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Abstract

This research focuses on investigating the imperative interior space flexiblity in a
Vocational Training Institute and the design approaches that can be adopted to design a
Vocational Training Institute in Nigeria. Five case studies were investigated in this study
to determine what interventions in design and material have been adopted both locally
and internationally to achieve a Training Institute that can be said to be flexiblewand the

mistakes made on the projects to avoid a repetition. This investigation E&%\r@realise

design approaches and materials that can be employed to ac% iblity in a

Vocational Training Institute design. The research concludes @h@ recommendations
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Chapter One

Introduction

1.1.  Background of the Study

Vocational Training Institute (VTI) concentrates on specific trades and provides practical

abilities that permit people to work in certain occupations. Vocational Training Institute is

a critical tool for development, worker mobility, flexibility, and productivj ncing
enterprise competitiveness and restoring labour market imbalances. %@ ords have
been used to characterise analogous aspects of the VTI, whigh Internship training,

\
vocational education, industrial arts, technical education, @/Vocational Education

(TVE), and Occupational Education education (OR@&ical Education, Career and
Technical Education (CTE), and Vocational \% tion and Training (VET) are all
examples 50. Baird, A. F., Stork, A. @Q e, S. A., Naldrett, G., Kendall, J. M.,

Wookey, J., ... & Clarke, A. (2020).

Globally, VTI programs in na‘ﬁi/rﬁvhave gotten a lot of attention in the last few years. In
2010, the Organizati %o.nomic Cooperation and Development (OECD) published
guidelines on tl;\t&ls,needed to promote VTI based on an assessment of international
experience_{ @ policy-making across 17 countries. Furthermore, Australia, Austria,

and Kg ere chosen as OECD country examples to demonstrate varied approaches to

ough it had a young VTI system, Australia was selected because it excelled in
VTI research and implemented an evidence-based VTI policy. Australia also had a robust
credential framework, one of the first in the OECD to be implemented. The Austrian
example, on the other hand, was chosen because it exemplified a long-standing tradition
of collaboration with social partners (representative bodies of employees and employers)

in which social partners have a true "co-ownership" of VTI procedures.



VTI Curriculums are intended to create employment opportunities and teach self-
employment skills, especially in rural areas and unorganised areas. The Nigerian
government is promoting these programs as part of its core policy agenda. Hence, the
critical research and analytics to impact the development of VTI policy and match it with

the labour market demands.

Though the demand for some vocational training institutes has become cr1$l\, the

resources needed to construct training centres are getting scarcer. The af(ﬁgs“simple

traditional practice was to create structures to satisfy particular dem@

needs might change over time. As a result, It has become @{a(y for architects to

ever, these

reconsider their design approach to resolving space issu%sf_afore, the required a shift
toward greater space flexibility ensures that a buik% acility is almost always used
according to need. Modern dwelling units' & to adapt to their users' needs is an

important design goal. Mahmoud, H. T.@SQU). According to Josephat, P. N. (2021).
the necessity for newfound adaptabi rchitectural principle has grown due to building
end users' quickly changing sﬁy eeds. As a result of the Spaces must be used for
multiple purposes, an Q ust be adaptable spaces in VTI should be designed so that
they could be gas ken down into smaller discrete and scalable sizes without
compromisi overall structural stability of the building Adetayo, ( 2016). Therefore,
ﬂexibi%op nness, and transparency should be essential prerequisites for future VTI

NunesM. F. B. (2021).

Combining several needed functions during a building project's predesign and design
stages to create space flexibility in buildings has always been present. Therefore,
examining such design needs is done so that the activities requiring more space are

prioritised above those requiring less space.



Flexibility in places utilised for pedagogical and educational activities, according to
Castaldo, V. L., Pigliautile, 1., Rosso, F., Cotana, F., De Giorgio, F., & Pisello, A. L.
(2018). poses several issues in today's environment. Essentially, the utilisation of these
places for activities varies throughout the day and over long periods. The need for
innovative opportunities for obtaining flexibility of space, such as the modular concept in
space planning, arose from the necessity to in an interior space, accommodate a variety of
pedagogical and didactic activities. The anticipated outcome of imple \%\such
notions is a versatile learning environment that allows for a wide r ducational
methods and learning experiences The modular notion in spac%%as been around
for a long time, but it has been chiefly used in buildi c:}'uct\ion parts and wall
placement for structural reasons. The use of modula p& img principles was introduced
to improve the flexibility of space to cater for mu nctions that might use identical
facilities, lowering total operating costs Xovmg sustainability. Because walls and
interior components can be assem dlsmantled in various formats to match the
required current user needs, t{%o ular idea of planning allows even more space
flexibility Goh, M., % Y. M. (2019). A modular system comprises separate
partition parts that@a table and reusable to accommodate different sizes to fulfil
various dutleﬁ maintaining a diverse working environment Gorgolewski, M. (2017).

The ac@a% of using modular concepts to gain flexibility, such as demolishing a
concreD block wall during the remodelling of an existing area into new configurations by
end users, include effective use of space, economic effectiveness, and reduction of

construction waste.

A modular system's main advantage is the ease with which it can be erected and the time
it takes to create the desired environment. Regrettably, various structure designs in

Nigeria, including the Vocational Training Institute, are usually specialised in nature and



not adaptable 46.Afolabi, A. O., Oluwatayo, A., Oyeyipo, O., Ojelabi, R., & Fagbenle, O.
(2018). resulting in buildings that are typically unsuitable for other purposes when the

Vocational Training Institute are not in use.
1.2.  Statement of the Problem

Vocational Training Institutes have been designed and built over time with the sole

purpose of training individuals in a classroom using less sophisticated r@sand

mostly manual tools. It is done without considering that as technology(a es, these
small machines and tools will be replaced by much more & ted machines,
necessitating larger spaces but significantly improving the i ’p&(tl n\ method. We must

also consider that a vocational training institute is n@on—ter‘[iary institution but

also a type of industry where products can be sho old.

Those structures were built with no m@t flexibility. So they cannot adapt or
accommodate new larger machines%pgpﬁlations without requiring the demolition of
some building components, a@sources and time, and, most importantly, posing a
threat to the structure's ral stability if these walls are load-bearing walls. However,
suppose these stmc@e created with moveable partition walls. In that case, there will
be no need t lish these barriers when the time comes to downsize these spaces,

saving ahd time and preserving the structural integrity of the building.
1.3. kim of the Study

This research aims to investigate space flexibility in Vocational Training Institute to
identify functions that could be integrated into First Technical University, Ibadan in

South West, Nigeria.



i. What type of flexible vocational training institute design is suitable for First
Technical University, Ibadan?

1.4. Objectives of the Study

This study will focus on these specific objectives to meet the aim:
i. To examine the method to adopt for modular principles in vocational training

institute design; \V\

ii. To analyse the properties of flexible space;

iii. To propose a flexible vocational training institute des1gn®ét Technical
University, Ibadan. ,\&

1.5. Research Questions &(/E )
ii. How are modular principles methods @ to vocational training institute

design? Q

iii. What are the properties of ﬂexib@ce?

1.6.  Significance of the St (ﬁ(j

This study will contr %mﬁcantly to designing, planning and partitioning spaces in

future VTI des leve flexibility and adaptability in interior spaces to maximise

existing sp @
@Je of Study: Target Group

This research is focused on the concept of adaptation and flexibility in the interior spaces
within Vocational Training Institutes. In addition, space modularity and the nature of the
walling materials used in these centers will also be taken into account, as they affect the
level of flexibility available.The various possibilities of combining activities to create

flexible spaces are also presented, as are several possible modular dimensions.



1.8 Operational Definition of Terms

An Operational Definition is the definition of a variable in terms of the operations or
techniques used to measure or manipulate
it.(https://www3.unisa.ac.za/nicw3vx/page.php?) The following are the terms used .

i.  Vocational training: Vocational training refers to institutional programmes or
courses that concentrate on the skills needed for a specific job functionsgr trade.
Vocational training focuses on procedural knowledge rather tha &%ﬂt\wal or
declarative knowledge. Education in vocational training students for
particular careers while ignoring traditional, unrelated @QQ subjects.
Vocational training, also known as Vocational F®~ and Training or Career
and Technical Education, provides hands-on; %eciﬁc instruction and can lead

to certification, a diploma, or even an\a}%a e's degree. Students typically need

vocational training to prepare r’\%es such as automotive repair, plumbing,

culinary arts, graphic de@ion design, and welding Davis, J. (2021).

ii. Institute: An institutN/ organised singular or multi-disciplinary unit to
conduct educati %eérch, and/or service activities. Institutes are distinguished
by their, okganjSational permanence, programmatic autonomy, and fiscally
indep -%V annual operating budget. Additionally, an institute must have active
@lt participation and a logical connection to the University's instructional

Qnd/or research efforts. The Provost, Vice President for Research and Innovation,
or their designee, is in charge of an institute. An institute may be affiliated with

one or more centres (Marquette University, n.d.).
iii.  Flexibility: Flexibility is an clear free range of motion and any feature or vibe that

is malleable and adaptable. Flexibility is frequently defined as the amount of

change that occurs and the degree of permanence of that change. Flexibility in



iv.

vi.

architecture refers to being malleable, movable, and multipurpose. It is further
subdivided into movable partitions, multi-use spaces such as open-plan offices
and high-capacity service voids, and the ability of the room to expand. The
concept of flexibility and design enhances adaptation over stagnation,
transformation over restriction, and interaction over inhibition. Any built

environment should act as a living organism with unique, functional, design, and

material flexibilities (Hiran, n.d.). \E

Adaptability: Adaptability refers to a building's ability ; @ﬂ multiple

functions without changing its architecture (Hiran, n. d) ility refers to a
building's ability to accommodate significant chan Q a ge is unavoidable in a
structure's social, economic, and physical su s well as in the demands
and expectations of its residents. Eve e e belng equal, a more adaptable

building will be used more ef 1C®nd last longer because it can adjust to

changes at a cheaper cost. gehally, a longer and more efficient building

service life may transl‘@?o higher environmental performance across the

lifetime Estaji,
Interior S@ nterior space refers to an enclosed part of a public or

comm@ bulldlng, such as an exterior hallway, connecting structure, entrance,

tantially enclosed space with a roof and a wall or walls that may restrict the

Q chanical system used to condition an enclosed space . Interior space is any
E S

free flow of outdoor air.

Modularity: Modularity is a system property that quantifies how easily densely
connected compartments within a system can be decoupled into distinct
communities or clusters that interact with one another rather than with other

communities (Kharrazi, 2019). Modular architecture, also known as modular



design, divides a system into smaller parts known as modules or skids, which can
be created independently and then used in different scenarios. A modular system
is distinguished by functional partitioning into discrete scalable and reusable
modules, the strict use of well-defined modular interfaces, and industry interface

standards (Nady, n.d.).



Chapter Two
Literature Review
2.1.  Conceptual Review

Education entails the facilitation of learning and the transmission of knowledge, and the
acquisition of skills, values, beliefs, and habits. Accordingly, every individual has the

right to education because it allows inhabitants of a country and the world ® their

full potential. According to Renn, O. (2017). it is the foundatic%@ entific and

technological breakthroughs and modernity, and this has therm&:a ed all nations of
\
the globe to place high importance on it. Education is the L at illuminates the world;

without it, the world would be dark Balogun, (2020).\&&%@& A. P.(2020). avows the

existence of sufficient evidence that more excel qualifications and abilities protect
individuals from unemployment. Howev @&he rising unemployment rate in Nigeria,
the emphasis is gradually shifting % iary to skill-based education. That typically

results in the shift from the &Ql/ion of abstract knowledge and paper certification to

focusing primarily on ak knowledge and the ability to apply acquired skills in a

real-world setting, (@a n, 2017).

However, te 1 and vocational education have been regarded as a crucial component
in t% ing global economic system. Nevertheless, there are several obstacles to
vocatiohal training education in Nigeria and many other nations. Oyebola, Olaposi, &

Akarakiri, (2020).

According to Ausubel, Kramer, Shi, & Hackett, (2022). More than half of the world's
population is under the age of 25, with nearly a third falling somewhere between the ages

of ten and twenty-four. Therefore, it demonstrates that teenagers are the majority and that



their numerical strength, if adequately harnessed or exploited, will significantly contribute

to society rather than allowing it to become a significant threat if left to their own devices.

The world is increasingly becoming connected due to technological advancements. Hence,
a nation must work hard to achieve employment independence and optimal management
of its natural and human resources to generate income and achieve a stable and reliable
economy and a place in the global industrialisation network. In the past, and stiliin some
sections of Nigeria today, vocational education or skill was passed down eration
to generation within families. These families were known for parti gﬂls, such as
carpentry, tailoring, art and craft, agriculture, etc. It was a fam@a{ for them to groom
their children and pass on this knowledge, expecting @ pass it on to the next
generation to maintain the family's identity. Howe &tlme passed, children were no

longer required to study the family trade. Inst aﬁ@y were free to acquire other specific

works of their choice under the supervisq{é\oompetent experts, family missionaries, or

colonial masters. \ Q

During the colonial perio@m igenous companies such as Shell, BP, PZ, and UAC

began to train artisai@pg their employees to acquire the skills required for operation

in the companié&it

because tht ry goal was to improve the workers' ability to complete more complex

time. No examination was conducted to issue a paper certificate

task missionaries, on the other hand, constructed schools mainly for evangelism.
The early missionaries' operations were characterised by literacy education aimed at
converting people and generating clerks and businesses Akintade (2017). Before the
current administration, Nigerians viewed Vocational Training School as a low-level, low-
brilliant, and less fortunate or second-class citizen education program Agha, Ukommi,

Ekpenyong, & Effiong (2020). Where as, in the shifting global economic order,

10



vocational and technical education has been considered as a critical component of the

educational system.

Today's inventive system is shifting toward skill development classes that can assist both
children and adults in becoming self-sufficient. (Ogundiran, 2017). Nonetheless, in
Nigeria, as in many other nations, vocational training education has numerous problems

Oyebola, Olaposi, & Akarakiri, (2020).
2.1.1 Federal Government Involvement in Vocational and Technlc@;tmn

Nigeria's Federal government is not only aware of the necessi t(% rness her human
\

resources by developing her citizens' vocational and tec tentials to close skill
gaps and shortages but also of its importance and con@t‘sﬁs to the country's riches and

pride. Consequently, her national education pol phasises that "Technical education

is the cornerstone of Nigeria's Develo t"NAs a follow-up, Human Development

Agencies (HDAs) such as the Indu ning Fund (ITF) were established to provide
training to support the Vocati @ Technical education system. According to Ellner,
M., Schumacher, O., & wig, M. (2018) formal education should be supplemented
with more adva@nd obviously industrial training. In light of Nigeria's
underwhelmiational output, where technical students graduate without acquiring
the ne@ echnical skills, the importance of the ITF cannot be overstated. Given
Nig% educational system's underwhelming results, where technical students graduate
without having acquired the necessary technical skills, the importance of ITF cannot be
overstated. The Industrial Training Fund was established in 1971 by Decree No. 47,
which is now an Act of Parliament, to promote and encourage the acquisition of skills in

industry and commerce in order to create a pool of indigenously trained labor sufficient to

meet the needs of the Nigerian economy. The ITF has devised, developed, and executed

11



different training programs for the nation's teeming workforce, some of which are
technically oriented, to fulfil its statutory obligations over the years. It has also built
industrial skills training centres where young people can receive training in various
technical fields. The Technical Skills Training Programs (TSTP) are designed to fill
technical skill shortages and prepare citizens to meet the expanding, complex, and
changing demands of globalisation, scientific, and technological advancements Ellner,
Schumacher, & Hartwig, (2018) Despite the efforts of the Industrial

evidence from many sources suggests that skilled technical labour is @ort supply
in several sectors of the Nigerian economy. Despite i 1ncreas1ng tr forts according
to the 2009 Industrial Training Fund report, there is a hu-@ al gap in performance
across several sectors of the economy. The ngerlan has been suffering from an
acute shortage of technical personnel, accord@te National Board for Technical
Education Akanbi (2017). while the M rers Association of Nigeria's Economic
Oviawe, J. 1., Uwameiye, R., & Uddm, P~8. (2017). emphasised the fact by noting that

the manufacturing sector has @heing serious scarcity of skills and other skilled

manpower challenges. \ .

In actuality, it a &{S,T\Hat the ITF's Technical Skills Training Programs has had little
impact on t ents skill levels. While the ITF's efforts to create Technical Programs
are CO\'%[ ble, the impact on trainees must be determined objectively. As a result, the

require ent for an evaluation arises Adewumi, S. A. (2018).
2.1.2 Brief History Of Modular Construction

Although modular construction has recently gained popularity, It is not a completely new

idea.

12



Prefabricated homes were transported from New York to California during the nineteenth
century as large segments of the population began to migrate west, such as during the

Almaguer, T. (2020).

Prefabricated housing was also popular in the first half of the twentieth century,

particularly during times of high demand, such as the years following World War II.

Modular construction began to be used for a broader range of project typ \@'&ding

schools and healthcare facilities, in the late 1950s, and it was used to bu ge scale
hotel projects in the 1960s and 1970s. %
\ .

The Modular Building Institute has published research s "\hat between 2014 and
2016, the market share of permanent modular ce@&&n in the North American

building industry increased in a number of arga fice and administrative (4.86%),

2016.

commercial and retail (3.53%), and edus@?jo%) had the highest market shares in

The permanent modular gr\l\%gﬂm industry accounted for roughly $7 billion in
construction activity j 17, and its estimated overall market share in North America
increased to abgut 8,27 percent from 3.18 percent in 2016, according to the Modular

Building I 2018 annual industry statistical report, which was based on a survey

of 255 lar manufacturing companies.

(Design for modular construction)
2.1.3 Details Of Modular Approach
Prefabricated modular construction components can either be made as

1. non-volumetric components or

13



1i. volumetric units

Individual, three-dimensional enclosed pieces are prefabricated and assembled on-site to

form a single structure in volumetric modular construction.

Volumetric modular construction is commonly used in multiunit residential projects such

as hotels, dorms, and apartment complexes.
Each unit may contain one or more modules, depending on its size. \a

Volumetric features include patient rooms, restroom pods, and 1ndlv®g? ator or stair

F

core parts.

Figure 1: Volumetric construction (Design for Modular Construction)

Non-volumetric modular construction entails off-site prefabrication of building
components such as walls, slabs, and roofs (often referred to as sub-assemblies),

which are then joined once on-site.
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Non-volumetric modular building components frequently used as examples include:
1. Structural components include beams, frames, and columns

i1 Wall panels and interior partitions

iii building facade and cladding sections

iv floor cassettes and planks

v roof trusses, and wall panels. @(/

Figure 2: Non-Volumetric construction (Design for Modular Construction)

Depending on the particular needs of the design, program, and/or site, modular
projects may be made up of a combination of volumetric and non-volumetric

components and may employ a combination of off-site and on-site construction.
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For instance, parts required to create expansive holes or spans that may be challenging
to produce may be transported more sparingly than volumetric parts, which could
lower transport costs, but they need more assembly and sealing work done on site,

which could make up for any transport savings.

It should be noted that non-volumetric modular buildings typically take less time and

cost less to complete than conventional on-site construction. are frequently%ig on-

site using a modular construction design developed in an off-site facili@/%\
2.14 Advantages Of Modular Construction $\
\ .

Aside from being the most effective means of achievi@lity and adaptability in
buildings save for kinetic architecture, there are s%agﬁdvantages to using modular

construction in architecture. Q

However, kinetic architecture is a SLQS}’J\\of modular construction that is supported by

an automated mechanical syst@er advantages of modular building include:
1. High Quality \\/

Applying the e@ and controls of highly developed manufacturing processes to

buildi% tion produces numerous important advantages in terms of producing

higifguality output with great precision.

In ;te monitored production environment, a high level of quality control and
consistency is made possible by the use of precise fabrication technologies like

CAD/CAM (Computer-Aided Design/Computer-Aided Manufacturing).
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When installing delicate high-tech components like fire and security systems or
sensor-based programmed environmental controls, this level of quality control is

extremely crucial.

A building envelope that is significantly tighter and has fewer air leaks is the result of

increased precision in the manufacture of outside wall components.

Depending on the project's architectural shape and program comp x@ﬁnass

production manufacturing techniques may be applied to gain ﬁthl% omies of

N\
N

\
Furthermore, using mass production techniques doe ’\rays mean less design

flexibility. Project teams and fabricators ca@ orate to create a mass
customization strategy that makes use of the% mies of scale that come with mass

production while allowing for Variabi%&@ﬁtisfy a variety of customer demands and
design intents. Q

The production and storag <o§%uilding materials in an enclosed facility also means
L )

less exposure to Qea her, which can result in moisture-related damage during

constmction@gng component durability and raising the possibility of mold

growt which are dangerous to occupant health.

ore, the monitored manufacturing setting will allow components to reach

their maximum strength in comparison to prefabricated concrete component setting.
ii. Productivity
When using an off-site approach, labor productivity increases as well.

Inclement weather has less of an impact on a plant crew.
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Additionally, a team working in a facility created to provide perfect manufacturing
circumstances, equipped with accurate equipment and machinery, can produce higher

quality products more quickly.

Off-site construction also implies a more consistent crew and a more controlled

workflow that is less susceptible to disruption.

iv. Furthermore, because modular construction necessitates a hi k@l of
coordination and collaboration among project team members,<1t: urages a

more integrated process, which can lead to increased prodyctvity during the
A

design and planning stages of the project. (’\
it Security §/

Additionally, workers are often safer during @onstruction.

{zg}\rme weather or other construction sites, like

Workers aren't exposed to threats fr
&e in a controlled atmosphere.

noise and air quality, because th%

The United States De t~of Labor's Bureau of Labor Statistics reports that fatal

injury rates in m@uring are significantly lower than in conventional on-site

constmcti@

pstruction work to off-site manufacturing facilities could improve the overall

culture of construction work by providing workers with more job security and more

flexible shifts, as well as increased safety.
Iv Time Management That Is Effective (Schedule)
The construction process is much less susceptible to delays caused by inclement

weather because the majority of a building is prefabricated in an off-site facility.
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This allows for a more consistent schedule. Off-site construction also allows work
that would normally need to be sequenced to be completed concurrently. Off-site
construction, as opposed to the linear process that typically characterizes traditional

on-site construction, allows trades to work concurrently.

According to the Modular Building Institute, if a project is coordinated so that site
work and pre-construction engineering are completed concurrently with&ﬂding
component fabrication off-site, the construction schedule can be shorta(e%y» 0% to

50%, resulting in dramatic schedule savings. %\%

If true, this is a significant advantage over traditiona(@ c\onstruction, which

requires the foundation to be completed before w@e building can begin. The

greater the amount of work that can be compl§ site, the greater the savings as a
on-Site.

result of the increased amount of time &@

Off-site construction may al eg'ﬂfe supply chain delays because modular

manufacturers often have @grmly established connections with a larger network

of qualified materia liers as well as a greater ability to store bulk materials than
traditional on-si etions.
Addition: ings can be realized by closely coordinating on-site and off-site

Building components should ideally be fabricated, transported, and delivered to the
site "just-in-time," based on when the site infrastructure required for their installation
is complete, to avoid any additional costs for storage at either the plant or the

construction site.
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It should be noted that schedule reductions may be affected by the complexity of the

project or the level of customization involved.

Although modular construction allows for greater design technical complexity, complex
projects with many unique components will require more fabrication and assembly time
than projects with more standardized elements. The diagram below contrasts the Modular

Construction Schedule with the Site Built Construction %e\dule.

Site Built Construction Schedule Modular Construction Schodule @
Design engineering —§— Design engineering %\

Permils & approvals —— Permils & approvals

Building construction at plant

Sile development
& foundations

Building construction — ‘ Install & site restoration

Site restoration -

v. Value And Cost \ :

With the exc g’!he expense of interior partitioning, modular construction can be

less expen n on-site building, although this does not always translate into cheaper

roj%%s overall.

However, compared to conventional construction processes, expenses are frequently more

predictable.

Modular construction can be used to achieve project affordability and cost control, but it

requires more thought in design and thorough planning.
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The price of any modular project will vary depending on a number of criteria, just like the

price of any conventional project.

When identifying the different individual aspects that will affect the cost of the project

and how much, project teams should speak with a modular manufacturer.

Project teams should consult with a modular manufacturer when determining the various

specific factors that will impact the cost of the project and to what extent. \V\

Furthermore, the modular manufacturer's expertise is beneficial in d B@(ﬂg the most

cost-effective method of module transportation. &
\

he transportation cost for any particular modular project@ fabrication cost, will be

determined by a number of variables, such a *ucking distance between the

fabrication facility and the job site, as well a@m er of trips required..

Most modules will be over-dimensi a@, requiring a special permit to transport on
public roads. Depending on t je€t and location, making the modules as large as

possible within regulatiou%}pﬁying for police escort or special routing to reduce the

total number of mot deliveries may be more cost-effective.

The less cr @fequired as a result of this method may help offset the greater cost of

larger @s eeded to lift larger components.

All harg and soft costs must be taken into account when comparing the cost of modular

construction to other construction methods for a particular project.
Overall, modular construction ought to be viewed as a long-term investment.

Regardless of the use of modular construction should ideally be focused on a clear

understanding of the specific benefits the strategy offers and the extent to which these
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align with what the project owner values in each particular instance. If implemented
correctly, modular construction will prove to be a more cost-effective way to create value

in the long run.
Sustainability

Modular construction also can considerably improve the environmental sustainability of a

project. :\V\
When compared to traditional on-site construction, off-site prod$‘e§%3ﬁ~ building

components, for example, allows for optimal control of mate’r&e, esulting in lower
\

material input and waste. %(—3

Furthermore, a significant amount of excess mat \%ﬂ waste can be managed to

capture and reprocessed into the inventory fo@ uture projects.

N

In overall, the greater the percentage ff gg}ect that is manufactured off-site, the greater

this same benefits gained from @s\ g material input and reducing waste production.

N\

Project teams can also ‘Q ith fabricators to select materials and products that have a

low environmental @during extraction, processing, and transportation.

For instan ifying regionally sourced and responsibly produced materials (such as
FSC d wood) can decrease the project's personified influences associated with

material transportation and natural resource depletion, such as forest degradation.

As building components for several projects can be produced simultaneously at a single
plant and transported to construction sites nearly complete, modular construction reduces
worker travel and small material deliveries, resulting in significantly lower transportation

emissions.
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The precision, quality control, and consistency inherent in the off-site production of
building envelope components under controlled manufacturing conditions can also reduce

the operational energy of modular projects.

Furthermore, because modular construction methods necessitate the completion of fewer
seams and joints on-site, it naturally lends itself to achieving exceptionally high levels of

air tightness, such as those required by the Passive House Institute quality standa%

A smaller construction footprint and much less site disturbance are genéra ;neﬁts of

modular construction because it requires less space around the b ﬂ@\ﬁe for workers,
W

truck traffic, and material storage. (’\
The modular construction process is shorter than @e‘wonal construction methods,

involving fewer workers, less traffic, and less jal processing, so there is also less

disruption to the nearby community. \\\
Long Life, Loose Fit, And Reusa@

Additionally, modular d% hag€ the potential for "plug and play" flexibility, which
would make it sim pt or modify modular buildings over time for different uses.
A modular buildmg could be disassembled into pieces that could be redistributed for use

in numero 1 projects, or it could be disassembled into pieces that could be reused

andbled elsewhere.

Even if modules are not reused, buildings made of modular components that can be
disassembled would be simpler to decommission and remove in a more controlled manner,
which would be cleaner and less harmful to the environment than traditional buildings

built and demolished.
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Buildings made of modular parts that can be disassembled would be easier to
decommission and remove in a more controlled manner, which would be cleaner and less
damaging to the environment than conventional buildings built and demolished. Even if

modules are not reused.

Beams, columns, slabs, and walls are examples of large components that could be given

distinctive identifiers that link them to informational databases, allowi these

components to be systematically stored and reallocated for use in new pf@%d on
their design capacities. %\

By creating smaller assemblies and components that are G’i&&le ‘&) disassemble and

separate into different material categories, module r@/ ity can be increased even

further. §
To summarize, the continued evolution E@Nar construction is likely to be fueled by

developments in convergent fields l%n rial sciences, manufacturing techniques, and
high-performance design an @:tion practices. making it a preferred option for

achieving the "triple bot@'{m" of social, environmental, and economic goals

2.1.5 Barrier’éw;ular Construction
i. Mis-Pe%&;ns

Ow&nd project teams may find it difficult to feel at ease using modular construction
due to a general lack of experience.But as modular construction becomes more prevalent

in the building industry, this is probably going to change over time.

Most projects could use any number of modular components, combining modular and
traditional construction to produce a hybrid strategy that still offers many of the

advantages of modular construction. Those who are unfamiliar with modular construction
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may mistakenly believe that it is an all-or-nothing strategy. For example, it may be
advantageous for a project to fabricate only the more repetitive, standardized elements
off-site while simultaneously building the architecturally unique elements, like the

entranceways, elevators, and stairwells, on-site.

Some architects might also think that modular construction restricts their design options
or their control, but in reality, it allows for a lot of design freedom and can acco&date
a variety of forms and styles thanks to mass customization techniques. T (v%\wmge of
projects, including the case studies that will be examined in chapter %this project,
that have recently been constructed using modular methods se& evidence for this. In
addition, the possibilities offered by mass customizati (_Qxiques might eventually
enable architects to more precisely tailor the d (((manufactured components.
Parametric design tools, for instance, have t e%ntial to give architects significantly
more control over the formal qualities (X}«odular building components when combined
with sophisticated BIM (Building @ation Modelling) and the accuracy of computer-

aided fabrication technologies\/

Additionally, by 'v@chitects more chances to inspect full-scale mock-ups of
G

specially madé\c

sophistica@nfomed iteration.

ii. D%ences Compared To Traditional Construction

onents, rapid prototyping techniques can encourage more

Some owners and developers might be hesitant to try modular construction due to the
various funding models that are frequently used in it. For instance, compared to
conventional construction projects that allow for payment in installments, modular
projects may need to pay more upfront for technical approval. As compared to

conventional projects, ensuring compliance with building codes may expand the scope of
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engineering work and increase upfront costs. Because construction time can be drastically
reduced, modular construction may also involve a different cash conversion cycle.

Owners who switch to modular construction might have to alter their financing plans.

However, as the KPMG Smart Construction report points out, there is potential to reduce
overall development financing by using modular construction by speeding up the
construction process. The sooner the project turns a profit, the lower the dﬁlgper's
carrying costs will be during construction. Depending on the state in which t ject is
located and local requirements relating to procurement, there mi be unique
challenges to address if a project is publicly funded. This is be %m\odular construction
differs significantly from traditional construction in thi or instance, a modular
project that will be built almost entirely off-site m {Slllow the typical Regulatory

Body schedule of values that would serve a t@ is for monthly progress payments.

Due to this challenge, some publicly fu ijects might not be able to accept payment

certifications. \ Q
Some trade unions in the tion sector are also opposed to modular approaches.
Some claim that mo i@onstructlon lessens the need for traditional trade labor because

it involves a I'lS of standardization and industrialization.

Howey, %nen‘[s of modular construction contend that the use of rapidly developing
tech&ies, tools, and techniques in modular construction will instead result in new and
more alluring career opportunities in the construction industry, particularly for younger

workers.

Others merely draw attention to the fact that off-site building is required to combat the
general trend of declining access to skilled labor. Before the full advantages of modular

construction are fully realized on a large scale, some contend that the industry as a whole
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needs to undergo a cultural shift. Starting to incorporate alternative strategies like
modular off-site methods in the curriculum of architecture and construction education
programs might be one way to promote such a cultural shift in practice. Ibrahim and

Rashidi (2017).
2.1.6 Other Factors To Consider Are

Last but not least, some aspects of modular construction might make it a % ble
option for some projects. Project teams should think about the when

contemplating modular construction as a potential strategy: %

i. It's possible that manufacturers of modular produc@)t efficiently produce
extremely complex forms. §/

ii. Modular construction may take longer to @ and inspect in locations where local
authorities are less familiar with off-si &'}cation techniques. (However, many states

that might have specialized pr%(/ charge of modular off-site construction would

avoid this issue) \\/

iii. Since each m s its own independent walls, floor, and ceiling, modular
construction ally produces a bulkier structure when using a volumetric approach.
This entai%c er walls and deeper floors than in conventional construction. If not
pro@gen into account during design, this could have a negative impact on interior
living spaces in taller structures by reducing the usable area and volume of interior space,
even though it may be advantageous in terms of acoustics, energy efficiency, and thermal

comfort.

iv. Modular construction is not suitable for a structure with very wide clear spans and

significantly high open ceilings, like a "big box" store.
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Additionally, there are some situations where modular construction is not recommended

and where its advantages are unlikely to be fully realized.

For instance, the benefits of off-site fabrication's otherwise faster delivery may be less
likely to be realized at construction sites that are easily accessible, situated on affordable
land, and located in climates that permit year-round construction work. The potential cost
savings offered by an off-site approach may also be less than in locations with more

expensive materials and labor if the project is in a location with excelle \ess to
reasonably priced materials and labor. %\

Nevertheless, environmental advantages that can be obtai(&d@aximizing material
usage and directly reusing or recycling scrap in the @aﬁon process would still

Likewise, even in these situations, the d »@ f disruption to nearby properties and the

community at large would be shorte ahith and Rashidi (2017).

2.1.7 Movable Walls In In}bé/&;artition
S\
Fixed wall const say become as obsolete as typewriters and carbon copies,

according to irector of product and marketing management at Gold Bond Building
Products 1 nta, Georgia. Rapid development and the introduction of computer

have compelled businesses to look for more adaptable work environments.

Moveable walls are now taking the place of fixed wall construction, with its apparent
reconstruction costs and inconveniences (also known as demountable or relocatable
partitions) in advanced countries, and have even gone further to program these walls to
be controlled automatically. Many companies have put effort into production of movable

walls due to its inevitable advantages and constant market. These walls are designed to
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meet standards such as fire resistance, acoustics and aesthetics using several medium such
as glass, wood, steel and also some composite materials derived from combination of

several materials. The principles of movable walls are to create flexible space. These

principles include:

1. Scaling down and scaling up a space to adapt to change in function

Figure 3: Splitting a space in half ( %‘Acoustlc Walls for Flexible Space)
N

%

\ 4

Figure 4: Stage 3 (Movable Acoustic Walls for Flexible Space)
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\_3\
Figure 5: Stage 4 (Movable Acoustic W, exible Space)

N

ii. Helps to bring the outside — inside the buildi
~\

Figure 6: (Movable Acoustic Walls for Flexible Space)
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iii. Helps to bring in adequate natural lighting into a space (glass modules and steel frame

partitioning)

\‘
Figure 7: (Movable Acousr@w for Flexible Space)

2.1.8  Mode Of Operation \’\
o

1. Sliding Wall System: T

is similar to the wall-fold technique but

instead of foldiny, 1t slides the panels as the name implies
\

Figure 8: Sliding Wall System (Accordial)
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ii. Sky-Fold System: This is a method of folding on stacking the movable acoustic

walls vertically into a sky pocket or ceiling pocket until the need arises.

Figure O: Sk@tem (skyfold)

iii. Wall-Fold System: This techr@ds similar to sky-fold system, but wall-fold

system stacks up panels @ by folding them horizontally like an accordion
\ »

Figure 10: Wall-Fold System (Accordial)
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Figure 11: Curved movable wall@&l
2.1.9 Packing/Stacking Pattern \&</

This is the arrangement where the movable pangls are temporarily stored when not in

use and can be unloaded as needed. Depéndingron the manufacturer, these panels can be

neatly parked or stacked in Variou@ns to take up very little space, as shown in the

illustrations below. Q,
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o5
Figure 14: Packing/Stacking Pattern (Division®

2.2 Properties Of Movable Partition@(@lls

1. A variety of materials can be L%O create them.

I.  They are environmxta%fendly and have no adverse effects on users.
II.  They have eff@souﬂd insulation properties between 25 and 65 decibels; in
fact, the@ wn as acoustic movable walls.
II.  Th turally quite lightweight.
IV. Q@ are easily adaptable in terms of layout, style, and form.

V. hey are inexpensive but require skilled labor to install, making them cost-
effective.
VI.  They come in different thickness and sizes per panel:

1. Thickness: 50mm — 100mm

il. 1. Minimum panel width: 650mm
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iil. 1ii. Maximum panel width: 1250mm, center hung: 850mm, end
hung: 700mm

iv. iv. Maximum clear height: 11mm, also depends on the headroom
of the space.

v. V. Approximate hanging weight: 22 — 47kg/m2

AV
%gu ¢ 15: 30 minutes to 1 hour resistant time (Hafele)

2.2.2 The Prin i@ding Modular Design

Modularit)@ functional partition of space into mountable and resizable units in
mo th measurements that can be divided into threes. The use of flexible and
demountable walling units to enclose spaces are two fundamental modular design

guidelines, according to Stiles. (2019).

In their 2013 study, Harrison and Hutton propose a reference guide for typical modular
sizes for flexible and demountable walling units. This reference guide is shown in Table 1

below. The table lists the various modular workshop sizes as well as the numerous
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movable walls that can be employed in these spaces. The last column's areas were

calculated by multiplying two modular dimensions. The numerous moveable partitions

must follow prefabricated dimensions that are divisible by three, and the workshop spaces

Table 1: Modular room sizes and movable partitions

Movable Modular/Flexible Length / Q\

S/Ne Modular/Flexible Q’\\

Partitions Breadth %\%

1 Folding Partitions | 3.0m, 3.6m, 4.2m, 4.5m, 9.0m?, 1) 6m?2, 12.96m?,
4.8m, 5.4m, 6.0m, 6.6m, @*}44m2 15.12m2, 16.2m2,
7.2m, 7.8m, 8.4m, 90r® 28m2, 17.64m2, 18.9m2,
9.6m, 10.2m, 1(&/\ 20.16m2, 20.25m2, 21.60m2,
11.4m, {3{ 5.0m, 22.68m2, 24.30m2, 25.20m2,
wumples of 3 & |25.92m2,27.0m2, 28.8m2, 30.24m2,

&Q‘,B 34.56m2, 51.84m2, 172.8m2, 180m2,
%Q 270m2, 360m2, 540m?2.
O\
2 | Shidjhg Partitions | 3.0m, 3.6m, 4.2m, 4.5m, 9.0m2, 10.8m2, 12.6m2, 12.96m2,

4.8m, 5.4m, 6.0m, 6.6m,

7.2m, 7.8m, 8.4m, 9.0m,

9.6m, 10.2m, 10.8m,

13.5m2, 14.4m2, 15.12m2, 16.2m?2,

17.28m2, 17.64m2, 18.9m2,

20.16m2, 20.25m2, 21.60m?2,
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6).

11.4m, 12.0m, 15.0m,

18.0m. (Multiples of 3 &

22.68m2, 24.30m2, 25.20m2,

25.92m2, 27.0m2, 28.8m2, 30.24m2,

34.56m2, 51.84m2, 172.8m2,

180m2, 270m2, 360m2, 540m2.

3 Flexible Partitions

Any room size

Any room size

Source: Harrison and Hutton (2022)

PNy
N

must be organized in a similar way so that the partitions fit int(}@aaces.

The modular design grid system in Table 1 may be us

create modular spaces that will be surrounded b

flexible space.

Q

the VTI design phase to

1ty of movable partitions for a

Honyak, M. R. (2018). investigat ig&uént types of modular wall arrangements and

their premade sizes for actwe(@e\paﬁition with maximum flexibility. The walling

systems are demountabl

variety of ways. T@ b

co prise light weight partitions that can be controlled in a

anels are composed of a variety of materials, including glass

and alummur@ ing partitions, folding partitions, and flexible partitions are examples

S92

Types of movable partitions and sizes

S/Ne

Movable Partitions

Pre-fabricated Sizes (m)

Width (m)

Pre-fabricated Sizes (m)

Height (m)

of discrete wall units used to create flexible areas, as shown in Table 2.
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1 Sliding Partitions

0.6

0.75

0.9

1.2

1.25

2.7 (min)

6.0 (max)

2 Folding Partitions

4.5

6.0

7.5

9.0

3 Flexible Partitions

Not fixgd\_\,
“O

5.0 (max)

Source: Adebayo, (2016). ®

jous widths and heights of various moveable partitions that

Table 2 summarizes th

can be used to encl@es.

Only flexib itions can develop curvilinear forms due to the nature of the operating

prin%%

On the basis of predetermined dimensions, movable partitions are prefabricated at the

factory.

Flexible partitions use a pantographic steel frame, aluminum track systems, and vinyl-

coated cloth to create flexible spaces Adedayo, Oyetola, Offiah, & Adebayo (2016).

To enclose spaces, these walls are easily able to be stretched or compressed.
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Table 3: Materials used in walls and how flexible they are

S/Ne Walling Types Degree of Flexibility
1 Concrete Wall Non-flexible
2 Sandcrete Wall Non-flexible

3 Curtain Wall Non-ﬂexible\w\

A(l
hd

4 Cavity Wall Non-@/

L\

5 Fixed Partition <\E{rt{ahy-ﬂexible

Paa\

6 | Movable Partition Flexible ®

Source: Ernst and Neufert (2012) %\\\ >

Q

Figure 1: Sliding partitions enclosing a space. Source: Corky (2011)
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The study also looked into the various types of walling utilised to enclose spaces and their
degree of flexibility (see Table 3 above). As shown in Figure 1 below, movable partitions
are flexible because their operating principles allow for change and diversity in the sizes

of the

Figure 1 depicts an interior room with sliding walls. At both the ground and ceiling
levels, the operating principle is based on a horizontal track system. The par$\glide
easily along the tracks and can be stacked close together for suitable a %\d heat
insulation. The panels are composed of aluminum composite pa% the tracing

system and frames are built of aluminum and stainless steel. ,\ \
2.2.3 The Concept of Flexible Space Design &(/E )

The ability to adapt to new, varied, or changing@ments by moving pieces or joints

has been termed as flexibility. When arch@xse the phrase "flexibility," according to
Banham, (2022). they frequently%ggﬁish between physical elements intrinsic to
buildings and abstract socia i@?es influencing building design. In this example,
physical flexibility refe a space's ability to adapt to specific practices or activities,
such as supportin&%xobility needs of users. This form of physical flexibility is
represented @n-ﬁxed components such as moveable equipment and walls, re-
configyrable\building rooms or spaces, and passageways. In the context of abstract
ﬂex@y, however, flexibility refers to a building's ability to adapt to unforeseen
modifications such as demographic shifts, community requirements, or legislative

obligations Veletsianos, & Houlden, (2020)

Flexibility can also be defined as the ability for spaces to be used in various ways without
affecting the structure's fabric. Finally, it can also be described as a building's ability to

adapt to constantly changing environmental requirements and conditions.
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Flexibility is becoming increasingly relevant and indispensable because it is an indicator
of adaptability. According to architecture literature, an essential attribute of a sustainable
structure is its ability to adjust to changing requirements and last the test of time. For
example, John Habraken, in his description of open construction, noted that the
constructed environment is the product of an endlessly developing, never-ending design
process in which the environment transforms part by component Marinovic, G. I. 2022).

Therefore, only the long-term effect of established flexibility measures c?g?essed.

As a result, the difficulty comes in estimating the proper amount & ter of the

steps to be applied Wang, Gao, & Chen,(2018). &

4\ \

There is no need for change as long as a building fulfil %(_g}is of its users, but when
those needs change, the building must adapt. An \%ﬁs scenario, flexibility means
adjusting to future advancements and user n&% short amount of time with the least
amount of effort and resources while ca\@ninimal or no damage to the components or
modules that make up the interior Therefore, according to Rockow,(2020). there is
a need to explore different sbeé&jﬁ

building demands, an@sﬁlications.

s throughout the planning phase to forecast space,

2.2.4 Flexib operties of Space

Iglesia@%{omélez & Rosales (2020). flexible qualities of space are properties of a

spac t, when considered in the design, can assist in achieving a more flexible building.

These characteristics are:

1. Versatility: This is the property of space that permits it to be used for various purposes.
Auditoriums, common rooms, and multipurpose spaces are adaptable spaces, but they
also risk homogeneity Wang, Gao, & Chen,(2018). Because all places allow for certain

activities and movements, identifying generic spaces that lack open cues for specific
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usage necessitates extra work. For example, when using an auditorium for an exhibition,
furniture must be rearranged or removed to accommodate the desired activity. In doing
this, furniture must be moveable rather than fixed. Because these adjustments do not
permanently alter the space, it can easily transition between the start-state and end-state.

The container's overall size and shape do not vary as the function does.

it Convertibility: This refers to a space's flexibility to support shifting functb&s\with
some construction or reconstruction, as the case may be. Predictin needs
minimises construction costs and time. Modern office structures or e frequently
used as examples for this kind of adaptable space because th@@w\g core with HVAC
(Heating, Ventilation, and Air Conditioning), electrical, @(Eamunication systems that
is surrounded by a shell with readily adaptable%%gr a variety of activities or
programs. Kohlhepp, Harb, Wolisz, Waczowi&%i er, & Hagenmeyer, (2019) Spaces
created for convertibility necessitate for@nto the future: they should be structurally

modular and open-ended, with a d% at can be re-designed by others. As a result, the
u

rooms can be transformed wiﬂ\<l§9
the facility recognises f@i‘

ilding effort, decreased time, and lower cost once

iii. Fluidity: The_frée”movement of elements such as sound, air, and sight or visual
comfort a individual inhabitants of the spaces is considered in this element. Open
spa urage fluidity but may also be a major impediment to fluidity if they appear
oppressive in their expansiveness or overemphasised in size and proportion. In
classrooms, for example, strategically positioned displays can increase intimacy while
piquing interest in the environment that flows around the screen Cahalan,(2019). The
area becomes more engaging and less overwhelming as a result. A sense of fluidity and
connectedness between rooms can also be enhanced by strategically placed windows

Wang, Gao, & Chen,(2018).
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vi. Modifiability: This particular aspect of the environment promotes aggressive space
appropriation and manipulation. For the purpose of creating environments that may be
swiftly rearranged, mobile elements including walls, partitions, furniture, and equipment

are used.

Highly adjustable settings promote creative experimentation to match the needs of
various people with the space and subject matter. When constructing such S§i§it is
ut for

important to consider a number of structural dependencies, such ce:’l@y

lighting and air circulation, floor materials for ease of moving pa:% >and so forth.

Cahalan,(2019). & \
&

v. Scalability: The ability of space to expand and c Q& is one of its properties.
Building expansion may necessitate the additio R@ ponents to suit the demands of
expanded functions - auditoriums, service stéfage rooms, etc. are examples of such
spaces. Spaces that are compact or wel@gned, such as corridors and offices, may be
efficient in the short term, but increase in the activities that take place in them
may be difficult or impos%%&chieve. In the case of contraction, however, gaps must
.
be reduced. Buildi Id be able to be temporarily reconfigured into discrete and

smaller rooms Wr s uses that demand smaller spaces Claux,(2019).

224 @%y of Flexibility in Architecture

The Fgunh of Institute's views, which were reinforced by typology-based building

evaluation, identified four (4) basic categories of building flexibility. These are:

i.  Internal Flexibility: This determines a building's adaptability, or the extent to

which adjustments to an existing structure's interior spaces are achievable.
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Considering the risks and time constraints, as well as how the extension will affect
the structure.

ii.  Exterior Flexibility: This refers to the process of studying and classifying the
placement and structural qualities of building additions and modifications.

iii.  Flexibility of Use: This entails examining how it responds to changes in use and

building flexibility.
iv.  Planning Flexibility: This refers to the features that govern wheﬂé&%w a
structure reacts throughout the planning and construction pha@

which measures can be put in place during the planning phase to provide for
\
maximum flexibility during a building's operationa@for the least amount of

money and work (Cowee, 2009). \QV
2.2.5 Concepts for Flexible Design in Educa@uildings

The belief that the design of constmc@ces impacts the behaviors and activities of

looks into

humans within such spaces is athe, hgart of educational architecture literature. These
spaces, to some extent, embo% esigners' teaching ideals. Built pedagogies work on a
scale that ranges frozi@ﬁﬁe to autonomy. They can limit learning opportunities on

prohibiting particular movements or flows. A desk that is

the disciplinary ,si

permanentl to the ground, for example, makes flexible clarifications of spatial
use dei g and imposes guidelines for the used of space should arrange . Open
clas&ns, on the other hand, welcome and nearly demand that students modify the
spaces to fit their own needs (Torin, 2002). All environments, like technology, are
underdetermined in the sense that they provide communications to users about suitable

behavior but leave room for individual interpretation.

Architects can create flexible educational environments in a variety of ways to meet

technological advances and future needs. Using participatory design, architects can work

45



with users to determine what kinds of learning spaces are desired and why, and then
design those spaces in accordance. Alternatively, architects can imagine likely future
learning activities and then design space to actualize those imaginations (Valiant, 1995).
As a result, architects and planners are being confronted with the necessity to construct
flexible spaces in order to facilitate learning. Designers must conceive places that go

beyond functionality and comfort when assessing designs using the flexible standards of

fluidity, versatility, convertibility, scalability, and modifiability. ®2

Because it understands the policy of built trainings and then aims e classroom
practices, the exercise of transferring flexibility into built & becomes a ethically
accountable act (Torin, 2002). According to Ponti's ( @dy of flexibility in the
learning environment, flexibility in the design of %s has advantages in terms of
maximising space utilisation. The Italian C&& arch on Flexible Didactic Module
Prototype (DM) project began with the @q of a modular learning environment with a
connective corridor and a basic % measuring 7.2meters by 7.2meters. Later, the
didactic model was modiﬁeﬁ\t/%orporate small, medium, and large groups. He
achieved this by clos@ ‘common doors and collapsing some mobile partitions to

improve learning capacity (Loor, 2002).

create built spaclit%j

In the area@bility a number of studies have been investigated namely:

i.Q/laking the most of available space by using transformable furniture that allows
one set of furniture to be folded away while another is pulled out.
ii.  The creation of non-functional areas that can be used for household or non-
domestic purposes and can alter over time.
iii.  Sliding doors: In the study's "work/home facility", sliding doors were utilised to

seal off private portions; when the building is only used for domestic purposes,
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these doors are opened, transforming the spaces into residences that may be used
in a variety of ways. A fold-down desk replaces the multifold-up bed, resulting in

multi-functional space utilisation.

Furthermore, by removing features that make a room particular to a particular

function, like kitchen units, the spaces could be changed from domestic to non-

domestic. V\
N

These work-homes were also created with adaptability in mind. They'w, hysically
stiff over two storeys, and no internal support from floors or @m is required.
1 'éns or with internal

This implied that they can be constructed without interrf_)

walls and flooring that can be easily removed & ded. There are no loads

bearing components in any of the interior ele @
2.2.6 Concepts of Flexible Design in@wre Design

The principle of flexibility in d@as also been used extensively in the design of
healthcare facilities. \/

When it comes to h. @rchitecture, flexibility refers to the facility's ability to adapt to
"new, differe ;Ccﬁanging requirements. Because functions change so quickly,
designers no longer strive for the best possible fit between structure and function.
The %‘c uirement is to create a structure that will accommodate the least amount of
change in functions, rather than one that will best suit a given purpose. (2014, Victoria).
Llewelyn-Davies Weeks incorporated a linear hospital into the design of Northwick Park
Hospital and Clinical Research Centre in London, which serves as a backbone to which

ribs may be connected with relative ease. It is the earliest example of postwar hospital

planning with planned indeterminacy (Miller et al, 2002). This allowed the hospital and
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research divisions to be built independently of one another and then adjusted or enlarged.
Construction took place in segments over a nine-year period, with additions and changes
to the initial brief undertaken without affecting the original structural design (Varawalla,

2004).

Buildings such as huge hospital construction projects, According to Richard De Neufville,
major construction projects like hospitals are planned 10 to 20 years in advanc$1\d are

often built to last more than 40 years. Demands on infrastructure are exfoe \to alter
dramatically throughout this time. %\

The administration and financing of healthcare services, @e })hic changes, new
medical technology, rules and regulations, and evolvi %@miological trends can all
lead to shifting demands. According to Miller an %}mn (2002), hospital structures are
frequently required to support several of t ha ges due to high levels of uncertainty,
changing technology, and treatment 1‘0@38 As a result, hospital design must include
flexibility. The ability to use flexiQihty options is determined both by an organisation's
ability to be flexible and it \thent to being flexible, according to Walker and Shen
(2002), who researc 1b111ty in a hospital building project. The presence or absence
of interstitial o gﬁ

ted areas as midway service levels between principal floors has

been linke pital building flexibility.

Rec&, the idea of hospital building flexibility has been broadened and now includes a

number of ideas and approaches.

Wright et al. (2009) assert that a hospital's flexibility should take into account a variety of
factors, including its physical attributes, its connections to other parts of the healthcare
system and to supporting infrastructure like transportation links, as well as its financial

status.
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According to Richard De Neufville and colleagues, flexible design in hospital buildings
can be a matter of structural foundations that permit the addition of additional floors on
top of existing buildings, areas that are built but not equipped with medical equipment, or

functional rooms that may be modified for medical purposes other than their original use

(2008).

Standardized equipment, single-bed clusters, standard room categories, and ﬂe>§§ili\ty in

management, organization, and facility use are other flexible design compofie
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Chapter Three
Methodology
3.1. Preamble

This study will use a case study method to examine and analyse similar structures in order
to learn how to incorporate modular flexibility and adaptability into the proposed design,
as well as a literature review of existing research works, both published an ished,
seminars, academic journals, textbooks, and other professional doc s)that may be

relevant to the subject matter, and while maximising the @io of space in the
Qv

3.2. Research Instruments %\
3.2.1. Field Survey ,@

A field survey was used to verify in%atl'ﬁn that couldn't be gathered any other way due

workplace.

to the research nature. To this@tll the selected case studies were visited. Field visits
were supported by phot@&s-taken and comprehensive notes, giving clear and detailed

information pertain@r physical presence and spatial relativities.
322, 1 urces

The@was supplemented by data retrieved from the internet. The information

retrieved were subjected to a carefully planned checklist for the international case studies.
3.2.3. Interview of relevant authorities

The relevant authorities present on site upon visitation to the facility were orally
interviewed. In each of the selected case studies centers, questions well asked and

modified based on peculiarities. Questions asked were open ended and receptive

50



questions, and were decided or prepared in advanced on what areas to cover. This enabled
both the researcher and interviewees to discuss within context the history and relevant

information.

3.2.4. Checklist
A check list is a type of informative task aid that is intended to make up for probable

limitations in human memory and attention in order to decrease failure. It aids in ensuring

accuracy and thoroughness when performing a task. It serves as a reminder @ings

that must be done, things to accomplish, or things to think about. \@V
3.2.5. Photographs @
To complement the notes made during the tour and&%&u:mentation, pictures were
taken. §

The images served as an important sourc isual information on the case for viewers
from outside the area. In order gﬁn’onstrate the characteristics of bioclimatic

architecture the examples poss% well as the extent to which they were applied,

images of the pertinent were obtained.
3.2.6. Sketches&< Q

During th rvey, sketches were prepared to illustrate the chosen case studies. In
ord %lain the research, these sketches were thought to be crucial for developing an

opinion on the actual location and spatial arrangement of the case studies.
3.2.7. Notes

This method of gathering data was chosen to support the information that was mentioned
in the interview and what was seen during the field survey. As the investigation

progressed, thorough notes were made as a continuous record of what was happening.
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3.2.8 Procedure for Data Collection

The data collection was made through various tool of data collection. Entirely designated
case studies except for the international case studies were visited by the researcher for
field survey, interviews were conducted, photographs were taken, notes and sketches
were formed; while international case studies were analyzed through careful observation

of information obtained from the internet. V\

However, in cases where there was no documentation available for &tectural
drawings, the buildings were surveyed and the drawings were prepa the researcher
through sketches, photographs and notes. All photographs W@e %ither by the author

or with help of colleagues. Photographs of relevant area &case studies were taken in

order to highlight the observed the flexibility ptability characteristics of the

facilities, and also functional spaces requirsﬁ

Site visits were used to gather data%g'ed by a field guide, in search of architectural,

spatial, and site component\ﬁv/{tgwould support the study's goals. Interviews with

pertinent staff or admin@n.were conducted in addition to the observations.

3.2.9 Case Sty%@alysis

An archite Case study enables the researcher to evaluate an existing design critically
in o%gdentify both its virtues and any flaws that should be carefully avoided while

creating the new design.

In order to comprehend how to combine modular flexibility and adaptability in the design
of a vocational training institute, this research work utilises a case study methodology in

investigating and analysing structures that are comparable to one another. The case
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studies conducted help the researcher become aware of potential problems and how they

were successfully resolved in earlier or similar designs.

Five (5) buildings were chosen and qualitatively examined to act as a model for the new
design. In addition, literature reviews of recent studies—both published and

unpublished—from academic journals, textbooks, seminars, and other sources that might

3.3.0 List of Selceted Case Studies \< <(/, \
=

dation (WAYE
\

be useful for the topic were used.

i. Women In Agriculture And Youth Empowerme

Foundation) (Local) %(—3
ii. Herningsholm Vocational School Herning, Da@&lnternaﬁonal)
iii. Government Technical College Bukuru H), Jos, Figure au State. (Local)

iv. Gebze Industrial Vocational High C%} Turkey (International)

v. The Polytechnic Ibadan, atiehal Skill Entrepreneurship Study Center
(VSESC), Oyo State (@Q >
3.3.1. Case Studyl(LQﬁk.

Case Study Twp: &den in Agriculture and Youth Empowerment Foundation (WAYE

undatio%g

Fo

Lo@oi Village, Du District, Jos South Local Government Area, Figure au State.
Architect: Haro Zego

Client: Her Excellency Mrs. Ngo Talatu Jang

Building Type: Institutional/Commercial Building

Date Built: 2009
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Structural System: Load-bearing wall structure
Brief Background

The Women in Agriculture and Youth Empowerment Foundation was established in 2009
by the Her Excellency Mrs. H. Jang, wife of the Former Executive Governor of Figure au
State. It is located in Doi Village, Du District, Jos South local Government area of Figure
au State. The foundation admits women between the ages of 15 - 34 yea %g to
acquire skills in any vocation of their choice regardless of their sc school
background. It aimed at empowering the less privileged. There ar&ab%\o trainees and

15 staff. Director and assistant director head the foundation. (’\ \

e

The foundation has three departments presen@departments are as follows:
i. Catering < \’\
ii. Information and Communicatio@

iii. Fabric dyeing and Hairds i

Facilities @l
The schoo@ are divided into four sections, namely:

1. Admjfiistrative Block;

ii. V\%hops/Practical Section;

iii. Accommodation (trainees);

iv. Multipurpose hall and a restaurant;
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Figure 17: Aerial view of Women in \@me and Youth Empowerment

Development Foundation. Source: Google h(2022)

Figure 18: Floor plan. Source: Ministry of Works and Housing, Jos, Figure au State.
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Figure 19: Approach View. Source: Researcher's ﬁa@ﬁﬂ%ﬂ)

X\

Figure 20: Side View. Source: Researcher's fieldwork (2022)
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Figure 21: Courtyard. Source: Researche@ﬁwork (2022)
Variables \Q

vi. Architectural Style: P, \ofnetrlc forms were employed on plans and elevations. A

careful massing of rms makes up the plan and the elevations. This makes the

facility a simp @ ist style.

c111ty The facilities include the administrative section, workshops,

mul&vose hall, restaurant, and accommodation for boarding trainees.

viii. Construction technology: The construction technique uses the load-bearing walls

structural system whereby all loads are transferred to the soil through the walls with

a hip/gable exposed roof. The walls are of bricks and sandcrete block rendered with

cement sand mortar.
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ix. Building materials: The major materials used for the construction of this facility are

concrete, sandcrete block, bricks, aluminum roofing sheets, glass, steel, and timber roof

members.

x. Flexibility: All partition walls are not movable, and load-bearing walls, any attempt to

relocate or move the walls will utter the structural stability of the building.

Table 4: Case study one summary of findings.

Q\V

C N
Variables Adequate In-Adequate vailable
W) (X) ,\\}n
.
Architectural Form \/ %)
A\
Scope of Facility \\

Construction \/ \
Technology <\'\

Building Material

W\’

Flexibility and \

Adaptability Q
rQ

3.2. fi %ldy 2 (International)

3.
Cas dy Two: Herningsholm Vocational School (HVS)

Location: Herning Denmark

Architect: C.F. Moller

Date Built: 2014

Site Area: 4,700m?
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Brief Background

Within the current campus cluster of academic buildings, the new Herningsholm
Vocational School stakes a claim for itself as a standalone building. The school is
constructed both from the inside out with a focus on creating the best study and learning

environments and from the outside in with consideration for the surrounding area, where

Spatial Organisation @(/

The study spaces in the building are arranged around a unifie rn on area that also

warm urban areas offer opportunities for outdoor work and instruction.

doubles as a flexible learning space. All of the school's 1 areas have direct access
to the common area because they are organized 2 a ‘d&&ether. The classroom rooms
were created with a variety of flexible, mode ng ideas in mind and are intended
for widespread use in the building. Th \® are improved by built-in seating/study
niches in the facade, which also enc idher less conventional usage. For a variety of
educational scenarios, mobil }ngs can swiftly modify the learning environment.
The common study spa; sQ prov1de a variety of physical environments in which to

work, ranging fro@ e-height rooms facing the garden, which are suitable for
workshop-hk@ to a student café space for informal student gatherings, to dedicated

study e ith quieter and more intimate character - and each individual learning

spac%iesigned for a variety of setups and spatial uses.
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Figure 22: Aerial View {@Hemingsholm Vocational School. Source:

archdaily.com (20&\
X
,\QJ
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Figure 23: Aerial view &emmgsholm vocational school. Source: archdaily.com
(2022) < Q

O
P
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Plan Source: archdaily.com

ili!l_!-- —
] TR

Figure 25: Sectional view of the building. Source: archdaily.com (2022)
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Figure 27: Interior view of the building's common space. Source: archdaily.com (2022)
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Figure 28: Interior view of the building sho% load-bearing demountable walls

Source: archdaily.com (2022) < \‘\
Variables ((?%

i. Architectural @\Both the plan and the elevations used simple geometric

forms. The@ions and the plan are constructed by carefully massing these

fo Q ives the building a straightforward modernist look.

ii. %ﬂity Scope: The facilities include staff offices, classrooms, laboratories,
workshops, a common study area, a cafe, a plaza, a study garden, and an outdoor

study area in the front garden.

iii. The technology used in construction: The classic post and lintel system is the

foundation for the construction method. It features free-standing concrete
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iv.

construction with a flat roof hidden by parapet walls. The walls are made of glass

curtain walls, concrete, and sandcrete blocks.

Construction materials: Concrete, sandcrete blocks, glass, pre-fabricated fiber
cement panels, aluminum, steel, and bronze-anodized are the main ones

employed.

Flexibility and Adaptability: All partition walls are demountable

bearing, so moving or relocating them to create a larger or sma% due to a

change in the space's function or advancement will not a 1mpact on the
building's structural stability. (’\ \
Table 5: Case study two summary of findings. \<</
- -
Variable Adequate h).—)&dequate Not Available

«) A@\ X) ()

Architectural Form \/ : V

Scope of Facility v X

Construction QQL N

Technology
SN

Building Wl N

[N

Flexﬁw and | 4/
Adaptability

3.3.3. Case Study 3 (Local)

Case Study Three: Government Technical College Bukuru (BUTECH), Figure au State,

Nigeria
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Location: Bukuru, Kuru District, Vom road, Jos South Local Government Area, Figure

au State.
Architect: Anonymous
Date Built: 1954

Structural System: Load-bearing wall structure

. N
Brief Background (é&
™

Through the ministry of education, the Figure au state govem&n‘[ ded Technical
\

College Bukuru in 1953. It is situated along Vom road, B&’%\ igure au State's Jos

South local government area. The school has 54 staff ers and about 1200 students.
The school has fourteen departments pr@The departments are as follows:
1. Building, Agricultur@?nization
il. Motor Mecharni&x
iil. Radio a;ision

1v. FElgetrisal Installation

V. %geration/Air Conditioning
Qq/lechanical Engineering Craft

vii.  Fabrication and Welding

Departments

viii.  Furniture Craft
iX. Plumbing and pile fitting
X. Carpentry and joinery

xi. Hair dressing
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N
Figure 29: Aerial view of C‘%@nt Technical College Bukuru. Source: Google
Earth (2022) Q/
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Figure 30: Floor plan Source: Google Searcl@(zozm
&

Figure 31: Figure 18: View showing the Administrative block. Source: Researcher's

fieldwork (2022)
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Figure 32: View showing general metal work p. Source: Researcher's

fieldwork (2022) §

Figure 33: Interior view showing woodwork workshop. Source: Researcher's fieldwork

(2022)
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Variables

ii.

iii.

Architectural Style: Both the plan and the elevations used simple geometric
forms. The elevations and the plan are constructed by carefully massing these

forms. This gives the building a straightforward modernist look.

The facilities' scope: includes the main office, vice principal's administrative

and academic office, staff office, other offices, classroom blo@wing

studios, laboratories, workshops, assembly hall, staff quarters@@ ooms for

students, dining hall, and recreation area. §

\
Construction technology: The load-bearing '\tuctural system, which

transfers all loads to the soil through the @mh a hip/gable exposed roof,

is used in construction. Bricks and s e blocks rendered with sand mortar

make up the walls. \'\\

Construction materi %oncrete, sandcrete blocks, bricks, aluminum

roofing sheets,&)la%\isﬁee , and timber roof components are the main materials
used to bu@

Fl1 ility:” Since load-bearing and partition walls are not fully movable,

cility.

% so would compromise the building's structural stability.

Tab&Case study three summary of findings.

Variable Adequate In-Adequate Not Available
) X) (0)

Architectural Form \/

Scope of Facility N
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Construction Technology X

Building Material \/

Flexibility and Adaptability 0

3.3.4. Case Study 4 (International)
Case Study Four: Gebze Industrial Vocational High School ®E
Location: Gebze, Kocaceli, Turkey %\

Architect: Norm Mimarlik

Date built: 2015 $\

Architectural style: Modernist Style

Site area: 12,000 m? Q
Spatial Organisation \<§/z

When approaching t@ center, the massive plastic arrangement of the building is in
tune with the ﬂﬁé&'ﬂg. Upon the approach of the structure, It can be observed that the

entrance stablishes a distinct scale that is human-centered. The main entrance

and@create an interface that leads to the central courtyard.

Facades made of bare concrete and opaque polycarbonate panels draw references to the
design's simple and "technical" parts, highlighting the tectonic nature of architectural

materials.

photovoltaic (PV) panels on the building's south and south-west sides, ferroconcrete and

steel composite structures, heat-resistant joints for movable surfaces.
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Variables

ii.

iii.

1v.

Architectural Style: Both the plan and the elevations used simple geometric
forms. The elevations and the plan are constructed by carefully massing these

forms. This gives the building a straightforward modernist look.

Facility Scope: The facilities include the Head's office, various staff offices,

classrooms, laboratories, workshops, a common study area, a caff \\%za, a

study garden, and an outdoor study area in the front garden. \< <</,
Construction technology: based on the conventio@ lintel system is

\

used in this project. It features free-standing c onstruction with a flat
roof hidden by parapet walls. The wall%%ade of glass curtain walls,

concrete, and sandcrete blocks. Q

Construction materials: Gl€s§}ﬁ:-fabricated fiber cement panels, concrete,

sandcrete blocks, alum@teel, and bronze-anodized perforated shutters are

the main ones e&pmile%/

Flexibilt};@\Adaptability: All partition walls are demountable and non-

10@ ring, moving or relocating them to make room for an increase in size
% ecrease in requirement for space owing to advances will not affect the

nguilding's structural stability.

Table

7: Case study four summary of findings.

Variable Adequate In-Adequate Not Available
W) X) (©0)
Architectural Form N
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Scope of Facility N
Construction N
Technology
Building Material \/
Flexibility and |/
Adaptability

Project location

Address: Gebze, Kocaeli, Turkey
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Figure 34: Project Location Source: archdaily.com (2022)

73




v

il E].

| MO, ), [T
]’%EJE TH*JFEH HEH

'\1

Al

— S g - i \

Y £

Figure 36: First Floor Plan Source: archdaily.com (2022)
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Figure 40: Vertical Section. Source: archdaily.com (2022)
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Gebze Industrial Vocational High School / Norm M Saveimage
Mimarlik 5/30
@ Altkat Architectural Photography
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Figure 41: View showing Left side of cla@urce: archdaily.com (2022)

Figure 42: View showing Open space between the classrooms. Source:

archdaily.com (2022)
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Figure 44: View showing Entrance Approached. Source: archdaily.com (2022)
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Figure 45: View showing Entrance Left side. Source: archda@n 22)
3.3.5. Case Study 5 (Local) @3

Case Study Five: Vocational Skill & Entrepren@udy Center (VSESC)

Location: The Polytechnic Ibadan Q

Architect: Farcon Consult @

Client: The Polytechnic

Building Type:&@mal Building
Date Buil@

Strl@a; System: Post And Lintel

Climate: Temperate

Architectural Style: Modernist Style
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Brief Background

The Center was established in accordance with the Federal Government's initiative
through NBTE that all tertiary institutions in Nigeria must establish Entreprencurship
Development Centres (EDC) in order to solve the graduate employment crisis by ensuring
that they acquire practical entrepreneurial skills and desirable work habits in addition to

their formal education, allowing them to be independent, self-employed, and co:&ibilting

members of society. ®

In order to do this, the school administration revived the Vo \al Skills and
Entrepreneurship Study Center (VSESC) in June 2008 afte(t_hD\dme\se of the previous

Vocational Skills Improvement Unit (VSIU) to act as @t organisation and source

of income. This idea has two components: a pro help graduates of this institution
develops their entrepreneurial skills. &ct ality, the Vocational Skills and

Entrepreneurship Study Center (VSESC@QSpOHSible for ensuring that all Polytechnic,

Ibadan graduates are proficient (&@1 design.
Skill Department & .

1. Barbing Q
2. Beading%gsl
3. Bri moulding and Concreting

4. ring and Confectioneries

5. Cosmetology

6. Electrical Installation

7. Fisheries,

8. Garment Making

9. GSM Repairs and Servicing

10. Household Production
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11.  Leather Works

12.  Modern Car Repair and Service

13.  Pure water Production and Marketing

14.  Renewable Energy and Solar Inverter System
15.  Textile Technology

16.  Transportation and Logistics

17.  Website Design and Software development. %\2

evu-::&ﬁnnal Skill and 2l
Entrepreneurship..
Qusesc ) socia marker, e
Film House Cinema, EEodija Station 4»‘;?cs
Ventura Mall &
Foodco Bodija Q p
|  Map data 2022 |

Project Location.

Figure 47: .Source: /'www.google.com/maps/place/Polytechnic+Ibadan, (2022)

81



o £
H R T L i L 1 {5F; T ..ﬂ. ¥ 1 .Iﬂ_rllﬂ.llllllll =% T .|.H.
: Tn| [ L8 ﬁ i ]
g m
I anln:EH_ﬂEi.!Eui-JWuw I 8
1 xa.ﬂfr —=— 1§ M
L . i - 3
- T
7 TR
» ] ! P w_! Dm.
! T & m
Hi 11 ik
.grll_ﬁ._i .u_ﬂ.. Lyt _ kmaf
nLL R ] | s
- -Im | 3 B = m
|-Hml _|Ml “ I .”...._. [ |\\ mm
R
.We

82



+

\ 4

Figure 49: Upper Floor plan. Source: Researcher's fieldwork (2022)
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Figure 50: Roof plan. Source: Researcher's fieldwork (2022)
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APPROACH ELEVATION

Figure 51: Elevation. Source: Researcher’s%‘@’k (2022)
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Figure 52: Elevation. Source: Researcher's fieldwork (2022)
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A view of the entrance porch & front Block
(Vocational & Entrepreneurship Centre, Poly Ibadan.)

A view of the Parking Lot
(Vocational & Enfrepreneurship Centre,Poly Ibadan.)

(2022) &
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Figure 56: Interior. Source: /www.google.com/maps/place/Polytechnic+Ibadan, (2022)
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Variables
1. Architectural Style: Both the plan and the elevations used simple geometric forms. The

elevations and the plan are constructed by carefully massing these forms. This gives the

building a straightforward modernist look.

ii. The facilities' scope includes the main office, vice principal's administrative and

academic office, staff office, other offices, classroom blocks, drawing studios,

laboratories, workshops, assembly hall, staff quarters, dorm rooms for stu@hing

hall, and recreation area. @/

iii. Construction technology: The loadbearing walls structural rﬁich transfers all
loads to the soil through the walls with a hip/gable expozg/oo§ 1s used in construction.

Bricks and sandcrete blocks rendered with sand mc& up the walls.

iv. Construction materials: Concrete, sandc @(S, bricks, aluminum roofing sheets,

glass, steel, and timber roof components%e\)b main materials used to build this facility.

Vi. Flexibility: Since lo@ﬁng and partition walls are not fully movable, doing

so would CO@MC building's structural stability.
Table 8: Case s‘&@\mmm‘y of findings.

Variable %V Adequate In-Adequate Not Available
A ) X) ©)

Architeétural Form \/

Scope of Facility \/

Construction Technology X

Building Material \/

Flexibility and Adaptability 0
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3.2.1. Appraisal of the Building

The outcomes from five chosen situations are compared and summarised in the table
below. Herningsholm Vocational School and Professional & Technical High School,
Mont-De-Marsan were discovered to be the cases with the highest consideration for
Flexible and Adaptable Interior Space; as a result, they provide the most suitable Interior
or Work Space for adaptability to change in Demand of Space Sizes. The o$r\two,
however, don't have an adaptation function. ®
&
N

, \

Table 9: Comparative Analysis of the Cases examined.

Variable BUSTVTE | HVS BUT@ NGIVH VSESC

&
Architectural Form N Ni % N N

N
Scope of Facility N Vv ANV N Vv
Q
WO

Construction N :

Technology Q’
POV
Building Material N \y Ni N N N

Flexibility a@{ Ni N N
Adaptability < '
A

$\) \
NS
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Chapter Four
Site Analysis And Design Synthesis

4.1. Study Area

4.1.1. Site Location

The planned project site is situated along a Latitude of 7° 14' 23.8" N and a Longltude of
3°49'35.1" E. within the First Technical University (Tech-U) campus in Ib % state

capital of Oyo in Nigeria. of 7° 14' 23.8" N and a Longitude of % " E. The

\

University was founded in 2012 by the Oyo State Govemr@ close the skill gap
between university graduates' competencies and industry reent nts. Tech-U is built on
sustainable practices, innovations, and entrepreneuri@gdples. Learning is conducted
through theory, practical, and hands-on exper\% he university campus is located
along the Lagos- Ibadan expressway (clc@& Ibadan end ). A government-run higher

education facility called Tech-U is s% the city of Ibadan.

Therefore, the University § s1tuated to lead an excellent technical educational
S

system based on inno nd technology to drive growth in Nigeria and Oyo State in

particular.

&
QQ
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4.1.2. Site Selection Criteria @
For this study, two different sites wit?(;@ conditions within the First Technical

University (Tech-U) campus were (%

the location of the proposed V. @aﬁ Training Institute facility include the following:

i. Ease of a@}z

d. Preliminary site selection criteria used for

il. Am@&.@of site area and future expansion,
iil. @ity,
i roximity to allied faculties and departments,
% Availability of social amenities such as electricity, water, telecommunication
network, and good road.
i. Ease of accessibility
Easy accessibility is a very important factor for the institute. The vocational training

institute should be easily accessible both vehicularly and for pedestrians without

difficulties., the site should be close to a major access road, to achieve this.
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ii. Availability of site area and future expansion

Future expansion can either be achieved vertically or horizontally. But to achieve future
expansion horizontally, the institution should be situated on a site with a large land mass
that will give room for future expansion of the scope or facilities of the vocational

training institute.

ii.  Visibility \V\
As an institution is a public facility for a vast population of individu@ﬁpoﬁam to
sp1

situate it in a position where it can be easily seen by everyone good in-flow of

people, and motivate curiosity.

\
(')
&

iv. Proximity to urban centers \*

A vocational training institute should be 10%% good proximity to urban centers to
encourage patronage and sales of ma@ced products and hiring of services. The
proposal intends to locate the insti % in between the two (2) prominent towns of the
state so that it can convenientlyzsetw€ both towns efficiently.

V. Availability o &;nenities

The selected sitgqg\bg worthier consideration if it improves the viability of the proposed
project thro s nearness to some basic social amenities such as accommodation,

heal ices, telecommunication, electricity, water supply and good motorable roads

connected to interurban highways.
4.2.1. Design Criteria

Vocational Training Institute as an educational building design, requires special treatment
and attention to the image/aesthetic appearance and flexibility and adaptability of spaces

to adapt to varying changes in utility and advancement in teaching technology and
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machineries, this is achieved primarily through the functional design of every space by
adopting modular design principles and movable partition walls. The issue of form will be
considered from both side related point of view and with respect to functional
characteristics independent of site, the form organization must be responsive to the

learning/teaching process and character of institutional building.

4.2.2. Conceptual Development \V\

The project is a research and experiment to find possible sustainable solti at would

enhance easy scalability of spaces to fit constantly varying fun@ ut necessarily
e

demolishing partition walls and causing waste of resource%_tﬁ)\ r}d energy. The one

major concept (basic general idea) utilized in the d %this Vocational Training
Institute is flexibility and adaptability, which is \@%al in institutional designs. This
concept can be achieved through the integpati &three sub-concept which are; Frame

Structure design, Modular Design Princi&\samd Movable Partition walls.

After analyzing several fo @w effective they are in employing flexibility and
adaptability in the learnj ace, rectangular cube has been adopted to be designed as a
frame structure so @ partition walls are non-load bearing walls in other to retain
integrity in t ural stability of the building while the partitions are movable to scale
the spa@ réquired by a particular function. The proposal would therefore be designed
con(%ally and architecturally to improve flexibility and adaptability of the interior
spaces by incorporating movable non-load bearing partition walls into the design. Nature

and technology would also be part of the primary tectonic expression of the building.

The arrangement of the rectangular cube forms is in a manner that shows the cyclic nature

of teaching, learning, and innovation.
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4.2.3. Building Services

In the allocation of spaces for the various functions present in the Vocational Training
Institute, due consideration was given to each space based on the specific activity
anticipated for that space. To arrive at the space requirement, maximum space standards
were obtained from reference data books. Therefore, the space requirement for this

project is shown in the table below:

Table 10 :Space Requirement
P 4 ‘\(g

Space Area @t
1. Administrative Section ( é I
Director ’s Office 72@: 1

Deputy Director’s Office @ 1

Training Director’s Office
Deputy Director’s Office

Accounts/Bursary \/ 72m? 1

Personnel Unit @ 36m? 1

Purchase/Procu% 72m? 1
Board Roc%Q 90m? 6
Gen fice 72m? 16
Exhibition/Gallery 162m? 16
Display/Sales 486m? 1
Guidance/Counselling 72m? 1
Auditorium 486m? 1
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Conveniences 36m? 12
Entrance/Reception 667m? 1
2. Academic Section

Instructor’s Office

Workshop

Store \V\
S

Studio \%
Library ‘\

3. Accommodation Section

Male Hostel @

Female Hostel (\
Four Bedroom Apartment \Q

Three Bedroom Apartment

Two Bedroom Apart@
%eﬁt

One Bedroom @
4. %; and Recreation

Track and Field
Basketball Court
Volleyball Court

Lawn Tennis Court
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Chapter Five
Conclusion

5.1.  Conclusion

The research has attempted to present a purposeful design environment as a positive
approach to reduce the rate of unemployment, trafficking and idleness amongst the young
minds. The architectural design has focused on organizing various elements 1ate
zoning, effective circulation patterns and achieving flexibility and ada@thm the
interior space using movable partitioning system.

Additionally, the overall thesis discovered that using modu %’l concepts increases
the flexibility and adaptability of structures. It also ﬁ%e\the over waste when the
function of a building is changed and easy maint \by easy replacement of damaged
modules. The study also revealed that ther ﬁ&c nce that in the near future, buildings
will be used for various changing func@.\ There should be a unification of concerns
between architects and other pro als involve in designs so that flexibility and

adaptability qualities are r@gﬂ in order of priorities in all designs.

5.2. Recommenq g§

After car &» all necessary research on flexibility and adaptability of design of a

Voc% Training Institute, the following recommendations are put forward:

1. Architects and other building professionals should be more enlightened in the
aspects of flexibility and adaptability when designing and constructing a
Vocational Training Institute and other vocational training facilities. Even though
the concept is not new in the International community, it has not been fully

embraced within the Nigerian context of architecture. adaptability when designing
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ii.

iii.

1v.

Q

and constructing a Vocational Training Institute and other vocational training
facilities. Even though the concept is not new in the International community, it
has not been fully embraced within the Nigerian context of architecture.
Vocational Training Institute should be built in the six political zones while
already existing ones should be upgraded and maintained to meet with
international standards.
The design of a Vocational Training Institute should adopt the @s of
flexibility and adaptability design in order to achieve maximu icficy of both
the building and its users alike, and also to adopt the prir&es modular design
for speedy construction and easy maintenance of build '
iv. Architects should adopt frame structu <§gn principles in the design
buildings for improved functionality a% variation of functions of such
building. ’\\

N\
Further studies should be d iSN&Ms area to improve on available resources as

adequate and substantﬁ{/ rmation are not readily available; this may

discourage those nding to fully understand and apply these principles on a

wider scale.@

N
N
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CONCEPTUAL DEVELOPMENT/FRAME WORK

2 BIOMIMICRY DESIGN OF BENCH VICE
Biomorphism: refersto desgnsthat visualy resemble elements
from life (they “look like” nature), wheress biomimetic designs
focus onfunction (they “work like” nature). Biomorphic designs
can bevery beautiful and beneficial, in part bec@use humans have
a natural affinity for nature and natural forms.

** There are three types of biomimicry

1. Copying form andshape.

2. Copying a process, like photosynthesisina leaf.

3. Mimicking at an ecosystem's level, like buildinza
nature-inspired city. T

FIXED

*\\k\"

ﬁ:ﬁ?ﬂ? Kéfff 7

\
Appendix 1: Concewb@elopment
N

Concept Bench vice
Biomimicry type 1
Copying form and shape.

T L

-"*; = %\\‘Wﬁ;ﬁﬁh&k s

Biomimicry type 3

FMimicking at an ecosystem's level, like building 8 nature-
inspired city.

BEMCH WICE ECOSYSTEM : it's a technical tools skilledwhich iz usedto hold object.
Fhilosophically "means skilled Bench Wice that holds different skilF*

—
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Appendix 2: Concept

103




Admin

DONING

Diepartment / Lecture
OO

Core share area

z = I - —
BANIDURDG AKIMKLUNMI ETEKIEL . Y OCATHONAL
soksaeizsns = pramm - S TABBG | |
vy L—. INSTITUTE i = B =
\‘
Appendix 3: |
r<\
Loning
ADNMITN DEPARTMENT
ffices ™ Cla== Teesan
Library FPreacocal cla~
Exhibition'sallery Cafeceria | Birches
Marketing unit Coavinces
Director E
Asy THrector e
Board roocm
Conference roon
Convinces
. '_I:l | |
I ] IE1 | !
Entrance porch - Service
Feception
Lecture Awnditorinm
e - EEEERN LY Te——— —
BANIDURDG AN INEKUNME ETERIE s ¥ OCATHONAL
L PG BB 5 EE'F“ e TRAIN NG e e
AND LA ARAA E’-— insTrrure | e S e

Appendix 4: Zoning

104



DESIGN CONSIDERATION

Flexibility. Fenclionality. Servicesand
Aesthelics
2 Flexibilihy
Multipurpose, ora space that
enables multiple kinds of activities
to occur; Repurposable, or
transformable to different use
cases; Divisikble fresizakble, asin
auditoriums with mowveable walls;
“Lighthr zoned industrial or office
space;"

-,

< Funciionality

In archifeciure. fiunciionalism [or
‘Torrm followes funciiomn’) is the
pnncipie that rather than Bualdmgs
being designed in accordonce with
past precedents or stylistic fremds
[aasthetics), the vnderdyving purposs]
of the building should determine its
formm

\
Appendix 5: Desi @iraﬁon
Fa

DESIGN CONSIDERATION

< Services
Building services are the systems installed ik
builldings to moke them comfortable,
functional, efficient and safe. Building
services might include: Building control
systems. Energy distribution. Energy supphy
igas, electricty and renswable sources
such as solar, wind, geothermal aond
biomass

Y e S dddaddddddnadadddd.

<= Aesthelic

The aesthetics of a building isone of t
principal aspects considered in
architecture. The appeal of a buillding
coversthe combined effectzofa
buillding’s shape., size, texture, colour,
balaonce, unity, Mmowvement, emphasis,
contrast, symmetry, proporticon, space

alignment, pattern, decoration, culur
or et eyt

Appendix 6: Design Considration

105



EAMIDURD AKINKUNMI EZEKIEL
LOW P&/ 02063

e VOCATIONAL
[Fanmamw_ TRAINING

==

ILEAD CIT Y LFHNERSIT Y

N
AppendixASi lan
I
_ k4
I
L e
IR VO i FESE _- 'I"q-—i I:I [ e |
mil= = leaEEr -
s ﬂ GROUND FLOOR PLAN |
|
mmnum:czlggl::;:l EZEKIEL ;.,‘:::‘;‘“h .,.. ;Ei 3 vocnr%d;#u'rénmms “mﬁ 'm"m ....muw_

Appendix 8: Ground Floor Plan
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Appendix 10: Second Floor Plan Concept
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Appendix 12: Elevation
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Appendix 16: 3d View
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