company from his dining table, Samuel Agaomadu used all the capitaé had to

pay for the rent of a small 20 m2 office space for $2,200. The first five years was a slow

but steady walk to building a brand presence and reputation in the industry. The company
often took on unpaid jobs by small contractors until the fiigtchntract for a residential
apartmentsd project in an exclusive suburb
rapid, profitable growth and expansion in projects and services.

OUR PROJECTS

Our portfolio of completed projects include the Accra Spomsli8m, Cargill cocoa

processing factory, office buildings for Maersk Line, Ericsson, and several residential real
estate projects. Currently-lRon Consults Ltd is partnering with Davis Langdon, the

worl dés | eading quant i tildngis Ghanagthe @nesAirporn  t he
Square project, valued at $45 million. This affirms our reputation as one the leading firms

in Ghana with the capacity to deliver on innovative and environmentally sustainable

designs for the built environment.

Our team ha diverse skills and experience in design and project management,
commercial property development, and engineering, in addition to our core competence
in quantity surveying to deliver on projects and our range of services offered. This

Xi



expertiseisrefleetd i n t he firmdés technical excel
exceptional value to clients.

CORPORATE SOCIAL RESPONSIBILITY

Infrastructure is essential to a developing economy which in turn is based on the
development of knowledge and skills in constiutiand engineering. Kon Consult

thus focuses on education as its vehicle of social impact. The company supports
programmes that seek to advance the training and continuous professional development
of students, quantity surveyors and other stakeholdehgeiconstruction industry.

OUR FUTURE

A-Kon Consults Ltd is proud to be celebrating 10 years and rises to the challenge of
shaping a sustainable future due to technological changes and evolution of the industry,
by innovating and executing on improvealutions for its clients.

CONTACT US

A warm welcome awaits you if you would like ¢contact us through any of the following
coordinates:

Location: No. 4, Saflo Link Abelenkpe, Accra
Telephone:+233 (030) 276 7994/ (0) 368349
Fax: +233 (030) 276 8134

Email: info@akonconsults.com

Website www.a-konconsults.com

We are delighted to be part of the 4th WABER Conference taking place in Abuja, Nigeria
on 2426 July 2012. As a firm we always strive to drive high standards, professionalism
and development dhe construction industry. A vibrant and well organised construction
industry can create growth and opportunity for our people. A lot of those participating in
this yeards WABER Conference are future
academicsresearchers or practitioners. You have idéésneed your ideaand

innovationsto develop the industrgnd regional economy anake it forward to the next

level. That is why wera happy to be part of this conference during the celebration of our
10" Anniversary.

Samuel Asar&onadu

Managing Director

B.Sc. (Hons), MRICS, MCIOB, MGhIS
Email: sak@akonconsults.com
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LAURUS DEVELOPMENT P ARTNERS

Proud sponsor of one of the Keynotes at WABER 2012 Conference

Laurus Development Partners develop enviromiaéy sustainable, quality projects that
deliver enduring value to their community, investors and end users.

Ll

Setting the standard in
real estate development
and management in West Africa

Project Sunrise, Accra

Contact information

Laurus Development Partners (Ghardeadoffice)

39 Josiah Tongogara Street Labone, PMB CTg@aBtonments, Accr&hana
Telephone: +233 (0) 302 769213, +233 (0) 302 769214

Fax: +233 (0) 302 769215

Laurus Development Partners (Nigeria)

Plot 5 Chief Yesuf Abiodun Street Off Ligali Ayorinde Street, Victoria Island, Ladjgeria
Telephone: +234 (0) 1 29892

Fax: +234 (0) 1 295 4923

Website:http://laurusdp.com/index.php
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THE BUSINESS OF CONSTRUCTION PROCUREMENT :
SELECTING, DEFINING AND MANAGING
PROCUREMENT

Professor Will Hughes
Schml of Construction Management and Engineering, University of Readindggd*@19, Reading,
RG6 6AW, UK

INSTITUTIONAL PERSPE CTIVES

At one level, procurement means buyingr even more simply, obtaining something.
Most organizations of any size seem &vé a procurement department to manage the
purchasing of the supplies required in the-tlagay business. The purchasing of

things other than raw materials and means of production is sometimes referred to as
indirect procurement in the business literatuConstruction procurement seems to be

a special case of indirect procurement when it comes to commercial clients, for
example. It is rarely mentioned in the literature on purchasing and supply. However,
it is difficult to see whether it is a means obguction or an indirect supply, because

it does not fit into either of the definitions. It has successfully been described by some
researchers as the procurement of a complex system, which may help to offer insights
from the procurement of other typesocoimplex systems, such as defence and IT.

One thing is clear it is difficult to characterize construction procurement
unambiguously.

There are some important characteristics that explain why construction is difficult to
deal with. First, it is organizi@nally very complex, involving hundreds of

specialized contractors, sabntractors, consultants and advisors, as illustrated in an
in-depth analysis of roles and responsibilities in construction prdjéatghes and
Murdoch 200). Second, construon projects are large and expensive, typically
representing a significant part of the
the risks of nofperformance very hazardous indeed, with potential losses being
sufficiently large to bankrupt the coattor or the client. Third, construction projects
typically occupy years, with the need for extensive professional work prior to design,
during design and in parallel with construction. It is not unusual for construction
projects to extend over more tha decade from inception to completion. Finally, the
high degree of specialization in design disciplines and construction disciplines leads
to serious fragmentation of the process, with highly differentiated tasks being carried
out in different firms, leations and times creating a strong demand for very
sophisticated project management anebatination functions. Thus, construction can
be thought of as a complex, expensive, tooasuming, fragmented process.

Typically, there are many different instiks and organizations who each have
different views about how various participants might or should become involved in
the process. One question that is raised by this phenomenbnse wterests are
served by professional institutioftdughes 2003

! w.p.hughes@reading.ac.uk
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FRAGMENTED SUPPLY CH AINS

Construction supply chains are fragmented in many ways, for diffexasoms. In
each construction project, various roles are offered by particular specialists:

1 developers (owners, investors)
design consultants (architects, engineers)
advisory consultants (quantity surveyors, lawyers)

co-ordination and management (contrastgroject managers)

= =2 =2 =2

installation (trade contractors, sabntractors)
1 manufacture (materials and components)

Understanding how these have evolved in different countries at different times is key
to understanding construction procurement. For exammgard-iL shoes how the role

of the architect in UK building projects has become an overarchiogdinating role

of many distinct specialisms.

Architectural fragmentation

Costing Fabrication

Design

=

Management

Planning Adjudication

Figure 1: An example of how a historically unitary role evolved into a number of
distinct specialist roles

IMPROVING CONSTRUCTI ON SUPPLY CHAINS

Much has been written about supply chairmit what do they look like? Figure 2
shows how we might characterize the different organizations involved in delivering a
single product from raw matels to end user. The solid lines show contractual or
legal relationships and the broken lines indicated part of the agenda for those who
wish to improve supply chains.

By contracts, Figure 3 shows a real supply chain mapped from a construction project
as part of the research carried out in Reading about procurement and-sogoiigt
relationships in the construction sector.
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Figure 2: An idealized supply chain concept map
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CONSTRUCTION PROCUREMENT ISSUES

The transformation and development of construction procurement raise a series of
issues that were discussed in an essay regarding the future of the built environment
professiongHughes 2008 as summarized in this list:

1 Institutionalism or professionalism?
Managerialism or public service?
Knowledge or judgement?

Capital acquisitioror service rental?
Partnering or integration?
Customization or original design?

Product/service development or cutting corners?

= =4 4 4 A4 A -

Supplyside or demangide innovation?

CONSTRUCTION PROCUREMENT ROUTES: INSTITU TIONAL
VIEW

Most descriptions of constructionqmurement tend to focus on the roles of the key
supply chain partners. Any construction audience would recognize most of the terms
in this list:

1 General contracting

Desigribuild

Construction management

Management contracting

Partnering

Private finance itiative (design, build, finance, operate)

Engineer, procure and construct

= =2 =4 =4 A4 A -

Performancéased contracting

The key thing about this list is that it has little meaning out of the construction sector
context. You need to understand how the industry curremttigsnin order to make

sense of this list. Worse, each item differs from the others on a unique basis. They
are not at the same level of focus, and are not exclusive categories. Therefore, the list
could be extended indefinitely.

WHAT IS CONSTRUCTION PROCUREMENT?

Thus, the question is how can we distinguish types of procurement with a few key
variables? What are the minimum necessary and sufficient characteristics or variables
that could usefully describe any procurement method? (Even those that hgge no

been invented!)

Some years ago, Masterm@®92 among others, pointed out that the typical process
for selecting a procurement method is so unstructured and haphazard as to lead to
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inappropriate approaches to procurement being selected. This problem has been
echoed more recently by many writers on the topic.

Luu, Ng and Che(2003 suggest that the problem of inappriate procurement

decision can be overcome by using a common list of 34 procurement selection
parameters that were derived from a close examination of previous research papers in
this field. A survey of 84 practitioners provided them with some reflestim their

list, and analysis of the results enabled them to trim their list to 25 parameters. In a
later pape(2005, they develop this into a decision support tool using-based
reasoning. Drawing on 14 previously published papers, they categorize, group and
filter a large number of procurement selection criteria. From their work it would seem
that everywriter in this topic develops his or her own set of criteria. Their proposal

for a decisiorsupport system using cabased reasoning may produce an answer to
the question, which procurement system, based on what has worked in the past. But
rather than eter data into such a system, surely, it would be better to help people to
understand how to put together a procurement strategy?

CONSTRUCTION PROCUREMENT ROUTES: FUNCTIO NAL
VIEW

Rather than try to create a set of procurement methods that overlap, deiieibet

levels of analysis and heap confusion on to confusion, the functional view begins with
the questions that a client might ask when considering how best to organize the
process. The following list delineates the basic six variables that amnseairo

analysis of the wide range of procurement routes in existence, giving example of each
variable in turn.

1 Source of funding Ownerfinanced, public secteinanced, developer
financed, PFI, PPP

1 Selection method Negotiation, partnering, frameworks, sgiee
competition, open competition

1 Price basis Work and materials as in bill of quantities (approx or full), whole
building, managed facility, performance

1 Responsibility for design Architect, engineer, contractor, novationshiouse
design teams

1 Respongbility for management: Client, lead designer, principal contractor,
management contractor, JV

1 Supply chain integration: singlesource, integrated, fragmented, competitive,
collaborative

This list provides five examples for each of six variables, expthgmsomplexity of
procurement more generally, such that anyone who is familiar with business could
understand the options, without needing a BSc in s constriretiaied discipline.
Moreover, there are 15,625 permutations of the items in this list.eXplains a lot

of different procurement routes in a little space!

ROUTINES AND STANDARDS

Traditionally in construction, routines and standards have been institutional and
fundamentally protectionist often designed to ensure continuing workload for
professonals. However, the collaborative working agenda has driven interest groups
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together, outside traditional stakeholder boundaries. As a result, all of the various
guidance documents have started to converge on a widely accepted understanding of
what consitutes good business practice in construction. Thus, codes of practice and
standards are emerging for processes rather than for products. Two exXaligme

ISO 10845: CONSTRUCTON PROCUREMENT

1 Fair: Impartial and providing simultaneous and timely mnfation. Not
prejudicing interests of the parties.

1 Equitable: Non-award to a compliant bidder only if restrictions from doing
business, incapability or incapacity, legality, conflicts of interest.

1 Transparent: Procurement process and criteria publicizBeécisions
publicly available with reasons, and verifiable.

1 Competitive: System provides for appropriate competition to ensure cost
effective and best value outcomes.

1 Costeffective: Processes standard with flexibility to attain best value
outcomes in regxt of quality, timing and price.

1 Promotion of other objectives:(SMEs, poverty, job creation, local economic
development, etc) permit qualified tenders, criteria measurable, quantifiable
and monitored.

BS 8534: CONSTRUCTION PROCUREMENT POLICI ES,
STRATEGIE S AND PROCEDURESI CODE OF PRACTICE

Procurement policy (crossref to ISO 10845)

1 Initiation: business need, roles, responsibilities, objectives, outcomes, scope,
stakehol der identificationé

1 Procurement strategy:client brief, procurement routes, work packag
mar ket engagement, control, approval sé

1 Procurement tactics:contracts, selection, liability, prguals, award,
performance, progress, evaluation ¢

1 EXxit strategies: discharging contractual obligations, settling disputes, signing
of f, moving on ¢é

CONCLUSIONS 1 AGENDA FOR RESEARCH

This outline of problem areas in construction procurement provides an interesting
agenda for future research, which may be a healthy testing ground for theories about
business economics and organizational behaviour, among loithgs.t For example:

f Construction procurement as a complex process

1 What features does construction procurement share with other forms of
complex procurement like defence and IT?

1 How does the business context of construction help us to understand
processes

1 Do routines and standards provide a rational and economic response to
complexity?
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1 Can flexibility and standardization -@xist?

1 How does the value of constructed assets affect the ability of the supply chain
to innovate collaboratively?
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THE IMPORTANCE OF EV ALUATION AND
SUSTAINABILITY IN TH E BUILT ENVIRONMENT

ProfessorStella Zubairu*
Dean Postgraduate School, Federal University of Technology, Minna, Niger State, Nigeria

It is with great pleasure that | welcome participants to th&/ABER corference

which is taking place in Nigeria for the first time. Nigerians are known for their
hospitality so we aim to make you feel at home. In this keynote address, | would like
to focus on some aspects of the built environment that | feel deserve thieatbén
researchers. The first is the importance of evaluating buildings after they have been
occupied and this is called PeStcupancy Evaluation. The second is the very topical
issue of sustainable buildings.

Keywords: posbccupancy evaluatigrsustainability sustainable buildings

POST-OCCUPANCY EVALUATION

Introduction

Buildings are an important necessity to provide for human needs for shelter and
support for operations and equipment. Therefore by understanding how existing
buildings affect occupants, designers can minimise problems and capitalise on
successful design features. Evaluation and feedback are known to be cornerstones for
the continuousmprovement in building procurement. Thus, for an effective feedback
system there is a need for Post Occupancy Evaluation (POE). Post Occupancy
Evaluation involves systematic evaluation of opinion about buildings in use, through
careful analysis of buildgs from all relevant viewpoints, particularly the users of the
buildings. It is equally a tool used by facilities managers to account for building
quality, most especially when planning refurbishment of existing buildings. It helps
clarify perceived strerts and weaknessin order to focus resources where they are
needed.

From past researches carried out (Brill, WilsonDecker, 1984; Ellis, 1988;

Wolfgang, HarveyandEdward, 1988; Van Wagenberg, 1989; Zubaind Olagunju.

2003), the participation e users has been found to generate greater commitment to
solutions and more willingness of users/owners to accept shortcomings. Consequently,
POE of existing buildings involves relevant groups such as architects, engineers,

estate surveyors, developarsnufacturers but predominantly users. There is growing

global desire to assess and investigate performance of buildings after being occupied

due to its enormous influence on the occu
wor kpl ace anddstakehol dersd nee

! stellazubairu@gmail.com
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THE PROCESS OF POSTOCCUPANCY EVALUATION

Postoccupancy Evaluation is a method of measuring the performance of a building in
use, with respect to the brief, the goals of the design team, and the activities and
feelings of the users (Van Wagenberg, 1989Zubai ru, 2006). The
occupants evaluate the suitability of the building to meet their particular needs
(Barrett, 1995). The term Post Occupancy Evaluation (POE) was coined over 25 years
ago and comprises all activities that originate out ahterest in learning how a

building performs once it is built and occupied, including if and how well it has met
expectations and how satisfied building users are with the environment that has been
created. Precisely, Post Occupancy Evaluation involveeragsic evaluation of

opinions about buildings in use, from the perspective of the people who use them.
Preiser, RabinowitandWhite (1988) further defined POE as a process of evaluating
buildings in a systematic and rigorous manner after they have béeartal occupied

for some time. Many actors participate in the use of buildings, they include investors,

owners, operators, maintenance staff, and perhaps most important of all, the end users.

Post Occupancy Evaluation (POE) differs significantly fromvemtional surveys and
market research. It uses the direct, unmediated experiences of building users as the
basis for evaluating how a building works for its intended purpose.

There are three levels of POE: Indicative, investigative and diagnostic. Tib&tivel

POE is the first level carried out in a short period of time to determine whether there
are serious problems in the building. The next level is the investigative POE which is
carried out after an indicative POE has identified issues that neeérfurth
investigation. The third level is the diagnostic POE which may take from several
months to a year and the results are {tergh oriented to improve not only a

particular facility but also the state of the art in a given building type.

Post occupancy eluation involves measuring the suitability and convenience of
facilities through the following:

(i) Systematic consideration of opinions of users about buildings in use
(i) Onsite inspection of existing infrastructure
(iii) Prescribing possible means of improvemerthete facilities

Equally, POEs are used for many purposes including;

(a) Developing new facilities

(b) Managing and improving on existing buildings

(c) Establishing better building and maintenance standards.
In conclusion, as in every endeavour in life, it is impdrtanone to stop, look back
and assess or evaluate his or her performance over a period of time, it is necessary to
evaluate buildings to determine their strengthd weaknesses. All buildingse
substantial investments and their effective functionsngfien critical to success of
businesses in office environments, while the safety and comfort of users is critical to
optimum performance by the users. Therefore the importance eb&ngtancy
evaluation in the area ofgearch in the built environmecd&nnot be overemphasised.

The next topid want to briefly dscuss is sustainable buildings.
SUSTAINABLE BUILDING S

One of the Millennium Development Goals (MDGS) is to ensure environmental
sustainability. In the building construction sector, most oftenenvironment is
adversely affected trees are cut down, bushes and grasses are cleared, soils are
excavated, and the construction process generates air and noise pollution (Gonchar,

10
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2007; JimohlandBanuso2008). Raw materials extraction for buildingats to

depletion of natural resources which are often not replenished. Decisions made at the
drawing board stage have letgym environmental consequences. Building
professionals, as the dgsers of buildings, have to lasvare of the importance of the
design of sustainable buildings. Sustainable buildings are buildings which are
environmentally friendly, that is, buildings which have minimal adverse effect on the
environment, utilizing renewable sources of energy and as muctcytled

materials as po#de. Passive use of solar and wind energy can be achieved if the
building is properly designed and oriented. With the poor power generation and
distribution in Nigeria, the design of energy efficient buildings becomes even more
imperative. This can alscelachieved in sustainable buildin@abairu, 2009)

The average Nigerian is not aware of the importance of sustaining the environment.
This lack of awareness needs to be addressed in universities where both lecturers and
students need to be made more canss of the dire need for sustainability of the
environment.

WHAT ARE SUSTAINABLE BUILDING MATERIALS?

Sustainable building materials, also know
building materials, are materials which can be easily replenisheecgcled, have

lower toxicity and higher energy efficiency. Building construction consumes 40% of

the raw stone, gravel and sand used globally each year; it consumes 25% of the wood,
40% of energy and 16% of water used worldwide (RodamatLenssen, 1995)

Timber for example, is a common and frequently used building material. As trees are
cut down to provide timber for building and other purposes, are new trees being
planted to replace those cut down? Building professionals have a responsibility to
ensurehat the materials we specify are environmentally friendly or sustainable. This
knowledge must be imparted to students of environmental sciences so that it becomes
a basic part of their thinking process.

Building professionals may ask what attributes mabeilding material sustainable?
How can environmental sustainability of a building material be measured? This is
where research institutig like universities ancesearch centres come in. Such
important issues require in depth and continuous research.

Research into sustainable building materials was carried out by DiJd#oKgn and

his research team from the University of Michigan in the United States of America.
They determined that the presence of one or more of the following features would
helpincet er mi ni ng a b lativd sdstaimapilitynfléirh, Rigdoemtl 6 s r e
Graves,1998):

Prebuilding Phase: Manufacture

1. Waste Reduction

2. Pollution Prevention

3. Recycled Content

4. Embodied Energy Reduction

5. Use of Natural Materials
Building Phase: Use

1. Energy Effciency

2. Water Resistance

3. Use of noror lesstoxic Materials
4. Renewable Energy Systems

11
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5. Longer Life
Postbuilding Phasé Disposal

1. Biodegradability

2. Recyclability

3. Reusability
The survey results indicated that positive gains have been made in the production o
sustainable building materials but less emphasis has been given to thailasy
stage i.e. how degradable is the building material, can it-bgcted or reused after
the building has exhausted its life span? These are questions which building
professionals also need to look into.

RESEARCH AND TEACHIN G OF ENVIRONMENTAL
SUSTAINABILITY IN AR CHITECTURE

Dr Kim also carried out a survey of architectural educators to determine the extent of
environmental education in the field. The survey involved@airedited schools of
Architecture in the United States and Canada. The results indicated that there was a
significant shortage of teaching materials designed specifically for sustainable
architecture.

| have carried out a survey of schools of Architectardigeria(Zubairu, 2007 and

have discovered that there is no school of Architecture with an environmental
laboratory to enable staff and students to carry out various tests on building materials
to ascertain their environmental sustainability. Someadeyents of Building have
laboratories but they focus more on concrete tests such as slump test and crushing
tests for bricks and sandcrete blocks. Research students in ArchiteaduBailding

should be able to subject natural materials such as timbaritas tests to determine

its behaviour under specific environmental conditions in specific patte country

What is the anticipated life spanfof examplea brick building expsed to constant
harmattan dusas opposed to such a buildinglme Nger Delta area of Nigeria

These are the types of experiments that can be conducted and the results will enable
researchers to produce a compendium of sustainable building materials indicating the
life spans of various building materials under differantimnmental conditions. Re
cycling tests can also be carried out as well as biodegradability tests. From the results
of such experiments, the possible innovations in material use are numerous.

CONCLUSION

Sustaining the environment in which we live is verycial to the survival of man on
this planet. Every individual must be an active participant in ensuring this
sustainabity. Building professionals, as active participantshia built environment,

are expected to lead the way in this global concerse&eh into sustainable building
materials and sustainable buildings should be accorded the importance it deserves.
Adequate funding is essential amsearch institutions in West Africhould initiate

an aggressive drive to seek for funds to facilitheeresearch proce$3esearchers
should make environmental sustainability an integral paheof thinking process

this process should be continuadractice so that every building professional will
focus onsustainability m the construction industry

On this note, | wish all the participants at this conference a very fruitful discourse and
it is my hope that the final research findings of these scholars will result in
improvements in the quality of the built environment in West Africa in particaldr a

the whole world in general.

12
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EFFECTS OF CURING CONDITIONS ON
COMPRESSIVE STRENGTH DEVELOPMENT OF HIGH
STRENGTH CONCRETE

A.E. Abalaka' and O. G. Okoli?
!Department of Building, Federal University of Technology, Minna, Nigeria
’Departrrent of Building, Ahmadu Bello University, Zaria, Nigeria

Compressive strength development of high strength concrete (HSC) cubes cured in
water and ambient air (uncured) were investigated at different ages and free
water/cement (w/c) ratio of 0.35, 0.45 amé5. In both conditions, the results show
substantial compressive strength decrease of cube specimens with increase in free wic
ratio at all the ages tested. Compressive strength decreases were recorded for all the
ages tested for uncured specimens copghEo water cured specimens at w/c ratio of
0.35. The maximum compressive strength decrease recorded for uncured cubes was
26.28% lower than water cured cubes at 28 days at free wi/c ratio of 0.35. The results
show that wet curing is very important in coregsive strength development of

concrete and the absence of wet curing would result in substantial compressive
strength reduction.

Keywords: compressive strength, curing, hydration

INTRODUCTION

Curing is the process used for promoting the hydration of cement and consists of a
control of temperature and of the moisture movement from and into the concrete; with
the aim of keeping the concrete saturated or as nearly satusgiedsible until the
originally waterfilled space in the fresh cement paste has been filled to the desired
extent by the products of cement hydration (Neville, 1981). Hydration of cement can
be defined as the combination of all chemical and physical gseseahat take place

after contact of the anhydrous solid with water (Stark, 2011). For hydration to
proceed, it is important to saturate calcium silicate hydrate (CSH) gels with water
(Taylor, 2000). Proper curing reduces the rate of moisture loss avidgg@

continuous source of moisture required for the hydration that reduces the porosity and
provides a fine pore size distribution in concrete (Alamri, 1988).

HSC mixes have cement content higher than 400kgiith compressive strength
greater than 3@pa at 28days (Long, 2008). The internal structures and properties of
HSC are so different from normal concrete that they are given separate classification
by ACI Committee 363(1998). HSC is used mainly in the construction of bridges,
high rise buildingspre-stressed concrete and high performance structures. The
improved microstructures of HSC gives improved permeability, sorptivity and other
durability properties to concrete and its high compressive strength produces slim
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concrete sections. These improents in properties of HSC facilitate the construction
of structures with long service lifespan and low life cycle maintenance cost.

Earlier works by Gonnerman and Shuman (1928), Price (1951), show that concrete
continuously uncured in air had lower congzi@e strength compared to water cured
concrete at all the ages tested. The work of Soroka and Baum (1994) showed that at
28 days, compressive strength of concrete cube specimens continuously wet cured was
40% higher than those uncured and at 90days spesicontinuously moisture cured

had compressive strength 20% higher than those of uncured cubes. Increase in
compressive strength and other mechanical properties of concrete by continuous water
curing are attributable to improved gel/space ratio in com¢hgville 1981).

Guneyisi et al. (2005) reported compressive strength loss20%0of concrete cubes

that were ambient air cured compared to cubes that were wet cured. Compressive
strength losses were recorded at ages of 28, 90 and 180 days for ailnespéhat

were air cured compared to wet cured cubes. Wet curing was reported to be more
effective in improving compressive strength at later ages for higher w/c ratio specimen
than lower wi/c ratio specimen.

Alizadeh et al. (2008) reported compresstrength increases of concrete cubes cured
in water compared to air cured cubes at 7 and 28 days using Portland cement at
cement content of 400kgfrBushlaibi and Alshamsi (2002) reported substantial
strength reduction only at 270 days for air cured cudlesive to water cured cubes in
HSC in arid environment.

The degree of hydration of cement is dependent on the vapour pressure. The work of
Powers (1947) shows that the degree of hydration is negligible at a vapour pressure
below 0.3 of the saturatiomgssure and low hydration occurs at a vapour pressure of
0.8 of the saturation pressure. Spears (1983) opined that cement hydration does not
improve when cured at relative humidity below 80%. This shows the importance of
saturating concrete by continuoustting with water to saturate the pores, thus

promoting cement hydration. When concrete is not cured by continuous immersion in
water, the vapour pressure in the pores would drop below saturation pressure and
compressive strength reduction would occurrthiermore, only half of the water

present in paste can be used for chemical combination, even if this is less than that
required for combination (Powers 1947, Neville 2006). The quantity of uncombined
water is also known to affect microscopic pores in cetec Measurements by

Friedemann et al. (2006) using nuclear magnetic resonance shows that total volume of
capillary pores and their size increases with increase in w/c ratio. These indicate that
w/c ratio of a concrete mix would affect vapour pressureuahdt i mat el y it 6s
compressive strength; particularly when addition external water was not provided as
exemplified in uncured cubes and the aim of this study was to determine the effect of
w/c ratio on compressive strength development of concrete that wi@asuomsly

cured and uncured.

Standard concrete specifications are usually based on 28days strength of concrete
cubes continuously cured in water. In practice, site concrete rarely have the benefit of
the continuous wet curing method used in the laborathrg to technical difficulties

in providing continuous wet curing for concrete elements. Though ACI 305
recommends continuous water curing for at least the first few days when concreting in
hot weather when moisture loss could be high, this is partigudficult in site

concrete practice for vertical elements. In this study, the compressive strength
development of HSC cube specimens continuously cured in water and those stored
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ambient in air in the laboratory in Zaria, Nigeria was investigated. Isttioe sense

of curing, cube specimens stored on the laboratory floor would be uncured. The
ambient air curing simulates practical concrete production since site concrete elements
are not usually subjected to continuous water curing. An understandirgeffebts

of uncured and wet curing conditions on compressive strength development of HSC is
important in developing good concrete practice for this class of concrete. This is
particularly important in concrete specifications and practice in the Nigerian
environment.

MATERIALS AND METHOD

A commercial brand of ordinary Portland cement (OPC) available in Nigeria was used
for this study. The compositions of the OPC used are given in Table 1.

Crushed granite of 20mm maximum size with specific gravity of 2 &3 wsed as

coarse aggregates, and natural river bed quartzite sand with specific gravity of 2.73
was used as fine aggregates. The results of the sieve analysis of the aggregates are
given in Table 2. The particle size distribution of the fine aggregatesspond to

zone 2 sand by the BS 882: 1983 classification. The concrete mix pooparsed are
given in Table 3.

Table 1. Composition of OPC by XRF.

Sio, Al,04 Fe0s; CaO MgO SO, K20
24.79% 6.35% 0.92% 58.50% 2.87% 4.91% 0.80%
Na,O Mn,0, P,0Os TiO, Cl- SR AR
0.65% 0.0% 0.15% 0.06% 0% 3.41 6.88

SR: silica ratio=Si@ (Al,Os+F&0s3), AR=alumina ratio= AlOs/Fe,03

Table 2. Particle size distribution of aggregates as percentage by weight passing sieve sizes.

Sieve size (mm)

20 10 5 2.36 1.18 0.60 0.30 0.15
Fine - - 92.4 81.6 61 38.3 14.5 5.3
aggregates
Coarse 95.00 40.62 0.80 - - - - -
aggregates

Table 3. Concrete mix proportions.

Cement content Sand Coarse aggregates Free wic ratio

530kg/n? 458kg/ni 1,302kg/nd 0.35, 045, 0.55

The concrete was mixed in a tilting drum mixer for 2minutes, and manually

compacted in two layers in 100mm steel moulds. Forty 100mm cubes were cast for
each concrete mixture. A chloride free |1
ConplastP505) complying with BS EN 934 standard was used to increase the slump

of lower w/c ratio mixes. After 24hrs in the moulds, the cubes werealéed and

cured in water and on the laboratory floor. The cubes that were cured in water were
removed at 3,7,14nd 28days from water, excess surface water wiped off and the
compressive strength determined using ELE ADR 3000 digital compression machine
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at a loading rate of 3.00kN/s. The compressive strength of cubes stored on the floor of
the laboratory was deternad at ages 3,7,14 and 28days. Concrete cubes cured in

water were used as control. Three samples were tested for each parameter investigated
and the results are average of test results of three samples.

RESULTS AND DISCUSSION

The effects of curing conditi@on compressive strength of concrete specimens at free
w/c ratio of 0.35, 0.45 and 0.55 at different ages are given in Table 4. Percentage
compressive strength losses of uncured cube specimens compared to control are
shown in Table 5.

From the results iffable 4, at a w/c ratio of 0.35, compressive strength increases with
age were recorded for both uncured and continuously water cured specimens.
Percentage compressive strength losses for uncured specimens appeared to increase
with age at this w/c ratio waita maximum value of 26.28% at 28days. Water plays an
important role in the hydration of cement and at the low w/c of 0.35, less water is
available for hydration and this combined with the effect of loss of moisture from the
concrete produced the high coregsive strength loss recorded. Self desiccations

would result in lower pore vapour pressure, resulting in strength reduction. This
appears to account for the continuous increase in compressive strength losses with age
at this w/c ratio. Low w/c concretese known to be more susceptible to moisture loss
(Bentz et al.). The low compressive strength of 52.71N/atr28 days at this w/c was

due to the high dose of the plasticizer used for this mix.

At a w/c ratio of 0.45, the maximum compressive strengthdbascured specimens
recorded at 28 days was 1.59% compared to water cured specimens. At 7 days,
compressive strength increase was recorded for uncured cubes compared to control
and this was the only compressive strength increase recorded for uncuredtcube
does appear that equilibrium of moisture loss and water required for optimum
hydration at 7 days was responsible for this strength increase. Though a wi/c ratio of
0.45 would be considered to be too high for a HSC mix, it does appear to have the
leasteffect on compressive strength loss for uncured cube specimens. An
understanding of this effect is related to hydration dynamics in concrete. Hydration of
cement takes place in concrete only in water filled capillaries and the maximum
hydration proceedd aaturation vapour pressure. In addition, proper curing of
concrete in theory requires that water filled paste in the fresh cement paste be
occupied by hydration products. Though sidticcation was evident in the results of
compressive strength at 28yddor uncured specimens, the concrete at this w/c ratio
appears to have the lowest compressive strength loss at 28 days as a result of
improved hydration. It does appear that at this w/c ratio, pore vapour pressure was
most favourable for more hydration.

At w/c of 0.55, compressive strength increases with age were recorded for both
uncured and water cured cubes at all ages. An increase of w/c ratio from 0.35 to 0.55
resulted in compressive strength loss of 31.37N/imn%9.51% at 28 days for water
cured cibes and strength reduction of 18.47N/fam47.53% for uncured cubes at
28days. As opined by Stark (2011), much of the mixing water in concrete is used in
chemical reactions with cement and the remainder still being in the liquid state is
enclosed the miostructure of the concrete. The remaining water is directly
responsible for porosity of the hardened cement paste that affects mechanical and
transport properties of concrete. It is known that increase in w/c ratio leads to
increases in porosity of theatrsition zone in concrete that result in strength reduction
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(Elrahman et al. 2011, Prokopski and Langier 2000). Higher w/c ratio has been
associated with larger pore size in cement hydration (Friedemann et al. 2006). The
maximum compressive strength lossarded at 28 days for uncured cubes at this w/c
ratio was 4.45% compared to control. The results recorded at this w/c ratio indicate a
general reduction in percentage compressive strength loss of uncured cubes with age.
This percentage reduction of corapsive strength loss with age of uncured specimens
compared to the values recorded at a lower w/c ratio of 0.35 can be attributed to
addition water available for hydration at a higher w/c ratio to compensate for moisture
loss in the concrete. However theewf higher w/c in concrete leads to lower
compressive strength and reduction in durability properties (Abalaka et al. 2010,
Abalaka et al. 2011).

Table 4. Effects of curing conditions on compressive strength development of HSC.
Free  Plasticizer Slump Uncured Wet cured
wlc (I/m3) (mm)  Compressive strength (N/min Compressive strength (N/mfn
ratio

3days 7days 14days 28days| 3days 7days 14days 28days

0.35 5.7 90 29.03 3424 36.64 38.86 | 3542 41.68 45.73 52.71
0.45 11 200 2213 2996 31.00 3340 |23.82 27.68 33.69 33.94
0.55 0 200 13.29 16.25 1856 20.39 | 1520 16.99 21.01 21.34

Table 5. Percentage compressive strength losses with age of uncured cubes.

Free Percentage compressigtrength losses of uncured
wi/c cubes relative to control
ratio

3days 7days 14days 28days
0.35 -18.04 -17.85 -19.88 -26.28
0.45 -7.09 +8.24 -7.98 -1.59
0.55 -12.57 -4.36 -11.66 -4.45

The results in Tables 4 and 5 have shown the importance of w/arabmpressive
strength development of concrete. Higher w/c ratio could reduce compressive of HSC
concrete mix to that of normal strength concrete. The results further shows that the
low w/c ratio mixes were more susceptible to moisture losses that auddsaly

affect compressive strength at 28 days. Increase in compressive strength of water
cured cubes relative to uncured cubes is due to continuous hydration resulting from
the saturation of concrete pores with water. By saturating the concrete péres wit
water by continuous water curing, the growth of CSH gels that are responsible for
strength of concrete would be promoted,; this effectively improves the gel/space ratio.
Self-desiccation of concrete resulting in compressive strength loss could be arrested
by providing adequate curing to hardened concrete.

CONCLUSIONS

The relatively low values of compressive strength recorded for the HSC mix used for
this study at all the ages of cubes tested at w/c ratio of 0.35 and 0.45 was due to the
high dose of the p#icizer used.

The results of this study show that while low wi/c is very important in achieving high
compressive strength in concrete mixes, it could result in higher compressive strength
losses if moisture loss was not controlled. The results also $igovwportance of

water curing in continuous hydration of calcium silicate hydrate gels in concrete,
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particularly at low w/c ratio. Though practical concreting would not permit complete
water immersion curing method used in laboratory research work, ptaiing
methods like continuous water spraying and application of memifoaméng curing
compound to fresh concrete are very important in optimizing compressive strength
development. The results in this study have shown that when proper curing is not
provided substantial compressive strength reductions would result particularly at low
w/c ratio mixes.
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ASSESSNG THE STRUCTURAL IN TEGRITY OF
EXISTING BUILDING S TRUCTURES

A. D. Ab YIluK. Bubare B.Dahiru and U. A. Ahmed
Department of Building, Ahmadu Bello UnivigysZaria, Nigeria

Generallybuilding structuresareoftenexposed to several factors that lead to their
decay It is therefore necessary to periodically establish their integatiety and

reliability in order to ensure their serviceabilifijhus, thispaper presents the results

of condition assessment of selected builditrgctures in Ahmadu Bello Universjty

Zaria, Nigeriawith a viewto establishingtructural adequacgafetyand reliability.

Visual inspection and detailed condition assessmeritaired general information

of the buildings and structural defects, damages, distress, deformation and/or material
deterioration was carried using some of the-destructive test (NTD) techniqueés.

total of eight buildings wereonsidered and in eachililing threestructural elements
(each) namely columns, beams and slabs were stuRlgsalilitsshow that although
deterioration was observed which was mainly due to environmentaldzataiack

of regular maintenance. The result of the study shows Hhaeeabuildings examined

have a mean compressive strength, rangetgeerb1IN/mn’and57.3N/mnf, which

is well over and above the minimum provided by British Standar@ié ¥fmnf. This

is very important in view of the fact that emphasis is made on sabiliiy in almost

all development activities. Thus, this research would enable authorities/management
to take an informed decision of maintaining these structures, instead of demolishing
them. It also enables users of such buildings to have rest ofintlrad the structural
integrity of the buildings are, indeed, intact; as such, no need for apprehension.

Keywords: building structure, nesestructive testtsictural integriy

INTRODUCTION

Buildings are structures, which serve as shelters for man, his properties and activities
(Ayininuola and Olalusi, 2004Building structures are juske people theyget older

with time, requires cheelqps, becores sick, requires treatment when ill, and can be
placed on lifesupport. On the other haralilding structures can maintain their good
health with age if properly cared for,arined and treated when needed (Robert,
2009).The dependability of a structliisystem $ a comprehensive concept that,
definition, describes the quality of the system as its ability to perform as expected in a
way that can justifiably be trusted. One of the attributes of dependability is integrity,
which can be interpreted asthbsence of improper alterations of the structural
configuration. According tthe Cambridge based companydnited KingdomTWI

Ltd structural integrity service (20043tructural integrity is the safe design,

assessment and operation of components tamctgres under load. It integrates

aspects of stress analysis, materials behaviours and the mechanisms of failure into the
engineering design process. The assessment of the integrity during the whole life
cycle can be carried out efficiently by implemegta monitoring system able to
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detect and diagnose any fault at its onset. Structural failure does not necessarily imply
structural collapse but in most cases manifest the loss of structural serviceability, as
characterized by concrete spalling and theesgive deflection of concrete members
(Broomfield 1997, Chaker 1992, Schiessl 1988). Practical experience (Dhir and
McCarthy, 1999) and experimental observation (li 2003) suggest that corrosion
affected concrete structures deteriorate at different rat@easured by strength and
serviceability with the latter deteriorating faster.

Rehabilitation offers relief to structures through repairs and restoration. The decision
to repair or replace a structure or its component can be taken only after consideration
of likely service life of the structure based on technical and economical evaluation.
Once a decision based on preliminary investigation is taken to carry out the repair,
proper diagnosis, identification and extent of distress in structural membersbieas to
correctly assessdtmre, 2002) A detailed methodology should be developed which
should include available method of repair and repair materials.

Non-destructive testNDT) is generally dehed as a method of test that does

impair the intended pernfmance of element or member under investigation (Chai,

1996). It can be done during and after constructiosemice, maintenance. The main
objective of the nomlestructive test, for the former are for quality control and

monitoring of strength at longtm development, the latter are to establish structural
adequacy and material deterioration against time and environment. This method offers
a lot of advantages as there are wider and far reaching aspects of concrete that can be
investigated using thesecteniques. In addition, it is faster, cheaper and little or no
damage is done to the building structure being tested.

INTERPRETATION OF REBOUND VALUE

TheNational disaster management division, ministry of home affairs, Government of
India, New Delhi, in 20@ prepared a methodology for Condition Assessment of
Building in which the quality of concrete is interpreted in relation to the average
rebound number as shown in tablé.dcations having very low rebound numbers
indicate weak surface concrete and magfbected by corrosian

Table 1:Average Rebound Number and Quality of Concrete

Average Rebound Number Quality of Concrete
>40 Very good hard surface
30to 40 Good layer

20 to 30 Fair

<20 Poor concrete

0 Delaminated

SourceThe National disaster magament division, ministry of home affairs,
Government of In@, New Delhi, in (2007)

EVALUATION O F CONCRETE STRENGTH

The determination of concrete strength can be divided intoibgiwidual evaluation

and sampling evaluatioThe usual sequence is alidws: first set the strength of test
zone, then the strength of test specimen, and then the strength of member and the
strength of the whole structure. On general condition, individual member are used as
the basic units for evaluation the strength of cetecon the basis of evaluating for
whole structure can be carried out.
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RESEARCH METHODOLOGY

A total of eight (8) buildings were selected and nine (9) structural elements of each
were assessed. (three (3) columns, beams and slabs of each building)ahatahgf
seventy two (72) structural elements. The rebound haneadmgsveretakenin a
horizontal position for column and vertigadsition for beams and slabs using the
guidelines by BS 1881 Part 202 (1986).

FIELD SURVEY AND FIELD TEST

Data was colicted using questionnaire, literature review pasbrdson building

structures, visual inspection and rebound hammer test were carried out on the selected
buildings.The purpose of questionnaire and review of past records about the buildings
is toacquie information abouthe history of the buildings in relation to construction,
inspection and maintenance while thain purpose of visual inspection is to observe

and note down all the items of distress or design deficiency and their locations,
supported ly sketches and drawings, while the rebound hammer was used for surface
hardness measurememtd strength éisnation of the concrete structures

The SADT HT- 225A concrete test hammer operation manual provides a procedure
for evaluation of concrete strehgrom rebound value which is evaluated using the
eqguation below.

R, 2R

Wher@ 6R the mean strength value of the
structure element or member evaluated indiviguall

Shariati et al (20)1provided an equatiorthat could be used to conveeboundo
compressivetrengthvalue,but the best fit line, which represents the relationship
between the rebound number and the compressive strength of concrete, is a straight
line which has the following equation:

fo(R)=1.7206R- 26.595
where, R is the rebound number

The number of used thin the correlation is n = 18, thug’ valuewasfound to be
93.6%, which indicates a significant correlation. The 95%liptien interval is quite
narrow (fc £4.42 MPa) where most of the data valuesadtlein this interval (Figure
1). The standard error are found to be S.E. = 2.1024.

Fe(NPa)
L3

Fig L Rebound number/compressive stréngplibration curveSource: Scientific
Research and Essays Vol(1§, pp. 213220
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A comparative analysiwas made, wherhe strength determidéoy standard

procedure irthe SAD TH225 operators manual wasmpared with relationship

derived byShariati et al (201)1discarding the values thateaout of range of

+4.42MPa and computing the average of the acceptable value to establish the strength
of the individual building structure. For proper carrying out rebound hammer test a
checklistwas usegdwhich gives guidelines in carrying out the tast stated by ASTM

C 805.

RESULTS AND DISCUSSIONS
Inspection and Maintenance History of the Building Structures
Table 2:Age of the Selected Building Structures

Building Structures Construction Date of Age of the Contractors involved in the
periods Inspection Buildings  constructions
(yrs)
Amina Female Hostel  (Block A1) 19701977 2011 34 B. StabiliniandCo Ltd
Alh, Ali Kotoko andSon
Departments of BuildingndURP 19751982 2011 29 Records not available
Environmental Design Studio 19751982 2011 29 Records not available
Geomatics Engineering Ware House
19831986 2011 25 B. StabiliniandCo Ltd
lya Abubakar Computer Center 19741980 2011 31 E.M MichelettiandSon
Senate Building 19751980 2011 31 A.G Ferrero
Suleiman Male Hostel ( Block A7 19701977 2011 34 B. StabiliniandCo Ltd
Alh. Ali Kotoko andSon
Water Resource Department 19831986 2011 25 B. StabiliniandCo Ltd

Table 2 shows that selected building structures have spent more thanfiveggars

of age; therefore they are digg assessment of structural integrity as required by

Building Structural assessment code of practice. The standard period for assessment of
building structures as stated in the Building and Construction Authority (2012) in the
periodic structural inspeioin of existing buildings, guidelines for structural engineers

t h ®driodit structural inspectiodare carried out based on the followiingquency:

every 10 years for buildings where at least 90% of its floor area issokay for

residential purpose andevery 5 years for all other buildings.

Table3: Frequency of Inspection and Maintenance of the selected Buildings

Frequency of Occurrence

Building Structures Age of the  Expected Inspection Maintenance
Building Standard Carried Out Carried Out
(yrs) Structural
Inspection
Amina Female Hostel (Block Al) 34 3 0 2
Building andURP Department 29 6 0 2
Environmental Design Studio 29 6 0 2
Geomatics Engineering Ware House 25 5 0 1
lya Abubakar Computer Centre 31 6 0 2
Senate Building 31 6 1 1
Suleiman Male Hostel Building (Block A7) 34 3 1 1
Water Resource Department 25 5 0 1

Table 2 shows the numbers of times the buildings were inspected and routine
maintained was conducted. This clearly shows the adequacy of inspection and
maintenance ahe structures are below the standard, with exception of Amina Female
Hostel which has 66.67% of maintenance activities. The lack of adequate maintenance
can cause material deterioration and decay of the building structures and lead to their
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damages, whit affect integrity and safety for uses. Some of the observed
deteriorations are shown in plate 1 to 6.

Table 3: Percentages of Inspection and Maintenance carried out on the Selected Buildings in
Relation with the Expected

Percentage of Occurrence

Building Structures Age of the Inspection Carried Maintenance Carried
Building Out (%) Out (%)
(yrs)

Amina Female Host¢Block A1) 34 0 66.67

Building and URP Department 29 0 33.33

Environmental Design Studio 29 0 33.33

Geomatics Engineering Ware House 25 0 20

lya Abubakar Computer Centre 31 0 16.67

Senate Building 31 16.67 16.67

Suleiman Male Hostel Building (Block7) 34 33.33 33.33

Water Resource Department 25 0 20

Plate 1: Spalling of Concrete Rendering Plate 2: Cracking of Conete Beam

2 e v

)

W\

Plate 3: Leakage of Service Pipe in Slab Plate 4: Cracks on Facial Column
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Plate5: Front view of the sinking Block A7 Plate 6: Side View of the sinking Block A7

Table4: Salient Features #&mina Female Hostel (Block Al)

NAME OF BUILDING: AMINA FEMALE HOSTEL (BLOCK Al)
SALIENT FEATURES

Period of Construction: 19701977

Investigation Done: 2011

Age of the Building: 34yrs

Frequency of Maintenance: Twice

Type of Structure: Three Story Riaforced Concrete Structure

Type of Foundation: Pad Footing

Name of Contractors Involved in its Construction: B. StabiliniandCo Ltd and Alh. Ali KotokoandSon

Visual Observationsf Amina Female Hostel (Block Al)

i.  Cracking and spalling of concrein reinforced concretgements
ii.  The quality of repairalready carried out is paor
iii.  The external plastes damaged asomeplaces.
iv.  Reinforcement is exposed and corrodedome areas
v. Vegetation growth observed in the wall.

NON-DESTRUCTIVE EVALUATION (REBOUND HAMMER TEST FOR

AMINA FEMALE HOSTEL (BLOCK A1l))

Table 5 shows the concrete elements have an average rebound values greater than 40
which implies the quality of concrete is still very good and has hard surface for
protection of steel from the inggs of environmental factors, as shown in Table 1 by

the National Disaster Management Ministry of Home Affairs (2007), hence minor

repair would be needed to establish their reliability and safety visually. Photographs
are not allowed to be taken in the fmhostels for security purpose, therefore plate

for the visual inspections of these buildings are not available.
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Table 5:Amina Female Hostel (Block A1) Rebound Value for the Concrete Columns,

Beams, and Slabs

Element 1 2 3 4 5 6 7 8 9 10 Average Rbound
Value (R)

Column (ground floor) 42 44 41 46 44 43 45 45 43 46 439

Column (ground floor) 46 46 44 44 45 45 46 45 46 47 454

Column (first floor) 43 43 45 44 46 43 46 45 42 45 44.2
Beam (first floor) 49 47 49 48 48 46 47 49 46 46 47.5
Beam (secodh floor) 47 48 49 47 45 49 49 47 48 48 47.7
Beam (third floor) 47 46 45 49 47 47 49 49 49 48 47.6
Slab (first floor) 44 43 41 41 40 42 42 40 41 42 416
Slab (second floor) 43 43 43 40 40 41 42 43 43 43 421
Slab (third floor) 45 44 40 40 41 42 40 41 44 43 42

Table 6:Mean Strength Estimation for the Elements of Amina Female Hostel (Blbck
using SADT HT-225A Operation Manual Procedure

Compressive Strength of Selected Elementg (R Mean
Compressive
Strength (R)
Elements 1 2 3 4 5 6 7 8 9 10 N/mn

Column Gf  45.9 50.4 43.7 55.0 504 48.1 52.7 52.7 48.1 55.0 50.2
Column Gf  55.0 55.0 50.4 504 52.7 52.7 55.0 52.7 55.0 57.5 53.6
Column Ff  48.1 48.1 52.7 50.4 55.0 48.1 55.0 504 459 527 50.6

Beam Ff 53.6 48.7 53.6 51.3 51.3 46.5 48.7 53.6 46.5 46.5 50.0
Beam Sf 48.7 51.3 53.6 487 441 53.6 53.6 487 513 513 505
Beam Tf 48.7 46.5 441 53.6 48.7 48.7 53.6 53.6 53.6 513 50.2

Slab Ff 42.0 39.7 355 355 336 37.7 37.7 33.6 355 37.7 36.9
Slab Sf 39.7 39.7 39.7 336 33.6 355 37.7 399 399 399 379
Slab Tf 44.1 420 33.6 336 355 37.7 336 355 420 39.7 37.7

ssssssssssssssss
ELEMENTS

Figure 2: Strength of Amina Female Hostel (Block Al) Elements
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Comparison of the strengths determine using procedADT HT-225A Operation
Manual with Shariati et g2011)formula for Assessing strength of reinforced
concrete structures, to establish the strength of Amina female Hostel (Block Al)

Table 7 Compressive strength comparison

SADT TH-225A Differences ofhe

Procedure Shariati et al Etimation Two Method of Acceptable
for Estimation of Srengt{Nimn) Estimating Strength
of Strength (1.7206R26.595) StrengtiNimn)

50.2 48.1 2.1 50.2
53.6 50.7 2.9 53.6
50.6 48.7 2.0 50.6
50.0 54.3 -4.2 50.0
50.5 54.6 -4.1 50.5
50.2 54.4 -4.2 50.2
36.9 44.2 -7.4

37.9 45.1 -7.2

37.7 44.9 -7.2

Source:Comparative Analysis 2011

N 2 50.2 +53.6 + 50,6 + 50.0 + 50.5 + 50.2
Strength of the Structure Rf ): c
m

&

N
Strength of the Structure Rf_, = 50.9—
mm

CONCLUSION AND RECOMMEND ATION

In view of the appreciable number of old structures still in use today, more attention
should ke paid to preservation and rehabilitation issues. A sound safety assessment
cannot be based solely on the visual observation of cracks and signs of damage in
structuralelements. The evolution and interaction of different assesgghenbmena
should be cosidered instead. This is why structural monitoring is taking on ever
greater importance in the wholeopess of reliability assessmeint this connection,
thenondestructive tesiechnique can be highly effective.

From the summary of the findings, théested building structures ages range between
25- 35yrs which is within useful life span of public and residential building as stated
by Xi, (2009) who established that the span of building structures range between 50
70 years. Even though the buildingsjuired properagular maintenanc@heresult

of the study shows that all the buildings examined have a mean compressive strength,
ranging between 51N/mm2 and 57.3N/mm2, which is well over and above the
minimum provided by British Standards of 21N/mmthis higher value of

compressive strength is obtained because the average rebound number value is over
40 (NDMDHA, 2007), and this could be due to age of the buildings, which was
established from the literature that as concrete ages, its compressivéhstreng
increasesThisfinding is very important in view of the fact that emphasis is made on
sustainability in almost all development activitiés the least of this, is the need for
conservation of resources. In construction work, maintenance is mucheg¢pan

new construction workThe result of thisesearch would enable
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authorities/management to take an informed decision of maintaining these structures,
instead of demolishing them. It also enables users of such buildings to have rest of
mindT that the structural integrity of the buildings are, indeed, intact; as such, no need
for apprehensiorAdditionally, the result of this research would serve as a viable
option for testing the structural integrity of buildings using the core (coring) test,
which is nondestructive in nature.

RECOMMENDATION

Proper record keeping of documents about the buildings should be ensured and
maintenance officers of various building structures should be trained to ensure they
have knowledge about the buildings they are meaimg, so that thorough knowledge
and application of method to employ in carrying out investigation and maintenance is
enhanced.

Proper diagnosis and inspection of buildings should be carried out before any kind of
repair or rehabilitation is carried oom them.

Users of building structures should be trained on the use of various types of buildings
and their facilities so as to reduce damages, deterioration and decay of components
due to usage especially student hostels.

Provision should be made for padic inspection of building structures as stated in
standard and codes.

1. Buildings should be properly maintained to increase their life expectance.
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Architectural educators and practitioners have on different occasions questioned the
relevance of architectural curriculum used by the Nigerian schools of architecture to
the building indistry. The main aim of this study is therefore to assess the perception
of the educators on the relevance of the architectural curriculum to the Nigerian
Building industry. In order to achieve this aim Survey research method was
employedA total of 322 gestionnaires were administered on lecturers, lecturer
practitioners and practitioners, out of which 277 (86%) were returned/retridased

on the total responses, 63% of respondents are of the opinion that the current
curriculum as taught by the schoolsarchitecture is still relevant to the needs of the
building industry, while 37% responded in the negathreas like ICT, Management
and Entrepreneurship have been identified as some of the areas for improvement in
the architectural curriculunfinally, some of the recommendations made are that i)
the National Universities Commission (NUC) in conjunction with the Nigerian
Institute of Architects (NIA)/ Architects Registration Council of Nigeria (ARCON)
should use the study findings as a guide in imprg¥he architectural curriculum

and; ii) the government should provide adequate funding to facilitate beeping up the
existing human and material resources for the effective implementation of the
improved curriculum in order to facilitate the continued valee of the architectural
curriculum to the Nigerian building industry.

Keywords: architectural curriculum, building industry, educator, perception,
practitioner

INTRODUCTION

Architectural training in Nigeria started in the University College Ibadan in 1952, but
was later transferred to the Ahmadu Bello University, Zaria in 1955; it is important to
note thathe Zaria School of Architecture was established based on the English
Architectural Philosophy in collaboration with the Architectural Association London.
This was later followed with the establishment of both school of Architecture in the
University ofNigeria, Nsukka in 1963 and University of Lagos, in 1970 based on the
American architectural philosophy. These marked the beginning of two sets of
architectural philosophy in the training of architecture in Nigeria and later on these
schools of architecterwere headed by Nigerian architectural educators trained abroad

! abdulubale@ghoo.co.uk

Abubakar, A(2012 Perception of educators and practitioners on the relevance of architectural
curriculum of Nigerian universities to the building industhty. Laryea, S., Agyepong, S.A., Leiringer,
R. and Hughes)Vv. (Eds)Procs 4th West Africa Built Environment Research (WABER) Confer®fce,
26 July 2012, Abuja, Nigeri&5-45.
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in these philosophies and who continued implementing a curriculum which does not
take cognizance of the soetaltural values of Nigeria (Chukwali, 2001).

Ummene (1991) as cited by Uji (20@14) categorises the development of
architectural education in Nigeria into three periods as follows:

195271 1962: this is the period when architectural education was at an inception stage.
During this period only diploma was awarded after graduationtenohtention of the
colonial government was to produce architectural technicians that could assist them in
running the Public Works Department. Throughout the period both the administrators
and the educators were 100 percent British. And then, the emplassts training

rather than education.

19631 1979: this period marked a significant transition, although at the beginning of
this period in the sixties the only school of architecture (ABU, Zaria) was dominated

by Britons. However, this was later changespecially in the 1970s when Nigerian
educators came on board. With the establishment of more schools of architecture more
Nigerians came in and Britons were replaced with indigenes, asians and educators
from the Eastern Europe. This period withesseattimemencement of Nigerians

managing the affairs of schools of architecture, although most of them were trained
abroad (Chukwuali, 2001:145).

198071 Date: this is the period in which the total management of schools of
architecture is by Nigerians, and withhis period, associations like the Association

of Architectural Educators were launched and since then a lot of issues have been
raised on how the training and education of architects would take cognizance of local
and cultural values.

From the time atwtectural training started to date, there exist some changes in the
development of the country, but, same cannot be said of the training of architects in
Nigeria (Amole, 2004). This is to say that the training failed to adjust to the need of
contemporaryigeria. This is certainly a problem as life is dynamic and anything
existing to serve human needs should be dynamic in as much as it is going to be
relevant , especially architectural training as it is the concept/philosophy of the
training that determirgethe outcome of the nature of architectural practice or else it is
going to be obsolete.

Adeyemi (2004), confirmed that the present circumstances architects and architectural
practice find themselves is because of the deficiency of architectural trairihrey

country; or which lack focus, is confined to visual design and as such is not yielding
to the yearnings of contemporary Nigeria. This is to say that confinement of
specialization to visual design constitute a problem. As all graduates of drolitec

will tend to seek for employment either in the private sector or public sector as project
architects working in the studios or designing and supervising of public projects,
thereby restricting the work of the architect to specialisation that is Wesgjn

based. And other areas of specialisation like the project management, landscape
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architecture, specialization in the manufacturing sector will be left unattended as
architect are not trained to effectively participate in those areas.

According to Alglulkarim and Badiru (2004: 49) the products of Nigerian Schools of
Architecture are not prepared for the role they are expected to play in contemporary
practice; ChukwtUchegu (2002:21), corroborates this as she observes that many
graduates of architectuf®m the schools are now roaming about the street without

job as the curriculum did not adequately prepare them to face the challenges posed by
the 2F' Century.

It is not an understatement to say that thié&@htury is the century of information

techrology and as such any discipline that does not restructure its curriculum to fit in
information technology may lose relevance. According to Sherif, Sherif and Mostafa
(2008:390), globalization of architectural practice asserted the need for architectural
education to respond to its needs and fill the gap that exists between the profession

and schools of architecture. Hence, there is the need for schools of architecture to
renew their programs towards advancing fit
Communi@ation Technology (ICT) in architecture while being balance with special
consideration to local culture, heritage and contextual aspect on one side and
globalization on the othero. Shaik (2004:

The world has turned into a gldballage; new ideas and information are pouring in
like a stream. It is, therefore, imperative to update our curricula regularly by
introducing the recent developments in the relevant fields of knowledge.

In Nigeria today, very few schools of architectaasm boast of having their own

computer laboratories for practicum (Abubakar, 2001). That is to say that to this
moment graduates of architecture are not fully equipped with the knowledge and skills
required of an architect in Computer Aided Design (CA®ganing that for them to

fit into practice they may have to remedy such deficiency either formally or through
on the jobtraining. In order words, there is the feeling that graduates of architectural
education serve not local needs, not to talk of intevnal needs, which requires more

in terms of professional competencies for the graduates to adequately compete.

From commencement to date, Nigerian schools of architecture have produced
architects who are serving in various capacities in both the putdiprévate sector. It

is obvious that architectural education in Nigeria has contributed immensely to the
development of architects and infrastructure. However, there seems to be an outcry by
architectural educators on the relevance or otherwise of thewdum of architectural
education in the Nigerian universities.

It should also be noted that with the changing ecology of architectural practice as a
result of the emerging trends, which Saba
decision making (gladlization); technological innovation (especially information and
communication technology); concern for the environment (sustainability) and

financi al management, the schoolsd curric
compared to schools of aitdcture in the developed nations, where trends are
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influencing not only architectural practice but architectural education as well, most
especially in the area of curriculum development. Though local needs play a major
role in curriculum development, withe current trends of globalization, graduates of
architectural schools should be equipped with the desired competencies that will
enable them practice not only within their locality, but fit into the global arena. This
begins with the curriculum develomt.

As educators have observed, curriculum review is part of curriculum development,
and is best carried out if it is based on feedback that is based on curriculum
evaluation/assessment (Onwuka, 1996). The evaluation is usually in the form of any
or a canbination of the three major types of evaluation (formative, summative and
ultimate evaluation), depending on the goal/aim or objectives of the study/studies that
are set to be achieved. However, there has been no empirical study to ensure that the
reviewis justified, which is a preequisite for any purposive curriculum review to be
achieved. Although the Nigerian Institute of Architects/Architects Registration

Council of Nigeria (NIA/ARCON) and National Universities Commission (NUC) are
currently workingtowards modifying the architectural curriculum, it is not based on

the outcome of a product/progrmme evaluation (Abubakar, 2011). This study
therefore aimed at assessing the perception of architectural educators and
practitioners on the relevance of atebtural curriculum of Nigerian universities to

the building industry with particular emphasis on Northern Nigeria; to serve as part of
the feedback from some of the stakeholders that could justify the curriculum renewal
and as well suggest areas of imy@ment in the Architectural Curriculum.

To achieve the aforementioned aim, the specific objectives of the study were to:

Assess the architectural educators and practitioners (stakeholders) responses on the
relevance of Architectural Curriculum to the loling industry.

Identify the direction of change, if the need for the curriculum renewal has been
ascertained.

Based on the objectives, the following research questions were drawn. These were:

What are the stakehol der s &eobtpeiamchitectmral wi t h r es
curriculum in the building industry?

If the curriculum is to be renewed, what direction of change will it take?

This study was designed on the assumption that as all architectural curricula of the
Nigerian schools of architectureeamow modelled in line with the 1989 NUC
Minimum Standard, there exist no major differences between the schools curricula.
Also, the location of the stakeholder has no effect on their perception as the
characteristics of the industry remain the same irefiligas a whole. Therefore,
findings of this study could have general application across the country.

METHODOLOGY

Survey research method was employed in carrying out this study. A resaaaxher
guestionnaire was used for collection of data from theoresmtsA total of 322
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guestionnaires were administered on lecturers, leepueatitioners and practitioners,
out of which 277 (86%) were returned/retrieved (see table 1). Content analysis and
descriptive statistics in form of percentages were usedalysisng the data collected.

Part of the population of this study, the architectural educators are broadly classified
into lecturers and lectureactitioner. The lecturers are educators that are not into
full time practice, while the lecturgaractitioners are into full time practice. The total
number of the educators (both lecturers and lecpnagtitioners are 122 lecturing in

the six schools of architecture (Ahmadu Bello University, Zaria; University of Jos;
Federal University of Technology, MinnAbubakar Tafawa Balewa University,

Bauchi; Federal University of Technology, Ydldowever, the Kano University of
Science and Technology, which is the sixth school of architecture, was omitted
because as at the time of the study it was yet to be @ecled\Iso about 2000
practitioners, which is 40% of the 5000 registered architects in Nigeria (architects and
principal/heads of departments in ministries or agencies) both in private and public
sectors were located within the three (3)-gettical zores of Northern Nigeria. It is
worth noting that the researcher could not lay hands on any document which has the
actual number of architects practising within the zones.

Table 1: list of respondents

S/No. Respondents Universities Location of Practice
ABU Uni. FUT, ATBU, FUT, Kano Kaduna Abuja

of Minna Bauchi Yola
Jos

1 Lecturer 4 5 3 3 5

2 Lecturer 21 14 10 4 2

Practitioner
3 Practitioner 26 53 121

As the population of the educators is small, the total population was sipedt &f the

sample for the study. According to Fraenkel and Wallen (2000), purposive sampling is

one of the most suitable sampling techniques when it comes to evaluation research; as

it identifies Awho the maj oringdvilmk ehol der s
recei ving, or administering the programme
involves identifying stakeholders in architectural education in order to answer the

research questions, purposive sampling was used in the selection objafissiniom

the assumed population of 2000 practitioners practicing in Kano, Kaduna and Abuja.

As it was established that where there is no sample frame, a small or medium sample

size (5%10%) of the assumed population size) is said to be adequate
(http:/Mvww.ReportBD.con

This sample is drawn from the practitioners (architects and principals of firms/heads
of departments in ministries and agencies) in the Federal and state ministries of
housing, agencies and architectural firms located in Kano, Kadanakana. These

39



Abubakar

two states and Abuja were chosen because most of the architects and practitioners are
located within these locations.

Selfadministered questionnaire was used asdblearch instrument in conducting this
study. Questionnaire was chosentadlows the collection of extensive amount of
information such as demographic, behavioural habits, opinions, attitudes and so on
from a large number of people within a limited time (Fowler, 2002), the instrument
used was designed in line with the objeesiwf the study.

Therefore, a questionnaire was designed for the architectural educators (lecturers and
lecturerpractitioners) and practitioners. The questionnaire was designed to enable the
researcher find out perception of the respondents in respibet televance of the
architectural curriculum to the building industry. The questionnaire was made up of
two sections: section A was designed to elucidatelata of the respondents; while
sections B was designed in an ofded format to elucidate daia the main subject
matter of the study in order to answer the research questions in the open ended
guestion format.

To achieve the first objective and as well answer research question one, content
analysis was employed in form of coding and summarizatisasponses and
descriptive statistics in the form of percentages in ascertaining the relevance of the
architectural curricular to the Nigerian building industry.

For the second objective (research question two), content analysis was used in
unfolding nformation from the questionnaire and descriptive statistics was used in
the form of percentages in summarizing the data collated to ascertain the direction of
change, if the curriculum is to be renewed.

DATA ANALYSIS AND FI NDINGS

Research Question One

What are the stakeholdersd opinions with resj
curriculum in the building industry?Stakeholders responses to the question concerning

the relevance of the architectural curriculum were analyse by summarizing the
responss using percentages as shown below in table 2.

Table 2: Stakeholders response on the relevance of the curriculum

Question Respondents Response

YES NO

Freq. R. Freq. Freq R. Freq.
Do you consider the current Lecturers 15 75% 5 25%
curriculum as taught in Nigerian LecturerPractitioners 25 49% 26 51%
Universities relevant to the needs of prgctitioners 128 64% 67 36%

the Industry?

168 61% 98 39%
Total
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From table 2, based on the total responses, 61% of the respondents are of the opinion
thatthe current curriculum as taught by the schools of architecture is still relevant to
the needs of the building industry, while 39% responded in the negative. However,
looking at the table you will observe that a higher percentage (51%) of the lecturer
praditioners (even though the difference may not be significant) believe the

curriculum is no longer relevant to the needs of the industry while the opposite is the
case with lecturers and practitioners, where a higher percentage of 75% and 64%
respectivelyare of the opinion that the curriculum is still relevant to needs of the
industry.

In response to the second segment of the research question asked regarding the
relevance of the curriculum, reasons advanced by the respondents that answer in the
positiveare shown below in the tableafd4.

Table 3: Reasons by respondents that answer positively on the relevance of the
curriculum to the current needs of the building industry

S/No Reasons Frequency Rel. Freq. Rank

1 It covers the basic requirementsaded for the 84 50% 1%

2 training of an architect 19 11% 3

3 The performance of the products in practice is 65 39% 2nd
satisfactory

It addresses the needs of the building industn

From above, it is clear that, thespondents that responded positively believe that the
curriculum is still relevant as it serve the basic requirement of the building industry,
thus ranked first and such they believe it serve the needs of the industry which ranked
second and finally, thegre of the view that the performance of the product in the
industry is satisfactory, which is ranked third.

Those respondents that answer negatively on the relevance of the curriculum unfold
reasons for their opinion as shown below in table 4.

Table 4: Resons by respondents that answer negatively on the relevance of the
curriculum to the current needs of the building industry

Prominent among the reasons for responding negatively regarding the relevance of the
curriculum is lack of adequate exposure ongreetical aspect of the training. In other
words, the student industrial working experience scheme (SIWES) that serve as an
avenue to bridge the gap between academia and practice as education in schools of
architecture is not serving its purpose (rankest)ithis was followed by not inclusion

of new trends into the curriculum that are of relevance to the industry and lack of
adequate local context in the curriculum (ranked second). Finally, that the curriculum

is not reviewed regularly, for it to be dyna and move with time.

Research Question Two

If the curriculum is to be renewed, what direction of change will it take?
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Based on the responses shown in table 5, six areas were identified that need to be
considered so as to improve the architectural culrim. The two areas rank first and
second with relative frequency of 32.18% and 27% were ICT, Management and
Entrepreneurship, and expansion of the curriculum to accommodate new areas of
specialization in line with the current needs of the industry.

S/No Reasons Frequency Rel. Freq. Rank
1 The practical aspect of the training is not 46 45 1%
adequate because most graduands have got a
of experience on the job before they can functis
as qualified architects
2 The curriculum lacks adequate covera§ead . 9 8 4"
3 There are trends in the form new areas of 20 20 2n
specialization in the industry, which the
curriculum has not captured
4 Curriculum should be dynamic not static and is 7 7 5
expected to be reviewed every five years, whic
is not the caswith the architectural curriculum,
this makes it outdated
5 The curriculum did not consider the need of 20 20 2
Nigeria as a developing economy and
development of its infrastructure

Table 5: Areas of improvement in the curriculum

S/INo  Areasof improvement of the Architectural Frequency Percentage Rank
Curriculum (%)

1 Provision of human and material resources for 5 1.17 6"
effective implementation of the curriculum

2 Expansion of the curriculum to accommodate n 72 27 2

area of specializain in line with current trends ir
the industry and possibly extension of duration
the programme
3 The curriculum content should be expanded to 86 32.18 1
the area of ICT, management and
entrepreneurship.

4 The curriculum content shalibe passion in line 9 3.45 50
with schools of architecture in the developed
countries

5 Field work (excursion, SIWES(Student Industric 69 25.86 3¢

Work Experience Scheme) and site visit) shoul
be emphasized in the curriculum
6 The curriculum showdl include more courses in 26 9.77 4"
the areas of understanding of our local
environment, its material and studies towards
developing our construction techniques

DISCUSSION ON FINDINGS

Answer to the first question reveals two things, i) There is de&ion among the
stakeholders on the relevance or otherwise of the curriculum. While most of the
lecturerpractitioners seem to have negative opinions on the relevance of the
curriculum to the building industry, most of the lecturers and practitioraees h
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positive responses on the relevance of the curriculum in the industry. However, this is
a pointer that all is not well; there is need for further assessment of the curriculum.
This finding has confirmed the views of the Nigerian architectural educators
(Adeyemi, 2004; Chukwaluchegu, 2002; 2004) most of whom fall under the category
of lecturerpractitioners, that earlier opined that the curriculum need to be reviewed.

The second question confirms the yearnings of scholars on the areas that require
improvement in the architectural curriculum. Especially in the areas of ICT,
Management and Entrepreneurship ( Chulvahegu, 2002); fieldwork and adequate
exposure to practice while in school; areas of specialization (Adeyemi, 2004);
understanding of local emanment (Chukwuali, 2001) and adequate provision of
human and material resources for the effective implementation of the curriculum.

Consequently, if the curricula have to be improved upon, who are those that will be
given the responsibility of improvindpé curricula in Nigerian schools of architecture?
What curriculum development model is to be adopted/adapted in order to come up
with the desired curricula that could address the contemporary challenges of the
Nigerian building industry? What methods ofglementation are we to adopt/adapt?
What measures do we need to have in place that will ensure successful
implementation of the curricula by both the schools and other evaluation agencies that
are responsible for the effective running of the schoolsabiitecture? How do we

ensure that adequate funding is provided to schools with a view to effective
implementation in the schools? What strategies need to be put in place that will
facilitate continuous evaluation of the curricula? Not only formative anmhsative
evaluation but also ultimate evaluation/product evaluation in practice is required to be
carried out from time to time to ensure continuous review of the curricula so as to
continue to make our graduates relevant to the needs of the buildingyndbsise

are some of the questions that require follguvstudies so as to ensure the curricula of
the Nigerian universities continue serving the need of the building industry.

CONCLUSION AND RECOM MNEDATIONS

Majority of the respondents are of the viewtttinee architectural curriculum is still
relevant to the building industry. However, with about 1/3 of the respondents having
an opinion that the curriculum is not relevant to the building industry; it is a pointer
that there is need for the curriculum ® tevisited. Therefore, it requires some kind of
reform even though it may not be a holistic reform as earlier highlighted. The main
areas which according the study requires reformiGfe Management and
Entrepreneurship. Incorporation of these areasth@aurricular will not only

enhance the performance of the architects in the building industry, it will also add to
their confidence and probably serve as one of the strategies in curbing the leadership
challenge by other allied professionals they areeeily facing.

In order to effectively utilize findings of this study to improve the content and
implementation of the architectural curricular to enhance its relevance in the Nigerian
building industry the following recommendations are offered.
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There isneed for the National Universities Commission (NUC) in collaboration with
the Architects Registration Council of Nigeria (ARCON)/ Nigerian Institute of
Architects (NIA) to organize a conference for the stakeholders in architectural
education where areadantified for improvement in this study will be presented to
them for further deliberations with a view to carrying everybody along as the first
stage of the curriculum renewal process.

Feedback from stakeholders should always be giving consideratibe BjUC,
NIA/ARCON and schools of architecture when reforming the architectural curriculum
for it to effectively serve the need of the industry.
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INVESTIGATING THE PR ACTICE OF CASH FLOW
FORECASTING BY CONTR ACTORS IN NIGERIA
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Previous researches have shown that delayed payment is one of the major reasons for
abandonment of construction projects in Nigeria. Despite this, there is a dearth of
literature on the practice of cash flow forecasting, a fundamentaihstejptailing

delayed payment, by Contractors in Nigeria. This report is a pilot study that will form
part of a larger oigoing research seeking to develop a cash flow forecasting model
suitable for use by contractors in Nigeria. The study was undertakevestigate

cash flow forecasting practices by construction contractors in Nigeria. A qualitative
approach was used for this purpose. Contractors engaged by the Central Bank of
Nigeria (CBN) were interviewed for the purpose of the study. The studyleevibat

the practice of cash flow forecasting depends
Indigenous contractors do not have a formal practice while-seligienous

contractors and multinational corporations practice formal cash flow forecasting even

if not in conformity with existing literature.

Keywords: cash flow, forecast, Nigeria

BACKGROUND

The success of any construction company depends largely on the ability of its
management ttoresee and prepare for the future. One area of great challenge is that
of managing present and future financial requirements. An essential component of
financial management is that of forecasting cash flow. Cash flow in construction
contracts is concerneuth the timing of payments, receipts of payments and the
consequent balance of cash remaining due to these transactions. Construction
Contractors know that there can be a significant lapse in time from the point at which
they are granted a project, indabour, material and other costs, to the time they are
actually paid for completed work. Consequently, an inability to properly plan for the
inflow and outflow of cash during the life span of a project may well result in the
abandonment of a project. Cé8tw in construction consists of the following layers
(Kenley, 2003):

Gross cash flowconsisting of inward cash flow and outward cash flow. Founded on
the relationship between time and cost, gross cash flow allies with models for the
time-cost relationkip

Net cash flow consisting of the balance between inward and outward cash flow

Organisational cashfloc onsi sting of the overlaying o
project net cash flows
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Strategic Management of cash flogonsisting of the policy anstrategic framework
for managing the cash flow for the entire organisation, includingcnostruction
projects or investments

Gross cash flow and net cash flow deal with cash flow on projects. Organisational
cash flow and strategic management of cash fleal with cash flow at the level of
the organisation.

Several factors affect cash flow to a contractor working on a project. These factors
include (i) duration of the project (ii) retention conditions (iii) times for receiving
payments from employers/jicredit arrangement with suppliers, equipment rentals

(v) times of payment to subcontractors (Park et al, 2005; Buertey et al, 2010) etc.
Other factors include the size of the project, the procurement route, type of the project
(Kaka and Khosrowshahi, 28) among others. Thus the need for forecasting the cash
requirement of a project at the right time, in order to determine when and where to
borrow or redirect funds cannot be over emphasised.

In an attempt to assist contractors and employers forecastaséi requirements,

several researchers have made efforts to develop cash flow forecasting models. These
attempts became popular over thirty years ago within the construction industry. The
approach of early studies may be characterised as nomothetictlypehey

attempted to discover general laws and principles across categorised or non
categorised groups of construction projects (Kenley, 2003). Some of the techniques
used for modelling cash flow forecasts include polynomial regression (Balkau, 1975;
Bromilow, 1978; Peer, 1992), Weibdihear model (Tucker, 1986), Logit models
(Kenley and Wilson, 1986, 1989) and the neural network (Boussabaine and Kaka,
1998; Boussabaine et al, 1999). The nomothetic approach adopted by early
researchers has gained fevaeceptances because of several short comings which
resulted in the inability of the models to produce typical value curves. These short
comings emanated as a result of the uniqueness of construction projects arising from
difference in payment conditiori€hen et al, 2005), time lag between billing and

actual payment (Park et al, 2005), type of project (Boussabaine et al, 1999),
procurement route (Kaka and Khosrowshahi, 1996; Kaka and Price, 1991), type of
client and several other factors. This has pavay far the introduction of the

idiographic approachthe search for specific laws pertaining to individual projects.

In Nigeria, authors have likened project abandonment to delays associated with
payments (Aibinu and Jagboro, 2002; Olawale and Ming, ;208Rini and Onohaebi

2010, Olusegun and Michael, 2011). These delays, according to the authors, were
caused by cash flow management problems and other factors like procurement route,
availability of credit facilities, interest rates, retention ratesg limgs between billing

and actual payment, project type, type of client (public or private) etc. Thus a proper
cash flow management strategy which should begin with an effective forecast by
construction contractors will impact positively on the timely ctatipn of projects.

Despite these reports, no literature seems to exist on cash flow forecasting carried out
in Nigeria. This paper reports a pilot study to explore current practice of Contractors

in Nigeria with respect to cash flow forecasting. The airihe study is to provide
background as to the manner in which contractors in Nigeria forecast
payments/expenditure on projects given that literature seem not to have reported same.

Since the |l ate 1990s, the Centnkaih bank of
response to the general concern about the decaying infrastructure in first generation
universities, has been making attempts to provide/improve key infrastructure under
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the Nigerian Universities Capacity Building Programme. The projects carried out
under this capacity building programme include the construction of administrative
blocks, lecture halls, laboratories, health centres, and the likes. For the purpose of
uniformity (the idiographic paradigm) and availability of data, construction
contractos engaged by the CBN were approached for this study.

RELATED STUDIES

Several researchers have made attempts at modelling standard value/cost flow curves.
They were mainly part of a general attempt to assist contractors or clients forecast
their cash flonon an individual project level (Kaka, 1996) or on a company level

(Kaka, 1995). Other issues relating but not directly connected to cash flow models
have also received attention (Kaka et al, 2007; Cui et al, 2010; Olawale and Sun, 2010
etc).

Ashley and Taiholz (1977) and McCaffer (1979) proposed an early model utilising
standard delays. McCaffer refined the approach using forecast income schedules
based on network analysis. However, both researchers did not use the standard
sigmoid (S) curve as their base.

Kaka and Price (1993) attempted to compare standard cost commitment curves with
the types of contracts and procurement routes. They concluded that typical standard
curve cannot be used for cash flow forecasting and thus they proposed the
development oftandard curves for contracts based on similar characteristics (i.e. size,
procurement etc). In a similar attempt Khosrowshahi (1997) made efforts to derive
optimum project duration and cost curve for Hong Kong public housing projects. The
work proposed aaneral set of mathematical expressions for the relationships between
project cost and duration. Data collected for the research included location, size,
technology, construction method, procurement method etc for 24 housing projects
with uniformity in dataand similarity in characteristics.

Kirkham et al (2002) collected data on the consumption of electricity in an National
Health Services (NHS) acute care hospital building in the UK. They found that by
using expert judgement alongside statistical testfy@ease in accuracy of projection
was achieved. The authors concluded that the result could be used in whole life cycle
cost model for forecasting electricity cost. In the same direction Blyth et al (2004)
opined that a framework can be developed ferdfandardisation of programme of
works for construction activities irrespective of size, cost and function. The research
proved that frame work for standardised programme of work can be produced. The
classification of buildings into sizes, functions, stpheights etc gave the work wide
coverage of activities in construction viewed from different perspectives. The
application of the result in cash flow forecasting is questionable though, due to the
difficulty associated with standardising all aspectsoofstruction activities.

Park et al (2005) proposed a model for forecasting cash flow which considered time
lag between cost incurred and value earned by the contractor during the construction
stage depending on payment conditions. The model took cognslamoathly actual

costs incurred against planned costs during the construction stage. Similarly Chan et al
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(2005) discussed and showed that payment conditions are significant to cash flow
predictions.

Blyth and Kaka (2006) developed a multiple linear @sgron model for forecasting S
curves at the pre tender stage of a project. They classified and standardised activities
for 50 construction projects. The projects were classified into various criteria based
upon project function. Logit transformation divkar regression were then used to
develop the proposed model. The research was able to emphasise the idiographic
approach to forecasting (emphasis on individual rather than grouped projects).

Odeyinka and Ojo (2006) developed a conceptual framewodsg@ssing risk

i mpacts on clientsd cash dystepvapprobdhéor f r a mewor k
devel oping a model to predict clientsd risks
occurrence responsible for variations between actual and forecaste@iow will

then be determined at different completion stages of the projects. Similarly, Odeyinka

et al (2008) carried out a survey of small, medium and large size construction firms in

the United Kingdom in order to find out their perception of tiegdiency of

occurrence and impact of risk factors affecting cash flow forecasts. They discovered

11 risk factors that were critical to cash flow forecasts. However, the research was

conducted in the UK and only the perception of contractors was sought.

Kakaet al (2007) made an attempt to assist stake holders in the construction industry
select an appropriate pricing system for construction projects. This they did by
identifying 17 decision making factors crucial to the selection of different pricing
systemgthese they called Project Objectives (PO)) and five different pricing systems
(PS). The 17 POs were reduced to 7 via a survey of construction firms, public practice
and consultants. The POs were evaluated alongside the PSs with the use of Analytical
Hierarchical Process (AHP) to determine which pricing system was more appropriate
for the 7 project objectives. The research w
appreciation of new payment systems that will assist in more collaborative works. The
research ab reiterated the importance of payment systems to the success of
construction projects.

Kaka and Khosrowshahi (2008) developed a mathematical based model which sought
to address the difficulties encountered by large companies when collecting data for
usein computer based models. The research assumed that future works start at the
middle of each year and by using a standard value-bpilcurve, average duration

and total value of work needed, models for forecasting turn over and working capital
requiredby Contractors at company level were proposed. The hypothetical models
were tested using a previously developed and tested computer based model. However,
the research did not capture howgoing works can be incorporated into the model.
Neither was it ald to address forecasting at individual project level.

Cui et al (2010) developed a model for the system analysis of cash flow management
strategies. The strategies studied included femat loading, backnd loading,

overbilling, and underbilling andlade credits. The study concluded that by using an
overbilling and underbilling strategy a project management team could reduce project
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overdraft balance by as much as 11.4%. In a related study Olawale and Sun (2010)
adopted both quantitative and qualitatapproach to find out factors inhibiting cost

and time control of construction projects at the same time proposing mitigating
measures. A questionnaire survey was followed by-s&mictured interviews for the

same group of respondents. The reseastodered the top 5 inhibiting factors to be
design changes, risks and uncertainties, inaccurate evaluation of project time/duration,
complexity of works and neperformance of subcontractors for both cost and time. It
also suggested that the mitigating sw@&s include preventive, predictive, corrective

and organisational in a broad sense.

The attempts by these various researchers in the field of cash flow
forecasting/modelling and related issues emphasise the relevance and diversity in
approaches throughhich cash flow forecasting can be tackled. However, not much

has been reported on the practice of cash flow forecasting by stake holders in the
construction industry. This paper seeks to address this absence particularly in Nigeria
where cash flow relateproblems have been reported to result in project

abandonment. The paper presents preliminary results of an ongoing research aimed at
developing a cash flow forecasting model for construction contractors in Nigeria. It is
worth noting that researches aneilable in the wider area of cash flow forecasting
models which is closely related to, but not exactly pointed at the focus of this paper.

RESEARCH METHOD

The study adopted the structured interview approach with guiding questions derived
from literature(see appendices 1 and 2). The interviews covered areas including the
background of the contractors, knowledge of cash flow forecasting technique(s) and
difficulties involved with the use of the current techniques. The interviews were tape
recorded and tracribed verbatim. Using content analysis method, the data was
analysed and emerging themes identified. Interviews therefore formed an important
source of evidence in this study as they helped to focus directly on the topic and
provided more insightful infanation (Fellows and Liu, 2007).

The contractors that participated in this research, as at the time of the study, had
contracts to construct high rise building projects for educational institutions with the
Central Bank of Nigeria as sponsor, were convetjeaccessible and had over five
years experience as contractors for the apex bank. The projects cover works with
contract sums of not less than two billion naira each. The contract periods were
originally for two years with a possible extension of anotre year. The two year
contract had about five months left and the contractors were keen to secure the
extension. Appointments were booked with the contractors over the phone
highlighting why they had been approached and what they could expect at the
interview. The appointment also provided assurances of confidentiality.

Five contractors were interviewed. Three of the contractors were completely
indigenous, run their businesses as sole proprietors, have annual turnover of less than
5 billion naira, hae no managerial relationship with non Nigerians and operate in
Nigeria only. The fourth contractor, also a sole proprietor, is aMgarian who has
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been residing and doing business in Nigeria for over forty years (operates within
Nigeria only) and has amnnual turnover of less than 5 billion naira. While the fifth
contractor is a muknational corporation that has been involved in businesses within
and outside Nigeria for over thirty years with an annual turnover of over 100 billion
naira.

RESULTS/DISCUSSIONS

Result of the interviews shows a disparity of practices along the three categories of
contractors interviewedontractors who are completely indigenous, expatriates who
run indigenous businesses and mo#tional corporations who run their busises
within and outside the country.

The indigenous contractors conceded that they kept electronic information of their

payment receipts/costs incurred. The 1 nfor ma
the records straighmoyvafratsobngi obarmstaonphnsob
financi al reports for the consumption of man
reference for similar projectso. The indigen

forecasting as a policy. The practice of forecastinentirely informal. The practice is
for the Managing Director (or an appointed representative) to give a projection of
expected payments/expenditures based on personal experience and intuition as it
relates to the Cliendrganisation. This system, thelaim has been producing at most
40% efficiency. The contractors all agree that a more informed system based on
empirical data rigorously analysed would improve efficiency.

Expatriates running indigenous construction companies have one form of formal
forecasting method or the other embedded in their company policy. Generally, they
seemed to be more aware of the existence of models available for forecasting both
expenditure and expected payments. Records were more readily available and about
45% efficiencywas reported. This category also agrees that a localised forecasting
model based on empirical data generated and analysed locally is likely to produce
more efficiency.

The response from the muttational corporation show thoroughness and painstaking

useof both formal models and those generated within the organisations based on their
experiences over the years. This category practice cash flow forecasting as a strict

policy for every fAmajoro project. The effici
60%).The respondent also agreed that an independent assessment aimed at

forecasting cash flow with more diverse data would make a more realistic reference

material.

The informal nature of the practice by the indigenous contractors may be traced to the
backgraind of the contractors, who are business men involved in any profitable
venture and generally lack background in the construction industry. Even when
advised by employees who are trained as construction experts, this category never
take expert advice seusly as long as cash is available from within the project or

from another source. The most important thing is to finish the project, pursue
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payments and wait for the next opportunity irrespective of the risk involved. Contrary
t o Odeyi nka sertionthdt édostracfos Ge@dBt) asseess risk impact on cash
flows. The complete lack of regard for formal cash flow policy is also a violation of
suggestions by Bromilow (1960), Hudson and Maunick (1974), Blyth and Kaka
(2006), who insist that a ptendercash flow analysis is crucial to the long term

survival of any construction company.

Even for the expatriate and multinational contractors who practice cash flow

forecasting as a policy, mainly because of their exposure, it is clear that the practices
arenot entirely as suggested by recent researches. Researchers have reported the need
for contractors to adopt a forecasting practice along different trades (Sing and Phua,

1984), procurement routes (Kaka and Price, 1993), project types (Kenley and Wilson,

1986) and even Clients (Kirkham et al, 2002). The practice rather dwells on using a
system that fAhas been working for uso ove
given better results are not explored.

CONCLUSIONS

Cash flow forecasting is an essengiedctice for any construction contractor who

wi shes to survive in todayds competitive
management strategy based on a well articulated forecast is always eminent to the
successful completion of construction projedtsis study examined the practices of

cash flow forecasting by contractors in Nigeria. Result of the study revealed that the
practice of cash flow forecasting by contractors in Nigeria depend on the background
and nature of the contractor. The practiceagh flow forecasting by contractors in

Nigeria is not consistenthose who practice it do not have an appropriate way of

doing it, while others do not seem to think it deserves thorough consideration. This
implies that contractors in Nigeria do not gree cash flow forecasting in the correct
manner. Most contractors interviewed showed nonchalant attitude towards the practice
as no formal policy is embedded in their company policy to forecast cash flow. Those
who engage in the practice as a companicpalo not adhere strictly to suggestions

by researchers to streamline practices along defined activities, which is crucial to the
accuracy of cash flow forecasts.
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This research work evaluates the development of technicians/technologists for the
built environment disciplines in Nigeria. It carried out a comprehensive review of
development of N@onal and Higher National Diploma products in the built
environment disciplines in Nigeria with particular referetecéhe military era from

1993 to 2000. Two methods were used in collecting the data used for the analysis.
The first part involved the datcollected from the records of National Board for
Technical Education (NBTE) headquarters, Kaduna. It consists of output by
programme from 1993 to 2000. The second part involved the use of questionnaires to
obtain information from the graduates who arevio various areas and the

employers and the teachers. From the study it was revealed that 32% of the
technicians/technologists handle projects under little or no supervision while 54%
under medium supervision and 12% with strict supervision. It was epgoted that

at least 80.6% of the ND and HND graduates who work as technicians and
technologists have fairly good theoretical background. 90% percent of the lecturers
opined that reports received on employerso rat
confirmed the performance of their products to be good. It is recommended that more
improvement in the area of provision for learning facilities in the polytechnics be
made to enable more practical works to be carried out in the institutions during the
period ofstudy.

Keywords: built environment, discipline, professional, technologists

INTRODUCTION

Thebuilt environmentefers to the humamade srroundings that provide the setting
for human activity ranging in scale from persorsdielterandbuildingsto
neighbourhoodand cities that can often include their supporting infrastructure, such
as water supply anergy networksThe built environmeinis a material, spatial and
cultural product of human labour that combines physical elements and energy in forms
for living, working and playing. According tBuerto (2011puilt environment is

defined broadly to include land use patterns, the transportsygstem, and design
features that together provide opportunities for travel and physical adtiaitg. use
patternsrefer to the spatial distribution of human activities. Tla@sportation system
refers to the physical infrastructure and servicesgraitide the spatial links or
connectivity among activitie®esignrefers to the aesthetic, physical, and functional
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qualities of the built environment, such as the design of buildings and streetscapes,
and relates to both land use patterns and the walaspn system.

In practice, the term is typically used to describe the interdisciplinary field which
addresses th@esign constructionmanagemerdand use of mamade surroundings as
an interrelated whole as well as their relationship to human agsiatier time (rather
than a particular element in isolation or at a single moment in time). The field is
generally not regarded as a traditional profession or academic discipline in its own
right, instead drawing upon areas suclke@momicslaw, public plicy, management
geographydesign technology andenvironmental sustainability

According to Chynoweth (2006), the Built Environment subject area is now
established as a recognised field of study by the international academic community.
However, its dentity has traditionally been defined in terms of the traditional
construction and property professions from which it has emerged (Haigh and
Amaratunga (2010) and more recently, by the cultural and behavioural aspects of its
international research actims.

Although there is broad acceptance that the fieldutidisciplinary, there has been

little attempt to define the cognitive nature of its knowledge base, or to consider the
implications of this for research and teaching practice (Chynoweth, 2Z@)jes of

the field are few in number (for example, Temple 2004) and tend to be characterised
by a pragmatic and issuliven approach to the subject, with little attempt to
understand its underlying academic base.

According to Chapman (2009), Built arehment disciplines span a wide diversity of

concerns and actions, from the realisation and management of development and places

through to spatial planning at great territorial scales. Each is concerned with the

development and management of our livingwei r on ment s . Pl aces wher e,
between population, human activities, and the environment...for a secure, just, and
environmentally sustainable future are among the most complex and interdependent

i ssues with which s o eadngbilites resting tponcdoeila | 6. Thus t
environment disciplines are great, and the need to secure real synergy andaduleled

from the combined results of our actions is imperative (Cortese, 2003:16). The

guestion as opined by Chapman (2009) is, are we up th#tkenges? While each of

the disciplines involved is inextricably linked, they each work at quite different spatial

and temporal scales; use different approaches and instruments for action; and in some

ways are guided by quite different values.

The chalénges of developing interdisciplinary skills in the built environment were

also explored by Gann and Salter (1999) who took their perspective from the
engineering discipline. Gann and Salter (1999) noted that the challenges of practice do
not present thenabves in disciplines and that interdisciplinary skills are critical to
problem solving in the conditions presented in the built environment where many
variables, together with significant levels of uncertainty and risk are found. While

Gann and Salter (199 did not identify specific ways to promote greater

interdisciplinary issues, two forms of interdisciplinary concerns worthy of noting were
identified. The first was found to be between different domaittsn a discipline,

which in their study was withiengineering. The second was found between the
engineering and built environment disciplines and the social science and humanities.
According to Chapman (2009), despite this rather narrow perspective, Gann and Salter
(1999) went on to draw the criticalmac | usi on t hat #fAéinterdisciopld.i
requires an appreciation of different methods and approaches to problem definition
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and solvingo. An approach that they see a
perspectives into @ uWunificodhcwlpdlse o mey hoalls
that transcend rather than reproduce the boundaries set by formal (academic)

di sciplineso.

Conceptualisations of multidisciplinary, interdisciplinary and tidissiplinary

relations can be varied. Chapman noted ttinege terms are generally taken to follow

the perspective suggested by Winder (2003) in whmalkitidisciplinarystudies are

seen as a Opatchwor ko6 Interdiscipligarystudieseatel def i n
seen to require intellectual synergies acdissiplinary boundaries; and whdrans

disciplinary issuas seen to include a wider community of interests beyond the

academic and professional. The challenge for education in the built environment is to
prepare the students by developing curriculalaaching activities that enable them to

develop new knowledge through active learning and shared explorations: between
disciplines, and in the context of the wider environmental and-®atinomic

interests. Before going on to explore how this could Ieeged it is important to

consider the fundamental relationships in time, scale and purpose that exist between
disciplines in practice, as it is these that set the context. In this paper, the disciplines
considered amongst other are Architecture, BuildBigil Engineering, Estate

Management, Land Surveying, Quantity Surveying and Urban and Regional Planning.

One important means for effecting an improvement in the quality of life for people is
technology, and it provides the means for doing what is thaiegirable in the world

of men. Technology is sometimes embodied in a physical reality in a piece or a
collection of physical things. Equally it may be embodied in a method, a technique or
collection of techniques, a methodology or know how. Basida&lthnology is one of

the products of human rationality. It results from the rational probgmiving effort
required to produce a means with which to meet some societal goal or need in the built
environment. For effective manpower planning, the techiydlodpe acquired has to

be specified and the technological processes involved identified. The skills required
in the operation and maintenance of the different technological processes also have to
be identified in respect of different levels, whether nganial, supervisory or just

plain skilled technical personnel. These terms are used in many ways by different
occupations and in different regions/countries. Technicians and technologists usually
work in a team with other professionals. They are usualyiwed with the

application or adaptation of technolodgerformance as @ertifiedtechnician or
technologist requires the application of principles, methods and techniques appropriate
to a field of technology. Practical knowledge of the constructioricapion,

properties, operation and limitations of engineering systems, processes, structures,
machinery, devices or materials, is usually required. A technician is a professional,
who through academic training and experience in the application of enggeer

scientific principles, is capable of assuming responsibility and of exercising
independent judgemeint a specialized practicgithin a field of engineering or

applied science technology. A technician works under general supervision.
Technologist a&o is a professional, who through academic training and experience in
the application of engineering or scientific principles is capable of assuming
responsibility and exercising independent judgement in the practice of engineering or
applied science tecbiogy. A technologist carries out a wide range of complex work,
either independently or under general direction. Technician and technologist are two
different terms. However, these two terms are interrelated. Most people think that
these terms mean the saivut, when one looks a bit closer, one will find that they are
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