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Abstract
ISO containers has been adopted as a cost-effective alternative building material across the world as
it is a recyclable and reusable material. Therefore, this study is set to investigate the use of ISO
containers as an alternative to conventional building materials in construction, towards proposing a
design for a traveler’s rest point to be located in Lokoja, Kogi State, Nigeria. The researo&%n

%‘Fhree

Rest Area

approach adopted is case study. This involved selection of four rest points to be under

case studies were international namely: Travelers Container Hostel Jinan
Niemenharju Lake Kolima Finland, Georgia Rest Stop, Lochini, Georgiq,%l % e local (Dankade
Rest Stop Area Rigachikun Kaduna Nigeria). The result of the case ﬁs@ealed that container has
been used in some of the facilities investigated and planning % mtegral part of the design and
construction of a rest area. Lessons from the case study w sferred into the proposed design by
using containers to design the fire station and filling\station. Also, lessons as regard planning were
inculcated into the proposed design by adog@ drive-through site planning approach which
enabled easy access for both pedestrian a@cular movement. It is therefore recommended that

stakeholders involved in the design gustruction of housing can adopt the use of containers as it

is a cost-effective and sustaina‘@e)mative building material.

Keywords: Alternativ@ding Material, Conventional Building Material, 1SO Container,

Sustainable Building struction and Travellers Rest Point.
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Chapter One
Introduction
Background to The Study
Most of the country's cities are quickly urbanising, and they must respond to population
growth by increasing densities, necessitating research into alternatives to the basic bui]«
materials often utilised in house construction. Alternative construction materials a@t’al
building materials that have been adapted to reduce production. Thes @als are
‘(§the strategic

.\

transformed so that they can fulfil current housing criteria. It is also %
use of renewable resources and unconventional materials acqui Q@m the waste stream

(recycling or industrial end products), such as cans, tyres, an ers (Marut et al., 2020).

As a result, containers were created in order for goo @ transported. It is mostly walled
off to provide a storage room, either totally or partly. The ergonomic design of this container
makes it simple to transition from one ‘]\ of transportation to another (Chamber, 2012).

Repurposing existing shipping co% is becoming more popular as a means of creating

new retail spaces and improv@p e's living situations (Chamber, 2012).

ISO shipping contair@} many characteristics that set them apart, including rigidity,

modularity, mal %y, affordability, and accessibility. These characteristics have enabled

its use in &Q@l shipping (Shipping Container Fundamentals, 2020). According to the

avai‘@e ature, shipping containers may be used to construct anything from storage
t

@u s to generator houses and even human residences. Because of a surplus of shipping
Qn‘[ainers in wealthy nations, the idea of employing containers for construction has surfaced.
Because these containers are not recycled in the Western world, they wind up in landfills
(Imbasa Educare, 2011 Shipping Container Fundamentals, 2020). For example, the New

Jerusalem Children's Home was constructed from repurposed shipping containers since they



were inexpensive and provided imaginative space options (New Jerusalem Children's Home,

2014).

Even though shipping containers are a commonly accessible and low-cost alternative
construction material in Nigeria, architects, developers, and builders do not employ them for
several reasons. These include a lack of construction rules, a lack of pioneer projectsﬁ{&“’

shipping container size constraints, and a reluctance to vary from the standard. @:*

On the other hand, ISO shipping containers are designed to withstand t e weather
conditions experienced during a sea trip and the stacking of many ﬁoa\ded containers,
making them an acceptable structural component. Containers ¢ Q%m an ideal modular unit
because of their regular size; their inherent robustne%% erproof nature, and quick

availability make them good candidates for living prejectsyAs a consequence, the goal of this

study is to look at the possibility of reusing, shipping containers as a way to fulfil the

expanding demand. Q:\&

1.2. Statement of The Problem Q

Construction causes environ harm at each stage of a structure's life (Bhatia, 2018).
These impacts are fel]%n.the moment a structure is conceived until it is demolished (Bhatia,
2018). There arel threats to the environment, some of which are attributable to human
activity. & uction of cement and comparable materials results in the emission of

gre% gases, which contributes to the depletion of natural resources (Bhatia, 2018).

ow-income families, it has always been challenging to design an economical and
sustainable home that utilises renewable energy sources and other innovative strategies for
energy saving and efficiency (Bhatia, 2018). Energy pricing, inefficient appliances, a large

initial investment in energy efficiency, and a lack of comprehensive low-income programmes



are just a few of the barriers that currently stand in the way of widespread energy

conservation (Bhatia, 2018).

Consequently, there is a need for energy-efficient housing targeting groups now more
interested in cost-effective housing options. For many, the long-term financial and health
advantages of sustainable housing are overshadowed by the high initial price of the presé*[\l?“'

available inventory of energy-efficient dwellings. Alternative construction mater@y be

used to address the need for low-cost housing (Truman 2016). ,%\

Consequently, energy efficiency and cost-effectiveness are the main "V%;b'éhind the rising
trend of using containers as alternative construction materia %\e buildings should be
constructed using state-of-the-art renewable energy pr: d innovative methods for
conservation and efficiency; they should also be Xadaptable, and, most importantly,

affordable for low-income populations or th iting to live in rural areas with limited
access to utilities (Ijigah et al., 2013). :Q

Due to advances in material sc@ and technology, as well as the declining costs of
renewable energy products Ii ar PV and batteries, alternatives such as ISO containers
may soon be attainab]%(Ofori & Corresponding, 2015). Although conventional techniques
(brick, concrete,@ﬁ, and mortar) have been prioritised throughout the years to tackle the
housing p@géﬂ Kogi State, it may be time to investigate alternatives, such as the shipping

contai sed construction technology is already in use in Nigeria

equently, this study aims to investigate the viability of using ISO containers in the

development of a Rest Area in Lokoja, Kogi State.

1.3. Aim and Objectives of The Study
The study aims to assess the adoption of ISO shipping containers as alternative building

element for travellers’ rest point in Lokoja, Kogi, Nigeria.



The following objectives are set in order to achieve the aim of the study:

1. to identify the inherent potentials in shipping containers as an alternative building
material
2. to investigate existing medium of usage of shipping containers an alternative

building material’ \t

3. to examine the appropriateness of ISO shipping containers in the d ﬁ@?

travellers’ rest point. ‘%\
1.4. Research Questions (6 "

1. What are the functional potentials in ISO as an altema@ng material?
0)

2. Are their existing cases and methodology in ado %}

material? @\*
3. How functional is the use of ISO in de'% traveller’s rest point?
1.5. Significance of The Study ( \.(&

Although container housing is b@ means a new idea, it is gaining popularity in

shipping as building

advanced countries of the @hch as USA where their severe trade deficit which
leaves an abundance unqsyd shipping containers, it is a viable system of quick cheap
and safe housin@%;h is yet to be adopted in Nigeria. Conducting this research will
show the &gﬂy of using shipping container as an alternative to conventional building

especi the construction of public buildings.

cope of The Study
his study focuses on how shipping containers can be converted to housing units in
Lokoja, Kogi state Nigeria, without compromising the essentials of a dwelling. Globally
there is a growing trend of young couples choosing to downsize and live in tiny (toll-able)

mobile homes and medium-sized motor vehicles (van), this trend demonstrates the limits



of what is a home and more importantly, what is the minimum square area tolerable for
habitation. Van living and tiny home trend is made possible by advances in technology

that allows all homely appliances to be run off of a solar recharged battery and so people

can live in a van without sacrificing the comforts of a regular home. Having established

that living in a van is not just possible but also practical, container housing might K?»
perceived as a luxury as a result of its much bigger size. This study also breathes &'

the potentials that can be achieved if shipping container living is properly. and

implemented in Kogi state. Many of such potential include its unarguable sustainability,

.\
low cost and efficiency of building supply over a short period of tén@s needed in Kogi

state with some urgency. ®

1.8. Limitation
This research focuses only on Lokoja, whic&'tu téd in the Nigerian state of Kogi. The
paucity of knowledge on the issue of recyeling¥shipping containers into dwelling quarters,

particularly in Kogi State, Nigeria, was\an early barrier to surmount. Few shipping container

apartment complexes exist @g&ity, limiting the case study's potential outcomes.
Inaccessibility to the tew

interviewing them @»ﬁmmg their perspectives on living in a container home.

of the case study building prevented researchers from

1.9. Operit'i@e 1nition of Terms

Shipp'r@o tainer: Shipping containers are large reusable steel boxes used for
L ‘%mcll shipments. A shipping container in this study refers to a building material

Qrived from ISO shipping containers. Usually the 20m and 40m type.

Housing: is a living space usually meant for protection of human beings and properties. In

this case housing construction refers to all facilities provided in a rest area.



Sustainable Building Material: these materials refer to those materials that are
environmentally friendly, socially acceptable and cost effective. These materials could be
conventional building materials. However, in this study sustainable building materials are

those that are reusable and recyclable.

Rest Area/Point: this is an area designed to aid road travellers on long journeys have‘\?”
place to rest, should in case of any delay or just for the purpose to ease and rest fo

It includes facilities such as a filling station, a motel, restaurants and relaxati etc.



Chapter Two

Literature Review
2.1. Conceptual Review

2.1.1. The concept of conventional and alternative materials

One of the core industrialization processes is construction. The development of a @
nation, and its economy all depend on industrialization. Conventional building I@S are
those that have been employed in the construction of structures such as ho@n buildings
for a considerable amount of time, however they may not always h& “Sourced locally.

Glass, cement, plater, steel, and other materials fall into t@. Because individuals

often utilize these materials the most, they are refe@ s conventional (Designing

Buildings, 2020). \

Additionally, the definition of a standard building material takes into account its widespread
use, industrialized processing, and lowe}lﬁo ts. Conventional materials are often employed
without taking into account regio@:quirements throughout global supply networks. The

usage of conventional mat rm%);;elled by a broad client base attained by leveraging global

distribution and low@uptlon costs through mass manufacturing. To ensure consistency
and high-qualit Q‘o t, conventional materials are treated. In order to reduce costs, new
technologj% e-being developed to maximize production productivity. Common typical
buildi terials include steel, concrete, and wood, with concrete being the most widely
Q

Q

However, one of the main issues that these traditional building materials have raised is that

one globally (Suffian et al., 2019).

they are not environmentally friendly because the chemicals that are used to make them are
components of waste and pollution. Additionally, the industrial process produces large

amounts of chemical waste, which increases pollution in the environment. Now that times



have changed, environmental concerns are growing daily in both the building sector and the

general public (Suffian et al., 2019 and Designing Buildings, 2020).

Studies have also shown that not all conventional materials are harmful to the environment,
as some conventional materials, depending on the region, are also traditional building
materials like mud and clay. Although cement has been used in construction since the R(ﬁx&“’
era, it wasn't widely used until roughly 200 years ago. Cement is one of the key ir@p of
conventional building materials. In addition, glass has been a common build}@“ﬁrial since

ancient times (Suffian et al., 2019; Designing Buildings, 2020). A&

Alternative construction materials typically fall under the nona %\tlonal category. These
unconventional materials come in a variety of shapes and cluding locally produced or
vernacular materials, technologically produced \als and sustainable materials.
Alternative building materials are variousl§ r ed to as local building materials,
unconventional building materials, alterrfative,residential construction materials, sustainable
building materials, indigenous ing materials, vernacular building materials, green
building materials, environnge &@1} responsible building materials, eco-friendly building

materials, quickly ren;c*abNharvested building materials, recycled building materials, and

others. @

Altemativ@gdyug materials can also be defined as conventional building materials that
hav Qone modifications to lower production costs or unconventional (traditional, local,
enous, or vernacular) building materials that have undergone modifications to
Qcorporate them into modern construction projects. Additionally, it is defined as the creative
use of regional resources, including natural resources and unconventional ones like tires, cans,

and containers that are offered by the waste stream (Marut et al., 2020). Alternative Building



Materials (ABM) are further defined as non-traditional building materials, as well as

materials generated from recycling or industrial waste products (Marut et al., 2020).

The primary distinction between conventional and alternative building materials is that
alternative building materials are more environmentally friendly and utilise recycled items,
whereas conventional building materials are largely unrecycled and destructive to\&&"
environment (Suffian et al., 2019). Alternative construction materials stand out % , in
contrast to conventional building materials, they are sustainable and typi ve lower

embodied energy and toxicity levels. They require less processing an less environmental

harm (Marut et al., 2020). C\
The word "alternative building materials" refers to the fac&&ge materials have replaced

the traditional ones that have been utilized for mi ia as a building solution. As an
illustration, employing straw-based walls r% onventional brick walls or wood for
flooring instead of concrete. In additi & being environmentally friendly, alternative
materials also have the benefit Qgg a very cost-effective alternative to traditional
materials. Additionally, they%&?less upkeep, which results in substantial long-term cost

savings (Marut et 3;1(05&} Since these materials are created from finished goods,

environmental p on 1s reduced. They consist of substances including bamboo, ferro-
cement, bi u&lgus materials, soil conditioners, tempered glass, crumb rubber, fiber
reinfo (%Srmer, glass fiber reinforced polymers, and polyester fibers (Marut et al., 2020).

%. he Invention of The Shipping Container

Qalcolm McLean created the shipping container in 1952. He had a trucking firm in the
United States of America, and when he needed a simple way to move cargo from the truck to
the ship, he bought a steamship company. The idea was that the storage container itself, not

the contents, needed to be transportable (Sophie Koenig, 2016). After extensive testing, the



first ISO container was created, and the shipping containers were granted a patent in 1956. It

was made of steel, stackable, and portable. The containers could be stacked without causing

harm because to the reinforced corners. They were uniform in size, theft-proof, and easy to

load. Buyers and sellers of goods quickly saw the potential of container shipping, and only

after six years later in 1961, the international standards for container size for the first i%

were agreed — making way for container ships to use for transport goods between % fes.
&

In 1968, ISO 668 was introduced, which defined the dimensions uses today il%\
.\

ISO Standards (seven common lengths) @
8 ft. (2.43 m) :CD\

9 ft. (2.99 m)

20 ft. (6.10 m) @

40 ft. (12.19 m)

45 ft. (13.72 m)
48 ft. (14.63 m) %@

i 53ft.(16.15Q) ’

The most g{@)p y used ones are 20 ft. (6.10 m) and 40 ft. (12.19 m) containers.
O

ve Qast few years, shipping containers have been increasingly utilised as office
@ings or dwelling units in a variety of locations across the world. Shipping containers can
Qﬂl be very valuable constructions for housing purposes in Egypt, even though they have
occasionally been employed in projects owing to trends and sometimes without fully utilizing
their qualities. The term "container" refers to a piece of transport machinery (such as a lift-

van, movable tank, or other similar structure) that is fully or partially enclosed to constitute a

10



compartment intended for containing goods; it is made for easy handling, especially when
being transferred from one mode of transportation to another; it is simple to fill or empty; it
has accessories and equipment suitable for the use intended, provided that the accessories and
equipment are capable of withstanding the intended use; it is designed for ready handling;

and Containers are a very recent and undoubtedly distinctive kind of transportation (Cha@»

2012). ®

Reusing shipping containers in modern society is increasingly being used obelde better
living circumstances for individuals and not just to provide comme A%mces (Chamber,
2012). As they are used to offer homes for those in need, shipp%g ainers have evolved

into a source of accessible and creative space soluti(@ﬁch example is the New

Jerusalem Children's Home, which was built fro ipping containers (New Jerusalem

Children's Home, 2014). Additionally, they % ed to enhance the delivery of social
co

services, such as the utilization of shipp'dx&
2011). Q)

2.1.3. Shipping Container Tr@o} tions

The most durable mg%&ldings in the world are ISO shipping containers. They are

ainers for soup kitchens (Imbasa Educare,

numerous, stack inexpensive, and simple to cut. Consequently, it can be utilized for

purposes b d from shipping. Storage sheds, generator housing, and even human dwellings

are ‘e%@s of this use. Due to the oversupply of shipping containers in western nations,

ntainers for construction became popular. In many western nations, including the US,
Q\ports vastly outnumber exports. The shipping container is not used to export products back
out of the country when they are shipped there. In order to avoid creating waste, experiments
were conducted using shipping containers for other purposes beyond from melting them,
which led to their use as a building material (Shipping Container Fundamentals, 2020).
According to published accounts, Phillip Clark used shipping containers for building

11



construction for the first time in 1987. He insisted that they made the ideal modular building
material. He also proved that shipping containers could be recycled into building materials to
build houses more cheaply. Filip Clark was not the first person to contemplate using shipping
containers as building materials, despite the fact that he is recognized as the creator of
shipping container homes. Shipping containers were utilized as building materials to ré?»
many buildings on the filming set of the 1985 movie Space Rage. The idea of re mng

shipping containers and converting them into livable homes first came up ir@s in the

university thesis of British architect Nicholas Lacey. With Urban Space Management, he has

'\
now built a number of similar shipping container buildé?[g@Shipping Container

Fundamentals, 2020). @,

In 2006, Peter De Maria, a Californian Architect, dest @w first shipping container home
in the US. Known as the Redondo Beach House,thet)home was approved under the national

Uniform Building Code and completed in\ 7. It was the first shipping container home (The

Container House by Monica Michael Whllis) (Shipping Container Fundamentals, 2020).

X

Figure 2.1: Shipping Container Home
Source: Shipping Container Fundamentals, 2020

12
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2.1.4. Structure of A Shipping Container

These containers' sides are not consistent in shape, and each box has more than two faces.
Cast feet on the corners permit stacking of up to seven boxes. There are two doors on each
end, as well as twist-lock fasteners in each corner. The framework is comprised of a total of

twelve columns. They provide the means for the walls to be sustained. (GDV, 2018). \?»

In addition, the major load-bearing components of a shipping container are its @er

posts with castings, two bottom and two top side rails, two bottom cross me Xa front top
end rail, and a door header made from weathering steel. The side wa nd.xwalls, and roof

bear the least load, with the latter two depending on the mata%\g d for those sections

(Ghada Mohammad Elrayies, 2017). @'
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(&Q) Figure 2.2: Shipping Container Structural Feature

Source: Ghada Mohammad Elrayies, 2017

z@‘(%g to research conducted by Ghad Mohammad Elrayies (2017), modified shipping
Qntainers need neither a foundation nor substantial assembly and may be installed almost
anyplace. Almost all modes of transportation, including truck, aircraft, boat, and rail, are
capable of expedited delivery and assembly. They may be despatched to ordinarily

unreachable regions due to their mobility. In addition, since they are available in standard,

13



modular sizes, they may be combined in a variety of configurations that maximise available

space while minimising their total footprint.

According to the article "The beneficial features of shipping containers" (STB, 2016),
shipping containers are intended to withstand the corrosive elements of the open ocean.
Because they are constructed to survive the rigours of moving huge goods over the ocea@

being stacked on top of one another, shipping containers are resistant to the eleme@)

Planking or plywood is commonly used to construct the floors of shipping cﬁ@rs because
it is dent-resistant, robust, and simple to repair if damaged. The pafiels ¢'varnished as a
prophylactic precaution to resist insects and other wood-destroyi anisms. The precisely

welded and sealed steel structure is impervious to both wi

\}

Due to its purpose of holding and transpor(t@ods, a shipping container has the form of a

rigid box. As a structural component o< 2%\9:'1 ing, they must be modified to allow place for

2.1.5. Shipping Container Structural Modification

windows, doors, and insulation. T@'uctural integrity of the shipping container will likely

be affected due to these @;ons, which will shift the container's centre of gravity and

increase the modiﬁc@s_price. Priority one when constructing a container should be to

keep it as simplsible without jeopardising its structural integrity (Shipping Container

FundameQ@O).

As %.1 of their reinforced corners, containers can withstand being piled on top of other

and can be placed down quite easily on the majority of base types; this relates to the
budget since, depending on the style of building, an inexpensive and simple basis may be
selected. Office buildings, temporary military camps, shops, shopping centres, restaurants,
residential units, and opulent suites are just some of the numerous container applications

(Shipping Container Fundamentals, 2020). Figure 2.4 displays a housing constructed from a
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significantly modified shipping container, whereas Figure 2.5 depicts a more lightly modified

dwelling.

Figure 2.3: Highly moéiiﬁed ship-pi%nwl’er home

(&Q') Figure 2.4: Slightly modified shipping container home

2.1.%%@65 of Containers and Specification

different types of shipping containers and specification was discussed by Starmarine
services Itd. In one of their documents for container building construction. These types are

discussed below:

1. Standard containers: General-purpose containers are another name for standard
containers. They are closed containers, meaning that all sides are closed. Most of the
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usual needs can be met by them. On land, by rail, and by sea, standard containers are
built and designed for the transportation of general commodities. They can withstand
temperatures as high as 70 °C without losing their strength or water-tightness. This
ranges from -40 °C to 158 °C. All general stuff is shipped in standard containers (dry

cargo). They are best suited for carrying light, bulky loads as well as over-h i%

loads up to a maximum height of 2.70m. ®'

The most common sizes of standard containers are 20' a&&maller-simd
.\

containers are relatively infrequently used. In fact, the teade i1s moving toward

greater dimensions, like 45'. ®

PR

Dimensions* Length Width Height
External 6096 mm 2362 mm 2590 mm
Internal 5944 mm 2337 mm 2388 mm
Door Openings 2337 mm 2286 mm

Weights* i
20' Dry Container Capacity*
Max. Gross Tare Max. Payload
24000 kg 2080 kg 21920 kg 33.9 cub.m

Dimensions* Length Width Height
External 12192 mm 2438 mm 2591 mm
Internal 12014 mm 2286 mm 2388 mm
Door Openings 2337 mm 2286 mm

40" Dry Container Weights* _
Capacity*
Max. Gross Tare Max. Payload
30480 kg 3900 kg 26580 kg 67.7 cub.m

Dimensions* Length Width Height
External 12192 mm 2438 mm 2896 mm
Internal 11963 mm 2362 mm 2692 mm
Door Openings 2286 mm 2591 mm

Weights* _
Capacity*
Max. Gross Tare Max. Payload
30480 kg 4150 kg 26330 kg 76.4 cub.m

Figure 2.5: Dimensions for Standard or General Containers
Source: Star marine services Itd.

ii.  Pallet wide containers: The domestic pallet wide containers used in Europe have

slightly differing dimensions than the ISO boxes. To accommodate European pallets,
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they are often wider (typically 2.5 meters in the case of dry vans). With the exception
of width, pallet wide containers have the same properties as normal containers.

Despite this, pallet wide containers are rarely employed in international service.

Pallet Wide Container
Weights*
Size Max Max Capacity* Dimensions* Length Width Height
g Tare |
Gross Payload

20 Internal 5903 mm 2434 mm 2686 mm
F,:;i'::t 30480kg = 2550kg  27930kg | 39cub.m
Ctnr Door Openings 2436 mm 2592 mm

a0 Internal 12050 mm 2422 mm 2692 mm
'::!:’et 34000 kg 4200 kg 29800kg | 78.6 cub.m !

ae -

Cire Door Openings 2390 mm 2260 mm

g Internal 12100 2442 2680
Hi gh nterna mm mim mm
Cube
pallet | 38270kg | 4270kg | 34000kg A 79.2cubm
Wide Door Openings 2394 mm 2565 mm
Ctnr

y . .
\P‘gure 2.6: Pallet wide containers
& * Source: Starmarine services ltd.
iii.  Hard tainers: Hard top containers often have two distinctive structural

ch&erlstics which are the detachable steel top roof and the door header. Some
%Q}tions of this roof have points that can hold forklift trucks, allowing forklift trucks
QQ to lift the roof. The roof is about 450 kg in weight. Furthermore, the door header can
be turned out. These two structural elements simplify the container's loading and
unloading processes. When the roof is open and the door header is swivelled out, it is
significantly simpler to load and unload a container using a crane or a crab. When

transporting over height cargo, it is possible to leave the container roof open and
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secure it to a side wall from the inside. Only about 13 cm of room is required on the

roof to do this. 20" and 40' are the typical hard-top container sizes.

Containers with hard tops are used to convey general commodities of any sort (dry cargo).

Their major role is to carry large or tall freight from above or through the doors using a crane

e » N

Hard Top Container
Weights*
Size Max. Max. Capacity* | Dimensions* Length Width Height
Tare
Gross Payload
e External 6096 mm 2362 mm 2590 mm
Hard Internal 5886 mm 2342 mm 2388 mm
T 67200 kg 2590 kg 27890 kg | 32.8 cubm I
c:’P Door Openings 2336 mm 2276 mm
Roof Openings 5530 mm 2208 mm
5 External 12192 mm 2438 mm 2591 mm
Hard Internal 12020 mm 2342 mm 2388 mm
T 30480 kg 4700 kg 25780kg | 67.2 cub.m ! ! !
C:p Door Openings 2336 mm 2292 mm
nr ;
Roof Openings 11724 mm 2208 mm
40" External 12192 mm 2438 mm 2896 mm
E'Lil%'; Internal 12020 mm 2342 mm 2693 mm
Hard S0 4900 kg 25580kg | 75.8 cub.m | Door Openings . | 2336 mm 2597 mm
Top : !
Ctnr Roof Openings 11724 mm 2208 mm

§‘, Figure 2.7: Hard Top Container

Source: Starmarine services Itd.

iv.  Open top containers: Open top containers typically have the following distinctive
structural characteristics: The roof is made up of detachable bows and a detachable
tarp. The door header can rotate out. These two structural elements make packing and

unpacking the container easier. In particular, when the roof is open and the door
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header is swiveled out, it is very simple to pack and unpack the container from above

or through the entrance by crane or crab.

However, it should be noted that an open-top container's roof bows serve a number of
other functions in addition to supporting the tarpaulin, including enhancing contgi{?»
stability. The typical open-top container size ranges between 20' and 40°. &Mp

containers are used for all types of general cargo (dry cargo). Their pri ses are

.\

packing and unpacking from above or through the door by crane&rab nd tall cargo

RN

Open Top Container
Weights*
Size Max. Max. Capacity* | Dimensions* Length Width Height
Tare
Gross Payload
i External 6096 mm 2362 mm 2590 mm
Open Internal s888mm | 2345mm | 2365mm
T 30480 kg 2350kg | 28130kg | 32.5cub.m !
C:p Door Openings 2335mm 2280 mm
nr l | |
Roof Openings 5415mm | 2205 mm
o External 12192 mm 2438 mm 2591 mm
e Internal | 12029mm | 2342mm | 2376 mm
T 30480 kg 3850 kg 26630 kg 664 cubm ! ! !
c:’P Door Openings 2336 mm 2230 mm
nr I |
Roof Openings 11544 mm 2230 mm

V.

Figure 2.8: Open top container
Source: Starmarine services 1td.

Flat rack containers: Flat racks are made up of two end walls that can either be fixed

or collapsible, as well as a floor structure with a high weight capacity that is made up
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of a steel frame, a softwood floor, and two end walls. A number of flat racks can be
piled on top of one another and cargo securing devices can be mounted to the end
walls since they are stable enough to do so. Flat racks come in 20" and 40' lengths.
The majority of the time, big lifts and over height or over width cargo are transported

N

using flat racks.

20" Flat Rack Container 40" Flat Rack Container 40’ High Cube Flat Rack Container
Weights* Internal Dimensions*
Size
Max. Gross Tare Max. Payload Length Width Height
20" FlatRack 5,554 2740kg 31260 kg 6038 mm 2438 mm 2213mm
Container
40 FlatRack | 30100kg 4200kg 26280 kg 12086 mm 2224 mm 1981 mm
Container
40’ High Cube
Flat Rack 45000 kg 5700 kg 39300 kg 12060 mm 2365 mm 2245 mm
Container
\\) Figure 2.9: Flat Rack Container
Q Source: Starmarine services Itd.

Platforms (plats): Platforms feature no side or end walls and only a floor structure
Q with a very high loading capacity. It is feasible to concentrate huge weights on
condensed areas thanks to its high loading capacity. A platform has a hardwood floor
structure and a steel frame. Platforms come in 20" and 40' lengths. Platforms are

typically utilized for exceptionally large and big payloads.

20



Platform Platform, Converted From a Flat Rack Container
Weights* Dimensions*
Size
Max. Gross Tare Max. Payload Length Width Floor Height
20’ Platform 30480 kg 2520 kg 27960 kg 6058 mm 2438 mm 370 mm
40’ Platform 45000 kg 5700 kg 39300 kg 12192 mm 2245 mm 648 mm

vii.  Ventilated containers: Coffe cggginers or passively (naturally) ventilated containers

Figure 2.10: Plat
Source: Sta

are other names for vent

openings allow fo

spray, the o@&oes not allow for spray. Ventilated containers typically come in

sizes @aﬂiculaﬂy for cargo that needs to be ventilated while in transportation,

r\@ ation. To stop the cargo from deteriorating due to rain or

containers. The top and bottom side rails' ventilation

i)

1me s

}bllats):

ices Itd.

4

téd containers are employed. Green coffee beans are one of the most important of

se goods, hence the name coffee container.

QQ
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il

20' Ventilated Container

Dimensions* Length ' Width Height
External 6068 mm 2438 mm 2591 mm
Internal 5888 mm ' 2325 mm ' 2392 mm
Door Openings 2334 mm 2290 mm

Weights* ;
Capacity*
Max. Gross Tare Max. Payload
30480 kg 2400 kg 28080 kg 33.0 cub.m

Fi M 1: Ventilated container
otirce: Starmarine services Itd.

N

viii.  On the mar %e’ are essentially two sizes of refrigerated and insulated containers:

20 fo %d 40 footers. There are two distinct structures that may be identified:

Q

Q The temperature within this kind of refrigerated container is managed by an inbuilt

onents of a Whole (Integral Reefer Containers, Integrated Units).

refrigeration unit. Integral units need to be connected to the ship's power supply
system before being transported. Most complete unit reregistration units for
transportation by road and rail are powered by a generator set. It's possible that this

will be a part of the refrigeration unit or connected to it.
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Products that need to be transported at a consistent temperature above or below the
freezing point are placed in refrigerated containers. In accordance with the required
shipping temperature, these commodities are separated into chilled goods and frozen
goods. They primarily consist of fruits, vegetables, meat, and dairy items like b t%
and cheese. In particular, bulky and light items use high-cube integral units %{s,

flowers.) The majority of refrigerated commodities are now deliver 'Caegrated

units, which command a far larger market share than porthole cc&ainer Y

C\;\& "

VAN
Dimensions* Length ' Width Height
External 12192 mm 2438 mm 2895 mm
Internal 11560 mm 2286 mm 2500 mm
Door Openings | 2286 mm 2478 mm
Weights* 1
Capacity*
Max. Gross Tare Max. Payload
30480 kg 4200 kg 26280 kg 60.2 cub.m
Dimensions* Length Width Height
External 6096 mm 2370 mm 2591 mm
Internal 5455 mm | 2260 mm 2275 mm
Door Openings 2237 mm 2260 mm
Weights* .
20’ Reefer Container Capacity*
Max. Gross Tare Max. Payload
27000 kg 3050 kg 23950 kg 28.0 cub.m
Dimensions* Length Width Height
External 12192 mm 2438 mm 2591 mm
Internal 11555 mm 2286 mm 2280 mm
Door Openings 2285 mm 2245 mm
Weights* :
2 Capacity*
Max. Gross Tare Max. Payload
40" Reefer Container
30480 kg 4370kg 26110kg 60.2 cub.m

Figure 2.12: Refrigerated Container
Source: Starmarine services 1td.
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ix.  Insulated Containers (Porthole Containers): As this sort of container lacks an internal

refrigeration mechanism, it is frequently referred to as an insulated container rather

than a refrigerated container. The central cooling system of the ship is used to provide

cold air inside the container while it is at sea. Similar to integrated units, air circulates

through the container. The "warm" air is expelled at the top while cold air is blovnx?»

from the bottom.

20" Insulated Container

40" Insulated Container

S
N

QY

Dimensions* Length Width Height
External 6096 mm 2362 mm 2590 mm
Internal 5724 mm 2286 mm 2014 mm
Door Openings 2286 mm 2067 mm

Weights* :
Capacity*
Max. Gross Tare Max. Payload
24000 kg 2550kg 21450 mm 264 cub.m

Dimensions* Length Width Height
External 12192 mm 2438 mm 2591 mm
Internal 11840 mm 2286 mm 2120 mm
Door Openings 2286 mm 2195 mm

Weights* .
Capacity*
Max. Gross Tare Max. Payload
30480 kg 3850 kg 26630 kg 60.6 cub. m

« Figure 2.13: Insulated Containers

Source: Starmarine services Itd.

X. @ontainers: Three loading hatches with a diameter of roughly 455mm (13/4")

‘%&ch are located in the ceiling of bulk (or bulk cargo) containers. Center to center,

QQ there are 1.83 meters (6 feet) between the hatches. Two discharge hatches are located

on the entry side and occasionally short discharge tubes are attached to them for

guilding large cargo.
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Alternatively, two unloading hatches for the containers could be put in the entrances.

In particular, bulk goods like grains, feedstuffs, and spices is transported in bulk

containers. They can, however, also be used to move common cargo.

<N

20" Bulk Container

Dimensions* Length Width Height
External 6096 mm 2362 mm 2590 mm
Internal 5934 mm 2358 mm 2340 mm
Door Openings 2335 mm 2292 mm
Weights* .
Capacity*
Max. Gross Tare Max. Payload
24000 kg 2450 kg 21550 kg 32.9 cub.m
‘SJ Figure 2.14: Bulk Container
Source: Starmarine services Itd.

xi.  TANK CONTAINERS: Tank containers are used for liquid cargoes such as
foodstuffs such as fruits, juices, spirits, and sweet oils; chemicals such as fuels,

dangerous compounds, and corrosive protective agents. Tank containers may be

supplied with insulation or heating if the contents needs temperature-controlled transit.
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20' Tank Container

External Dimensions To ISO*

Length . Width Height
6058 mm ' 2438 mm 2438 mm
Weights*
Max. Gross Tare Max. Payload
30480 kg 4190 kg 26290 kg

Figure 2.15'4% Container
Source: S@n services ltd.
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2.1.6. Insulation

Insulation uses a substance or mixture of materials to minimise heat transmission into or out
of a building (Thermal Insulation Association of South Africa [TIASA], 2010). Insulation
allows a building to maintain a suitable temperature throughout the year (TIASA, 2010). In
addition, it decreases the severity of the impacts of a fire or exposure to congi&%
atmospheres, makes the crew safer and more comfortable by adjusting "surface ter%%(es
for crew protection and comfort," and increases the heating and cooling syste rmance

(Thermal Insulation Association of Canada [TIAC], 2013). Therefdre, the purpose of
.\

insulation is to "increase a home's or a building's energy efﬁcienc&"@a, 2010: 23).

Insulation, according to the 2012 City of Cape Town Smart ¢ Handbook, is one of the

"most critical components of energy efficiency in a ﬁing" South Africa is one of the

nations most afflicted by energy poverty; thus, must use innovative and renewable

energy sources to increase energy accesg@\veduce energy costs (International Energy

Agency, 2010). Insulation is one of th@tlal requirements for using shipping containers;
thus, it is worth mentioning. Q
2.1.6.1. Factors to conside %hoosmg insulating material

The R-value to be 4&;1 must be first considered when deciding the type of utilisation to
use (Brodaskiq)ganelli & Zabinski, 2010). R-value measures a substance's resistance to
heat fl % larger values indicating more resistance (Brodaski et al., 2010). The needed
R—V‘a%should be determined by examining the room's needs and the heating/cooling

ment in place
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Consideration must also be paid to how well the insulation resists fire and moisture and its

overall durability (TIASA, 2010). Consideration must be given to the environmental effect of

insulating materials, and the City of Cape Town Smart Building Handbook (2012) suggests
utilising recycled and ozone-friendly goods.

2.1.6.2. Types and forms of insulation ?\,

Different forms of thermal insulation include bulk insulation, reflective foi te

insulation (RFL), and composite bulk insulation (mixed bulk and reflective m K TIASA,

2010). ‘%

A -

1) Bulk Insulation: Most heat transmission is hindered by @ulation, trappers air
between layers of insulating material (TIAC, 20 @SA, 2010). It contains
polyisocyanurate, stag wool, polyurethane, r re, polystyrene, cellulose, and
glass fibre, among others (TIASA, 2010).

2) Reflective Foil Insulation Installati .‘é@\lation built from aluminium foil laminates
is known as reflective foil lamin@e}sulation (RFL). RFL combined with air space in
bulk insulation is advan @ because it functions as a heat flow buffer (TIASA,
2010). To limit the@h of radiant heat emitted and the amount of transferred heat,
materials sh be placed with their reflecting sides facing downward (TIASA,
2010). terial has exceptional thermal performance and resistance to water,
d and ultraviolet light. However, defects like apertures, folds, and holes diminish

‘%Lgfﬁciency (TIASA, 2010). In the summer, these forms of insulation are more

QQ effective at preventing the sun's rays than blocking the heat (TIASA, 2010).

3) Additional types of insulation There are several types of insulation. Egg cartons,
bubble wraps, blankets, duvets, and rags are some of the objects that may be utilised
with stretch wire to create intriguing suspensions (Barnes, 2012). However, spray

insulation is the most effective and often used kind of insulation available.
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Additionally, the container or any goods stored inside it might be painted in vibrant
hues (Chamber, 2014).

Table 2.1: Batt Blanket and Matt Insulation

Material Pictures Characteristics Challenges
Glass Fiber i'-_ lt..:" Light weight | Glass fiber can cause
(Glasswool) =y material  that is | irritation to th N

Made from molten \ suitable for standard respzrato@

glass and resin and tie beams and stud | eyes. ‘%\

formed into blankets, spaces. It easy to cut ( acturers manual
mats or rolls. and set up. \to be followed strictly
It will not @r if | if done yourself.

Max opening inst \;rectly Performance affected
temperature 350°C. ) { by moisture

Mineral Wool vy he appearance and | These materials can
(Slag/Rock texture of mineral | cause irritation to the,
Wool/Stonewool) wood is similar to | skin, respiratory

Made from molten 4 that of glass fiber. system and eyes.

A

industrial It is heavier/thicker | Manufacturers manual

limiting VQc_l}num than glasswool and | to be followed strictly
opera i@%emture therefore  has  a | if done personally.
@é‘i

D unit. The materials | costly than glasswool.

higher R-Value per | Rock wool is more

can  resist  high
temperatures.

(fire resistance)
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Polyester Fiber

Fabricated  using
recycled  polyester

fibres (PET plastic

It is easy to cut and

set up

The materials melt and
shrivel when exposed

to fire.

bottles) \Y‘
150°C  is  the @
maximum ‘%\
permissible <6 N
operating C\»
QU
temperature. @)
N

Polyester Fiber T are  no
batts (<3¢)cumented

\y health or physical
Combination of

polyester fiber and

kenaf  (remewable

plant)

S
S

N

4

effects,

adverse
and irritation is

not one of them.

It is available in

batts weighing 24-

‘% 100kg/m3  and
DQ boards weighing
50-300kg/m3.
Source: TIASA (2010)
Table 2.2: Loose Fill Insulation
Material Pictures Characteristics Challenges
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Cellulose Fiber The material has | If the insulation is

been prepared to | not blown to

Manufactured
. resist mould and | manufacturer’s
using recycled

fire. recommended
shredded paper

Insulation density a‘@»
appropriate for | thickness Q%ﬂ'

providing settle o é\ , and
consistency to tkl{ ininded R-
.\
: 4 :
irregularly shap&d\swue will not be
M

X

spaces and achieved and

obstacle@c rical | maintained.

wikes nails etc).

A

Source@ (2010)
O

Table 2.3: Rigid Board Insul%; ’

A

Materia \ Pictufes Characteristic Challenges
1 ,\‘\ ° S
Vermiculite X = When treated Untreated
. Q P vermiculite is | vermiculite
It 15a close%lg e coated with absorbs water in
of mica ?% s asphalt, it | the opposite

becomes  water direction. The

two f@ ! . |
‘% TEe D il repellent and can | material dries out
Q be used in high | slowly.
D moisture

environments. Desplte ltS. g egt
density, it s
The material does | rarely employed
not irritate the when looking for

skin. high R-values.
It has no odour

and is not

flammable.
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Expanded
Polystyrene (EPS)

derived  from

pentane gas

Surface  operating
temperature is
limited to 100 C.

This plastic foam
insulation is
lightweight and
easy to install.

The material is
recyclable, water
resistant, and
fireproof.

It has outstanding
thermal
properties and is

N\
&

in either open or
closed cell forms

restricted to regions
that need a high R-
Value yet have

non-toxic. :\
Extruded The high den31ty enexposed to
Polystyrene(XP material is ‘"ﬁ?me sunshine,
S) appropriate f<¥h material will
insulating h% ) degrade and lose
- constructed temperatures its use.
from exposed
polystyrene such wall It must be
foam and safeguarded from
. . caviti and slab X
available in two chemicals  that
configurations @ might cause its
Maximum 4 degradation.
surface &
temperature  of Q}
100 °C Q
Polyurethane  and When utilised | The material
Polyisocyanurate \ within a building, | should be shielded
- the material should | from excessive
- constructed <] be covered by a | water and sunshine.
polyalcohols %' fire-resistant It is wused in
1socyanurateQJ . substance such as | confined locations
COHSH“C% of dry wall. that need high R-
p olyal and values due to its
1Socyarhrates high cost.
(Pltenolic Foam It is appropriate for | The material
\Y wall sheathing and | should be shielded
D composed  of interior usage both | from excessive
phenol above and below | water and sunshine.
formaldehyde grade.
resin and available Use is often

limited space.

Source: TIASA (2010)
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Table 2.4: Spray Foam Insulations

Material Pictures Characteristics Challenges

The foam works as a | The material
sound barrier but not | should be
a moisture barrier. | shielded
When utilised in the | from

\
inside of a building, | excessiv g\:\z\

it must be covered by | water
fire-resistant
materials, such as

drywall. -

Source: TIASA (2010) ‘{

2.1.7. Traveller Rest Point \

Polyurethane Foam

- blended on-site for extensive
application

- also available in tiny cans for
limited uses (doors, windows)

J/b

One of the most typical types of roadside services with p %’n’d rest areas is a travelers'
rest area. Since they offer drivers a secure and com @ location close to the mainline,
they are regarded as essential elements in the roadway, network. The purpose of this facility is
to offer road users a variety of amenities, 1@‘& places to eat, sleep, rest, use the restroom,
check vehicles and cargo, and rest. In 0@ safely park their vehicles and recuperate before
continuing their journey, dr(@g exhausted drivers frequent rest areas (Alkhatni et al.,

2021).

Rest places also @ ique qualities that are not present at other facilities, such the
avallablhty 0 g spaces for large cars and the possibility to stroll and take in the
surro hlle doing so, as well as elements that make them accessible to children and
@l ith disabilities. Rest areas are situated in rural areas, between towns, along state
%undaries, or in large metropolitan areas where there is a high demand for services from
motorists. Generally speaking, rest area facilities contribute to increased traffic safety,

comfort and convenience for travellers, and easy access to pertinent information for drivers

(Alkhatni et al., 2021).
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A traveller rest area is an off-road facility for motorists that is not mainly designed for

commercial usage or camping. Under this definition, rest places may vary from a small pull

off or layby to vast service areas with several amenities, including cafés. This document is a

digital reproduction of a 1994 dissertation completed at Lincoln University. Rest facilities on

restricted-access highways for long-distance truckers are often more pleasant and conveﬁ\e%
e

than ordinary rest stops. It is not necessary for travellers to deviate from the main r@m

the toilet or purchase food or fuel. To wit: (Alkhatni et al., 2021). ;\

2.1.7.1. Benefits of Rest Areas A&

ge .\
The rest area is an essential component of key road networks%gu it delivers various

advantages to road users, stakeholders, and outside entities: eral, the rest stop is easily

accessible from the major highway and includes basi %% ies such as parking, bathrooms,
food, picnic tables, and travel information. TheNexistence of rest spaces on the mainline

benefits three groups: road users, highwainstakeholders and other authorities, and outside

entities (e.g., the tourism industry. IOQ):ommercial businesses, etc.). The following are

some of the advantages of re@‘»:

i.  enhanced s etmublic transportation,
.
ii. Shelta@ﬁghazardous or emergency conditions

iil. @e roadway convenience and comfort

1 .§uction in unnecessary travel and diversion
@. nhance Safety and Traffic Operation: In general, rest areas work to increase traffic
Q safety and operation by lowering fatigue-related collision rates, resolving shoulder
parking conflicts, and offering cover during emergencies and hazardous situations.
The main purpose of the rest area is to increase traffic safety by lowering the number
of road crash events. Another important rest area system concept is to improve traffic

flow by lowering the number of trucks parked on the shoulder or ramp of high-
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velocity highways, hence creating safer conditions for users. Having enough parking
at rest places is a major problem (Alkhatni et al., 2021).

B. A Shelter During Hazardous or Emergency Conditions: Road users may be compelled
to quit the road for a number of reasons, including bad weather, poor visibility, road

closures, or emergency situations. Driving under hazardous weather conditions r;is?»

the risk of suffering serious injuries in an accident. When a movi% fele

experiences a small technical issue on the road, the driver will keep ‘%@er than

stop in an unsafe place on the shoulder in search of a safe and 3&6 location. Under
.\

d@or risky location is

; the shoulder or ramp).

the aforementioned circumstance, parking at an undesi

preferred over a rest area, which is seen as a shel

Highway authorities also employ rest arf@e ities as assembly sites in
unforeseeable situations (such as weather, ‘voad conditions, current traffic, etc.) to
deliver vital information that aids tg«??g in selecting safe and enjoyable routes. The

advantages of rest spaces for sa(e%v

have not been investigata@:antiﬁed in any studies. It can be said that rest spaces

are crucial for re@)’rafﬁc accidents in emergency and dangerous situations

(Alkhatni et a&%ﬂ ).

C. Comfoi{ nvenience Benefits: A rest area facility's ability to improve road users'

ad weather or emergency situations, however,

co(%t d convenience is one of its main advantages. There is a consensus that the
‘@n‘[ages of rest spaces do not originate from the facility itself. Instead, these

Q advantages result from the created effects on the roads. Drinking fountains, restrooms,
Q vending machines, parking spaces for both heavy and light cars, accommodations,
communication, entertainment, and the availability of additional amenities are just a

few advantages that can reflect convenience and comfort connected with a rest area.

There are a number of intangible and difficult to properly measure convenience and
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comfort advantages provided by rest spaces. However, they can be assessed using a
proxy financial value that gauges how much road users are prepared to pay to enjoy
rest area amenities. The willingness to pay approach is frequently used to calculate the
price of intangible advantages from rest places, however survey participants may

overestimate the true worth of these benefits. Additionally, features may differ %

one rest space to another. That variance in usage fees cannot be taken into q@by
the willingness to pay technique (Alkhatni et al., 2021). \Q}
~

D. Benefits of Reduced Excess Travel and Diversion: Rest zones 2}& mpletely and

.\
@sbehave and possess

rastructure of secondary

partially controlled access roads have an impact on how

certain qualities. Therefore, in addition to safeguardi
roadways, rest areas offer significant benefits @ sers by reducing unnecessary
travel and diverted time that they might spen ing for desired services on the road
(such as a restroom, communic ‘&safe parking spot, etc.). The numerical
difference between the real di@needed to drive (e.g., distance or time) to the
closest commercial servi @ers (e.g., gas station, truck stop, small grocery, etc.)
and the actual dis@eeded to enter a rest area is known as excess travel on
limited-access%dways. Detours and excessive travel distances incur additional
expendi or operation and consumption of time (i.e., consuming fuel,
d cgﬁlig vehicle, vehicle deterioration, and maintenance cost). Therefore, the
‘%QJ travel time and operating vehicle expenditures resulting from leaving a limited-

QQ access roadway in search of the closest travelers rest stop can be used to calculate the

beneficial reductions from excess travel and diversion.
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2.2. Empirical Review

2.3.1. Shipping Containers as A Housing Solution

In situations when a temporary space is required, containers are frequently used as building
modules. Most engineering construction sites will need one or two containers to serve as site
offices. As a result of its usage as a transit space and their prompt availability when nee{?\,
containers are also fairly common (Slawik, et al. 2010). Containers can also be %or

the construction of public structures, offices, residential housing, s@@ budget

architectural projects, commercial/corporate buildings, event/exwon centers, art

.\
installations, etc., according to Slawik et al. (2010). : &
According to Cleveland Containers, shipping container re single- or multi-family

dwellings made primarily of new or used shipping co Eg‘@r . According to a 2019 report on

shipping container homes, the global marke& iner homes is expected to reach $73
billion by 2025. Millions of shipping cmf\&ms round the world are lying idle because they

are often used for one-way purcha% ing them ready for usage.

Modular construction techn@lude the use of shipping containers for housing. The
majority of the work mN completed off-site, and after that is done, shipping the

containers to the @aﬁon site is all that is required. As a result, regions can be transformed
totally in @munt of time.

Aro Qworld, several studies on shipping container homes have been done. According to

arch by Wong, Ling, and Tan (2018) on the viability of using ISO shipping containers to

onstruct affordable housing in Malaysia, the creation of container homes in that country is
only partially advised because 45% of Malaysians are open to the notion of residing in one.
Future research should, according to the study's recommendations, look at how Malaysia's

government perceives the viability of developing container homes there.
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Using a case study methodology, Maphumulo (2016)'s study on the implications of using
shipping containers to build affordable housing examined residents' perceptions of container
homes in the Windsor East neighborhood, which is known for housing people with low to
lower-middle incomes. The study's findings showed that locals saw the container

development as providing appropriate accommodation and their individual apartmen%

places where they may generally express themselves, develop, and grow. ®'
Balogun (2018) conducted another case study in Lagos, Nigeria, and found that\if the same
requirements are followed, the cost of a shipping container there is ly ddentical to and

slightly more than that of a conventional building. Because sh%w ontainer housing is
quick to build but challenging to compete with and perhaps% lace traditional buildings,
it is a feasible option. The study also showed that if a @nity chooses to rent or purchase
a shipping container home, it will be acceptable. "Rhe reSults suggest that 84% of respondents
will rent or buy such home while 16% Wil@ onstrating that the community has at least

ution.

some level of acceptance for the prososQﬁ

Therefore, it is advised to ga@nowledge and real-world experience to fully understand
that when built, made cwcal, and ecologically friendly, shipping container homes are
just as nice as a ‘eﬂome. According to Balogun (2018), additional research is required
to create a Vi@ subsidised program for the development of shipping container housing.
Priva @ners and developers will also gain additional knowledge from the program.
=

Qmpared to present pricing in and around Lagos by employing local materials. And how

y also addressed ways to considerably lower the cost of shipping container homes

lower-middle-class individuals will be able to buy it for less than 30% of their take-home pay.

Additionally, Balogun (2018) proposed that employing shipping containers in conjunction

with traditional housing techniques could be beneficial. As a result, appropriate housing must
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be provided in Lagos, despite the fact that present construction techniques cannot produce the

required number of homes each year and that Lagos' population is still growing.

2.3.1.1. Shipping container homes in developing countries

Shipping Container homes are a new sector in developing nations, and little research have
been done on the comments received so far. There is a significant backlog of families Wak{?“'
for homes in most nations, especially the developing ones, according to several s L As a
result, many businesses are now offering affordable housing options, and‘@'gwr homes

were one of the greatest brainchild ideas. A& o

On an article titled “How much do shipping container h Xst in South Africa?”
(Johannes van Graan, 2019). The article demonstrated cost of shipping container

homes is far lower than the cost of a conventionally \cted home.

Another study of 13 South African homes of used shipping containers revealed that the
practice is currently gaining acceptanc@ Africa. They are discovering more and more
inventive and imaginative ways to%truct sustainable homes in contemporary architecture
and design. One of the e%s this nation ensures is by contacting a container home
shipping company that ¢an pot only ship the structure but also build it. A4AC Architects and

Big Box Contair@%; two businesses that have completed numerous projects in Africa.

O

Balogun (201 8) found in a Nigerian study on shipping containers as an alternative housing
soluti at the demand for decent, affordable housing has surged recently. There are a

er of factors contributing to Lagos' growing housing shortage, but the primary one
appears to be the fast urbanization that goes hand in hand with the country's ongoing

population growth.
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2.3.2. Advantage and Disadvantage of Shipping Container Homes.

According to a 2016 article by Justin-Anley, the advantages and downsides of shipping

container homes are outlined below.

2.3..1. Advantages (Justin-Anley, 2016):

ii.

iii.

1v.

Vi.

Shipping containers are an excellent alternative for building. There has been a \ea&t
recycling trend toward these containers because of their use in the constm@

industry owing to their lifespan, adaptability, lightweight, cheap cost, se of

They can be constructed into housing facilities easily. %\
They can be insulated and made into a comfortable @Ld residence, regardless

of the season.

stacking. i

The containers' primary use as means % ortation makes them portable.

Made to withstand extreme conc@&exﬂeme weather and salt corrosion), to be
S

piled in columns, and to su sive weights.

They are sturdy and %ﬁfe storms, tornadoes, and earthquakes (vi). A single ISO

container can withstand winds of up to 100 miles per hour if placed on its own. It can
o

withstan up to 175 mph if properly secured. They are the most secure forms

of storty shelter construction and will never collapse in the event of an earthquake.

vii. ipping containers lose their value as cargo carriers after just five years, and

QQ

Viii.

iX.

hey often sit abandoned at shipyards for years, so they may be purchased for a low
price since they are considered a waste product. The goal is to encourage people to
live a more eco-friendly and sustainable existence by encouraging them to reuse these
containers.

It is a low-priced building material that gets the job done.

Rapid construction
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2.3.2.2. Empirical Discuss of Shipping Containers When Used in Design of Homes

Sustainable designs have been made possible by the usage of shipping containers; some of
these design successes are covered in this section. Cost-effectiveness of the product is one of
these accomplishments. Used shipping containers can drastically minimize the overall
expenses of a residential housing project because they are typically less expensive than @»

ones. Even with the additional costs for design, delivery, permits, site preparation, ififi d

customisation, shipping container homes are often less expensive per ‘S%%Ot than

similarly sized traditionally built homes. A typical design for a simp&e-s ry residence
built with shipping containers can be had for as little as $15,000. 0 tra?mportation, site
preparation, and furnishings are not included, there is still a si ost savings as compared
to typical building (Berbesz & Szefer, 2018). Q

Another accomplishment is that shipping contamer\design is so reasonably priced in the
home market because of the ISO stand, %ﬂn that makes containers so useful in the
transportation business. Standardiz ti&p\akes prefabrication possible for architects and
designers. This benefit decrea e amount of time required to excessively tailor
architectural and mechanic s, which reduces the amount of time needed for design, on-
site building, and %qai expenditures. A few building supplies can also be prefabricated
and delivered @g to the construction site for quick installation. This kind of technology,
accordi %G Blocks, a pioneer in the container environment sector, can cut prices by up

to @nd building time by up to 40%. (Berbesz & Szefer, 2018).

O

gxe use of shipping container design to cut down on building costs and construction time has
evident financial benefits. Globally, we use raw resources for construction purposes, which
has a severe negative influence on the environment. Millions of acres of forest are cut down
for building materials, which are then manufactured in factories and carried in polluting
vessels. According to the U.S. Green Building Council, building construction uses 39% of the
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country's primary energy, 70% of its resources, 12.2% of all drinkable water, or 15 trillion
gallons yearly, and 40% of the world's raw materials (3 billion tons annually) (USGBC,
Senate Statement, 2007). Container building often uses less cement depending on the site.
Some construction sites don't even need to use cement. Given that the cement industry is

infamous for being one of the main generators of carbon emissions, this is in favor of a %

ecologically friendly approach to construction. ®'

According to Drewry Maritime Research, nearly 30 million containers h. V%gen kept in

docks worldwide since 2012. (Moore, Yildirim, & Baur, 2015). <ﬁ:&lg@nd upcycling

containers not only saves money because shipping empty cont@ﬂ3 ack to their original

ports is not cost-effective, but it also gives builders the@ repurpose resources that
h

would otherwise go to waste in the world. The are ere construction is permitted has

decreased due to the overall risk of wildfire ught on by climate change. Strict legal
restrictions that limit the amount of @

land, limit the number of development

opportunities, and raise costs add to igrjblem.

Depending on the applica@é versatility of container construction enables it to
accommodate a great%%ﬁger of homes while having a less environmental impact.
[ ]
d

Resources must b
to installat'o@

sand blasting and the removal of some waterproofing and insecticide

uring the container conversion process to create a living area. Prior

chemi @r required. Additionally, windows and door apertures need to be built. More
@lsble than hardwood, bamboo flooring is used in the construction of newer containers.
Qﬂ energy consumption of 500 kWh or less is typical for a shipping container's conversion to
habitation. Nearly 8,000 kWh of energy are normally needed for the disposal of an empty

container (Berbesz & Szefer, 2018).
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It is simple to observe which design has a smaller environmental impact when comparing the
difference in carbon emissions between building a two-story single family home using
conventional architecture methods (about equal to 88 tons) and doing so utilizing two 40’

shipping containers (Berbesz & Szefer, 2018).

All throughout the world, including Southern California, people are feeling the effec‘f\&»
climate change. The majority of California is at a high danger of wildfires d % ng
winds and extended droughts. Additionally, earthquakes frequently occur in Xglon of the
nation. In this kind of climate, shipping containers have shown t effective housing

options. When utilized as intended, shipping containers are b X rry huge loads and

@feel structure makes them

priceless cargo through adverse weather (Radwan, 2015),
fireproof, and when correctly erected and secured, th %ismically sound and can endure
hurricane-force winds (Dugal et al., 2016). As a"tesult’of the acceptability and popularity of
shipping container architecture, govemin&ﬁeg engineers, designers, and other key figures

in the sector are beginning to collabfra to develop rules and licenses that will guarantee its

sustained and improved safety ?\

Disadvantages (Justi&%ﬁm 6):

e Const crmits and building regulations are still required (same as usual
K’A

y be tough to locate contractors with expertise.
Q It is a fixed structural unit
Q e Conductivity of steel at high temperatures
e Condensation caused by excessive levels of moisture in uninsulated containers
¢ Demand for specialised labour for major container alterations (factory-based)

e Requires a significant amount of travel and cranes for lifting and placing operations
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e Presence of solvents and hazardous pollutants (such as lead chromate in the primer
paint)

e Containers that are severely damaged cannot be restored

e International steel price fluctuations and a rise in demand for containers might

negatively impact costs.

2.3.2.4. Empirical Discuss of Design Challenges in The Use of Shipping C(@@tjor
Housing Construction. ‘%\

Despite all of its benefits, shipping container architecture is not w@s difficulties and
detractors. While the majority of architects and industry agree that container
architecture can be the best option in the right circumst @ me think the disadvantages

simply outweigh the benefits in the majority of cas 1 et al., 2016).

The increased acceptability of sustainab d1ng practices and awareness of carbon
footprints are responses to the env1ro@ unpredictable and volatile response to climate
change. The ability to reuse used?» ners reduces the amount of waste materials across the
world, which is one of th su able appeals of shipping container design. Chemicals like
chromate, phosphoro&%rsemc and chromium, which are typically employed as pesticides,
must be remov .& to building because shipping containers are not meant to be used as
homes. B se cad-based paints are frequently used to construct containers, they must be

re mg the sandblasting procedure (Dugal et al., 2016).

ainers are made with a 10-year life expectancy in mind. Typically, used containers have
dents and scrapes from use and transportation. The dents and scratches need to be repaired in
order to prolong their lifespan and prevent rust and future deterioration. Regular painting on

refurbished containers can increase their lifespan by more than 20 years (Dugal et al., 2016).
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A container is prepared for installation once the entire abatement procedure has been

completed.

Due to the use of steel in container construction, which quickly absorbs heat and cold and
makes it challenging to control internal temperatures, new problems have arisen. While this
problem is manageable, insulation requires room, which limits the interior dimensionsﬁ&?»
depending on the type employed, may also be harmful to the environment. Eig % the

usual width for containers. After insulation is placed, the internal dimensiou@s@ resulting

in a small living area (Dugal et al., 2016). A& o

According to International Residential Code R304.1, livable ro \nally used for sleeping
and living) must be at least 70 square feet (6.5 m2) in sizQ' minimum length and width
of seven feet (International Residential Code, 2018): rmore, utilities present difficulties
for container architecture. Electrical, plumbing§ andsether mechanical services can be hidden
behind walls, ceilings, and floors in tr % architecture. Polyvinyl chloride (PVC) pipe
and heating, ventilation, and air cordi Q(HVAC) ducts are not as forgiving as electrical
wiring, which can typically fit Rﬁd finished walls inside the container. Due to a lack of

available space for HA\%F ts, standard central air conditioning is typically unable to be
installed in locat®h re hot weather is a concern, such as Southern California (Discover

Containers,,.2006).

W

Buildi gulators frequently struggle to understand the complicated requirements of
ing container architecture. It happens frequently that the rules change depending on
Qhether the installation is completed entirely on-site or whether some components are
prefabricated and built off-site. Dealing with officials makes it difficult to interpret laws and
building rules. People who aren't familiar with this type of construction are frequently

perplexed and judge conformity using their own interpretation. State rules, zoning regulations,
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and ambiguous building codes are frequently the source of disputes and occasionally required

design changes (Discover Containers, 2016).

Architects, builders, interior designers, and urban planners from all around the world have
worked together to recognize and use shipping container architecture. The modular design of
containers has proven to be an effective solution for many multi-unit residences and mé\&\
utilized as a base to address several global housing concerns. Case st& ese

applications can offer qualitative investigation to compare and better comp% e ideas

and reasoning underlying the solutions (Dugal et al., 2016). (i{ N
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Chapter Three

Methodology (Case Studies)
3.1. Case Study
A case study is a meticulously recorded and systematic investigation of a project's decision-
making, process, and outcomes that is conducted to influence future practise, policy, @
and/or education (Francis, 1999). %

N

The case study method is differentiated by the purposeful selection of t é%) investigate
and triangulation, which often involves the use of several data cngngthodologies. In
the interest of theory or other situations, generalisations are d@m a particular instance.
A competent method of study design seeks to offer a rsWo the predetermined research
questions. The case study research method was use ssess critically the values, limits,

ethical and practical challenges that might a &A& architectural research and conclusions as a

consequence of the aforementioned facQs\)gé ewumi et al., 2020).

Therefore, a critical evaluation Qvalues, constraints, ethical, and practical difficulties
that may arise when using@?se study approach to analyze the architect's duties at each
step (pre-constructi nstruction, and post-construction) of the building delivery process is
necessary (A@ t al., 2020). Research in architecture frequently uses the case study
methodolégy. This second generation of case studies, which is inclusive and pragmatic,

combi ese two traditions (Adewumi et al., 2020).

¢ work of a designer is built on comparisons between actual design situations and well-
known cases from their repertory (Schon, 1991). An artefact might be the situation in the
realm of architecture. Knowing the historical context of an artifact's design is frequently

necessary for understanding it, as well as its modern surroundings (Adewumi et al., 2020).
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As a result, historical case studies are common in architecture. The design process and
occasionally even the researcher's own creative endeavors itself could be the case. As a result,
it is essential to go beyond the limitations of what is typically thought of as a method of

conducting research (Adewumi et al., 2020).

When attempting to get a comprehensive understanding of a subject, event, or phenorné@"
within the context of real-world experience, the case study technique is very % ase
studies are a powerful tool for conducting investigations into relevant building

typology for further analysis and deductions in order to obtain a significant architectural

services delivery (Adewumi et al., 2020). C\
3.2. Research Method $};

In this study, a case study methodology was u four facilities were chosen for
investigation. The outcome will be presente&a scriptive manner utilizing images and
photos. The four case studies were cond <e$~gn existing shipping containers that were being
utilised as an alternative buildin erial at three foreign and one Nigerian travelers' rest
areas. The purpose of the ca@case study is to serve as an actual example or as a guide
towards achieving a re hs sign as well as to learn through their analysis, the merits and
demerits of thelr n i order for the proposed design to imbibe some of their merits and
then improye e demerlts especially in attaining a unique designed form that will provide
easy b ity to travelers.

Q@

1. Travelers Container Hostel Jinan China

ase studies are however carried out on the following travellers rest point

2. Rest Area Niemenharju Lake Kolima Finland
3. Georgia Rest Stop, Lochini, Georgia

4. Dankade Rest Stop Area Rigachikun Kaduna Nigeria
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3.2. Case Study One: Travellers Container Hostel, Jinan China
3.2.1. The Design Concept
The "Animal Home" theme camp will soon be open to tourists in Jinan's Wild World. This

theme camp's structures resemble scattered boxes in the woods, and the whole locas'&\1§ ’
f4

designed for visitors to explore and learn about nature. The theme camp has a to@}

hectares. @

It is situated on the banks of the picturesque Wangyun Lake, west O@N.led Jinan. This

project's two themed container camps (the open event spac g@ e speciality eateries)

make it an ideal place for summer camping and s'mores @)

Figure 3.1: showing the main entrance

QQ Source: Researchers fieldwork
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>

Figure 3.2: showing the site lay-out
Source: Researchers fieldwor,

Figure 3.3: showing the aerial view

Source: Researchers fieldwork
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\leure 3.5: showing the floor plan

& « Source: Researchers fieldwork
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Figure 3.7: showing the elevation
Source: Researchers fieldwork
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Figure 3.8: sb@the floor plan

Source: earghers fieldwork

Figure 3.9: showing the arrangement of the shipping containers
Source: Researchers fieldwork

53



Figure 3.10: showing the typical type Wr home
Source: Researchers fiel k

A

Figure 3.11: showing the stacking of shipping containers on each other
Source: Researchers fieldwork
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Figure 3.12: showing the c d
Source: Researchers fi ﬂ{

S

Q Figure 3.13: showing the landscape of the travellers rest area
Source: Researchers fieldwork
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3.2.2. Appraisal

3.2.2.1 Merit

In the design concept of natural ecology, the designer strives to create a wonderful dialogue
between "small buildings" and "great nature” and try to make a new experience of "coming

from nature and going to ecology". Therefore, they want to bring all users a u\]@»

accommodation experience. @'
3.2.2.2. Demerit :%\

The camp lacks some facilities with can make it more convenien r the user. Such

facilities are fuel station. Canteen, rest point for traveler non-lou:@g‘ .

3.3. Case Study Two: Rest Area Niemenharju, Lake Koli %land
This rest stop was created with the surrounding nat Xrlty in mind. In addition to offering
a nice break from the monotony of driving, ‘the tegion offers breathtaking, unobstructed

views of the lake. 24 tree-like columnq‘:&gﬁanged in an 8m x 8m grid around the Main

Building to serve as a barrier bett ¢ road and the forest. As visitors wander amid the

columns, they will believe tl%% In a verdant forest. They are carrying a big canopy that

arches high toward the oa%y> in an attempt to attract the attention of passing motorists. The

canopy protects @crs from the weather by enveloping the structure's fueling area and

pedestrian a@ll auxiliary activities are concealed in black cubes under and above the

can ing them into the murky backdrop of the forest.
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ure 3.14: showing%; gn concept
r

Source: Re&& s fieldwork

Figure 3.15: showing a perspective view
Source: Researchers fieldwork
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Figure 3.17: showing an iinterior view
Source: Researchers fieldwork
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graund floor

Figure 3.18: showing the ground floor A{ o 7
Source: Researchers fieldwork 4&

i IM .19: showing a section
( Soarce: Researchers fieldwork

Figure 3.20: showing another section
Source: Researchers fieldwork
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o e N o :
Figure-3.2kshowing another interior section
ource: Researchers fieldwork

3.3.2. Appraisal @
3.3.2.1. Merlt( >:

Existi cular structures on the campground served as models for the new structures'
tained black, the new structures disappear into their natural surroundings. Also, this

st in highlighting the historic structures. A Place to Take a Break When it comes to gas
stations, Niemenharju is definitely not the norm. It is a quiet place to get away from the
hustle and bustle of the city and relax, dine, and sleep. All of this is made possible by eco-

friendly, forward-thinking, and conventionally unconventional timber building.
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3.2.2.1. Demerit.
The rest area lack facility like vehicle maintenance point. The vehicular movement is not

define away from the pedestrian, the vehicle parking is not define.

3.4. Case Study Three: Georgia Rest Stop, Lochini, Georgia

3.4.1. The Brief \YV
The projected highway would traverse Georgia and link the Republics of Az '%and
Turkey; in 2009, the director of Georgia's Roads Department commission \Q&ayer H. to

construct twenty rest stations along the route. Two rest stops have r@)mpleted, while a

third is under development. %\
| AR

Figure 3.21: showing a front view
Source: Researchers fieldwork
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Figure 3.22: showing erspective

Source: R rchers fieldwork

Figure 3.23: showing the site plan
Source: Researchers fieldwork

62



Figure 3.24: showing a facade deftailing on the material used

Source: Reseg@ers eldwork
r*@
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Figure 3.25: showing the filling station on site
Source: Researchers fieldwork
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3.4.2: Analysis

3.4.2.1. Merit.
The rest stop is located on selected scenic viewpoints along the route and serve as activators

for their area and neighboring cities, including not only nearby a gas stations and supermarket,

but also a farmers’ market and a cultural space for local arts and crafts \?»
3.4.2.2. Demerit. %;
The rest stop did not control the vehicular movement among the trucks, cars estrians.

3.5. Case Study Four: Dankade Rest Stop Area Rigachikun Kaduna Q@ "

3.5.1. The Brief %\

&
The Dankande rest stop is located twenty kilometers outsi %Kaduna town on the Kaduna—
Zaria—Kano dual highway. It sits outside the Kad X area's planned radius of 12 miles
(19.3 km). According to the 1967 Kaduna Q&tal evelopment Plan, the rest region is an
undeveloped tract of land on the city’@ irts. In the leisure zone, there are options for
structuring lifestyles and produci@oney. The construction of the rest stop is a creative

Q&\)
&Q
,%Q
QQ
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® Traveliers Mosque

® Kadlna-Zara Rest stop

Figure 3.27: showing the parking area
Source: Researchers fieldwork
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Figure 3.28: showing shanty buildings W) Kways
Source: Researchers ﬁel
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Figure 3.29: showing the site plan/layout of the rest area
Source: Google
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3.5.2. Analysis
3.5.2.1. Merit
The rest stop has easy access to every shop space i.e car can easily drive through the space.

The development of the rest area has attracted jointly exploit an opportunity similar to urban

renewal situations. \\
3.5.2.1. Demerit ®

The rest stop did not create parking for trucks and also not control the mova@&edestrians

away from vehicular movement. Most of the shop are temporary strl@as\ shown in Plate

3.3. %\

Figure 3.30: showing that most of the buildings are temporary structures
Source: Researchers fieldwork
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Chapter Four

Site Analysis and Design Synthesis
4.1. Brief Analysis
4.1.1. Design Brief

Due to the nature of bad roads in the Nigeria and some road eventualities such as @

accidents etc., motorist could be faced with the challenges of delay, consequent %ﬂu
the need to rest and refresh themselves shortly or overnight before contint ir journey

which bring about the need for a public facility called “TRAVELLEI%{%S AREA”.

Therefore, the Kogi state government have commissioned %Vlde a design proposal
for a traveler’s rest area within Lokoja. Features should ﬂ@ estaurant, motel, gas station,

conveniences etc.

4.1.2. Design Brief Development

After analysis of case studies, the brief Q}éveloped to include facilities such as

1. Gas station. ®;

2. Food and refr nt a0111tles

. Interne@ ’
@yonvemences

. YParking space vehicles
Q 6. Security post
7. Fire station
8. Accommodation (motel)

9. Supermarket
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10. Bookshop
11. Car wash.

4.2. Study Area

4.2.1. Site Location

The site of the proposed traveller’s rest area will be located in Lokoja, the capital @

\) igure 4.1: Site location map

4& . Source: Google map
42.2. Site({in_gn Criteria

Site

s important in the design process because the information gathering during the
@n ntory needs to be analysed to address all issues that may affect the proposed design
Q the rest area. The existing features on the site and the adjoining properties must be
properly investigated for effective site planning. Good site planning reflects the research on

the physical inventory and covers the following.
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Before the selection of any site for traveller’s rest area, some qualities an conditions needs to

be taken into consideration. These are:

1. The site should be large enough to accommodate the rest area facilities.

N

The site should be easily accessible from the high way.

4. The location of the site should have some social amenities such as f@ access

4.2.3 Site Analysis $
Climatic and physical features @t

The site inventory reveals the existence of the foll Xtures.

3. The site should not be in populated area so that traffic can be control.

road etc.

1. Favorable climatic condition @
2. Soil condition Q}

3. Vegetation (trees, shn%{ c)

4. Existing struc a,round
5. Electr@&er sewer telephone

etwork and drainage

@eneral pleasant environment(pollution)
;atural features
Topography: The proposed site is slope toward the south region of the site.

Geology: The site soil bearing capacity is stable which can accommodate the type of

foundation which to be use for the development.
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Size and shape: the proposed site is rectangular in shape, wide enough and have easy access

from the high way.
Physical features

Drainage pattern: The site slope determines the drainage pattern. it drains from north to the

south. %\t
Vegetation: The vegetation of the site is dense; tree shrubs and grass are fo n@a‘r the

‘e§e would be

land mass in uneven proportion. Some of the trees would be cut off A‘Q\
.\
retained, so as not to totally destroy the habitat of the site and to se wind breakers.

S
Srutres é&

The site is adjuring with school behind it and also at ther side of the high way there is

housing estate opposite to the site. A{
Utilities services Q:\&

These include services which a @ by the public, such as electricity, gas supply, water
supply, and other useful se@ﬁut not present on site.

1. Electricity:@w has electricity power supply which pass through it which make

easy a¢ce r connection to electricity power supply
2. Water supply will be provided on site.

. Sewer: Cesspool, soak away, septic tank and other sewage system will be provided on

: site.

4. Telecommunication: This service is part of facility need at the site.
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Figure 4.2 Site analysis

Source: Researcher’s fieldwork %\

Climate Features

This is the general weather conditions usually 0 a partlcular place. It is the average
weather condition experienced at a partic la e over a period of time. The major element
of climate and weather to be co igmﬂ for effectiveness of the project are rainfall,

temperature variation, wind, % midity and sunshine.

Rainfall 4{\)

During the rai , between February 23 and November 16, lokoja receives an average

of at leask&
mch@ cipitation in September.

nd of the rainy season occurs between November 16 and February 23. December is the

meters of precipitation every 31 days. Lokoja receives an average of 7.5

driest month in Lokoja, with an
average < of 0.1 inches of

precipitation.




Figure 4.3 rainfall chart
Source: weather2visit.com
@ i
Temperature %

From January 28 to April 19, lokoja has its warm seamQ&a> average daily highs over 93
degrees Fahrenheit. March is the hottest mont@age in Lokoja, with highs of 95

degrees Fahrenheit and lows of 76. 4{

During the four months between June @October 22, the average daily high temperature
is less than 87 degrees Fahrenhei %ng this season chilly. In December, the coldest month

of the year, the average te@)re in Lokoja drops to 67 degrees Fahrenheit and rises to 90

degrees Fahrenheit orrégage.
N
S
,%Q
QQ

73



hat conl
dan2g Mari Apr 19

Rl S g°F Jun 22 oz Do 00
90°F —/"_-‘__Umw
BO°F — . 80°F
w2 - b e e —
sorF D ST aoF
B0k Sk

A0°F A0°F
0°F A0°F \
20F 2UF :\Q)%

10°F 10°F
' o'l

Jan  Feb  Mar  Apr May  Jun Jul Aug Sep Ol Mov  Dec
Figure 4.4 Temperature chart \
Source: weatherspark.com @

Sun Pattern

The summertime sunrise in Lokoja starts on %1 6:14 AM and finishes on August 13 at
6:26 AM, 12 minutes later. On July 15 @will occur at 6:55 PM, while on August 31, it

will occur at 6:41 PM, a 14-minut@@rence.

Wind direction \%):

The seasons have casigpificant influence on the average hourly wind speed in Lokoja
throughout th &e average wind speed is more than 5.8 miles per hour for 6.7 months,

from ar, e 15th of February to the 6th of September, when the winds diminish. April is

the ‘%@st month of the year in Lokoja with an average hourly wind speed of 7.2 miles per
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4.3. Project Analysis and Design Synthesis

4.3.1. Design Considerations

1. Landscape

In order to enhance or maintain the aesthetic features of a site, its surrounding area, and its
natural environment, landscapers treat the land (rather than the buildings) on whic \R"
situated. Landscaping involves natural aspects, terrain and water systems, a ade
components, such as pavement, fences, and playground equipment. It a Nudes "soft

landscape," trees, shrubs, and other vegetation types. (National Buildi defor 2021)

The landscape is an important element of our natural e '@ht. Landscape, which
includes topography, vegetation, soil, water bodies, ag&tﬁ@paﬁal arrangement of these
aspects, is one of the humans' most basic Vi@ . As a result of the favourable
psychological and physiological impacts of %u iful landscape, they suggest that human-
nature interactions induce individuals %e varied views of their local surroundings.
Making and implementing housin ;% may be difficult by people's varying viewpoints and
preferences on the environr@ which they reside. The objective of every competent
landscape designer is 40 m\ar%mise a piece of land's potential for human occupancy and
enjoyment. Ther landscape architecture of high calibre may considerably contribute to
the health ngommunity. The discipline of landscape architecture integrates aesthetic
express (%(h the environmental, physical, and biological sciences, all of which emphasise

@u oors. A properly defined landscape environment may increase the quality of life in
Qttings tailored to individual preferences. The attractiveness of a landscape is not limited to

flora alone.

Additionally, the hardscape features that complement the plants are considered. Smart

landscape planning is required to increase the quality of a residential neighbourhood and
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make it more pleasant to live in. This landscaping strategy can increase the property's market
value and resale value. Elements of the landscape, such as softscape, hardscape, and water
features, must collaborate to create harmony in outdoor spaces. According to previous
research (Areas et al., 2014), it is also essential to consider the area's ability to accommodate
rest stops. This is significant not only from a physical perspective but also in te ?»
whether or not obvious roadside development is appropriate, and if so, at what sc %81
given terrain. Some ecologically fragile landscapes should either not 45& ped to
discourage people from doing so or should only be developed within s :f%)undarles to

prevent irreversible damage.

2. Visibility

i \xhoose a site visible from the road.

ist visitors in deciding whether to visit.

Privacy / Visibility Alongside a Road Whenever fe
A sample of the site's offerings is one techm to
Despite this, it is typical to want some 1?&& from the bustling street. Consequently, a site

should be chosen that permits bot alternatives.

PREFERABLE

A SITE  PROUDRMEL BOTH
! PRIJACY AND UsIBILITY
Q | (_(FRDM THE Roep 15

] TREES of, MOUNDING,
Q ! PROVIDE  PRIUALY
¢
i REST AZEA
I
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Figure 4.5: Sites should be chosen where both seclusion and views into the site from the road
are available.

3. Rest Area Transition

The property's closeness to the freeway is also significant. The transition from driving to

unwinding should be as smooth as possible. in this sense, sites with a moderate 1nchna@

the road are perfect.

~N
Figure 4.6: A natural transm® road to rest area should be possible.

4. Pedestrian Safety & %R?

Consideration shouldg&bﬁ paid to pedestrian safety during rest stations. Keep the location

N,
away from maj : as much as possible. If significant traffic noise is expected to interfere

with visit ort, a location with strong physical barriers between it and the road, such

J@kment might be acceptable.

to the fact that interventions such as planting have a limited influence on noise levels,
recognising this at the site selection stage is critical. If the visitor cannot determine where the

noise is coming from, it might benefit their mental health.
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ROAD EMBANKMENT  AND REST AREA
VEETATION To FROJIDE \
A NOISE BIFFER. AND
EMHANCED: PEPESTRIAM

N

Figure 4.7: Relationship to the road for safety and noise reducﬂ%

({{-\

4.3.2 Conceptual Development \
The concept ideas derived from specific instance, from @'{he five main concept of

architecture which can be identify as Pragmatic; looki «%e function. The other concept is
1. Analogous i.e. looking at other thing&
ii. Metaphor i.e. looking at abstr@
iil. Essence i.e. looking be ction

1v. Ideal i.e. sol\;fwectural problems

Site concept: the@ncept deals with the idea behind the initial and overall planning of site

activities @n to the site existing physical features which is to be taking advantage of, a
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pragmatic approach was taken toward the site planning and arrangement of facilities

RITE CodsRCERTUALD  IPIUTOBPMONT I3R0FT TRHRD AR 210 1AL Fra il o T

SENIE =  JhL_f = iISEME Farnmpee [

provide

Figured.8\Site concept

4.3.3 Functional Relationship ?\:
The functional relationshi@shows the relationship among the various activities in the

facility. These aid planning process of activities and functionality of the design. General

principle of f@l relationship principle taken into consideration include;

1. ion of the various traffic from one another i.e. control of vehicular away from
Qﬁdestrian.
: 2. Orientation of building to create maximum thermal comfort for the users.

3. Functionality, orderliness, aesthetics unity.

4. Landscaping hard and soft

9]

Parking space
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Figure 4.11 Brief development

4.3.5. Construction Methods and Materials ‘%
.\
The choice of materials for construction is very important to thﬁ@mction method that

would be employed. There are some basic factors to be during the selection of

construction materials, which are as follows: \Q
1. Availability of the materials ‘{@

ii.  Durability \

1il. Climatic condition of t terial

g%,

v. Aecsthetics /eco@ value

V. Choice Qie
Vi. (Q&qkion and by law governing the material

)@pplication of the materials
QQiii. Functionality of the material with space
Construction materials
1. Substructure: reinforcement concrete, hollow block wall

2. Floors: in-situ concrete slab, vertify tiles. steel floor
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3. Walls: fixed glass in aluminium panel, cutting wall, dry wall with insulation material

hollow block wall floating, laminated board
4. Window: pvc casement window

5. Doors: steel panel coated finish, glass in aluminium frame

6. Ceiling: dry wall materal, p.o.p. @,
7. Roof: steel truss, hard wood truss, long span roofing sheet ‘%\Qb

8. External walls: paint wall finish @ *
9. Extremal works: lawn, asphalt road, trees kerbs, preca@ .c

Building Services. \QQ)
T

All electrical and mechanical services to be i t@ to pass through duct provided and

some should be conduit and some to be sy@
G

The building must have a fire mo t, fire appliance must be place at strategical point

for easy access in case of ﬁrf@e}k

The flow of the mech@lpipe should be laid to slope in other to flow waste properly

5.1 Conclusion

Chapter Five

Conclusion and Recommendation

This study investigated the use of ISO shipping container as alternative to conventional
building material in housing construction. Literature revealed that it has been used as a

sustainable and cost-effective building material across different countries. It is discovered
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that the shipping container can be recycled after use for other purposes such as it can serve as
a material for housing construction.

The case study analysis further showed how ISO containers were used in the construction of
Rest Areas both internationally and locally. Also, lesson learnt from the case studies includes

the need for proper planning of the environment such that pedestrian and Vehi%

movements are properly defined. ®'

.\
Lokoja, Kogi State, Nigeria. The site was selected because it is in Aéygr traveller hub, such

\}
These lessons were transferred into the design of a proposed Traveller‘s&ﬁa located in
that it is accessible from different part of the country. Furth e proposal included the
design of facilities such as filling station, motel, food@e eshment station etc. majorly,
the Motel, filling station and the public convenienc plored the use of ISO containers for
the design. @
In conclusion, the study was able to es@h@d the fact that ISO container can be used as an
alternative to conventional build@erials which is the main objective of this study.
N

5.2 Recommendati .
Since, this st @s able to show that ISO containers can be used as an alternative to
conventio&naterials for housing construction in Nigeria. Stakeholders (Client, Architects,
Coat% ;7 Suppliers and Engineers) could be sensitized towards its advantages and thus

rage the use in achieving sustainable and cost-effective building construction in Nigeria.
n addition, the government can also create policies that will encourage the use of alternative

building materials such as ISO shipping containers as this will help them align themselves

towards achievement of SDGs goal 7,9, 11,12 and 13.
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