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SUSTAINABLE BUILDING
MAINTENANCE: HOW FEASIBLE?

Courtesies

he Vice-Chance#br, the Deputy Vice-Chance#br (Academic),

the Deputy Vice-Chance#br (Administration), the Registrar,
the Bursar, the Librarian, Deans of Schoo# past Vice-Chance#brs,
past Deputy Vice-Chance#brs, distinguished Professors,
Directors, Heads of Department and other members of the
Senate, my Lords Spirituaf and Temporaf Eminent Invited
Guests, Co#kagues, my friends and fami#;, Students, Ladies and
Gent#men, good afternoon.

[t is with a deep sense of humidty, fuffi#dlnent and great joy that
stand before you here to defiver the 79" Inauguraf£cture of the
FederafUniversity of Techno#gy, Minna, the 9" in the series from
Schoofof Environmenta#Techno#gy (SET) and the , ™ of its kind
from Department of Architecture. It is interesting to note that the
#cture is as we# to be dedivered by the 1" PhD product of
Architecture Department in this University, the 1¥ SET Chairman
of the Lower House and the 1" SET PhD product to become
Professor and Dean of the Schoo? I give God who is always in
absolute control, a#the gbry and adoration.

1.Introduction

Bui#ling as a she#er, a dwe#ing pface or a house, is genera#y
viewed as the most basic human need pfaying a very important
ro# in the we#fare and productivity of individua#. Housing is one
of the three basic needs of man and it is the most important for
the physicafsurvivafof man after the provision of food. Adequate
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housing contributes to the attainment of physicaf and moraf
hea#h of a nation and stimufates the sociafstabifty, the work
efficiency and the deve®pment of the individua®. [tis a0 one of
the bestindicators ofaperson's standard of 4ving and of his pface
inthe society (Ofyiwofaetal, , 005).

To the individua#, owning a home has a#vays been a cherished
dream and 4fe ambition most especia#y in a devefbping country
fike Nigeria. In spite of the importance of housing to mankind,
there is however, a universaf shortage of needed descent
dwe#ing units especia#y in devetbping countries incfiding
Nigeria where popufation growth and urbanization are rapid4
on the increase and where the gap between housing supp# and
housing demand is so wide (Ayedun & O#iwatobi, ,011).
Meaning that in readty, housing situation in Nigeria is far from
the new target of Sustainab# Devetpment Goaf (SDG) of
housing for a# by year ,030, if nothing is done about the

STATE POPULATION AND HOUSEHOLDS DISTRIBUTION BY OWNERSHIP STATUS OF
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Figure 1a: State Popuftion and Househo#ls Distribution by
Ownership Status of Dwe#ing Nigeria
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sustainab# maintenance of the existing housing stock.
According to the Nationa#Popufation Census report, , 006, the
ownership status of dwe#ing in the 36 states of Nigeria incfiding
Abujais 11.81 percent highest at Akwa Ibom and 6.38 percent at
Lagos when popufation of the state is compared with the
ownership status of dwe#ing in each of the states {Figures 1(a &

b)}.
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Figure 1b: Percentage of Ownership Status of Dwe#ing in the State

Source: National Population Commission (2006)

In Morenikeji, et al. (; 017) assessment, states ke Lagos, Rivers,
Kano, Oyo, Ogun, Kaduna and Anambra have a high housing
quadfity with Lagos having the highest among them. He further
affirmed that these states are more popubus, the economic,
administrative activities and socioeconomic #vef of the
inhabitants are a#0 higher unflke the remaining states that have
a Hdw housing quadity with high poverty #vef high cost of
bui#ling materia$s due to high inffation rate and poor
enforcement of buiflings bye-faws and regufations. These
negative effects have contributed immense# to the great need
for decent and high quadfty she#er that ensures we#are and
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productivity of the individua and the need to increase the
ownership status of dwe#ings in the states. The nature and
types of shelter since man's existence ti#date depends farge#
on the time, avaifab# materia# and functionafrequirements.

Today due to the progressive degradation of our bui# heritage
and the high costs associated with their construction,
maintenance and repair and most especia# the acute shortage
of descent and high quadty builings for a# the need for this
fcture to educate the popuface on maintenance cu#ure and the
possibidty of sustainab# bui#ling maintenance in Nigeria is
high4 overdue. This necessity is due to severaf factors,
incfiding:

(a) The worries of individuafbui#ling owners, corporate bodies
and government on how to estabdsh requirements for the
service ffe of structures during the design stage.

(b) Awareness of the stakeho#lers in the construction sector that
the quadty and totaf costs of bui#lings comprise both the
construction costs and the maintenance and repair costs.

(c) The know+dge that durabidty is a key part of the quadty and
performance of the construction effments.

(d) The awareness that the visuafappearance and the ageing of
the structures contribute to their #ss of performance (Si#vaetal.,
2016).

(e) Awareness of the stakeho#lers in the bui#ling industry about
sustainabidty which requires a change in human thinking and
activities towards our bui#lings and the environment in order to
better care for it i.e. thinking in a sustainable way to reduce
waste of materials, time and fund all through maintenance
processes/buildinglifecycle.
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1.1 Maintenance Culture

Peop# that have maintenance cu#ure or think in a sustainab#
way wou#l have the attitude to maintain, preserve and protect
the pubAc facidties. According to Fébrence (, 011), maintenance
cu#ure is not universafin nature. It is usua#y derived or #arned
through a person making maintenance a naturafdai# practice
that can be fo#wed and emufted by others. Maintenance
cu#ture is therefore the vaflies, way of thinking, behaviour,
perception and the under§ing assumptions of any person or
group or society that considers maintenance as a matter that is
important (priority) and practises it in their 4fe, (Suwaibatufet
al., ,01,). Iyagba (,005) opined that one of the greatest
economic and sociaf prob#ms of Nigeria as a nation is the
generafabsence of a maintenance cu#ure. In same vein, Ane#
(2010) and Abigoetal. (; 015) stated that Nigeria wi#continue to
waste scarce financiafresources on builing new infrastructure
which cannot be sustained, if urgent steps are not taken to
embrace maintenance cu#ure (see Pftel).

Plate I: 1004 Housing Estate, Eti-Osa, Lekki, Lagosin ; 017, due to fack
of maintenance cufure.

Source: SAHARA Reporters (2017).
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The United Nations Devetbpment Programme (UNDP) is one of
the #ading organisations working to fu#if the Sustainab#
Devethpment Goa?- SDGs by the year , 030. SDG with set of 17
goa® imagines a future of just nine (9) years off that wou#l be rid
of poverty and hunger, and safe from the worst effects of cimate
change. With the situation of decay of bui# environment in
Nigeria present#, it needs urgent attention if the country must
achieve a pass mark in the Sustainab# Devetpment Goa#(SDG)
by , 030. Each aspect of the bui# environment needs sufficient
maintenance if it must achieve the goa#for whichitis estab4fshed.
According to Mark et al. (;006) and Tijani et al. (;016),
devetping and embracing maintenance cu#ure through
effective #adership, sound pofcy and attitudinafdevetpment
among others wou#l not on#4 enhance nationafdevetpment but
afso endlst our country among the committee of devetbped
nations.

Mr. Vice-Chance#br, Sir, it is pertinent to note here that bui#lings
wi#afvays need to be maintained, because as soon as they are
bui#, they begin to decay. The reason is that materia& deteriorate
with time and consequent# with a need to recover the fading
gtry. Thus, effective #adership, good maintenance cu#ure and
adequate know#dge about how to overcome issues of incessant
cofapse of our new bui#lings under construction and new#
compt#ted ones (sustainab# devedbpment) and how to
sustainab#4 maintain our existing bui#ling stocks is therefore
urgentf needed.

2.0 Sustainability

The word “sustain” comes from the Latin 'sustenare' meaning
“to ho#l up or support”. From thence it evo#/ed to mean - to
maintain something or keep something going or extended its
possib# #fe span (Maude, ,014). However, the Wor#l
Commission on Environment and Deve#tpment (WCED, 1987)
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referred to sustainabifity as 'meeting the needs of the present
generation without compromising the needs of the future
generation. According to Di#ard et al. ( 009), sustainabidty is
often thought of as comprising three overfipping goa#: (a) to dve
in a way that is environmenta#y sustainab# or viab# over the
#bng term; (b) to 4ve in a way that is economica#y sustainab+,
maintaining Aving standards over the #hng term; and (c) to 4ve in
a way thatissocia#y sustainab#, now and in the future.

In summary, sustainabifity requires a change in human thinking
and activities towards the environment in order to better care for
it. In other words, sustainabifty is an attitude. It is a way you can
choose to 4ve your 4fe. Thus, sustainabifity in many facets of 4fe
can simp# be described as a response to numerous
contemporary concerns about the effects of human activity. It
invo#es effective pfanning to reduce overuse or waste and
protect the environment. Sustainabidty issue thus arises when a
vaflied system, process, objects or attribute faces the risk of not
being maintained or fa#under threat.

2.1 Sustainable Development

Sustainab# devetpmentis the devefbpment/growth that meets
the needs of the present without compromising the abifity of
future generations to meet their own needs (WECD, 1987).Ita&0
means that human activity is on# environmenta#y sustainab#
when it can be performed or maintained indefinite4 without
deptting naturaf environment. Sustainab# deveftpment is a
concept that integrates various criteria incfiding energy
efficiency, durabifity, waste minimisation, sociafimpacts, good
indoor environment, pofAition contro# #fe-cost, user-
frienddness, user comfort and others (Zainu# , 006; Khamidi, et
al.,,010).

The proper maintenance of bui#lings is an important
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programme for sustainab# devetpment, and pfys a major ro#
towards nationa? prosperity and a hea#hy environment
(Zu&karnain et al, ; 011). That is, in addition to the production of
new bui#lings, sustainab# bui#ling maintenance wi#serve as a
key ro# and an answer to the Sustainab# Devetpment Goa#11,
which demands to “Make cities and human sett#ments incfisive,
safe, resilent and sustainab#” (i.e. Sustainable cities and
communities).

2.2 Sustainable Development Goals (SDGs)

The Sustainab# Devebpment Goa& are made up of 17 goa& and
169 targets. The spirit and agenda of the SDGs are commendab#
as they combine efforts to eradicate poverty and increase the
development of poor countries. The 17 Sustainable Development
Goals are as stated and shown below (see Plate I1):

Sustainable Development Goals

= m::..;
<

17 PARTNERSHIPS
FOR THE GOALS

Plate II: The SDGs In Summary
Source: Sustainable Development Goals - 2015 (https:www.undp.org)

Current, it is just nine years into , 030, the new target of
Sustainab# Devetpment Goa#(SDG). Thus, emphasis shoudl be
faid on integration among the substantive goa# and targets, so
that acting in one area wi# affect outcomes in others, and that
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devetpment must bafance socia€ economic and environmenta#
sustainabifty. As such, there is the need for simifr attention to
be devoted to princip#s associated with Goa# 11, a primary
concern to today's #cture, “Thinking in a sustainab# way.”

In an attempt to achieve the aim of this #cture in readzation of
most of the goaf 11 targets, such as make cities and human
settements inclisive, safe, resilent and sustainab#, there is the
need to discuss and bring to fore the princip#s of sustainab#
devetbpment (3 R's of sustainab# devethpment i.e. Reduce,
Reuse & Recyc#), sustainab# Architecture, Lean Concept and
Sustainab# deve®bpment of builing stock.

2.3 The Three Principles of Sustainable Development

1.Reduce

To make a builing sustainab#, one must be ab# to reduce the
energy consumption of the bui#ling either through active or
passive design approach. App#ing active approach invo#es
making use of specific hardware to reduce the rate at which the
buifling consumes energy and passive approach invo#es
tending to buil with some bui#ling materia# which are effective
in energy conservation. Reducing the amount of hard surface
fandscape eftments by fandscaping with more grasses, shrubs,
and trees a®o reduces the effect of sofar radiation on a builing
which can cause unnecessary heating of the bui#ling.

2.Reuse

Reuse refers to making sure that nothing is wasted in the builing
either in terms of materia# or energy. Sustainab# bui#lings
make use of renewab+# sources of energy ke sofar, wind, etc.

3.Recycle
The use of recycfab# materia# 4ke bricks, wood, paper, pfastic,
gfass, etc., makes a buifling sustainab+.
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2.4 Sustainable Architecture

Sustainab# architecture is design and construction of the bui#
environment that carefu#y a#bcates appropriate #ve# of critical
resources to address the primary needs of distinctregions. Itisan
effort to minimize the negative environmenta? impact of the
buiflings by using specific materia®, energy and devethpment
space through strict moderation and efficiency. That is,
sustainab+ architecture is a process of creating builings to he$
preserve the future. Genera#y, there are two methods for
sustainabfe architecture: new "green" buifding and
preservation/reuse ("green" retrofitted into the existing builing
stocks). The two methods invo#e carefufapp4cation of the 10
Princip#s of Sustainab# Architecture that guarantee the we#
beingand coexistence of ECO effments.

These princip#s are (Faraz, , 019):

1. Think Sma# Sma# homes are more affordab#, use fewer
resources, have #ss of environmentafimpacts and require #ss
energy to heatand coof(see Figure ; ).

TV

Figure 2: Eco - Concept (Me#an, , 019).

2. Heat with the Sun: Correct orientation of builing with the use
of green bui#ling materiafthat absorbs the sun's energy during

Inaugural Lecture Series 79 13



the day and then dispatches it sow# at night can reduce energy
requirement considerab4 (see Figure 3).

SUMIMEr SUR light colored roof materlals

louvred vent with Insulation
wintar sun Fy A
n
seasonal shading
to north wall glazing winter bllnds il
summer breezes
BEDROOMS
houses
designed pergola
to minimize
overshadowing LI STUDY
-

Figure 3: Section through Eco-Friend4/ Builing (Faraz, , 019)

3.Use Renewab+# Energy: Use of sofar pane# as source of energy
in bui#ling is good. A#hough it is expensive in the short term but
wi#pay offin the Hngrun (see Figure 4).

=

e

Figure 4: Renewab+# Energy (Photovo#aic System)
Source: (Youth Leadership Summit, 2012)
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4. Keep Your Coo# Passive design and insufting a home we#wi#
work wonders and reduce energy requirements (see Pate I11).

Plate III: Fa#ingwater (Kaufman House, 1938), Pennsy#ania, USA by
Frank L#yd Wright

5. Conserve Water: Water
conservation in homes,
especia#y in dry regions
is essentiaf and
achievabfe through
harvest rainwater,
recyc# gray water and
consideration for
pfanting of indigenous

pfantsthatdon'trequirea
E”} H’:) U l_*] it of water to fhdurish

(see PfatelV).

Plate IV: Eco - House (Me{yan, 2019)
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6. Use LocafMateria®s: Use of hcafmaterias wi#reduce stress
over acquisition and benefits #hcafeconomy rather than the use
of materia® harvested in some distant &nd, which invo#red
trave#ing a tbng distance to acquire (see Pfte V).

Plate V: LocafAvaifb# Materia® (Faraz, , 019)

W seoveed 8

Plate VI: Natura? Buifing

Materia# (Faraz,, 019)

7. Use Naturaf Materia®:
Bui#lings constructed with
naturaf materiaf such as
mud, stone, me, pa#n, or
bamboo do not on# promote
natura? circufation but with
more aesthetic appeafin the
structure. Natura® materia®
afko promote day 4fghting
and superior acoustics
whereas a#f kinds of
interventions are required in
more artificiaf surroundings
(see Pfate VI).

16
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8. Save The Forests: Forest preservation aids sucking of the
gtbe's carbon. Thus, considering the escafating #ve& of
greenhouse gases in our atmosphere and issue of gtbaf
warming, protecting our trees is more important than ever (see
Pfate VII).

el A Lo T Ui - T

Plate VII: Eco Friend4s Bui#lings (CSV Architects, , 019)

Inaugural Lecture Series 79 17



9. Recyc# Materia®: Use of recyc#d materia# reduces wastage.
Recycing materia® not on# gives new 4fe to something
discarded or disused, but a0 provides an opportunity to be
creative and resourcefuf(see Pfate VIII).

This is Brainy

""1'"#

D!Hyou knﬁv lhat 8 million pieces of plastnc -

The makers of ByBlock team up with
rmaterial recycling facilities,

Plate VIII: Byb#ck (Conversion of A#Types of PAastic Wastes into
0.4x0.; x0., m B#hckat 10kg Weight) (Fusion, , 0, 0)
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10. Buidl to Last: Despite stringent new bui#ling codes, many
materia® used in contemporary architecture are designed NOT
to {fast so that the suppder can protng their business
opportunities. This makes absofite# no sense. Build to last as
much as possible and save the earth while you're at it needs
tobe encouraged (see Pfte IX).

Plate IX: The First Storey Bui#ling in Nigeria, Badagry
(Dimeji-Ajayi, , 018)
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Sustainable Architecture Worldwide

In devetbped countries most new builing design and

construction integrates sustainab# methods. Examp+s incfuide:

i. Bahrain Wor#l Trade Center with wind turbines that provide
atternative energy (see Pfate X).

Plate X: Bahrain Wor#l Trade Center (Youth Leadership Summit,
2013)

ii. Sustainable Building: Residential development, a mix-used
18,000 m’ residential tower and 190m high skyscraper designed
by Santiago Calatrava, an Architect, Engineer and Sculptor in
2005 (see Plate X1).
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Pate XI: The Turning Torso Tower (Twisting Skyscraper), Ma#no,
Sweden (Guptaetal. (; 016)
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ii. Sustainab# Bui#ling: Office Builing Africa Commercia®
Property, known as 'The Heritage Place' at Ikoyi — Lagos. It
comprises 15,300 sqm of office over eight fdors, 390 car
parking spaces over six ftors, and a ground f&or £ bby with
meeting rooms and café, designed by Capita Symonds
Architects in 2012 and certified by Leadership in Energy and
Environmental Design (LEED), see Plate XII.
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Plate XII: The Heritage Place, Ikoyi — Lagos, Nigeria (Uroko & Ayetoto,
2019)

Mr. Vice-Chance#br sir, to make a new buifling sustainab#, the
buifling must a0 hodstica#y batance and integrate a# the 3
principfes of sustainabfe design i.e. Economy of
materia#/resources, Life cyc# design (i.e. design, construction,
operation and maintenance, and recycing and reuse of
architecturaf resources) and Human Design. These princip#s
comprise a conceptuafframework for sustainab# architectura?
design.

2.5 Principles of Sustainable Design
According to Akadiri et al (;01,) there are three major
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objectives for imp#menting sustainab# bui#ling design and
construction and possib4 maintenance. These objectives are:
1.Resource Conservation

2. Life Cyc# Design and

3.Design for Human adaptation.

In addition, to enhance environmenta# sustainabifty, the
fofbwing three princip#s of sustainabifity and their respective
strategies mustbe strict§/adhered to (Pradhan, ; 014); name4:

i. Principle 1 (Economy of Resources): Is concerned with the
reduction, reuse, and recycfing of the naturafresources that are
input to a bui#ling. That is, in a we#designed Sustainab#
bui#ling, no materiafis wasted as they are either recyc#d or
converted for use in otherareas (see Figure 5).

Economy of Resources
Strategies
I
' ! !
| Energy Conservation | | Water Conservation | Material Conservation

=I| Methods |

l

i. Energy conscious site planning 1. Use water efficient plumbing i. Design for waste
fixtures
ii Choice of material and construction 1i. Specify durable material
methods ii. Employing re-circulating o .
] o system 1ii. Specify natural and local material
iii. Insulating building envelope _ _ _ _
iii. Designing low-demmand 1v. Specify non-toxic material

e Ly v. Rehabilitation of existing structure

v. Use of energy-efficient appliances 1v. Vacuum-assist toilets or . . .
with timing devices smaller foilet tanks vi. Use of reclaimed or recycled materials

and components.
v. Rain water collection

Figure 5: Economy of Resources and methods of app4cation
Source: Adapted from Akadiri, et al, 2012 and Pradhan, 2014.
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ii. Principle 2 (Life Cycle Design): It provides a
methodogy for ana#zing the bui#ling process and its impact
on the environment. That is, to make a bui#ling sustainab+, it
must be ab# to fu#ifdfe cyc# princip# in such a way that
materia# can be used, recyc#d and be reused again. Energy
can af5o be renewed and a continuous cyc# of builing 4fe can

be maintained (see Figure 6).

Life Cycle Design
> trategi
|
' 1 1
[ PreBuiding | | Building | | Post-Building |

:I Methods |

I

!

l

Use materials that are:
1. Made of renewable resources.

i1 Harvested or extracted without
ecological damage.

iii. Recycled
iv. Recyclable

v. Long lasting and low mainte-
nance.

Mimmize energy needed to dis-
tribute materials.

i. Schedule construction to minimize
site impact.

ii. Provide waste-separation facilities.

iii. Use nontoxic materials to protect
construction workers as well as end
users.

iv. Specify regular maintenance with
nontoxic cleaners.

1. Adapt existing structures to
new users and programs.

ii. Reuse building components
and materials.

iii. Recyele building components
and materials.

iv. Reuse the land and existing
infrastructure.

Figure 6: Life Cyc# Design and methods of app4cation.

Source: Pradhan, 2014.

iii. Principle 3 (Humane Design): It focuses on the
interactions between humans and the naturafwor#l. That s,
any sustainab# bui#ling must aim at creating a iveab# and
workab# environment for humans and the nature around. It
must create an ecosystem where a# organisms 4ve in
harmony (see betw Figure 7).
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4| Human Design |

Strategies
i i 1
Preservation of National Urban Design Site Design for Human
Conditions Planning Comfort

Methods

: I I

1. Understand the impact of design 1. Avoid pollution contribution 1. Provide thermal, visual and acoustic comfort
on nature
2. Promote mixed-use development 2. Provide visual connection to exterior
2. Respect topographical contours . . .
3. Create pedestrian pockets 3. Provide cperable windows
3. Do not disturb the water table . . . .
4. Provide for human-powered transportation 4. Provide clean, fresh air
4. Preserve existing flora and fauna o . X i o
5. Infegrate design with public transpertation 3. Accommodate persons with differing physical abilities

6. Use nontoxic, non-cutgassing materials
7. Design for fire protection

8. Design for fire prevention

Figure 7: Humane Design and methods of app4cation.
Source: Adapted from Pradhan, 2014 and Akadiri, et al., 2012.

These princip#s can provide a broad awareness of the
environmenta# impact, both #caf and g#tba# of architectura?
consumption. The strategies and methods are a#o0 to provide
more insightinto how a bui#ling interacts with the interna£ #ca$
and ghbbafenvironments.

3.0 Maintenance of the Existing Building Stocks with Lean
Principles

3.1 Lean Principles

3.1.1 Lean Concept

Lean means efficient use of the avaifab# resources by cutting the
non-vafie added (NVA) activities (Carrasqueira & Machado,
2 008; Mostafa et al.,, ,015). Lean has to do with designing,
operating in continuous process ffbbw or working with the right
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process and having it right the first time. Essentia#y, #an is about
remova‘of waste. Waste is seen as activities and processes that
consume resources yet do not add vadie, thus, any non-va#ie
added activity or process is considered as waste. Waste invo#&res
anything that adds no vaflie from the céents' perspective. Lean
concept rest on five (5) principafprincip#s that when fo#bwed
wi# reduce waste and maximize profit. These princip#s are
(Ansahetal., ,016):
(i) Value specification: Precise specify what creates vafie
from the clent's perspective;
(ii) Value stream identification: C&ar4 identify a#the steps in
the processes (vaflie stream) that defiver exactf what the
customer vaflies and remove everything that do not add

vaflie to the customer;
(iii) Flow: Take actions that ensure continuous f&bw in the vafie
stream;
Specify Ji:i' value \ / Hdentify the value stream \ / Flow the value \ [ Pull the value \
v 1 Y

‘Waste network analysis and

U"dmﬂ'“'“g the Mapping the maintenance
maintenance based on r o e
i it d WAL priority of removal
Define the organisation LDC‘“:i“E wastes W'u““ the - Lean best practices selection
‘maintenance system mainienance aclivities E
i
Wasles/Practices analysis  --1-1-*
Employees training on lean ;
maintenance waste e P

Recognise the maintenance I Document the current state | | |
wasles gap ;

Reconfigure the VSM

Develop the lean maintenance

implementation strategy

Lean pilot project simulation

Execute lean maintenance
transformation

J J

N - J
P @ @

=

By Teams and employees Lean practices/procedures Auditing lean
Expand the lean practice development isati i results

\_ Pursuing Perfection

Figure 8: Lean Princip#s in the Imp#mentation Process
Source: Mostaf et al. (2015)
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(iv) Pull: This means to produce on# what the customer wants
justintime; and

(v) Perfection: Aévays strive for perfection by deflvering what
the customer wants and expects through a continuous
removatof waste (see Figure 8).

According to Womack and Jones (; 003) #an princip#s can be
deptyed to a# organisations. This is known as #an thinking
which refers to the thinking process of #an or thinking in
sustainable way.

3.1.2 Lean Construction

Lean construction is a concept that invo#es the appfcation of
fan manufacturing princip#s or #an thinking into the
construction industry. Lean construction shares same objectives
as #an production; waste eimination, reduction of cyc# time,
continuous improvements, reduction of variabifty, continuous
ftow, pu#production controf among others (Aziz & Hafez, , 013).

The main aim of #an construction is to reduce waste, increase
productivity and hea#h and safety in order to fu#if cflent's
requirements. In addition, it makes work much easier to
understand, perform and manage with remarkab# processes'
waste reduction and with emphasis on things that add vaflie to
the customer.

The adoption of the five #an princip#s in construction with
green construction techniques wi# #ad to improved dedlvery
systems and processes through the efimination of wastes, which
in turns improve project and financiaf performance of the
constructionindustry (Ansahetal.,, 016).

3.2 Building Maintenance
Maintenance is often defined as the series of activities
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undertaken to take care of the buifling structure and services to
ensure the intended functions and optima#¢ performance of a
buifling 4fe cyc#. According to Tan et al. (; 014), it is a chain of
activities carried out to sustain the bui#ling's performance,
usage and vaflie by keeping, repairing, retrofitting, or upgrading
buifling's e#ments, services and grounds, to an up-to-date
standard. In reafsense, bui#ling maintenance constant# affects
everyone's ffe because peop#'s comfort and productivity is
refative to the performance of the bui#ling they 4dve, #arn,
conduct research and work in (e.g. home, offices, schoo®,
university and not to mention the impact it has on sociaffabric
and economic growth (Khamidi et al, , 010). Thus, a bui#ling not
we# maintained wi# certainf affect the user's quadty and
productivity.

Furthermore, maintenance contemp+tes taking steps to hinder
cofapse of the bui#ling and its systems by preventative and
reformative measures (Thomson, ,01,; Aghid & Mohammed,
2017). Indeed, adequate and correct maintenance #ads to
decreasing negative effects on the environment, occupants, and
fina#y improving the residents' quadty of dfe (Odfveira et al,
2 014). Its performance aspects a%o incfide the fo#bwing five
attributes, name#:

I. Safety: Safety recognizes safe and harm#ss situation for
buifling tenants. In addition, safety is one of the crucia®
apprehensions of an architect, engineer, facities and bui#ling
managers.

ii. Comfort: One of the considerab# phases of buidling
performance is the comfort of the builing residents. Itaddresses
internaf environment, thermaf comfort, visuaf comfort,
ergonomics, acoustics and noise comfort.

iii. Health and Hygiene: The hea#h and hygiene items are the
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most important factors for builing occupation. Sick Builing
Syndrome (SBS) is one of the symptoms that show fck of hea#h
and hygiene items.

iv. Durability: Durabidty covers up the durabifty of bui#ling
materia# and structure.

v. Sustainability: Performing sustainabifty pfan in bui#lings
#ads to saving energy resources, reducing CO, emissions, and
decreasing bi#each month, (Hitchcock, ; 00, ; Foflente & Becker,
2001; Aghifi & Mohammed, , 017).

Vi.

Design » Construction » Operation & Maintenance Demolition

Figure 9: Conventiona/modefof the bui#ling ffe cyc# (Kim, 1998)

Pre-Building Phase

4-| Manufacturing |

|
I Transportation | Building Phase

Waste | = _
Management »] Construction |

Nature

Post-Building Phase

| Operation and
I Recycle I Maintenance
|
| Reuse I
1 !

Figure 10: The sustainab+# bui#ling 4fe cyc# (Kim, 1998)
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From Figure 9, itis obvious that maintenance of builing actua#y
starts right from the feasibidty study, pfanning and design stages
of a new bui#ling's construction, operation and maintenance,
and up to preservation/demodtion stage. Figure10 further shed
fight on the extraction of raw materia® from the nature,
processing, manufacturing and transportation of materia# to
construction site (Pre-bui#ling phase).

3.3 Sustainable Building Maintenance with Lean Principles
Sustainab# bui#ling maintenance basica#y invo#es the
reduction of unnecessary maintenance. It is a maintenance
system that meets the vafie system of the present users without
compromising the abifity of meeting the vafie system of the
future users (Of&nrewaju & Kafayah, , 008; Khamidietal., , 010). It
afko requires se#ction of an appropriate and cost-effective
maintenance strategy for items in a bui#ling. It a®o requires
identification of the best combination of maintenance strategies for a
buifling by setcting the optimum maintenance strategy for each
individuaitem in the buifling, taking into consideration hea#h, safety
and satisfaction of the user and the costs of maintenance tasks (Abd-
Raniaetal., , 014).

Lean maintenance is a proactive maintenance operation
empdying pfnned and schedu#d maintenance activities
through totaf productive maintenance (TPM) practices using
maintenance strategies devetped through app{cation of
reflabifity centered maintenance (RCM) decision #gic and
practiced by empowered (se#-directed) action teams (Smith,
2 004, Mostafaetal.,, 015).

Sustainab+ bui#ling maintenance with #an thinking is therefore
an activity that invo#es a carefufpfanning; design, construction,
operation; repair and maintenance of builing up to demo4tion
with focus on reduction of unnecessary waste and adequate#
meeting the cents' requirements (see Figures 9 and 10). In

Inaugural Lecture Series 79 31



other words, it is a technica® set of operations required for
bui#ling maintenance and preservation of usab# condition, as
we# as functiona#y required for the maintenance of the
structure, its services and the surrounding environment. Thus,
sustainab# bui#ling maintenance enhances keeping a builing
in a condition in which it continues to fu#ifits purpose and
making sure it presents an attractive exterior.

A maintenance strategy with Lean Thinking is an integrated
system that is needed by corporate management to highfght the
significance of a particufar piece of equipment that impacts
particufar types of maintenance work (Lahiri et al., ; 008; Abd-
Rania et al,, ; 014), with emphasis on reduction of unnecessary
waste and adequate meeting the cflents' requirements. It is a
new maintenance management approach aimed at reducing the
maintenance costs of existing builing stock and usua#§ devetbped
based on the user va#ie system consideration, corporate
business objectives, and strategy and maintenance objectives.

Types of Maintenance Strategy

1

|

Planned Maintenance Strategy Unplanned Maintenance Strategy
(Proactive Maintenance) (Reactive Maintenance)
| Preventive Maintenance | Corrective Maintenance Corrective Maintenance
(Including Emergency Maintenance) (Including Emergency Maintenance)
Scheduled Condition-Based Predictive
Maintenance Maintenance Maintenance

Figure 11: Types of Maintenance Strategy

Sources: Adapted from BS 3811 (1985 as cited Nik Elyna, 2010 and Abd-Rania et
al,2014).
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There are two types of maintenance strategy, name# pfinned
and unpfanned strategy and some other sub-parts as it was found
to be characterised by nature of work done (pfanned/proactive
and unp#nned/reactive maintenance), point of intervention
(preventive and corrective maintenance) and time schedu#
(schedu#d, condition-based and predictive maintenance), as
shown Figure 11:

3.3.1 Types of Maintenance Strategy

(a) Planned Maintenance Strategy (Proactive maintenance):
Maintenance organized and carried out with forethought,
controf and the use of records to a predetermined schedu+.
According to Hisham (; 003) proactive maintenance is one type
of maintenance that detects the faifire from the source of the
faifure. It can #ad to extending the 4dfe of bui#ling/equipment
and enhancing production capacity. It is designed to extend the
usefu? age of the bui#ling to wear-out/demodtion stage by
adopting a high #ve? of mastery with respect to operating
precision/bui#ling manua#

(b) Unplanned Maintenance Strategy (Reactive
Maintenance): [s the maintenance carried out without
predetermined schedu# or maintenance carried out when
performance deteriorates to a point when it is no #nger
acceptab#. Thatis the maintenance carried out after a faifire has
occurred and intended to restore an item to a state in which it can
perform its required function. It is maintenance with respect to
emergency/unexpected cases and #ads to high maintenance
cost.

3.4. Sustainable Building Maintenance Objectives and
Methods with Lean Principles

Mr. Vice-Chance#br Sir, it is a0 noteworthy at this juncture that

the connection of a hea#hy fiving environment with proper socia®

vaflies is of paramount importance to human we#being. That is,
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maintaining a sustaining cu#ure of keeping the resources
represented by bui#ling for human decent and befitting
habitation is high# desirab# for the workforce. It is therefore
ctear that the maintenance of builings ought to be a vigorous
exercise within the builing industry, organisations and society
in generaf Bui#ling maintenance objective goa# can simp# be
spe#t out as fo#bws (Adenuga et al, ;010 and Magutu &
Kamweru, , 015), to:

i. Ensure continued adherence to the builing regufations

and #gafstandards.
ii. Reduce the totafcostof builing operation.
iii. Retain the va#ie of investment during the expected

fAfetime.

iv. Maintain the usefuf quadties of the builing at a #vef
chosen beforehand.

v. Preserve the aesthetic quadties of the bui#ling at a #ve?f
chosenbeforehand and

vi. Ensure safety ofthe users/occupants (see Figure 1, ).

| OBJECTIVES |

|
l ] l ] l l

Ensure continued Retain the value of Maintain the useful Preserve the aesthetic qual-
Reduce the total 3 e o Ensure safety of the
adherence to the coct of speration investment during the qualities of the ities of the building at a e
building regulations P expected lifetime building at a level level chosen before to meet SR
chosen b hand modern day requi
Policy and Cost Eficiency Efficient Building Finishing Elements and the Physical Structure
Manual Management e Services Surrounding Landscape Condition

Figure 12: Sustainab# Bui#ling Maintenance Objectives

3.4.1 Sustainable Building Maintenance: Strategies and
methods

There are many ways in which the current nature of bui#ling

activity can be contro#ed and improved to make it 4ss

environmenta#y damaging, without reducing the usefufoutput

of bui#ling activities by thinking in a sustainab# way. Thus, to
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create a competitive advantage using #an maintenance
approach, the who# 4fe-cyc# of buiflings shou#l therefore, be
the settingunder which the fo#wing practices are carried out.

i. Strategies and methods to ensure continuous adherence to
the maintenance #gisfation and #gafstandards.
ii. Strategies and methods to achieve sustainab# maintenance

management.
iii. Strategies and methods to achieve sustainab# cost
efficiency.
iv. Strategies and methods to achieve efficient bui#ling
services.

v. Strategies and methods to achieve attractive finishing
efments and the surrounding andscape.

3.4.2 Building Condition Indicator

Buifling condition assessment can be defined as the technica?
assessment of the physicaf condition of a bui#ling, using
systematic method designed to produce consistent, reftvant and
usefufinformation. Usua#y, the objective of the assessment and
the type of asset wi#determine the approach to be emp#yed and
the items that need to be inspected. Where funds are mited an
indicative assessment is required, a survey of an asset can yiel
quick resu#s without a detai®d inspection of individua#
components (Department of Pubdc Works, , 00, ).

In addition, it is more manageab# when an asset is sub-divided
into reasonab+ parts, such as, physical building structure, namely,
i. the primary e#ments (structure and fabric)
ii. the secondary e#£ments (interior)
iii. the service efements (ventifation)
iv. building services (electrical and plumbing), and related
infrastructure services.

3.4.3 Building Condition Evaluation Criteria
Buidling condition evafiation sca# usua#y provides an
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indication of the gap between actuafasset condition and that
which has been specified or as-new condition. Tab# 1 is the
bui#ling condition rating and index used for bui#ling condition
evaflation in some foreign countries.

Table 1: Condition Rating: Scale of Asset Condition and Definitions

CONDITION
STATUS

GENERAL DESCRIPTION

BUILDING
CONDITION

CONDITION
RATING (C)

Very poor

Asset has deteriorated bad4; serious
structurafprob#ms; genera?
appearance is poor with eroded
protective coatings; efements are
broken, services are not performing;
significant number of major defects
exists.

0.00 to 0.19

1

Poor

Asset is in poor condition; deteriorated
surfaces require significant attention;
services are functionafbut faidng often;
significant back#g maintenance work
exists.

0.,0to 0.49

Fair

Asset is in average condition;
deteriorated surfaces require attention;
services are functiona# but require
attention; back#bg maintenance work
exists.

0.50to 0.74

Good

Asset exhibits superficiafwear and tear,
minor defects, minor signs of
deterioration to surface finishes; but
does not require major maintenance; no
major defects exist.

0.75to 0.94

Exceffent

Asset has no defect; appearance is as
new.

0.95 to 1.00

Source: AAPPA - Australasian Association of Higher Education Facilities
Officers, 2000, and Olagunju, 2011
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NOTE:

Facility/Building Condition Index: The Bui#ling Condition
Index (BCI) is an index number that indicates the current
condition of the asset measured refative to its 'as-new' condition.

BCI = Asset Current Condition
As-new Condition

The above condition status rating (Sca# of Asset Condition and
Definitions) is a wide# accepted and used strategic asset
management toof by some foreign countries, pubdshed by
AAPPA-Austrafasian Association of Higher Education Facidties
Officers (;000) and tit&d Guidefines for Strategic Asset
Management: How to Undertake Facifity Audit. Strategic Asset
Management (SAM) wide acceptance is attested to by its
successfufuse in countries such as Engfand, Scotfand, Wa#s and
three consecutive times by the Northern Irefand Housing
Executive for Northern Irefand House Condition Survey in , 001,
2004 and , 006, the reports of which are wide# avaifab# on the
internet.

In addition, the United States (U. S.) Department of Labour (DOL)
atso used the method since ,003 in condition assessment
estimates of their bui#lings and structures. It was used to
cattufate Facifty Condition Index (FCI) score for the entire
portfoflo of Job Corps centre constructed assets, which is used to
evafiate the overa#asset condition of the portfoflo and ranking
of individuafasset condition based on FCI Scores. The builing
condition evafliation sca# is of high re#vance to physica?
bui#ling condition studies. It is usefuffor the evafliation of the
overa#residentiafbui#lings and their premises condition, and
ranking of residentiaf buifding condition based on
faciity/builing condition index scores. Thus, it aimed to
provide a minimum standard of bui#ling conditions (Decent
Homes Standards) for a#those who are housed in both pub4c
and private sectors.
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4.0 My Contributions

In modern society, more than 70% of a person's Afespan is spent
indoors. An essentiaf ro# of architecture is to provide bui#
environments that sustain occupants' safety, hea#h,
physiofogica? comfort, psychofogica? weff-being, and
productivity.

Mr. Vice-Chance#br, Sir, my contribution in today's lecture and to the
existing knowledge here is based on my research works done on
Development of Mathematical Models for The Maintenance of
Residential Buildings in Niger State, Nigeria and its application. It is
an attempt to ascertain how feasible it is with buildings' care in Niger
State, while thinking in a sustainable way with emphasis on waste
reduction or things that do not add value to building owners and also
to give back to Niger State where my whole lot has been made till
date.

4.1 Theresearch work

The study covered two sefcted #hcafgovernment areas (LGA)
headquarters in Niger State and the state capita€ which incfide
Bida LGA, Kontagora LGA and Minna metropodfls. One tca?
government counci&' headquarter was setcted from each of the
three Senatoriafdistricts, based on the hierarchy of sett#&ments
in the state (100 km radius inffience) and popufation density
(highest). Based on the nature of the study, a combination of
descriptive and inferentia#methods was emp+yed for physica?
assessment, using auditinspection approach.

Probabifity sampfing method was used for the research.
Probabidty samp#fing method was adopted so as to a#bw equa?
opportunity of being sefcted to every data co#cted, and a&o to
a#tbw setection of every data independent# without inffiencing
each other. Systematic sampfing method was used for the
sefection of neighbourhood centres avaifab# in each of the urban
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centres. Systematic samp#fing method was a#o0 adopted for the
sefection of the private residentiaZbui#ling units in each town
(samp+). Based on the popufation size, samp4éng frame of 1, 16,
which is (; %) of the research popufation (60,800) was used. The
samp#ng frame of 1,16 bui#lings was further distributed on
pro-data basis among Bida (370), Minna (581) and Kontagora
(2 65) for the data to be fu# representative.

The questionnaire was designed to ref#ct on the research
prob#ms, which was administered in each of the 1, 16 bui#lings
sefected at random. The copies of questionnaire were retrieved
from a respondent in each of the builings immediate# after
comption and co#ated for anafsis. Tab# , shows that
bui#ling/component condition can be rated ranging from very
poor to exce#kent. A# the bui#ling/component conditions
itemised are we#defined, with corresponding condition rating
and buifling condition index.

Table 2: Condition Rating: Scale of Asset Condition and Definitions

BUILDING/ GENERAL DESCRIPTION CONDITION BUILDING
COMPONENT (Definition of rating/condition of RATING (C) CONDITION
CONDITION building asset) INDEX
Very poor Bui#ling has fai%d
Not operationa?
Not viab# 1 0.00 to 0.19

Unfit for occupancy
Environmenta#/contamination/
pofition issues exist

Poor = Bad# deteriorated

= Potentiafstructurafprob#ms (e.g.
structurafcracks) 2 0.,0to 0.49

= Inferior appearance

= Major defects

= Components faiffrequents

Fair = Average condition

= Significant defects are evident (e.g.
non-structurafcracks) 3 0.50 to 0.74

=  Worn finishes require maintenance

= Services are functionafbut need
attention

= Deferred maintenance work exists
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Good Minor defects (e.g. hairdne cracks)
Superficiafwear and tear 4 0.75 to 0.94
Some deterioration to finishes

Major maintenance not required

Asset has no defects 5 0.95 to 1.00
= Asnew condition and appearance

Exceffent

Source: Olagunju, 2011

NOTE:

Facidty/Buifling Condition Index: The Bui#ling Condition Index
(BCI) is an index number that indicates the current condition of
the assetmeasured refative toits 'as-new' condition.

BCI = Asset Current Condition
As-new Condition

4.2.Research findings:

Niger State (Bida, Minna and Kontagora) Model Development

(i) Mu#ip# regression modefwas used to estabfish refationships
between dependent variab# (Physica® condition of bui#lings)
and other , 5 predictor variab#s (Post Occupancy Evafiation,
POE variab#s for bui#lings' condition), using forced entry
method. The forced entry method was adopted so as to detect
the strongest variab#s among the twenty five (, 5) predictor
variab#s. The resu# is as fo&bws:

(i) The regression coefficient tab# revea# that a#the predictor
variab+4s are significant.

(ii) The mu#ip# correfation coefficient 'r' is 0.996. This means
that there is strong and positive refationship between physica®
condition of bui#lings (dependent variab#) and predictor
variab+s.

(iii) The coefficient of determination 'r*'is 0.99, . This means that
the predictor variab#s can give about 99.6% exp{anation for
residua#variation in physicafcondition of builings.

40 Federal University of Technology, Minna



(iv) However, the strongest variab#s among the twenty five (; 5)
predictor variab#s coufl not be detected.

(v) Mu#ip# regression modef was again used to estabdfish
refationships between dependent variab# (Physicafcondition of
buiflings) and other ,5 predictor variab#s (Post Occupancy
Evafiation, POE variab#s for bui#lings' condition), using
stepwise method. The stepwise method was adopted so as to
detect the strongest variab#s among the twenty five (;5)
predictor variab#s and to get the equation of best regression that
can describe the reftionship and be used for prediction. The
resu# isas fofbws:

The mudip# regression ana#sis for dependent variab#,
physicaf condition actua? percentage yie#led twenty five (»5)
mode®&. From the Mode? Summary of Physica? Condition and
Other Variab+#s - Bida, Minna and Kontagora tab#, on4s the first
eight mode#& are significant, with R Square Change not #ss than
0.01. Thus, the eighth stepwise regression modef has eight
variab#s which are the fo#bwing (see Tab+ 3):

Table 3: Model's Variables
S/N CODE PARTICULARS

1 STRUCT Structurafcomponents’ condition

ROOFCO Roof’s condition

TOILFAC Toitt facidties’ condition

WASTEW  Discharge of waste water’s condition

EXTWAL Exterior wa#%’ condition

WAKWAY  Waskways within the buifling premises’ condition
ELECTW Ectricafwires & switches’ condition

X N O Ul b W

INTWSU Interior wa#&’ surface condition

Source: Olagunju, 2011
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From the Modef Summary of Physicaf Condition and Other
Variab+s - Bida, Minna and Kontagora tab# again:

(i) The mudip# correfation coefficient 'r' is 0.970. This means
that there is strong and positive refationship between physica?
condition of bui#lings (dependent variab#) and predictor
variab+s.

(ii) The coefficient of determination 'r*' is 0.940. This means that
the predictor variab#s can give about 94% expfanation for
residuafvariation in physicafcondition of builings (dependent
variab#). Others may be as a resu# of chance effect which may
notbe measurab+ (i.e. the remaining 6%).

(iii) Therefore, Mode#(1) equationis,

Y = BO + lel + BZXZ + B3X3 + B4-X4 + BSXS + B6X6 + B7X7 + BBXB + {
(1)

Where:

Y =APhysica{’conditi0n of builings (dependab+ variab+,
PHYCON)

X, = Structurafcomponents' condition (STRUCT)

Roof's condition (ROOFCO)

Toifet facidties' condition (TOILFAC)

Discharge of waste water's condition (WASTEWT)
X, = Exterior wa#8' condition (EXTWAL)

X, = Watkways within the bui#ling premise condition
(WAKWAY)

X, = Etctricafwires & switches' condition (ELECTWR)
X, = Interior wa#8' surface condition (INTWALS)

D <
1

~
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Table 4: Regression Model's Coefficient and the Corresponding Beta

Values
S/No Regression Model Coefficients Beta Value

Particulars Value

1 Constant o 4.368

2 B1 2.305 0.164

3 B, 2.555 0.184

4 B3 2.699 0.186

5 B4 2.096 0.170

6 Bs 2295 0.158

7 Be 1.805 0.135

8 B7 2.031 0.14,

9 Bs 1.853 0.1,8

Source: Olagunju, 2011

Tab# 4 shows the emerging modef equation's regression
coefficients estimates, Therefore, Modefequation is, ¥ =4.368+
5.305X1 + ,.555X, +,.699X3 +,.096X4 + ,., 95X5 + 1.805X6 +
2.031X7 +1.853X8 (1).

A# the above eight fsted bui#ling maintenance factors as
physicafcondition of bui#lings' predictor in the equation can give
about 94% expfanation for residuaf variation in physica?
condition of bui#lings in Niger State. Thus, they have the best
bui#ling maintenance factors with 94% predictive vafie for
assessments of physicafcondition of bui#lings in Niger State and
Nigeria with some assumptions in pfce.

5.0 Conclusion and Recommendations

5.1 Conclusion
Mr. Vice Chance#br, distinguished Ladies and Gent#men, in the
course of the #cture, I have taken you through the fandmark
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events of my invo#/ement in the care of builings. | have carefu#
studied how to care for buiflings in a sustainab# way right from
the pfanning stage a#through to demoftion/preservation stage
with focus on waste reduction of materia#, time and fund.

Having had a#these experiences, most especia#y with builings,
[ have come to the concfision that there is the need to address as
the crisis of maintenance of the bui#ling stocks through a we#
estabdshed system. Cruciafto this assertion is recognition by the
necessary authorities that a crisis does indeed exist, and that an
urgent soflition is required by thinking in a sustainable way all
through our buildings' lifecycle maintenance/care
processes. The effect on our economy emanating from
difpidation of our bui#ling structures is high and cannot be
ignored in the caufations of our wasting wea#h. It is high time
to change our mentadfty in Nigeria that once a project (housing,
pub{c bui#ling or road) is commissioned, it is befleved to fast
forever and therefore need not to be maintained. As a resu# of
this mentadity, most of the builings in our higher institution
campuses, pub4cand private#/-owned housing estates and roads
owned by the Federa# State and LocafGovernment Authorities
are in dep#rab# conditions. However, Sustainable Building
Maintenance is feasible, but depends frge# on the #adership
and users thinking and activities towards the environment in
order to better care for it.  therefore ca#on the Government at a#
#vess, Unions and Agencies for infrastructure provision and
maintenance to wake up and embrace the opportunities
derivab# from 'Sustainable Building Maintenance with Lean
Principles’ as presented here today.

5.2 Recommendations

Mr. Vice Chance#br Sir, for fufutifization of the accrued benefits
derivab# from this inauguraf#cture, the bui#ling maintenance
stakeho#lers have to take the fo#bwing into consideration whi#
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thinking in a sustainab# way with focus on waste reduction of
materia®, time and fund.

(i) Re-introduction of the Bui#lings and Bui#ling Premises
Inspection Programme (BBPIP) in the state, whereby the
devetbped maintenance modefwi#be used for quick assessment
of residentia? bui#lings' physicaf condition. The mathematica®
mode&' adoption wi#efiminate doubts and drastic reduction of
waste resources, time and fund on the part of the government
officia® and the house owners or housing agents or tenants, most
especia#y in Investigative Post-Occupancy Evafiation decision
making which may fater demand for Diagnostic Post-Occupancy
Eva#iation.

(i) The physica# condition assessment modef deveped, ¥ =
4.368 +,.305 STRUCT + ,.555 ROOFCO +,.699 TOILFAC + ,.096
WASTEWT + ., 95 EXTWAL + 1.805 WAKWAY +,.031 ELECTWR
+ 1.853 INTWALS shou#l be adopted with emphasis on thinking
in a sustainab# way and be used by Government at a##ve# for
quick assessment of residentiaf bui#lings within their
jurisdictions.

(iii) Government at a# #ve# shou#l formufate podcy and
strategy for pfanning and deve#bpment permit and controfwith
focus on thinking in a sustainab# way in order to set minimum
maintenance standards for builings within their jurisdictions.
This may be through renovation permitsuch as:

a.Minor repair works,

b.Major repair works and

c. Totafredevethpment, decoration and improvement notice.

(iv) Government shou#l formufte maintenance podficy and
strategy in view to achieving the Mi#nnium Devetbpment Goaf
11 (MDG 11) targets with #ss waste of materia#, time and fund.
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(v) Government at a##ve# shou#l educate the residents on the
need for bui#ding structures and bui#lings' premises
maintenance and the impdfcations for faifire to maintain
buifling structures and buif#ling's premises through radio and
tefevision announcement and discussions. In addition, strategic
pfacement of posters and effective distribution of hand bi#5 can
a0 be emp+yed for the enfightenment campaign.

(vi) Use of the devetbped mode#for the prediction of residentia?
buiflings' physicaf condition shou#l be enforced and used for
quick assessment of bui#lings' physicaf condition by the
Bui#lings and Bui#ling Premise Inspection Programme (BBPIP)
agents ata##ves in Niger State and Nigeria at farge.

(vii) Maintenance department that is we#equipped and funded
shou#l be domici#d in every government and private
estabd4shment with expfcit maintenance pofcy based on #an
concept.

(viii) Private individua# and organisations shou#l incfide year#
maintenance cost of builing and decfaration of maintenance on
the bui#ling construction pfan before approvaf by Urban
Devethpment Authority. This wi# he# to ho#l responsib# or
initiate 4tigation, if the individuaf or organisation fai# to
maintain their builing structure.

(ix) An Independent Maintenance Enforcement Commission
(IMEC) shou#l be estabfished to oversee the ro# of maintenance
departments of government infrastructure and private
estabfished assets. Members of the Commission can be co-opted
from appropriate existing institutions or associations.

(x) Maintenance cu#ure based on #an princip#s, as a course of
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instruction, shou#l be introduced into a# #ve# of Nigeria
Education Curricufiim.

(xi) Re-adapting or reusing of existing bui#lings rather than
starting new construction projects that wi# consume more
resources and time shou#l be encouraged.

(xii) New construction shou#l have some sustainab# aspects
through renewab# or recyc#d materia®, a#ernative energy
sources, and orienting the bui#ling in order to make use of cross
winds and sun for naturaftemperature regufation.

(xiii) Intensive training and seminars must be organised for a#
cadres of staff of various estabfishments on the benefits of good
maintenance cu#ure. Users of facifities shou#l ao be broughtup
to date in the use and care of equipment with emphasis on #an
thinking.

(xiv) It shoudl be required that the designer give some guidance
as to maintenance needs in form of bui#ling maintenance manua?
with #an princips.
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PROFILE OF THE INAUGURAL LECTURER

Architect Professor Remi Ebenezer O#gunju was born on 1%
October, 1963 to the fami# of Late Pa Danief Ofade#
Ofagunju and Late Mrs. Mary Fo#trunsho Ofgunju of Ofiawo's
Compound, Inisa, Osun State.

He started his educationa# career at the St. Peter's Angfican
Primary SchooZ Inisa in 1970. He fater transferred to St. Michae?
Primary Schoo# Ikirun where he competed his primary
education in 1975. He proceeded to St. Michaef Commercia?
Modern Schoo? Ikirun and graduated in 1978. With his Modern
Schoofquadfication, he gained admission into Form II at Ajasse-
Ipo Comprehensive High Schoo£ Ajasse-Ipo, Kwara Statein 1978.
He fter transferred to Inisa Grammar Schoo£ Inisa, Osun State
(Oyo State then) in 1979 and graduated in 198, . He furthered his
educationa# career to Osogbo Grammar Schoo# (HSC) for his
Higher Schoo#Certificate and comp#ted in 1984.

He fater gotadmission to Ahmadu Be#b University, Zaria, Nigeria
where he obtained B.Sc. (Hons.) Architecture and M.Sc.
Architecturein 1988 and 1990, respective4;.

Architect Prof. Ofgunju took up appointment with the Kwara
State Po4technic, [4brin between 199, and 1995. He fater joined
the services of FederafUniversity of Techno#gy, Minna, Nigeria
in 1995 as Lecturer Il in the Department of Architecture. Whi#
on the job, he embarked on his PhD Architecture programme in
the same Department as one of the ten pioneer PhD students and
fater graduated as the on# rigor survivafof the 1" set and the 1"
PhD product of Architecture Departmentin, 011. He progressed
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steadi# from September 1995 as a Lecturer II to the rank of a
Professorin, 017.

Prof. Ofgunju was appointed among others as the Sub-Dean,
Schoof of Environmenta? Techno#tgy between ,010 and , 011,
Head of Architecture Department between , 011 and , 016, and
as the current Dean, Schoofof Environmenta#Techno#gy. He has
served as Chairman of various Committees at the Department,
Schoofand University #ve®; ProfessionafAssociation, Nigerian
Institute of Architects, Niger State Chapter and Redigious body,
Living Faith Church, Bosso - Minna. He has a#o served as
ExternafExaminer to many Po4technics and Universities, and as
we#as NUC Accreditation Team member to some Universities.

He is a member of the Architects Registration Councifof Nigeria
(ARCON), Nigerian Institute of Architects (NIA), Association of
Architectura? Educators in Nigeria (AARCHES), SERVICOM
Marsha# Federa? University of Techno#gy, Minna and Specia?
Marsha# Unit 5, FederafRoad Safety Corp 7., , Minna, Niger State.

Prof. Ofagunju has successfu#y supervised and graduated many
PhD and Master Students. He is happi# married with chi#lren.
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